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Morphological, physio-biochemical and molecular response of grapevine rootstocks to 
moisture and salinity stress – A review
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ABSTRACT
Rootstock usage in grape cultivation in most of the grape growing regions of the world was started in Europe 

in late 1800’s when thousands of acres of grapes were affected by incidence of soil borne pest namely phylloxera 
root louse. From then onwards use of rootstocks was inevitable in those countries to overcome many biotic stresses 
such as nematodes, root rots, diseases etc. But, in many of the semiarid and arid climatic conditions where grape is 
grown on large scale, abiotic stresses such as soil and water salinity, water scarcity are the major constraints. Poor 
vine growth, severe foliar damage due to excess salt accumulation coupled with drastic reduction in productive 
life span of own rooted grapevines necessitated the use of rootstocks to combat these abiotic stresses also. Many 
of the grape rootstocks are known to possess drought and salt tolerant traits which can be seen on grafted scions 
through several mechanisms at both cellular and whole plant level. The present review focuses on mechanism of 
rootstocks to overcome adverse situations of moisture stress and salinity stress at morphological, physio-biochem-
ical, nutritional and molecular level. 

KEY WORDS: Rootstocks, grapevine, moisture stress, salinity stress 

The history of rootstocks usage in viticulture goes 
back to the phylloxera outbreak in own rooted vineyards 
of Vitis vinifera grapes in Europe and the Napa Valley, 
in California, during 1860 to 1870’s.Asignificant prog-
ress has been made to develop rootstocks, when few Eu-
ropean investigators discovered the resistance of some 
American spp. to phylloxera insect (Lider et al., 1995). 
While resistance to phylloxera was the primary crite-
rion for selection of new rootstocks at that time, other 
recognized desirable attributes were ease of grafting, 
ability to root readily from cuttings in the nursery and 
appropriate growth, yield and fruit quality traits (Gra-
nettet al., 2001). The early work in Europe and the US 
showed that several species of North American grapes 
(e.g. V. berlandieri, V. champinii, V. rupestris, V. riparia) 
have characteristics that make them to use as rootstocks. 
Major biotic stresses in grape cultivation are phylloxera 
and nematode incidence (Wachtel, 1986; Schmid et al., 
1998), fungal and bacterial diseases (Staudt, 1997; Brown 
et al., 1999; Cristinzio et al., 2001; Satisha et al., 2006) and 
viral diseases (Liu and Kong, 1998), while major abiotic 
stresses are drought (Stoll et al., 2000; Padgett et al., 2003),  

cold (Palliotti et al., 1991; Striegler et al., 1991), high salin-
ity (Walker, 2000) which severely impair the production 
of grapes (Anjum et al., 2011). Among the abiotic stress 
factors, drought and soil salinity are the major impor-
tant environmental stresses which severely impairs vine 
growth and development than any other environmental 
factors (Serra et al., 2013). 

Thus use of rootstocks is one of the important ways 
by which grape growers can better manage for an ar-
ray of vineyard problems and improve grape quality. 
Grape rootstock can also help mitigate vineyard prob-
lems associated with vagaries of soil properties such 
as excess salinity (Southey and Jooste, 1992; Walker et 
al., 2002; Satisha et al., 2014), acidity (Himelrick, 1991), 
nutrient imbalances (Tangolar and Ergenoglu, 1989; 
Brancadoro and Valenti, 1995), water scarcity (Bota et al., 
2001; Chaves et al., 2007) etc. Rootstocks are also being 
used to alter the scion properties such as improved bud 
burst, fruitfulness, control vigor (Satisha et al., 2010a, 
2010b, 2013), apical dominance (Satisha et al., 2004) al-
ter fruit composition (Kubota et al., 1993; Walker et al., 
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2000; Satisha et al., 2010). It is also clear that performance 
of rootstocks will be site dependent and the compatibil-
ity for a given scion/ rootstock combination can vary. 
Hence, it is always recommended to study the soil, water 
and climatic conditions of the site before deciding which 
rootstock to be employed. This review comprises how 
does grape rootstocks bring about changes in scion cul-
tivar at morphological, physiological, biochemical and 
molecular levels under conditions of soil and water sa-
linity and water scarcity. 

Effect of moisture stress on grapevines
The major grape growing regions in the world are 

usually characterized by Mediterranean climate with 
warm to hot climate and minimal rainfall during sum-
mer.  However, under Indian conditions, major area of 
grape cultivation is concentrated in semiarid regions 
which are mainly affected by water deficit, normally re-
ferred to as drought. Thus in totality in most of grape 
growing regions throughout the world, the availability 
of irrigation water is becoming a major constraint. Wa-
ter stress is commonly defined as physiological mecha-
nisms of a vine to inadequate water supply. The water 
stress has direct effect on vines at various levels which 
included reduced cell division, inability of cells to ex-
pand (Tardeu and Belhassen, 1996), closing of stomata 
(Patakas and Noitokas, 1999), reduction in rate of photo-
synthesis (Chave et al., 1987) and at severe water stress 
the worst effect is the desiccation and cell death and ul-
timately vine death (Nagarajah, 1989). The grape vines 
are moderately tolerant to mild water stress (Peterlungar 
et al., 2000; Palliotti et al., 2001) where the stomata don’t 
completely close at the early signal of water stress, but 
slowly closes as the severity of stress increases (Dry et al., 
2000). The physiological reactions of the vines to water 
stress is directly reflected on the growth and develop-
ment of leaves, shoots (Dry and Loveys, 1999), fruit bud 
differentiation (Jogaiah et al., 2013), fruit development 
which also depends on the growth stage of vine which is 
exposed to moisture stress. Water stress also has adverse 
effect on yield and fruit quality (Reynolds and Naylor, 
1994). 

Morphological response to moisture stress
The mechanisms by which some of the morpho-

logical variations influenced by rootstocks to overcome 
moisture stress involves variation in leaf area and root 
development depending on the vigor inducing capac-
ity of rootstock (Gambetla et al., 2012) which balances 
canopy water demand and supply. In many fruit crops 
like apple, plum, grape etc. specific rootstocks are com-
monly available and interaction between stock and scion 
has been exploited successfully (Rosa et al., 2003). Effect 

of three rootstocks (Teleki 5C, 110 R and 3309 C) and four 
irrigation treatments on Cabernet Sauvignon grapes re-
vealed no significant difference in leaf water potential 
among rootstocks. Cabernet Sauvignon grafted on Tele-
ki 5C rootstocks had higher yields than the other two 
rootstocks. The results indicated that though irrigation 
level affects the vine water status, it was the rootstock 
that significantly affects fruit composition and the vine 
productivity (Abu et al., 2000). One of the major morpho-
logical indicator of drought is senescence of older leaves 
(Jackson, 1997) and a reduction in general growth of 
vines due to decreased water potential, stomatal closure, 
lower transpiration rate and overall vine photosynthesis 
(Yordanov et al., 2000). Tas –A-Ganesh grafted on root-
stocks (Dogridge, 110R and B2-56) sustained productiv-
ity with increased water use efficiency at moisture stress 
conditions compared to own rooted vines (Sharma and 
Upadhyay, 2004).

Many studies have shown that grapevine response 
to water stress involves decreased leaf expansion and 
inter-nodal elongation (Shultz and Mathew, 1988; Cra-
mer et al., 2007) and reduction in yield (Chaves and Ol-
iveira, 2004). In terms of drought tolerance, rootstocks 
are known to enable the growth of scion varieties and 
function normally when there is scarcity of water avail-
ability. Grapevines are considered as relatively tolerant 
to water stress, as they are known to possess larger xylem 
vessels in comparison to other crops (Comas et al., 2010). 
The large xylem vessels may result in more xylem cavita-
tion which can affect whole plant hydraulic conductance 
which may be related to plant’s mechanism to adapt to 
water stress conditions involving regulation of stomatal 
conductance (Ruggeiro et al., 2012). The pattern of root 
development in a rootstock is also known to influence 
shoot growth pattern under moisture stress conditions. 
When vines sense water stress signals, rootstocks which 
are more vigorous and drought tolerance may exhibit 
rapid growth of root system in later period of time in 
wetter soil conditions, while rootstocks which are less 
vigorous and less drought tolerant would produce more 
roots in deeper layer of soils in the early growing season 
(Bauerle et al., 2008). The root spread is also influenced 
by soil water availability, type of irrigation, canopy 
management, trellises system and rootstocks. Serra et al. 
(2013) also showed that climatic conditions can also af-
fect the pattern of new root growth. He also concluded 
that drought tolerant grapevine rootstocks produced 
more new roots in different layers of soil during dry and 
hot season allowing the grapevines to increase the up-
take of water than drought sensitive rootstocks. 

The influence of rootstocks on uptake of different 
nutrients is one of the attribute (Bavaresco and Lovesolo, 
2000; Ruhl, 2000; Keller et al., 2001, Kodur et al., 2010) 
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to influence shoot growth and vine productivity. In two 
year old potted grapevine cultivar Chardonnay/ SO4 
maintained at 35 and 90 % field capacity, it revealed that 
continuous water stress reduced vine growth and more 
dry matter accumulated in roots. Soil water deficiency 
induced adaptive features in leaves like high epicuticu-
lar wax, increased prostrate hair density, small stomata 
and low average leaf area, preferential allocation of dry 
matter to the roots and few leaves on the lateral shoots. 
These changes were attributed to optimizing the use of 
assimilates and increased root / leaf ratio and water use 
efficiency (Palliotti et al., 2001). 

Soil moisture stress is known to influence grape 
leaves stomatal number per unit area and stomatal pore 
size. Same scions grafted on different rootstocks can 
have different stomatal density and pore sizes (Serra 
et al., 2013). Significant differences were observed for 
stomatal density and size when Pinotage wine grapes 
grafted on to different rootstocks, where vines grafted 
onto 140 Ru recorded lower stomatal density but bigger 
pore diameter than those grafted onto 110R and 1103P 
rootstocks. Some reports say that rootstocks which are 
found to be drought tolerant would have lower stomatal 
density in their leaves compared to drought sensitive 
rootstocks (Scienza and Boselli, 1981). The difference in 
hydraulic conductance of different rootstocks will affect 
whole vine water status, thereby affecting leaf growth, 
which in-turn induces differences in stomatal density 
and pore size as suggested by Xu and Zhou (2008). 

Physio-biochemical response to moisture stress
In grapevines, drought tolerance during severe mois-

ture stress is by several mechanisms such as stomatal 
closures, decrease of cell growth and photosynthesis 
and accumulation of osmolytes and proteins. Drought 
tolerance with maintaining high water potential in vine 
system includes reduction of water loss through transpi-
ration and increase in uptake of water as suggested by 
Chaves and Oliveira (2004). Stomatal conductance is the 
degree of stomatal opening and the rate per unit area at 
which gases diffuses through stomata. The flux of CO2 
and water vapor are proportional to conductance of the 
stomata. Although, Davies and Lakso (1978) has suggest-
ed that stomatal adjustment results from decrease in the 
threshold water potential for initiation of ABA synthesis, 
there is no exact support for their hypothesis. As in most 
crop plants, the relationship between photosynthesis 
and leaf water potential and/or relative water content 
in field grown vines depends on conditions during plant 
growth and measurement. The reduction in photosyn-
thesis due to reduced water availability is mainly due 
to stomatal closure which is associated with stomatal 
limitation during mild water stress and non Stomatal 

water limitation during severe water stress (Satisha and 
Prakash, 2006; Lovisolo et al., 2010).

Pinot Noir and Chardonnay grapes were grafted on 
Kober 5BB, SO4, 41B and 1103P rootstocks were used to 
study the effect of rootstocks on photosynthesis param-
eters. The effect of rootstock was significant on leaf area, 
chlorophyll content, stomatal conductance and quantum 
yield. Chardonnay grafted on SO4 showed lower pho-
tosynthesis, quantum yield, stomatal conductance and 
chlorophyll content than those on 1103 P. But, Pinot Noir 
on SO4 and 1103P showed similar rates of assimilation 
compared to SO4 (Bica et al., 2000). The progress of wa-
ter stress greatly reduced photosynthesis and stomatal 
conductance with variation among nine grape cultivars 
grafted on Fercal rootstock. Based on these two groups 
were formed, viz., a sensitive group with greater reduc-
tion in carbon assimilation rate e.g., Semillon and Ugni 
Blanc and a more adoptive group e.g., Alexandria Mo-
schatel, Chardonnay and Arriloba (Regina and Carbon-
neau, 1996). Transpiration and stomatal conductance re-
duced progressively by increasing the water stress dura-
tion in grapevine cultivars under greenhouse conditions 
(Reynolds and Naylor, 1994). 

Maintenance of turgor is the key element for cell en-
largement and growth of vines. Turgor is also an impor-
tant process for opening of stomata (Kramer and Boy-
er, 1995). The maintenance of turgor in water stressed 
plants is driven by a process called as osmotic adjust-
ment, the phenomenon by which some of the solutes, 
usually referred to as compatible solutes start accumu-
late in growing cells as their water potential reduces 
drastically (Morgan, 1984). The osmotic potential arising 
from the net accumulation of solutes thus helps in main-
taining turgor of tissues which allows growth of cells 
and tissues continuously even under low water poten-
tial. Some of the compatible solutes reported in grapes 
are proline, treahalose, sucrose, inositol, potassium etc. 
The active net accumulation of solutes indicated that 
grapevines generally can be able to adjust osmotically 
when subjected to moisture stress conditions. Glucose 
and fructose were involved in such adjustment (During, 
1984) in addition to some of the other osmotically active 
compounds such as amino acids or ions, which normally 
participate in osmotic adjustment of grapevines (Turner 
and Jones, 1980). Zamboni et al. (1986) reported the clo-
sure of stomata in Vitis riparia immediately with the on-
set of moisture stress, while Vitis berlandierii adjusted the 
leaf osmotic potential in order to maintain cellular turgor 
to overcome adverse effects of moisture stress. Differ-
ences among many grape cultivars in response to water 
stress have been documented by several workers in the 
past. When cultivar “Trollinger” vines were subjected to 
moisture stress they responded to it by reducing assimi-
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lation rate (During, 1988), but cultivar “Riesling” were 
osmotically adjusted resulting in high turgor poten-
tial than “Sylvenan” vines (During and Loveys, 1982). 
Within the varieties there was varying degree of osmotic 
adjustment and changes in water use efficiency when 
subjected to moisture stress (During, 1984). 

Several studies have shown the reduction in cell tur-
gor accompanied with water stress will trigger off the 
changes in the hormonal balance of grapevines. These 
changes promote stomatal closure, reduce root resis-
tance, induce leaf senescence etc. which helps to slow 
down and alleviate the effects of water stress. Most of 
the work done on the effect of water stress on the en-
dogenous hormone level has concentrated on group of 
plant hormones. It is better to consider the effect of wa-
ter stress on the level of individual hormone and then 
later integrate the result between the different hormones 
(Letham, 1978). Bates and Hall (1981) for the first time 
showed the existence of a possibility of the root commu-
nicating with shoot. The concept of positive and nega-
tive signals has emerged since then. Grapevines are one 
among the many species where direct role of ABA in 
closure of stomata has been well demonstrated (Loveys, 
1984). Several studies have shown the significant positive 
relationship ABA content in xylem or leaf tissues with 
intensity of soil moisture stress the vines experienced 
(Liu et al., 1978; Lovisolo et al., 2002). Thus it is assumed 
that root ABA synthesis as a result of soil moisture stress 
and its transport into leaves through xylem vessels me-
diates most of the stomatal response in grapevines even 
though some of the studies have shown the reverse phe-
nomenon, where ABA synthesis in leaves and transport 
to root system (Loveys, 1984). The relative importance of 
chemical and hydraulic signaling to control function of 
stomata is much talked about in relation to moisture and 
salinity stress tolerance. Rodrigues et al. (2008) in their 
studies have confirmed that hydraulic signals play a ma-
jor role during moisture stress, while Pou et al. (2008) 
argued that it is the ABA signaling that plays a major 
role during moisture stress while hydraulic signals are 
secondary in role. Thus both hydraulic and chemical sig-
naling are considered to be the important mechanisms 
in the regulation of stomatal conductance as hydraulic 
signals are mostly involved during recovery from water 
deficits (Pou et al., 2008) and thus both are complemen-
tary and integrated during moisture stress conditions 
(Comstock, 2002).

Continuous period of water deficits results in even-
tual establishment of a stable elevated concentration of 
ABA within the vine system (Satisha et al., 2006). But fur-
ther metabolism accelerates so that the concentration of 
ABA remains constant or increases slowly. Conjugates 
and metabolites of ABA accumulate with prolonged 

stress, but little is known about this. Free ABA is the 
other major compound of significance and it is apparent 
that the plant possesses a mechanism to limit the accu-
mulation in prolonged period of stress (Jorrey, 1976).Ab-
scisic acid concentration is known to increase in stressed 
roots and it is transported to the leaves where it reduces 
the photosynthesis and partially transpiration (During et 
al., 1997). Ten folds increase in ABA concentration was 
obtained in drying roots, while the ABA concentration 
in partially dried roots was increased by 60% compared 
to fully irrigated vines. The reduction in stomatal con-
ductance of partially irrigated vines was attributed to 
increased xylem sap ABA concentration and increased 
xylem sap pH. Ability to produce more ABA during 
water stress is a varietal behavior. Four varieties grown 
on Fercal rootstock and subjected to 50% moisture stress 
behaved significantly different in terms of stomatal con-
ductance and rate of photosynthetic assimilation and the 
growth reduction in these parameters were associated 
with highest increase in ABA (Regina and Carbonneau, 
1997). Satisha et al. (2007) could show the reduction in 
cytokinin level and increased ABA accumulation in 50% 
moisture stressed plants of most of the rootstocks such 
as Dogridge, Salt Creek and Vitis chamipii clone as com-
pared to fully irrigated vines. 

Molecular response to moisture stress
Though several genes related to drought response 

have been identified in grapes, their physiological and 
biochemical relevance is not understood clearly (Chaves 
et al., 2003). The drought tolerance in grapes is also con-
trolled by multi genes since it a quantitative traits (Bar-
tels and Sunkar, 2005) which makes it very difficult to 
understand the plant response to water stress at molec-
ular level. Marguerit et al. (2012) in their studies have 
identified a genomic region of the grapevine rootstock 
which plays a major role in improving water uptake ca-
pacity and controls transpiration on grafted scion vari-
eties. Many studies have been able to identify some of 
the aquaporins which regulate stomatal conductance by 
either hydraulic or chemical signals from roots to shoots. 
Dehydrins have been the most studied proteins which 
accumulate under moisture stress in most of the crop 
plants. Dehydrins are intracellular stabilizers acting at 
both nuclear and cytoplasmic level (Yang et al., 2012). 
Though the functions of dehydrin proteins are not clear, 
there is evidence to suggest that they stabilized the plas-
ma membrane as chaperons by altering solvent proper-
ties of cell wall during the event of moisture stress. (Pu-
hakainen et al., 2004). Choi et al. (2013) in their studies on 
transcriptional analysis of Dehydrin1 gene in response 
to dehydration stress could show the earlier expression 
of the DHN1a and DHN 1b genes in Vitis flexousa a wild 
grape variety than in cultivars such as Campbell Early 
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and Tamnara(Vitis vinifera). Thus, they concluded that 
Vitis flexousa could be a good source for stress tolerance 
breeding for enhancing drought stress.

Osmotin is one such protein accumulated during 
severe water stress in many plant species (Ramgopal, 
1993). Changes in amino acids and proteins have been 
well studied under moisture stress experiments in differ-
ent plant species. Many of the proline rich proteins have 
been identified in grapevines. These proteins were over 
expressed in root tissues of grape vines and the same 
could not be expressed in shoot tip or leaf tissues which 
indicates the role played while initiation of root system 
in cuttings thus improving root anatomy (Lovisolo et al., 
2010). Aquaporins play a major role in controlling move-
ment of water through roots (Maurel et al., 2008) and also 
through the neighboring living tissues of roots xylem 
vessels (Kaldenhoff et al., 2008). Many of the grapevines 
aqauporins were characterized by several workers which 
were known to express either in roots or shoots (Glissant 
et al., 2008; Vandeleur et al., 2009). Role of aquaporins un-
der moisture stress conditions were studied in many of 
the grapevine cultivars that were genetically different in 
their water use efficiency. VvPIP1:1 transcript expression 
was known to increase under water stress in Chardonnay 
but not in Grenache variety of wine grapes (Vandeleur 
et al., 2009). The importance of these studies implies that 
root system can effectively play a major role in influenc-
ing moisture stress tolerance at molecular level. Lovisolo 
et al. (2008) and Lovisolo and Schubert (2006) in their dif-
ferent experiments has shown that in the drought resis-
tant grape rootstocks, aquaporins regulate decrease of 
hydraulic conductivity is more important than cavitation 
of xylem vessels. Thus they suggested that the transpira-
tion reduction by ABA promoted aquaporin is mediated 
by xylem embolism after moisture stress. In some stud-
ies, it has been shown that roots regained their growth 
and activity after drought stress through specific genes 
that adapt root development to these resistant condi-
tions (Poltronieri et al., 2011). Lot of genetic variability 
has been reported among different species of Vitis with 
respect to moisture stress tolerance mechanisms. Picaud 
et al. (2003) have characterized few membrane intrinsic 
proteins in general and identified their role in the water 
transport during moisture stress. 

Effect of salinity stress to grape vines
The semi-arid regions where grapes are commonly 

grown are not only will suffer from frequent moisture 
stress conditions but also from salinity stress as drought 
and salinity stress are complementary to each other. 
Higher concentration of salts in both soil and irrigation 
water is one of the major abiotic stress which limits grape 
production throughout the world. These stress together 

can reduces vine yield to a greater extent. The reduction 
in yield could be due to several reasons like reduction 
in shoot length caused by imbalance in source sink re-
lationship, reduction in berry size etc. Salinity stress in 
grapevines limits vegetative and reproductive growth 
of vines by causing several direct and indirect effects 
(Stevens and Walker, 2002; Shani and Ben-Gal, 2005). 
The variation in water potential between soil and plant 
caused by water limitation or excess salts limits the wa-
ter flux from soil to vines. Therefore, both soil salinity 
and water scarcity can show similar effects on vine phys-
iology (Munn, 2002). Though grapevines are classified 
as moderately sensitive to soil salinity with threshold 
level of electrical conductivity of saturate extract of 1.5 
ds m-1 and with 9.6 % reduction in yield with every unit 
increase in ECe beyond threshold (Maas and Hoffman, 
1997) the values should be taken with at most care while 
establishing vineyards. This is because these values were 
decided based on the short term pot studies in sand/ 
hydroponics than on long term field studies. To still con-
firm this concept, Walker et al. (2002) studied the salin-
ity threshold level of field grown Sultana vines that the 
growth reduction per unit EC increases above the thresh-
old level similar to that reported by Maas and Hoffman 
(1997), but the threshold level of EC was 73 % higher. 

Salt tolerance can be defined as the capacity of the 
plants to survive and maintain their normal growth un-
der saline soil environment. Salinity can influence vines 
through osmotic effect, specific ion effect and distur-
bances in uptake of major and micro nutrients from soil 
(Marschner, 1995). Primarily excessive concentration of 
salt causes osmotic gradient making plants harder to 
extract water and nutrients from the soil at any given 
soil moisture level (Frommer et al., 1999). Osmotic stress 
might be the most important short term effect of salinity 
on plants (Munns and Termaat, 1986). Secondly, sodium 
and chloride ions entering plant tissues may act through 
a specific toxicity or disruption of metabolic pathways 
resulting in ion imbalances (Allen et al., 1994). Under 
conditions of long term exposure to salt, the maximum 
concentration of salt tolerated by fully expanded leaves 
is believed to be the most important factor affecting plant 
performance (Munns and Termaat, 1986).Various stud-
ies have shown that salinity has osmotic (Walker et al., 
1981; Downton et al., 1990), toxic (Alsaidi et al., 1988 and 
Gracia andCharbaji, 1989) and nutritional (Alsaidi et al., 
1985) effects on grapes. At physiological level, salinity 
stress is known to influence on several process through 
increased utilization of energy to maintain respiration 
and transport of ions and reduced energy availability 
for translocation of metabolites and also for process of 
osmotic adjustment to maintain cellular turgor (Allen et 
al., 1994). 
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Morphological and nutritional response to salin-
ity stress

The use of salt tolerant rootstocks is a proven practice 
to alleviate the possible adverse effects of salinity stress 
in major grape growing regions of world (Walker et al., 
2002). But, according to Mullins et al. (1996), salt tolerance 
has been mainly attributed with the ability of different 
cultivars, rootstocks and their compatibility in addition 
to different stock-scion combination to restrict Na or Cl 
entry in to the shoot. The ability of the rootstocks to tol-
erate salinity lies in the restricted uptake of sodium into 
the plant system or sequestration of sodium in vacuole or 
older leaves (Paranychianakis and Angelakis, 2007). Lot 
of genetic variability has been reported for salt tolerance 
among grape cultivars as reported by many workers in 
the past (Pandey and Divate, 1976; Satisha et al., 2014; 
Upadhyay et al., 2013). Screening of several old world 
grape varieties for salinity tolerance revealed (Nauriyal 
and Gupta, 1967) Anab-e-Shahias the most susceptible 
to salt injury than Cheema Sahebi and Bangalore Purple 
when grown in soil at 0.1, 0.3 and 0.5 per cent NaCl and 
Na2SO4 in soil solution. Alsaidi et al. (1987) reported that 
increasing salt concentration in the soil decreased the av-
erage shoot length, shoot diameter, number of roots per 
cuttings, length of roots and dry weight of leaves stem 
and roots of cuttings of cv. Abbassi and Kambli. They 
concluded that the cuttings of cv. Abbasi tolerated the 
EC of 9.75 mmhos cm-1 in first season and 5.20 mmhos 
cm-1 in the second season while the cuttings of cv. Kambli 
did not tolerate the saline conditions.

Grapevine rootstocks differ in their root cation ex-
change capacity (CEC) and thereby vary in their ability 
toabsorb plant nutrients and exclude toxic ions. Sauer 
(1968) reported that the level of chloride in the petioles 
ofvines of Sultana vines grafted on Dogridge and 1613 
resulted in about 50 per cent reductionin the chloride 
content than that in own rooted vines of Sultana.Two to 
three times more accumulation of chloride was report-
ed by Palaniappan (1986) in the petioles of own rooted 
Anab-e-Shahi and Thompson Seedless grapevines as 
compared to those grafted on rootstocks such as Salt 
Creek, 1613 and Dogridge as these rootstocks excluded 
sodium and chlorideunder saline conditions. Chloride 
content in the petioles of ThompsonSeedless on Dogridge 
rootstock was restricted to 0.44 per cent as against 1.44 
per cent in thepetioles of own rooted vines, when they 
were irrigated with saline water of 5dSm-1 strength.Ram-
sey had been found to be one of the most effective chlo-
rideexcluders (Sykes and Newman, 1987). In Thompson 
Seedless vineyards raised on Dogridge rootstock, Diag-
nostic Recommended Integrated System (DRIS) indices 
were instrumental in demonstrating a greater affinity for 
Na by Dogridge rootstock (Sharma et al., 2006). Under 

saline irrigation, vines grafted on Dogridge, rootstock 
has shown the tendency to accumulate sodium in excess 
leading to K deficiency, reduced fruitfulness and death 
of vines (Sharma et al., 2010; Sharma et al., 2011). In con-
trast, Thompson Seedless vines grafted on 110R (V. ber-
landieri x V. rupestris) rootstock sustained the yield over 
a period of time with less accumulation of sodium ions 
(Satisha et al., 2010; Sharma et al., 2008). Also, rootstock 
110R imparted early and uniform sprouting in Thomp-
son Seedless vines along with increased fruitfulness 
when irrigated with saline water having EC of 1.8 ds m-1 
(Jogaiah et al., 2013) 

Physiological studies with respect to gas exchange 
parameters also revealed increased water use efficiency 
at single leaf level in rootstock 110R, 99R and 1103P, be-
longing to V. berlandieri × V. rupestris crosses (Satisha et 
al., 2007). Sharma and Upadhyay (2008) demonstrated 
that vines grafted on B2-56 rootstock (clone of 110R), had 
significantly lower Na concentration at all the stages of 
sampling, indicating better Na exclusion compared to 
other two stock scion combinations. Paranychianakis 
and Angelakis (2007) in their studies to see the effect of 
saline water on performance of Sulatanine grafted on 
three rootstocks could see greater leaf burn on 41B root-
stock than on 1103P and 110R indicating their restricted 
uptake of both sodium and chloride. Munns (2002) and 
Storey et al. (2003) have proposed that the sequestration 
of ions in roots, and the prevention of their transport to 
the shoot in the xylem, is a mechanism for salinity tol-
erance. Fisarakis et al. (2001) found consistently higher 
accumulations of Cl and Na in roots as compared to the 
leaves of Sultana vines and suggested that capability 
to store Na in roots is a tolerance characteristic of root-
stocks. Dardeniz et al. (2006) in their studies to determine 
the salt tolerance of four rootstocks could conclude 41B 
as most resistant followed by that of 140Ru and 1103P, 
while 5BB as least resistant based on fresh and dry root 
and shoot weight and also salinity tolerant rate and salt 
index rate. In contrast to this, Arbabzadeh and Dutt 
(1987) studied seven rootstocks for salt tolerance at 0.45, 
2.5 and 5.0 dSm-1. Based on per cent reduction in growth, 
leaf area and trunk diameter, Salt Creek was found to be 
most tolerant followed by that of Kober 5BB, SO4 and 
1613C while 41B was found to be most susceptible. 

Most of the grape rootstocks appear to exclude sodi-
um and chloride but with at varying levels. Comparison 
of chloride concentration in xylem with concentration of 
soil solution clearly indicated the better chloride exclu-
sion of 140Ru as compared to that of K51-40 (Tregeagle, 
2006). The higher concentration of chloride in the xylem 
of K51-40 over the season leads to excessive accumula-
tion of chloride in the grape juice. Using 36Chloride as a 
tracer, Tregeale (2007) could link the better exclusion of 
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chloride in own rooted 140 Ru than in K51-40 to reduced 
transport of chloride into xylem.  Salinity stress also cre-
ates nutritional imbalances in grapevines (Sharma et al., 
2011). Upreti and Murti (2010) in their studies to see the 
response of root growth to salinity in different grape 
rootstocks, showed increased root Na and decreased K 
content in all the rootstocks while, St. George exhibited 
highest Na content and Na:K ratio. In in vitro screening 
of rootstocks for salinity tolerance, Troncoso et al. (1999) 
found a direct relation between salt concentration in me-
dia and the Na/K ratio in tolerant and sensitive culti-
vars. Though the in vitro culture is the suitable method to 
select salt tolerant varieties, it needs to be verified in the 
field experiments to confirm their tolerance (Skene and 
Barlass, 1988). In vitro responses of grape rootstock geno-
types (Dogridge, SO4, H-144 and 3309C) to NaCl led to 
increase protein contents, proline, K+ and Na+ in tissue, 
while contents of chlorophyll and total soluble sugars 
declined (Alizadeh et al., 2010).

Physio-biochemical response to salinity stress
With the onset of salinity stress in vines, major physi-

ological and biochemical process such as photosynthesis, 
protein synthesis, respiration, utilization of energy, syn-
thesis of secondary metabolites etc. get affected. Though 
some of the morphological mechanisms at whole plant 
level can overcome the adverse effects of salt stress, the 
salt tolerance can also occur at cellular level (Yokoi et 
al., 2002). Osmotic regulation is one of the mechanisms 
to avoid osmotic stress. The maintenance of cellular tur-
gor under stress conditions is due to accumulation of 
metabolites such as Betaine glycine, proline, mannitol 
and soluble sugars (Heidari Sharif Abad, 2002; Houimli, 
2010). Proline is a strong source to store carbon, nitrogen 
and a purifier of free radicals. Proline also maintains the 
structure of cell membrane and proteins (Jalili Marandi 
et al., 2009). Another role of proline is maintaining the 
buffering capacity of cells in terms of salinity (Heidari 
Sharif Abad, 2002). Fozouni et al. (2012) demonstrated 
that in response to hydroponically grown own rooted V. 
vinifera table grape cultivars for different salt concentra-
tions, proline accumulation increased significantly with 
increased salinity. Salisbury and Ross (1992) reported 
that not only Vitis spp. but also varieties within a species 
showed different degree of salt tolerance. Cavagnoro 
et al. (2006) in comparison of Argentinean and Euro-
pean grape cultivars showed that Argentinean cultivars 
showed the better performance under saline conditions 
even at increased salt concentrations.  

According to Levitt (1980) salt-induced growth inhi-
bition was accompanied by one or more metabolic dis-
turbances. The most dramatic disturbance was on photo-
synthesis. Most of the research on the Sultani Çekirdeksiz 

grapevine cultivar had shown that NaCl treatment de-
creased photosynthesis (Downton et al., 1990 and Prior 
et al., 1992). Behboudian et al. (1986) had also concluded 
that lower photosynthesis due to salinity was correlated 
with chlorophyll content.

Salt induced osmotic stress led to a rapid decline in 
water and the osmotic potential of cells and a decrease 
in both cell volume and cell expansion (Neumann, 1988).
The most dramatic and readily measurable whole plant 
response to salinity is a decrease in stomatal aperture. 
Closure of stomatal is the primary cause for reduction 
in photosynthetic activity in conditions of weaker saline 
conditions while under stronger salinity conditions the 
reduction in photosynthesis is mainly due to biochemi-
cal and destructive reactions at cellular levels (Munns, 
2002). Reduction in rate of photosynthesis in Sultania 
grapes was reported by Fisarakis et al. (2004). Under sa-
line conditions, photosynthetic rate decreased because 
salinity causes the ion accumulation in different parts 
of the plant which exerts toxic effects on physiological 
processes in plant. Ashraf and Ahmad (2000) reported 
that leaf area and photosynthesis rate reduced while leaf 
diffusive resistance increased in plants growing under 
salt stress. Jogaiah et al. (2014) in their studies on screen-
ing of rootstocks for moisture and salinity stress could 
see the increased osmotic adjustment in 110R, Dogridge, 
Salt Creek and B2-56 rootstocks which they attributed to 
increased sugar and other compatible solutes (Rodrigues 
et al., 1993). Among the rootstock varieties tested for sa-
linity tolerance, maximum plant mortality was recorded 
in St. George and 1613C rootstocks at salinity level of 8 
ds m-1 while least mortality was recorded on Dogridge 
followed by that of Salt Creek (Yohannes, 2006). 

Reactive oxygen species (ROS) developed during 
salinity stress can cause photo-oxidative damage when 
its production exceeds that of antioxidants (Foyer et al., 
1994). Some of the antioxidants synthesized in response 
to salinity stress includes enzymes, proteins etc. These 
compounds play major role in quenching those ROS 
or to limit their damaging effects by quenching them. 
Grape cultivar Razaki when treated with 12mM NaCl 
showed significant increase in glutathione peroxidase 
and catalase activity even on 7th day after treatment of 
salts compared to that of 1616 rootstocks (Yildirim et al., 
2004). Increased level of polyamines were recorded in 
salt treated grape rootstocks compared to that of con-
trol vines wherein higher concentration of spermine and 
spermidine were recorded in Dogridge and Salt Creek 
rootstocks while putrecine was more in St. George root-
stock (Upreti and Murthy, 2010). 

Molecular response to salinity stress
Salinity stress tolerance is a multi-genic trait as many 
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several processes are involved in the tolerance mecha-
nism. Lot of research work is going in the field of molecu-
lar biology to see the influence of salinity stress at genetic 
level in several processes such as synthesis of compatible 
solutes, polyamines, antioxidant synthesis, ion transport 
and sequestration etc. Several genes / cDNA encoding 
proteins involved in salinity stress tolerance have been 
reported in crop species. Though rootstocks are known 
to influence salt tolerant mechanisms at macro levels in 
terms of morphological adaptations, maintenance of cel-
lular turgidity, uptake of mineral elements and restric-
tion of salt uptake some of the studies have shown the 
influence of rootstocks at molecular level to overcome 
adverse effects of salinity. 

Controlling the initial uptake of Cl- (and Na+) at the 
root soil interface would limit the total amount of these 
ions entering the plant and subsequently transported 
to shoots. It is likely that in salt tolerant species, several 
processes will be operating, and the key trait responsible 
for lower Cl- accumulation in shoots may change de-
pending on the external NaCl concentration. Plants that 
limit uptake of toxic ions and maintain normal ranges 
of nutrient ions could be more salt tolerant than those 
that do not restrict ion accumulation and lose nutrient 
balance. Selective ion uptake mechanisms capable of 
discrimination between chemically similar ions such 
as Na+ and K+ could have adaptive value. The mecha-
nisms responsible for ion discrimination are probably 
through receptors which are located in the membranes 
of tissues and various organelles throughout the plant 
(Kuiper, 1968; Bliss et al., 1984). Regulating the synthesis 
of several plant hormones is also one of the mechanisms 
to overcome the salinity hazards. The predominant hor-
mones include abscissic acid, ethylene, jasmonates etc. 
(Parida and Das, 2005). Similar to gibberllins and auxins, 
Jasmonic acid (JA) dependent gene activation involves 
hormone induced degradation and transcriptional re-
pressor, the ZIM/tify domain protein (Vanholme et al., 
2007). Jasmonic Acids are involved in plant response to 
abiotic stress. The activity of JA response is regulated by 
antagonistic cross talk with salicylic acid signaling (Balbi 
and Devoto, 2008). Ismail et al. (2012), in their studies 
on salt tolerance of two grape rootstock species through 
Jasmonate mediated pathway analyzed response of jas-
monate ZIM/tify domain protein, Na+/H+ exchanger, 
stilbene synthase and resveratrol synthase. Suppres-
sion of jasmonate signaling by pheniodone and aspirin 
blocked the induction of JAZ/tify transcripts. In the salt 
tolerant line (V. rupestris), NHX1 is induced while the 
formation of ROS is suppressed as compared to that 
of sensitive line (V. riparia). In this study V. rupestris 
responded more efficiently to salinity stress because it 
could harbor higher density of sensitive calcium signal 

channels than of V. riparia. 

Very few of these genes were identified and charac-
terized in grapes under salinity conditions either in own 
rooted commercial varieties or in grafted vines. Upad-
hyay et al. (2012) could observe increased expression of 
Na+/H+antioporter in 110R rootstock at combined mois-
ture and salinity stress situation compared to that in 
Dogridge, Salt Creek and 1613C rootstocks. Thus 110R 
could sequester more sodium in root vacuole which is 
evident from lesser accumulation of sodium in leaves 
of 110R rootstock. In studies on growth response and 
aquaporin expression in grape genotypes under salinity 
stress, the expression of VvPIP 2.2 gene decreased sig-
nificantly in leaves and roots of Cv. Gharashani , but it 
was higher in roots than in leaves capable of transport-
ing water from roots to leaves. However, in roots and 
leaves of Shiraz cultivar, its expression was increased 
indicating its more readiness to face salinity stress. Thus 
they concluded that Shiraz as more sensitive genotype 
while Ghanashani as moderately tolerant (Mohammad-
khani et al., 2012). 

Sugars, proline, glycinebetaine, and other organic 
solutes are believed to improve salt tolerance by contrib-
uting to osmotic balance and preserving enzyme activity 
in the presence of toxic ions (Greenway and Munns, 1980; 
Grumet et al., 1985;). Gibberd et al. (2003) in their studies 
on effect of salinity on transpiration efficiency (TE) could 
observe highest TE in sultana vines grafted on Ramsey 
than on own rooted Ramsey vines under salinity treat-
ment of 80 mol m3. The variation in TE was associated 
with rootstock which was attributed to differences in up-
take and the energy requirement associated with ion par-
tition and the formation of compatible solutes as proline, 
glycine betaine, sugar alcohols etc. The two- to threefold 
increase in proline accumulation in V. vinifera leaves was 
consistent with an increase in transcript abundance for 
delta 1-pyrroline-5-carboxylate synthetase (P5CS), the 
enzyme that catalyzes the first two steps in the proline 
biosynthetic pathway.  Increased transcript abundance of 
proline dehydrogenase also accompanied the induction 
of P5CS transcripts presumably to facilitate the removal 
of excess proline accumulation which can be toxic to the 
cell if allowed to over accumulate (Deuschle et al. 2004). 
Glucose and fructose exhibited increased accumulation 
in response to water deficit stress, as has been observed 
in Arabidopsis (Rizhsky et al. 2004). However, unlike Ara-
bidopsis, sucrose amounts did not become elevated in V. 
vinifera in response to water deficit.
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ABSTRACT
Oil palm is one of the major oil yielding crops in the world. Insect pollination is a vital process that decides the 

yield in oil palm. Adult weevils feed and multiply on anthers of male inflorescence. Inflorescence production and 
weevil population was more during onset of monsoon and later on it was gradually declined. During occasional 
visits to female inflorescence (due to anise seed like odour- estragole-5,4allylanisole), they would shed pollen 
grains and get back to its original place of host which would cause adequate pollination. Both male and female 
inflorescences were produced separately in successive whorls. Production of male inflorescence ranged from 0 to 
2 and at least one male inflorescence (mode=1) could be seen in each tree. Female inflorescence production ranged 
from 0 to 1 from July 2009 to February 2010 except during August 2009 (1 to 6) and October 2009 (0 to 3). Anthesis of 
male inflorescence accounted for 10 to 14 days with more weevil population between 4th to 7th days which coincided 
with maximum emission of attractive odour (estragole-5,4-allylanisole). Insect visit was observed for only 2 days 
of stigma receptivity.  Inflorescence production showed significant positive correlation with relative humidity and 
rain fall and significant negative correlation with maximum temperature and sunshine hours. Whereas, monthly 
bunch set showed significant negative correlation with RH. Wind could be offer only less contribution towards 
pollination and fruit set. 
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Oil palm is one of the major oil yielding crops in the 
world. In olden days it was grown in the wild and hand 
pollinated to get adequate yield. Until now, pollination is 
considered as a vivid issue in the cultivation of oil palm 
and it has been reported to have an ideal pollinating 
agent to obtain sustainable yield. The high productivity 
of oil palm is mainly dependent on adequate level of pol-
lination and permanent production of bunches, which 
can be achieved by means of suitable pollinating agents. 
The high productivity of oil palm is mainly dependent 
on adequate level of pollination and permanent produc-
tion of bunches, which can be achieved by means of suit-
able pollinating agents. Wind plays an important role in 
pollination of many crops. Even in a strictly anemophil-
ous crop, considerable level of insect pollination will 
be occurring. During the absence of a large number of 
well-placed male and female inflorescences, wind alone 
cannot give adequate level of pollination, particularly 
during the rainy season. So, the production pattern of 

inflorescence plays an important role in oil palm yield.

MATERIALS AND METHODS
A study was conducted on insect pollination and 

inflorescence production of oil palm was conducted in 
oil palm plantations of Plantation Corporation of Kerala, 
Athirappilly during the year 2009 to 2010. 

Inflorescence production
Observation on number of male and female inflores-

cence production and number of bunch set during every 
month was taken separately from 10 randomly selected 
oil palm trees up to eight months. Duration of anthesis 
of male and female inflorescences and stigma receptivity 
of female inflorescence were found based on continuous 
monitoring on inflorescences during the time of observa-
tion on population of insect visitors. 
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Influence of abiotic factors on inflorescence produc-
tion and bunch set 

The changes in the production of both male and fe-
male inflorescences and bunch set in relation to various 
abiotic factors were studied from July 2009 to Feb 2010 
in the oil palm plantations of Plantation Corporation of 
Kerala, Athirappilly at monthly interval. Data on pre-
vailing meteorological parameters, viz., maximum and 
minimum temperature, relative humidity, rain fall and 
sunshine hours during the entire study period were col-
lected from Agronomic Research Station (ARS), Cha-
lakudy. Correlation coefficient of inflorescence produc-
tion and bunch set with various meteorological param-
eters was computed.

Role of other agents in oil palm pollination
Apart from insect pollination, role of other agents 

such as wind and birds were identified by adopting the 
following methods.

Wind pollination: Three unopened female inflores-
cences were covered with polythene bag (30 x 60 cm) to 
identify the role of wind pollination. The lower side of 
the polythene bag was open, to allow for the entry of 
pollinating weevils from bottom. Care was taken while 
covering bunches to ensure that the bags were not torn 
due to the thorns of the spikelets.  After five months they 
were opened and level of pollination and fruit set were 
examined.

Bird pollination: Similarly, three unopened female 
inflorescences were covered with nylon net (3 cm diame-
ter) to identify the inflorescence visitors of bird species.

Yield characters
Observations on yield characters such as number of 

flowers per inflorescence, number of fruits per bunch, 
number of partially developed fruits, fruit set percent-
age, days to fruit set from anthesis, total bunch weight 
and mean fruit weight per bunch from different trees 
were recorded separately and calculations were done 
with different statistical tools.

Per cent pollination
Per cent pollination was worked out based on ob-

servations such as initial number of flowers in female 
inflorescence, and number of complete and partially de-
veloped fruits from each inflorescence.

Number of completely and 
partially developed fruits

Per cent pollination =  -------------------------------------x 100
Number of flowers in the 

female inflorescences

All collected data during the entire period of obser-
vations were finally interpreted using various statistical 
tools and the results are given based on mean, standard 
deviation, range and mode values.

RESULTS AND DISCUSSION

Insect pollination
African oil palm weevil, Elaeidobius kamerunicus (Co-

leoptera: Curculionidae) was found to be the predomi-
nant pollinator in oil palm. Adults of E. kamerunicus 
fed on the pollen grains of oil palm and they complete 
their entire life cycle on spent male flowers. They were 
found to be visiting the female flowers during noon time 
in search of food and the activity was restricted to day 
time. Sambathkumar and Ranjith (2011) recorded the 
maximum visit of weevils during the 1st day of anthesis 
of female flowers. A specific anise seed like odour (es-
tragole 5, 4 allylanisole) attract the weevils towards both 
male and female inflorescences.

In oil palm plantations of Athirapilly, Kerala, the 
total population of E. kamerunicus was high during hu-
mid months (July to November) and comparatively low 
in dry months (January to April). Prolonged dry season 
for more than four months caused higher fluctuation in 
population of E. kamerunicus. Similar results were also 
obtained by Bulgarelli et al. (2002b). Higher concentra-
tion of weevils in a few inflorescences during only a par-
ticular season was recorded due to availability of more 
pollen grains. Bulgarelli (2002a) reported that this phe-
nomenon might be negative for the species, since it may 
lead to an increase in the mortality rate and to a greater 
risk of disease transmission.

Inflorescence production
Production of male and female inflorescences was 

not found to be normal and they were produced sepa-
rately in successive leaf whorls (Plates 1 and 2). 

Male inflorescence production was found to be uni-
form in all the months and it ranged from 0 to 2. Only one 
male inflorescence (mode = 1) was observed in each tree 
from July 2009 to Jan 2010 except during Sep 2009 (mode 
= 2) and during Feb 2010, when male inflorescence was 
not observed (mode = 0) from the 10 palm trees (Table 
1; Fig. 1, 2). The fluctuation in the number of male in-
florescences in anthesis would cause major variations in 
weevil population in commercial plantations. But high 
rain fall is very much inimical to weevil movement to 
different trees. Whereas, the female inflorescence pro-
duction was not uniform and it ranged from 0 to 1 from 
July 2009 to February 2010 except during August 2009 
(1 to 6) and October 2009 (0 to 3). The mode value found 
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to be 1 during July 2009 and August 2009 and it was 0 
from September 2009 to February 2010 (Table 1; Fig. 1, 2). 
High fluctuation of the female inflorescence production 
will directly influence the bunch count and its develop-
ment. This is in agreement with the findings of Kee et al. 
(2000). The bunch production was strongly related to the 
rate of leaf and inflorescence production, which in turn 
was affected by various environmental conditions. The 
fruit set was not found to be uniform in each month and 
its count was varying irrespective of age and height of 
different marked trees. 

Period of anthesis and stigma receptivity
Anthesis of male inflorescence was completed 

within 10 to 14 days and more weevil population was 
noted for around 3 to 4 days (between 4th to 7th days) 
which coincided with the maximum emission of specific 
odour. This is in consonance with the observations of 
Ponnamma (1999). Emission of similar odour, maximum 
number of insect visit and colour change of stigma lobe 
from creamy yellow to deep pink confirmed the stigma 
receptivity of female inflorescence which lasted for 2 to 
3 days with insect visit of only 2 days (Plate 2). The pres-
ent observation is in agreement with the findings of Kee 
et al. (2000).

Bunch set
Bunch development was normal during the entire 

period of observation except July 2009 (Fig. 10). The 
range of bunch production was highly varied in differ-
ent months such as   0 to 2, 0 to 4, 1 to 7, 1 to 8, 1 to 12, 
1 to 10, 2 to 10 and 1 to 8 from the months of July 2009 
to February 2010, respectively and their corresponding 
mode values are 0, 1, 5, 5, 5, 4, 6 and 2 (Table 1; Fig. 1, 2). 
The fruit set was not found to be uniform in each month 
and its count was varying irrespective of age and height 
of different marked trees. This showed that the normal 
bunch development requires warm humid climate.

Influence of abiotic factors on inflorescence produc-
tion and bunch set 

The dynamics of inflorescence production and bunch 
set of oil palm was estimated in different months in or-
der to understand the production pattern as influenced 
by different climatic factors and period of supporting the 
pollinating insects. 

Influence on male inflorescence production
Production pattern of male inflorescence indicated 

the increasing trend from July 2009 to September 2009 
and decreased production from October 2009 to Febru-
ary 2010. But every month at least one male inflorescence 
was produced (mean = 1.04). This is mainly to sustain 

the production cycle and also aids in the population 
maintenance of pollinating weevils. The maximum male 
inflorescence production was recorded during Septem-
ber 2009 (mode = 2) which coincided with monthly 
weather parameters of lower maximum (29.91 oC) and 
higher minimum temperature (24.28 oC), higher relative 
humidity (94.37 %), medium rainfall (12.67 mm) and 
low sunshine hours of 0.52 h, respectively. There after 
male inflorescence production started declining and no 
inflorescence was observed during February 2010 with 
maximum, minimum temperature, relative humidity, 
rainfall and sun shine hours of 35.79 oC, 23.48 oC, 83.57 %, 
0 mm and 9.28 h, respectively during this period (Fig. 1, 
2). This coincides with the earlier findings of Bulgarelli 
et al. (2002b) who mentioned that the number of male 
inflorescences in anthesis dropped gradually between 
October 1994 and January 1995 in oil palm plantations 
of Costa Rica. When the weather factors were not conge-
nial, a poor flight activity was observed particularly dur-
ing rainy period though it favours the male inflorescence 
production. The poor flight activity would ultimately re-
duce the level of pollination and fruit set which might be 
due to a nuisance factor of the lashing rain drops. Similar 
findings were made by Bulgarelli et al. (2002b) and Mou-
ra et al. (2008). They reported that poor flight activity of 
weevils was observed during rainy months in oil palm 
plantations of Costa Rica.

Influence on female inflorescence production
Female inflorescence production was found to be 

uniform during July 2009 and August 2009 (mode = 1) 
with recorded monthly climatic parameters of medium 
maximum (28.4 and 29.94 oC) and higher minimum tem-
perature (23.45 and 24.08 oC), higher relative humidity 
(98.38 and 93.52%), higher rainfall (19.72 and 12.31 mm) 
and low sunshine hours of 2.48 and 3.05 h (Fig. 1, 2). 
Thereafter it was very much reduced (mode =0). This 
showed that, medium temperature, high rainfall and rel-
ative humidity would enhance the female inflorescence 
production. Broekmans (1957) found that higher and 
even distribution of rainfall caused an increase in sex 
ratio (more female inflorescences). But, monthly mean 
of female inflorescence production was 0.7 which indi-
cated that at least one inflorescence could be produced 
in every month.

Influence on bunch set
Very poor bunch set was observed in July 2009 which 

is associated with a reduction in the inflorescence pro-
duction and pollinating weevil population that occurred 
about five months earlier. The bunch set reached its max-
imum during January 2010 (mode = 6) which was charac-
terized by higher maximum (32.24 oC), lower minimum 
temperature (21.7 oC), medium level of relative humidity 
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(85.23 %), low rainfall (0.18 mm) and higher sunshine 
hours (8.96 h). Thereafter bunch set was gradually re-
duced (Fig. 1, 2). The high bunch set also coincided with 
reasonably good weevil population and good weather 
(maximum temperature = 35.79 oC, minimum tempera-
ture = 23.48 oC, relative humidity = 83.57 %, rainfall = 0 
mm and sunshine hours = 9.28) during harvest, i.e., five 
months when the fruit set occurred. Monthly mean of 
bunch set was 3.4 which shows, around 3 developing 
bunches were seen during every month by compensat-
ing all kind of stress.

Generally inflorescence production was more dur-
ing onset of monsoon and later on it was gradually re-
duced. The present finding confirmed that medium rain 
fall, temperature and high relative humidity are highly 
congenial for production of both male and female inflo-
rescences and rapid multiplication of weevils. Rainfall 
is the main source of water for the oil palm plantation. 
However, during the dry season, only some amount of 
water is available for the trees that cause poor produc-
tion of inflorescences and bunch set. Similar kind of 
conclusions were made by Chinchilla et al. (1990) and 
Bulgarelli et al. (2002b) reported that the number of male 
inflorescences in anthesis was found to be low during 
the dry season due to high water deficit in the soil and 
unfavourable climatic conditions in major oil palm grow-
ing regions of Costa Rica.

Relationship of inflorescence production and 
bunch set with different weather parameters

Male and female inflorescence production showed 
positive correlation with weather parameters such as 
minimum temperature (male= 0.235 and female= 0.112), 
relative humidity (male = 0.555 and female = 0.643) and 
rainfall (male = 0.801* and female = 0.724*) and signifi-
cant negative correlation with maximum temperature 
(male = -0.791* and female = -0.739*) and sun shine hours 
(male = -0.733* and female= -0.386) (Table 2). In contrast 
to this, bunch set showed negative relationship with all 
weather factors except positive relation with the maxi-
mum temperature (0.286) (Table 2).

This showed that weather factors such as minimum 
temperature, relative humidity and rainfall are having 
favourable role on both male and female inflorescence 
production with negative effect from maximum temper-
ature and sunshine hours. But bunch set was positively 
favoured by maximum temperature and sunshine hours. 
Hence, the present study indicated that, optimum inflo-
rescence production requires lower maximum, higher 
minimum temperature and relative humidity with low 
sunshine hours and medium level of rainfall. In contrast 
to this, normal bunch set will be promoted by higher 
maximum temperature, sun shine hours with medium 

level of relative humidity and also by low minimum 
temperature and rainfall. So, some level of balance will 
be maintained with these weather parameters to obtain 
sustainable production of inflorescences and bunch set. 

The results on regression analysis (Table 3) revealed 
the following equation and showed that all abiotic fac-
tors together determine the variation in male inflores-
cence production to an extent of 99.3 per cent (R2 = 0.993). 
Out of five variables analysed, minimum temperature, 
alone have found to exert significant influence on Male 
inflorescence production in oil palm (Table 3). When the 
other variables are at their mean level, one degree rise in 
minimum temperature is expected to increase the num-
ber of male inflorescence production by 0.701. 

Male inflorescence production (Y1) = 21.280** + 
0.107X1

 - 0.701*X2 - 0.050X3 - 0.038X4
 -   0.480X5

All abiotic factors together determine the variation 
in female inflorescence production by 8.41 per cent (R2 = 
0.841) and fit in to the following equation (Table 3). 

Female inflorescence production (Y2) = -6.426** -0.228 
X1

 + 0.307X2 + 0.054X3 + 0.042X4 + 0.311X5

The results of regression analysis showed insignifi-
cant positive influence by all-weather parameters except 
the negative influence by the maximum temperature 
(Table 3). The following equation from regression analy-
sis showed that all weather factors together contributed 
to the bunch set in oil palm by 85.9 per cent (R2 = 0.859).

Bunch set (Y3) = 95.481** -0.158X1 -1.858**X2 -0.362 X3 
-0.432X4 -1.502**X5

Among all variables analysed, all weather param-
eters showed negative relationship with bunch set. The 
mean minimum temperature and sunshine hours, had 
significant influence on bunch set and one degree reduc-
tion in mean minimum temperature and one hour re-
duction in sunshine hours can increase the number of 
bunches by  1.858 and 1.502 numbers, respectively.

Role of other agents in oil palm pollination
Generally, in nature there won’t be a single pollinat-

ing agent for a particular crop. Even in a strictly cross 
pollinated crop, some level of self pollination can be 
observed. Obviously, though the weevils of E. kameruni-
cus act as a principal pollinating agent in oil palm, some 
other agents like wind and rodents might also contribute 
to some extent in the pollination and their role is to be 
explored.

Wind pollination: Level of pollination and fruit set 
were found to be normal in those inflorescences covered 
with polythene bags and that of uncovered bunches in 
shorter palms. It is assumed that the height of tree plays 
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a vital role in the disbursement of pollen. The contribu-
tion of wind might be very less in shorter palms due to 
thick canopy of palm. Similar reports were also given by 
Syed (1978) that thick canopy and high pollen density of 
oil palms would not support the effective pollen trans-
fer. These showed insects are the main pollinating agent 
in oil palm. 

Bird pollination: No bird species were observed 
and trapped on developing female bunches during pol-
lination. Even in female inflorescences covered with ny-
lon nets, the fruit production was normal. Any pollinator 
bird should frequently visit both male and female inflo-
rescences and should have some kind of association with 
them. So birds might be occasional visitors of oil palm to 
collect the mature fruits and also larvae of                       

Plate 1: Male inflorescence of oilpalm

Anthesising male inflorescence

Spent male ]inflorescence      

Plate 2: Female inflorescence of oil palm

      
Anthesising female inflorescence (on 1st day)

Anthesising female inflorescence (on 2nd day)

Plate 3: Fruit bunch of oil palm
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Fig. 1: Monthly inflorescence production and bunch set with their corresponding maximum, minimum 
temperature and relative humidity 

Fig. 2: Monthly inflorescence production and bunch set with their corresponding   rainfall and sunshine 
hours

E. kamerunicus. Similarly, Chenon and Susanto (2006) also reported that birds were not involved in any signifi-
cant role in oil palm pollination instead they were preying up on E. kamerunicus and thereby reduce the population 
of weevils.
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Table 2: Correlation analysis of inflorescence pro-
duction and bunch set in oil palm with monthly 
weather parameters (July 2009 to February 2010)

Compo-
nents

Monthly weather parameters

Maxi-
mum 

temper-
ature

Mini-
mum 

temper-
ature

Rela-
tive 

humid-
ity

Rain-
fall

Sun-
shine 
hours

Male 
inflores-
cence

- 0.791* 0.235 0.555 0.801* - 
0.733*

Female 
inflores-
cence

- 0.739* 0.112 0.643 0.724* - 
0.386

Bunch set 0.286 -0.161 -0.409 - 
0.522

0.141

*= Significant at 5% level; **= Significant at 1% level

Table 3: Regression analysis of inflorescence pro-
duction and bunch set in oil palm with monthly 
weather parameters (July 2009 to February 2010)

Monthly 
weather pa-

rameters

Male in-
florescence 
production

Female in-
florescence 
production

Bunch set

Regression 
Coefficient

0.993 0.841 0.859

Intercept 21.280** -6.426** 95.481**
Maximum 
temperature

0.107NS -0.228NS -0.158NS

Minimum 
temperature

-0.701* 0.307NS -1.858**

Relative Hu-
midity

-0.050NS 0.054NS -0.362NS

Rainfall -0.038NS 0.042NS -0.432NS

Sunshine 
hours

-0.480NS 0.311NS -1.502**

*= Significant at 5% level; **= Significant at 1% level

Table 1: Monthly inflorescence production and bunch set of oil palm

Month Male inflorescence Female inflorescence Bunch set
*Mean Range #Mode *Mean Range #Mode *Mean Range #Mode

July 2009 0.8 0 - 2 1 0.5 0 - 1 1 0.5 0 - 2 0
August 2009 1.1 - 2 1 2.8 1 - 6 1 1.4 0 - 4 1
September 2009 1.4 0 - 2 2 0.3 0 - 1 0 4.2 1 - 7 5
October 2009 1.2 0 - 2 1 0.8 0 - 3 0 4.7 1 - 8 5
November 2009 1.0 0 - 2 1 0.2 0 - 1 0 4.9 1 - 12 5
December 2009 1.1 0 - 3 1 0.2 0 - 1 0 4.6 1 - 10 4
January 2010 1.0 0 - 2 1 0.2 0 - 1 0 4.6 2 - 10 6
February 2010 0.7 0 - 3 0 0.3 0 - 1 0 2.2 1 - 8 2

*Mean of 10 replications; #Mode of 10 replications
*Max. = Maximum; Min. = Minimum; RH = Relative humidity; RF = Rainfall, SSH- Sunshine hours  

Yield attributes
Different yield parameters have to be worked out, 

mainly to understand the productive role of the crop 
and predicting the efficiency of source to sink conver-
sion. Flower production ranged from 336 to 800 per in-
florescence with the mean value of 596.4 (Table 4). But 
the present result is contrary to the observations of Beir-
naert (1935) who reported that more than 2,000 individ-
ual flowers could be seen in each female inflorescence of 
well grown oil palm tree. The deviation might be due to 
age of the tree and difference in the prevailing climatic 

conditions and management practices. 

Number of fruits per bunch ranged from 186 to 
583 (mean = 467.57) (Table 4). But the present result is 
contrary to the findings of Teoh-Cheng-Hai (2002) who 
reported that a well maintained mature oil palm tree 
can yield around 1000 to 1300 fruits per bunch. The low 
number of fruits per bunch from the present observa-
tion might be due to difference in the age, management 
practices and prevailing climatic and stress factors. But 
this can be compensated by obtaining fruits with more 
weight and oil content.  
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Table 4: Yield attributes of oil palm

Yield attributes Range *Mean ± 
SD

Number of female flowers/ 
inflorescence

336 – 800 596.4 ± 
177.11

Number of  completely devel-
oped fruits/ bunch

186 – 583 393.00 ± 
142.62

Number of partially developed 
fruits/ bunch

27 – 132 73.8 ± 
35.37

Per cent pollination 60.36 - 
88.37

77.13 ± 
8.63

Days to fruit set 145 – 161 153.3 ± 
4.88

Bunch weight (kg) 5 – 29 17.13 ± 8.6
Mean fruit weight/ bunch (g) 24.29 - 

41.71
32.52 ± 
6.11

* Mean of 10 replications

Number of partially developed fruits varied from 27 
(12.8 %) to 132 (28.7 %) with the mean value of 73.8 fruits 
per bunch (Table 4). Dhileepan and Nampoothiri (1989) 
also got similar result and obtained up to 23.60 per cent 
partially developed fruits during the research in oil palm 
plantations of Kerala. But development of more number 
of partially developed fruits will not contribute to yield 
which ultimately reduces the quality of bunches. Sterile 
fruits were considered as non pollinated flowers in this 
study. The rate of pollination ranged from 60.36 to 88.37 
per cent with the mean value of 77.13 % (Table 4) which 
would give optimum level of fruit set. Similar results 
were attained by Syed and Salleh (1987) who reported 
that around 70 per cent of fruit set will give economic 
yield. Success of pollination is mainly decided by the du-
ration of transfer and viability of pollen during the peak 
anthesis time.

The fruit set was completed within 145 to 161 days 
(Table 4) and bunches were ready to harvest (mean = 
153.3 days). This is in agreement with the findings of 
Beirnaert (1935) who reported that, the period from 
anthesis to bunch harvest is about 5 months. The total 
bunch weight varied from 5 to 29 kg with the mean value 
of 20.86 kg (Table 4). Dhileepan and Nampoothiri (1989) 
mentioned that average weight of bunches pollinated 
by wind and weevils was 16.93 kg in 10 year old com-
mercial plantations of Kerala. Similarly Kee et al. (2000) 
and DOPR (2009) reported that 8 to 10 years old palms 
would give 10 to 25 kg of bunches through weevil pol-
lination and this was considered to be economical. The 
mean fruit weight ranged from 24.29 to 41.71 g in each 
bunch (mean =   32.52 g) (Table 4). Much variation was 
noted in the fruits with respect to its size and individual 

weight. The results of DOPR (2009) indicated that mean 
weight of fruit is 30 g. 
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Compatibility of Alphonso pollens with its superior hybrids Sonpari and Neelphonso 
as female parents in mango (mangifera indica L.)
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ABSTRACT
An investigation was conducted during the year 2012/13 to find out the Compatibility of Alphonso pollen 

with its two newly developed superior hybrids Sonpari (Alphonso x Baneshan) and Neelphonso (Neelam x Al-
phonso) as female parents in hybridization programme. To further incorporate the desirable traits of Alphonso 
into these hybrids, a new breeding programme was initiated at RHRS, Navsari Agricultural University to back 
crossing these two superior hybrids Sonpari and Neelphonso with Alphonso as pollen donor parent. The results 
revealed that fruit set percentage was 88.91 % in crossed Sonpari x Alphonso and 78.43 % in crossed Neelphonso 
x Alphonso. Fruit retention percentage was reduced drastically from fruit setting stage till 14 days after pea stage 
(DAPS) but attained almost steady percentage from 35 DAPS onward till harvesting. The fruit retention percent-
age at harvest was higher in the crossed fruits of Sonpari x Alphonso (3.13 %) compared to Neelphonso x Alphonso 
(0.94 %). Regarding physical characteristics of crossed fruits, combination of Sonpari x Alphonso produced higher 
fruit length (13.4 cm) and fruit width (9.9 cm) than crossed fruits of Neelphonso x Alphonso with fruit length (10.8 
cm) and fruit width (5.7 cm). Similarly, fruit weight of hybrid fruits derived from crossed Sonpari x Alphonso 
(512.4 g) was higher compared to that of Neelphonso x Alphonso (235.2 g). The drastic reduction in fruit number 
retained during the period of fruit set stage to 14 days after pea stage was due to wide variation between maximum 
and minimum of both temperature and relative humidity. Based on this experiment, pollens of Alphonso showed 
good compatibility with both Sonpari and Neelphonso and therefore, may be utilized as pollen source for pollina-
tion in these two newly developed hybrids varieties in mango crossing programme.

KEY WORDS: Hybrids, pollen, Hybridization, fruit-set 

Mango (Mangifera indica L.) is one of the most im-
portant tropical fruit trees in the world. It belongs to 
the Anacardiaceae family, originated in the Indo-Burma 
region and is highly heterozygous (Mukherjee, 1958). It 
has been under cultivation in the Indian sub continent 
for the last four thousand years or so (De Candolle, 
1904). This crop occupied and area of about 2.2 mha and 
production of 15.2 MT in India which account for 50% 
of the world production (Anonymous, 2011). In India, 
more than one thousand varieties of mango are avail-
able. However, only about 30 cultivars are of commercial 
importance (Chadha and Pal, 1986) and majority of these 
cultivars possess narrow adaptability and show eco-geo-
graphical preferences for growth and yield (Yadav and 

Rajan, 1993). Among these cultivars, Alphonso is one of 
the major commercial cultivars in India. The major ap-
pealing trait of this cultivar is its ‘unique flavour’ besides 
good appearance. However, the limitation with this cul-
tivar is the occurrence of spongy tissue which hamper 
the economics of production, as well backfoot the mango 
industry in the export world. In addition, this cultivar 
is an alternate bearer which produced very little or no 
yield in some years. Therefore, to incorporate the desir-
able traits and eliminate the undesirable ones of this cul-
tivar, Alphonso was used as one of the parent in hybrid-
ization programme at Agriculture Experimental Station 
(AES), Paria, Navsari Agricultural University, Gujarat. 
This programme has resulted into evolving of two new 
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superior hybrid varieties, which were released in 1986 as 
Neelphonso and Sonpari in 2000 obtained from the cross 
Neelam x Alphonso and Alphonso x Baneshan respec-
tively (Anon., 2012). Therefore, to incorporate the desir-
able traits of Alphonso lacking in its hybrids, breeding 
programme through back crossing was initiated for fur-
ther improvement of Neelphonso and Sonpari. Further-
more, there is no report so far available on the ability of 
Alphonso as pollen donor to cause fruit-set and as well to 
produce mature fruit in these two new hybrid varieties. 
Therefore, this is the first report on using of Alphonso as 
pollen donor in Sonpari and Neelphonso as female par-
ents. The present study addresses the compatibility issue 
of Alphonso as male parent with two half-sib hybrid va-
rieties Sonpari and Neelphonso as female parents under 
the hypothetical assumption that Alphonso variety may 
be used as pollen source for crossing to further transfer 
its desirable traits to the two improved half-sib varieties. 
In addition, the information obtained in this study may 
be further utilized in mango hybridization programme.

MATERIALS AND METHODS 

Experimental plants
Three mango varieties including Alphonso as pollen 

donor and two half-sib hybrids, viz., Neelphonso (Nee-
lam x Alphonso) and Sonpari (Alphonso x Baneshan) 
developed by the University were using as female par-
ents for hybridization. The fully grown healthy grafted 
plants, free from diseases and insect-pests of the three 
mango varieties were selected in the orchards of Divi-
sion of Fruit Science, RHRS, ASPEE College of Horti-
culture & Forestry, NAU, Navsari. These selected trees 
were maintained uniformly as per recommended cultur-
al management practices of the University. Description 
of the two newly developed hybrids used as parents are 
given below:

Neelphonso: It is a moderate regular and late bear-
ing tendency hybrid.  Harvesting period is during end of 
July when no other commercial cultivars available, thus 
offering good market price. Fruit size is medium (200 g) 
with apricot yellow peel colour and orange yellow pulp 
at ripening. Fruits are free from spongy tissue disor-
der and are moderate resistant against fruitfly (Anon., 
2012). 

Sonpari: A heavy yielder and regular in bearing. 
Fruits are obliquely oval in shape like its male parent 
Baneshan, big in size (360–550 g). Peel colour is smooth 
and turning attractive golden yellow colour on ripening. 
Pulp content is 75 – 77 % and taste is excellent and re-
sembles to that of its female parent Alphonso and very 
good for table purpose with excellent keeping quality. 

(Anon. 2012).

Hybridization procedures 
The hybridization technique attempted was con-

trolled hand pollination (Mukherjee et al., 1961; Dutta et 
al., 2013). Healthy panicles directly arising from second-
ary or tertiary branches were selected. These panicles 
were bagged on afternoon of the preceding day of polli-
nation with finely perforated alkathane bags (8// x 5//) of 
100 gauge thickness, after removing all opened flowers. 
The next morning, 10-12 freshly opened perfect flow-
ers located on middle of each panicle were retained for 
pollination and all other unopened buds were removed. 
After selection of hermaphrodite flowers, the panicles 
were then rebagged. Pollens were collected from freshly 
opened flowers of the same parent from panicles bagged 
earlier. The collected stock of opened flowers was kept in 
separate petri dish under shade to dehisce anther. After 
pollen dehiscence, bags from panicles of female parent 
were removed and hand-pollination was done on stigma 
of the flower. The pollinated panicle was immediately 
rebagged and labelled properly. The bags were removed 
after 72 h and fruit-set was recorded at different inter-
vals. 

Observations
Observations on number of fruit-set was recorded 

at seven days after pollination and fruit-set percentage 
was calculated by dividing the number of fruit-set by 
total number of pollinated flowers and multiplied by 
100. Fruit retention percentage was recorded at weekly 
intervals from pea stage onward and calculated by di-
viding the number of fruit retained after every seven 
days by the total number of fruit retained at pea stage. 
Similarly, physical characteristics of crossed fruits were 
recorded using electric balance (Adiar Dutt-1620C) for 
fruit weight (g) and vernier calliper (Mitutoya Digimatic 
Calliper, Code No. 500-147) for fruit length (cm) and 
width (cm).

RESULTS AND DISCUSSION 

Pollination and fruitset
Pertaining to Table 1, the average number of flow-

ers pollinated per panicle was 7.05 and 6.87 in Sonpari x 
Alphonso and Neelphonso x Alphonso, respectively. In 
both years, fruit-set percentage of combination Sonpari x 
Alphonso was higher than cross Neelphonso x Alphon-
so. In the combination Sonpari x Alphonso, an average 
of 69.0 pollinated flowers set fruits out of average 80 to-
tal flower pollinated which recorded 88.91 % of fruit-set. 
While, in the cross Neelphonso x Alphonso, an average 
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of 45 pollinated flower set fruits out of the 58 total pol-
linated flowers, which gave 78.43 % of fruit-set. The re-
sult obtained in both the combinations showed higher 
fruit-set percentage than 16.1 % in Amrapali x Tommy 
Atkin (Pinto et al., 2004) and 29.3 % on open-pollinated 
Amrapali (Pandey and Kumar, 2006). This indicated that 
high fruit-set percentage in Sonpari and Neelphonso can 
be obtained, when Alphonso was used a pollen source. 
However, the different in fruit-setting percentage be-
tween Sonpari and Neelphonso might be due to the role 
of the genetic background under a particular set of envi-
ronment conditions (Shu, 2009).

Fruit retention percentage
The fruit retention percentage of both the crosses 

showed a drastically decreasing from fruit setting stage 
till 14 days after pea stage (DAPS; 10.6 % in Sonpari x 
Alphonso and 8.77 % in Neelphonso x Alphonso), there-
after, the decreasing in fruit retention percentage slow 
down and almost steady from 35 DAPS onward till har-
vesting (Fig. 1). It was interesting to note that the fruit 
retention percentage of Sonpari x Alphonso throughout 
the entire stage of fruit growth was always higher than 
that of Neelphonso x Alphonso, excepting at 21 DAPS 
(6.32 % in Sonpari x Alphonso and 6.88 % in Neelphonso 
x Alphonso). The rapid decreased in fruit retention per-
centage between fruit setting stage to 14 days after pea 
stage seem to be due to low relative humidity and com-
paratively high evaporation (Fig. 4; Appendix I).

The fruit retention percentage at harvest was high-
er in the crossed fruits of Sonpari x Alphonso (3.13 %) 
compared to Neelphonso x Alphonso (0.94 %). The fruit 
retention percentage at harvest in both the crosses was 
in accordance with Pinto et al. (2004) who reported the 
range of 0.5 – 3.3 % fruit retention at harvest when Am-
rapali was used one of the parents. The result indicated 
that Alphonso showed a good genetic compatibility with 
Sonpari and Neelphonso when used as male parent.

Physical parameters of crossed fruits
Among fruits of the two crosses (Fig. 2 and plate 1), 

crossed fruits obtained from Sonpari x Alphonso pro-
duced higher fruit length (13.4 cm) and fruit width (9.9 
cm) than hybrid fruits of Neelphonso x Alphonso with 
fruit length (10.8 cm) and fruit width (5.7 cm). Similarly, 
fruit weight of hybrid fruits derived from crossed Son-
pari x Alphonso (512 g) was higher compared to that of 
Neelphonso x Alphonso (235 g) (Fig. 3). 

Relationship between number of fruits retention 
and weather parameters

The relationship among number of fruits at various 
stages and weather parameters was observed, based on 
fig. 5, that drastic reduction in number of fruits from 
fruit-set stage at 7 days after pollination (DAP) upto 
14 DAPS was coincidence with; Wide variation of tem-
perature: During these stages there was a wide varia-
tion between maximum and minimum temperature. 
The maximum (day) temperature was highest and night 
temperature was lowest between 7th March to 4th April. 
However, thereafter, it was interesting to note that the 
variation between the two was almost constant till har-
vesting (second week June). This indicated that the gap 
between day and night temperatures was very high dur-
ing these stages, which might have contributed to sharp 
reduction in fruit number. 

Low humidity with wide variation between maxi-
mum and minimum RH: It was also observed that both 
maximum and minimum relative humidity (%) was low 
during this period. However, the maximum variation 
between maximum (morning) and minimum (evening) 
RH was also existed during the same period. Similarly, 
the variation between the two after 14 DAPS followed 
similar pattern with temperature variation, where fruit 
number also remained almost constant. The inference 
between fruit drop and other weather parameters in-
cluding wind speed, rain fall, cloud cover and sun shine 

Table 1: Pollinated flowers and fruit setting in the crossed Sonpari x Alphonso and Neelphonso x Al-
phonso of mango

Parentage Total pollinated 
flowers

Mean Pollinated flow-
ersper panicle

Mean Number of fruit 
set at 7 DAP

Mean Fruit set at 7 
DAP (%)

Mean

2012 2013 2012 2013 2012 2013 2012 2013
Sonpari x 
Alphonso

110 50 80 7.33 6.77 7.05 90.00 48.00 69.00 81.82 96.00 88.91

Neelphonso 
x Alphonso

71 45 58 7.38 6.36 6.87 53.00 37.00 45.00 74.65 82.22 78.43

DAP, days after pollination
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Fig. 3: Fruit weight of hybrid fruits from crossed 
Sonpari x Alphonso and Neelphonso x Alphonso 
of mango at ripening stage

Fig. 4: Relationship between numbers of fruit 
retained and weather parameters at various stages 
of fruit growth. 

S x A, Sonpari x Alphonso; N x A. Neelphonso x Al-
phonso; Tmax, maximum temperature; Tmin, minimum 
temperature; Rhmax, maximum relative humudity; Rh-
min, minimum relative humidity; DAPS, days after pea 
stage.

Fig. 1: Retention percentage of hybrid fruits from 
crosses Sonpari x Alphonso and Neelphonso x 
Alphonso of mango at various interval

Fig. 2: Fruit size of hybrid fruits from crossed 
Sonpari x Alphonso and Neelphonso x Alphonso 
of mango at ripening stage

Appendix I: Mean of other climatic data during evaluation periods for fruit setting and retention behav-
iours of mango hybrid fruits from crossed Sonpari x Alphonso and Neelphonso x Alphonso

Climatic factors A B C D E F G H
Wind Speed (km/h) 4.2 3.0 3.5 4.7 5.4 4.7 4.5 4.3
RF (mm) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.3
Cloud cover 0.1 0.0 0.0 0.1 0.0 0.1 0.1 0.2
Sun shine (h/day) 8.5 8.8 8.3 8.5 9.2 8.5 8.9 9.0
Evaporation (mm/day) 5.3 6.5 7.2 6.9 6.8 6.7 6.8 6.3

DAPS, days after pea stage; A, pollination to fruit set stage; B, fruit set to pea stage; C, pea stage to 7 DAPS; D, 7 to 14 DAPS; E, 14 to 21 DAPS; 
F, 21 to 28 DAPS; G, 28 to 35 DAPS; H, 35 DAPS to harvest. Mean data from February to June of 2012 and 2013.
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hours could not be drawn (Appendix 1). This was be-
cause the orchard of the hybridization block was sur-
rounded by several layers of fruit trees of sapota and 
mango which neutralized the effect of the wind speed. 
Besides, the parent trees were under well maintenance 
with drip irrigation system that has effect on evapora-
tion rate.
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Effect of high density planting and nutrient management on growth and yield of 
Banana cv. Jahaji (Musa, AAA)

B. Gogoi*, B. Khangia and K. Baruah
Department of Horticulture, Assam Agricultural University, Jorhat,785013 (Assam)
*E. mail: bornalihandique84@gmail.com  

ABSTRACT
High Density planting (HDP) is one of the recent and novel concepts of increasing the productivity without 

affecting the quality of fruits. The HDP has been successfully implicated in many fruit crop including banana.  
This study was conducted at the Experimental Farm, Assam Agricultural University, Jorhat with an objective to 
determine the growth, yield and nutrient requirement of banana under high density planting system. The treat-
ments comprised of T1, T2, T3 : 2 suckers/hill at 2 m×3 m with 100 %, 75 % , 50 % RDF; T4, T5, T6 : 3 suckers/hill at 2 
m × 3 m with 100 %, 75 % , 50 % RDF; T7, T8, T9 : 2 sucker at 1.8 m × 3.6 m with 100 %, 75 % , 50 % RDF; T10, T11, T12 
: 3 sucker at 1.8 m × 3.6 m with 100 %, 75 % , 50 % RDF and T13: 1sucker at 1.5 m × 1.5 m with 100 % RDF. All the 
High Density Planting registered more height than the control and was maximum at T4 (184.80 cm).The plant girth 
decreased with increase in number of sucker per hill. It was highest in T13 (74.10 cm) and lowest in T4 (53.30 cm). 
Total number of leaves increased in all the HDP treatments. It was found maximum in T4 (26.64 no). All the HDP 
treatment having 2 and 3 sucker per hill, recorded more number of functional leaves than the control. Treatment 
T6 recorded the lowest shooting harvest interval. All the HDP treatments recorded reduced bunch weight, number 
of hands per bunch, number of fingers per hands and finger length butt the weight of second hand (2.93 kg) and 
yield (80.23 t/ha) was found highest in T6. An overall assessment revealed that planting of 3 suckers per hill at 2 
m × 3 m with 50 % RDF (T6) is the best treatment under agro-climatic condition of Assam. 

KEY WORDS: Plant density, banana, girth, functional leaves, harvest interval, leaf area

Banana is one of the most important fruit crop in 
India. It is the fourth most important fruit crop after 
paddy, wheat and milk products. Banana is known as 
wholesome fruit, as it provides more balance diet than 
any other fruit, containing sufficient amount of carbohy-
drates, the source of energy. India is the largest producer 
of banana in the world producing 19.19 tonnes with pro-
ductivity of 34 tonnes/hectare (Singh, 2008). High densi-
ty planting system (HDP) is a recent and novel concept of 
increasing the productivity without affecting the quality 
of fruits. It is successfully implicated in banana. Several 
studies have been conducted in banana to elucidate the 
HDP under different agro climatic regions using differ-
ent cultivars (Bhan and Majumder, 1961). In this studies 
effect of planting 2 and 3 suckers per hill on growth and 
yield of banana cv. Jahaji under different levels of fertil-
izers was investigated.

MATERIALS AND METHODS
The experiment was conducted in the experimental 

Farm, Department of Horticulture, Assam Agricultural 
University, Jorhat. Banana cv. Jahaji was used as test crop 
in a Randomised Block Design with 13 treatments and 4 
replications. The treatments include T1, T2, T3: 2 suckers/
hill at 2 m × 3 m with 100 %, 75 % , 50 % RDF; T4, T5, T6 : 3 
suckers/hill at 2 m × 3 m with 100 %, 75 %, 50 % RDF; T7, 
T8, T9 : 2 sucker at 1.8 m × 3.6 m with  100 %, 75 % , 50 % 
RDF; T10, T11,T12 : 3 sucker at 1.8 m × 3.6 m with 100 %, 75 
% , 50 % RDF and T13: 1sucker at 1.5 m × 1.5 m with 100 
% RDF. The fertilizers were applied as N, P2O5 and K2O 
in three splits, viz., third, fifth and seventh month after 
planting. The pits were selected randomly from each plot 
for observations. Observations were taken at 3rd month, 
5th month, and 7th month, shooting and harvesting stage. 
Pseudostem height was marked with red point at 15 cm 
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above the ground level and height was measured from 
the red mark to the point of the youngest first and second 
leaf axis. Finally the 15 cm length was added and height 
was expressed in centimetre (cm). The fully emerged 
leaves produced by the plant up to shooting were count-
ed and recorded. The number of functional leaves at 5 
month, 7 month, shooting and harvesting stages were 
recorded counting only the green leaves when only three 
fourth or whole leaf areas of leaves were photosyntheti-
cally active. At harvest bunch was cut at 22.5 cm above 
the first hand and 5 cm below the last hand in kilogram. 
Total number of hands and fingers were counted. Fin-
ger length was measured from the base of the pedicel 
to the tip of the fruit along with the dorsal curve and 
express in centimetres (cm). Weight of single finger from 
second hand at harvest was recorded in gram. TSS was 
determined by Ziss hand refractometer in percent (%). 
Titrable acidity, reducing sugar, non-reducing sugar 
and total sugar were estimated by adopting the standard 
method of A.O.A.C. (1975). 

RESULTS AND DISCUSSION
All the HDP treatments registered more plant height 

than the control (Table 1). Among the treatments highest 
plant population registered highest plant height. This is 
in support of the findings of Krishnakumary et al. (1995). 
All the HDP treatments showed decrease in plant girth 
than the control. The present finding is in the support of 
Jagirdar et al. (1963).

The results recorded in the (Table 2) the HDP treat-
ments registered higher number of leaves than the con-
trol. Between 2 or 3 suckers per hill planting, the latter 
registered higher number of leaves than the former un-
der both the spacing. This may be due to prolong veg-
etative growth phase caused by microclimate with low 
temperature and more shade. Higher number of func-
tional leaves was found in the treatment having one 
sucker per pit. It may be due to less competition for soil 
moisture nutrient and light intensity. The present find-
ing get ample support from the works of Mandal (1980) 
who found less number of functional leaves in higher 
plant population as compared to lower plant population. 
Leaf area is an important index of vigour that influences 
the consequential yielding capacity of the cultivar. All 
the HDP treatments registered more leaf area than the 
control (Table 3). In the lower density due to less compe-
tition for light, moisture and nutrient, the rapid produc-
tion of leaves increase the leaf area index (Singh, 1988). 
The number of sucker found to be significant in the 
shooting and harvesting stage but found to be non sig-
nificant in large stage (Table 4). These results are in con-
formity with the findings of Chattopadhyay et al. (1980). 
It was interesting to note that though the crop duration 
increased with increase planting density, the time taken 
for harvesting and shooting-harvest interval was less in 
all the HDP treatments than the control. This might be 
due to efficient absorption of water and nutrients by 2 or 
3 suckers per hill planting than the one sucker per hill. 

Table 1: Pseudostem height (cm) and girth (cm) at different stage of growth of banana

Treatments 3rd month 5th month 7th month Shooting
Height (cm) Girth (cm) Height (cm) Girth (cm) Height (cm) Girth (cm) Height (cm) Girth (cm)

T1 41.03 19.90 83.60 42.17 90.27 54.50 124.63 61.27
T2 39.60 23.77 72.00 39.23 87.60 48.27 120.27 58.30
T3 36.40 21.13 75.30 44.57 89.63 51.57 119.23 59.40
T4 53.10 21.83 87.30 25.53 99.69 39.60 184.80 53.30
T5 47.17 23.50 84.17 33.47 94.83 42.37 178.60 55.67
T6 33.60 21.63 66.83 34.37 79.03 44.59 142.23 63.50
T7 38.93 21.87 73.43 39.53 85.76 50.40 161.43 57.20
T8 35.50 23.56 75.63 45.00 88.70 52.73 112.13 63.10
T9 45.87 25.13 67.80 37.37 76.90 47.57 109.77 56.10
T10 42.23 19.73 82.30 31.20 94.63 41.10 131.97 57.53
T11 37.60 18.33 67.97 40.50 82.47 52.10 142.23 56.10
T12 37.86 21.10 71.13 39.00 88.07 49.17 139.86 65.10
T13 26.90 29.50 61.43 49.96 74.57 65.20 104.97 74.10
SEd 0.77 1.36 0.64 0.42 0.61 0.33 0.57 0.65
CD (5%) 1.60 2.82 1.32 0.87 1.26 0.68 1.17 0.42
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Table 2: Total number of leaves and functional leaves of banana

Treat-
ments

3rd month 5th month 7th month Shooting

Total no. 
of leaves

Functional 
leaves

Total no. 
of leaves

Functional 
leaves

Total no. 
of leaves

Functional 
leaves

Total no. 
of leaves

Functional 
leaves

T1 11.30 4.62 16.23 5.52 16.83 11.93 24.65 6.98
T2 11.05 4.74 16.07 5.54 17.35 11.83 26.16 5.64
T3 10.11 4.53 15.43 5.44 17.33 12.40 24.33 7.05
T4 11.94 5.03 16.92 5.21 19.15 11.87 26.64 7.36
T5 11.76 3.55 16.64 5.00 19.04 10.73 25.62 5.00
T6 11.53 4.47 16.33 5.15 18.33 11.83 25.32 5.30
T7 10.14 4.57 15.84 5.58 18.65 12.67 23.76 7.65
T8 10.34 3.79 15.54 5.56 17.62 15.00 24.03 5.39
T9 10.45 3.98 15.06 5.41 17.53 12.53 23.74 5.93
T10 11.86 4.11 17.38 5.66 18.45 12.67 26.33 7.16
T11 11.80 4.85 17.06 5.43 19.12 11.03 26.05 5.96
T12 11.64 5.04 16.84 5.73 18.38 12.07 26.15 6.67
T13 9.45 5.83 14.47 6.16 15.84 12.17 21.45 7.71
SEd 0.07 0.13 0.09 0.03 0.12 - 0.53 0.19
CD (5%) 0.14 0.27 0.18 0.06 0.25 NS 1.10 0.38

Table 3: Leaf area (m2) and leaf area index of banana

Treatments Large stage Shooting stage Harvesting stage
Leaf area Leaf area index Leaf area Leaf area index Leaf area Leaf area index

T1 11.20 1.65 15.62 2.60 12.45 2.07
T2 10.49 1.67 16.31 2.65 10.21 1.69
T3 10.66 1.54 14.64 2.44 10.93 1.82
T4 9.90 1.78 16.96 2.83 13.41 2.23
T5 10.00 1.75 15.50 2.58 8.75 1.45
T6 9.24 1.87 15.94 2.72 8.23 1.35
T7 10.14 1.56 15.90 2.45 14.23 2.21
T8 8.59 1.32 14.59 2.16 10.54 1.02
T9 9.11 1.40 14.89 2.49 12.60 1.94
T10 9.53 1.46 16.44 2.53 7.86 1.62
T11 9.10 1.40 17.37 2.65 9.31 1.43
T12 9.88 1.52 17.60 2.71 9.07 1.40
T13 8.09 3.44 13.99 6.48 6.63 3.49
SEd 0.59 0.09 0.99 0.22 0.09 0.018
CD (5%) 1.21 0.19 2.04 0.46 0.19 0.038
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Table 4: Number of sucker, days taken to shooting and shooting harvest interval 

Treatments Number of suckers Days taken for 
shooting

Shooting harvest-
ing intervalLarge stage Shooting stage Harvesting stage

T1 3.67 9.26 7.23 254.67 91.47
T2 4.67 10.21 8.23 253.33 89.43
T3 4.77 9.63 7.47 252.00 91.53
T4 4.17 9.67 7.70 279.67 59.47
T5 4.50 9.38 7.47 281.67 65.43
T6 4.09 8.63 6.50 284.67 64.57
T7 4.33 10.57 8.23 245.00 85.47
T8 3.60 7.16 5.13 242.00 82.94
T9 3.67 9.36 7.55 240.67 84.00
T10 4.33 8.47 6.15 270.67 80.40
T11 3.83 9.30 7.14 272.33 78.63
T12 4.00 10.62 8.37 269.67 78.93
T13 4.10 11.12 9.31 230.67 93.47
SEd NS 0.15 0.21 0.86 0.39
CD (5%) NS 0.32 0.44 1.77 0.82

Table 5: Yield and yield attributing characters

Treat-
ments

Bunch 
weight 

(kg) 

Yield 
(ton/ 
ha)

No. of 
hands/
bunch 

No. of 
fingers/

hand 

Finger 
length 
(cm)

Finger 
girth 
(cm)

Finger 
weight 

(gm)

Finger 
volume 

(cc)

Weight 
of second 

hand

Harvest 
index 

T1 14.14 47.15 8.31 18.06 20.24 11.75 145.86 140.37 2.13 0.39

T2 14.02 46.74 8.00 18.15 20.61 12.32 144.09 140.26 2.48 0.41

T3 13.15 43.84 8.21 18.20 20.04 12.42 140.59 141.03 2.17 0.41

T4 15.52 77.64 7.52 23.20 18.52 11.62 123.83 120.54 2.30 0.36

T5 15.83 78.70 7.42 23.64 19.23 11.91 127.15 122.22 2.57 0.35

T6 16.06 80.23 7.81 25.33 19.13 11.87 104.35 100.86 2.93 0.33

T7 12.63 38.95 8.43 18.54 19.09 11.87 154.51 155.41 2.26 0.42

T8 11.36 35.07 8.63 20.64 20.06 12.39 150.59 160.23 2.62 0.42

T9 13.07 40.37 8.83 17.79 20.03 11.68 155.22 150.33 2.33 0.44

T10 16.52 76.44 7.35 22.64 16.91 10.23 119.78 115.25 2.61 0.32

T11 16.53 76.67 7.23 22.11 18.68 10.59 112.29 110.18 2.13 0.29

T12 16.63 76.97 7.63 25.08 19.17 10.04 102.87 90.95 2.40 0.33

T13 17.17 74.67 9.72 27.11 21.00 13.42 161.84 110.03 1.75 0.45

SEd 0.08 0.057 0.14 0.18 0.65 0.24 NS NS 0.25 0.47

CD (5%) 0.18 0.12 0.029 0.38 1.34 0.50 - - 0.51 0.97
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The same finding was also mentioned by Chundawat et 
al. (1982). 

Yield is the ultimate aim of cropping. In banana, the 
number of hands, fingers and total weight of bunch are 
different factors of yield. All the HDP treatments regis-
tered reduction in bunch weight when compared to con-
trol (Table 5). This reduction in bunch weight with incre-
ment in plant density may be due to excessive intercep-
tion of light by the enhanced canopy under HDP, which 
might have helped to increase the vegetative character 
but not probably the bunch character (Elain Apshara, 
1997). In contrast, when there is only one sucker per pit 
more leaf surface was exposed to sunlight and indirectly 
greater amount of assimilates accumulated in the vari-
ous organs of the plant leading to increase bunch weight. 
Two suckers per hill planting had invariably registered 
more number of hands per bunch. Number of fingers 
also differed significantly among the treatments. All the 
HDP treatments registered less number of fingers than 
the control. Similar result in banana has been reported 
by Chattopadhyay et al. (1985). Longer and thicker fruits 
were born by the plant having one sucker per pit with 
100% RDF. Similar results on ‘Robusta’ banana were also 
reported by Nalina et al. (2003). Harvest index (HI) gen-
erally serves as a good index for assessing the relative 
efficiency of different treatments. A close observation 
of the harvest index revealed that it increases with de-
creasing the number of sucker per pit. This may be due 
to efficient supply of water, more number of functional 
leaves at shooting stage causing early development of 
bunch primordial and efficient partitioning of the as-
similates resulting the development of healthy bunch. 
However, the lowest HI exhibited by the three suckers 
per pit and hence inefficient partitioning of assimilates 
to the development of its bunch leading to enormously 
high dry matter accumulation in gigantic pseudostem. 
This view is in tune with that of Bhattacharyya and Rao 
(1984) who had enunciated that the product of total dry 
weight at harvest and HI would determine the bunch 
production in banana.

From the present investigation, all the HDP treat-
ments resulted in increased vegetative characters such as 
pseudostem height, number of leaves and leaf area and 
reduced the pseudostem girth. All the HDP treatments 
registered a reduction in bunch weight and bunch char-
acter and fruit quality. Between two and three sucker 
per hill planting, three suckers per hill registered more 
bunch weight than two suckers per hill. Considering the 
economic point of view planting of 3 suckers per hill at 2 
m x 3 m spacing (5001 plants/ha) with 50% recommend-
ed dose was found to be highly remunerative .

REFERENCES
A.O.A.C. 1975. Official Methods of Analysis, (2nd ed). 

Association of Official Agricultural Chemists, Wash-
ington, D.C.

Bhan, K.C. and Majumdar, P.K. 1961. Spacing trial on ba-
nana in West Bengal. Indian J. Ag. Sci., 31: 149-155.

Bhattacharyya, R.K. and Radhava Rao, V.N. 1984. Sche-
matic model for the effect of soil cover and low avail-
able soil moisture – depletion level on the information 
of sunk and yield. Banana Newsletter, pp. 7-9.

Chattopadhyay, P.K.; Bhowmik, D.J.; Maiti, S.C. and Bose, 
T.K. 1985. Optimum planting density for plant and 
ratoon crops of Giant Governor Cavendish banana in 
West Bengal. Indian J. Ag. Sci., 55: 17-21.

Chundawat, B.S.; Dave, S.K. and Patel, N.L. 1982. High 
density plantation in relation to yield and quality in 
Bosri banana. South Indian Hort., 30: 175-177.

Elain Apshara, S. 1997. Effect of planting density and 
spacing on growth and yield of banana (cv. Nendran 
AAB). M.Sc. (Hort.) Thesis, Tamil Nadu Agricultural 
University, Coimbatore.

Jagirdar, S.A.P.; Bhutto, M.A. and Shaikh, A.M. 1963. 
Effect of spacing, interval of irrigation and fertilizer 
application of Basrai banana (Musa cavendishii L.). W. 
Pak. J. Ag. Res., 1: 5-20.

Krishnakumary, K.; Radhakrishna, T.C.; Estellita, S. 
and Mesey, K.A. 1995. Comparative performance of 
banana (Musa AAB cv. ‘Nandran’) at different plant 
densities. J. Trop. Ag., 33: 158-160.

Mandal, R.C. 1980. Agro-techniques to increase banana 
production. Nat. Semi. Banana Prod. Tech., TNAU, 
Coimbatore, pp. 98-109.

Nalina, L.; Kumar, N. and Sathiamoorthy, S. 2003. Stud-
ies on high density planting in banana cv. Robusta 
(AAA). II. Influence on bunch and fruit quality trails. 
Indian J. Hort., 60(4): 307-311.

Reddy, S.A. 1982. Effect of high density planting on 
growth, yield and biomass production in Robusta 
banana. Ph.D. Thesis, UAS, Bangalore.

Singh, H.P. 2008. R and D in banana and plantain. National 
and international scenario. Indian Hort., 53: 3-7.

Singh, R.K.D. 1988. Studies on growth and development 
of some banana cultivars. M.Sc. (Agri.) Thesis, AAU, 
Jorhat.



Online version available at: www.indianjournals.com

Progressive Horticulture, vol. 47, No. 2, September 2015
© copyright iSHRD, Printed in india

[Research Article]

Efficacy of plant density and nutrient management in cashew (Anacardium occidentale L.)

P. Tripathy, K. Sethi, A.K. Patnaik, S.K. Mukherjee and P.L. Saroj*
All India Coordinated Research Project on Cashew, 
Dept. of Fruit Science and Horticultural Technology,
 OUAT, Bhubaneswar-751 003, Odisha, India
*Director, ICAR-Directorate of Cashew Research, Puttur, Karnataka
Email: plsaroj@yahoo.co.in

ABSTRACT
A field experiment was conducted under All India Coordinated Research Project on cashew at Orissa Univer-

sity of Agriculture and Technology, Bhubaneswar, Odisha, India from 2000 to 2014 to study the efficacy of planting 
density and nutrient management on growth and yield of cashew variety BPP 8.The experiment was laid out in a 
split plot design with three planting densities [S1=10mx5m (200 plants/ ha); S2=6mx4m (400 plants/ ha) and S3=5 mx 
4 m (500 plants/ha)] along with three levels  of fertilizer (M1=75-25-25, M2=150-50-50 and M3=225-75-75 kg NPK ha-1) 
and replicated four times. The overall results indicated significant influence of both planting density and nutrient 
management on growth and yield of cashew, however, non significant effect was observed in their interactions. 
Among the planting densities, adoption of wider planting density (200 plants/ha) not only realized significantly 
better vegetative growth, i.e., plant height (6.64 m), trunk girth (86.68 cm), mean canopy diameter (9.03 m), canopy 
surface area (63.99 m2) but also nut yield attributing parameters such as number of panicles m-2(15.44), average nut 
weight (8.32 g) and apple weight (66.49 g) as well as nut yield per plant basis (5.19 kg). The result also revealed that 
highest nut yield was produced under high density planting @500 plants ha-1(1099.58 kg ha-1) as well as cumula-
tive yield at 12th harvest (15197.03 kg ha-1). Similarly, moderate to higher nutrient application (M2 and M3) resulted 
significant influence for these parameters. Considering all the parameters under study, it may be concluded that 
adoption  of high density planting accommodating 500 plants ha-1 with normal application of nutrient @ 150:50:50 
kg NPK ha-1  over a period of 12th harvest significantly increased nut yield on hectare basis (1237.29 kg ha-1) having 
higher B:C ratio (4.28) under Odisha conditions. 
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Cashew (Anacardium occidentale L.) is an export 
oriented crop of our country.  Although, India rank 1st 
in area under cashew, processing of raw nuts and ex-
port of cashew kernel in the world but productivity of 
existing cashew plantation is very poor (772 kg ha-1) as 
compared to the other countries (Saroj et al., 2014). The 
leading states of cashew production in India include Ma-
harastra, Goa, Karnataka, Kerala, Tamil Nadu, Andhra 
Pradesh, Odisha and West Bengal etc. Maharashtra is the 
largest producer of cashew nuts among Indian states, ac-
counting for 33% of cashew nut production in India fol-
lowed by Andhra Pradesh (17%) and Odisha (15%) dur-
ing 2011-12 (Saroj et al., 2014). Among the several factors 
that influence the cashew productivity in the country as 
well as state of Odisha; planting of traditional varieties 

with low yield potential, poor adoption of production 
and protection technologies etc. are the major causes. 
Even new plantation of cashew with high yielding va-
rieties/ hybrids, the low productivity is contributed by 
improper planting density as well as nutrient manage-
ment practices. In India, usually cashew is grown as a 
rainfed crop, cultivated in neglected land which other-
wise unsuitable for any other crop (Rejani and Yaduku-
mar, 2010). The lower status of nutrients in cashew plan-
tations is the chief cause of low productivity of cashew in 
India. Further, the situation is aggravated due to limited 
or no use of fertilizer and organic manures leading to 
multiple nutrient deficiencies in Indian cashew planta-
tions (Saroj et. al, 2014). Adoption of high density plant-
ing (HDP) system has been practiced in other perennial 
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crops like mango and coffee in order to increase yield per 
unit area (Gunjate et al., 2009; Paulo and Furlani, 2010). 
Maintenance of optimum plant population is seems 
to be an important aspect to be studied for this export 
oriented crop in order to increase the productivity. As 
most of the cashew plantations are senile plantation and 
cultivated in marginal as well as waste lands with low 
fertility status, the productivity of cashew is generally 
poor. In most parts of the country including Odisha, the 
farmers hardly apply any fertilizer or organic manures 
as per requirement of the plant. Hence, keeping these 
problems in view, the present study was undertaken to 
study the efficacy of plant density and fertilizer dose to 
increase the production and productivity of cashew un-
der Odisha conditions.  

MATERIALS AND METHODS
The field experiment was conducted at Cashew 

Research Station (CRS) under All India Coordinated 
Research Project on Cashew at Orissa University of Ag-
riculture and Technology, Bhubaneswar, Odisha, India 
for the period from 2000 to 2014 to study the efficacy of 
planting density and manurial requirement of cashew 
plantation. The experiment was laid out in split plot 
design with three planting density of S1-(10 m x 5 m), 
S2-(6 m x 4 m) and S3-(5 m x 4 m) as main plots while 
three doses of fertilizer such as M1-(75-25-25), M2-(150-
50-50) and M3-(225-75-75) NPK kg ha-1 as sub plot with 
four replications. Each treatment consists of six plants. 
The grafted cashew plants of variety BPP 8 was planted 
during 2000. The experimental soil was red lateritic in 
texture with pH of 4.8. All the recommended practices 
except plant density and nutrient were adopted uni-
formly in all the treatments. During the initial years of 
growth, lower branches were removed uniformly for 
convenience of cultural operations and also to give a 
proper canopy shape to the plantation. The cashew tree 
was de-topped first after attending a height of near about 
3 meter. Pruning was adapted uniformly to all the plants 
in the experiment as per the requirements. The vegeta-
tive growth parameters such as plant height, trunk girth, 
canopy height and canopy diameters in E-W and N-S 
directions were recorded. Then the ground coverage by 
canopy was worked out using following procedure

Radius of canopy (m), r = D1+D2/4

D1- canopy spread in E-W direction (m)

D2- canopy diameter in N-S direction (m)

Ground coverage by canopy (m2), A= r2

Percentage ground coverage by canopy=Ground 
coverage by canopy/ actual area on the ground

Similarly, nut yield and yield attributing parameters 
were recorded from individual plants from each treat-
ments year wise and mean data were considered for sta-
tistical analysis.  Fresh and dry weight of a sub sample of 
50 nuts from each tree was determined. The dry weight 
was recorded after sun drying the nuts for at least 5 to 6 
days. The weight per nut including shell was determined 
at 14% moisture as per the industrial standard (Kup-
pelwieser, 1989). The nut yield tree-1 was computed by 
mean nut weight x total number of nuts tree-1

. Economics 
of plant density cum fertilizer trial was also calculated. 
The statistical analysis was carried out by adopting the 
procedure suggested by Panse and Sukhatme (1989).

RESULTS AND DISCUSSION
The data presented in Table 1 revealed significant 

influence of plant density for all vegetative growth pa-
rameters under study. Planting density of 10 mx 5 m (S1) 
accommodating 200 plants ha-1 induced significant im-
pact on plant height (6.64 m), trunk girth (86.68 m), mean 
canopy diameter (9.02 m) and canopy surface area (63.99 
m2) than rest of the planting density. 

Table 1: Efficacy of planting density and nutrient 
management on vegetative growth of cashew at 
12th harvest

Treatment Plant 
height 

(m)

Trunk 
girth 
(cm)

Mean  
canopy  

diameter (m)

Canopy 
surface 

area (m-2)
S1 6.64 86.68 9.02 63.99
S2 5.97 73.32 6.38 32.02
S3 5.82 70.47 5.85 27.06

SE(m)+ 0.17 2.12 0.15 1.83
CD@5% 0.57 7.33 0.53 6.33

M1 5.99 74.89 6.85 38.69
M2 6.12 78.37 7.04 40.56
M3 6.34 77.20 7.35 43.82

SE(m)+ 0.08 0.85 0.10 1.21
CD@5% 0.24 2.51 0.30 3.59

The present results also indicated that by adoption 
of high density planting system, there was significant 
reduction in tree height (5.82 m), trunk girth (70.47 cm), 
mean canopy diameter (5.85 m) and canopy surface 
area (27.06 m2). On the other hand, similar significant 
increased in all vegetative growth parameters were re-
corded at higher dose of fertilizer levels, M3 225-75-75 
kg NPK ha-1. However, statistical parity was observed at 
fertilizer level, M2@150-50-50 kg NPK ha-1 for all vegeta-
tive growth parameters such as plant height (6.12-6.34 
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m) and canopy surface area (40.56-43.82 m-2). The results 
on interaction effect of plant density and nutrient man-
agement in cashew plantation indicated non-significant 
influence in all the vegetative growth parameters under 
study (Table 2). However, relatively better vegetative 
growth in-terms of plant height (6.68 m), trunk girth 
(86.05 to 88.86 cm), canopy diameter (8.98 to 9.13 m) and 
canopy surface area (63.46 to 65.53 m-2) were recorded in 
the plants receiving higher nutrients (M2 and M3) with 
wider spacing of 10 m x 5 m. On the other hand, rela-
tively poor vegetative growth was recorded in cashew 
receiving lower nutrients, M1 @ 75-25-25kg NPK ha-1 
having closer planting of 5 m x 4 m (5.63 m, 66.45 cm, 
5.43 m and 23.12 m-2, respectively). These interaction re-
sults clearly indicated that normal planting density with 
higher nutrient management while reduction in vegeta-
tive growth under closer planting under lower nutrient 
management condition, which might be due to accom-
modation of more number of plants with reduced level 
of nutrients. 

Table 2: Interaction effect of planting density and 
nutrient management on vegetative growth of ca-
shew at 12th harvest   
Treatment Plant 

height 
(m)

Trunk 
girth 
(cm)

Mean  
canopy  

diameter (m)

Canopy 
surface 

area (m-2)
S1M1 6.58 85.12 8.96 62.99
S1M2 6.68 88.86 8.98 63.46
S1M3 6.68 86.05 9.13 65.53
S2M1 5.75 73.10 6.17 29.96
S2M2 5.99 73.72 6.32 31.32
S2M3 6.19 73.13 6.65 34.77
S3M1 5.63 66.45 5.43 23.12
S3M2 5.69 72.54 5.84 26.90
S3M3 6.15 72.42 6.28 31.15
SE(m) ± 0.14 1.46 0.18 2.09
CD @ 5% NS NS NS NS

Table 3: Efficacy of planting density and nutrient management on nut yield and nut yield attributing 
parameters in cashew plantation at 12th harvest 

Treatment Mean no. of 
panicles m-2

Average nut 
weight (g)

Average apple 
weight (g)

Mean annual nut yield Cumulative nut 
yield (kg tree-1) 
at 12th harvest

Cumulative nut 
yield (kg ha-1) 
at 12th harvest

kg tree-1 kg ha-1

S1 15.44 8.32 66.49 5.19 1037.03 51.14 10513.19
S2 12.30 8.20 61.53 2.57 1027.22 33.34 13931.89
S3 10.06 7.95 59.76 2.20 1099.58 28.97 15197.03
SE(m)+ 0.42 0.08 1.39 0.31 61.71 - -
CD@5% 1.45 0.28 4.80 1.07 NS - -
M1 11.33 7.71 60.06 2.66 821.81 35.22 11709.57
M2 13.47 8.33 62.76 3.75 1198.35 40.44 14448.85
M3 13.00 8.43 64.97 3.54 1143.68 39.27 13483.70
SE(m)+ 0.51 0.08 1.16 0.25 71.22 - -
CD@5% 1.51 0.23 3.45 0.76 211.61 - -

The data on efficacy of planting density and nutrient 
management at 12th harvest stage in cashew plantations 
revealed significant variations among different planting 
density and nutrient management for nut yield and yield 
attributing parameters. However, in all the cases the in-
teraction effects were non-significant statistically (Table 
3). Planting of cashew at wider spacing of 10 mx 5 m 
(200 plants ha-1) recorded significantly highest number 
of panicles m-2 (15.44), average nut weight (8.32 g) as well 
as apple weight (66.49 g) than rest of the planting density 
except for average nut weight where planting density of 
6 m x 4 m (400 plants ha-1) where statistical parity was 
observed. This might be due to better vegetative growth 
of the plants under wider spacing, as observed in the 

present study. Similarly, among the three different lev-
els of nutrients supplied to the plantations, the results 
indicated significantly highest panicles m-2 (13.00-13.47), 
average nut weight (8.33 to 8.43) and apple weight (62.76 
to 64.97 g) by  application of nutrients either @150-50-
50kg NPK ha-1(M2) or @ 225-75-75 kg NPK ha-1(M3) than 
lower dose of M1 (Table 3). From the present study, we 
also observed that application of M2 was statistically at 
par  with higher levels, M3, which might be due to the 
fact that under normal dose of nutrients, the cashew 
plants may uptake better as well as utilization of nutri-
ent, in term of better vegetative growth parameters and 
nut yield attributing parameters.
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Regarding annual nut yield (kg ha-1), the present 
study indicated only significant variations among dif-
ferent nutrient management (Table 3). However, the 
planting density had non-significant impact on annual 
nut yield (kg ha-1), higher nut yield of 1099.58 kg ha-1 
was recorded in S3 (5 mx 4 m), indicating the superiority 
of high density planting system in cashew. Regarding 
nutrient management the results indicated significant 
superiority of M2 and M3 (1143.68 to 1198.35 kg ha-1) than 
lower dose of M1 (821.81 kg ha-1).

Similar trend was also observed for cumulative nut 
yield (kg tree-1) at 12th harvest stage (Table 3). Among the 
planting density, wide planting density of 10mx5m re-
corded highest cumulative yield of 51.14 kg tree-1 while 
40.44 kg tree-1 with nutrient management of M2@ 150-50-
50 kg ha-1 than rest of the treatments. On the other  hand 
, cumulative nut yield (kg ha-1) at 12th harvest stage indi-
cated highest yield of 15197.03 kg with closer planting of 
S3 (5 mx 4 m),which was due to accommodation of more 
number plants per unit area. The application of nutrients 
at normal dose i.e. M2 @150-50-50 kg ha-1 recorded highest 
cumulative nut yield of 1448.85 kg ha-1 than rest of treat-
ments which might be better uptake and utilization of 
nutrients by cashew plantation. According to Rupa and 
Kalaivanan (2012) cashew plants demand more liberal 
application of N followed by K, while P is needed com-
paratively lesser quantity. The interaction effect of both 
planting density and nutrient management were found 
to be non-significant statistically.  However, relatively 
better panicles m-2 , average nut and apple weight was 
observed at wider spacing with moderate to high nutri-
ent management (S1M2 and S1M3) while minimum in the 
plants receiving nutrients with closer planting density 
(S3M1) (Table 4). 

Table 4: Interaction effect of planting density and nutrient management on nut yield and nut yield at-
tributing parameters in cashew plantation at 12th harvest 

Treatment Mean no. of 
panicles m-2

Average 
nut 

weight (g)

Average 
apple 

weight (g)

Mean annual nut 
yield

Cumulative nut 
yield (kg tree-1) 
at 12th harvest

Cumulative nut 
yield (kg ha-1) at 

12th harvest

B:C ratio

kg tree-1 Kg ha-1

S1M1 14.46 8.04 62.38 4.52 903.33 42.82 8801.83 2.56 
S1M2 16.19 8.42 66.50 5.78 1156.08 58.56 11979.08 3.23 
S1M3 15.67 8.50 70.58 5.26 1051.67 52.03 10758.67 2.69 
S2M1 10.20 7.71 59.93 1.69 676.67 29.52 12341.67 3.52 
S2M2 13.63 8.38 62.63 3.00 1201.67 36.12 14989.67 3.95 
S2M3 13.08 8.52 62.04 3.01 1203.33 34.37 14464.33 3.55 
S3M1 9.33 7.38 57.88 1.77 885.42 26.64 13985.22 3.94 
S3M2 10.61 8.19 59.14 2.47 1237.29 31.41 16377.79 4.28 
S3M3 10.25 8.27 62.28 2.35 1176.04 28.86 15228.09 3.71 

CD (5%) NS NS NS NS NS - - -

The present study over the years clearly demon-
strated that irrespective of variable weather conditions 
prevailed during experimental years, reasonably good 
yield was recorded except 2012 which was due to unfa-
vourable weather conditions, especially high tempera-
ture. After 2012, there was gradual increase trend for nut 
yield. In this investigation, we observed that high den-
sity planting in cashew plantation may decrease the nut 
yield gradually over the years, if proper canopy manage-
ment practices were not adopted. Similarly, cumulative 
nut yield (kg tree-1) at 12th  harvest stage revealed highest 
yield at wider spacing (200 plants ha-1) followed by 400 
plants ha-1and lowest being 500 plants ha-1. Similar de-
crease in yield with increased plant densities in coffee 
was also reported by Paulo and Furland (2010). On the 
other hand, maximum cumulative nut yield (kg ha-1)  at 
12th harvest stage was observed with closer planting den-
sity of 5 m x 4 m (500 plants ha-1) as compared to wider 
spacing (10 m x 4 m, 200 plants ha-1) due to accommoda-
tion of higher plant population per unit area.

Regarding the efficacy of different nutrient manage-
ment on nut yield in cashew plantation over the years, 
the result revealed significantly highest yield by adop-
tion of normal nutrient management, i.e. M2 @ 150-50-50 
kg NPK ha-1 in all the years except in the year 2012. The 
present study, thus clearly demonstrated that adoption 
of normal nutrient management practices has yielded 
better nut yield than rest of the treatment schedules 
in cashew orchard. The results are in conformity with 
Yadukumar et al. (2000), Yadukumar et al. (2011) and 
Rejani et al. (2013) while working in cashew under west 
coast of the country.

The economics on plant density cum fertilizer appli-
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cation in cashew plantation over 12th harvest are present-
ed in table 4 revealed maximum B:C ratio of 4.28 with 
planting density of 500 plant ha-1 and moderate fertilizer 
application (M2-150-50-50 kg NPK ha-1) closely followed 
by S3M1 (3.94 and S2M3 (3.95). Similar observations were 
also made by Despande (2002) in high density planting 
on cashew.

It may be concluded from the present study that 
planting density as well as levels of fertilizer have sig-
nificant influence on growth and yield in cashew. Lower 
plant density (200 plant ha-1) with moderate level of fer-
tilizer M2 (150-50-50 kg ha-1) increases vegetative growth, 
yield and yield attributing parameters on plant basis. 
But significant maximum cumulative nut yield ha-1 basis 
with BCR was observed in high density planting accom-
modating 500 plant ha-1 with moderate fertilizer level 
of 150-50-50 kg NPK ha-1 (M2) over a period of 12th har-
vest in cashew under Odisha conditions. The study also 
indicated that, in case of high density planting system, 
regular pruning should be done in order to maintain the 
productivity at optimum levels.
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Biochemical changes during moisture stress in the foliar content of commercial 
cultivars of Ziziphus mauritiana Lamk.
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ABSTRACT
The drought tolerance in three commercial cultivars of Ziziphus mauritiana Lamk. was evaluated at the Ex-

perimental Orchard of CCS Haryana Agricultural University, Hisar. One year old budded plants of cultivar Gola, 
Umran and Kaithli were transplanted in polyethylene bags containing appropriate soil mixture (sand+soil+FYM 
1:1:1 v/v). When the transplanted plants were fully established the experiment was performed by withholding 
the irrigation for 0, 7, 14, 21 and 28 days in order to create moisture stress in plants. During the stress period, it 
was found that the leaf total sugars content increased with increased moisture stress. The leaf reducing and non-
reducing sugars content was also increased, whereas, starch content decreased. The decrease in leaf Chlorophyll 
a, chlorophyll b and total chlorophyll (a+b) content was recorded during moisture stress, however, the electrolyte 
leakage in terms of percent relative stress injury was found to be increased in leaves of cultivars. 

KEY WORDS: Z. mauritiana L., chlorophyll, sugar, starch and electrolyte leakage

Ziziphus mauritiana Lamk. of the family Rhamnaceae 
is an important fruit crop of arid and semi-arid regions of 
India. Z. mauritiana L. and Z. jujuba, occur on nearly ev-
ery continent. In India it is commercially grown in Hary-
ana, Punjab, Uttar Pradesh, Rajasthan, Gujarat, Madhya 
Pradesh, Bihar, Maharashtra, Andhra Pradesh and Tam-
il Nadu. It is one of the most important multipurpose 
fruit tree in many arid zone countries. Z. mauritiana has 
more than 300 varieties but only a few are commercially 
important. Gola, Seb, Umran, Tikri, Kaithli, Mundia etc. 
have proven ideal for commercial cultivation. Gola, Um-
ran and Kaithi are among the most famous cultivars of 
Haryana and suited for dry climate. The fruit of Ziziphus 
sp. is eaten raw, pickled or used in beverages. It is quite 
nutritious and rich in vitamin C. The area under this 
crop is increasing every year because of short juvenile 
period, better productivity, low maintenance cost and 
having medicinal properties. Trees are drought toler-
ant and survive under extended moisture stress which 
varies in different cultivars of Z. mauritiana. These dif-
ferences may be due to variations in photosynthetic and 
physiological water efficiency (Anon., 2000). Through 
previous work cited Z. mauritiana as being drought tol-
erant but its performance has been expressed in terms of 

growth and yield with very few detailed examination of 
how water relations and biochemical factors may con-
tribute towards drought tolerance in this species.

MATERIALS AND METHODS
The healthy budded plants of three cultivars of Z. 

mauritiana namely Gola, Umran, Kaithli were transplant-
ed in polyethylene bags of 200 micron thickness and of 
16 x 18 inch size in February 2008. After three months of 
transplantation the budded plants were fully established 
in the polyethylene bags. For the experiment, these bags 
were irrigated till saturation and then were allowed to 
reach the field capacity. The control was taken at field 
capacity and different observations were recorded after 
7, 14, 21 and 28 days of field capacity. After stress Gola 
survived upto 28th day but Kaithli did not survived upto 
21st day and Umranupto 28th day therefore data was 
analysedupto 14th day. Four replications (five plants per 
replication) were used and factorial experiment in com-
pletely randomized design (Factorial CRD) was used for 
statistical analysis of experimental data. Observations 
regarding biochemical parameters like leaf chlorophyll 
(total chlorophyll, chlorophyll a and chlorophyll b), sug-
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ars (total soluble sugar, reducing sugars and non-reduc-
ing sugars), starch and electrolyte leakage were recorded 
weekly. 

Estimation of total soluble sugar
Total soluble sugars were determined with the 

method of Yemm and Willis (1954). 50 mg dry samples 
of leaves were homogenized separately with 5 ml of 80 
% (v/v) ethanol, refluxed for 15 minutes on a steam bath 
and centrifuged. The supernatant was decanted in a test 
tube. The residue was further refluxed with 5 ml of 80 % 
(v/v) ethanol. Like this, third extraction was done with 
60 % (v/v) ethanol. The supernatant from different ex-
traction was pooled and evaporated to dryness in a boil-
ing water bath. Then total volume of extract was made 
to 10 ml with distilled water. The extract so obtained was 
used for estimation of total soluble sugar, reducing and 
non reducing sugar. The residue was used for starch ex-
traction. Anthrone reagent was prepared by dissolving 
0.2 g anthrone in 100 ml concentrated H2SO4. 0.5 ml ali-
quot of the extract was taken in a test tube and mixed 
with 4.0 ml of the anthrone reagent. The mixture was 
heated in a boiling water bath for 10 minutes. After cool-
ing, absorbance was recorded at 625 nm. Glucose (10-100 
µg) was taken as standard and the data was expressed as 
mg g-1 dry weight of the tissue.

Estimation of reducing sugars
Reducing sugars were determined with the method 

of Nelson (1944).

Reagent A: Anhydrous sodium carbonate (25 g), 
potassium sodium tartarate (25 g), sodium bicarbonate 
(200 g) and anhydrous sodium sulphate (200 g) were dis-
solved in distilled water making final volume to 1 litre.

Reagent B: Copper sulphate (15 g) was dissolved in 
100 ml of distilled water containing 2-3 drops of concen-
trated H2SO4.

Reagent C: Freshly prepared by mixing reagent A 
and reagent B in 25:1 ratio.

Reagent D: 25 g ammonium molybdate was dis-
solved in 450 ml water, 21 ml conc. H2SO4 was added 
slowly with stirring. Separately 3 g sodium hydrogen 
arsenate was dissolved in 25 ml distilled water and this 
solution was added drop wise to ammonium molybdate 
solution. The solution so prepared was then incubated 
for 24 h at 370C and stored in an amber coloured bottle.

 To 1 ml of aliquot, 1 ml of reagent C was added. 
The tubes were covered and boiled in water bath for 20 
min. After cooling the tubes to room temperature, 1 ml 
of reagent D was added to each tube and volume was 
made to 10 ml with distilled water, and the contents of 

the tubes were thoroughly mixed on a stirrer. The in-
tensity of the resulting colour was recorded at 625 nm 
against reagent blank. The concentration of reducing 
sugars was then calculated from the glucose (10-100 µg) 
standards. The data was expressed as mg g-1 dry weight 
of the tissue.

Estimation of Non-reducing sugars
Reducing sugars content was subtracted from total 

soluble sugar to get non-reducing sugars and the data 
was expressed as mg g-1 dry weight of the tissue.

Estimation of Starch
The starch content was determined by the method 

of Hassid and Neufeld (1964). The residue obtained after 
extraction of soluble sugars was suspended in 5 ml of 
chilled 26 per cent (v/v) perchloric acid and stirred for 5 
min. It was allowed to stand overnight and centrifuged 
at 5000 rpm for 15 minutes. Next morning the residue 
was again extracted twice with 26 per cent (v/v) per-
chloric acid. The supernatants were pooled and volume 
made to 100 ml with distilled water. 0.1 ml aliquot of 
the extract was taken and the volume was made to 1 ml 
with distilled water. Then 4 ml of anthrone reagent was 
added to it and the mixture was heated on a boiling wa-
ter bath for 10 minutes, cooled and its absorbance was 
read at 625 nm against reagent blank. Glucose (10-100 
µg) was used as standard and data was expressed as mg 
g-1 dry weight of sample.

Estimation of total chlorophyll
Chlorophyll was estimated according to the method 

of Hiscox and Israelstam (1979) using dimethyl sulfoxide 
(DMSO) as solvent leaf from the plant was detached and 
cleaned with web filter paper. 50 mg of leaf disc taken 
and kept into a test tube containing 5 ml of DMSO and 
chlorophyll extracted into the fluid without grinding. 
The test tube was placed in oven at 650C for six hours 
to facilitate the extraction of chlorophyll and after cool-
ing its absorbance was measured at 645 and 663 nm on 
spectrophotometer (UV-VIS Spectrophotometer-117, 
Systronic, India). DMSO as blank.

Estimation of electrolyte leakage (relative stress 
injury %)

The assessment of membrane stability was done by 
the procedure of Dionisio-Sese and Tobita (1998). The leaf 
disks of 1 cm diameter were kept in 20 ml vials contain-
ing 10 ml de-ionized water at room temperature. After 4 
h, the electrical conductivity (EC) of the surrounding so-
lution was measured by the Water Analysis Kit (Naina, 
India Ltd, NDC 732) and designated as ECa. Then the 
samples were kept in boiling water bath for 40 min to 
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achieve total killing of the tissue. After cooling, the EC of 
the solution was again measured and designated as ECb. 
The electrolyte leakage in terms of relative stress injury 
(RSI) was calculated as follows:

ECa
RSI (%) = ---------------------------- x 100

ECa + ECb

RESULTS AND DISCUSSION
The leaf chlorophyll a, chlorophyll b and total chlo-

rophyll (a+b) content of Gola, Kaithli and Umran was 
recorded (Table 1) and the chlorophyll a content was 
found significantly higher in Gola (14.68) as compared to 
Kaithli (12.72) and Umran (13.50). The chlorophyll a con-
tent declined significantly during the period of moisture 
stress from control (15.90) to 14th day (11.77). The decline 
in chlorophyll a content was also at higher rate in Kaithli 
as compared to Umran and Gola. The maximum chlo-
rophyll b content was recorded in control (3.15) and the 
minimum was recorded on 14th day (2.15) of moisture 
stress. The chlorophyll b content decreased significantly 
from control (3.15) to 14th day (2.15). Further decrease 
was observed upto 28th day in Gola and upto 21st day in 
Umran (1.85). Similarly, the total chlorophyll (a+b) con-
tent of Gola (17.54) was significantly higher than Kaithli 
(15.22 ) and Umran (16.02) It was statistically similar 
under control in Gola (20.37), Kaithli (18.60) and Umran 
(18.17). The maximum total chlorophyll (a+b) was re-
corded in control (19.05) and the minimum was recorded 
on 14th day (13.91). The decrease in chlorophyll content 
might be due to poor absorption of mineral elements like 
Mg under water deficit conditions. Similarly, deficiency 
of nitrogen in leaves results in decreased cell growth 
and cell division of vegetative tissue. Water stress causes 
loss of chlorophyll a and chlorophyll b protein and dis-
organization of chloroplast (Mohanty and Boyer, 1976). 
Abaaszadeh et al. (2007) reported that chlorophyll con-
centration decreases under condition of stress by chloro-
phylase, peroxidise enzymes and phenolic components 
production. Siddiqui et al. (2009) in Carthamus tincto-
rius, Pirzad et al. (2011) in Matricariachamomilla, Rao et 
al. (2009) in aonlaand Guerfel et al. (2009) in olive found 
decrease in leaf chlorophyll content under water stress. 
However, Naumann (2008) reported that despite of pro-
nounced drought, values for chlorophyll fluorescence 
did not change, indicating that M. cerifera is able to effec-
tively dissipate excess light even in times of stress.Simi-
larly increase in chlorophyll a and b in purslane (P. olera-
cea L.) was reported under drought stress. Purslane has 
high resistance to environmental stress such as drought 
(Rahdari et al., 2012). The reason for increase in chloro-
phyll level under environmental stress condition can 
be proportional to increase in leaf chloroplast in stress 

where photosynthesis occurs. This is one of the resistant 
symbols in plants that are proportional to stress. 

It was found that with increased moisture stress, 
the starch content decreased significantly from control 
(151.53) to 14th day (92.77). The starch content in Kaithli 
(129.66) was found significantly higher than Umran 
(120.57) and Gola (113.36) (Table 2). The decline in case 
of Gola was at higher rate than Umran and Kaithli. The 
decrease was due to accelerated conversion of starch to 
sugars. The drastic increase in amylase activity under 
water stress may be one of the reasons for decrease in 
starch and increase in soluble sugars. So by increasing 
the number of osmotically active molecules, plant main-
tains turgor pressure for longer period during drought 
(Wang et al., 1995). The conversion of starch into sug-
ars during drought was also reported in Z. rotundifolia 
(Arndt et al., 2001). Similarly, decrease in foliar starch 
content in five genotypes of cowpea under water stress 
conditions was reported by Hamidou et al. (2007) and 
similar results were also observed in case of apple by 
Tian and Shao (2005).

The electrolyte leakage in terms of percent relative 
stress injury was observed in Gola, Kaithli and Umran. 
The electrolyte leakage (% RSI) increased significantly 
with increased moisture stress (Table 2). The minimum 
was observed in control (26.22 %) and the maximum was 
observed on 14th day (38.11 %). The relative stress injury 
of Gola and Kaithli was statistically at par in control and 
relative stress injury of Umran was statistically at par 
with Kaithli in control. The maximum was recorded in 
case of Kaithli (50.70 %) and Umran (50.75 %) on 14th and 
21st day, respectively. The increased membrane injury 
was also reported in Ziziphus species (Gupta et al., 2002)
and pigeonpea (Jain et al., 2006). The increased membrane 
damage, measure of leakage of electrolyte under water 
stress, may be due to the changes in lipid composition 
of the membrane, membrane protein or displacement of 
Ca2+ ions or other divalent cations from the membranes, 
which altered the membrane permeability as also report-
ed by Blum and Ebercon (1981). The results corroborate 
the findings of Bouchabke et al. (2008) in Arabidiopsis, 
they observed lower level of electrolyte leakage for all 
accessions following soil desiccation, which indicate that 
improved membrane integrity under mild drought con-
ditions was probably due to membrane hardening.

The leaftotal sugars content of Umran (62.81) was 
significantly higher than Gola (60.34) and Kaithli (52.04) 
as shown in Table 3. The total sugars content found in 
Kaithli (40.95) were significantly lower than Gola (45.35) 
and Umran (44.43) in control. The maximum total sugars 
were recorded in case of Gola (114.58) on 28th day and the 
minimum were observed in case of Kaithli (40.95) in con-
trol. With increased period of moisture stress total sug-
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Table 1: Effect of moisture stress on chlorophyll ‘a’, chlorophyll ‘b’ and total chlorophyll content (mg g-1 
dry weight basis) in different cultivars of Z. mauritiana L.

Period of 
stress

Varieties
Chlorophyll ‘a’ Chlorophyll ‘b’ Total chlorophyll

Gola Kaithli Umran Mean 
(S)

Gola Kaithli Umran Mean 
(S)

Gola Kaithli Umran Mean 
(S)

Control 16.90 15.60 15.20 15.90 3.47 3.00 2.97 3.15 20.37 18.60 18.17 19.05
7 days 13.92 12.42 13.36 13.23 2.80 2.45 2.58 2.61 16.72 14.87 15.86 15.82
14 days 13.22 10.13 11.95 11.77 2.32 2.05 2.07 2.15 15.54 12.18 14.02 13.91
21 days 11.65 — 10.71 1.57 — 1.85 13.22 — 12.56
28 days 10.50 — — 1.30 — — 11.80 — —
Mean (V) 14.68 12.72 13.50 2.86 2.50 2.54
CD (P=0.05) V= 0.81      S= 0.81     V x S= N.S. V= 0.17      S= 0.17   V x S= N.S. V = 0.82      S= 0.82    V x S= N.S.

N.S. (Non-Significant value), — Data could not be recorded since plants died during moisture stress

Table 2: Effect of moisture stress on starch content (mg g-1 dry weight basis) and electrolyte leakage (% 
relative stress injury) in different cultivars of Z. mauritiana L.

Period of 
stress 

Varieties
Starch content Electrolyte leakage (% relative stress injury)

Gola Kaithli Umran Mean (S) Gola Kaithli Umran Mean (S)
Control 153.90 156.05 144.65 151.53 25.16 26.14 27.3 7 26.22
7 days 102.35 130.17 125.32 119.28 25.20 35.87 30.32 30.46
14 days 83.82 102.75 91.75 92.77 28.82 50.70 34.82 38.11
21 days 41.35 — 74.07 33.10 — 50.75
28 days 33.35 — — 37.41 — —
Mean (V) 113.36 129.66 120.57 26.39 37.57 30.84
CD (P=0.05) V= 1.03           S = 1.03               V x S= 1.78 V= 0.88                  S= 0.88                     V x S= 1.53

— Data could not be recorded since plants died during moisture stress

Table 3: Effect of moisture stress on foliar total sugars, reducing sugars and non-reducing sugars content 
(mg g-1 dry weight basis) in different cultivars of Z. mauritiana L.

Period of 
Stress

Varieties
Total sugars Reducing sugars Non-reducing sugars

Gola Kaithli Umran Mean 
(S)

Gola Kaithli Umran Mean 
(S)

Gola Kaithli Umran Mean 
(S)

Control 45.35 40.95 44.43 43.58 36.40 28.58 37.28 34.09 8.95 12.37 7.15 9.49
7 days 54.99 50.50 58.65 54.71 45.82 33.75 44.76 41.44 9.17 16.75 13.89 13.27
14 days 80.69 64.66 85.36 76.90 70.03 43.85 65.12 59.67 10.66 20.81 20.24 17.24
21 days 104.42 — 99.82 86.62 — 78.50 17.80 — 21.32
28 days 114.58 — — 92.58 — — 22.00 — —
Mean (V) 60.34 52.04 62.81 50.75 35.39 49.05 9.59 16.64 13.76
CD (P=0.05) V= 1.20     S= 1.20      V x S= 2.07 V= 1.12    S= 1.12     V x S= 1.94 V= 1.81   S= 1.81      V x S= 3.14

— Data could not be recorded since plants died during moisture stress
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ars content increased significantly upto 14th day. It was 
recorded 43.58 mg g-1 in control and 76.90 mg g-1 on 14th 
day. However it further increased upto 28th day in case of 
Gola (114.58) and upto 21st day in case of Umran (99.82).
The reducing sugars content of Gola was significantly 
higher than Umran and Kaithli even without stress and 
increased significantly upto 14th day. On 14th day signifi-
cantly higher reducing sugars were found in Gola (70.03) 
followed by Umran (65.12) and the minimum in Kaithli 
(43.85). The maximum reducing sugars content were re-
corded in Gola (92.58) on 28th day. The rapid increase 
in reducing sugar concentration soon after stress com-
menced, suggests that this group of metabolites played 
an important part during the early phases of osmotic re-
adjustment.The non reducing sugars content were calcu-
lated in the three cultivars and it was found significantly 
higher in Kaithli (16.64) than Gola (9.59) and Umran 
(13.76). It increased significantly during period of stress. 
On 14thday, 10.66, 20.81 and 20.24 mg g-1 non-reducing 
sugars content were recorded in case of Gola, Kaithli 
and Umran respectively.  The availability of sugars in 
leaves may have result from better photosynthetic effi-
ciency and increased hydrolysis of starch (Parveen and 
Patil, 2000). Plants are faced with osmotic stress because 
they accumulate non-important molecules such as sugar 
and store many percent of them in their cytoplast. The 
first role of sugar solution is maintenance of turgor pres-
sure and increment of sugar solution due to increased 
hydrolysed increase of starch because of hydrolytic en-
zymes actions during environmental stress (Bartels and 
Ramanjulu, 2005). There are similar reports for Soybean 
by Niakan and Ghorbanli (2006), in barely by Heidari-
Rikan et al. (2006) and in apple by Tian and Shao (2005). 
For Z. mauritiana L. such a large carbohydrate storage 
pool might be an important survival strategy at times 
when water supply is limited (Arndt et al., 2000).
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ABSTRACT
Field experiments were conducted to investigate the effect of potassium fertilizer on quality and production 

of papaya (Carica papaya L.) cv. Red lady-786 at four adjoining fields of farmers during two successive years from 
June, 2011 to July, 2013 in Sirohi (Rajasthan). The investigation comprised of seven treatments viz., 20 kg FYM + 
300 g N + 300 g P, 20 kg compost + 300 g N + 300 g P, 10 kg vermicompost + 300 g N + 300 g P, 20 kg FYM + 300 g N + 
300 g P + 300 g K, 20 kg compost + 300 g N + 300 g P + 300 g K, 10 kg vermicompost + 300 g N + 300 g P + 300 g K and 
absolute control. The incorporation of potassium fertilizer along with organic manures in papaya plants resulted 
in significant difference in yield and quality parameters compared to organic manures alone and absolute control 
but non-significant difference was observed on vegetative parameters. The application of 10 kg vermicompost + 
300 g N + 300 g P + 300 g K plant-1year-1 resulted in maximum plant height (269.90 cm), stem girth (48.50 cm), number 
of leaves (48.30), leaf area (9.54 meter2), fruit weight (2.19 kg fruit-1) and yield plants-1 (92.28 kg) but statistically at 
par with FYM and compost along with 300 g N + 300 g P + 300g K plant-1year-1.  Similarly, maximum per cent fruit 
set (46.45), yield ha-1 (2303 qt ha-1) and best quality parameters such as high TSS (13.5°Brix), and longer keeping 
quality (7.62 days) were recorded with the potassium when added with organic manures. The highest net return 
(9.50 lakh ha-1) and benefit: cost ratio (4.68) was also found with 10 kg vermicompost + 300 g N + 300 g P + 300 g 
K plant-1year-1, which indicate the overall suitability of potassium fertilizer in papaya crops. The incorporation 
of potassium fertilizer increased the resistance of plant also with delayed appearance of leaf curl virus and less 
number of infected papaya plants. 

KEY WORDS: Potash, qualitative parameter, days after transplanting, yield attributes, B:C ratio 

Papaya (Carica papaya L.) is an important quick 
growing delicious and nutritious fruit crop. It is not 
only needed as a fresh fruit but also used for processing 
of fruits and as vegetable for cooking. It contains high 
amount of vitamin A, vitamin C and iron (Rashid et al., 
1987). Papaya is available round the year and grown 
easily in the homesteads as well as large scale farms in 
India (Bhardwaj, 2013). India leads the world in papaya 
production with an annual output of about 4.1 million 
tonnes (Anon., 2013). Sirohi is important districts in pa-
paya cultivation in Rajasthan having 563 ha. area (Anon., 
2011). The nutritional demand of papaya differs from 
other fruit crops because of tremendous yield potential 
due to precocious bearing and indeterminate flowering 
habit with simultaneous vegetative growth, flowering 

and fruiting. Among the many plant mineral nutrients, 
K stands out as a cation having the strongest influence 
on yield and quality attributes that determine fruit mar-
ketability, consumer preference, and the concentration 
of critically important human health-associated phyto-
nutrients. However, many plant, soil, and environmen-
tal factors often limit uptake of K from the soil in suf-
ficient amounts to satisfy fruit K requirements during 
development to optimize the aforementioned quality at-
tributes (Lester et al., 2007). Even though K is abundant 
in many soils, the bulk of soil K may be unavailable to 
plants, in part, because the pool of plant-available K is 
much smaller compared to the other forms of K. Potas-
sium exists in several forms in the soil, including mineral 
K (90 to 98% of total), non-exchangeable K, exchangeable 
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K, and dissolved or solution K (K+ ions), and plants can 
only directly take-up solution K (Tisdale et al., 1985).

The incorporation of different organic manures 
alone and alongwith fertilizer specially nitrogenous 
and phosphatic are playing important role in getting 
the good yield. However, the absence of potassium fer-
tilizer in the combination is creating imbalance among 
the nutrients uptake, resulting in qualitative deteriora-
tion and increased infestation of different insects pests. 
Therefore, the proposed investigation was planned to 
find out the effect of potassium fertilizer and organic 
matter on growth, yield and qualitative attributes of pa-
paya fruits.

MATERIALS AND METHODS
The effect of potash fertilizer on the growth, yield 

and quality of papaya fruits (cultivars Red Lady) was in-
vestigated at four adjoining fields of farmers during two 
successive years from June, 2011 to July, 2013 in Sirohi 
(Rajasthan). The abiotic factors viz., average minimum 
and maximum temperatures were 28.0° + 5.0ºC and 38.0° 
+ 5.0ºC, average relative humidity of 58.0 + 25.0 % and 
585.0 mm rainfall per annum were recorded during the 
experimentation. The papaya seed of cv. Red Lady (F1) 
produced by Known You Seed Co. Ltd. Kaohsiung, Tai-
wan was procured from Known you seed (India) Pvt. 
Ltd., Pune in 10 g polyethylene air tight packing in card-
board boxes. Experimental nutrient mixture comprised 
seven combinations consisting of different combinations 
of farm yard manure, compost, vermicompost, nitrogen, 
phosphorus and potassium fertilizers presented in Table 
below.

Nutrient 
mixture

Different combination of nutrient mixtures 
(plant-1year-1)

T1 Control
T2 20 kg farm yard manure + 300 g nitrogen + 

300 g phosphorus 
T3 20 kg compost + 300 g nitrogen + 300 g phos-

phorus
T4 20 kg vermicompost + 300 g nitrogen + 300 g 

phosphorus
T5 20 kg farm yard manure + 300 g nitrogen + 

300 g phosphorus + 300 g potash 
T6 20 kg compost + 300 g nitrogen + 300 g phos-

phorus + 300 g potash
T7 20 kg vermicompost + 300 g nitrogen + 300 g 

phosphorus + 300 g potash

The experiment was laid out in Randomized Block 
Design with four replications with plot size 10 m × 10 
m and crop geometry at of 2 m × 2 m. The 45 days old 

disease free seedlings were transplanted in the main plot 
in month of June, 2011. The beds were prepared and pits 
measuring 50 × 50 × 50 cm were dug. First half dose of 
organic matter and fertilizer was applied at the time of 
transplanting in pits and remaining quantity of organic 
matter and fertilizer was applied in four split doses in 
90 days interval (viz., 3 month, 6 month, 9 month, and 
12 month after transplanting) by ring method in root 
zone. The intercultural operations (weeding, irrigation, 
mulching, insecticide spray etc.) were done as and when 
necessary. Plant height (cm) was recorded at 90 DAT 
and at last harvest. Data on stem girth, number of leaves, 
leaf area, days taken in first flowering, per cent fruit set, 
number of fruits plant-1, fruit weight and yield plants-1, 
yield ha-1 and keeping quality of fruits were recorded at 
appropriate time by standard methods. Plant height was 
determined from the top of the soil to the highest point 
of plant in centimeters. Numbers of leaves were counted 
visually while leaf area was determined by tracing the 
leaves on a graph paper and calculating the areas cov-
ered. Stem girth was determined by a vernear caliper. 
Fruit weight was determined by weighing method at the 
time of harvesting and expressed in kg fruit-1. The over 
all quality (pulp thickness, pulp colour, cavity size, seed 
content, skin colour, size and shape of papaya fruits) and 
consumer preference of fruits was done by a panel of five 
semi-trained judges using 10 point hedonic scale (Am-
erine et al., 1965). Total soluble solids (TSS) of the fruit 
pulps was determined by Zeiss Hand Juice Brix Refrac-
tometer, values corrected to 200C and expressed as 0Brix. 
Self-life (days) of fruits was calculated by days counting 
method from date of harvesting to last consumer accep-
tance date. Disease incidence in plants were recorded 
after appearance of  leaf curling symptoms which were 
counted at 150 DAT. Net financial returns were calcu-
lated by subtracting the cost of each treatment from the 
gross return and the benefit: cost ratio (i.e., net income/
cost of cultivation). All data were subjected to analysis of 
variance (ANOVA) to determine significant differences 
followed by Tukey’s test for comparisons of means at 
significance level of P < 0.05. 

RESULTS AND DISCUSSION

Plant growth parameters 
It appears from the Table 1 that maximum plant 

height at 90 DAT (153.11 cm) and at harvest (290.10 cm) 
was recorded in T4 (10 Kg vermicompost + 300 g N + 
300 g P plant-1 year-1), whereas the maximum stem girth 
(48.50 cm), number of leaves plant-1 (48.30) and highest 
leaf area (9.54 meter2) was recorded in T7 (10 kg vermi-
compost + 300 g N + 300 g P + 300 g K   plant-1 year-1. 
Vegetative growth such as plant height was not affected 
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by K nutrition but other growth parameters were signifi-
cantly influenced by increase availability of potash. This 
negative effect of K might possibly have been associated 
with the high availability of N in the soil as excess ‘N’ is 
known to decrease plant height at the flowering phase. 
The results of present investigation were also supported 
by Kaisar et al. (2013) in papaya. Minimum days required 
in flower initiation (153.76 days) and minimum fruit set 
(28.60 %) was observed in T1 (control), whereas maxi-
mum fruit set (46.45 %) was reported in T7. Pandey and 
Sinha, 1999 also reported that due to nutrient deficiency 
and imbalance nutrition the vegetative growth phase of 
fruit plants was significantly reduced and flower initia-
tion was started in early stage of growth but fruit set per-
centage was significantly reduced.   

Yield and quality parameters
The data (Table 2) show that the maximum fruit 

weight of single fruit (2.19 kg), maximum fruit yield 
plant-1 (92.28 kg) and hectare-1 yield (2303 qt. in 24 months 
of cropping period) was obtained from T7 which was sig-
nificantly different from all other treatments. It indicate 
that combination of all macro nutrients (NPK) with ver-
micompost increased fruit weight and fruit yield. The 
findings of the investigation were supported by Arancon 
et al. (2004) they were reported that the vermicompost 
is a good source of nutrients with some bioactive prin-
ciples that is increasing availability of soil potassium 
which could be beneficial for plant growth. Humic acids 
derived from vermicompost applied in the soil increased 
plant height, leaf area and dry weight of peppers, toma-
toes and marigold. The lowest fruit weight (0.80 kg) and 
fruit yield  plant-1 (20.43 kg) and hectare-1 yield (511.56 
qt. in 24 months of cropping period) was recorded in 
the control. Minimum fruit weight in treatment T1 might 
be due to lack of balance nutrition with organic matter 
reducing fruit size, number of fruits, yield plant-1 and 
finally yield hectare-1. 

The continuous production of vegetative growth, 
flowering and fruiting is a characteristic of papaya so 
that for papaya plants a high number of leaves as well 
as a high leaf surface area are important criteria in as-
sessment of plant vigour. In this investigation, final yield 
was significantly increased by K nutrition. More number 
of leaves and leaves with increased surface area enhance 
the production of photosynthates and the synthesis of 
large quantities of metabolites during growth and devel-
opment. Fruit weight of papaya was significantly influ-
enced by K nutrition at all four locations. In general, an 
increase in K supply was accompanied by an increase in 
fruit weight. These findings have been interpreted that 
fertilization with K not only resulted in a higher uptake 
of K but also increased the availability of other nutri-

ents in the soil, leading to optimum vegetative growth, 
enhanced uptake of nutrients, with the promotion of 
photo-assimilation and translocation of assimilates from 
source to sink, the result of which was reflected by in-
creased fruit yields. Although K is not a constituent of 
any organic molecule or plant structure, it is involved 
in numerous biochemical and physiological processes 
vital to plant growth, yield, quality, and stress (Cakmak, 
2005). In addition to stomatal regulation of transpiration 
and photosynthesis, K is also involved in photophos-
phorylation, transportation of photo-assimilates from 
source tissues via the phloem to sink tissues, enzyme ac-
tivation, turgor maintenance, and stress tolerance (Pet-
tigrew, 2008). Adequate K nutrition has also been associ-
ated with increased yields, fruit size, increased soluble 
solids and ascorbic acid concentrations, improved fruit 
color, increased shelf life, and shipping quality of many 
horticultural crops (Lester et al., 2007; Kanai et al., 2007). 
Kumar et al. (2006) also studied the effects of varying N, 
P, and K rates on growth and yields of papaya plants 
at four locations in India. They found that a balanced 
annual application of 300 g plant-1 of N, P, and K pro-
duced the highest yields. Similarly Oliveira et al. (2007) 
reported significant effect of N, P and K application in 
papaya in plant growth and yield. 

It appears from the Table 2 the K nutrition signifi-
cantly affected over all fruit quality (pulp thickness, pulp 
colour, cavity size, seed content, skin colour, size and 
shape of papaya fruits) and self life of the fruits. Maxi-
mum fruit quality score (8.50), longest self life (7.62 days) 
were observed in T7, whereas minimum in control. This 
increase in quality parameters may be related to the role 
of K in influencing the developing fruit which acts as a 
stronger sink for K than for other nutrients. The greater 
number of leaves with a higher surface area that are pro-
duced at higher levels of K nutrition, which enable effi-
cient transfer of K from source to sink, in the all over de-
velopment of fruit and increase storage life of the fruits. 
Similar results were also reported by Kumar et al. (2006) 
in papaya. The sweetness of papaya, mainly assessed by 
TSS (total soluble solids) content, was found to be signifi-
cantly influenced by K. The maximum TSS (13.50 °Brix) 
was reported in T7 which contained 10 Kg vermicom-
post + 300 g N + 300 g P + 300 g K plant-1 year-1 and was 
statistically similar to T6 (13.49°Brix) and T5 (13.45°Brix), 
and rest of the treatments was significantly different and 
lowest TSS (10.45°Brix) was in control. Application of po-
tassium fertilizer resulted in a substantial increase in TSS 
content. Potassium is known to promote sugar translo-
cation in plants, thus its application increased the sugar 
content as well as TSS in the papaya fruit. The findings 
of present investigation are supported by many workers. 
Lester et al. (2007) and Kanai et al. (2007) was reported in 
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different horticultural crops.

The minimum per cent infestation (5.20 %) of virus 
at 150 DAT was observed in T7 whereas highest infesta-
tion (15.52 %) was reported in T1. The possible explana-
tion of minimum infestation of virus is the application of 
potash fertilizers in papaya plants at initial stage which 
significantly decreased attack severity in plants through 
improved plant internal metabolism, suppressed patho-
gen activities and increase plant ability to recover from 
pest or disease attack. Potassium is involved directly or 

indirectly in protein synthesis, carbohydrate synthesis, 
carbohydrate transport, starch synthesis and efficient 
water use. All these activities lead in well-nourished 
plants which combat insect’s infestation and microbes 
much more effectively than that suffering potassium de-
ficiency. Lester et. al. (2007) also had reported the positive 
effects of K fertilization improving fruit disease control. 
Akhtar et. al. (2010) also reported that virus transferring 
from insect pest attack was influenced with K applica-
tion in tomato. Similar results were reported by Bajpai et 
al. (2010) in brinjal crop. 

Table 1: Effect of potassium fertilizer application on growth attributes and disease incidence of pa-
paya

Treatment Plant height 
at 90 DAT 

(cm)

Plant height 
at harvest 

(cm)

Stem 
girth 
(cm)

Number of 
leaves (cu-
mulative)

Av. leaf 
area 

(meter2)

Days taken 
first flow-

ering

Fruit 
set %

Virus infected 
plants at 150 

DAT (%)
T1 124.76 221.08 32.04 28.34 4.11 153.76 28.60 15.52
T2 135.70 239.25 34.09 32.49 6.39 156.70 36.80 11.27

T3 144.65 254.50 37.97 35.39 6.96 161.50 39.65 9.52
T4 153.11 290.10 39.19 38.52 7.61 165.00 43.35 8.68
T5 142.25 255.19 42.52 37.27 7.36 146.25 40.30 6.83
T6 147.79 268.20 47.64 42.42 8.38 158.25 44.50 6.18
T7 150.63 269.90 48.50 48.30 9.54 159.97 46.45 5.20
S.Em + 3.370 6.090 1.53 1.533 0.643 3.765 1.750 0.625
CD at 5% 10.37 18.76 4.733 4.72 1.98 11.60 5.39 1.92

T1= Control, T2= 20 kg FYM + 300 g N + 300 g P/plant/year, T3= 20 kg Compost + 300 g N + 300g P/plant/year, T4= 10 kg 
Vermi-compost + 300 g N + 300 g P/plant/year, T5= 20 kg FYM + 300 g N + 300 g P + 300 g K/plant/year, T6= 20 kg Compost + 
300 g N + 300 g P + 300 g K/plant/year, T7= 10 kg Vermi-compost + 300 g N + 300 g P + 300 g K /plant/year.

Table 2: Effect of potassium fertilizer application on yield and quality parameters of papaya

Treatment Quality score 
of fruits (Out 
of 10 marks)

Self life 
of fruits 
(days)

Total solu-
ble solids 

(°Brix)

Av. fruit 
weight 

(kg)

Fruit yield 
plant-1 (kg) in 

24 months

Fruit yield 
(qt ha-1) in 
24 months

Net return 
in Lakhs 

(Rs. per ha)

B:C 
ratio

T1 4.52 4.27 10.45 0.80 20.43 511.56 1.45 2.41
T2 6.52 5.32 11.85 1.58 55.13 1379.06 5.10 3.50
T3 6.82 5.52 11.89 1.75 67.77 1695.56 6.45 4.02
T4 7.03 5.88 12.90 1.98 76.84 1914.08 7.38 4.29
T5 7.83 7.23 13.45 1.78 70.53 1756.03 7.04 4.01
T6 8.03 7.38 13.49 1.92 80.78 2011.82 8.17 4.29
T7 8.50 7.62 13.50 2.19 92.28 2303.43 9.50 4.68
S.Em + 0.740 0.810 0.510 0.110 6.790 71.130 1.971 0.728
CD at 5% 0.240 0.212 0.172 0.040 2.201 23.090 0.640 0.240

T1- T7 as Table 1
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Maximum net return (Rs. 9.50 lakh ha-1) and high-
est benefit: cost ratio (4.68) was reported in T7 which 
was statistically at par with to T6 but significantly dif-
ferent from remaining treatments. Lowest net return 
(1.45 lakh ha-1) with minimum benefit: cost ratio (2.41) 
was obtained   in T1. Application of potassium fertilizer 
resulted in a substantial increase in plant growth, yield 
and quality of fruits. Significant increase in marketable 
quantity of quality of fruit also increases net return and 
highest benefit: cost ratio fetching higher market price 
of produce. Similarly Lester et al. (2007) showed that 
foliar application of K markedly improved marketable 
quality by increasing firmness and sugar content, and 
fruit human health quality by increasing ascorbic acid, 
beta-carotene, and finally increase market value of the 
produce and net return. 
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ABSTRACT
The effect of Arbuscular mycorrhizal fungi (AMF) on physiological and biochemical parameters of plants 

under well watered (WW) and water deficit stress (WDS) conditions were studied under glasshouse conditions 
at the Division of Fruits and Horticultural Technology and National Phytotron Facility, IARI, New Delhi. Citrus 
jambhiri seedlings (Jatti khatti) were inoculated with two strains of AMF, viz., Glomus fasciculatum (S-1) and Glomus 
intraradices (S-2) along with non-mychorrhizal (NM) control. The plants were allowed to grow normally upto 120 
days after inoculation with proper irrigation, thereafter, the plants were subjected to WW and WDS treatments 
for twenty five days. Upon exposure to the treatments, G. fasciculatum inoculated plants showed maximum root 
colonization in Jatti khatti seedlings under both WW (49.38 %) and WDS (49.10 %) conditions. No colonization was 
reported in NM plants. AMF treated plant types (S-1 and S-2) showed improved physiological and biochemical 
changes viz. photosynthetic rate, stomatal conductance, relative water content, proline, total phenol, chlorophyll 
a, chlorophyll b and total carotenoids  contents respectively compared to NM plants under WDS conditions. AMF 
inoculated plants also had increased uptake of P, K, Ca, Mg and Cu relative to NM plants. Our findings clearly 
revealed that AMF colonization during WDS improved the growth, physiological, biochemical parameters and 
had a positive effect on adaptation and water stress mitigation of Jatti khatti seedlings.

KEY WORDS: Jatti khatti, AMF, colonization, water deficit stress, photosynthetic rate, stomatal conductance, 
relative water content

Water is considered as one of the most important 
factors limiting plant performance and yield world-
wide (Rodriguez and Redman, 2008). Ruiz-Lozano et 
al. (1999) reported that arbuscular mycorrhizal fungi 
(AMF) symbiosis can protect host plants against detri-
mental effects caused by drought stress. Until now sev-
eral mechanisms have been proposed to explain drought 
protection by AMF , such as changes in plant hormones 
levels (Goicoechea et al., 1995), increased photosynthe-
sis (Ruiz-Lozano et al., 1996), enhanced activity of en-
zymes involved in anti-oxidant defense (Ruiz-Lozano 
et al., 1996), enhanced water uptake through improved 
hydraulic conductivity and increasing leaf conductance 
and photosynthetic activity (Dell-Amico et al., 2002), 
osmotic adjustment (Auge et al., 1986) and changes in 
cell-wall elasticity (Auge et al., 1987). According to Fitter 
(1988), the influence of AMF on water uptake and trans-

port may be a secondary effect of enhanced P uptake, 
although these effects are not consistent (Davies et al., 
2002). Most citrus species, such as sour orange, trifoli-
ate orange, Cleopatra mandarin, Swingle citrumelo, and 
Carrizo citrange, have rare and short root hairs, and are 
relatively dependent on AMF that are most Glomus spe-
cies (Davies and Albrigo, 1994). Citrus is one of the most 
important groups of fruit crops grown in India and the 
rootstock play a vital role in the productivity and qual-
ity of the citrus crop. Jatti khati is predominantly used 
as rootstock for Kinnow mandarin on the north western 
plains of India. It is a preferred rootstock in the region 
because of its good adaptability to light deep sandy soils. 
The rootstock is moderately tolerant to salinity and it 
also induces good fruit quality such as increased fruit 
size, total soluble solid (TSS) and overall productivity of 
the trees budded on this rootstock. Keeping in view the 

DOI : 10.5958/2249-5258.2015.00041.X



230 Progressive Horticulture, 47 (2)

importance of AMF in drought stress, an attempt was 
made to evaluate the effectiveness of AMF strains on Jatti 
khatti seedlings with respect to studying the importance 
of AMF in increasing the drought stress tolerance in cit-
rus. The mechanism of enhancing tolerance to drought 
stress by AMF strains were studied by observing physi-
ological and biochemical parameters. 

MATERIALS AND METHODS
 Eight month old Citrus seedlings of citrus root-

stock Jatti khatti was used for this study. The seedlings 
were maintained in a glasshouse with day night temper-
atures ranging from 27      +10C.  A day lengths of 16 h was 
maintained at 630 µmol m-2 s 1 by cool white fluorescent 
lamps and humidity was maintained at 80-85 % using 
a humidifier. Seedlings were watered on alternate days 
with sterile tap water. The soil based pure cultures of ar-
buscular mycorhizal fungi were maintained under glass-
house conditions in plastic pots containing sterile potting 
mixture of soil: sand: vermicompost (2:2:1). Microbial 
treatment consisted of 20 g inocula per replication. The 
three treatments were AMF strains  Glomus fasiculatum 
(S1), Glomus intraradices (S2) and a non-mychorrhizal 
control (NM). Treatment combinations used were AMF 
inoculated plants subjected to WDS, WW AMF inocu-
lated plants without subjecting to WDS and NM plants 
with and without WDS. Four replications were used for 
each treatment. Water stress treatments were started 120 
days after transplanting and irrigation was withheld for 
25 days. For the WW plants irrigation was supplied ev-
ery third day.

The samples were assessed for root colonization 
after 25 days of WDS treatment by staining method as 
described by Phillips and Hayman (1970). Fresh root 
segments were stained with 0.01 % Trypan blue in lac-
tic acid. The rootlets were then observed under inverted 
microscope for estimating colonization frequency. Root 
segments (1 cm long) were selected at random  and 
mounted on microscopic slides in a group of ten root 
segment were observed under an inverted binocular 
(Nikon, Japan) under 125 x  magnification. Extent of root 
colonization was assessed in ten segments, averaged and 
expressed as a percentage of root length. Root length 
was measured at the end of the experiment. Roots were 
dug out carefully to prevent damage. They were rinsed 
properly with deionised water and measured with scale. 
Average root length was expressed in centimetre (cm). 
Leaf photosynthesis and stomatal conductance was mea-
sured on five mature leaves from each plant using an 
Infrared Gas Analyzer (Licor, 6200).  Average photosyn-
thetic rate and stomatal conductance was expressed in 
µmol m-2s-1. 

Relative water content was determined in leaves by 
the method suggested by Weatherley (1950). Fully ex-
panded leaves were collected and 8 mm discs were made 
and fresh weight of these were estimated and then float-
ed over distilled water in Petri dish for 6 h. At the end of 
this period, individual disc were surface dried and satu-
rated weight was recorded. Thereafter the samples were 
dried in an oven (70 ºC) for 24 h and dry weight was 
recorded. RWC was then calculated by the suggested 
formula. The rapid colorimetric method as advocated by 
Bates et al. (1973) was followed for the estimation of pro-
line. About 500 mg of fresh plant material was homog-
enized in 10 ml of 3 % sulphosalicyclic acid and filtered 
through filter paper (Whatman No. 2). Two ml of filtrate 
was reacted with 2 ml of acid ninhydrin reagent and 2 
ml of glacial acetic acid in a test tube for one hour at 
100ºC, and the mixture was then kept on an ice bath. The 
reaction mixture was extracted with toluene mixed and 
the chromophore containing toluene was aspirated from 
the aqueous phase, warmed to room temperature and 
then absorbance was read at 520 nm against toluene as a 
blank. The proline concentration in the samples was de-
termined from a standard curve using analytical grade 
proline and calculated on fresh weight basis. 

µg proline g-1 (FW) = Concentration (µg) x 10 x 20 x 
dilution factor /1000.

Total phenol in leaf samples was assayed by the 
method proposed by Malik and Singh (1980). Shoot tips 
along with a pair of freshly emerged leaves were taken 
instead of buds due to scarcity of material. Foliar sam-
ples (approximately 500 mg) were extracted with 80% 
ethanol and the supernatant collected were evaporated 
to dryness. Residues were dissolved in distilled water 
and to this fresh Folin-Ciocalteau reagent and Na2CO3 
(sodium carbonate) solution (20%) were added, mixed 
thoroughly and placed in a hot water both (58 ºC) exactly 
for 1 min. It was then cooled to room temperature and 
then absorbance was measured at 650 nm. The chloro-
phyll content (chlorophyll a and b) of the leaves were an-
alyzed following the method suggested by Barnes et al. 
(1992) and carotenoids content was measured following 
the technique suggested by Lichtenthaler and Wellburn 
(1983). Fully mature open leaves were chosen weighed 
500 mg of clean composite leaf sample was immersed in 
10 ml of dimethyl sulphoxide (DMSO) and incubated at 
70 0C for four hours in hot air oven. After that, it was tak-
en out and 1 ml of the solution was diluted to 5 ml with 
DMSO sample and read on a spectrophotometer at 645, 
663 and 480 nm using pure DMSO as blank. Chlorophyll 
a, chlorophyll b and carotenoid contents were calculated 
according to the following formulae;   

Chlorophyll a (mg g-1) = (12.7 x OD663) - (2.69 x OD645) 
x Volume x dilution / 1000 x weight of sample



Progressive Horticulture, 47 (2) 231

Chlorophyll b (mg g-1) = (22.7 x OD645) - (4.68 x OD645) 
x Volume x dilution/1000 x weight of sample

Total carotenoids (μg ml-1 leaf extract) = 1000 A470 – 
(3.27 Chl-a + 1Chl-b) / 229

For nutrient analysis, the foliar part (shoot) was sam-
pled and subjected to oven drying (65 ºC) for 48 h. Phos-
phorus (P) was analyzed by vanadate-molybdate-yellow 
method (Chapman and Pratt 1961) using a UV/visible 
spectrophotometer, Potassium (K) by Systronic Flame 
photometer and Calcium (Ca), Magnesium (Mg), Cop-
per (Cu) by using nitrous oxide-acetylene flame atomic 
absorption spectrophotometer (GBC-Avanta PM). The 
experiment was treated as  completely randomized fac-
torial design having two levels of water treatment (WW 
and WDS) and three levels of mycorrhizal strains (S-1, 
S-2 and NM), with 4 replications of each. The data were 
analysed using analysis of variance (ANOVA), using the 
SPSS software (SPSS System for Windows, version 10.0). 
Valid conclusions were drawn only on significant differ-
ences between treatment means at the P d” 0.05 level of 
probability.

RESULTS AND DISCUSSION
Among the two different AMF strains, the maxi-

mum root colonization was observed in S-1 inoculated 
seedlings both under WW and WDS conditions (Fig. 
1). There was no significant difference in the coloniza-
tion between the two strains both under WW and WDS 
conditions but colonization decreased with water stress 
treatment while no colonization was observed in NM 
seedlings (Fig. 1). The AM colonization under WW con-
ditions was higher than that under WDS conditions. The 
result was similar with the findings of Kaya et al. (2003), 
who reported that water stress significantly decreased 
the AM colonization by Glomus clarum in watermelon 
(Citrullus lanatus). These suggested a negative effect of 
arid or semiarid environment for the AM development 
of host plants (Morte et al., 2000). Roots were shorter in 
WDS seedlings than in WW seedlings (Table 1). The dif-
ferences of root lengths were not significantly different 
between WW AM and WDS AM seedlings. However, 
AM seedlings under WW and WDS conditions had sig-
nificantly higher root lengths than corresponding NM 
seedlings (Table 1). This result is in conformity with the 
earlier findings of Espeleta et al. (1999). Mycorrhizal sym-
biosis enhance growth of both root and shoot resulting 
in significantly lower root: shoot ratio for mycorrhizal 
plants than control plants (Vast et al., 1996). Similar re-
sults have also been reported for other plant species (Wu 
and Xia, 2004). The positive effect likely attributed to the 
improvement of phosphorus nutrition (Bethlenfalvay et 
al., 1988), the uptake of water by hyphae and the increase 

of root length density (Bryla and Duniway, 1997). 

WDS decreased photosynthetic rate and stomatal 
conductance in NM seedlings compared to WDS AM 
seedlings and WW seedlings (Table 1). However, S-2 
AM (0.49 µmol m-2s-1) seedlings under WDS conditions 
had significantly higher (Pd”0.05) stomatal conductance 
than corresponding NM (0.39 µmol m-2s-1) seedlings. Our 
study confirmed that AM citrus seedlings had higher 
photosynthetic rate and stomatal conductance than cor-
responding NM ones. However, the photosynthetic rate 
and stomatal conductance of citrus taxa usually were not 
changed by AM colonization (Auge, 2001), though Gra-
ham and Syvertsen (1985) observed that mycorrhizal col-
onization tended to have higher stomatal conductance 
of carrizo citrange in a low phosphorus soil. Stomatal 
physiology was affected by mycorrhizal infection, as 
shown by decreased stomatal resistances to water and 
by increased transpirational fluxes and rates of photo-
synthesis. The effects could be mediated by increased 
stomatal opening, thus increasing the K+ concentrations 
in mycorrhizal plants (Harley and Smith, 1983). Some 
studies indicated that the internal hormone (e.g. cytoli-
nin, abscisic acid) levels in mycorrhizal plants correlated 
with their gas exchanges (photosynthesis) (Goicoechea et 
al., 1997). The greater P concentration in AMF inoculated 
plants compared with that of non AMF inoculated plants 
of similar size may also have an effect on photosynthesis 
because the photosynthetic process is known to be posi-
tively influenced by the P. Furthermore, since the for-
mation of mycorrhiza often leads to increases in the leaf 
area ratio and to leaf hydration, the effect of mycorrhiza 
on leaf morphology is also probably partly caused by the 
enhanced P nutrition (Jacobsen, 1991).

The differences of relative water content were sig-
nificant (Pd”0.05) between WDS AM (84.99 % for S-1 and 
84.84 % for S-2) and NM (81.80 %) seedlings (Table 1). 
The greater stomatal conductance of AM plants, com-
pared with non-AM plants, implied a lower resistance to 
vapor transfer from inside the leaves to the atmosphere 
when exposed to the same water conditions. Similarly, 
the higher RWC, and the lower leaf temperature of AM 
plants, compared with those of non-AM plants, were 
propitious to moving liquid water through the plants to 
the evaporating surfaces in the leaves (Nelsen and Sa-
fir, 1982). The increased RWC may also be attributed to 
the improved water transport because of reduced root 
resistance owing to increased uptake of phosphorus by 
AMF (Safir et al., 1972). Increased root biomass through 
branching as recorded in present investigation could 
be one of the factors for improved water uptake via in-
creased root surface area due to microbial inoculation. 
The absorbing area for water uptake may also have in-
creased due to growth of fungal hyphae, thereby reduc-
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ing or eliminating ‘dry zones’, which surrounds the slow 
growing rootlets during low moisture period (Nye and 
Tinker, 1977). The present investigation clearly indicat-
ed that water relations of plants as affected by microbial 
inoculants may be the one of the important reason for 
higher survival of such plants post transplantation when 
they are experiencing extreme moisture stress.

Table 1: Root length, Photosynthetic rate, Stomatal 
Conductance and Relative Water Content of Jatti 
Khatti  seedlings subjected to two different AMF 
strains and two water stress treatments

Stress AMF 
strain

Root 
length 
(cm)

Photo-
synthet-
ic Rate  
(µmol 
m-2s-1)

Stomatal 
conduc-
tance 
(µmol 
m-2s-1)

Relative 
water 
content 
(RWC)
(%)

WW S-1 21.53a 9.60ab 0.51a 93.09a

S-2 20.09ab 9.96a 0.49ab 91.77a

No S 16.53d 9.12abc 0.42bc 92.24a

WS S-1 19.12bc 8.74bd 0.45abc 84.99b

S-2 18.69bc 8.47cd 0.49ab 84.84b

No S 14.60e 8.12d 0.39c 81.80c

Significance
W * * NS *
S * NS * *
W X S * * * *

Note: The same letter within each column indicates 
no significant difference among treatments (Pd” 0.05) 
according to Duncans multiple range test. * Significant, 
NS-not significant.

AM colonization also affects proline content (Table 
2). Compared with the proline content of NM seedlings 
under WW and WDS conditions, the proline content of 
AM seedlings were reduced except in S-1 under WW con-
dition. The proline content was significantly reduced by 
AM colonization under WDS (34.26 µg g-1 Fresh weight) 
compared to NM (43.21 µg g-1 Fresh weight) (Table 2). 
In the present study, leaves of AM plants had lower 
proline levels than NM leaves when exposed to WW 
and WDS conditions, which may be attributed to either 
greater drought resistance of AM seedlings or less injury 
in AM seedlings grown under WDS conditions. The re-
sult agrees with previous reports obtained from Citrus 
tangerina (Wu and Xia, 2006). Non-AMF plants showed 
higher proline content under WW condition in both the 
plant types. Similar observations were also recorded un-
der WDS condition. Higher accumulation of proline in 
NM plants shows that these plants had been more sus-
ceptible to stress as compared to AM inoculated plants.

Table 2: Proline, Chlorophyll a, Cholorophyll b 
Total Carotenoids and Total Phenols of Jatti Khatti  
seedlings subjected to two different AMF strains 
and two water stress treatments

Stress AMF 
strain

Proline 
(µg g-1 

Fresh 
weight)

Total 
phenols 
(µg g-1 

Fresh 
weight)

chl a 
(mg g-1 
Fresh 
weight)

chl b 
(mg g-1 
Fresh 
weight)

Total 
Carote-
noids 
(mg g-1 
Fresh 
weight)

WW S-1 28.16c 34.26b 3.45ab 0.72ab 2.12a

S-2 26.42c 33.79b 3.31ab 0.77a 2.14a

No S 27.72c 29.16b 3.58a 0.71bc 2.12a

WS S-1 34.26b 44.12a 3.38ab 0.69bc 1.96b

S-2 37.21b 42.17a 3.32ab 0.68bc 1.96b

No S 43.21a 31.41b 3.06b 0.66cd 1.92b

Significance
W * * NS * *
S * * NS NS NS
W X S * * * * *

Note: The same letter within each column indicates 
no significant difference among treatments (Pd” 0.05) 
according to Duncans multiple range test. * Significant, 
NS-not significant.
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Fig. 1: (A) Root colonisation (%) and (B-F) nutrient 
content of AM and NM seedlings under WW and 
WDS condition. Different letters in bars indicates 
significant difference among treatments (Pd” 0.05) 
according to Duncans multiple range test.

The total phenols of WW and WDS AM seedlings 
was higher than that of WW and WDS  NM seedlings. 
Under WDS condition both S-1 (44.12 µg g-1 Fresh 
weight) and S-2 (42.17 µg g-1 Fresh weight) showed sig-
nificantly higher (Pd”0.05) total phenols compared with 
that in NM (31.41 µg g-1 Fresh weight) seedlings (Table 
2). This result is in conformity with those of Krishna and 
Bagyaraj (1984). The increased phenolic content might 
be attributed to enhanced polyphenol oxidase activity in 
plants (Mathur and Vyas, 1997). 

Water stress decreased the chlorophyll content in 
the leaves (Table 2). Under WW and WDS conditions 
there was no significant difference in Chlorophyll a con-
tent in AM and NM treated plants. But Chlorophyll b 
content was found to be significantly higher (Pd”0.05) in 
S-1(0.77 mg g-1) than No-S (0.71 mg g-1) plants. But under 
WS condition Chlorophyll b content was found not to 
be significantly higher in AM plants compared to non 
AM plants. Chlorophyll concentrations have often been 
higher in leaves of amply watered AM than non AM 
plants (Gemma et al., 1998). After drought, chlorophyll 
concentrations have also usually been higher in AM than 
non AM plants (Gemma et al., 1997). Higher chlorophyll 
in AM plants has sometimes been associated with higher 
rates of photosynthesis (Mathur and Vyas, 1995). Chlo-
rophyll decreased under stress due to the suppression of 
specific enzymes that are responsible for the synthesis of 
photosynthetic pigments. Similarly, there was a decrease 
of the uptake of minerals needed for chlorophyll biosyn-
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thesis (El-Desouky and Atawia, 1998). However, the 
previous increase of chlorophyll in mycorrhizal plants 
could be due to the cytokinin-like substances secreted by 
fungi (Marks and Kozlowski, 1973), which enhance the 
chloroplast development.

The total carotenoid content in leaves of AM and 
NM seedlings was also increased by WDS (Table 2). 
Carotenoids were higher in both S-1 and S-2 plants than 
the NM plants in both WW and WDS conditions. While 
under WDS condition carotenoids were significantly 
higher (Pd”0.05) in both S-1 (1.96 mg g-1) and S-2 (1.96 
mg g-1) plants than the NM (1.92 mg g-1) plants. The re-
sult was in accordance with Wu et al. (2006). The plant 
factor in root exudates to induce hyphal branching of 
AM fungi hyphae as one of the first steps in plant-fun-
gus communication is an apocarotenoid (Matu sova et 
al., 2005). Furthermore, apocarotenoids are now increas-
ingly recognized as developmentally-regulated key 
aroma components of fruits and vegetables (Simkin et 
al., 2004). They are also produced by various organism 
as a response to abiotic and biotic stresses (Bouvier et 
al., 2005) We found that water stress decreased the P, K, 
Ca, Mg and Cu concentration of leaves (Fig. 1). The P, 
K, Ca, Mg and Cu levels in leaves were higher in AM 
seedlings than those in NM seedlings, but the differences 
were only significant (Pd”0.05) for P, Ca and Mg under 
WDS condition. In general all the nutrients elements 
were higher in AM inoculated WW condition plants but 
P, Mg and Ca were differing significantly. The results 
were similar to the previous findings of Atkinson and 
Davison (1972). Regardless of effects on overall plant or 
organ size, P concentrations themselves may also affect 
host water balance. For instance, stomatal conductance 
can be influenced by P starvation (Atkinson and Davison, 
1972). Koide (1993) suggested that increased stomatal 
conductance and transpiration in AMF plants may be 
due to P-mediated improvement in photosynthetic ca-
pacity. Under water stress conditions, high plants accu-
mulate some small molecules including organic solutes 
and inorganic ions to make higher osmotic adjustment. 
Organic solutes include soluble sugar, proline, etc.; inor-
ganic ions include K, Ca, Mg etc (Wu and Xia, 2006). The 
salient findings of the experiment revealed that root col-
onization of Citrus jambhiri seedlings with AMF strains 
have provided a significant water deficit stress toler-
ance. This study suggests that mychorrhizal inoculation 
brought about significant improvement in root length, 
physiological and biochemical status of plants like en-
hancement in the levels of photosynthetic rate, stomatal 
conductance, chlorophyll, carotenoids, proline, phenol 
and nutrients like P, K, Ca, Mg and Cu which are neces-
sary to mitigate adverse effects of WDS and enhancing 
survival upon transplanting.
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ABSTRACT
Fig analyzed for total phenolics, total antioxidant activity and total anthocyanin content before and after jam 

processing to evaluate their changes after thermal processing. Total antioxidant activity was determined by 2, 
2-diphenyl-1- picrylhydrazyl (DPPH) assay. Total phenolics of 47.80 mg gallic acid equivalent (GAE)/100 g, total 
flavonoid of 7.65 mg quercetin equivalent/100 g, radical scavenging activity of 46.90 % and the total anthocyanins 
of 3.39 mg/100 g were recorded during chemical analysis. Jam prepared with sucrose and stored at two different 
temperatures conditions. During processing of jam heating reduced the content of total phenolics, total flavonoid, 
percent scavenging activity, and total anthocyanins. Major losses occurred in anthocyanin content. Less loss at re-
frigerated temperature, i.e., low temperature (7±20C) as compared to room temperature, i.e., (37±20C) was observed 
during jam production, so the optimization of heat processing time can help to conserve the bioactive compounds 
in fig.

KEY WORDS: Anthocyanin, antioxidant activity, fig, flavonoids, total phenolics

Fig (Ficus carica) is one of the earliest cultivated fruit 
trees and an important crop worldwide for both dry and 
fresh consumption. Seventy per cent of the world’s fig 
production is grown in the countries of the Mediterra-
nean coast. In these countries, figs are an important con-
stituent of the Mediterranean diet, which is considered 
to be one of the healthiest and is associated with longev-
ity (Trichopoulou et al., 2006). In India, its cultivation is 
mostly confined to Western part of Maharashtra (Pune 
and Aurangabad), Gujarat, Uttar Pradesh (Lukhnow 
and Saharanpur), Karnataka (Bellary, Chitradurga and 
Shrirangpatham), Punjab (Anantpur) and Tamilnadu 
(Coimbatore). The total area in India under fig cultiva-
tion is about 1500 ha of which about 883 ha in Maharash-
tra with the production of 2650 metric tonnes (Anon., 
2002). In recent years, India exported about 633 Metric 
tonnes figs of value Rs. 49.04 lakhs in many countries 
(Singhal et al., 2003).

The Mediterranean diet has been reported to pro-
mote health and quality of life in those who adhere to 
it, specifically by preventing patho-physiological condi-

tions related to coronary heart disease and cancer (Vinson 
et al., 1999). Antioxidant compounds, such as phenolics, 
organic acids, vitamin E, and carotenoids scavenge free 
radicals, thus inhibiting the oxidative mechanisms that 
may lead to degenerative illnesses (Du Toit et al., 2001). 
Many studies show that daily consumption of fruits and 
vegetables is associated with reduced risks for chronic 
degenerative diseases. Phenolic compounds present in 
fig in addition to antioxidative roles, have antimutagenic 
or anticarcinogenic, antiinflammatory, or antimicrobial 
activities (Eberhardt et al., 2000; Kim et al., 2000).  Anti-
oxidants from figs can protect plasma lipoproteins from 
oxidation and significantly elevate plasma antioxidant 
capacity for 4 h after consumption (Vinson et al., 2005).
The objective of present investigation was to deter-
mine the content of anthocyanin, total phenolics, total 
flavonoids, radical scavenging activity and to compare 
them with the values found in fresh fruit. In addition 
we have determined the changes in polyphenolic com-
pounds and antioxidant properties of the fig jam under 
storage conditions at 7±20C and 37±20C.
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MATERIALS AND METHODS

Instruments and chemicals
Ethanol, methanol, HCL, were purchased from finar 

Chem Ltd. Ahmadabad Alumminium chloride, ascorbic 
acid, were purchased from Kemphasol Bombay, potas-
sium metabisulphite, gallic acid, querciten, potassium 
acetate, sodium carbonate, Folin-Ciocaleteu reagent 
were purchased from Molychem Mumbai, DPPH was 
purchased from Himedia Mumbai. Extraction was car-
ried out with ultrasonic bath; Absorbance was measured 
with an Jasco-V-530 Vis spectrophotometer. 

Preparation of fig jam 
Fig jams were prepared in the laboratory, according 

to a traditional procedure, by boiling in an open kettle, 
with manual stirring. The syrup was prepared by dissolv-
ing the sugar in water. The figs were washed, blanched 
in boiling water for 5 min then pulp was prepared. The 
syrup was added to the pulp and boiled for 20 min in an 
open pan. Then pectin was added to this boiling mix-
ture, boiled for 10 min. At the end of boiling, citric acid 
was added. The jam was hot-packed into glass jars with 
screw caps and pasteurized at 85°C for 20 min (Scibisz 
and Mitek, 2009). When the jam were cooled to room 
temperature it was divided into batches stored at 7±2°C, 
i.e., refrigerated temperature (LT) and 37±2°C, i.e., room 
temperature (RT) for two months. Samples were taken 
after 0, 15, 30, 45, and 60 days of storage and analyzed. 

Sample extraction 
For the analysis of fresh fig the fruits were sliced 

and the pulp was filtered with muslin cloth. For the ex-
traction the 100 mg of sample was extracted with 5ml 
methanol in ultrasonic bath for 45 min. The sample was 
centrifuged for 7 min at 4200 rpm. The supernatant was 
filtered through polymidfilterdchromafil AO 45/25.

Extraction of sample for determination of total 
anthocyanin content

The 100 g of fruit or fig jam sample blended with 
100 ml of ethanolic HCL in a blender at full speed then 
transferred to a 500 ml glass stopper bottle using approx-
imately 50 ml of ethanolic HCL for washing the blender 
jar. it was then stored overnight in refrigerator at 40C. The 
sample was then filtered on whatman No.1 filter paper 
using a Buchner funnel. The residue was then washed 
on filter paper repeatedly with ethanolic HCL. Until ap-
proximately 450 ml of extract was collected. Then extract 
was transferred to 500 ml volumetric flask and made to 
volume. Then extract was filtered through the polymid-
filterdchromafil AO 45/25 Then the absorbance of the 
sample was measured at 535nm wavelength taking etha-

nolic HCl as blank (Rangana, 1986).

Determination of total phenolics
Total phenolic content was assessed by using Folin-

Ciocalteau reagent method.100 µl of the sample was di-
luted with 5 ml of distilled water and 500 µl of Folin-
Ciocalteau reagent added. After 30 s to 8 min 1.5 ml 
sodium carbonate (20% w/v) was added. The extract 
was allowed to stand for 30 min at 400 C. The absorbance 
was measured at 765 nm. The total phenolic content in 
the sample was calculated by using the standard Gallic 
acid curve. The total phenolics content was expressed as 
Gallic acid equivalent in mg/100 g fresh fig  (Rangana, 
1986). 

Determination of total flavonoids
Flavonoid content in the methanolic extract was de-

termined by alluminium chloride calorimetric method 
(Rawat et al., 2010). Briefly 0.50 ml of methanolic extract 
of sample was diluted with 1.50 ml of distilled water and 
0.50 ml of alluminiumchloride added along with 0.10 ml 
0f 1 M potassium acetate and 2.80 ml of distilled water. 
This mixture was incubated at room temperature for 30 
min. The absorbance of resulting reaction mixture was 
measured at 415 nm UV-VIS spectrophotometer. Quan-
tification of flavonoids was done on the basis of stan-
dard curve of quercitin prepared in methanol and results 
were expressed in mg quercitin equivalent (QE) per 100 
g of fruits. 

Determination of % radical scavenging activity
The total antioxidant property of fresh fig fruit and 

dried fig was determined by 2,2-Diphenyl-1-picrylhy-
drazil  in terms of % radical scavenging activity. 1 mg/
ml of DPPH solution was made by dissolving 1 mg of 
DPPH in 1 ml of methanol solvent. 100 µl of DPPH solu-
tion was diluted to 5 ml and absorbance was taken at 517 
in UV-Spectrophotometer. The absorbance was taken as 
control absorbance. 100 µl of extract was taken then 100 
µl of 1 mg/ml of DPPH solution was added to this ex-
tract. Then it was diluted to 5 ml by methanol then it was 
incubated at room temperature for 30 min then absor-
bance was measured at 517 nm in UV-Spectrophotome-
ter. The absorbance was taken as sample absorbance for 
control 100 µl of DPPH solution was diluted to 5ml and 
absorbance was taken at 517 in UV-Spectrophotometer. 

Following formula was used to calculate the antioxi-
dant activity

(Absorbance of control
- Absorbance of sample) ×100

% scavenging activity = ------------------------------------------

Absorbance of control
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RESULTS AND DISCUSSION

It was observed that fig contains 80 % moisture with 
pH of 2.34 and acidity of 0.32%, 15 to 170Brix Total Solu-
ble Solids, 4.284 mg/100 g ascorbic acid, 47.660 mg/100 
g total polyphenolic, 7.65 mg/100 g total flavonoid, 3.390 
mg/100 g total anthocyanin, and 46.89 % radical scav-
enging activity. The similar trend of the total phenolics, 
total flavonoid, and total anthocyanin was also reported 
by (Solomon et al., 2006). The pigmented plant foods, as 
well as in plants and vegetables, color is produced by an-
thocyanins, chlorophylls, or carotenoids (Rababah et al., 
2005 and Halverson et al., 2002). Anthocyanin belongs 
to the widespread class of phenolic compounds, collec-
tively named flavonoids, anthocyanins are water soluble 
glycosides and acylglycosides of anthocyanidins. In ad-
dition to anthocyanin, other polyphenols including fla-
vonoids are widely distributed in fruits and vegetables 
and may contribute to phenomenon called co-pigmen-
tation, which extends the spectrum of resultant colors. 
Same trends of acidity, TSS, and moisture content were 
also reported by (Hiregoudar et al., 2010) in fresh fig.

Effect of heat processing on total phenolics and 
antioxidant properties of fig jam 

The effect of heat processing on fig jam were de-
termined by evaluating total phenolics, total flavonoid, 
total anthocyanin and % Radical scavenging activity of 
processed jam. Table 1 shows that after jam processing 
the total phenolic content (TP), total flavonoid (TF), total 
anthocyanin (TA) and % radical scavenging activity is 
decreased. 

A comparison of the content of phenolic substances 
in fruits and jams (in relation to the dilution of fruit with 
sugar and water) showed that during jam preparation 
18.8 % of total phenolics and 50 % of to tal anthocyanins 
contents in fig were lost. Although, jam samples were 
made using the same procedure, the level of losses of 
phenolic compounds depended on ingredients. In gen-
eral, losses of anthocyanins during the production of 
jam were similar to those reported by (Kim and Zakour, 
2004) for raspberry and cherry and by (Garcia-Viguera et 
al., 1998) for red raspberry. Thermal degradation, oxida-
tion, enzymatic reaction (especially polyphenoloxidase, 
which is known to play the main role in degradation of 
anthocyanins pigments) and other factors can alter an-
thocyanins content during processing. In fact, during the 
production of jam the fresh fruits undergo long heating, 
which causes complete inactivation of native fig enzyme. 
Probably, the enzy matic reaction could not proceed dur-
ing high temperature processing. Heating treatments 
seem to be the most destruc tive processing steps for an-
thocyanins retention during jam manufacturing. 

The flavonol of 13.72 % decreased with processing. 
The antioxidant activity determined in terms of percent 
radical scavenging activity was also found to decrease by 
6.14% during processing. The similar trend of decrease 
in the total flavonoid during thermal processing was also 
reported in red jam by (Zafrilla, 2001). Studies showed 
that antioxidant capacity in fruits were lost during jam 
making. These results were con sistent with data report-
ed previously by (Kim and Zakour, 2004) who demon-
strated that the antioxidant capacity of plum, cherry and 
raspberry decreased after jam processing. The de crease 
in antioxidant capacity during jam processing may be 
attributable to the destruction of anthocyanins, which 
was observed in this investigation. Decrease in bioactive 
compounds with increase in temperature was observed 
during storage. The effect of two different storage condi-
tions was studied on the total phenolics and antioxidant 
properties of jam; it was observed that retention of to-
tal phenolics and total antioxidant properties was more 
when stored at low temperature than room temperature.  
But properties go on decreasing as storage period in-
crease for both storage conditions. This might be due to 
the browning reactions takes place during storage, also 
due to the exposure of light. The similar trend of decreas-
ing the total phenolics, total flavonoid, and total antho-
cyanin was also reported by (Zafrilla, 2000) in red jam. 

The statistical analysis showed that the temperature 
and time of storage significantly affected the contents 
of total anthocyanins, total phenolics, and as well as 
the % scavenging activity of fig jam stored at 7±2°C, i.e., 
refrigerated temperature (LT) and at 35±2°C, i.e., room 
temperature (RT) for two months (Table 2). The samples 
stored at low temperature contains high-level of antho-
cyanins, total phenolics, and as well as the % scavenging 
activity than the samples stored at room temperature. 
Total phenolics content in jams after 2 months of storage 
at low temperature and room temperature respectively 
reduced up to 10.28 % and 7.81 %, respectively. These 
findings of more extensive degradation of phenolics 
compounds during stor age of preserves at a higher tem-
perature are consistent with previously reported data 
(Garcia-Viguera et al., 1998, 1999].

Table 1: Effect of heat processing on total phenolics 
and antioxidant properties of fig jam

Parameters Results
Total Phenolic (mg/100 g) 38.68±0.12
Total Flavonoid (mg/100 g) 6.60±0.01
Total Anthocyanin (mg/100 g) 1.7090±0.48
Scavenging activity (%) 44.01±0.50

Each value in the above table is average of three de-
terminations ± S.D.
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Storage time was the main factor responsible for 
losses of anthocyanins. The higher loss in pigment com-
position at room temperature was observed during the 
2 months storage, while the jams stored at low tempera-
ture showed a progressive decrease of anthocyanins. 
Losses of anthocyanins in jam directly after production 
accounted from 1.70 to 0.66 mg/100 g and to 1.06 mg/100 
g after 2 months of storage at room temperature and low 
temperature, respectively.

Prolonged storage may affect hydrolysis of com-
pounds and lead to gradual reduction in anthocyanins 
content, as observed in this study. Nevertheless, it may 
be assumed that the oxidative reaction proceeds in jams 
during storage, even if the jams in this experiment were 
hot-packed into glass jars. A strong reduction of antho-
cyanins during storage was also reported for pigments 
of red raspberry jams (Garcia-Viguera et al., 1998).
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ABSTRACT
An experiment entitled ‘Effect of mulches on growth, production and quality of strawberry (Fragaria x anan-

assa Duch.) cv. Winter Dawn under different growing environments’ was conducted at College of Horticulture 
and Forestry, Jhalawar, Rajasthan. The experiment consisted of sixteen treatments comprising three mulch materi-
als [Rice husk (M1), White polythene (M2) and Black polythene (M3)] along with control without mulch (M0) under 
four growing environments [Open field (T0), Agro shade net (T1), Naturally ventilated polyhouse (T2) and Fan pad 
system greenhouse (T3)] in Randomized Block Design with three replications. The maximum crown height (29.33 
cm), plant fresh weight (235.00 g) and plant dry weight (57.28 g) was recorded with treatment M1T2. The maximum 
number of leaves per plant (97.44) and total chlorophyll content (3.26 mg g-1) was recorded with M2T0. Plant spread 
was observed maximum (51.80 cm (E-W) and 49.88 cm (N-S) in M3T2. Under M3T0 condition produced the maxi-
mum fruit length (54.00 mm), fruit width (42.59 mm), fresh weight (36.74 g) and dry weight (2.88 g) of fruit and also 
fruit yield per plant (536.55 g). Minimum days to first flower initiation (21.66 days) and first fruit set (26.44 days) 
were recorded in the treatment M3T3. The maximum harvest period (139.44 days), number of pickings (26.00) and 
number of fruits per plant (39.66) were observed in M3T2. Minimum number of days (52.30 days) to first harvest 
was recorded in the treatment M1T0. The maximum TSS (7.30 °B), Vitamin C (52.54 mg 100 g1), total (5.15 %) and 
reducing sugar (4.06 %) were observed in treatment M3T0 whereas minimum titratable acidity (1.45 %), maximum 
TSS/acid ratio (4.97) and maximum anthocyanin content (45.51 mg 100 g-1) was recorded in the treatment M3T2. 
Thus, the study reveals that the maximum economical parameters of strawberry yield attributing characters were 
recorded in black polythene mulching under open field (M3T0).

KEY WORDS: Growth, growing environment, mulching, quality, root growth, strawberry

The cultivated strawberry (Fragaria x ananassa  
Duch.), a hybrid of two natives American spp., F. chiloen-
sis and F. virginiana, was first developed in France in the 
17th century. It grows well under temperate climate but 
can also be grown in tropical and sub-tropical climate. 
Strawberry is one of the most delicious, attractive, nutri-
tious and refreshing soft fruits of the world. Strawber-
ries are good source of natural anti-oxidants (Heinonen 
et al., 1998) including carotenoids, vitamins, phenols, 
flavonoids, dietary gluthathione and metabolites and 
exhibit a high level of anti-oxidant capacity against free 
radical species such as superoxide radicals, hydrogen 
peroxide, hydroxy radicals and singlet oxygen (Wang 
and Jiao, 2000). Lower calorific value, absence of cho-

lesterol and higher level of minerals like phosphorus, 
potassium, calcium, iron and especially vitamin C (40-
100 mg100 g-1) (Kumar et al., 2011), vitamin-B, proteins, 
further makes strawberry ideal for health conscious 
consumers. In India, it is mainly grown in Maharashtra 
and in hills of Himachal Pradesh, J&K and Uttarakhand 
(Rana and Chandel, 2003). An average growing tempera-
ture of 15ºC has been reported for most of the strawberry 
cultivars and species; however, it grows well at a tem-
perature range between 20ºC and 26ºC. Strawberry, as 
the name indicates, being delicate in nature requires lit-
ter material for its successful and clean production. The 
fruit of strawberry rests on ground surface and is easily 
attacked by soil borne pathogens which cause rotting 
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of fruit. To prevent this, litter material is used which is 
popularly known as mulch and the practice of its appli-
cation is known as mulching. It reduces evaporation and 
moderates wide fluctuations in diurnal soil temperature, 
especially in the root zone environment. Strawberry cv. 
Tioga yield increased by 68 % and 33 % when plants 
were mulched with clear plastic and pine needles, re-
spectively, over control (Badiyala and Aggrawal, 1981). 
Under Rajasthan condition, strawberry is grown during 
post-monsoon mostly under polyhouse condition and to 
some extent under open condition. Strawberry responds 
well to increase in soil temperature/light reflectance 
produced with the use of mulches (Sonkar et al., 2012). 
Mulches are likely to optimize growing condition and, 
also, input use. Keeping in view of the knowledge gaps 
and the present investigation was carried out to under-
stand the interaction of various mulches with different 
environmental condition on growth, yield and fruit 
quality of strawberry.

MATERIALS AND METHODS
The present studies were carried out in the Protect-

ed Cultivation Unit, College of Horticulture & Forestry, 
Jhalrapatan, Jhalawar (Rajasthan) during the year 2013-
14. The experimental site was situated at 23°4’ to 24 °52’ 
N-Latitude and 75 °29’ to 76 °56’ E-Longitude in South 
Eastern Rajasthan. The average rainfall in the region is 
954.7 mm. Maximum temperature range in the summer 
is 43-48°C and minimum in between 1.0-2.6°C. Raised 
bed planting system at 60 cm x 30 cm spacing was ad-
opted to grow the crop. The experiment comprised treat-
ments as mulch materials, viz., No mulch (M0), Rice husk 
(M1), White polythene (M2) and Black polythene (M3) un-
der different growing environments, viz., Open field (T0), 
Agro shade net (T1), Naturally ventilated polyhouse (T2) 
and Fan pad system greenhouse (T3) with 16 treatments 
(M0T0- No mulch (M0) + Open field (T0) (Control), M0T1 
- No mulch (M0) + Agro shade net (T1), M0T2-No mulch 
(M0) + Naturally ventilated polyhouse (T2), M0T3-No 
mulch (M0) + Fan pad system greenhouse (T3), M1T0-Rice 
husk (M1) + Open field (T0), M1T1- Rice husk (M1) + Agro 
shade net (T1), M1T2- Rice husk (M1) +Naturally ventilat-
ed polyhouse(T2), M1T3 - Rice husk (M1) + Fan pad sys-
tem greenhouse (T3), M2T0-White polythene (M2) + Open 
field (T0), M2T1-White polythene(M2) +Agro shade net 
(T1), M2T2-White polythene (M2) +Naturally ventilated 
polyhouse(T2), M2T3-White polythene (M2) +Fan pad sys-
tem greenhouse (T3), M3T0-Black polythene(M3) + Open 
field (T0), M3T1-Black polythene (M3) + Agro shade net 
(T1), M3T2-Black polythene (M3) + Naturally ventilated 
polyhouse (T2), and M3T3-Black polythene (M3) +Fan pad 
system greenhouse (T3). The planting was done in early 
October 2013. Observations were recorded on growth pa-

rameters (crown height (cm), plant spread (cm), number 
of leaves/plant, plant fresh weight (g), plant dry weight 
(g), total chlorophyll content (mg g-1);production param-
eters (days taken to first flower initiation, days taken to 
initiation of fruit set, days taken to first harvest, num-
ber of fruits/plant, fruit length (mm), fruit width (mm), 
fruit weight (g), fruit yield/plant (g), days taken to final 
harvest and number of pickings) and quality parameters 
(TSS °Brix), titratable acidity (%), TSS/Acid ratio, Vita-
min C (mg 100g-1), anthocyanin content (mg 100g-1) and 
sugar (%) as per the standard procedures. Experiment 
was laid out in Randomized Block Design. Analysis of 
variance for individual character was done on the ba-
sis of mean values as suggested by Panse and Sukhatme 
(1967). 

RESULTS AND DISCUSSION

Plant growth parameters
Data presented in Table 1 revealed that the plant 

growth parameters, viz., crown height, plant spread 
(E-W and N-S), number of leaves per plant, fresh plant 
weight, dry plant weight and total chlorophyll content of 
leaves were significantly influenced by different mulch-
es and growing environments. The treatment M1T2 re-
corded the maximum crown height (29.33cm), whereas, 
the minimum crown height (14.89 cm) was recorded in 
treatment M0T1. The maximum plant E-W spread (51.80 
cm) and N-S spread (49.88 cm) was recorded in plants 
grown in the treatment M3T2, whereas, minimum E-W 
spread (26.05 cm) was observed in treatment M3T1 and 
minimum N-S spread (24.94 cm) was recorded in the 
treatment M0T1. The present findings are in accordance 
with those reported by Pires et al. (2006).These may be 
attributed to favourable environment and better mois-
ture conservation vis-a-vis suppression of weeds which 
might have resulted in better plant growth parameters 
(Qureshi et al., 2012). Further, better plant growth in the 
treatment M1T2 may be due to favourable modification of 
hydrothermal regime and physico-chemical properties 
of soil (Dwivedi et al., 2000; Hira et al., 2003). Similarly, 
Gupta and Acharya (1994) and Mohamed (2002) also re-
corded higher growth of strawberry under black plastic 
mulch. The number of leaves was maximum (97.44) in 
treatment M2T0, while minimum (18.33) in the treatment 
M0T1. 

Strawberry plants grown under M1T2 recorded max-
imum fresh weight (235.00 g) and dry weight (57.28 g) 
in comparison to all other treatments. Plants grown in 
treatment M0T1 had least fresh weight (21.00 g). The min-
imum plant dry weight (5.00 g) was recorded in treat-
ment M0T1. Similar finding was also recorded by Pop et 
al. (2013) on black polythene mulch. Maximum fresh and 
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dry weight of the plant in the treatment M1T2 may be ex-
plained in the light of better growth of the plant under 
its influence. 

The total chlorophyll content was maximum (3.26 mg 
g-1) in plants grown in treatment M2T0 followed by 2.80 
mg g-1 in M3T2. The total chlorophyll content was least 
(1.64 mg g-1) recorded in treatment in M0T3. Similar re-
sult has also been observed by Sheng et al. (2011) in pear. 
The increased chlorophyll content may be attributed to 
differential synthesis and degradation of chlorophyll in 
treatment M2T0. More photo-oxidation of the chlorophyll 
pigment and high activity of enzyme chlorophyllase in 
M0T3 may be ascribed to minimum chlorophyll content. 
The oxidative degradation of chlorophyll has been high-
lighted by Fletcher (1977) and Thiamann (1980). The 
role of chlorophyllase in degrading chlorophyll has also 
been highlighted by Kuroki et al. (1981) and Puroid and 
Barmere (1981). Increased vegetative growth under black 
polythene has been recorded by Garg et al. (2007) and 
Taparauskiene and Miseckaite (2014) in strawberry.

Yield parameters
As data depicted in Table 1 and 2, the treatment 

combination M3T3 resulted earliest initiation of flower-
ing (21.66 days), while, it took 35.89 days in the combi-
nation M1T1. Strawberry plants grown in treatment M3T3 
took the minimum time (26.44 days) for first fruit set, 
while the plants in treatment M1T1 took the maximum 
days (43.44 days) for first fruit set which might be due 
to favourable ambient conditions prevailed in fan pad 
system greenhouse, i.e., 20-30°C. Verheul et al. (2006) re-
ported ambient temperature in the range of 20-26°C as 
critical to influence behaviour of strawberry cultivars.

The minimum days (52.30 days) to first harvest was 
recorded in treatment M1T0 while the plants grown in 
treatment M1T1 took the maximum days (71.89 days) for 
first harvest. Strawberry plants grown in treatment M0T1 
had the minimum (88.33 days) productive period. The 
days taken to final harvest was maximum (139.44 days) 
in plants that were grown in treatment M3T2. Maximum 
number of picking (26.00) was recorded in plants grown 
in treatment M3T2. The minimum number of picking 
(2.66) was recorded in plants grown in treatment M0T1. 
Minimum days taken to first harvest as observed in the 
treatment M1T0 may be associated to increase in soil tem-
perature and the prevention of flower buds from frost 
damage. Dwivedi et al. (2004) has also elucidated the in-
fluence of prevailing climatic conditions in flowering du-
ration in strawberry. Similar reason holds true for maxi-
mum number of pickings in strawberry plants. Further 
prevention of plants from the danger of frost may also 
be linked to the maximum number of days available for 
final harvest and maximum number of pickings. Longer 

bloom duration in greenhouse is known to provide for 
maximum days to final harvest and the number of pick-
ing (Das et al., 2012).

The fruit length in plants grown in treatment M3T0 
was maximum (54.00 mm) than any other obtained in 
this study while the minimum (27.50 mm) was recorded 
in treatment M2T1. The maximum fruit width (42.59 mm) 
was observed in the treatment M3T0. The minimum fruit 
width (22.37 mm) was recorded in the treatment M2T1. 
Such finding in treatment M3T0 may be due to more fa-
vourable modification of soil temperature. In this treat-
ment, the temperature was recorded in the range of 
21-24°C whereas it was in the range of 16-21°C in all 
other treatments in open field over the entire maximum 
productive days, i.e., 18th December, 2013 to 20th March, 
2014. Galletta et al. (1981) narrated the role of soil tem-
perature on the fruit size of strawberry.Maximum av-
erage fresh fruit weight (36.74 g) was observed in the 
treatment M3T0 and the minimum fresh weight (7.10 
g) was recorded in the treatment M2T1. Dry weight of 
fruit was found maximum (2.88 g) in the treatment M3T0 
while minimum (0.51g) was recorded in M1T1 (Table 2). 
Production of larger fruits by mulching with black poly-
thene have also been reported by Mathad and Jholgiker 
(2005) and Kumar et al. (2012).The higher fresh weight 
might be attributed to vigorous growth of plants in black 
polythene mulches. Increase in dry weight might be due 
to the balancing of respiration by photosynthesis as ex-
plained by Salisbury and Ross (1986).

The maximum number of fruits per plant (39.66) was 
recorded in the treatment M3T2 but minimum number of 
fruits (4.66) was recorded in treatment M0T1 which might 
be attributed to more number of flowers produced by 
vigorous plants. Maximum fruit yield per plant (579.89 
g) was recorded in treatment M3T0 while least (29.22 g) 
in M0T1. This finding was corroborated with finding of 
Singh and Ahmed (2008) and Kher et al. (2010). Higher 
yield per plant may be accounted by better plant growth 
owing to favourable hydrothermal regime of soil and 
complete weed free environment as provided in black 
polythene mulch. Sharma and Khokhar (2006) explained 
that black polythene mulch increases the availability of 
nutrients and keeps the plots free from weeds thus re-
sulting into higher crop load. Rise in soil temperature 
and better plant growth in M3T0 may also be linked to 
maximum fruit yield in this treatment. Favourable and 
integrated effect of moderation in hydrothermal regime 
that possibly enhanced the root growth for better uptake 
of water and nutrients might led to better yield Munguia 
et al. (1998).

Quality parameters
Data pertaining to various quality parameters, viz., 
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TSS (°B), titratable acidity (%), TSS/Acid ratio, total sug-
ars (%), reducing sugars (%), vitamic C (mg100g-1), and 
anthocyanin content (mg100 g-1) are presented in Table 
3. The results obtained in various treatments differ from 
each other. The maximum TSS (7.30 °B) was observed in 
M3T0. The minimum TSS (6.00°B) was recorded in M0T1. 
The cause of increase in TSS in this treatment may be 
viewed in the fact that this environment increases the 
soil temperature and offers favourable conditions for 
nutrients, metabolite mobilization and energy, which 
ultimately favours increase in TSS.

The maximum titratable acidity (1.90 %) was ob-
served in M3T3, while, minimum (1.45 %) was recorded 
in M3T2. Maximum TSS/acid ratio (4.97) was observed 
in treatment M3T2: Black polythene+Naturally venti-
lated polyhouse. The minimum TSS/acid ratio (3.49) 
was recorded in M3T3. These results are in conformity 
with the findings of Mathad and Jholgiker (2005) and 
Singh et al. (2007). These findings may be explained in 
relation to higher moisture conservation and maximum 
nutrient uptake in the treatment M3T2. Fruit harvested 
from plants mulched with black polythene had higher 
TSS and lower acidity than those harvested from plants 
mulched either with white polythene mulch or paddy 
straw mulch as highlighted by Hassan et al. (2000) and 
Sharma et al. (2004).

The maximum total sugar (5.15 %) and reducing 
sugar (4.01 %) was recorded in fruits grown in treatment 
M3T0, whereas, the minimum total sugars content (2.10 
%) was found in fruits grown in the treatment M0T2. The 
minimum reducing sugar (1.51 %) was recorded in treat-
ment combination M0T2. This type of finding may be due 
to favourable activity of enzyme saccharose phosphate 
synthase in the treatment M3T0. Hubbard et al. (1991) has 
cited the role of sugar accumulation dependent to the 
enzyme saccharose phosphate synthase. Better sugar 
content in the treatment M3T0 may be due to the better 
influence of M3T0 over the enzyme such as invertase, 
pyrophosphate dependent phosphofructokinase (PEP) 
and fructose-1, 6-biphosphatase (FBPase) (Basson et al., 
2010).

Maximum vitamin C (52.54 mg 100 g-1) was recorded 
in M3T0 while the minimum value (39.20 mg 100 g-1) was 
recorded in M1T0. Ascorbic acid content of fruits is al-
tered by environmental factors, time of harvesting, plant 
vigour and age of plant etc. High ascorbic acid in M3T0 
may be due to alteration in micro environment and bet-
ter utilization of nutrients which causes favourable ef-
fect on plant growth and development (Reiss et al. (2004). 
Further, more light exposure and greater accumulation 
of photosynthates might have contributed to an increase 
in vitamin C content in berry (Sonkar et al., 2012) in the 
treatment M3T0.

The maximum anthocyanin content (45.51 mg 100 
g-1) was observed in M3T2 while its minimum value 
(28.75 mg 100 g-1) was recorded in M0T3. Anthocyanin 
accumulation in the ripening fruits depends on phenyla-
lanine ammonia lyase (PAL) and UDP (Uridinediphos-
phate glucose: flavonoid 3-Otransferase) regulatory 
enzyme activities (Given et al., 1988; Cheng and Breen, 
1991). More anthocyanin content in M3T2 may be due to 
better influence environment on activities of regulatory 
enzymes.
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ABSTRACT
Bio inoculants have a synergistic effect on plant growth. Plant bioregulators and chemical treatment applica-

tion for germination and seedling growth of papaya (carica papaya L.) cv. Pusa Nanha was evaluated in the pres-
ent study.The maximum percentage of germination was obtained in seed treated with KNO3+soaked in water + 
incubated in Farm Yard Manure (FYM)followed by T3 (Untreated + Soaked in water + incubated in FYM) and T12 
(Treated Na2S2O3.5H2O for 24 h + incubated in FYM for 24 h). The maximum speed of germination or coefficient 
of velocity was obtained from T3 (Untreated + Soaked in water + incubated in FYM). Results indicate a promoter 
role of incubation of seed with bio inoculants, viz., potassium nitrate (KNO3) and FYM for seed germination in 
papaya.

KEY WORDS: Plant bioregulators, germination, papaya (carica papaya L.), FYM

Papaya (Carica papaya L.) is one of the important fruit 
of tropical and subtropical regions of the world belong-
ing to the family Caricaceae. Chemical growth inhibitors 
within papaya seeds are partly responsible for the poor 
and slow germination often experienced when estab-
lishing papaya seedlings (Melvin et al., 2004).The signifi-
cant roles of chemical treatment in relation to breaking 
dormancy, seed germination, growth and development 
of plants have been observed. Sodium thiosulphate 
(Na2S2O3.5H2O) has been reported to record the highest 
seed germination followed by KNO3, Thiourea and GA3 
(Kadam et al., 1992). The significant role of plant growth 
regulators in relation to seed generation, growth and de-
velopment of plants, flowering and fruiting, yield and 
quality of fruit have been worked out in a number of 
crops (Chaeko and Singh, 1966, 1968; Shanmugavelu, 
1970, 1985). However, keeping the above fact in mind, a 
study on the role of these plant regulators and chemical 
treatments in addition to incubation with FYM on has-
tening the germination of papaya seeds was designed.

MATERIALS AND METHODS
The present investigation entitled ‘Effect of plant 

bioregulator and chemical treatment on germination of 

papaya (Carica papaya L.) cv. PusaNanha’ was conducted 
at a progressive farmer’s field at Katra, Bakkas, Lucknow 
and the Horticulture Research Laboratory of Department 
of Applied Plant Science (Horticulture) BabasahebBhim-
raoAmbedkar University, Vidya-Vihar, Rae Bareli Road, 
Lucknow (U. P.) during the summer season of 2011. 
Seed of papaya cv. Push Nanha were procured from 
IARI, New Delhi (India). The trial has been laid out in 
Completely Randomized Design (CRD) with following 
treatment combinations, replicated thrice:T1 (Untreated 
+ Unsoaked), T2 (Untreated + Soaked in water for 24h),T3 
(Untreated + Soaked in water + Embedded in FYM), T4 
(Treated GA3 for 24 h), T5 (Treated GA3 + Embedded in 
FYM), T6 (Treated GA3 + soaked in water + Embedded 
in FYM),T7 (Treated KNO3 for 30 min), T8 (Treated KNO3 
+ Soaked in water), T9 (Treated KNO3 + Soaked in water 
+ Embedded in FYM),T10 (Treated with hot water 70oC 
for 15 sec and soaked and soaked for +  Embedded in 
FYM for 24 h), T11 (Treated Na2S2O3.5H2O for 24 h) and 
T12 (Treated Na2S2O3.5H2O for 24 h + Embedded in FYM 
for 24 h).

Seeds were treated with incubation in FYM24 h gib-
berellic acid (200ppm), potassium nitrate (10%), sodium 
thiosulphate (2%), Normal distilled water and hot water 
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treatment (70oC for 15 min). All the treated seeds were 
sown in seed germinating protrays containing vermicu-
lite in the evening hours of 5th March 2011. Observations 
were recorded in present investigation for days taken to 
germination, number of seeds germinated, percentage of 
seed germination and coefficient of velocity of germina-
tion.

RESULTS AND DISCUSSION
Germination of papaya seed began 18 days after 

sowing in those seeds which were either treated with 
some chemicals or those which were incubated in FYM. 
Thus, there was a significant effect of these treatments 
over control where germination was recorded after 23 
days of sowing (Table-1). Seed germination was record-
ed at interval of 5 days. A wide variation was observed 
in seed germination in different treatments. Variation 
in days taken to germination of papaya was observed 
in present study and was significantly affected by the 
various treatments. Treatment T3 (Untreated + Soaked 
in water for 24 h + Embedded in FYM for 24 h) and T7 

(Treated KNO3 for 30 min) showed the maximum num-
ber of seeds germinated (6 seeds) followed by 5 seed of 
T5 (Treated GA3 + Embedded in FYM), 4 seed of T9,3 seed 
in T4 (Treated GA3 for 24 h) as well as T10, 2 seed of T6, 2 
seed of T8 and 2 seed of T12 (Table 1). It has been recorded 
that it took 18 days for the first germination of papaya 
seeds and there was no increase in the number of seeds 
germinated 40 days after sowing.  Treatment T9 (Treated 
KNO3 + Soaked in water + Embedded in FYM), had the 
maximum number of germinated seeds (80 %) at 40 days 
while lowest was observed in treatment T2 (%) (Table1). 
Earlier reports are available that field germination of pa-
paya seeds can be greatly improved by soaking them be-
fore planting in an aqueous solution of potassium nitrate 
(KNO3). Germination percentage of both fresh and dried 
seeds can be increased with this method. The time to 
germination after the soaking treatment is reduced, and 
maximum germination is achieved sooner than when 
untreated seeds are planted (Melvin et al., 2004). The 
higher seedling emergence percent after treatment with 
KNO3 is consistent with previous reports (Nagao and 
Furutani, 1986; Furutani and Nagao, 1987). It is reported 

Table 1: Effect of plant bioregulators, chemical and hot water treatment on seed germination of papaya 
(carica papaya L.) cv. Pusa Nanha

Treatments Number of seed germinated after sowing 
(days)

Total 
seed ger-
minated

Percent 
seed  ger-
mination

coeffi-
cient of 
velocity18 23 28 33 38 43 48 53 

Untreated + Unsoaked(T1) - 7 10 10 12 13 15 19 19 63.33 2.83
Untreated + Soaked in water for 24h 
(T2)

- - 3 6 7 9 13 17 17 56.67 2.33

Untreated + Soaked in water + Em-
bedded in FYM (T3)

6 11 13 15 15 16 18 23 23 76.67 3.24

Treated GA3 for 24 hours (T4) 3 6 11 14 16 17 19 22 22 73.33 2.99
Treated GA3 + Embedded in FYM (T5) 5 6 8 9 9 10 13 19 19 63.33 2.94
Treated GA3 + soaked in water + 
Embedded in FYM (T6)

2 6 8 11 11 13 16 20 20 66.67 2.76

Treated KNO3 for 30 min (T7) 6 8 13 13 15 15 17 21 21 70.00 3.10
Treated KNO3 + Soaked in water (T8) 2 5 11 14 15 16 18 22 22 73.33 2.89
Treated KNO3 + Soaked in water + 
Embedded in FYM (T9)

4 8 12 15 18 18 20 24 24 80.00 3.01

Treated with hot water 70oC for 15 
seconds and soaked and soaked for 
+  Embedded in FYM for 24 h (T10)

3 6 7 10 10 11 13 18 18 60.00 2.75

Treated Na2S2O3.5H2O for 24 h(T11) - - 4 8 10 14 19 22 22 73.33 2.48
Treated Na2S2O3.5H2O for 24 h + 
Embedded in FYM for 24 h(T12)

2 6 11 14 16 17 18 23 23 76.67 2.88

SE(d) 0.58 0.75 0.82 0.82 0.82 0.82 0.82 0.82 0.82 1.81 0.16
CD at 5% 1.19 1.54 1.69 1.69 1.69 1.69 1.69 1.69 1.69 3.74 0.34
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that soaking seed in KNO3 overcomes an inhibition as-
sociated with fresh papaya seeds,which also suggests 
that papaya seeds undergo after ripening (Furutani et al., 
1993).Treatments T3 (Untreated + Soaked in water + Em-
bedded in FYM) and T12 (Treated Na2S2O3.5H2O for 24 h 
+ Embedded in FYM for 24 h) showed 76.67 % germina-
tion. Various reports in horticultural crops indicated that 
bio-inoculants either individually or in combination had 
synergistic effect on plant growth (Pathak et al., 2013). In 
T3 incubation of papaya seeds in FYM has enhanced the 
germination significantly over control as also in other 
treatments where seeds have been treated with KNO3, 
GA3 and Na2S2O3.5H2Oin combination with incubation 
of seed in FYM (Table 1). Cabilovski et al. (2008) have 
reported that total amount of nitrogen is made available 
through different organic manures. FYM is reported to 
provide a high N (148 kg/ha) as compared to other ma-
nures like Guana (60 kg ha-1), Soybean seed (106 kg ha-1) 
and forage pea seed (119 kg ha-1) etc. Simultaneously it is 
also reported that by increasing N application from 150 
to 450 mg L-1 N increased seed germination regardless 
of drying method. In Okra, seed germination increased 
with increasing level of fertilizer from 150 mg L-1 N to 450 
mg L-1 N. FYM nitrogen mineralization and N increased 
with KNO3 (Mohammadi et al., 2013).  Thus, it is possi-
ble that incubation in FYM results in higher germination 
percent perhaps due to the higher N applied through 
FYM application.

On the basis of results achieved in the present study, 
may be concluded that the maximum percentage of ger-
mination was obtained from T9 (Treated KNO3+ Soaked 
in water + Embedded in FYM) followed by T3 and T12. 
The maximum speed of germination or coefficient of 
velocity was obtained from T3 (Untreated + Soaked in 
water + Embedded in FYM).  
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ABSTRACT
The correlation coefficient (r) of 41 growth, fruiting and fruit quality characters of Ber was estimated using 24 

cultivars. The correlation coefficient indicated that tree height was positively correlated with trunk girth, tree vol-
ume, cross trunk sectional area, number of shoots per tree, leaf length: breadth ratio and number of fruits per kg. 
The photosynthetic efficiency had positive but non-significant correlation with yield. Positive and significant cor-
relation of fruit weight was found with fruit volume, stone length, stone breadth and stone weight. TSS showed 
negative and non-significant correlation with TSS: acid ratio and ascorbic acid content but it showed positive and 
non-significant correlation with acidity. The TSS:acid ratio gave positive and significant correlation with ascorbic 
acid content of fruit flesh. 

KEY WORDS: Ber, correlation coefficient, cultivars, growth, fruiting, fruit characters 

Ber is an important fruit of India and is cultivated 
widely for its resistance to drought conditions. Varia-
tions in growth, yield and fruit quality characters of Ber 
cultivars have been reported by many workers (Chadha 
et al., 1972; Randhawa and Biswas, 1966 and Teaotia et 
al., 1974). A number of cultivars have been developed 
through seedling selection and superior cultivars have 
been screened out for various regions but meagre efforts 
have been made so far to study the correlation between 
growth, fruiting and fruit characters in Ber for the ratio-
nal improvement of yield and fruit quality. Therefore, a 
study was undertaken to correlate the various growth, 
fruiting and fruit characters of Ber cultivars under Tarai 
condition of Uttarakhand.

MATERIALS AND METHODS
The study was undertaken at the Horticultural Re-

search Centre, Patharchatta of G.B. Pant University of 
Agriculture and Technology Pantangar. Twenty four Ber 
cultivars,  i.e., Banarasi Pewandi, Chhuhara, Chinese, 
Dandan, Illaichi, Kala Gola, Kaithli, Narikeli, Nazuk, 
Noki, Rohtak Gola, Sanaur 1, Sanaur 2, Sanaur 3, Sanaur 
4, Sanaur 5, Sanaur 6, Selected Safeda, Seo, Thornless, 
Umran, Wallaiti, ZG 2 and ZG 3 were replicated twice 
in Randomized Block Design having a single tree per 

treatment per replication. Fifty uniform mature fruits 
from each tree were used for recording of various obser-
vations. The characters observed were tree height, tree 
spread, trunk girth, tree volume, cross trunk sectional 
area (CTSA), shoot length, number of leaves/shoot, 
number of shoots/tree, weight of fresh leaf, weight of 
dry leaf, leaf length, leaf breadth, leaf length : breadth 
ratio, leaf area, petiole length, photosynthetic efficiency, 
number of fruits/shoot, number of fruits/tree, yield/
tree, yield efficiency [number of fruits/m3, volume of 
tree, weight of fruits (kg)/cm2], number of fruits per kg, 
fruit length, fruit breadth, fruit length : breadth ratio, fruit 
weight, fruit volume, fruit specific gravity, stone length, 
stone breadth, stone length : breadth ratio, stone weight, 
stone volume, stone specific gravity, flesh content, stone 
content, flesh : stone ratio, TSS, acidity, TSS : acid ratio 
and ascorbic acid. The cross trunk sectional area (CTSA) 
for tree was calculated as per method of Glenn and Rog-
ers (1969) while the tree volume was worked out as per 
method of Westwood et al. (1963). Leaf area was mea-
sured with the help of LI-COR portable leaf area meter. 
Photosynthetic efficiency was estimated as per method 
of Westwood (1978). The yield was recorded by weigh-
ing the fruits at the time of each picking. Yield efficiency 
was measured in terms of weight of fruits (kg)/cm2 and 
number of fruits/m volume of area. The other physi-
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cal characters were determined by standard methods. 
The TSS was estimated by hand refractometer while the 
acidity and ascorbic acid of the fruit were determined by 
titration method (A.O.A.C., 1975).

RESULTS AND DISCUSSION
It is clear from the data on correlation (Table 1) that 

tree height had positive correlation with trunk girth, tree 
volume, cross trunk sectional area, number of shoots per 
tree, leaf length: breadth ratio and number of fruits per 
kg while the trunk girth had positive and significant 
correlation with tree volume, cross trunk sectional area, 
number of shoots per tree, fresh weight of leaf and leaf 
area. The cross trunk sectional area had positive and sig-
nificant correlation with number of shoots per tree, fresh 
weight of leaf and leaf area. The tree spread, trunk girth 
and tree volume had negative and non-significant cor-
relation with yield in terms of weight of fruits per tree. 
On the other hand, Oppenheimer (1960) observed a sig-
nificant relationship between the tree size and yield of 
Haden and Pairee varieties of mango. This variation in 
results may be due to the variation in cultivars for their 
bearing habit, sexual compatibility, fruit set, fruit drop, 
disease and pest resistance. 

The photosynthetic efficiency had positive but non-
significant correlation with yield. Similarly, Kobaliya 
and Sichinava (1987) reported association between pho-
tosynthetic potential and rate of photosynthesis with 
yield in Unshu manadarin seedling. Yield per tree had 
positive and significant correlation with yield efficien-
cy (kg/cm2), number of fruits/m3 volume of tree, fruit 
breadth, fruit weight, fruit volume and TSS: acid ratio. 
The above results are in close proximity with the find-
ings of Singh (1983) who reported that fruit yield in lem-
on had positive but non-significant correlation with pho-
tosynthetic rate. Positive and significant correlation of 
fruit weight was found with fruit volume, stone length, 
stone breadth, stone weight and stone specific gravity. 
Similarly Chakrawar and Solanke (1981) have reported 
the positive and significant relationship between fruit 
weight and size. The percentage of flesh was positively 
and significantly correlated with flesh: stone ratio, TSS : 
acid ratio and ascorbic acid content but it showed nega-
tive and significant correlation with stone content and 
acidity. Chakrawar and Solanke (1981) also reported the 
positive and significant correlation of flesh content with 
vitamin C which conform the present findings. Total sol-
uble solids showed negative and non-significant correla-

tion with TSS: acid ratio and ascorbic acid content but 
it showed positive and non-significant correlation with 
acidity. The acidity showed negative and significant cor-
relation with TSS: acid ratio and ascorbic acid content 
while the TSS: acid ratio gave positive and significant 
correlation with ascorbic acid content of fruit flesh. 
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ABSTRACT
Systematic field screening was conducted in four important papaya germplasm lines to observe the severity 

of bumpy fruit incidence. The study revealed that Pune Selection-3 (64.6 %) was most sensitive for bumpy fruit 
disorder. The lowest market acceptability and highest economic losses were also observed in Pune Selection-3 
(Rs. 3.3 per kg and 11, 21,580 per ha, respectively) due to highest incidence of bumpy fruit disorder as compared to 
other germplasm lines. Morphologically, the normal, disordered fruits or seeds are entirely different. The highest 
amount of deformed seeds/fruit (83.6 %) and economic loss (Rs. 84,400 per ha) under fruit production for market 
were noticed during the month of February, while the lowest deformed seeds/fruit (2.7 %) were observed during 
December. Average deformed seeds/fruit were significantly higher in February harvested fruits as compared to 
other month’s harvested fruits. This is a first report for the incidences of vivipary and white seed disorders. The 
highest incidences of these seed disorders were observed during May (13.4 % and 75.7 %, respectively), whereas 
their lowest incidence was observed in February and March (10 % and 5 %, respectively). The highest economic 
loss (Rs. 53,600 per ha) was observed in April, whereas the lowest while least during February (Rs. 16,800 per ha) 
in autumn sown crop of Pusa Dwarf under seed production.

KEY WORDS: Bumpy fruit, deformed seed, vivipary, disorder, temperature, papaya

Papaya is one of the most popular fruits of India ow-
ing to its excellent taste, attractive colour, flavour and 
medicinal properties. Under agroclimatic conditions of 
North Bihar, the autumn sown crops are best suited for 
seed production (Ram and Ray, 1992; Singh et al., 2010).
Quality production, market value and export of papaya 
fruits suffer from several limiting factors including the 
physiological disorders. Among different nutrients, de-
ficiency of boron, zinc and sulphur plays major role in 
declining the quality as well as yield potential in papaya. 
Deficiency of these nutrients and environmental stress 
cause severe physiological disorders such as bumpy 
fruit which may lead to deformed/discolored seed. 
Bumpy fruit, deformed/discolored and vivipary seed 
(Saha, 2007) have been identified as new physiologi-
cal disorders of papaya. Deformity first starts in young 
fruits, but symptoms become more severe on fruits close 
to physiological ripening or in older age. The bumpi-
ness begins in areas placed on the fruit epidermis and 
is due to boron deficiency, eventually leading to seizure 

of the fruit growth (Chen and Raveendranathan, 1984). 
The deficiency of boron is also associated with the fruit 
deformity disorder (Wang and Ko, 1975). High incidence 
before maturity has also been a serious concern in papa-
ya production. Keeping above facts in mind, the present 
study was conducted on the varietal screening against 
bumpiness, economic losses in fruit, seed production 
and market acceptability of the affected fruits. Econom-
ics of bumpy fruit, deformed/discolored seed, vivipary 
and white seed (disturbed sarcotesta) was worked out. 
The different disorders were characterized to know the 
cause and relationship with temperature.

MATERIALS AND METHODS
The investigations were carried out at Indian Agri-

cultural Research Institute Regional Station, Pusa, Sa-
mastipur, Bihar, India (elev. 52 m; lat. 25.980N and long. 
85.670E). The details of different experiments conducted 
are given below:
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Field screening of papaya germplasm
Field screening of different papaya germplasm lines 

was carried out during 2011-12 and 2012-13 for differ-
ent physiological disorders, i.e., bumpy fruit in papaya 
orchard of IARI, R.S., Pusa. The plants selected were of 
uniform age (autumn crop) in the orchard. Blocks of ten 
plants of each germplasm line were randomly chosen in 
the orchard for recording observations on bumpy fruit at 
fruit maturity. Each tree represented a replication. Four 
germplasm lines, viz., Pune Selection-3, Pusa Dwarf, Pusa 
Nanha and Pusa Selection Red were studied for bumpy 
fruit incidence. Each tree of different selected germplasm 
was observed carefully and numbers of damaged fruits 
were recorded at weekly intervals. The values of differ-
ent observations from these trees were averaged to get 
the mean value. The observations on fruit yield were re-
corded to compare the yield of affected and non-affected 
trees of each germplasm line in selected orchard of uni-
form age (first crop). The yield of ten normal plants was 
recorded for estimating average fruit yield (kg/tree). 
The bumpy fruit severity was calculated by the formula 
as given below:
 Disease category scale x No. of plants +
 Disease category scale x No. of plants
Disease severity (%) = ------------------------------------------------------- X 100
 Higher category scale x Total no. of plants

Studies on incidence and economic losses due to 
disorders

A survey was carried out during the year 2011-12 and 
2012-13 in four local markets, and ten sellers of district 
Samastipur, i.e., from Pusa Road, Pusa Line, Mahmeda 
Bus Stand and Saidpur Huts were selected to collect the 
rate of fruits per kilogram of normal and bumpy fruits 
to work out the market acceptability. The rates of bumpy 
and normal fruits of papaya were collected from the fruit 
sellers. The economic loss was calculated by working out 
the difference between gross return from normal and 
bumpy fruits per hectare. The economic loss was esti-
mated by multiplying the yield per unit area of the nor-
mal and diseased (bumpy) plants with the market rate 
of these fruits and then subtraction. The data presented 
are the pooled mean of two years. The statistical analy-
sis of the data was carried out using standard statistical 
procedures.

The fruits of papaya cultivar, ‘Pusa Dwarf’ were 
observed for vivipary and seed colour during fruit har-
vesting and seed extraction. The data were also recorded 
on the total number of seeds/fruit, number of normal 
seeds/fruit, number of deformed seeds/fruit, white 
seeds/fruit, viviparous seeds/fruit, deformed seeds (%) 
and economic losses (Rs. per hectare) in seed production 

of Pusa Dwarf during seed crop harvesting (December-
May) due to deformed seed disorder in autumn crop. 
Each fruit was cut into two equal halves for observing 
the incidence. The deformed/discolored seeds were 
recorded by counting the seeds in different categories. 
An economic loss was estimated by calculating the seed 
yield per unit area in kilograms. Loss was estimated by 
observing seed harvest (normal and deformed per cent) 
in particular months and multiplied by the sale price (@ 
Rs. 40,000 per kg seed).

Relationship between average monthly temperature, 
time of fruit harvest and seed disorder, viz., bumpy and 
viviparous seeds from December to May was calculated. 
The average monthly temperature was recorded in the 
observatory at IARI RS, Pusa during 2012-13. 

RESULTS AND DISCUSSION

Morphology and field screening of papaya germ-
plasm

The morphology of bumpy fruits has been recorded 
and shown in Pune Selection-3 and Pusa Dwarf germ-
plasm of papaya. The symptoms of deformity and se-
verity at physiological maturity stage of fruits were ob-
served (Fig. 1). Similarly, the bumpy surface on the fruit 
epidermis at fruit maturity stage has also been reported 
by Chen and Raveendranathan (1984). 

The field screening results, acceptability and eco-
nomic analysis divulged that among the selected germ-
plasm lines, the highest severity of bumpy fruits (64.6 
%), yield (62 kg per plant), lowest market acceptability 
(Rs 3.3 per kg) and highest economic loss (Rs.11,21,580 
per ha) were significantly higher in Pune Selection-3 and 
the lowest severity of bumpy fruits (4.2 %) and highest 
market acceptability in abnormal fruits (Rs. 8.1 per kg) 
were observed in Pusa Selection Red, whereas the lowest 
fruit yield (34 kg per plant) and economic loss (Rs.13,770 
per ha) were observed in Pusa Nanha (Table 1). Among 
all the germplasm lines, Pune Selection-3 was most sus-
ceptible to bumpiness. Screening of different papaya va-
rieties has also been carried out for expression of boron 
deficiency symptoms (Wang and Ko, 1975; Chen and 
Raveendranathan, 1984). Ram and Ray (1992) have re-
ported fruit yield in different papaya cultivars under di-
verse agro-climatic conditions of North Bihar in autumn 
sown crop. 

Studies on incidence and economic losses due to 
disorders

Significant incidence and economic loss due to de-
formed seed disorder in autumn crop of papaya cv. Pusa 
Dwarf was observed. The highest amount of deformed 
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seeds/fruit (83.6 %) and economic loss (Rs. 84,400 per 

Table 1: Field screening of different papaya ger-
mplasm lines against fruit bumpiness disorder, 
market acceptability and economic loss

Germ-
plasm 

line

Bumpy 
fruit 
(%)

Fruit 
yield/ 
plant 
(kg)

Market accept-
ability (Rs. per kg)

Economic 
loss (Rs. per 

ha)Normal Abnor-
mal

Pusa 
Dwarf

25.0 41.0 08.3 05.1 3,54,240.00

Pune 
Selec-
tion-3

64.6 62.0 10.0 03.3 1,121,580.00

Pusa 
Nanha

05.5 34.0 08.1 07.9 13,770.00

Pusa 
Selec-
tion 
Red

04.2 57.8 08.7 08.1 93,660.00

C.D. 
(P=0.05)

02.0 08.4 01.6 01.3 8,988.00

Fig. 1: Bumpiness in different papaya cultivars [A] 
Pusa Dwarf and [B] Pune Selection-3

Fig. 2: Deformed and normal seeds in papaya cv, 
Pussa Dwarf

Fig. 3: Normal, white and viviparous seeds in pa-
paya cv, Pusa Dwarf 

Fig. 4: The incidence and economic loss due to 
deformed seed disorder in autumn crop of papaya 
cv, Pusa Dwarf (* Sale price of TL seeds: Rs. 40,000 
per kg)

Fig. 5: Relationship between average maximum 
temperature and seed disorders 
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Fig. 6: Economic loss due to vivipary and white 
(disturb sarcotesta) seeds disorder in autumn crop 
of papaya cv., Pusa Dwarf
ha) was noticed during month of February, while low-
est deformed seeds/fruit (2.7 %) were observed during 
month of December. The lowest economic loss (Rs. 5,200 
per ha) was noticed in the month of April (Fig. 4). The 
economics of seed production and seed yield was re-
ported in Pusa Dwarf (Ram and Majumder, 1990) under 
fringes of NEPZ. The high incidence of deformed seeds 
in Pusa Dwarf may be due to lower temperature dur-
ing seed maturation period in autumn sown crop. The 
bumpy fruit may also aggravate the incidence of seed 
deformity in Pune Selection-3 and Pusa Dwarf. The seed 
colour and deformity increased during winter in Pusa 
Dwarf (Fig. 2 and 4).

The morphology of normal, viviparous and white 
seeds of Pusa Dwarf was also studied (Fig. 3). The natu-
ral occurrence of precocious germination has also been 
reported in papaya (Balakrishnan et al., 1986). Vivipa-
rous and white seed is a serious economic problem in 
Pusa Dwarf and the severity of damage varies with the 
month of harvesting/ maturity. Pusa Dwarf fruits were 
affected by both vivipary and white seed (disturbed sar-
cotesta) disorders; the highest incidence was observed 
during May (13.4 % and 75.7 %, respectively), followed 
by during April (8.1 % and 66.3 %, respectively), where-
as the lowest incidence was observed in February and 
March (10 % and 5 %, respectively) in both the seed dis-
orders. The higher incidence of seed disorders during 

May harvested fruits induced and aggravated due to 
high temperature during seed maturation period (Fig. 
5). The highest economic loss (Rs. 53,600 per ha) was ob-
served in April, whereas the lowest during February (Rs. 
16,800 per ha) in autumn sown crop of Pusa Dwarf (Fig. 
6). The cost and returns of Pusa Dwarf seed production 
under NEPZ have been earlier reported by Ram and Ma-
jumder (1990).  
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ABSTRACT
China aster (callistephus chinensis L. Nees), belonging to family Asteraceae is an important ornamental an-

nual known for its uses as cut flower, loose flower, pot plant and bedding purposes. It bear flowers in the array of 
colours including white, pink, rose red, magenta, lavender, purple, violet to their innumerable variations. Aster 
is being grown in different parts of the country in different times of the year. In the present study, the effect of 
GA3 levels (0, 100, 150 and 200) and date of planting (March, April and June) was studied on growth, flowering 
and seed yield of three cultivars of China Aster, viz., Kamini, Shashank and Violet Cushion. GA3 was applied as 
foliar spray treatment twice in the growing season, i.e., 40 and 55 days after transplanting and the crop was raised 
in the mid hill zone of Himachal Pradesh. Plant height was recorded maximum in cv. Kamini (82.10 cm) as com-
pared to other cultivars. Further, maximum plant height (95.17 cm) was recorded when the plants of cv. Kamini 
were planted in the month of June and sprayed with GA3 200ppm. Different levels of growth regulators does not 
seem to affect the size of flowers in different cultivars. It was, however, observed that maximum flower size was 
found in cv. Kamini (6.52 cm) when plants were sprayed with GA3 200 ppm and raised in the month of June. April 
planting combined with the application of GA3 200 ppm resulted in maximum flower yield in cv. Kamini (37.93 
flowers/plant and 331.60 flowers/m2) as compared to other cultivars under study. As far as seed yield is concerned, 
it was maximum for cv. Kamini (2.80g/plant and 25.23g/m2) when transplanting was done in the month of June and 
plants were sprayed with GA3 200 ppm. 

KEY WORDS: China Aster, Kamini, Shashank and Violet Cushion, GA3, planting dates

China Aster [Callistephus chinensis (L.) Nees.] is 
known for its uses as cut flower, loose flower, pot plant 
and bedding purposes. Belonging to family Asteraceae, 
it bear flowers in a wide array of colours including white, 
pink, rose red, magenta, lavender, purple, violet to their 
innumerable variations. It is a crop of choice because of 
easy cultural practices and high flower yield. Aster is 
being grown in different parts of the country in differ-
ent times of the year. The present study was conducted 
with the objective to standardize the time of planting for 
mid-hill conditions of Himachal Pradesh and to study 
the effect of application of gibberellic acid on growth and 
productivity of the crop.

MATERIALS AND METHODS
The present experiment was conducted in the De-

partment of Floriculture and Landscaping, Dr. Y.S. Par-

mar University of Horticulture and Forestry, Nauni, 
Solan.  Three cultivars of China Aster, namely, Kamini, 
Shashank and Violet Cushion were selected for the stud-
ies. Seeds were sown in well prepared raised nursery 
beds. The seedling at 6 leaf stage was transplanted at 
three planting dates i.e. 15th March, 20th April and 20th 
June. The planting was done on raised beds at a spac-
ing of 30x30 cm accommodating 9plants/m2  .The plants 
were sprayed (up to droplet formation) with Gibberel-
lic acid at concentrations 0 ppm (control), 100 ppm, 150 
ppm and 200 ppm. Spray treatment was applied twice, 
i.e., 40 days and 55 days after transplanting. Cultural 
operations like pinching, staking, fertilization, weeding 
and hoeing etc. were followed as per standard cultural 
practices. There were three replications with 9 plants per 
replication. Data on different growth, flowering and seed 
yield parameters were recorded and subjected to analy-
sis of variance using Factorial Randomozed Block De-

DOI : 10.5958/2249-5258.2015.00047.0



Progressive Horticulture, 47 (2) 261

sign with three levels each of cultivars and planting dates 
and four levels of growth regulator (GA3) application. 

RESULTS AND DISCUSSION
The data on plant height is presented in (Table 1 a, 

b). A perusal of data in Table 1a shows that maximum 
plant height was recorded in cv. Kamini (82.10 cm) and 
minimum in Violet Cushion (63.59 cm). The plants of dif-
ferent cultivars of China Aster planted in June resulted 
in maximum plant height (73.70 cm), whereas minimum 
was recorded in April planting (70.05 cm). Among the 
different growth regulator treatments, spraying the 
plants with GA3 200 ppm resulted in maximum plant 
height (82.41 cm). On the other hand, minimum plant 
height (62.44 cm) was recorded in control (Table 1a).

The interaction effect of cultivars, planting dates and 
GA3 is depicted in Table 1b. Data shows that maximum 
plant height (95.17 cm) was found in cv. Kamini when 
planting was done in D3 (20th June) and plants were 
sprayed with gibberellic acid at 200 ppm. As regards 
the effect of planting dates and gibberellic acid con-
centrations, a similar trend was observed for cultivars 
Shashank and Violet Cushion also where the same treat-
ment resulted in maximum plant height is 83.59 cm and 
74.29 cm, respectively. It was observed that pant height 
increased significantly with increasing concentration of 
GA3 which could be attributed to the promoting effect 
of gibberellic acid on cell division and cell enlargement. 
Similar results of Increase in plant height as a result of 
application of GA3 has also been reported by Syamulet al. 
(1990) and Prabhat Kumar (2003) in China Aster. An in-
crease in plant height with GA application has also been 
reported by Girwani et al. (1990) in African marigold cv. 
African Giant. 

Data presented in Table 2a shows that date of plant-
ing significantly affect the flower size, whereas the 
growth regulator shows non-significant results. Flower 
size, i.e., diameter of the flower was recorded maximum 
in cultivar Kamini (5.71 cm) followed by Shashank (4.93 
cm) and Violet Cushion (4.74 cm). Among the planting 
dates, maximum flower size (5.36 cm) was recorded in 
the crop raised in the month of June, whereas it was re-
corded minimum in March planted crop.Interaction be-
tween planting dates and GA3 levels reveals that flowers 
of maximum size (5.53 cm) were obtained when plants 
were planted in the month of June and sprayed with ei-
ther GA3 100 or 200 ppm. It was also observed that June 
planting resulted in maximum flower diameter in cv. 
Kamini (6.09 cm).

The data on three way interaction (Table 2b) shows 
that flower size was maximum in cultivar Kamini 
(6.52 cm) when planting was done in the month of 

June, and plant were sprayed with GA3 (100 ppm). 
It was however found to be at par with GA3 150 ppm 
and June planting in the same cultivar. These results 
are in close conformity with the finding of Nagara-
juet al. (2004) and Prabhat et al. (2003) in China aster.

Data on number of flower per plant and number of 
flower per square metre are presented in Table 3(a) and 
4(a). It is evident from the data that flower yield was 
recorded maximum in cultivar Kamini (34.41 flowers/
plant and 299.90 flowers/m2, respectively) as compared 
to other cultivars. Flower yield was minimum in cv. 
Shashank (14.59 flowers per plant and 131.20 flowers/
m2). Interaction among cultivar and growth regulators 
shows that maximum number of flower was recorded 
in cv. Kamini (43.89 flowers/plant and 385.00 flowers/
m2, respectively) when plants were sprayed with GA3 
200 ppm. Among dates, maximum flower yield was ob-
served in June planting (31.47 flowers/plant and 283.20 
flowers/m2, respectively) when sprayed with GA3 200 
ppm.

Among different levels of GA3, maximum flower 
yield was recorded (27.64 flowers/plant and 245.30 
flower/m2) from the plants which were sprayed with 
GA3 200ppm. Minimum flower yield was, however re-
corded, in plants which were not sprayed with GA3, i.e., 
Control (17.16 flowers/plant and 144.10 flowers/m2).

Data on three way interaction in Table 3b and 4b 
shows that among all cultivars under study, flower yield 
was maximum in cv. Kamini when plant were raised in 
the month of April and sprayed with GA3 at 200 ppm 
(47.07 flowers/plant and 423.60 flowers/m2, respective-
ly). It was however found to be at par with June planting 
and application of GA3 at 200 ppm in the same cultivar. 
In case of cultivars Shanshank and Violet Cushion, June 
planting combined with GA3 200 ppm spray treatment 
resulted in maximum flower yield. Increase in number 
of flowers per plant due to application of GA3 was also 
reported by Syamul et al. (1990) in aster and marigold. 
These results are also in close conformity with the find-
ings of Prabhat et al (2003) who reported that plants of 
cultivar Kamini produced maximum number of flowers 
when sprayed with GA3 200 ppm. 

Similarly, Kore et al. (2003) also observed increased 
flower yield, besides longest stocks and increased num-
ber of petals in China aster by foliar application of GA3 
200 ppm. In Tagetes erecta, Verma and Arha (2004) also 
recorded maximum flower yield per plant when sprayed 
with 200 ppm of GA3. 

Data (Table 5a and 6a) shows that the seed yield in 
different cultivars was significantly affected by planting 
dates and GA3 treatments. Among cultivars, maximum 
seed yield was recorded in cv. Violet cushion (1.56 g/
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plant and 14 .01 g/m2, respectively). Seed yield was 
minimum in cv. Shashank (0.86 g/plant and 7.79 g/m2, 
respectively). It was also observed that the crop planted 
in June produced maximum seed yield/plant (1.92 g) 
and seed yield/m2 (24.28 g). Among different levels of 
gibberellic acid, GA3 at 200 ppm produced maximum 
seed yield (1.67 g/plant and 15.04/m2). Minimum seed 
yield was recorded in control (0.82 g/plant and 7.37g/
m2) which was, however, found to be at par with GA3 100 
ppm. Interaction shows that application of GA3 200 ppm 
in June planted crop produced maximum seed yield 
(2.69 g/plant and 2.28 g/m2). It is also evident from the 
data that plants of cv. Violet Cushion produced maxi-
mum seed yield per plant (2.12 g) and per square meter 
(18.92 g) when planted in the month of June.

Table 1a: Effect of GA3 and planting dates on plant 
height (cm) of China aster cultivars

Cultivars Mean Planting 
dates

Mean Gibberel-
lic acid 
(ppm)

Mean

Kamini 82.10 March 71.34 0 62.44

Shashank 69.40 April 70.05 100 67.58

Violet 
Cushion

63059 June 73.70 150 74.35

- - - - 200 82.41

CD 0.05 1.94 - 1.94 - 2.25

Table 1b: Interaction effect of cultivars, planting dates and GA3 on plant height (cm)
Gibberellic acid 

(ppm)
Cultivars

Kamini Shashank Violet Cushion

Planting dates Planting dates Planting dates

March April June March April June March April June

0 72.41 68.10 77.13 60.80 58.22 56.94 54.47 54.17 56.48

100 76.80 80.21 80.07 69.75 64.67 67.01 57.76 60.88 64.35

150 83.45 88.22 81.98 72.70 71.33 77.55 62.28 61.78 69.89

200 93.01 88.62 95.17 79.80 80.45 83.59 72.83 73.91 74.29

CD 0.05  Planting dates x GA3 x cultivars  6.73

Table 2a: Effect of GA3 and planting dates on flower size (cm) of china aster cultivars

Gibberellic acid 
(ppm)

Cultivars Mean Planting dates

Kamini Shashank Violet Cushion March April June

0 5.61 4.83 4.76 5.06 4.80 5.13 5.18

100 5.71 4.83 4.63 5.09 4.81 4.90 5.53

150 5.73 5.06 4.75 5.18 4.99 5.03 5.53

200 5.80 5.02 4.82 5.21 5.21 5.23 5.20

Mean 5.71 4.93 4.74 - 4.97 5.07 5.36

March 5.45 4.85 4.63

April 5.66 4.95 4.61

June 6.09 5.00 4.98

CD 0.05 Cultivars: 0.12
Planting dates: 0.12 GA3: NS
CultivarsxPlanting dates: 0.21 Planting datesxGA3: 0.24
GA3xCultivars:NS
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Table 2b: Interaction effect of cultivars, planting dates and GA3 on flower size(cm)

Gibberellic 
acid (ppm)

Cultivars
Kamini Shashank Violet Cushion

Planting dates Planting dates Planting dates
March April June March April June March April June

0 5.48 5.67 5.67 4.90 5.03 4.54 4.25 4.69 5.30
100 5.30 5.60 6.52 4.78 4.45 5.17 4.36 4.56 4.95
150 5.22 5.61 6.36 4.86 5.02 5.30 4.89 4.46 4.92
200 5.80 5.75 5.83 4.84 5.22 5.00 5.00 4.72 4.74
CD 0.05  Planting dates x GA3 x cultivars  0.42

Table 3a: Effect of GA3 and planting dates on number of flowers per plant of China aster cultivars

Gibberellic acid 
(ppm)

Cultivars Mean Planting dates
Kamini Shashank Violet Cushion March April June

0 26.51 11.36 13.60 17.16 17.42 16.84 17.20
100 31.93 13.02 17.02 20.06 20.89 21.99 19.10
150 35.29 14.16 18.29 22.58 22.60 23.72 21.41
200 43.89 19.82 19.22 27.64 24.58 26.89 31.47
Mean 34.41 14.59 17.03 - 21.37 22.36 22.29
March 33.87 14.90 15.35
April 37.93 14.70 14.45
June 31.42 14.17 21.30

CD 0.05 Cultivars: 1.20  Planting dates: NS
GA3: 1.39  Cultivars x Planting dates:  2.08 Planting dates x GA3:  2.41
GA3 x Cultivars: 2.41

Table 3b: Interaction effect of cultivars, planting dates and GA3 on number of flowers per plant
Gibberel-

lic acid 
(ppm)

Cultivars
Kamini Shashank Violet Cushion

Planting dates Planting dates Planting dates
March April June March April June March April June

0 26.53 26.33 26.67 12.27 11.20 10.60 13.47 13.00 14.33
100 33.60 37.60 24.60 14.13 13.60 11.33 14.93 14.77 21.37
150 36.67 40.73 28.47 14.93 15.60 11.93 16.20 16.20 23.87
200 38.67 47.07 45.93 18.27 18.40 22.80 16.80 16.80 25.67
CD 0.05  Planting dates x GA3 x Cultivars  4.17

Table 5b and 6b represents the interaction data of 
cultivars, planting dates and GA3 levels on seed yield of 
China aster. It is evident from the data that maximum 
seed yield was recorded in cultivar Kamini (2.80 g/plant 
and 25.23 g/m2) when transplanting was done in the 
month of June and plants were sprayed with GA3 200 
ppm. It was however, found to be at par with June plant-
ing combined with GA3 200 ppm spray application in 

cv. Shashank (2.61 g/plant and 23.55 g/m2) and Violet 
Cushion (2.67 g/plant and 24.06 g/m2). Our results are in 
close conformity with the results of Syamul et al. (1990) 
who also recorded maximum seed yield in marigold 
and China aster when plants were sprayed with GA3 200 
ppm. These results are also in line with the finding of 
Shedeed et al. (1986).
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Table 4a: Effect of GA3 and planting dates on number of flowers per square meter of China aster cultivars

Gibberellic 
acid (ppm)

Cultivars Mean Planting dates
Kamini Shashank Violet Cushion March April June

0 205.40 102.20 124.60 144.10 158.80  128.60  144.80
100 297.40 117.20 153.20 189.30 188.00  207.90 171.90
150 311.60 127.40 164.10 201.00 197.40 213.50 192.20
200 385.00 177.90 173.00 245.30 210.70 242.00 283.20
Mean 299.90 131.20 153.70 -  188.70 198.00 198.00
March 292.70 133.70 139.80
April 331.60 132.30 130.00
June 275.20 127.50 191.30

CD 0.05 Cultivars: 12.24
Planting dates: NS GA3: 14.10
Cultivars x Planting dates: 20.74 Planting dates x GA3: 24.01
GA3x Cultivars: 24.01

Table 4b: Interaction effect of cultivars, planting dates and GA3 on number of flowers per square meter

Gibberellic acid 
(ppm)

Cultivars
Kamini Shashank Violet Cushion

Planting dates Planting dates Planting dates
March April June March April June March April June

0 238.80 168.00 210.00 110.40 100.80 95.40 127.80 116.20 129.90
100 302.40 368.40 221.40 127.20 122.40 102.00 134.40 132.90 130.30
150 312.00 369.60 256.20 135.40 140.50 107.40 145.80 133.50 212.90
200 318.00 423.60 413.40 162.90 165.60 205.20 151.20 136.80 231.00
CD 0.05  Planting dates x GA3 x cultivars :41.40

Table 5a: Effect of GA3 and planting dates on seed yield per plant (g) of China aster cultivars

Gibberellic acid 
(ppm)

Cultivars Mean Planting dates
Kamini Shashank Violet Cushion March April June

0 0.75 0.60 1.10 0.82 0.62 0.38 1.45
100 0.87 0.66 1.31 0.95 0.71 0.48 1.64
150 0.94 0.92 1.57 1.14 0.89 0.66 1.88
200 1.49 1.28 2.24 1.67 1.28 1.04 2.69
Mean 1.02 0.86 1.56 - 0.88 0.64 1.92
March 0.60 0.30 1.73
April 0.00 0.42 0.84
June 1.80 1.86 2.12

CD 0.05 Cultivars: 0.12
Planting dates: 0.12 GA3: 0.14
Cultivars x Planting dates: 0.21 Planting dates x GA3: 0.24
GA3 x Cultivars:NS
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Table 5b: Interaction effect of cultivars, planting dates and GA3 on seed yield per plant (g)

Gibberellic 
acid (ppm)

Cultivars
Kamini Shashank Violet Cushion

Planting dates Planting dates Planting dates
March April June March April June March April June

0 0.47 0.67 1.38 0.16 0.23 1.41 1.24 0.48 1.57
100 0.48 0.67 1.48 0.28 0.43 1.46 1.39 0.55 2.00
150 0.64 0.87 1.52 0.29 0.48 1.93 1.74 0.82 2.16
200 0.81 1.42 2.80 0.48 0.74 2.61 2.54 1.53 2.67
CD 0.05  Planting dates x GA3 x cultivars  0.41

Table 6a: Effect of GA3 and planting dates on seed yield per square meter of China aster cultivars
Gibberellic acid 

(ppm)
Cultivars Mean Planting dates

Kamini Shashank Violet Cushion March April June
0 6.81 5.42 9.90 7.37 5.61 3.42 13.10
100 7.90 5.95 11.84 8.56 6.47 4.3 14.83
150 8.50 8.25 14.21 10.32 8.02 5.96 16.98
200 13.47 11.54 20.11 15.04 11.40 9.44 24.28
Mean 9.17 7.79 14.01 - 7.87 5.80 17.30
March 5.37 2.76 15.49
April 5.94 3.83 7.62
June 16.19 16.78 18.92

CD 0.05 Cultivars: 1.12
Planting dates: 1.12 GA3: 1.29
Cultivars x Planting dates: 1.94 Planting dates x GA3: 2.24
GA3 x Cultivars:NS

Table 6b: Interaction effect of cultivars, planting dates and GA3 on seed yield per square meter
Gibberellic acid 

(ppm)
Cultivars

Kamini Shashank Violet Cushion
Planting dates Planting dates Planting dates

March April June March April June March April June
0 4.17 3.78 12.48 1.44 2.13 12.69 11.22 4..35 14.03
100 4.29 6.06 13.35 2.58 4.13 13.14 12.56 4.95 18.00
150 5.73 6.07 13.71 2.67 4.38 17.73 15.68 7.44 19.50
200 7.32 7.86 25.23 4.38 6.69 23.55 22.50 13.77 24.06
CD 0.05  Planting dates x GA3 x cultivars  3.88
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ABSTRACT
Analysis of the tuberose concrete content was carried out by solvent extraction with hexane for the tuberose 

genotypes cultivated in Tamil Nadu. The chemical composition of the promising genotypes both in single and 
double types were analysed by gas chromatography-mass spectrometry (GC-MS). The results showed that per-
centage yield of tuberose concrete was in the range of 0.11 to 0.16 per cent in single types and 0.06- 0.09 per cent in 
double types. The major chemical component detected in single type was 9-(4’-Aminobenzo-18-crown-6) methyl 
anthracene and 2-propoxyl-4-phenylthiophene in double type, respectively.

KEY WORDS: Tuberose, concrete, single types, double types, GC-MS

Among cut flowers, tuberose (Polianthes tuberosa) is 
one of the most important positions. It is an ornamental 
bulbous plant, native of Mexico and belongs to family 
Amaryllidaceae. Ornamental plants have prime impor-
tance in maintaining ecological balance and checking 
pollution in surroundings. About 45 % of world trade in 
floriculture products goes to cut flower. In India, it occu-
pies a prime position in the floriculture industry. Waxy 
white flowering spikes of single as well as double flower 
tuberose impregnate the atmosphere with their sweet 
fragrance and longer keeping quality of flower spikes 
spikes (Sadhu and Bose, 1973; Benschop, 1993) and are 
in great demand for making floral arrangement and bou-
quets in major cities of India. It is widely grown as speci-
men for exhibition and cut flower. It is cultivated on a 
large scale in Tamil Nadu, Karnataka, West Bengal and 
Maharastra. To a lesser extent it is also grown in Andhra 
Pradesh, Haryana, Delhi, Uttar Pradesh and Punjab. The 
flowers are now being used for the extraction of the valu-
able natural aromatic oil much needed for the high cost 
perfume industry. Its essential oil is exported at an at-
tractive price to France, Italy and other countries (Sadhu 
and Bose, 1973). As long as there is no synthetic flavour 
to replace it’s fragrance. However, there are only two 
types (single and double) cultivated in the world. There 
are only a few ornamental varieties of tuberose known, 
viz., Calcutta Single, Calcutta Double, Hyderabad Single, 

Hyderabad Double, Kahikuchi Single, Mexican Single, 
Navsari Local, Pearl Double, Phule Rajani, Prajwal, Pune 
Single, Shringar, Suvasini, Vaibhav and Variegated Sin-
gle (Sharge, 1976 and Kuang et al., 2001).  In this Prajwal 
(single type) and Suvasini (double type) are performing 
well in Tamil Nadu. But the studies on chemical con-
stituents of concrete are lacking. Hence the studies were 
made in commercially cultivated genotypes of tuberose 
and are presented below

MATERIALS AND METHODS

Flower preparations
Tuberose spikes panicles were cut- off and put into 

a water tank to keep the flowers fresh. Freshly opened 
blossoms were collected every day, weighed and sub-
jected to extraction.

Solvent extraction
For extraction of concrete, the flowers were harvest-

ed when fully opened before 9.30 AM. Concrete content 
of flowers was analyzed by solvent extraction method 
(ASTA, 1960) with food grade hexane, averaged and 
expressed in per cent of concrete recovery. A sample 
of fifty gram was taken in the glass column of Soxhlet 
appraratus and concrete content was estimated using 
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food grade hexane as solvent. Soluble extract was then 
drained off into a pre weighed 100 ml beaker (W1). The 
extract was then evaporated on a steam bath and heated 
for 30 minutes in an oven at 60oC, cooled and weighed 
(W2). The concrete content was calculated using the fol-
lowing formula and expressed in per cent.

    W2 – W1

Concrete content (%) =                                    x 100 
               50

The results are presented in Table 1.

Chemical composition analysis
Tuberose concrete of Prajwal and Suvasini were 

analysed for their main constituents by GC/MS analysis. 
It was carried out on Gas Chromatography Mass Spec-
trometer GC-17 A Shimadzu, Auto Injector- AOC- 201, 
using capillary column of fused silica (30 m x 0.25 mm 
i.d.) coated with 5% phenyl methyl polysiloxane (DB-5). 

Table 1: Concrete recovery from single types of 
tuberose

Genotypes Concrete recovery (%)
Calcutta Single 0.12 
Hyderabad Single 0.11 
Kahikuchi Single 0.12 
Mexican Single 0.13
Navsari Local 0.12
Phule Rajani 0.14
Prajwal 0.16
Pune Single 0.11
Shringar 0.15
Variegated Single 0.12 
           SE(D) 0.02
           CD (0.5) 0.08

Table 2: Concrete recovery from double types of 
tuberose

Genotypes Concrete recovery (%)
Calcutta Double 0.06
Hyderabad Double 0.06
Pearl Double 0.06
Suvasini 0.09
Vaibhav 0.07
SE(D) 0.03
CD (0.5) 0.07

Table 3: Chemical compositions of tuberose 
(Prajwal) concrete obtained from Hexane extraction

% Relative area Compounds available 
0.08 Octacosone 
0.12 5- Isopropyl- 4- (trifluoromethyl)- 1H- 

Pyrimidin-2-one 
0.11 1-cyclopropyl-3,4-dimethyloxy-

eugenol 
0.10 Hentriacontane 
0.10 2,3-Dihydroxyhex-2-enylbenzoate 
0.10 2-octenol 
0.19 Eicosanoic acid 
0.84 Tetradecanoic acid 
0.11 Octadecyl fluoride 
0.27 1-(Benzyloxy)-2-fluoro-2-phenyl-3(p- 

toluenesulsufonyloxy propane) 
0.20 10-octadecenoic acid, methyl ester
0.53 Tetradecanoic acid 
0.31 Docosane 
0.21 2-octen-1-01 
1.10 7-Thiocyanato-6-demethoxythebaine 
3.71 Octacosane 
0.25 Hexanedioic acid 
0.11 Ether, hexyl pentyl 
4.36 Docosane 
0.18 1,11-Bis(methoxycarbonylethenyl)-10, 

2-dihydroxycycloeicosane 
6.98 3,-(4-pyridyl carbonylamino) qui-

nazolin-2, 4-dithione 
57.22 9-(4’-Aminobenzo-18-crown-6) 

methyl anthracene 
0.08 Hexacosane 
0.10 Octahydronaphthalene- (1 R)- carbo-

nitrile 
9.79 Epoxy-9a-H-labda-8a-hydroxy-13(16), 

14-die n-3-one 
0.21 Tritetracontane 
0.10 1,9b-Di(phenyl)-4, 

5,6,7,8,9,9b,10,11,12,13- undecahydro-
2,2a-diazacycoocta(a)cyclohexa (e) 
indecene-3,3-dicarbonitrile 

10.56 3a,4,5,6,7,7a-Hexahydro-2-ethoxyben-
zimidazole 

1.65 2-Tridecen-1-ol
0.34 4-methoxycarbonyl-1-methyl-2,3,5-

endo-triphenylbicyclo (2.2.1) hept-2-
en-7-one 
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Table 4: Chemical compositions of tuberose 
(Suvasini) concrete obtained from Hexane extrac-
tion

% Relative area Compounds available 
0.08 Dotriacontane
0.12 5- Isopropyl-4- (trifluoromethyl)-1 H- 

pyrimidine-2-one
0.11 Benzene-1,2-dimethoxy-4-(1-prope-

nyl)
0.10 Hexadecane-2,6,10,14-tetramethyl
0.10 5-Benzoxy-2-methylhexanenitrile
0.10 dihexylsulfide
0.19 Methyl iso-palmitate
0.84 Tetradecanoic acid
0.11 Dotriacontane
0.27 1,2-Benzenedicarboxylic acid
0.20 Methyl 11- octadecenoate
0.53 Decanoic acid
0.31 Pentatriacontane
0.21 2-methyldodecan-1-ol
1.10 2-d-cyclohexanone
3.71 Dotriacontane
0.25 Hexanedioic acid
0.11 Ether, hexyl pentyl
4.36 Pentatriacontane
0.18 1,2- Benzenedicarboxylic acid
6.98 Pyrrolidine,1-(1-cyclopenten-1-yl)
57.22 2-propoxyl-4-phenylthiophene
0.08 Octadecane
0.10 1-methyleneprop-2-enyl thiocyanate
9.79 Ethyl 3-(2’- furanyl) propionate
0.21 Dotriacontane
0.10 Pyrazinecarboxamide
10.56 Thiophene,2-butyl
1.65 Pentadecanal
0.34 N-butyl-2-deuterio-2-cyclopente-

nylamine

Helium ultra pure was used as carrier gas at flow 
rate 25 ml/ min. Oven temperature was programmed 
at 60-200 0C at 10 0C/min., the injection mode split ratio 
was 1: 50, column inlet program was 25.5 cm/sec and 
the MS detection routine was from 9-60 min. The scan 
of m/z was from 80-550 and the Start-Stop masses were 
from 40-600. Identification of the constituents was per-

formed by aid of the computer library search (CAS No. 
5989-27-5, Entry 8747, LIB#1). Results are recorded in 
Table 2, 3 and Fig. 1.

RESULTS AND DISCUSSION
The concrete of tuberose was prepared by solvent 

extraction. The percentage of the concrete in tuberose 
genotypes ranged from 0.11 to 0.16 per cent. It is a yel-
low solid with tuberose odour. The highest recovery of 
0.16 per cent was observed in Prajwal (single type) while 
the genotypes ‘Hyderabad Single’ and ‘Pune Single’ re-
corded minimum concrete recovery (0.11 %) (Table 1). 
The genotype ‘Suvasini’ among double types recorded 
maximum concrete recovery (0.09 %), which was on 
par with ‘Vaibhav’ (0.07 %) while it was minimum in 
‘Calcutta Double’ (0.06 %) (Table 2). GC/MS analysis re-
sulted in the identification of thirty components (Table 
3, Fig. 1). Among these 9-(4’-Aminobenzo-18-crown-6) 
methyl anthracene (57.22 %) occupies major constituent 
and is followed by 3a,4,5,6,7,7a-Hexahydro-2 ethoxy-
benzimidazole (10.56 %), whereas Octacosone and 
Hexacosane (0.08 %) were present as minors or traces in 
Prajwal (single type) concrete. In Suvasini (double type) 
concrete, 2-propoxyl-4-phenylthiophene (57.22 %) occu-
pies major constituent and is followed by Thiophene,2-
butyl (10.56 %), whereas Dotriacontane and Octadecane 
(0.08 %) were present as minors or traces (Table 4, Fig. 
2). This is in accordance with the result of (Rakthaworn 
et al., 2009).

Fig. 1: Chromotogram of tuberose (Prajwal) con-
crete obtained from solvent extraction
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Fig. 2: Chromotogram of tuberose (Suvasini) con-
crete obtained from solvent extraction
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ABSTRACT
Highly significant differences were found among the genotypes for all the characters studied. Number of flow-

er per plant, flower size and plant spread showed the highest phenotypic and genotypic coefficient of variation 
closely followed by plant height (at flower bud initiation and after full bloom stage). The GCV and PCV values 
for most of the characters were found to be very distant to each-other, indicated that characters much influenced by 
environmental factor. The heritability estimates in broad sense were high for number of flowers per plant, flower 
size and plant height after full bloom, while low heritability estimates were observed for days to flower bud ini-
tiation, plant spread and number of primary branches per plant. The genetic advance as percentage of mean was 
high for number of flowers per plant, flower size, plant height and plant spread. High heritability coupled with 
high genetic advance was observed for number of flowers per plant, flower size and plant height indicating that 
they are governed by additive genes and could be effectively improved through selection.

KEY WORDS: Chrysanthemum, genetic advance, genetic variability, heritability, mean performence

Chrysanthemum is a popular flower crop for com-
mercial importance. In India most of the cultivars are 
grown commercially on a large scale in open field condi-
tion but some varieties are also most suitable for pot cul-
tivation. In India a lot of germplasm has been screened 
but the information on the performance for the higher 
yield of the cut flower and yield contributing parameters 
of chrysanthemum is meager. This fact draws the atten-
tion of plant breeder for its improvement. Genetic vari-
ability plays an important role in a crop in selecting the 
best genotypes for making rapid improvement in yield 
and other desirable characters. Heritability is an index 
for calculating the relative influence of environment on 
expression of genotypes. It becomes very difficult to 
judge how much of the variability is heritable and how 
much is non heritable. Therefore, the present investiga-
tion was carried out to study the variability, heritability 
and genetic advance for nine quantitative traits in chry-
santhemum. 

MATERIALS AND METHODS
The experiment was conducted at Horticultural Re-

search Centre, SVPUA&T, Meerut, U.P. during the year 

2007-2008 with 24 genotypes of chrysanthemum. Ex-
periment was laid out in Randomized Block Designed 
(RBD) with three replications. The cuttings were planted 
at a spacing of 45 cm between ridges and plants. All the 
recommended cultural practices were followed under 
irrigated conditions. The observations were recorded 
on five randomly selected plants per replication for 
each genotype on nine important characters like days 
to flower bud initiation, days to flowering, flower size, 
flower duration, plant height at flower bud initiation 
stage, plant height after full bloom, number of primary 
branches per plant, plant spread and number of flowers 
per plant. The analysis of variance was carried out as 
suggested by Snedecor and Cochran (1967). Phenotypic 
and genotypic coefficients of variation (PCV and GCV) 
were obtained by the method suggested Burton and De-
vane (1953). Heritability (broad sense) and genetic ad-
vance (GA) were estimated as per the formula described 
by Lush (1940) and Allard (1960), respectively.

RESULTS AND DISCUSSION
The extent of variability present in the chrysan-

themum genotypes was measured for various traits in 
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terms of mean range, mean sum squares (MSS), pheno-
typic coefficient of variation (PCV), genotypic coefficient 
of variation (GCV), heritability (broad sense) and genetic 
advance (Table 1 and 2). A wide range of variation was 
observed in all the characters like days to flower bud ini-
tiation varied from 38.0 (Nanako) to 65.0 (Ravi Kiran), 
days to first flowering from 73.33 (White Boquet), to 
104.33 (Kundan), flower size from 2.30 (SKC-83) to 9.63 
cm (Sweeta), flowering duration from 31.33 (Birbal Sah-
ni), to 59.00 days (Ratlam Selection and Kamaudi ), plant 
height at flower bud initiation stage from 11.22 (SKC-
83)  to 34.77 cm (White Prolific), plant height after full 
bloom from 17.89 (SKC-83) to 56.22 cm (Sweeta), number 

of primary branches per plant from 2.55 (Delilah)  to 5.22 
(Selection-69), plant spread from 19.27 (SKC-83) to 60.17 
cm (Selection-69) and number of flowers per plant from 
34.33 (Delilah) to 347.10 (Selection-44). A perusal of data 
in table 2 showed a range of GCV for various characters 
varied from 10.23 (Days to flowering) to 59.53 (Number 
of flowers per plant), the trend was similar for PCV also. 
The GCV and PCV values were found to be very distant 
to each other for most of the characters. The distant re-
lationship between GCV and PCV indicated that char-
acters are much influenced by environmental factors. 
High amount of phenotypic and genotypic variation 
was observed for the characters like, number of flow-

Table 1: Mean performance of 24 genotypes for different quantitative characters in chrysanthemum

S. 
No.

Genotypes Days to 
flower 

bud ini-
tiation

Days to 
flower-

ing 

Flower  
size      
(cm) 

Flow-
ering 

duration 
(days)

Plant 
height at 

flower bud 
initiation 
stage (cm)

Plant 
height 

after full 
bloom       
(cm)

No. of 
primary 
branch-
es /plant

Plant 
spread 

(cm)

No. of 
flowers 
/plant

1. Sonoton 48.89 77.44 5.79 50.22 27.89 46.66 3.88 35.55 250.00
2. Sweeta 52.00 86.22 9.63 52.00 28.11 56.22 3.44 37.72 56.44
3. Kamaudi 63.11 102.33 6.57 59.00 21.11 49.33 3.11 32.67 164.33
4. Delilah 59.88 98.22 7.37 39.11 19.33 34.11 2.55 25.72 34.33
5. Ratlam Selection 57.66 90.33 8.65 59.00 29.33 55.66 3.66 36.33 103.78
6. SKC-83 51.06 78.11 2.30 37.33 11.22 17.89 3.33 19.27 252.44
7. White Bouquet 44.44 73.33 3.97 46.11 24.44 40.22 3.55 34.47 137.00
8. Reagan Yellow 51.89 83.67 4.93 47.67 33.44 50.22 5.11 43.33 304.00
9. Mother Teresa 48.55 75.44 4.10 41.89 17.66 25.55 3.66 34.11 148.44
10. Birbal Sahni 52.55 85.66 4.93 31.33 25.11 49.30 3.44 25.30 35.33
11. Fish Tail 59.44 92.89 5.77 39.00 18.44 36.00 3.33 23.94 36.44
12. Basanti Yellow 50.44 84.89 6.53 47.66 33.11 53.00 3.44 41.17 141.33
13. Poncho 51.00 80.77 3.60 45.11 21.89 39.11 3.66 45.67 253.11
14. Ravi Kiran 65.00 90.89 6.67 36.67 28.25 52.11 3.33 47.05 66.66
15. Kirti 49.22 75.44 4.63 43.22 21.55 38.55 3.89 35.08 132.55
16. G   Gaity 56.77 91.88 7.70 48.00 25.78 41.66 2.88 31.16 55.44
17. Kundan 63.44 104.33 4.43 57.77 27.44 48.44 4.22 47.89 212.44
18. Santa Dina 55.44 88.55 3.63 44.00 25.66 45.22 4.44 47.61 293.11
19. Selection- 69 64.66 103.55 9.43 57.66 32.77 54.33 5.22 60.17 342.67
20. Rangoli 54.44 89.66 4.03 47.22 14.99 24.55 3.44 26.67 172.44
21. Nanako 38.00 76.66 3.43 37.55 31.44 47.77 3.32 32.72 89.78
22. Terry 49.11 79.44 6.00 51.55 25.55 44.67 3.22 35.39 149.11
23. White Prolific 41.44 81.00 5.83 47.89 34.77 49.55 3.11 38.00 175.55
24. Selection -44 51.44 86.00 4.90 52.11 13.44 22.33 3.88 33.89 347.10

Mean 53.33 86.53 5.62 46.63 24.70 42.60 3.63 36.29 164.74
SEm± 2.79 3.00 0.15 2.36 2.25 2.85 0.34 4.71 6.62
CD at 5% 5.58 6.00 0.30 4.72 4.50 5.70 0.68 9.42 13.24
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ers per plant, flower size, plant height and plant spread 
suggesting the presence of large amount of variability. 
Since all the above characters have high range of varia-
tion and are more affected by the environmental factors, 
it is difficult to improve the characters through selection. 
The characters like flowering duration and number of 
primary branches per plant which possess moderate val-
ues of GCV and PCV can also be considered for selec-
tion. Low PCV and GCV for days to flower bud initiation 
and days to flowering were recorded. To determine the 
amount of heritable variation, estimate of GCV alone is 
not sufficient. Heritable variation can be found out with 
the greater degree of accuracy when heritability is stud-
ied in conjunction with genetic advance. The value of 
heritability in broad sense for all the characters ranged 
from 64.6 (number of primary branches per plant) to 99.3 
(number of flower per plant). The characters like, flower 
size, number of flowers per plant, plant height, days to 
flowering and flowering duration had high heritability. 
The high heritability indicated that the characters were 
less influenced by the environment. These results are in 
close conformity with the findings of Sirohi and Behera 
(2000), Baskaran et al. (2004), Reena et al. (2005), Mishra 
et al. (2006) and Poornima et al. (2007). Characters such 
as days to flowering, number of primary branches per 
plant and plant spread showed moderate and low GCV 
but showed moderate heritability. Table 2 reveals that 

flower size, plant height and number of flowers per 
plant showed high heritability and also showed equally 
high genetic advance (as percent of mean). Johnson et 
al. (1955) suggested that character with high heritabil-
ity coupled with high genetic advance would respond to 
selection better than those with high heritability and low 
genetic advance. If heritability was mainly due to addi-
tive gene action, it would be associated with high genetic 
gain and if it is due to non-additive gene action, genetic 
gain would be low (Panse, 1957). Moderate heritability 
and genetic advance was observed for days to flower 
bud initiation, indicating that these parameters are gov-
erned by additive gene action and could be equally im-
proved through selection. On the other hand, days to 
flowering exhibited high heritability with low genetic 
advances indicating that this character was governed by 
non-additive genes and selection would not be effective 
for this character.

Number of flowers per plant, flower size and plant 
height had high GCV, heritability and genetic advance 
(as percentage of mean). This indicated that these char-
acters were governed by additive gene effect and can be 
improved through selection effectively. Moreover days 
to flowering exhibited low GCV and genetic advance 
with moderate heritability indicating non-additive gene 
effect and for improving this character heterosis breed-

Table 2: Range, mean sum of square heritability, genetic advance, GCV and PCV for different characters 
in chrysanthemum

S. 
No.

Characters Range Mean 
sum of 
square

Heritability 
(%)

Genetic 
advance (5 % 
intensity of 
selection)

Genetic 
advance 

as per cent 
of mean

Genotypic 
coefficient 
of varia-

tion

Phenotypic 
coefficient 
of varia-

tion
1. Days to flower 

bud initiation
38.0-65.0 148.52** 79.6 12.41 23.27 12.66 14.20

2. Days to flowering 73.33-104.33 248.63** 85.3 16.84 19.46 10.23 11.08
3. Flower size (cm) 2.30-9.63 11.15** 99.1 3.95 70.28 34.27 34.43
4. Flowering dura-

tion (days)
31.33-59.0 171.44** 86.7 14.14 30.32 15.81 16.98

5. Plant height at 
flower bud initia-
tion stage (cm)

11.22-34.77 127.37** 83.9 11.92 48.26 25.58 27.92

6. Plant height after 
full bloom (cm)

17.89-56.22 360.75** 90.5 21.13 49.60 25.30 26.59

7. No. of primary 
branches/plant

2.55-5.22 1.16** 64.6 0.95 26.17 15.76 19.58

8. Plant spread (cm) 19.27-60.17 254.78** 68.8 14.67 40.42 23.66 28.52
9. No. of flowers/

plant
34.33-347.10 28919.13** 99.3 174.30 98.74 59.53 59.73

*  Significant at 5 % level, **Significant at 1 % level
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ing or recurrent selection should be followed. Genotypes 
which exhibited both high variability and high genetic 
advance for certain characters may be evaluated in multi-
location trials and isolated as donors for these characters 
or used as parents in hybrid development programme.
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ABSTRACT
An experiment was conducted at M/s Shiva Sakthi Floritech Pvt Ltd, Hosur, Tamil Nadu during 2012-13 to 

maximize the yield and quality of rose variety “Tajmahal” under naturally ventilated polyhouse. From the results 
of the study, a highly significant interaction effect was observed with respect to various plant parameters. Among 
the interactions, bending at shoot junction bud (B1) + BA 200 ppm (G4) significantly recorded highest plant height 
(165.33 cm), plant spread (45.19 cm2), early flower bud appearance (26.40 days), minimum duration for harvest 
(48.80 days), increased stem length (86.79 cm), increased circumference of flower bud (13.13 cm), flower stem girth 
(0.87 cm), maximum number of cut flowers per plant (26.47) and extended vase life of 12.37 days.  It is clear from 
the study that plant growth parameters, yield and quality of flowers were found to be superior by doing bending 
practice at shoot junction bud along with the application of BA at 200 ppm for the var. Tajmahal.

KEY WORDS: Bending, PGRs, polyhouse, rose, vase life

Roses (Rosa hybrida L.) are one of the most important 
commercial crops grown for a variety of purposes such 
as pot plant, garden plant and cut flower production 
(Azadi et al., 2007). Among all other cut flowers, Roses 
being cultivated from ancient times and maintained its 
position as the Queen of flowers. It gained popularity 
amongst gardeners and flower consumers in recent years. 
It enjoys superiority over all other flowers, being exten-
sively used for decorative purposes and is praised for 
its decorative nature, beauty, charm and symbol of love 
(Tabassum et al., 2002). India being an agricultural coun-
try with diverse environmental conditions has a great 
potential for production of cut flowers. Shoot bending 
technique is progressively replacing the traditional up-
right growing technique in greenhouse production. This 
new technique posed new challenges to both cultivation 
and research. Bending became a standard method in cut 
rose production and is generally done repetitively over 
the entire growing season. The fundamental idea behind 
shoot-bending is that instead of removing unwanted or 
marginal stems by pinching or pruning, these are re-
tained in the canopy so as to maintain foliage area and 

consequently produce assimilates. 

It has been reported that bending of the primary 
shoot promotes the formation of axillary shoots by 
breaking apical dominance (Cline, 1991). The basal 
shoots are usually vigorous and act as an important 
source of flower production (Zieslin and Mor, 1981).  
Plant growth regulators also play a key role in increasing 
the yield and quality of cut flowers by manipulating the 
hormonal regulation in plant system growth. (Arun et 
al., 2000) studied the effects of different levels of GA3 on 
growth and flowering of rose “First red” and found that 
GA3 could improve plant and flower neck height, as well 
as flowering shoot length. GA3 enhances plant growth 
and internode length by increasing the cell division and 
enlargement. It also increases cell size, stem height, stem 
thickness and number of leaves. The flower stem should 
be harvested at the appropriate harvesting stage, that is, 
at the mature and tight bud stage.  Aluminium sulphate 
has been recommended for maintaining the vase life of 
several cut flowers (Liao et al., 2001). The cut flowers are 
kept in preservative solutions immediately after harvest 
to extend the vase life.
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Fig. 1: Different levels of bending

Fig. 2: Effect of bending and PGRs on flower yield
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Table 1: Effect of bending and PGRs on various vegetative and floral parameters

Treatments Plant 
height 
(cm)

No. of 
compound 

leaves/ flow-
ering shoot

Plant 
spread 
(cm2) 

Inter nod-
al length 

(cm)

No. of days taken for Length of 
flowering 
stem (cm)

Flower 
bud ap-

pearance

Harvest from 
flower bud 
appearance

Harvest 
after bend-

ing
B1G1 152.70 13.13 40.33 5.60 28.47 12.90 53.37 70.43
B1G2 156.03 12.40 41.44 5.84 27.60 12.70 52.10 68.83
B1G3 159.22 14.67 43.35 6.02 26.93 12.03 49.93 76.43
B1G4 165.33 16.13 45.19 6.13 26.40 11.53 48.80 86.79
B2G1 149.93 13.93 39.74 5.58 29.97 12.77 54.90 62.21
B2G2 150.05 13.73 38.98 5.89 29.47 12.93 54.77 65.17
B2G3 153.67 14.27 40.70 5.23 27.47 12.77 51.63 71.46
B2G4 150.62 13.40 42.71 5.18 27.70 12.97 51.97 67.53
B3G1 148.13 13.13 39.01 5.14 28.53 12.67 54.07 66.31
B3G2 145.63 13.07 36.26 5.05 29.83 12.93 55.67 65.64
B3G3 141.21 14.87 41.97 5.07 29.27 12.70 53.97 70.41
B3G4 148.30 13.20 42.26 5.15 30.43 12.73 55.13 69.63
B4G1 138.36 13.07 39.52 4.97 31.00 12.90 56.60 64.53
B4G2 137.59 13.33 37.97 4.81 30.70 12.27 55.70 60.69
B4G3 132.03 12.73 41.62 4.99 30.07 12.87 55.30 64.30
B4G4 135.49 13.60 43.30 5.07 30.57 12.87 56.17 61.51
B1G0 132.55 12.93 38.81 4.90 30.60 12.67 55.23 70.41
B2G0 128.99 11.27 38.99 4.94 30.73 12.73 56.23 57.71
B3G0 127.22 12.07 39.44 4.80 30.80 12.90 57.27 57.62
B4G0 123.80 11.20 38.51 4.87 31.20 13.00 57.90 53.82
B0G0 121.33 11.27 39.13 4.54 31.30 13.60 57.13 59.98
B0G1 125.61 12.67 35.10 5.13 30.70 13.80 57.40 61.88
B0G2 124.79 12.93 36.05 5.45 30.73 13.63 57.37 55.07
B0G3 130.83 12.33 37.94 5.72 30.50 13.37 56.17 53.12
B0G4 133.32 12.53 39.77 5.63 31.13 12.77 56.07 57.25
SED 0.661 0.253 0.732 0.052 0.309 0.185 0.408 0.755
CD at 5% 1.329 0.509 1.142 0.106 0.622 0.373 0.820 1.519

MATERIALS AND METHODS 
A field experiment was laid out in a factorial Ran-

domized Block Design (FRBD) with three replications 
under greenhouse conditions during the year 2012 – 2013 
in a private farm of M/s Shiva Sakthi Floritech Pvt. Ltd. 
at Hosur, Tamil Nadu to find out the effect of different 
levels of bending with growth regulators (GA3 and BA) 
to maximize the yield and quality of cut rose var. Tajma-
hal. The plants were planted in raised beds with a spac-
ing of 30 cm x 15 cm accommodating 12 plants per m2. 
All other agronomic and plant protection measures were 
carried out as and when required and as per the sched-

ule. Five plants were randomly tagged in each of the 
plot (replication and treatment wise) and observed for 
growth and yield attributes. One-year-old existing rose 
plants were selected and pruned for standard height at 
50 cm from ground level. New vegetative shoots were 
produced from pruned plants after 30 days. The well 
grown shoots were selected after attaining pencil thick-
ness size for bending. The shoots were gently bent at 
different levels (Fig. 1). The foliar application of plant 
growth regulators [GA3 (100, 200 ppm) and BA (100, 200 
ppm)] were done immediately after bending, and con-
tinued at fifteen days interval till flowering (2 months).  
The treatments consist of two factors, viz., (Factor-1 - B0 
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Table 2: Effect of bending and PGRs on various floral parameters

Treatments Length of 
flower bud (cm) 

at harvest

Pedicel 
length 
(cm)

Circumference  
of flower bud 
(cm) at harvest

Stem 
girth 
(cm)

Mean  yield of flowers / Weight of  flow-
ering shoot at 

harvest  (g)

Vase 
life 

(days)
plant/ year m2  / year

B1 G1 5.15 8.81 10.81 0.57 23.07 276.80 61.92 8.73
B1 G2 5.03 9.67 9.75 0.55 22.53 270.40 67.00 10.78
B1 G3 6.02 6.41 13.09 0.84 24.27 291.20 89.02 11.37
B1 G4 6.26 6.59 13.13 0.87 26.47 317.60 91.84 12.37
B2 G1 5.32 8.25 10.56 0.58 21.27 255.20 55.03 10.43
B2 G2 5.11 9.55 10.32 0.62 20.27 243.20 60.52 10.32
B2 G3 5.95 6.49 12.21 0.70 22.20 266.40 71.75 10.94
B2 G4 5.84 6.44 11.25 0.72 23.20 278.40 70.98 10.60
B3 G1 5.20 6.92 11.07 0.64 20.67 248.00 60.94 8.38
B3 G2 5.15 7.02 10.46 0.57 21.07 252.80 56.73 8.59
B3 G3 5.83 5.76 12.17 0.77 22.40 268.80 66.85 7.39
B3 G4 5.57 5.79 11.64 0.75 21.20 254.40 70.77 6.81
B4 G1 5.29 6.61 10.74 0.66 20.53 246.40 60.69 6.81
B4 G2 5.17 7.28 10.55 0.57 21.47 257.60 57.04 7.60
B4 G3 5.50 6.03 12.18 0.66 22.07 264.80 67.00 6.72
B4 G4 5.37 5.54 12.29 0.69 21.73 260.80 65.59 6.77
B1 G0 5.13 6.20 10.67 0.65 20.93 251.20 63.39 8.41
B2G0 5.15 6.68 11.13 0.56 20.20 242.40 56.56 7.11
B3G0 5.23 6.70 11.23 0.55 19.53 234.40 54.36 7.93
B4 G0 5.15 6.88 10.72 0.53 18.40 220.80 52.16 7.17
B0 G0 4.67 6.73 10.60 0.58 17.33 208.00 51.65 7.13
B0 G1 4.73 6.53 10.54 0.50 17.00 204.00 49.80 7.13
B0 G2 4.71 6.58 10.62 0.53 16.67 200.00 52.95 7.02
B0 G3 4.70 6.57 10.50 0.61 17.13 205.60 57.12 6.96
B0 G4 4.73 6.71 10.46 0.63 16.40 195.20 55.63 7.71
SED 0.085 0.135 0.203 0.016 0.313 6.393 0.592 0.093
CD at 5% 0.172 0.272 0.408 0.034 0.631 12.855 1.192 0.187

-Bending above first leaf bud (Control), B1 -Bending at 
shoot junction bud, B2 -Bending above second leaf bud, 
B3 -Bending above third leaf bud, B4 - Bending above 
fourth leaf bud and Factor-2- G0- without GR, G1- GA3 
100 ppm, G2 - GA3 200 ppm, G3 - BA 100 ppm, G4 - BA 
200 ppm) with 25 combinations. After harvest, the flower 
stems at equal length of 35 cm were kept in aluminium 
sulphate 100 ppm +1% sucrose for vase life study.

RESULTS AND DISCUSSION 
Among the different combinations, B1G4, viz., bend-

ing at shoot junction bud (B1) + application of BA 200 
ppm (G4) was found to be superior. B1G4 combination 

significantly recorded the highest plant height (165.33 
cm), number of leaves (16.13), plant spread (45.19 cm2) 
and inter nodal length (6.13 cm) (Table 1). Rahman et al., 
(2000) stated that availability of more number of leaves 
in a plant help in manufacture of more photosynthates 
which results in increasing plant height and produce 
more number of branches per plant. It has been reported 
that bending of the primary shoot promotes the forma-
tion of axillary shoots by breaking apical dominance 
(Cline, 1991). Minimum days taken for flower bud ap-
pearance (26.40 days), minimum duration for harvest 
from flower bud appearance (11.53 days) and mini-
mum days  for harvest after bending (48.80 days) and  
the highest stem length (86.79 cm) was observed in the 
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treatment B1G4 (Table.1). Ohkawa and Suematsu (1999) 
accredited following additional benefits of bending in 
the rose. In the bent system, harvested flowering shoots 
include basal shoots that are usually strong and long. 
In the same treatment, highest length of flower bud at 
harvest (6.26 cm), pedicel length (6.59 cm) and increased 
circumference of flower bud (13.13 cm) were observed 
(Table 2). Kool (1997) reported that the number of out-
growing laterals is favourably influenced by the number 
of five-leaflet leaves in the mother shoot. 

The treatment that B1G4 combination also recorded 
maximum  flower stem girth (0.87 cm), maximum num-
ber of cut stems per square meter (317.60) ( Fig. 2) and 
vase life (12.37 days) followed by B1G3 which is on par 
with each other (Table 2.). The growth and floral param-
eters are superior due to the interaction effect of bending 
along with PGRs. The bent stem formed abundant pho-
tosynthesizing leaves enough to supply extra assimilates 
and translocation of carbohydrates to the growing shoots 
(Amanullah et al., 2010).  Kim and Lieth (2004) reported 
that due to the bending process, the plants showed in-
crease in plant height and produced more number of 
healthy shoots in cut rose.
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ABSTRACT
Tuberose (Polianthes tuberosa Linn.) occupies a very selective and special position among the ornamental 

bulbous plants which are valued for the beauty and fragrance of their flowers.As there is much confusion in the 
naming of genetic material existing in various Indian states as they are exclusively referred to as single genotype 
and all the local doubles probably from another. The major thrust at present is to maintain their purity besides 
registration (patents) and commercial release of new varieties. Therefore, an attempt was made to characterize 
most of the already released tuberose varieties over years so as to develop identification keys that are reliable and 
relatively easy to perform while implementing DUS testing.The morphological characterization of fifteen variet-
ies clearly brought out the differences. The data presented indicated that these varieties did not differ significantly 
when one trait i.e. leaf waxiness of vegetative character are taken into consideration. However, distinct differences 
were noticed in thirteen floral characters and ten in foliage (vegetative character). The study on tuberose variet-
ies has successfully demonstrated that fifteen varieties of tuberose differ significantly in 13/10 characters, which 
makes the candidate variety eligible to seek protection in future. The present study therefore provides very useful 
leads for future research efforts in this direction.

KEY WORDS: Tuberose,  DUS testing, morphological descriptors, cut flower, loose flower 

Among bulbous crops, tuberose (Polianthes tuberosa 
L.) occupies a very selective and special position for its 
elegance and sweet pleasant fragrance. It has a great 
economic potential for cut flower trade and essential oil 
industry7. Tuberose is native of Mexico and belongs to 
Agavaceae family. It is known to improve an individu-
al‘s capacity for emotional depth and can stimulate the 
right side of the brain and bring serenity to the mind and 
heart5. Though many tools are now available to study 
relationship among cultivars including various types of 
molecular markers, however, morphological character-
ization is the first step in description and classification. 
It is commonly known that morphological data can be of 
dubious taxonomic reliability because of environmental 
interaction and the largely unknown mechanisms of ge-
netic control of these traits1.With the advent of Protec-
tion of Plant Varieties and Farmers Rights Act, 2001 in 
India, the potential application of the DUS test guide-
lines to distinguish a candidate variety from the refer-

ence material was successfully demonstrated at IARI6. 
As there is much confusion in the naming of genetic 
material existing in various Indian states as they are ex-
clusively referred to as single genotype and all the lo-
cal doubles probably different from another. The major 
thrust at present is to maintain their purity besides reg-
istration (patents) and commercial release of new variet-
ies. Therefore, an attempt was made to characterize most 
of the already released tuberose varieties over years so as 
to develop identification keys that are reliable and rela-
tively easy to perform while implementing PVP legisla-
tion and DUS testing.

MATERIALS AND METHODS   
The present investigation was carried out for suc-

cessive two years during 2011 to 2012 and 2012 to 2013 
to characterize already released tuberose varieties (15) 
at Experimental Field of Directorate of Floriculture Re-
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search, IARI, New Delhi, India. The experimental mate-
rial comprised of 15 varieties (Mexican Single, PhuleRa-
jani, Sikkim Selection, Shringar, Prajwal, GKTC4, Arka 
Nirantar, Hyderabad Single, Vaibhav, Pearl Double, 
SwarnRekha, Hyderabad Double, Suvasini, STR 505, 
Calcutta Double), sown in a open bed (2x2 m2) with 
row-to-row and at a spacing of 25 x 25 cm plant-to-plant 
, in a randomized block design with three replications. 
In each replicate, all recommended package of practices 
were followed to raise a good crop (Table 1).

Land was brought to a fine tilth by two deep plough-
ing and leveled properly with a power tiller. All weeds 
and residues were removed and disposed of. FYM was 
distributed uniformly and mixed thoroughly. Chemical 
fertilizers, nitrogen in the form of urea, phosphorous in 
the form of single super phosphate and potassium in the 
form of murate of potash were applied according to their 
level as basal dose. The field was divided into plots for 
allotment of various treatments. Thirty six plots were 
laid out to accommodate all the 15 treatments replicated 
three times. A spacing of 50 cm between two blocks was 
provided for irrigation channels and working space.The 
bulbs of appropriate size (1.5-2.0 cm in diameter) were 
used as planting material. Before planting, the bulbs 
were treated with 0.2 per cent bavistin solution for half 
an hour as a preventive measure against bulb rot and 
were subsequently dried in shade. The tuberose bulbs of 
uniform size were planted at depth of 5 cm in bed dur-
ing March 2012. Each replication consists of forty five 
bulbs. Homogeneous cultural operations and crop man-
agement practices were adopted for all the treatments 
during both the years of study. Hand weeding was done 
periodically to keep the field free from weeds. Crop was 
irrigated periodically. The mean value of 10 randomly 
selected plants in each plot over the years was used for 
statistical analysis in traits where numerical values were 
taken, as per the guidelines for the conduct of DUS on 
garlic reported by PPV & FR in 2009.

RESULTS AND DISCUSSION
The morphological markers in 15 varieties of tube-

rose are presented in Table 2. In the present study, there 
was no variation among tuberose varieties for few traits/
characters viz. leaf waxiness, plain (1) leaf type, intensity 
of anthocyanin colour at base of leaf was present in twelve 
varieties. Thus tuberose varieties are very difficult to be 
differentiated on the basis of these traits. However, vari-
eties evaluated for rest of the traits differed clearly from 
each other and form reliable morphological descriptor 
profile. The descriptors have been explained separately 
on the basis of foliage and flower characteristics.

As the commercial cultivation of tuberose is gain-

ing importance, introduction and identification of high 
yielding varieties is necessary. Varieties, which perform 
well in one region may not do well in other regions with 
varying climatic conditions3. From the perusal of the 
pooled data in Table 2 revealed that foliage attitude of 
Mexican Single, PhuleRajani, Pearl Double, Sikkim Se-
lection was erect(1); Shringar, ArkaNirantar, Hyderabad 
Single, Suvasini, Calcutta Double were semi-erect(2), 
while drooping(3) in Prajwal, GKTC4,Vaibhav, Swarn-
Rekha, Hyderabad Double, STR 505. Leaf colour was light 
green(3) in Shringar, Vaibhav, Suvasini, STR 505; medi-
um green(5) in Mexican Single, Sikkim Selection, Prajw-
al, GKTC4, Hyderabad Single, Pearl Double, Hyderabad 
Double, Calcutta Double, while dark green(7) in rest of 
the varieties.National Institute of Agricultural Botany, 
Cambridge CB3 0LE, UK evolved a machine vision sys-
tem to assess the shape of chrysanthemum leaves as part 
of the testing procedure applied to new chrysanthemum 
varieties before they are granted protection under the 
UK’s Plant Breeder’s Rights Scheme12 .  Leaf length was 
short(3) in GKTC4, Hyderabad Single, SwarnRekha; 
medium(5) in Mexican Single, PhuleRajani, Sikkim Se-
lection, Calcutta Double, Shringar, Prajwal, ArkaNiran-
tar, Vaibhav, Hyderabad Double, Suvasini, while 
long(7) in Pearl Double, STR 505. The varieties which 
had narrow(3) leaf width were Sikkim Selection, Pearl 
Double, SwarnRekha; medium(5) was recorded in Mexi-
can Single, Shringar, ArkaNirantar, Hyderabad Single, 
Calcutta Double, STR 505, while broad(7) in Prajwal,, 
GKTC4, Suvasini and PhuleRajani. Anthocynincoloura-
tion at base of leaf was absent(1) in GKTC4, Hyderabad 
Single, Shringar and present(9) in rest of the varieties.
The estimate of heritability was high with low genetic 
advance calculated as percentage of mean for length of 
the floret, days taken for spike emergence, and number 
of leaves per plant, which indicated that high heritabil-
ity were due to non-additive gene effects and influence 
of environment. These results are in accordance with the 
findings of Sheikh and John11, in Iris.Density of leaves on 
plants was sparse(3) in Sikkim Selection, SwarnRekha; 
medium(5) in PhuleRajani, Shringar, Hyderabad Single, 
GKTC4, Vaibhav, Pearl Double, while dense(7) in rest of 
the varieties studied. Few(3) number of leaves per clump 
was not reported in any variety but medium(5) was in 
Sikkim Selection, Vaibhav, SwarnRekha while many(7) 
in Mexican Single, PhuleRajani, Shringar, Prajwal, 
GKTC4,ArkaNirantar, Hyderabad Single, Pearl Double, 
Hyderabad Double. Suvasini, STR 505, Calcutta Double. 
Number of tillers per clump was few(3) in Sikkim Se-
lection, Hyderabad Single, SwarnRekha; medium(5) in 
Prajwal, GKTC4, STR 505, Shringar, Vaibhav, Suvasini, 
while many(7) Mexican Single, PhuleRajani, Pearl Dou-
ble, Hyderabad Double, Calcutta Double, ArkaNirantar. 
The data presented in Table 2 indicated that the variet-
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ies did not differ significantly when the leaf waxiness of 
vegetative characters are taken into consideration. Very 
less difference was noticed in leaf thickness i.e. eight va-
riety had less (1) thickness while more (2) in rest of the 
varieties studied. Morphological characterization of 12 

rosebush rootstocks was undertaken based on the fol-
lowing plant descriptors: leaves, leaflets, stipules, stem 
and aculei of 8 month old plants. The joint analysis of the 
groups and the qualitative morphological characteristics 
showed that the 12 rootstocks were diverse (Cintra et al., 2). 

Table 1: Morphological markers recorded in different tuberose (Polianthes tuberosa L.) varieties

S.No. Characteristics States Note Stage of ob-
servation

Type of assess-
ment

1. Plant: Density of Leaves Sparse 3 30 VG
Medium 5
Dense 7

2. Plant: Number of leaves per clump Few 3 30 VS
Medium 5
Many 7

3. Plant: Number of tillers per clump Few 3 30 VS
Medium 5
Many 7

4.(*)(+) Foliage: Attitude Erect 1 30 VG
Semi-erect 2
Drooping 3

5.(*) Leaf: Intensity of green colour (dorsal) Light(YG-146A) 3 30 VG
Medium(YG-146B) 5
Dark (YG-146C) 7

6. Leaf: Waxiness Absent 1 30 VG
Present 9

7. Leaf: Length (longest leaf in cm) Short (<30) 3 30 MS
Medium (30-50) 5
Long (>50) 7

8. Leaf: Width(widest leaf in cm) Narrow (<2) 3 30 MS
Medium (2-3) 5
Broad (>3) 7

9. Leaf: Thickness (mm) Less (>1.5) 1 30 MS
More (<1.5) 2

10.(*)(+) Leaf: Type Plain 1 30 VS
Variegated 2

11.(*) Pseudostem: Intensity of anthocynin-
colouration at base

Absent 1 30 VG
Present 9

12.(+) Flowering spike curvature Absent 1 30 VG
Present 9

13. Spike Length (cm) Short (<70) 3 30 MS
Medium (70-90) 5
Long (>90) 7

14. Days to spike appearance Early (before 95) 3 30 MG
Mid (95-110) 5
Late (after 110) 7
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S.No. Characteristics States Note Stage of ob-
servation

Type of assess-
ment

15. Flowering Duration (days) Short (<15) 3 30 MG
Intermediate (15-20) 5
Long (>20) 7

16. Number of Florets per Spike Less(<40) 1 30 VS
More(>40) 9

17. Floret colour WG155A 3
WG155B 5
WG155C 7

18.(*) Internodal length of spike (cm) Short(<6.5) 3 30 VS
Medium(6.5-7.5) 5
Long(>7.5) 7

19. Length of Floret(mm) Less(<25) 1 30 VS
More(>25) 9

20.(+) Petal shape Acute 1 30 VS
Subobtuse 2
Obtuse 3

21.(+) Floret tube shape Straight 1 30 VS
Less curve 2
More curve 3

22.(*)(+) Bud colour Pinkish 1 30 VG
Greenish 2
Purplish green 3

23.(*)(+) Number of petal/floret Less 1 30 VS
More 2

24.(+) Number of whorls Single 1 30 VS

The data of floral descriptors presented in Table 3 
showed that spike length was short(3) in PhuleRajani, 
Shringar, GKTC4, Hyderabad Single, SwarnRekha; 
medium(5) in Prajwal, Vaibhav, Pearl Double, Hydera-
bad Double, Suvasini, STR 505, Calcutta Double while 
long(7) in Mexican Single, Sikkim Selection  andArk-
aNirantar. Number of florets per spike was less (1) in 
Mexican Single, Sikkim Selection, ArkaNirantar, Swarn-
Rekha, while more(9) in rest of the varieties. Significant 
differences among the varieties were noticed for floret 
colour.Earlier reports indicated that the flower colour 
variations in Begonia x tuberhybrida Voss were analy-
sed using image analysis system for its possible usage 
in DUS evaluation of new varieties. The colours of the 
flowers were compared with the RHS colour chart and 
for each flower colour a code was given4. Significant dif-
ferences were also noticed in intermodal length of spike 
i.e. short(3) was in Mexican Single, PhuleRajani, Shrin-
gar, Hyderabad Single, Vaibhav; medium(5) in Prajwal, 
GKTC4, ArkaNirantar, Hyderabad Double, Calcutta 

Double, while long(7) in Sikkim Selection, Pearl Double, 
SwarnRekha, Suvasini and  STR 505. Similarly, length 
of florets also differed significantly with more (9) in 
Prajwal, Sikkim Selection, Vaibhav and less(1) in rest 
of the varieties studied. The data presented in Table 3 
also indicated that the petal shape was acute(1) in nine 
varieties however they are subobtuse(2) in Hyderabad 
Single, Shringar, GKTC4, ArkaNirantar while obtuse(3) 
in PhuleRajani and Sikkim Selection. Floret tube shape 
was reported straight(1) in Vaibhav, Pearl Double, 
SwarnRekha, Hyderabad Double, Suvasini, STR 505, 
Calcutta Double; less curve(2) in Mexican Single, Phul-
eRajani, Sikkim Selection, Shringar, GKTC4, Hyderabad 
Single while more curve(3) in Prajwal and ArkaNirantar. 
Significant differences were also noticed in bud colour. 
The bud colour was pinkish(1) in ten varieties; while 
greenish(2) in Vaibhav, SwarnRekha, Mexican Single, 
GKTC4 and purplish green(3) in PhuleRajani. Number 
of petals per floret was less(1) in eight varieties while 
more(2) was in seven varieties. Number of whorls was 
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ARKA NIRANTAR HYDERABAD SINGLE

PHULE RAJANI SHRINGAR

PRAJWAL PEARL DOUBLE HYDERABAD DOUBLE

Fig. 1 :  Photograph of tuberose varieties evaluated under DUS

reported single(1) in Mexican Single, PhuleRajani, Sik-
kim Selection, Shringar, Prajwal, GKTC4, Arka Nirantar, 
Hyderabad Single(see fig.2), while double(2) was in Vai-
bhav, Pearl Double, SwarnRekha, Hyderabad Double, 
Suvasini, STR 505, and Calcutta Double. There was sig-
nificant difference in days to spike appearance. Early(3) 
was in Suvasini, ArkaNirantar, Mexican Single, GKTC4; 
mid(5) in Shringar, Sikkim Selection, Prajwal, Hyderabad 
Double, while late (long)(7) in PhuleRajani, Pearl Dou-
ble, Vaibhav, SwarnRekha and STR 505. Flowering dura-
tion in tuberose varieties showed significant difference 
i.e. short (3) in Prajwal, Mexican Single, ArkaNirantar. 
However,intermediate (5) in nine varieties while long(7) 
in Suvasini, Pearl Doubleand STR 505. Flowering spike 
curvature was present(9) in Sikkim Selection and Arka 
Nirantar while absent(1) in remaining varieties studied. 
High heritability with moderate genetic advance was re-

corded for spike lengthand  flowering duration suggest-
ing the presence of both additive and non-additive gene 
actionswherein, a simple selection offers best possibility 
of improvement of this trait 9 and 10.

The morphological characterization of fifteen vari-
eties clearly brought out the differences. The data pre-
sented indicated that these varieties did not differ sig-
nificantly when one trait i.e. leaf waxiness of vegetative 
character is taken into consideration. However, distinct 
differences were noticed in thirteen floral characters 
and ten in foliage (vegetative character). The study on 
tuberose varieties has successfully demonstrated that fif-
teen varieties of tuberose differed significantly in 13/10 
characters, which makes the candidate variety eligible 
to seek protection in future. The present study therefore 
provides very useful leads for future research efforts in 
this direction.
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Nitrogen budgeting in pearl millet–potato sequence under central plains of India 
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ABSTRACT
A field experiment was conducted during 2011-12 and 2012-13 at the experimental site (260N and 780E and 207 

m above mean sea level) of Central Potato Research Station, Gwalior (Madhya Pradesh) to work out the N needs 
of component cropsin pearl millet-potato sequence. The experiment comprised of 5 treatments (0, 33, 66, 99 and 133 
% of recommended) to both the crops in sequence.  Results revealed that application of recommended dose of N 
to both crops resulted into higher production of potato and pearl millet with the maximum of net returns. Highest 
system productivity (48 kg/ha/day) and pearl millet equivalent yield (17.2 t/ha) were recorded with recommended 
dose of N. However highest system profitability (451/ha/day) was recorded with 133 % applied treatment. Hence, it 
is concluded from the study that both the crops in the sequence require recommended dose of N for better yields 
and profitability.

KEY WORDS: Pearl millet-potato sequence, profitability, net return, water use efficiency, equivalent yield, 
nitrogen

Crop production in India has remained, by and large, 
subsistence rather than a commercial activity. One of the 
typical characteristics of subsistence farming is that most 
of the farmers resort to grow a number of crops on their 
farm holdings, primarly to fullfil their house hold needs 
and follow the practice of rotating a particular crop com-
bination over a period of time interchangeably on differ-
ent farm fields. World has an over supply of mouths to 
feed and an under supply of arable land and useable irri-
gation water (Vorosmarty et al., 2010). Multiple cropping 
using short duration crop cultivars and intensive input 
management is practiced to enhanced land use efficiency 
and is used to increase crop production. Cropping sys-
tems with differential requirement and contribution in 
modifying the rhizosphere by different crops provide 
newer challenge as well as opportunity for management 
to achieve higher input productivity for water and nu-
trients (Gangwar et al., 2012). Among pearl millet based 
crop sequences pearl millet-gram, pearl millet- mustard, 
pearl millet- sorghum, pearl millet- wheat are prominent 
one. Choice of a cropping system is very much location 
specific. Due to scarcity of water, pearl millet based crop 
sequences are followed in Gwalior region of Madhya 

Pradesh (Khanda et al., 2005). The greatest contribution 
to increased grain yield has come from improved man-
agement practices rather than from improved crop va-
rieties (Anderson, 2010). Pearl millet is the fourth most 
important cereal and widely grown in Central west India 
because of its tolerance to drought, high temperature and 
low soil fertility. At present it is occupying 9.4 million ha 
area with a total production of 10.1 million tonnes. Po-
tato is the fourth most important crop after rice, wheat 
and maize in the world. Pearl millet – potato system is 
an emerging crop sequence of the region. However, the 
N needs of component crops are not known presently. 
Moreover, if the N is not managed properly, then we 
may face the problem of decline in productivity and soil 
fertility.  Keeping this in view, the present study was un-
dertaken to find out nitrogen requirement of pearl millet 
– potato cropping system and its effect on yield, econom-
ics and efficiency under Central Plains of India.    

MATERIALS AND METHODS 
A field experiment was conducted during 2011-12 

and 2012-13 at the experimental site (260N and 780E and 

DOI : 10.5958/2249-5258.2015.00050.0
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207 m above mean sea level) of Central Potato Research 
Station, Gwalior (M.P.). The soil of experimental site was 
silty clay loam in texture and classified as Typic ustocrepts 
at great group level with pH 8.5, EC 0.32 dS/m,  organic 
carbon 0.23 %, available N, P and K 125 (low), 42 (high) 
and 470 (high) kg/ha, respectively. Climate of Gwalior is 
subtropical and semi arid type with mean annual rainfall 
of 700-800 mm and annual evaporation of 780 mm (from 
July to March). Weather conditions prevails with hot and 
dry summer and cold winter, where maximum temper-
ature goes up to 45 0C during summer and minimum 
goes as low as 2.8 0C during winter. The crop received 
18 and 69 mm winter rains during 2011-12 and 2012-13, 
respectively. The mean monthly maximum temperature 
from November to March was 28.2, 24.3, 21.8, 25.8 and 
31.4 during first year and 28.9, 23.7, 21.1, 24.2 and 32.9 0C 
during second year, respectively. The experimental field 
was cropped with dhaincha (GM) – potato sequence for 
4-5 years before beginning of experiment in 2011.  The 
experiment comprised of 5 treatments, viz., control, 33 %, 
66 %, 99 % and 133 % of recommended dose of N with 
the recommended dose of P and K.  Recommended dose 
of N, P and K for potato was 180 kg N, 34.9 kg P and 100 
kg K/ha, respectively. Pearl millet crop was also fertil-
ized similarly. Recommended dose for Pearl millet was 
150, 26.2 and 16.7 kg N, P, K/ha, respectively. Gross plot 
size was 4.2 x 4.0 m2. Fifty per cent N and full doses of P 
and K were applied to potato and pearl millet were ap-
plied at planting/sowing. Remaining half dose of N was 
applied at hoeing and earthing up to potato and at tiller-
ing stage to pearl millet. Variety K Surya of potato was 
used for experimental purpose and planting was done at 
60 x 20 cm2 spacing.  

During kharif season hybrid pearl millet variety Tiger 
(KAP-L-051) treated with metalaxil was sown in rows at 
50 x 10 cm2. Sowing was done on onset of rains during first 
week of July and harvested at its physiological maturity. 
NPK was applied to pearl millet through DAP, muriate 
of potash and urea. Seed rate for pearl millet was 5 kg/
ha and for potato it was 5000 kg /ha.  The treatments 
were arranged in a randomised block design with four 
replications. During rabi potato crop was planted after 
harvesting of pearl millet crop during second fortnight 
of November. As per treatment half dose of N and full 
doses of P and K were applied at planting and remain-
ing half dose of N was applied at hoeing. NPK for potato 
at planting were applied through ammonium sulphate, 
single super phosphate and muriate of potash. Potato 
was harvested through in the fourth week of February 
at its maturity. Five irrigations were applied to the crop 
during first and second years. Graded tuber number and 
yield were recorded. Economics were computed using 
prevailing market prices for inputs and outputs such as 

tuber (6000/t), pearl millet grain (11.75/kg) and manual 
labour (200/day). Pearl millet grain equivalent yield was 
worked out considering the prevailing market, prices of 
inputs and outputs. 

Economics was computed using prevailing market 
prices for inputs and outputs such as seed tuber  (12/kg), 
tuber produce (5/kg), nitrogen (5.68/kg) pearl millet 
seed  (180/kg) and pearl millet grain  (11.75/kg), pearl 
millet straw (2/kg).

Agronomic use efficiency (AUE) which measure 
how much economic biomass is produced per unit of ni-
trogen supplied (soil supply + applied N)

AUE 

Where Y is tuber yield in a particular treatment (kg/
ha), S is soil available N (kg/ha) and F is quantity of N 
applied (kg/ha)

Physiological use efficiency (PUE) which measure 
how much economic biomass is produced per unit of 
nutrient absorbed. PUE (kg tuber produced per kg N 
uptake) is:

PUE 

Where Y is tuber yield in a particular treatment (kg/
ha) and U is total N uptake in the treatment (kg/ha).

RESULTS AND DISCUSSION

Growth, yield attributes and yield of pearl millet
Increasing application of nitrogen increased plant 

height. Application of 133 % nitrogen resulted in highest 
height (222 cm) which was significantly higher over con-
trol. Application of 33 to 133 % N could not result in any 
significant increase of plant height. Increasing nitrogen 
doses increased number of tillers/plant. Highest total 
number of tillers was produced with the application of 
133 % N which was significantly higher over control. Ap-
plication of 33 to 133 % Nitrogen did not increase num-
ber of tillers significantly. However, application of 133 % 
nitrogen resulted in highest number of effective tillers/
plant which was significantly higher over control and 33 
% N. Highest ear head length was recorded with 66 % 
N which was statistically on par with other treatments. 
Increasing application of nitrogen increased stalk yield. 
Highest stalk yield (7.61/ha) was recorded with 133 % 
N which was significantly higher over only control sta-
tistically at par with other treatments. Highest husk and 
stalk yield was recorded with 99 % N which was signifi-
cantly higher over control and 33 % N treatments (Table 
1). Amgain et al. (2013) also reported increase in grain, 
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Table 1: Growth and yield attributes of pearl millet in pearl millet – potato sequence (two years mean data)

Treatments Plant 
height 
(cm)

Tillers/
plant

Effective 
tillers/plant

Ear head 
length (cm)

Stalk 
yield (t/

ha)

Husk 
yield (t/

ha)

Stalk + 
Husk yield 

(t/ha)

Grain 
yield (t/

ha)

HI (%)

Control 209 1.8 1.6 26.6 4.88 1.13 6.01 2.28 27.5
33 % N 215 2.42.6 2.2 26.7 6.76 1.12 7.88 2.67 25.3
66 % N 217 2.52.8 2.1 27.6 7.61 1.03 8.64 3.29 27.6
99 % N 221 2.82.3 2.3 25.7 7.6 1.40 9.00 3.54 28.2
133 % 222 3.12.8 2.4 26.5 7.52 1.13 8.65 3.61 29.4
CD 
(P=0.05)

17.5 1.2 0.7 NS 1.76 0.31 1.04 0.86 NS

Table 2: Growth and yield attributes of potato in pearl millet – potato sequence (two years mean data)

Treatments Plant 
height 
(cm)

Stem/
plant

Compound 
leaves/
plant

Tuber 
number 
(’000/ha)

Tuber 
yield 
(t/ha)

CC GR NR B:C SPF SPD PME

Control 14 3.0 28.1 412 22.6 114696 147013 32317 1.3 192 32 119
33 % N 23 3.5 31.9 498 29.7 115738 189337 73599 1.6 321 41 153
66 % N 23 3.7 36.7 469 30.4 116779 195475 78696 1.7 382 43 162
99 % N 24 3.9 38.3 469 32.1 117844 223655 105811 1.9 387 48 172
133 % 24 2.8 30.9 480 31.8 118886 214352 95466 1.8 451 47 171
CD (P=0.05) 2.9 0.7 14.8 65.1 3.65 17849 17849 0.15 89 0.04 19.3

CC=cost of cultivation, GR=gross return, NR=net return, B:C=benefit: cost ratio, SPF=system profitability (Rs/
ha/day), SPD=system productivity (kg/ha/day), PME= pearl millet equivalent (q/ha)

Table 3: Nutrient uptake in pearl millet – potato (two years mean data)

Treatments N uptake (kg/ha) P uptake (kg/ha) K uptake (kg/ha)
Potato Pearl millet Total Potato Pearl millet Total Potato Pearl millet Total

Control 29 75 104 7 12 19 62 66 128
33 % N 52 86 138 12 15 27 72 78 150
66 % N 81 104 185 9 18 27 75 92 167
99 % N 103 117 220 12 20 32 69 99 168
133 % 85 111 196 16 19 35 83 103 186
CD (P=0.05) 11 25.3 1.4 3.9 8 21 82

Table 4: Nitrogen efficiency indices of potato (two years mean data)

Treatments Agronomic use effi-
ciency of N (Potato) 

Available soil N 
(kg/ha)

Physiological use ef-
ficiency of  N (Potato)

Phoema (Ozone leaf spot) 
of Potato at 75 DAP

Control 181 216 156 11.25
33 % N 160 244 205 4.75
66 % N 124 257 209 2.25
99 % N 106 277 221 2.25
133 % 87 279 219 2.25
CD (P=0.05) 15 16.5 25 1.8
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stover and biological yield due to addition of N. Increas-
ing application of nitrogen increased grain yield of pearl 
millet which was highest with 133 % N and significantly 
higher over control and 33 % N applications. Rana et al. 
(2012) also reported a significant response to pearl mil-
let to nitrogen application in good rainfall year. Harvest 
index was found to be statistically on par.

Increasing application of nitrogen increased plant 
height from 14 cm to 24 cm except control, plant height 
among all other treatments was statistically at par. Sta-
tistically lower number of stem/plant was recorded 
with 133 % N. Increasing application of N increased 
compound leaves/plant and it was highest with 99 % N 
which was significantly higher over control only. High-
est number of tubers was recorded with 33 % N which 
was significantly higher over control but statistically on 
par with all other treatments (Table 2). Increasing appli-
cation of N increased tuber yield significantly. Highest 
tuber yield was recorded with 99 % N which was signifi-
cantly higher over control but statistically on par with 
other treatments. Jatav et al. (2013) also reported increase 
in tuber yield due increase in N application rate. 

System productivity and profitability
Increasing application of N increased cost of culti-

vation marginally from 1,19,696 to 1,18,856/ha. Highest 
gross return was recorded with 99 % N which was sig-
nificantly higher over control, 33 % and 66 % N. Increas-
ing application of N increased net return. Highest net 
return (105811/ha) was recorded with 99 % N which was 
significantly highest higher over other treatments except 
133 % N. Similarly, highest B:C ratio was recorded with 
99 % N which was significantly higher over control, 33 
and 66 % N. Highest system profitability (451/day was 
recorded with 133 % N which was significantly higher 
over control and 33 % N but statistically on par with 66 
and 99 % N. Highest system productivity was recorded 
with 99 % N which was significantly higher over other 
treatments. Highest pearl millet equivalent yield was re-
corded with 99 % N (17.2 t/ha) which was significantly 
higher over control and 33 % N but statistically on par 
over other treatments. Gangwar et al. (2012) also reported 
relative response to treatment over control was higher 
with application of recommended dose.

Nutrient uptake
Increasing application of N increased N uptake by 

potato crop which was highest with 99 % N (103 kg/ha) 
and it was significantly higher over all other treatments. 
Increasing application of nitrogen increased N uptake 
by pearl millet crop which was significantly higher over 
control and 33 % N but statistically on par with other 
treatments. Similarly, total uptake was highest with 99 

% N. Application of nitrogen increased P uptake also 
and total P uptake was highest with 133 % N (35 kg/
ha) by both the crops (Table 3). Increasing application of 
N increased K uptake by potato crop and it was highest 
with 133 % N, which was significantly higher over all 
other treatments. Similar trend was observed with pearl 
millet. Highest K uptake was recorded with 133 % N ap-
plied treatment in the sequence. 

Nitrogen efficiency indices
Increasing nitrogen doses decreased Agronomic 

use efficiency. Agronomic use efficiency ranged from 87 
to 181 kg tuber/kg applied N under different N levels 
(Table 4). Maximum AUE was observed with minimum 
dose of N. This was due to the fact that input-output re-
lationship follows the law of diminishing return as far 
as the relationship between N and yield is concerned. 
In general, agronomic use efficiency decreased with in-
creasing dose of N. Results are in conformity with Jatav 
et al. (2013). In contrast to agronomic use efficiency, in-
creasing application doses increased physiological use 
efficiency. Highest physiological use efficiency was re-
corded with 99 % N applied treatment. Nitrogen defi-
ciency in plant causes leaf spot (Phoema/Ozone injury) 
symptoms in some varieties. In Kufri Surya also leaf spot 
symptoms were higher (11.25 %) in control and 4.75 % in 
33 % N applied treatment however it was same 2.25 % in 
other treatments. Available nitrogen in ranged from 216 
to 279 kg/ha after two years of experimentation.

It can be concluded from the present study that the 
N dose to potato and pearl millet in pearl millet – potato 
sequence cannot be altered/reduced and both crops may 
be applied recommended dose of nitrogen higher yield 
and maximum profitability without compromising on 
soil health.
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ABSTRACT
A study was conducted during kharif season of the year 2010-11 to evaluate the effectiveness of okra IDM 

modules on the basis of infestation level of whiteflies and incidence of yellow vein mosaic virus (YVMV) disease 
of okra. The IDM module I consisting of periodical uprooting and destruction of infected plants up to 40 days 
and two sprays of dimethoate (0.03 %); IDM module II comprising destruction of infected plants; first spray with 
azadirachtin (0.03 %) in the form of neem oil followed by second spray with dimethoate (0.03 %) accompanied by 
monitoring of whiteflies population by installing of yellow sticky traps @ 10 traps/ha as compared to conventional 
farmers’ practices. The results indicated that minimum mean whiteflies infestation (1.10) and mean disease inci-
dence (2.29) in IDM module II followed by module I (mean whiteflies infestation 1.98 and mean disease incidence 
4.06) as compared to conventional farmers’ practices having higher levels of the same (mean whiteflies infestation 
4.89 and mean disease incidence 21.04). Higher mean yield (79.33 q/ha) and cost: benefit ratio (3.02) were also real-
ized in the IDM module II followed by module I (mean yield 61.82 q/ha and cost:benefit  ratio 2.54) as compared 
to farmers’ practice (mean yield 46.05 q/ha and cost:benefit  ratio 1.92).

KEY WORDS: Abelmoschus esculentus, Bemisia tabaci, Disease incidence, IDM modules 

Bhindi [Abelmoschous esculentus (L.) Moench], also 
called okra or lady’s finger, belongs to family malvaceae 
and is an important vegetable grown throughout the 
world mainly for its pods. Okra crop extensively cultivat-
ed in summer and kharif seasons in India. The cultivation 
of okra faces serious problems due to virus diseases, viz., 
yellow vein mosaic virus (YVMV) and leaf curl which 
account for more losses as compared to the diseases 
caused by fungi, bacteria and nematodes. Among these, 
the former is the most serious and common disease in 
Panchmahal district of Gujarat. The YVMV disease was 
first reported by Kulkarni, 1924 from Bombay region and 
viral nature of the disease was established by Uppal et al. 
(1940). Yellow vein mosaic transmitted by white fly- Be-
misia tabaci Genn. The symptoms of the disease start with 
yellowing of veins and clearing of veinlets followed by 
complete chlorosis of veins, vein swelling, slight down-
ward curling of leaf margins, twisting of petioles, dwar-
fening and finally complete yellowing of leaf lamina re-
sulting into retardation of growth (Capoor and Varma, 

1950). If infection is severe, plants become stunted and 
pods turn yellow, deformed, fiberous and are rendered 
unmarketable. This disease has become major constraint 
in okra cultivation affecting the crop at any growth stage 
and it causing significant losses in yield and fruit qual-
ity. For management of the disease, chemical control 
is generally practiced by farmers for higher gains, but 
its injudicious utilization have created many problems. 
Sole reliance on chemical control leads to problems of 
pest resistance, resurgence of pests, pesticide residues, 
destruction of beneficial fauna and environmental pol-
lution. Under such circumstances, the use IDM/IPM 
is considered an ecologically viable proposition which 
overcome the above mentioned problems. Considering 
the importance of eco-friendly approaches to manage 
the pests, the present study was intended to evaluate the 
efficacy of Integrated Disease Management modules for 
okra yellow vein mosaic virus disease under field condi-
tions in semi arid region of middle Gujarat.
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MATERIALS AND METHODS
The studies were conducted for efficacy of okra IDM 

modules for yellow vein mosaic virus var. Parbhani 
kranti in comparison to farmers’ practices at farmer’s 
field. Farmers participatory trials were conducted in 
four villages, viz., Kharsaliya, Bekhadiya, Godhra and 
Sureli, the villages of Panchmahals district of Gujarat 
during kharif season of 2010-11. Following three treat-
ments were compared: 

Conventional farmers’ practice
No recommended disease management practice.    

Module-I: (M1) -Integrated Disease Management 
(IDM) :- Periodical uprooting and destruction of infect-
ed plants up to 40 days and two sprays of dimethoate  
(0.03%); First  spray at 15 days after sowing  followed by 
second spray at fortnightly interval. 

Module-II: (M2) -Integrated Disease Management 
(IDM) :-Destruction of infected plants ;  First  spray with 
azadirachtin (0.03%) in the form of neem oil at 15 days 
after sowing  followed by second spray at fortnightly 
interval with dimethoate (0.03%) accompanied by moni-
toring of whiteflies population by installing of yellow 
sticky traps @ 10 traps/ha. These above three treatments 
were imposed in farmers’ fields. Observations on the in-
festation of whiteflies and incidence of okra yellow vein 
mosaic virus disease were made by following standard 
procedures. At the time of harvest, yield was recorded 
both in the IDM practices and farmer’s practice fields 
and the cost: benefit ratios were worked out.

RESULTS AND DISCUSSION 
Efficacies of okra IDM modules for yellow vein mo-

saic virus management were carried out in four villages. 
The results are presented in Table 1. Okra IDM modules 
demonstrations revealed lower mean whiteflies popula-
tion (per leaf/plant) and disease incidence of YVMV (%). 
Minimum mean infestation of whiteflies was noted in 
module II (1.10) followed by module I (1.98). Similarly, 
the minimum mean disease incidence was observed in 
module II (2.29) followed by module I (4.06). The farmer 
practices showed higher infestation of whiteflies (4.89) 
and more disease incidence (21.04). Higher mean yield 
of 79.33 q/ha in module II and 61.82 q/ha in module 
I were recorded in the IDM fields against 46.05 q/ha 
in farmers’ practise fields resulting in higher C:B ratio 
of 3.02 in module II and 2.54 in module I for the IDM 
demonstrated fields as compared to 1.92 for the farmers 
practices.

In the management of okra yellow vein mosaic vi-
rus, various authors have reported efficacy of neem oil 
and dimethoate for management of YVMV in okra (Ali 
et al., 2005; Biswas et al., 2008; Vethanayagam and Ra-
jendran, 2010; Bhyan, 2007; Pun et al., 2005; Biswas et al., 
2010). However, a recent report that vector population 
using yellow sticky traps could reduce the disease inci-
dence (Chakraborti et al., 2014) has also supported the 
results of present study. Muhammad et al. (2012) studied 
that yellow sticky traps captured maximum mean num-
ber of whiteflies. The results obtained in the study are in 
consonance with those previous workers. It can be sug-
gested that Module II, i.e., destruction of infected plants;  
first  spray with azadirachtin (0.03%) in the form of neem 
oil at 15 days after sowing  followed by second spray at 
fortnightly interval with dimethoate (0.03%) accompa-
nied by monitoring of whiteflies population by installing 
of yellow sticky traps @ 10 traps/ha  can manage the 
YVMV, effectively. 

Table 1: IDM modules to manage yellow vein mosaic virus (YVMV) of okra in kharif season 2010-11

Parameters Kharsaliya Bekhadiya, Godhra Sureli, Mean
*IDM 

-I
IDM 

-II
**FP IDM 

-I
IDM 

-II
FP IDM 

-I
IDM 

-II
FP IDM 

-I
IDM 

-II
FP IDM 

-I
IDM 

-II
FP

White flies 
population 
/ leaf/plant

1.90 1.00 4.86 1.92 1.00 4.79 2.00 1.20 5.10 2.10 1.20 4.80 1.98 1.10 4.89

% disease 
incidence 
(YVMV)

3.96 2.26 20.02 4.25 2.38 21.10 3.78 2.20 21.42 4.26 2.32 21.60 4.06 2.29 21.04

Pod yield 
(q/ ha)

60.50 80.60 48.70 65.32 82.30 46.00 62.66 76.20 45.50 62.80 78.20 44.00 61.82 79.33 46.05

Cost : Ben-
efit

2.45 3.07 2.03 2.64 3.13 1.92 2.53 2.90 1.90 2.54 2.98 1.83 2.54 3.02 1.92

*IDM- Integrated Disease Management **FP- Farmers’ Practice
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ABSTRACT
The present investigation was carried out in the Department of Horticulture (Vegetable & Floriculture), Bihar 

Agricultural College, Sabour. In this experiment different levels of nitrogen (N0-0, N1 -50 kg N/ha, N2-100 kg N/ha, 
N3-150 kg N/ha and N4-200 kg N/ha) and microbial inoculants (M0-0, M1-Azospirillum, M2-Azotobacter) were used 
to show the performance of these treatments on vegetative growth and yield of cabbage. Among all the treatments 
the combination of microbial inoculant M1 (Azospirillum) and nitrogen level of N3 (150 kg N/ha) provided the best 
result and recorded maximum head yield (668.27q/ha). In terms of yield contributing parameters the above treat-
ment combination was also found significant differences in respect of plant height (55.13 cm), diameter of head 
(21.41 cm), depth of head (19.11 cm) and weight of head (1.653 kg) per plant. The next best treatment was microbial 
inoculants M1 (Azospirillum) at nitrogen level of N4 (200 kg N/ha).

KEYWORDS: Cabbage, nitrogen, Azotobactor, Azospirillum, growth, yield

Among the cole crops, cabbage (Brassica oleracea 
var. capitata L.) is one of the important commercial veg-
etable crops. It belongs to the family Brassicaceae. It is 
widely grown all over India and abroad for its high nu-
tritive value, high productivity and wider adaptability 
under different ecological conditions. Consistent and 
indiscriminate use of chemicals has caused reversal ad-
verse effects on the soil as well as environmental health. 
Biofertilizers are the carrier based preparations contain-
ing beneficial microorganisms in viable state intended 
for seed or soil application. These microbes help to  fix 
atmospheric nitrogen, solubilise and mobilize phospho-
rus, translocate minor elements like zinc, copper, etc to 
the plants,  produce plant growth promoting hormones 
,vitamins and amino acids and control plant pathogenic 
fungi, thus  helping to improve the soil health and in-
crease crop production. They are cost effective and re-
newable source of plant nutrients to supplement the part 
of chemical fertilizers. The extent of benefit from these 
microorganisms depends on their number and efficiency 
which, however, is governed by a large number of soil 
and environmental factors. When the number and activ-
ity of specific micro - organism is sub- optimal, artificial-
ly multiplied culture of that micro- organism called mi-

crobial inoculants or bio-fertilizers is used to hasten the 
biological activity to improve availability of plant nutri-
ent. Today, is not only a question of providing enough 
vegetables for balanced diet but also to produce quality 
vegetables that are acceptable and competitive in inter-
national market. So, bio-fertilizers in combination with 
chemical fertilizers offer a great opportunity to increase 
the crop production at less cost.

MATERIALS AND METHODS
The experiment was conducted in the Department of 

Horticulture (Vegetable & Floriculture), Bihar Agricul-
tural College, Sabour during the Rabi season of the year 
2010-2011. The different levels of nitrogen (N0-0, N1 -50 
kg N/ha, N2-100 kg N/ha, N3-150 kg N/ha and N4-200 
kg N/ha) and microbial inoculants (M0-0, M1-Azospiril-
lum, M2-Azotobacter) were used for the experiment to 
show the performance of these treatments on vegetative 
growth and yield of cabbage.  The experiment was laid 
out in Randomized Block Design (factorial) with three 
replications and variety used was ‘Pride of India’. Mi-
crobial inoculants were used as seedling inoculation and 
seedlings were transplanted at the spacing of 45x45cm. 
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Progressive Horticulture, 47 (2) 297

Treatment wise microbial inoculants @ 10 g/litre of wa-
ter were prepared and roots of uprooted seedlings were 
dipped for 20 minutes before transplantation. Five plants 
in each treatment combination and in each replication 
were selected and tagged properly for recording various 
observations.

RESULTS AND DISCUSSION
The results revealed that nitrogen levels and micro-

bial inoculants exhibited a significant effect on various 
growths and yield attributes of cabbage var. Pride of In-
dia. Among the nitrogen levels, 150 kg N/ha produced 
maximum plant height (51.95 cm), head diameter (20.23 
cm), head depth (18.06 cm), head weight (1.565 kg) and 
yield (626.63 q/ha) whereas minimum values for these 
characters were recorded with zero nitrogen level. In-
creased yield under nitrogenous fertilizer might be due 
to cumulative effect of all yield contributing characters. 
Similar results in cabbage were also reported by Guo et 

al. (2007), Westerveld (2003), Chaubey et al. (2006) and 
Choudhary and Choudhary (2005). 

In case of microbial inoculants Azospirillum record-
ed maximum plant height (44.19 cm), number of outer 
leaves per plant (22.96), number of inner leaves per plant 
(44.18), head diameter (17.52 cm), head depth (15.75 cm), 
head weight (1.367 kg) and yield (527.09 q/ha). The im-
provement in yield might be due to higher amount of 
nitrogen fixed in soil by Azospirillum and made avail-
able to plants, and growth promoting substances like 
IAA, GA3, cytokinin and vitamins secreted by Azospiril-
lum which have beneficial effects on crop growth. Simi-
lar findings were also reported by Chattoo et al. (1997), 
Verma et al. (1997), Manivannan and Singh (2004) and 
Bhardwaj et al. (2007).

Results indicated that the combined effect of nitrogen 
levels and microbial inoculants proved always superior 
over their individual effects. The treatment combination 
of nitrogen level 150 kg N/ha + Azosprillium recorded 

Table 1: Effect of nitrogen levels and microbial inoculants on vegetative growth of cabbage

Levels of nitrogen (N) Plant height 
(cm)

No. of outer 
leaves/plant

No. of inner 
leaves/plant

No. of days 
taken to head 

initiation

No. of days 
taken to head 

maturity

Head diam-
eter (cm)

0  kgN/ha     (N0) 
50 kgN/ha    (N1)   
100 kgN/ha  (N2)  
150 kgN/ha  (N3) 
200 kgN/ha  (N4)
C.D. at 0.05

20.55
36.66
45.36
51.95
51.93
2.42

18.93
21.27
22.47
22.93
23.90
0.125

38.13
40.73
42.70
45.30
45.63
2.28

61.57
59.00
56.80
53.97
52.00
2.79

93.50
90.40
87.77
84.90
81.43
5.42

9.93
14.66
17.84
20.23
20.02
0.83

Microbial inoculants (M)
0                       (Mo)
Azospirillum (M1)Azo-
tobacter   (M2)
C.D. at 0.05

37.41
44.19
42.26
1.87

21.14
22.96
22.20
0.97

40.54
44.18
42.78
1.77

59.34
54.74
55.92
2.16

90.96
85.14
86.70
4.20

15.37
17.52
16.72
0.65

N X M
N0 M0
N0 M1
N0 M2
N1 M0
N1 M1
N1 M2
N2 M0
N2 M1
N2 M2
N3 M0
N3 M1
N3 M2
N4 M0
N4 M1
N4 M2
C.D. at 0.05

18.86
22.16
20.62
30.41
40.72
38.85
38.12
49.10
48.85
48.56
55.13
52.16
51.10
53.86
50.82
4.19

17.70
19.90
19.20
20.10
22.10
21.60
21.40
23.10
22.90
22.60
25.00
24.20
23.90
24.70
23.10
NS

35.60
40.20
38.60
38.70
42.60
40.90
40.10
44.10
43.90
43.10
47.20
45.60
45.20
46.80
44.90
NS

66.70
58.90
59.10
62.50
56.20
58.30
60.40
54.90
55.10
55.10
52.80
54.00
52.00
50.90
53.10
NS

98.70
90.70
91.90
94.50
87.50
89.20
91.10
85.90
86.30
88.60
81.60
84.50
81.90
80.00
82.40
NS

9.61
10.30
9.89
12.85
15.91
15.22
15.68
19.10
18.74
19.05
21.41
20.22
19.67
20.86
19.52
1.45
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maximum values for plant height (55.13 cm), no of out-
er and inner leaves per plant (25.00 and 47.20), respec-
tively, head diameter (21.41 cm), head depth (19.11 cm), 
head weight (1.653 kg) and yield (668.27 q/ha) whereas 
these characters were minimum in treatment having no 
nitrogenous fertilizers and microbial inoculants. Better 
response may be due to the combined effect of nitrogen 
and microbial inoculants in cabbage. Sharma (2002) were 
also found the better performance and increased yield of 
cabbage under nitrogenous fertilizer and microbial inoc-
ulants. These findings are in accordance with the earliest 
findings of Chattoo et al. (1997), Verma et al. (1997). There 
was no significant influence of nitrogen and microbial 
inoculant on moisture content in head of cabbage.

The effect of nitrogen levels and microbial inoculant 
on dry matter content was found significant differences 
in cabbage. The higher dry weight per head (117.62 g) 
was in nitrogen level of 150 kg/ha and lowest (84.30 g) 

in control. The reason for this may be that, under higher 
levels of nitrogen, there might be increase flow, of as-
similates from outer leaves to the head. Another possible 
explanation may be that the matured leaves and stem 
might be contributed food materials and minerals for the 
development of head, thus supplying carbohydrates to 
head resulting in compact and healthy head with higher 
dry matter content. This is in conformity with the find-
ings of Kalyani et al. (1992), Loncaric et al. (2003) and 
Choudhary and Choudhary (2005).       

The microbial inoculants also exhibited significantly 
variations on dry weight of head per plant. This was re-
sulted in maximum dry weight per head (110.01 g) with 
Azospirillum whereas lowest (102.61 g) in control. This 
may be due to the fact that the microbial inoculants have 
to produce some growth promoting substances which 
might have led to better accumulation of food deposits 
in head. These findings get support from the results ob-

Table 2: Effect of nitrogen levels and microbial inoculants on growth, yield and quality of cabbage 

Levels of nitrogen (N) Head depth 
(cm)

Head weight 
(kg)

Volume of 
head (cm3)

Dry matter 
content (g)

Ascorbic 
Acidmg/100 g 

pulp

Yield (q/ha)

0  kgN/ha (N0) 50 
kgN/ha     (N1) 100 
kgN/ha     (N2) 150 
kgN/ha     (N3) 200 
kgN/ha     (N4)
C.D. at 0.05

8.96
13.34
15.99
18.06
17.83
0.83

0.768
1.161
1.395
1.565
1.558
0.063

1042.33
1584.67
1923.33
2173.00
2182.67
102.27

84.30
107.58
113.35
117.62
112.28
6.11

86.46
84.16
81.44
78.66
75.87
4.64

231.07
425.43
540.62
626.63
621.28
29.05

Microbial inoculants 
(M)
0                       (Mo)
Azospirillum (M1)
Azotobacter   (M2)   
C.D. at 0.05

13.74
15.75
15.01
0.64

1.195
1.367
1.306
0.049

1632
1904.80
1806.80
79.22

102.61
110.01
108.46
4.73

81.77
80.70
81.49
NS

441.90
527.09
498.03
22.50

(N X M)
N0 M0
N0 M1
N0 M2
N1 M0
N1 M1
N1 M2
N2 M0
N2 M1
N2 M2
N3 M0
N3 M1
N3 M2
N4 M0
N4 M1
N4 M2
C.D. at 0.05

8.68
9.30
8.91
11.47
14.67
13.87
14.00
17.06
16.92
17.01
19.11
18.05
17.56
18.63
17.30
1.43

0.713
0.811
0.779
1.010
1.268
1.206
1.228
1.483
1.473
1.489
1.653
1.554
1.534
1.620
1.520
0.109

993.00
1103.00
1031.00
1343.00
1755.00
1656.00
1659.00
2063.00
2048.00
2029.00
2315.00
2175.00
2136.00
2288.00
2124.00
177.13

79.14
88.07
85.69
98.47
112.85
111.43
105.36
116.56
118.14
117.18
118.52
117.61
112.90
114.05
109.90

NS

87.14
85.56
86.67
84.75
83.68
84.06
82.15
80.56
81.62
79.48
77.65
78.86
75.31
76.07
76.22
NS

203.95
252.59
236.67
350.74
478.03
447.53
458.15
584.45
579.26
587.41
668.27
624.20
609.26
652.10
602.47
50.32
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tained by Kalyani et al. (1992), Chattoo et al. (1997) and 
Bahadur et al. (2003). As the dry weight of head per plant 
was concerned, the highest dry weight (118.52 g/head) 
along with Azospirillium. The reason for this seemed to 
be that under higher levels of nitrogen, there might be in-
crease flow of assimilates from outer leaves to the head. 
Another possible reason may be that the matured leaves 
and stem might be contributed food materials and min-
erals for the development of head, thus supplying carbo-
hydrates to head resulting in compact and healthy head 
with higher dry matter content. Microbial inoculants 
may have ability to produce some growth promoting 
substances which might have led to better accumulation 
of food deposit in head. These findings get support from 
the results obtained by Kalyani et al. (1992), Bahadur et 
al. (2003), Loncaric et al. (2003),Choudhary and Choud-
hary (2005).

Application of microbial inoculants caused non-
significant effect on ascorbic acid content in head of 
cabbage. The results clearly showed that the ascorbic 
acid content in head decreased with increasing levels of 
nitrogen. The plant grown at zero level nitrogen regis-
tered maximum ascorbic acid (87.14 mg/100 g of juice) 
in head. These results are in accordance with the find-
ings of Wange et al. (2003), Singh et al. (2004) and Sable 
and Bharmare (2007).
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ABSTRACT
Cowpea is one of the most important legume vegetable in India and Indian sub continent is considered as its 

place of origin, which resulted divers native germplasm. Therefore, an experiment was carried out at Horticul-
tural Research cum Instructional Farm, IGKV, Raipur during kharif and rabi 2007-08 to study the extent of genetic 
variability in 60 diverse vegetable cowpea genotypes. The mean sum of squares due to genotypes were highly 
significant for all the characters in both the environments. The magnitudes of PCV were higher than the GCV. 
Highest and close GCV and PCV were recorded for pod weight and green pod yield per plant in kharif and rabi re-
spectively. Highest heritability estimate was recorded for days to 50% flowering and pod weight whereas, highest 
genetic advance as percent of mean were recorded for pod weight and green pod yield per plant during kharif and 
rabi seasons respectively. High heritability along with high genetic advance were recorded for pod weight, green 
pod yield per plant, number of pods per cluster, number of pods per plant, pod length and plant height, hence 
selection based on these characters would be more effective for the improvement in cowpea.

KEY WORDS: vigna, germplasm, genetic variablity

Cowpea [Vigna unguiculata (L.) Walp.] is a widely 
grown most important crop in India for its use as vege-
table, pulse and fodder. Vavilov (1939) considered India 
as the main centre of origin has resulted reach and di-
verse naïve germplasm. The extent of genetic variability 
in this crop could be of immense value for its improve-
ment. Knowledge of the available variability with in the 
species for green pod yield and its contributing traits 
enables the breeder to design an effective breeding pro-
gramme for its improvement. Burton (1951) emphasized 
that estimates of correlation coefficient between various 
characters in a crop specially when partitioned into phe-
notypic, genotypic and environmental components are 
of great value. Burton (1952) also suggested that genetic 
variability along with heritability should be considered 
for assessing the maximum and accurate selection. Keep-
ing in view of the above, the present investigation was 
thus undertaken to study genetic variability in a collec-
tion of sixty widely divergent genotypes of cowpea.

MATERIALS AND METHODS
The experiment was conducted during E1 (kharif) 

and E2 (rabi) season of 2007 - 2008 at Department of Hor-
ticulture, IGKV, Raipur (C.G.). Sixty diverse genotypes 
were grown in randomized block design with three rep-
lications. A three row plot of 3.15 m length was allotted 
to genotype. The spacing of 60 cm between rows and 45 
cm within a row was maintained. Observations were 
recorded on five randomly selected tagged competi-
tive plants from each genotype except 100 grain weight 
over two seasons. The analysis of variance for individual 
characters, genetic coefficient of variations, heritability 
in broad sense and genetic advance as per cent of mean 
were computed as methods suggested by Burton (1951), 
Hanson et al. (1956) and Lush (1949), respectively. 

RESULTS AND DISCUSSION
Analysis of variance revealed that the mean sum of 

squares due to genotypes were highly significant for all 
the characters at 5% level of significance (Table 1) under 
both the environments, indicated presence of remark-
able variability with in the genotypes for the characters 
under study.
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The parameter of variability was presented in Table 
2. The genotypic coefficient of variations (GCV) were 
very close to phenotypic coefficient of variations (PCV) 
but in general magnitude of PCV were slightly higher 
as compared to the GCV for all the characters. Highest 
and close genotypic as well as phenotypic coefficient of 
variations were recorded for pod weight (39.05 and 39.44 
%) and green pod yield per plant (40.78 and 72.67 %) 
during E1 and E2 environments, respectively. 

Under E1 the traits, viz., days to 50% flowering (37.36 
and 37.52 %), plant height (35.26 and 37.48 %), green pod 
yield per plant (35.45 and 37.43 %), days to first flower 
(34.37 and 34.91 %) and number of pods per plant (30.65 
and 32.99 %) and in E2 the pod weight (39.29 and 39.79 
%), number of pods per plant (32.62 and 34.75 %), plant 
height (32.26 and 33.69 %) indicating that the influence 
of environmental factors on these traits was quite less. 
Whereas, rest of the characters had moderate to low mag-
nitude of GCV and PCV in both the environments. Thus 
the scope of selection is much more in respect of charac-
ters, viz., green pod yield per plant, pod weight, number 
of pods per plant and plant height, common over both 
the environments. Similar findings were also observed 
for vegetable cowpea by Jana et al. (1982) and Hazra et al. 
(1999) for green pod yield per plant, pod weight, plant 
height and number of pods per plant. 

All the characters showed high heritability in broad 
sense except for number of seeds per pod in both the 
environments. Among the characters studied, high heri-
tability estimate was recorded for days to 50 % flowering 
(99.10 % and 96.10 %), pod weight (98.00 % and 97.50 %), 
days to first flower (97.00 % and 94.60 %), days to first 
picking (96.10 % and 94.00 %), pod length (94.90 % and 
94.80 %), green pod yield per plant (89.70 % and 91.30 
%), plant height (88.50 % and 91.70 %), number of pods 
per cluster (87.80 % and 81.10 %), percent protein content 
in green pods (86.50 % and 86.50 %), number of pods 
per plant (86.30 % and 88.10 %), number of flowers per 
cluster (86.20 % and 83.80 %), number of branches (84.50 
% and 80.80 %), 100 seed weight (83.00 % and 83.00 %), 
number of pickings (80.60 % and 75.10 %), days to final 
picking (77.00 % and 63.60 %), per cent pod set (73.40 % 
and 81.40 %), fruiting duration (73.00 % and 57.20 %), 
nodes per plant (71.10 % and 68.70 %), whereas, medium 
heritability estimate was recorded only for number of 
seeds per pod (45.20 % and 54.90 %).

Highest genetic advance as percent of mean were re-
corded for pod weight (79.66 %) and green pod yield per 
plant (80.27 %) in E1 and E2 environments, respectively. 

Under the E1 pod weight was followed by days to 
50 % flowering (76.61 %), days to first flower (69.73 %), 
green pod yield per plant (69.18 %), plant height (68.35), 

Table 1: Analysis of variance for green pod yield 
and its components in cowpea (2007-2008)

S. 
No.

Observations Mean sum of square
Replication Genotype Error
df 02 59 118

1. Plant height 
(cm)

E1 1142.25* 15629.32** 647.09
E2 277.75 9156.09** 268.10

2. Number of 
branches per 
plant

E1 0.88 10.51** 0.60

E2 0.53 9.54** 0.70

3. Nodes per plant E1 24.47 131.50* 15.69
E2 18.97 119.92** 15.79

4. Days first flower E1 13.09 940.47** 9.75
E2 24.25* 485.75** 9.08

5. Days 50 % flow-
ering

E1 3.84 1486.87** 4.33
E2 14.09 683.51** 9.19

6. Number of 
flower per cluster

E1 0.86 6.12** 0.31
E2 0.22 4.22** 0.25

7. Number of pods 
per cluster

E1 0.49* 1.65** 0.07

E2 0.14 1.36** 0.09
8. Per cent pod set E1 28.64 371.61** 39.98

E2 9.50 326.10** 23.06
9. Days first pick-

ing
E1 24.09* 820.69** 10.92
E2 25.80* 425.55** 8.93

10. Days to final 
picking

E1 14.12 553.87** 50.27
E2 69.25 409.97** 65.57

11. Pod length (cm) E1 8.75 148.04** 2.57
E2 3.15 120.92** 2.18

12. Pod weight (g) E1 0.17 23.12** 0.15
E2 0.27 21.40** 0.18

13. Number of Pods 
per plant

E1 1.97 70.35** 3.53
E2 2.10 61.24** 2.63

14. Number of 
seeds per pod

E1 1.51 20.04* 5.76
E2 8.81 17.22* 3.69

15. Fruiting dura-
tion (days)

E1 68.84 465.73** 51.16
E2 12.34 257.24** 51.30

16. Protein content 
in green pods (%) 

E1 0.32* 1.48** 0.07
E2 0.32 1.48** 0.07

17. 100 Seed Weight 
(g)

E1 0.15 13.03** 0.83
E2 0.14 1303** 0.83

18. Number of Pick-
ings

E1 0.24 10.56** 0.78
E2 0.42 8.15** 0.81

19. Green pod yield 
/plant (g)

E1 51.81 42399.45** 155.92
E2 49.75 3939.29** 120.90

* Significant at 5% and ** Significant at 1%, E1= kharif, E2= rabi
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Table 2:  Genetic parameters of variation for green pod yield and its components in cowpea in kharif 
and rabi seasons during 2007-2008

Parameters Mean Range Coefficient of variation 
(%)

h2(b) (%) Genetic ad-
vance as per 
cent of meanCharacters Minimum Maximum Genotypic Phenotypic

E1 E2 E1 E2 E1 E2 E1 E2 E1 E2 E1 E2 E1 E2

Plant height 
(cm)

200.40 168.70 59.85 61.55 380.33 278.40 35.26 32.26 37.48 33.69 88.50 91.70 68.35 63.64

Number of 
branches per 
plant

7.36 7.56 4.00 4.00 12.67 11.07 24.67 22.71 26.84 25.27 84.50 80.80 46.74 42.06

Nodes per 
plant

23.01 21.78 9.95 10.00 39.87 37.75 27.00 27.04 32.02 32.62 71.10 68.70 46.89 46.18

Days to first 
flower

51.24 67.13 36.67 46.67 104.00 106.00 34.37 18.78 34.91 19.31 97.00 94.60 69.73 37.61

Days to 50 % 
flowering

59.51 74.53 39.22 48.56 133.22 114.60 37.36 20.12 37.52 20.52 99.10 96.10 76.61 40.61

Number 
flower per 
cluster

5.74 5.50 3.50 3.67 10.13 9.73 24.26 20.91 26.12 22.84 86.20 83.80 46.34 39.45

Number 
pods per 
cluster

2.49 2.54 1.27 1.40 4.67 4.53 29.14 25.53 31.10 28.34 87.80 81.10 56.22 47.64

Per cent pod 
set

44.44 46.90 23.33 23.33 78.36 81.72 23.66 21.43 27.61 23.75 73.40 81.40 41.76 39.83

Days to first 
picking

59.45 75.44 43.33 56.67 109.00 111.00 27.63 15.62 28.19 16.12 96.10 94.00 55.81 31.19

Days to final 
picking

108.39 121.06 78.33 94.00 139.67 154.00 11.95 8.85 13.63 11.09 77.00 63.60 21.59 14.54

Pod length 
(cm)

25.28 22.63 12.87 11.47 48.33 43.20 27.54 27.80 28.26 28.56 94.90 94.80 55.30 55.76

Pod weight 
(g)

7.08 6.76 2.55 2.43 14.90 14.30 39.05 39.29 39.44 39.79 98.00 97.50 79.66 80.03

Number 
pods per 
plant

15.40 13.55 8.35 6.65 29.65 26.47 30.65 32.62 32.99 34.75 86.30 88.10 58.63 63.09

Number 
seeds per pod

14.01 13.90 7.67 8.00 20.00 19.33 15.58 15.28 23.16 20.61 45.20 54.90 21.56 23.31

Fruiting du-
ration (days)

49.11 45.63 22.67 26.67 69.67 67.33 23.94 18.16 28.02 24.00 73.00 57.20 42.13 28.29

Protein con-
tent in green 
pod (%) 

2.78 2.78 1.79 1.79 4.55 4.55 24.66 24.66 26.51 26.51 86.50 86.50 47.12 47.12

100-Seed 
weight (g)

9.32 9.32 6.55 6.55 14.76 14.76 21.65 21.65 23.77 23.77 83.00 83.00 40.66 40.66

Number of 
pickings

8.15 8.12 4.62 5.29 13.81 13.07 22.16 19.27 24.68 22.23 80.60 75.10 40.98 34.36

Green pod 
yield per 
plant (g)

104.07 87.49 59.84 47.27 214.93 203.52 35.45 40.78 37.43 42.67 89.70 91.30 69.18 80.27
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number of pods per plant (58.63 %), number of pods 
per cluster (56.22 %), days to first picking (55.81 %) and 
pod length (55.30 %). Whereas, in E2 green pod yield per 
plant was followed by plant height (63.64 %), number of 
pods per plant (63.09 %) and pod length (55.76 %).

The characters which showed moderate genetic ad-
vance as per cent of mean were percent protein content 
in green pods (47.12 % and 47.12 %), number of nodes 
per plant (46.89 % and 46.18 %), number of branches per 
plant (46.74 % and 42.06 %), number of flower per clus-
ter (46.34 % and 39.45 %), fruiting duration (42.13 % and 
28.29 %), per cent pod set (41.76 % and 39.83 %), number 
of pickings (40.98 % and 34.36 %), 100 seed weight (40.66 
% and 40.66 %) whereas, days to final picking (21.59 % 
and 14.54 %) and number of seed per pod (21.56 % and 
23.31 %) showed low genetic advance as per cent of mean 
in both the environment (E1 and E2). 

High heritability along with high genetic advance 
were recorded for pod weight, green pod yield per plant, 
number of pods per cluster, number of pods per plant, 
pod length and plant height in both the environments. 
Thereby the selection based on these characters would 
be more effective for improvement of cowpea with re-
spect to green pod yield as these are controlled by addi-
tive gene effect (Panse, 1957). This is in conformity with 
the findings of Sahoo et al. (1971) for plant height and 
pod length and Hazra et al. (1999) for green pod yield 
per plant, pod weight and pod length. On the other hand 
days to final picking, and 100 seed weight showed lower 
values of genetic advance as percentage of mean in as-
sociation of high heritability indicated that such associa-
tion may be attributed to non-additive gene action Hazra 
et al. (1999).
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ABSTRACT
The present investigation was conducted to study the effect of organic manure (farmyard manure and vermin-

compost) and inorganic fertilizer (NPS) on growth and yield of knol-khol at Horticulture Research farm of SKN-
COA, Jobner. The experiment consisted of five levels of organic manure and four levels of inorganic fertilizers 
including control. Among organic manures higher level of vermin-compost (5 t ha-1 ) and among  inorganic fertil-
izers 100 % recommended dose of NPS resulted in maximum increase in growth attributes (plant height at harvest, 
diameter of knob, volume of knob, chlorophyll content, days taken to initiation and maturity of knob), total yield 
(226.33 qha-1 ) and yield attributes (fresh weight of knob/plant and knob yield/plot). The results show interactive 
effect of organic manure and inorganic fertilizer on fresh weight of knob/plant and total yield.

KEY WORDS: Growth, inorganic fertilizer, knol-khol, organic manure, yield

Knol-khol (Brassica oleracea var. caulorapa) is a winter 
season vegetable crop grown for its knob which arises 
from thickening of the stem above the cotyledon. Its acre-
age is very limited but liked in Kashmir and Karnataka 
region and as a minor vegetable in West Bengal, U.P. and 
H.P. Its high nutritional value makes it ideal for main-
taining optimum health. It is a good source of vitamin A 
(361 IU), calories ( 25 cal), protein (1.1 g), carbohydrates 
(3.8 g), fibre(1.5 g) and minerals like phosphorous (35 
mg), calcium(24 mg) and iron(0.4 mg) per 100 g of edible 
portion. (Bose, 2001). Application of organic manures 
like farmyard manure and vermin-compost in combina-
tion with N, P and S have been reported to reduce bulk 
density, improve soil porosity and increasing water hold-
ing capacity (Mahaswarappa et al.,1999). Use of organic 
manure along with chemical fertilizer improves the soil 
physical, chemical and biological properties that play 
an important role in maintaining soil fertility. Increas-
ing concern for the environment and emerging trend 
towards organic farming have driven the search for ef-
fective and eco-friendly alternatives in crop production. 
Authentic information of organic cultivation aspects of 
knol-khol is not available as it is a minor crop. In this 
context, the present study was carried out to investigate 

the effect of organic manures including farmyard ma-
nure and vermin-compost and inorganic fertilizer in-
cluding N, P and S on growth and yield of knol-khol.

MATERIALS AND METHODS
A field experiment was conducted at Horticulture 

farm, Department of Horticulture, S.K.N. College of Ag-
riculture, Jobner, Jaipur during Rabi season, 2011-12 in 
the period from October to January. The climate of this 
region is typically semi arid with average rainfall of 300 
mm. The experiment was laid out in Randomized Block 
Design with three replications. The experiment com-
prised of 20 treatment combinations. The treatment of 
organic manure consist of five levels (control, 10 t ha-1 

FYM, 20 t ha-1 FYM, 2.5t ha-1 VC and 5t ha-1 VC) and  in-
organic fertilizer consist of four levels (control, 50 %, 75 
% and 100 % of RD of NPS). The experimental field was 
sandy loam in texture and alkaline in nature having PH 
8.2. Water of this area is saline in nature and the irriga-
tion water falls under C4S2. FYM and vermin-compost 
were applied in their respective quantity before trans-
planting the seedlings to the main field. Nitrogen was 
applied through DAP and urea in two equal splits, phos-

DOI : 10.5958/2249-5258.2015.00055.X



Progressive Horticulture, 47 (2) 305

phorous through DAP and sulfur in elemental form as 
basal dose only. Data pertaining to the effect of different 
organic manures and fertility levels on different growth 
attributes, yield and yield attributes were analyzed sta-
tistically and results of all the main effects and signifi-
cant interaction have been presented.

RESULTS AND DISCUSSION

Effect of organic manures

Growth attributes: Application of higher level of ver-
micompost (5 t ha-1) increased plant height at harvest 
(30.05 cm), diameter of knob (7.80 cm), volume of knob 
(114.00 cc), chlorophyll content (0.74 mg/g), days taken 
to initiation of knob (33.06) and complete maturity (58.18) 
of knob. Parameters were found to be significantly higher 
than control, 10 t ha-1 FYM and 2.5 t ha-1 VC but was found 
at par with 20 t ha-1FYM except days taken to initiation 
of knob was found significantly higher. Plant height at 
30 DAS and leaf area was found non significant. This 
enhancement may be due to better moisture holding ca-
pacity, supply of micronutrients and availability of major 
nutrients in soil due to favorable conditions created by 
vermin-compost. (Reddy et al., 1998 and Kumhar et al., 
2004). Ishfaq et al. (2009) found tallest plant with highest 
level of vermicompost (10 t ha-1) among three levels (0,5 
and 10t ha-1) in cabbage. 

Yield attributes and yield
Parameters like fresh weight of knob/plant, knob 

yield/plot and total yield were found 134.21 g, 2.91 kg 
and 226.33 q ha-1, respectively and were significantly 
higher for 5 t ha-1 VC than other treatments but at par 
with 20 t ha-1 FYM. Vermicompost might have increased 
the efficiency of added chemical fertilizers in the soil, ac-
tivity of nitrogen fixing bacteria and its increased rate 
of humification enhances both native and added nutri-
ent resulting in increment yield attributing character. 
(Sreeniwas et al., 2000). Sharma et al., (2011) found maxi-
mum yield with full dose of FYM and vermin-compost 
on knol-khol.

Effect of inorganic fertilizers

Growth attributes: Parameters like plant height at 
harvest (29.90 cm), diameter of knob (7.5 cm), volume of 
knob (115.69 cc), chlorophyll content (0.72 mg/g), days 
taken to initiation (32.55) and complete maturity (56.21) 
of knob were observed significantly higher with 100% of 
recommended dose of NPS as compared with control and 
50 % level where as 75 % level was found at par and non 
significant result was found in plant height at 30 DAS and 
leaf area index. These results are in close conformity with 
the findings of Choudhary (2006). Kachri and Korla (2009) 
recorded different aspects of cauliflower and found best 
results with 100% P + recommended dose of N and K.

Table 1: Effect of organic manure and inorganic fertilizer on growth and yield attributes of knol-khol

Treatments Plant height 
at harvest 

(cm)

Diameter 
of knob 

(cm)

Volume 
of knob 

(cc)

Chloro-
phyll con-
tent (mg/g)

Days taken 
to initiation 

of knob

Days taken 
to complete 

maturity

Fresh weight 
of knob/
plant (g)

Knob 
yield/

plot (kg)

Total 
yield 

(qha-1)
Organic manure
M0-Control 26.75 6.40 106.00 0.63 29.20 50.95 74.45 2.03 130.92
M1-FYM 10 t ha-1 28.05 6.69 107.00 0.65 30.00 52.20 99.01 2.33 199.08
M2-FYM 20 t ha-1 29.69 7.65 112.24 0.72 31.50 55.10 131.01 2.80 222.48
M3-VC 2.5 t ha-1 28.35 6.80 108.00 0.68 30.72 53.20 112.05 2.43 211.06
M4-VC 5.0 t ha-1 30.05 7.80 114.00 0.74 33.06 58.18 134.21 2.91 226.33
SEm± 0.57 0.16 1.98 0.01 0.52 0.77 2.35 0.05 4.33
CD at (p=0.05) 1.64 0.47 5.68 0.04 1.48 2.20 6.74 0.14 12.39
Fertility levels
F0-Control 26.75 6.58 102.21 0.65 29.22 51.99 73.08 2.05 111.95
F1-50 % of RD 28.20 7.03 107.32 0.67 30.40 53.48 102.44 2.35 189.20
F2-75 % of RD 29.48 7.10 112.56 0.70 31.43 54.02 130.01 2.77 240.60
F3-100 % of RD 29.90 7.50 115.69 0.72 32.55 56.21 135.05 2.83 250.15
SEm± 0.51 0.15 1.77 0.01 0.46 0.69 2.11 0.04 3.87
CD at (p=0.05) 1.46 0.42 5.07 0.03 1.32 1.97 6.03 0.13 11.09
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Yield attributes and yield
Significantly higher fresh weight of knob/plant 

(135.05 g), knob yield/plant (2.83 kg) and total yield 
(250.15 q ha-1) was recorded with 100 % of recommended 
dose of NPS than control and 50 % level, but at par with 
75 % level. Application of 100 % recommended dose of 
NPS favour the auxin and metabolic activities in plant 
which ultimately result in increased weight of knob 
and total yield ha-1. (Everaarts and Boou, 2000; Kumhar, 
2004). Zhang et al. (2007) also reported maximum yield 
(13592.2 kg ha-1) with optimal combination of N, P and 
K on broccoli.

Interactive effect (MxF)
Significant result was found in interaction of differ-

ent organic manures and fertility levels in fresh weight 
of knob/plant (164.55 g) and total yield (285.97 q ha-1) 
with 5 t ha-1 vermicompost and 100 % recommended 
dose of NPS. Chatterjee (2010) also recorded maximum 
head yield (27.26 t ha-1) with application of 75 % RDF and 
5t vermicompost in cabbage. 
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ABSTRACT
An experimental study was conducted during 2011/2012 and 2012/2013 at Horticulture Research Station, Mon-

douri, Bidhan Chandra Krishi Viswavidyalaya, Monhanpur, Nadia, West Bengal, India, to find out the combined 
effect of organic manure, chemical fertilizers and bio fertilizers in an integrated manner for yield maximization 
and quality improvement in bottle gourd cv. Pusa Naveen. The experiment was consisted of eleven nutrient based 
treatment combinations, including different level of applications of inorganic fertilizers (Urea, Single Super Phos-
phate and Muriate of Potash), organic manure (Vermicompost) and bio fertilizers (Azotobacter and PSB). Present 
investigation clearly indicated the beneficial effect of integrated nutrient management on yield and quality char-
acters of bottle gourd. Keeping view on yield sustainability, balance in ecosystem, soil health and good health 
of human beings it may be suggested that vegetable growers particularly new alluvial zone of West Bengal may 
supplement 25-50 % recommended dose of nitrogen through vermicompost instead of applying full recommended 
dose of nitrogen from inorganic source in bottle gourd along with biofertilizers, viz., Azotobacter and PSB.

KEY WORDS: Bottle gourd, Lagenaria siceraria, nutrient management, vermicompost, bio fertilizers, Azotobacter, PSB

Our demand of vegetable will be 250 million ton by 
2020 AD (Singh, 2000) where as the expected produc-
tion at present are about 160 million ton and annually 
0.8% of agricultural land being usurped for urbanization 
(Kar, 2002). Among the several factors related to vegeta-
ble production, nutrient management is one of the key 
factor for achieving higher yield and better quality of 
the crop. Integrated nutrient management plays a vital 
role to maintain soil fertility, to bring stability, sustain-
ability in agricultural production and also avoid over 
dependence on chemical fertilizers. Efficient use of inte-
grated plant nutrient supply system is a pre-requisite for 
achieving continuous advances in biological productiv-
ity of vegetable crops in ecologically sustainable manner 
(Sreenivas et al., 2000). Bottle gourd [Lagenaria siceraria 
(Mol.) Standl.] is one of the most important cucurbita-
ceous vegetable crops, grown intensively in West Bengal 
and also in other parts of the country for its widespread 
consumption. Keeping in view the above discussed facts 
and due to lack of sufficient information on INM in bottle 
gourd particularly in West Bengal State the present ex-

periment was undertaken with the following objectives 
: (i) To find out the combined effect of organic manure, 
chemical fertilizers and bio fertilizers in an integrated 
manner for yield maximization in bottle gourd, (ii) To 
find out the effect of integrated nutrient management on 
the quality characters of bottle gourd fruit.

MATERIALS AND METHODS
The present experiment was conducted at Horticul-

ture Research Station, Mondouri, Bidhan Chandra Kri-
shi Viswavidyalaya, Mohanpur, Nadia, West Bengal for 
two winter seasons during 2011/2012 and 2012/2013. 
The soil of experiment site is sandy loam in nature with 
around 0.57 % organic carbon, 0.06 % total nitrogen, 
available Phosphorous 30.10 kg/ha, available Potassium 
115.7 kg/ha and pH 6.5. The experimental site is under 
subtropical humid region with range of average temper-
ature of 360C (max.) to 240C (min.) and average R.H. of 60 
% (max.) to 95 % (min.) during the experimental period 
(May to September) of both the years.
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The experiment was consisted of eleven treatments 
with various combinations of nutrient management, ap-
plied to bottle gourd variety Pusa Naveen, included dif-
ferent level of applications of inorganic fertilizers (Urea, 
Single Super Phosphate and Muriate of Potash), organic 
manure (Vermicompost) and bio fertilizers (Azotobacter 
and PSB), viz., T1: without application of any chemical 
fertilizer, organic manure as well as biofertilizer; T2: Full 
recommended dose of NPK (N : P2O5 : K2O : : 80:60:50 
kg/ha); T3: Full recommended dose of NPK + Azotobacter 
@ 10 kg/ha; T4: Full recommended dose of NPK + Phos-
phate Solubilizing Bacteria(PSB) @10 kg/ha; T5: Full rec-
ommended dose of NPK + Azotobacter @ 5kg/ha + PSB 
@ 5 kg/ha; T6: 75 %  recommended dose of N through 
inorganic fertilizer + 25 % of recommended dose of N 
through vermicompost +   full P and K + Azotobacter @ 
10 kg /ha; T7: 75 %  recommended dose of N through 
inorganic fertilizer + 25 % of recommended dose of N 
through vermicompost  + full P and K +PSB @10 kg/
ha; T8: 75 %  recommended dose of N through inorganic 

fertilizer  + 25 % of recommended dose of N through ver-
micompost  + full P and K + Azotobacter @ 5 kg/ha + PSB 
@ 5 kg/ha; T9: 50 %  recommended dose of N through 
inorganic fertilizer  + 50 % of recommended dose of N 
through vermicompost  +  full P and K  + Azotobacter @ 
10 kg /ha; T10: 50 %  recommended dose of N through 
inorganic fertilizer + 50 % of recommended dose of N 
through vermicompost  + full P and K  + PSB @ 10 kg/
ha; T11: 50 %  recommended dose of N through inorganic 
fertilizer  + 50 % of recommended dose of N through 
vermicompost  +  full P and K  + Azotobacter  @ 5 kg/ha 
+ PSB @ 5 kg/ha. The experiment was laid out in R.B.D. 
with 3 replications of each treatment, French bean seeds 
were sown in the field at a spacing of 2.5 m x 1.5 m in 
plots of 5.0 m x 3.0 m size. Normal cultural practices 
and plant protection measures were followed during 
the cultivation process. Two plants were selected at ran-
dom from each plot of each treatment as representative 
sample for recording the data. The mean values of each 
treatment in each replication for individual observation 

Table 1: Effect of integrated nutrient management treatments on vegetative characters of bottle gourd

Treatments Length of 
main vine 

(cm)

Length of 
internode 

(cm)

Number of 
branches/ 

plant

Number of 
nodes on 
main vine

T1: Without application of any chemical fertilizer, organic manure 
as well as biofertilizer

133.33 10.47 4.00 19.17

T2: Full recommended dose of NPK (N : P2O5 : K2O : : 80:60:50 kg/
ha)

183.07 13.32 5.00 19.83

T3: Full recommended dose of NPK + Azotobacter @ 10 kg/ha 196.67 14.39 5.00 20.25
T4: Full recommended dose of NPK + Phosphate Solubilizing 
Bacteria (PSB)

137.00 15.22 4.67 20.08

T5: Full recommended dose of NPK + Azotobacter @ 5 kg/ha + 
PSB @ 5 kg/ha

166.67 15.56 5.00 21.83

T6: 75 %  of  N through inorganic fertilizer + 25 % of N through 
vermicompost +   full P and K + Azotobacter @ 10 kg /ha

175.67 12.39 4.67 21.08

T7: 75 % of N through inorganic fertilizer + 25 % of N through 
vermicompost  + full P and K +PSB @10 kg/ha

179.00 14.78 5.00 20.75

T8: 75 % of N through inorganic fertilizer  + 25 % of N through 
vermicompost  + full P and K + Azotobacter @ 5 kg/ha + PSB @ 5 
kg/ha

222.06 17.57 5.33 22.08

T9: 50 % of N through inorganic fertilizer  + 50 % of N through 
vermicompost  +  full P and K  + Azotobacter @ 10 kg /ha

220.67 17.28 4.33 22.00

T10: 50 % of N through inorganic fertilizer  + 50 % of N through 
vermicompost  + full P and K  + PSB @ 10 kg/ha

183.33 17.17 5.00 21.25

T11: 50 % of N through inorganic fertilizer + 50 % of N through 
vermicompost + full P and K  + Azotobacter  @ 5 kg/ha + PSB @ 5 
kg/ha

226.00 18.11 5.67 22.17

S.Em. (±) 39.82 1.30 0.67 2.39
CD at 5 % 96.76 3.16 1.62 5.81
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were calculated. After collection of data, it was tabulate 
in proper form and subjected to statistical analysis with 
the help of computer package MSTAT-C and also tested 
with DMRT.

RESULTS AND DISCUSSION

Effect of different nutrient management on vegeta-
tive growth characters of bottle gourd

Integrated nutrient management treatments ren-
dered their significant effect on all the vegetative char-
acters except number of nodes on main vine (Table 1). 

Treatment consisted of 50 % RD of N from inorganic 
source + 50 % RD of N supplemented through vermi-
compost + recommended doses of P and K + PSB @ 5 kg/
ha + Azotobacter @ 5 kg/ha, viz., T11 recorded maximum 
performances for length of main vine (226.00 cm), length 
of internodes (18.11 cm) and branches per plant (5.67). 
T0 where no nutrient was applied from outside was the 
lowest performer for the results of the said characters. 
Present results are in conformity with the findings of 
Sareedha et al. (2006) in gherkin, Bindya et al. (2006) in 
cucumber and Mulani et al. (2007) and Sureshkumar and 
Karuppaiah (2008) in bitter gourd.

Table 2: Effect of integrated nutrient management treatments on flowering characters of bottle gourd

Treatments Days to 
first male 

flower 
initiation

Days 
to first 
female 
flower 

initiation

Node 
number of 
1st female 
flower ap-
pearance

Total 
number 
of male 
flowers 

per plant

Total 
number 

of  female 
flowers 

per plant

Sex 
ratio 

(female 
: male)

T1: Without application of any chemical fertil-
izer, organic manure as well as biofertilizer

33.22 40.95 15.18 48.72 12.26 0.25

T2: Full recommended dose of NPK (N : P2O5 : 
K2O : : 80:60:50 kg/ha)

37.56 48.02 14.93 56.56 12.34 0.22

T3: Full recommended dose of NPK + Azoto-
bacter @ 10 kg/ha

34.80 44.00 13.07 52.13 14.22 0.27

T4: Full recommended dose of NPK + Phos-
phate Solubilizing Bacteria (PSB)

34.49 42.56 13.48 44.06 14.35 0.32

T5: Full recommended dose of NPK + Azoto-
bacter @ 5kg/ha + PSB @ 5 kg/ha

36.08 47.48 12.89 48.16 15.60 0.32

T6: 75 %  of  N through inorganic fertilizer + 
25% of N through vermicompost +   full P and 
K + Azotobacter @ 10 kg /ha

36.86 42.45 12.99 54.60 16.66 0.30

T7: 75% of N through inorganic fertilizer + 25 
% of N through vermicompost  + full P and K 
+PSB @10 kg/ha

36.77 42.97 13.00 48.40 16.80 0.35

T8: 75 % of N through inorganic fertilizer  + 25% 
of N through vermicompost  + full P and K + 
Azotobacter @ 5 kg/ha + PSB @ 5 kg/ha

34.61 44.50 11.67 53.06 15.42 0.29

T9: 50 % of N through inorganic fertilizer  + 50 
% of N through vermicompost  +  full P and K  
+ Azotobacter @ 10 kg /ha

35.41 42.11 11.94 50.12 16.22 0.32

T10: 50 % of N through inorganic fertilizer  + 50 
% of N through vermicompost  + full P and K  
+ PSB @ 10 kg/ha

36.59 43.48 12.44 41.93 15.93 0.38

T11: 50% of N through inorganic fertilizer + 50 
% of N through vermicompost + full P and K  + 
Azotobacter &  @ 5 kg/ha + PSB @ 5 kg/ha

36.59 46.58 10.33 42.80 19.80 0.46

S.Em. (±) 0.95 1.86 0.85 3.24 2.12 0.04
CD at 5% 2.30 4.52 2.06 7.87 5.15 0.10
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Table 3: Effect of integrated nutrient management treatments on yield attributing characters of bottle 
gourd

Treatments Number 
of fruits 
per plant

Aver-
age fruit 

weight (g)

Fruit 
length 
(cm)

Fruit 
diameter 

(cm)
T1: Without application of any chemical fertilizer, organic manure as well as 
biofertilizer

7.51 695.00 17.24 5.49

T2: Full recommended dose of NPK (N : P2O5 : K2O : : 80:60:50 kg/ha) 7.96 711.67 18.18 5.99
T3: Full recommended dose of NPK + Azotobacter @ 10 kg/ha 8.67 715.00 18.67 6.14
T4: Full recommended dose of NPK + Phosphate Solubilizing Bacteria (PSB) 8.06 741.67 19.79 6.26
T5: Full recommended dose of NPK + Azotobacter @ 5 kg/ha + PSB @ 5 kg/ha 8.87 781.67 19.37 7.22
T6: 75 %  of  N through inorganic fertilizer + 25 % of N through vermicom-
post +   full P and K + Azotobacter @ 10 kg /ha

8.15 751.67 19.67 6.55

T7: 75 % of N through inorganic fertilizer + 25 % of N through vermicom-
post  + full P and K +PSB @10 kg/ha

8.60 773.33 18.53 6.09

T8: 75 % of N through inorganic fertilizer  + 25 % of N through vermicom-
post  + full P and K + Azotobacter @ 5 kg/ha + PSB @ 5 kg/ha

9.98 830.00 20.32 7.82

T9: 50 % of N through inorganic fertilizer  + 50 % of N through vermicom-
post  +  full P and K  + Azotobacter @ 10 kg /ha

9.72 803.33 20.30 7.78

T10: 50 % of N through inorganic fertilizer  + 50 % of N through vermicom-
post  + full P and K  + PSB @ 10 kg/ha

9.05 773.33 20.00 7.72

T11: 50 % of N through inorganic fertilizer + 50 % of N through vermicom-
post + full P and K  + Azotobacter  @ 5 kg/ha + PSB @ 5 kg/ha

10.00 873.33 21.07 8.18

S.Em. (±) 0.72 42.68 0.40 0.36
CD at 5 % 1.15 103.71 0.97 0.87

Table 4: Effect of integrated nutrient management treatments on quality characters of bottle gourd

Treatments TSS 
(0Brix)

Ascorbic acid con-
tent (mg/100 g of 

dried flesh of fruit)
T1: Without application of any chemical fertilizer, organic manure as well as biofertilizer 1.57 6.04
T2: Full recommended dose of NPK (N : P2O5 : K2O : : 80:60:50 kg/ha) 1.90 6.26
T3: Full recommended dose of NPK + Azotobacter @ 10 kg/ha 1.90 6.63
T4: Full recommended dose of NPK + Phosphate Solubilizing Bacteria (PSB) 2.07 7.13
T5: Full recommended dose of NPK + Azotobacter @ 5kg/ha + PSB @ 5 kg/ha 1.93 7.06
T6: 75 %  of  N through inorganic fertilizer + 25 % of N through vermicompost +   full P 
and K + Azotobacter @ 10 kg /ha

1.93 6.80

T7: 75 % of N through inorganic fertilizer + 25 % of N through vermicompost  + full P and 
K +PSB @10 kg/ha

2.31 7.07

T8: 75 % of N through inorganic fertilizer  + 25 % of N through vermicompost  + full P 
and K + Azotobacter @ 5 kg/ha + PSB @ 5 kg/ha

2.17 7.53

T9: 50 % of N through inorganic fertilizer  + 50 % of N through vermicompost  +  full P 
and K  + Azotobacter @ 10 kg /ha

2.30 7.43

T10: 50 % of N through inorganic fertilizer  + 50 % of N through vermicompost  + full P 
and K  + PSB @ 10 kg/ha

2.27 7.23

T11: 50% of N through inorganic fertilizer + 50 % of N through vermicompost + full P and 
K  + Azotobacter  @ 5 kg/ha + PSB @ 5 kg/ha

2.30 7.60

S.Em. (±) 0.24 0.192
CD at 5 % 0.58 0.552
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Table 5: Effect of integrated nutrient management treatments on quality characters of bottle gourd

Treatment Fruit 
yield/ 
plant 
(kg)

Fruit 
yield/ 
plot 
(kg)

Total 
yield (t/

ha)

Percentage 
increase in 
yield over 

T1

Total 
cost of 
cultiva-
tion (Rs 
per ha)

Gross 
income 
(Rs per 

ha)

Net in-
come (Rs 
per ha)

Benefit 
: cost 
ratio

T1: Without application of any 
chemical fertilizer, organic ma-
nure as well as biofertilizer

4.18 23.38 15.59 — 49400.00 150000.00 100600.00 2.04

T2: Full recommended dose of 
NPK (N:P2O5:K2O::80:60:50 kg/
ha)

5.82 23.74 15.83 1.54 64775.66 237450.00 172674.34 2.66

T3: Full recommended dose of 
NPK + Azotobacter @ 10 kg/ha

6.12 25.26 16.84 8.02 65025.66 252600.00 187574.34 2.88

T4: Full recommended dose of 
NPK + Phosphate Solubilizing 
Bacteria (PSB)

6.11 24.88 16.59 6.41 65025.66 248850.00 183824.34 2.83

T5: Full recommended dose of 
NPK + Azotobacter @ 5 kg/ha + 
PSB @ 5 kg/ha

6.25 25.33 16.89 10.84 65025.66 253350.00 188324.34 2.90

T6: 75 %  of  N through inorganic 
fertilizer + 25 % of N through 
vermicompost +   full P and K + 
Azotobacter @ 10 kg /ha

6.52 26.77 17.85 14.50 78743.045 267750.00 189006.95 2.40

T7: 75 % of N through inorganic 
fertilizer + 25 % of N through 
vermicompost  + full P and K + 
PSB @10 kg/ha

6.33 25.92 17.28 8.34 78743.045 259200.00 180456.95 2.29.

T8: 75 % of N through inorganic 
fertilizer  + 25 % of N through 
vermicompost  + full P and K + 
Azotobacter @ 5kg/ha + PSB @ 5 
kg/ha

6.60 28.12 18.75 20.27 78743.045 281250.00 202506.95 2.57

T9: 50 % of N through inorganic 
fertilizer  + 50 % of N through 
vermicompost  +  full P and K  + 
Azotobacter @ 10 kg /ha

7.24 27.54 18.36 17.77 82460.425 275400.00 192939.57 2.34

T10: 50 % of N through inorganic 
fertilizer  + 50 % of N through 
vermicompost  + full P and K  + 
PSB @ 10 kg/ha

6.69 27.46 18.31 17.45 82367.422 274650.00 192282.58 2.33

T11: 50 % of N through inorganic 
fertilizer + 50 % of N through 
vermicompost + full P and K  + 
Azotobacter  @ 5 kg/ha + PSB @ 
5 kg/ha

7.77 28.66 19.11 22.58 83478.426 286650.00 203171.57 2.43

S.Em. (±) 0.48 0.84 0.44 — — — — —
CD at 5 % 1.17 2.04 1.07 — — — — —
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Effect of different nutrient management on flower-
ing characters of bottle gourd

Bottle gourd plant required maximum days for first 
male and female flower initiation (37.56 days and 48.02 
days, respectively) when the soil was fertilized with full 
RD of NPK, i.e., in cxase of T2 (Table 2). On the other 
hand plants of the plots without any addition of manure 
or fertilizer from outside (T1) took lowest days for ini-
tiation of both the flowers (33.22 days and 40.95 days, 
respectively). The results of the present experiment for 
days to first female flower initiation has been supported 
by the findings of Karuthamani et al. (1995) in pumpkin. 
First female flower appeared on 10.33 number of nodes 
when the plant received 50 % N from inorganic source 
+ 50 % N from organic source along with biofertilizers 
(Azotobacter and PSB each @ 5 kg/ha), viz., T11 (Table 2). 
The said combination also found to be best for produc-
tion of maximum number of female flowers (19.80) per 
plant and sex ratio (female: male – 2.46). Present results 
are well corroborated with the findings of Mali (2004) in 
cucumber.

Effect of different nutrient management on yield 
attributing characters of bottle gourd

Significant influences on yield attributing characters 
were exerted by the nutrient management treatments 
(Table 3).  Fruit number (10.00), fruit weight (873.33 g), 
fruit length (21.07 cm) and fruit diameter (8.18 cm) were 
recorded as the maximum in the treatment which re-
ceived equal proportions of N from inorganic and organ-
ic sources along with biofertilizers, viz., T11. Minimum 
results of yield attributing characters were obtained in 
the plots those received no nutrients from outside (T1). 
Anitha et al. (2003) also obtained higher number of fruits 
per plant in pickling melon in the investigation of inte-
grated nutrient management. Mulani et al. (2007) report-
ed that in bitter gourd a synergistic interaction between 
organic manure and bio fertilizers resulted in enhanced 
fruit length and fruit girth which ultimately increased 
average fruit weight.

Effect of different nutrient management on quality 
characters of bottle gourd

Quality characters namely, total soluble solids (TSS) 
and ascorbic acid in bottle gourd fruit were enhanced in 
a favourable way due to application of inorganic fertil-
izer, organic manure and biofertilizers in an integrated 
manner (Table 4). The maximum (2.310brix) and mini-
mum (1.570Brix) values of TSS content were recorded re-
spectively in T7 and T1. Positive influences of substitution 
of inorganic fertilizer with different organic manures on 
TSS content have been reported by Yano et al. (1981), Ma-

henddran and Kumar (1997) and Chitrakar et al. (2007) in 
cabbage. Like TSS, ascorbic acid content in bottle gourd 
fruit was maximum (7.60 mg/100 g) and minimum (6.04 
mg/100 g) is T7 and T1, respectively. Present results of 
ascorbic acid content are in conformity with the find-
ings of Kameswari and Narayanamma (2011) in ridge 
gourd.

Effect of different nutrient management on yield 
of bottle gourd along with economic projections

Highest fruit yield in the present experiment was 
19.11 t/ha and found when the soil of the experimen-
tal plot received 50 %  RD of N from inorganic fertilizer 
(urea), 50 %  RD of N from organic manure (vermicom-
post) along with bio fertilizers, viz., Azotobacter and PSB 
each @ 5 kg/ha (T11) (Table 5). The recorded fruit yield 
in this treatment was 22.58 % higher over the control 
treatment. It was observed that combination of equal 
proportions of N from inorganic and organic sources 
and biofertilizers either alone each @ 10 kg/ha or both 
jointly each @ 5 kg/ha did better performances towards 
fruit yield of bottle gourd. Higher yield due to integrated 
nutrient management was reported earlier by Karutha-
mani et al. (1995) in pumpkin, Bindiya et al. (2006) in cu-
cumber, Nair and Nair (2006) in sponge gourd and ridge 
gourd, Mulani et al. (2007) in bitter gourd and Karuppa-
iah and Balasankari (2008) in snake gourd. The highest 
benefit:cost ratio during the course of investigation of 
2.90 has been obtained from T5 (Full recommended dose 
of NPK + Azotobacter @ 5 kg/ha + PSB @ 5 kg/ha) @10 
kg/ha) followed by T3 (Full recommended dose of NPK 
+ Azotobacter @ 10 kg/ha) where as the lowest ratio of 
2.03 has been recorded from T1.

Present investigation clearly indicated the benefi-
cial effect of integrated nutrient management on yield 
and quality characters of bottle gourd cv. Pusa Naveen. 
keeping view on yield sustainability, balance in ecosys-
tem, soil health and good health of human beings it may 
be suggested that vegetable growers particularly new 
alluvial zone of West Bengal may supplement 25-50 % 
recommended dose of nitrogen through vermicompost 
instead of applying full recommended dose of nitrogen 
from inorganic source in bottle gourd along with biofer-
tilizers, viz., Azotobacter and PSB. 

REFERANCES
Anitha, S.; Jyotni, M.L.; Kutty, M.C.N., and Nair, L.B. 2003. 

Evaluation of various organic manure as components 
in the integrated nutrient management of oriental 
pickling melon (Cucumis melo var. conomon). Prog. 
Hort., 35(2): 155-157.



Progressive Horticulture, 47 (2) 313

Bindiya, Y.; Reddy, I.P.;  Srihari, D.; Reddy, R.S. and  
Narayanamma, M. 2006. Effect of different sources of 
nutrition on soil health, bacterial population and yield 
of cucumber. J. Res.  A.N.G. R.A.U., 34(2): 12-17.

Chitrakar, A.V.; Nagargoje, A.S.; Patil, M.B. and Nagar-
goje, M.S. 2007. Level of substitution of inorganic 
fertilizer with different organic manure on cabbage 
[Brassica oleracea (L.) var. capitata]. Hort. J., 20(1): 19-
20.

Kar, G. 2002. Achieving Food Security through Rainfall 
Revolution.  Indian Farming, 52(9): 3-5.

Karuppaiah, P. and Balasankari, K. 2008. Effect of tillage 
system and nutrients on growth and yield of snake 
gourd and residual soil fertility   under    rice    follow    
condition. Asian J. Hort., 3(1): 70 - 73.

Karuthamani, M.; Natarajan, S. and Thaimburaj, S. 1995. 
Effect of inorganic and bio-fertilizer on growth, flow-
ering and yield of pumpkin (Cucurbita moschata) cv. 
CO-2. South Indian Hort., 49(5,6): 134 - 136.

Mahenddran, P.P.  and Kumar, N. 1997. Effect of organic 
manures on cabbage cv. Hero (Brasssica oleraceae var. 
capitata). South Indian Hort., 37: 240-243.

Mali, M.D. 2004. Effect of organic manure on yield and 
quality of cucumber (Cucumis sativus L.) cv. Himagi, 
M. Sc. (Ag.) Thesis submitted to MPKV, Rahuri.

Mulani, T.G.; Musmade, A.M.; Kadu, P.P. and Man-
gove, K.K. 2007. Effect of organic manures and bio-

fertilizer on growth, yield and quality of bitter gourd 
(Memordica charantia L.) cv. Phule green gold. J. Soil 
Crops, 17(2): 258 – 261.

Nair, A.K. and Nair, S.A. 2006. Influence of FYM and nu-
trient on ridge and sponge gourd yield intercropped 
with coconut palm in South Andaman. Int. J. Ag. Sci., 
2(1): 284 – 285.

Sareedha, P.; Anburani, A. and Samruban, J. 2006. Influ-
ence of integrated nutrient management on growth 
of gherkin (Cucumis sativus L.) cv. Ajex  Hybrid. Veg. 
Sci., 33(2): 196-197.

Singh, K. 2000. Challenges in vegetable production in 
twenty first century, in emerging scenario in vegetable 
research and development. G. Kallo and K. Singh 
(Ed.)  pp. 334-336.

Sreenivas, C.; Muralidhan, S. and Rao, M.S. 2000.Yield and 
quality of ridge gourd fruits as influenced by different 
level of inorganic fertilizers and Vermicompost. Ann. 
Ag. Res., 21(1): 262-266.

Sureshkumar, R. and Karuppaih, P. 2008. Effect of inte-
grated nutrient management on growth and yield of 
bitter gourd (Momordica charantia L.) type Mithipagal. 
Plant Archive, 8(2): 867-868.

Yano, M.; Ito, H.; Hayami, A. and Obama, S. 1981. Effect of 
cultural practices on quality of vegetables, sugar con-
tent of cabbage and carrot. Bulletin of vegetables and 
ornamental crops res. station A-Ano-Mie., 8: 53-67.

Received on 13 September 2013 and accepted on 27 March 2014



Online version available at: www.indianjournals.com

Progressive Horticulture, vol. 47, No. 2, September 2015
© copyright iSHRD, Printed in india

[Research Article]

Influence of dates of sowing on the incidence of pest complex of tomato in Nagaland

Waluniba, M. Alemla Ao and Pankaj Neog 
Department of Entomology,
School of Agricultural Sciences and Rural Development Nagaland University, Medziphema-797106, Nagaland
Email: waluaj@gmail.com

ABSTRACT
An experiment conducted during the year 2010-2011 at experimental cum research farm, School of Agricultural 

Sciences and Rural Development, Nagaland University, Medziphema Campus, on the influence of sowing dates 
against pest complex of tomato to observe its effectiveness in escaping the attack of different pest commonly 
found damaging tomato plants and its fruits. It was observed that late planting of tomato on 19th December har-
boured the least aphid population and early planting of tomato on 19th November harboured the least serpentine 
leaf miner under Nagaland condition. The total mean  aphid population on all the dates after planting had ex-
hibited that crops planted on 19th November planting harboured the maximum (3.41 per plant) aphid population 
while 19th December planting recorded with the least (2.59 per plant) aphid population. The total mean infesta-
tion  of serpentine leaf miner on all the dates after planting had exhibited that the crops planted on 19th December 
planting harboured maximum (6.68 mined leaves/plant) infestation while 19th November planting recorded with 
least (4.90 per plant) mined leaves.

KEY WORDS: Tomato, Sowing dates, serpentine leaf miner, aphid population, infestation

Tomato is an important vegetable used in our daily 
cuisine and importantly it is a well know berry for its 
nutrition and medicinal properties. According to report 
2010-2011, India grows tomato in an area of 865.0 (in 
‘000 ha.) with a production of about 16826.0 (in tonnes) 
Anonymous (2012). Tomato contains Lycopene, one of 
the most powerful natural antioxidant which has been 
found helpful in preventing prostrate cancer. It also helps 
in the treatment of high blood pressure and improves 
our skin’s ability to protect against UV rays. Though it 
has vast potentials and beneficial attributes for human, it 
is not an exception when it comes to insect attack, as it is 
attacked by a number of insects. The monetary loss due 
to these pests in India has been estimated over rupees 
one thousand crores per year (Jayraj et al., 1994). Tomato 
plants are host to many kinds of insect. So, to protect 
the crop from insect pests for better yield, consumption, 
marketing prospects and most importantly to have a 
higher and good economic return, management of these 
insect pests is an integral component in crop production. 
At present, the outcry of the world in management of 
insect pest is related to insecticide resistance, ill-effect 
of insecticides to human, its nature and environment as 

a whole. So, in this experimental study, different plant-
ing dates were use as a tool to tackle the insect pest by 
manipulating the sowing dates which will put the insect 
pest in a situation which gives them least chances to at-
tack the crop or helps the plants to escape from insect 
attack.

MATERIALS AND METHODS
Field experiment was carried out at the experimen-

tal cum research farm, School of Agricultural Sciences 
and Rural Development, Nagaland University, Medz-
iphema Campus, Nagaland, situated at 25p  45’ 53” N 
latitude and 93p  53’ 04” E longitudes at an elevation of 
310 meters above mean sea level. The experiment was 
laid out in split plot design with three replication keep-
ing sowing date in the main plots and treatments in the 
sub-plot. Tomato variety Pusa Ruby was used for the ex-
periment which was sown on 25th October, 9th November 
and 24th November and transplanted to the main field 
on 19th November, 4th December and 19th December 2010 
with the symbols as D1, D2 and D3, respectively at 25 days 
intervals of each date of sowing.  The crop was sown 
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Table 1: Influence of planting dates on aphid (Aphis gossypii) population during winter (2010-2011)

Treatment *Number of aphids in upper, middle and lower leaves/plant Mean
40             

DAP
55            

DAP
70             

DAP
85             

DAP
100             

DAP
11 5             
DAP

130               
DAP

145                            
DAP

D1 5.65                    
(2.48)

6.68(2.67) 2.41                   
(1.68)

2.56                    
(1.69)

3.23                    
( 1.92)

3.09                           
( 1.88)

2.13                               
( 1.59)

1.48           
(1.37)

3.41

D2 3.83                
(2.07)

5.63(2.47) 2.40                              
( 1.66)

2.87                    
( 1.84)

3.13                   
(1.89)

2.49                     
(1.72)

1.69                      
(1.46)

1.21                             
( 1.28)

2.91

D3 3                              
( 1.87)

5.03(2.35) 2.41                           
( 1.64)

3.33                      
( 1.81)

2.68                   
(1.77)

2.13                      
(1.61)

1.47                     
(1.37)

0.69                     
(1.07)

2.59

SEm  ± 0.0081 0.0115 0.0239 0.0291 0.0111 0.0401 0.0204 0.0173
CD 5% 0.04 0.05 NS NS 0.05 0.20 0.10 0.05

1% 0.06 0.08 NS NS 0.08 0.32 0.16 0.14

* Values are mean of three replications  

Values in parentheses are   transformed values    

DAP = Days after planting

NS = Non-significant

Fig. 1: Influence of planting dates on aphid popula-
tion during winter 2010-2011

by maintaining a spacing of 60 × 45 cm in a plot size of 
1.2 m × 2.4 m with a block border of 1 m between main 
plots and 0.5 m between sub-plots. Sampling of aphid 
population was taken from 3 (three) leaves (top, middle 
and bottom) per plant from 5 (five) randomly selected 
plants in each plot at 15 (fifteen) days interval. The ser-
pentine leaf miner was sampled by counting the number 
of mined leaves per plant from 5 (five) randomly select-
ed plans in each plot at 15 (fifteen) days interval.  The 
data recorded was tabulated and subjected to the square 
root transformation by applying the formula  
where “X” denotes the individual pest population un-
der observation (Dhamu and Ramamoorthy, 2008). The 
transformed values were subjected to Fisher method of 

analysis of variance ‘F test’ to determine the significant 
or non-significance between two means and in case ‘F’ 
test is significant, the critical difference (CD) was calcu-
lated for comparison. 

RESULTS AND DISCUSSION
The result obtained from the investigation on the in-

fluence of three dates of planting against the incidence of 
aphid (Aphis gossypii) (Table 1) on tomato crop indicates 
that all the three planting dates (D1, D2 and D3) revealed 
a significant effect on the aphid population at 40, 55, 100, 
115, 130 and 145 days after planting (DAP), while it was 
recorded non-significant at 70 and 85 DAP. The peak 
population of aphid was observed between 40 and 55 
DAP (5.65 and 6.68 aphids/plant respectively) recorded 
during December to February. Between the three plant-
ing dates, 19th November (D1) planting date harboured 
the highest aphid population while the least was ob-
served on 19th December planting as shown in the Fig.1. 
The pest population followed a decreasing trend as the 
tomato crops proceeds towards maturity. This result is 
in conformation with the findings of Reddy and Kumar 
(2004) who reported the peak infestation of this species 
of aphid during November to February. Whereas in case 
of serpentine leaf miner (Table 2) the infestation was not-
ed from 70 DAP till harvest with a significant difference 
at all the stages of the crop. The degree of the infestation 
was observed to increase as the age of the crop progress-
es and the maximum leaf miner infestation (11.09) was 
found at the time of harvesting at 145 DAP. Also, crop 
planted on 19th November attracted the least leaf miner 
infestation as presented in Fig. 2. Hath and Das (2004) 
observed that as the age of the plants progressed the in-
tensity of damage increased and the highest infestation 
was observed  during the second week  of April. The in-
vestigation thus confirms the earlier findings. This result 
is also in partial agreement with Singh et al. (2005) who 
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Table 2: Influence of planting dates on serpentine leaf miner (Liriomyza trifolii) infestation during 
winter (2010-2011)

Treatment *Leaf infestation by serpentine leaf miner Mean
70 DAP 85 DAP 100 DAP 115DAP 130 DAP 145 DAP

D1 0.97                       
(1.19)

2.49                
(1.72)

4.83                                           
( 2.31)

4.45                               
( 2.19)

8.44                    
( 2.97)

8.20                      
(2.92)

4.90

D2 1.32                         
(1.32)

3.47                      
(1.98)

5.21                  
(2.36)

4.77        
(2.23)

9.27                
(3.11)

11.09
(3.39)

5.86

D3 3.36       
(1.96)

3.99                          
( 2.12)

7.12                 
(2.76)

5.45         
(2.39)

11.05         
(3.38)

10.5          
(3.23)

6.68

   SEm± 0.02 0.01 0.03 0.00 0.00 0.00
   CD 5% 0.09 0.05 0.17 0.02 0.04 0.04

1% 0.14 0.08 0.27 0.04 0.06 0.07

reported that tomato crop planted on of 7th December 
recorded the least leaf miner infestation as compared to 
that planted on 22nd December which recorded the maxi-
mum infestation. The probable reason of high infestation 
with the increase of the age of the crop might be due to 
decrease antibiosis with the age of the plant or that the 
later part of the plant growth received more number of 
the eggs laid by the adult female of serpentine leaf miner. 
The effect of dates of planting was found to be significant 

in all the dates of planting, i.e., 70, 85, 100, 115, 130 and 
145 DAP.  So, late planting of tomato at 19th December 
harboured the least aphid population and early planting 
of tomato at 19th November harboured least serpentine 
leaf miner under Nagaland condition.
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ABSTRACT
Onion (Allium cepa L.) is one of the major vegetable crops grown in different parts of India mainly by small 

and marginal farmers. Generally, the onion seeds are sown in nursery and transplanted with row to row spacing 
of 15 cm and plant to plant spacing of 7.5 cm to get optimum yield.  The labour requirement in manual transplant-
ing of onion seedlings is as high as 100 – 120 man- days/ha as 8.9 lakh seedlings per hectare are to be transplanted. 
Because of high requirement and shortage of labour, the area under onion cultivation is low and can be increased 
by mechanization of this crop. A two row manually operated onion seeder having inclined plate type metering 
mechanism was developed. The prototype consists of frame, power/ground wheels, seed hopper and furrow open-
ers. It was evaluated by using three different plates having 12, 24 and 36 grooves on the basis of missing index, 
multiple index, average seed spacing and quality of feed index in the field based on the germination of crop. The 
crop was sown on one metre wide bed prepared with the help of tractor operated bed former. The forward speed 
was kept in the range of 1 – 1.5 km/h and an angle of inclination of seed plate was kept 55o with horizontal. The 
number of plants achieved by plate having 12 grooves was less (10) than the required number of plants (14/m), 
whereas, it was higher with plates having 24 and 36 grooves, i.e, 17.8 and 30.13 per meter length, respectively. The 
crop sown with 24 groove plate have plant to plant distance of  5.20 cm, miss index as 0.05, multiple index as 0.38 
and quality of feed index as 0.57 when compared with theoretical spacing of 7.5 cm.

KEY WORDS: Seed metering mechanism, onion,  inclined plate, direct seeding, vegetable

Onion (Allium cepa L.) is one of the major vegetable 
crops grown in different parts of the country mainly by 
small and marginal farmers. Generally, the onion seeds 
are sown in nursery and transplanted with row to row 
spacing of 15 cm and plant to plant spacing of 7.5 cm 
to get optimum yield.  During onion cultivation, trans-
planting of seedlings, weeding and harvesting are the 
most labour intensive operations that are presently done 
manually in India. The labour requirement in manual 
transplanting of onion seedlings is as high as 100 – 120 
man- days/ha as 8.9 lakh seedlings per hectare are to be 
transplanted (Rathnakumari et al., 2003). Because of high 
requirement and shortage of labour, the area under onion 
cultivation is low and can be increased by mechanization 
of this crop. Onion harvester has been developed by the 
Department of Farm Machinery and Power Engineer-
ing, PAU, Ludhiana, whereas very little effort has been 

done regarding the mechanized planting/transplanting 
of onions.

Onion can also be grown by direct seeding method 
which is labour saving. The direct seeding of onion seeds 
is evolving technology where new techniques of soil 
preparation, irrigation, fertilizer and pesticide applica-
tion, seed production and seed processing continue to 
interact to increase the probability that a well synchro-
nized population of the desired plant density is estab-
lished. The seed of onion is of very small size, having 
low density and irregular shape which poses problem 
in precision planting. Metering mechanism, the heart 
of sowing machine distributes seed uniformly at a de-
sired application rate with minimum damage. The com-
monly recommended metering mechanisms for planters 
are horizontal plate, inclined plate, vertical rolls with 
cells etc. (RNAM, 1991).  Sahoo and Srivastava (2008) 
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concluded that inclined plate metering system was best 
suited for metering soaked okra seed.  In light of above 
facts a study was undertaken to develop a two row on-
ion seeder having inclined plate metering mechanism 
for mechanical seeding of onion seed.

MATERIALS AND METHODS
The study was conducted in the Department of Farm 

Machinery and Power Engineering, PAU, Ludhiana. The 
functional requirement of the prototype was assessed 
and kept in mind while its development. The details of 
the different parts/components of the prototype are as 
follows:

Metering mechanism
A brass plate of diameter 130 mm was used to fab-

ricate inclined plate for metering of onion seed. A brass 
plate of diameter 130 mm was used to fabricate inclined 
plate for metering of onion seed. The depth of the groove 
was selected on the basis of maximum dimensions of the 
onion seed among the three cultivars studied i.e., Punjab 
Naroya (PN) Agrifound Light Red (ALR) and Agrifound 
Dark Red (ADR) which ranged from 2.09 to 3.28 mm. 
Based on these dimensions; the depth of the groove was 
selected as 3.5 mm, keeping it 10 % more than the maxi-
mum major dimension of the seed. The opening of the 
groove at the periphery of the plate was kept as 5mm, 
such that two to three seeds are loaded when the groove 
passes through the seed mass depending upon the ori-
entation of seed. The right angle and the left angle of the 
groove were selected as 60o and 40o such that easy load-
ing of the groove should be done and as well as the seed 
loaded in the groove should be retained upto the release 
point (Fig. 1) 

Fig. 1: Front and side view of inclined plate

The bottom of the groove was kept round so that the 
seeds and foreign matter doesn’t clings to the groove. 
The bottom of the grove had a radius of 1.5 mm. In addi-
tion to that, a brush was provided, which was always in 
contact with the seed plate after the point of release. The 
brush helps to remove any seed or foreign particle that 
sticks in the groove, to ensure that the groove is empty 
when it moves through the seed mass again.

Power/ground wheels: The rollers of the prototype 
were made of M S sheet of thickness 3 mm. The diameter 
of the roller was 117 mm (Fig. 2). The rollers were used as 
power wheels. Apart from that they also helped in balanc-
ing, minimizing the vibrations as well as controlling the 
depth of the machine. 

Seed hopper: The seed hopper was made of MS sheet 
of 3mm thickness. The hopper has two partitions. The 
detailed drawing of the hopper is shown in Fig. 3. A 
baffle plate was provided to maintain the seed level on 
the seeding plate.

Main frame: The main frame was fabricated by MS angle 
of 30 x 30 x 5 mm and 25 x 25 x 3 mm. It was provided 
with arrangement to fix the seed hopper, handle, power 
transmission mechanism and rollers. It was also provided 
with MS flat of 50 x 6 mm to fix the furrow openers. A 
hook made of MS rod 12 mm was welded in front of the 
machine to tie a rope for pulling. 

Handle: The handle was made by MS pipe of diameter 
25 mm. The height of the handle was kept adjustable 
such that it could be varied according to the operator. It 
was provided with handle grips for easy holding of the 
machine.

Power transmission: The power transmission to the me-
tering mechanism was provided through sprockets, chain 
and bevel gears (Fig. 4). A nine teeth sprocket was used at 
both the rollers from where the power was supplied to 31 
teeth, sprocket on the shaft made by MS rod of diameter 
20 mm through an idler. Then power to the inclined plate 
was transmitted through set of bevel gear having 16 and 
10 teeth respectively for each plate. In addition to this a 
set of sprockets (15, 20 and 24 teeth) was also provided 
on the shaft to vary the speed ratio, if needed.

Furrow opener: Two shoe type furrow openers having 
high carbon steel tip was used to open the soil for place-
ment of seeds. The seeds were conveyed through plastic 
tubes from metering mechanism to the furrow opener.

Adjustments in the prototype: The side and front view 
of the prototype is shown in Fig. 2. There were various 
adjustments provided in the prototype so that it can be 
used by different operators and for sowing of multiple 
crops by changing the seeding plates. The various adjust-
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ments are following:

	The height of the handle can be adjusted according 
to the operator.

	The row to row distance can be adjusted (maximum 
25 cm).

	The depth of sowing can be adjusted.

	The inclination of the seed metering plate with hori-
zontal can be varied accordingly.

	The speed ratio can be varied.

Fig. 2: Side and front view of the onion seeder

Field evaluation of the onion seeder: The developed 
prototype was evaluated at the Research Farm, Depart-
ment of Farm Machinery and Power Engineering. The 
seed variety used was Punjab Naroya. Initially the crop 
was sown with plate having 12 grooves only and with 
this the desired plant population was not achieved. To 
overcome this problem, it was decided to increase the 
seed rate/no of seeds per unit length by increasing the 
number of grooves on the inclined plate from 12 to 24 and 
36. The crop was sown on the beds having top width of 
one metre. The crop was sown in the month of November.  
The irrigation was applied on the next day of sowing. 
The germination data was observed for the evaluation 
of the machine. The different parameters studied and the 
procedure adopted for the study is given below:

Average seed spacing: The distances between the two 
seeds germinated were measured to compute the average 
seed spacing.

Missing index (M)
Missing index is an indicator of how often the seed 

skips the desired spacing. It is the percentage of spacing 
greater than 1.5 times the theoretical spacing.  

NnM /1=   

Where, n1 = Number of spacing in the region > 1.5 
times of the theoretical spacing

N = Total number of observations

Multiple index (D)   
The multiple index (D) is an indicator of more than 

one seed dropped within a desired spacing (d). It is the 
percentage of spacing that are less than or equal to half 
of the theoretical spacing. 

 NnD /2=   

Where, n2 = Number of spacing in the region d X 0.5 
times of the theoretical spacing

Quality of feed index (A)
The quality of feed index (A) is the measure of how 

often the spacing was close to the theoretical spacing. It 
is the percentage of spacing that are more than half but 
not more than 1.5 times the theoretical spacing. The qual-
ity of feed index is mathematically expressed as follows:

NnA /3=

Where, n3 =  Number of spacing between 0.5 times 
the theoretical spacing and 1.5 times of the theoretical 
spacing.
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RESULTS AND DISCUSSION

Field performance of onion seeder: The germination 
data of the onion crop sown with inclined plates having 
12, 24 and 36 grooves is given in Table1. Number of plants 
achieved by plate having 12 grooves is less than the re-
quired number of plants (14/m), whereas, it was higher 
with plates having 24 and 36 grooves, i.e., 17.8 and 30.13 
per meter length, respectively.

Table 1: Germination data of onion crop sown with 
plates having different grooves

No. of grooves No. of plants/m length
R1 R2 R3 Average

12 10 9.33 10.67 10
24 19.33 15.4 18.67 17.8
36 33.6 28.6 29.2 30.13

* Values of R1, R2 and R3 are average of three values

The data of average spacing, missing index, multi-
ple index and quality of feed index, when the crop sown 
with 24 groove plate is given in Table 2.  The average 
plant to plant distance of 5.20 cm, missing index as 0.05, 
multiple index as 0.38 and quality of feed index as 0.57 
when compared with theoretical spacing of 7.5 cm. The 
view of the crop sown by different plates is shown in 
Fig. 3-5.

Table 2: Observed data of field performance of 
onion seeder with plate having 24 grooves

Parameters R1 R2 R3 Average
Average spacing (cm) 5.15 4.55 5.91 5.20
Missing Index 0.05 0.06 0.05 0.05
Multiple Index 0.39 0.40 0.35 0.38
Quality of feed Index 0.56 0.54 0.60 0.57

Fig. 3: Onion crop sown with inclined plate having 
12 grooves

Fig. 4: Onion crop sown with inclined plate having 
24 grooves

Fig. 5: Onion crop sown with inclined plate having 
36 grooves
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ABSTRACT
The investigation was carried out in the vegetable Research Farm in Department of Horticulture, Allahabad 

Agricultural Institute-Deemed University, Allahabad during 2006-2007 to evaluate the performance of 20 geno-
types in Allahabad agro-climate condition. All twenty genotypes were grown in a Randomized Block Design with 
3 replication. The observations were recorded on 14 quantitative traits and 3 qualitative traits, i.e., plant height 
100 days, 120 days, days to 1st flowering, days to 50 % flowering, days to 1st green fruit harvest, average fruit length, 
average fruit diameter, average green fruit yield/plant, days to 1st red ripe fruit harvest, average weight of red ripe 
fruit yield, number of seeds/fruit, weight of seeds/ fruit, ascorbic acids, oleoresin (%) and capsaicin content (%). 
Significant differences among genotypes for all the of the traits showed wide range of variability in the material. 
The estimate of phenotypic coefficient of variation was higher than the genotypic coefficient of variation for al-
most all the traits. Both heritability and genetic advance were higher for days to 50 % flowering, average green fruit 
yield, days to first ripe fruit harvest, no, of seeds /fruit, weight of seeds/fruit and oleoresin content. The magnitude 
of genotypic correlation was higher than the phenotypic correlation for all the characters. The most important 
trait total yield per plant was significantly and positively correlated with green fruit yield, fruit length and fruit 
diameter, weight of red ripe fruit. no of seeds/fruit, weight of seeds/ fruit, ascorbic acid, oleoresin, and capsaicin 
content. The important traits green fruit yield was significantly and negatively correlated with days to flowering, 
days to 50 % flowering, days to first green fruit harvest and days to ripe fruit harvest. Number of seeds/fruit, weight 
of seeds/ fruits, average weight of green fruit, and ascorbic acid had positive direct effect on yield at both and phe-
notypic levels. Based on performance SM-20, JCA-9, Pusa Jawala, Utakal Ragini and Kashi anmol exhibited high 
fruit yield per plant. Among all the genotypes SM-20 was found to be with highest yield, i.e., 168.42 g per plant.

KEY WORDS: Genetic variability, heritability, ascorbic acids, oleoresin, chilli, correlation and path coefficients

Chilli (Capsicum annuum) is one of the most impor-
tant vegetable as well as spice crop, belongs to family 
solanaceae. It is a self pollinated crop bearing a pod like 
fruit (berry) and has a predominant position among the 
spices grown all over India. It is being grown for green/
red chillies in U.P. during summer, rainy and winter 
seasons. Chilli is an indispensable condiment in India. 
The important chemical constituents of chilli fruits in-
clude vitamins, pungency, colouring matter oleoresin 
contents, which are particularly important for food and 
spice industries. Chillies are mostly used as spices but 
sometimes it is also used as vegetables. Fruits are used in 

pickles, Sauces, Ketchups, chutneys and oleoresin. Dry 
chillies are used for Curry powder. “Capsaicin” an alka-
loid is extracted from chillies and is used in medicines. 
Undoubtedly, chilli is pungent stimulant, its pungency 
is due to the presence of a crystalline volatile alkaloid 
called “capsaicin” (C18H28NO3) the cross walls or sep-
tum of the cells of the fruits. Green chillies are rich in vi-
tamin ‘A’ and ‘C’ and the seeds contains traces of starch 
(Saimbhi et al., 1997). 

The information usually needed for developing high 
yielding varieties in a particular species pertains to the 
extent of genetic variability for desirable traits in the 
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available germplasm. Large variability ensures better 
chances of producing new forms. Variability parameters 
like coefficient of variation, heritability, expected genetic 
advance and magnitude of divergence, besides degree 
of association between the various characters and direct 
effects of yield contributing characters on total fruit yield 
is of paramount importance in formulating an appropri-
ate breeding strategy aimed at exploiting the inherent 
variability of the original population. Phenotypic vari-
ability includes both genotypic and environmental vari-
ation and hence change under different environmental 
conditions. Genotypic variability remains unchanged 
by environmental condition. This type of variability is 
more useful to a plant breeder for exploitation in selec-
tion or hybridization. Yield is a complex characteristic 
controlled by several yield contributing components and 
it is highly influenced by environmental estimates of fac-
tors, consequently estimates of heritability are useful. The 
heritability value alone does not have much significant 
as it fails to account the magnitude of absolute variabil-
ity. It is, therefore, necessary to utilize heritability along 
with genetic advances while attempting for selection.

Correlation coefficient is the mutual liner relation-
ship between two or more variables. Correlation coef-
ficient among different characters is either positive or 
negative and it may be high or low. Estimation of cor-
relation coefficient among the yield contributing charac-
ters is necessary to understand the direction of selection 
and to maximize yield in the shortest period of time.Path 
coefficient provides an effective means of entangling di-
rect and indirect causes of association of selection and 
measures the relative importance of each causal factor. 
chilli being  an important crop in Uttar Pradesh needs 
attention about genetic improvement. Therefore, keep-
ing the above factors in view the present investigation 
was undertaken to find out the following objectives, the 
study of genetic variability, heritability, genetic advance, 
correlation and path coefficients between characters.

MATERIALS AND METHODS
The materials used and methods adopted in the 

present investigation include a brief description of the 
site of the experiment, soil properties, climatic condi-
tions prevalent in the locality during the period of ex-
periment, statistical analysis, particulars of treatment, 
planting materials used and sampling techniques. A field 
experiment was conducted during August-December, 
2006 at Horticulture Research Farm (HRF), Department 
of Horticulture, Allahabad (U.P). The area is situated 
on the south of the Allahabad on the Allahabad on the 
right side of the Yamuna River at Rewa Road at a dis-
tance of about 6.0 km from Allahabad city. It is situated 
at 25.750 latitude and 81.500E longitude and 98 meters 

above mean sea level (MSL). The experimental field has 
an even topography with a gentle slope and good drain-
age. The samples were drawn from each replication of 
experimental plot at 0.15 cm depth before the sowing of 
the crop and a composite sample was made to determine 
the physical and chemical properties of soil. Allahabad is 
situated 25.570 N latitude and 81.500 longitude and at at-
titude of 98 meters above mean sea level (MSL). The Al-
lahabad region has a sub-tropical and semi-arid climate, 
prevailing in the south-east part of U.P. with both the 
extremes in temperature, i.e., the monsoon commencing 
from July and withdrawing by the end of September. 
The temperature rise up wto 450C to 480 C in summer 
and goes down to as low as 2.50 C during winter. Inves-
tigation was carried out in chilli (Capsicum annuum L.) 
to find out the variation in different stage and growth. 
The different variety was taken for the study from IIVR 
Varanasi Varieties : Pusa Jawala, SM-20, JCA-9, LCA-206, 
LCA-404, IC-413702, Japani long, Pbc-1438, IC- 383079, 
LCA-333,LCA-334, CO-5686-1, Kashi Anmol, LCA-357, 
EC-492576, Utkal Ragini, LCA-324, LCA-312, LCA-301, 
LCA-304.

Observations were recorded with respect to Plant 
height (days), 1st flowering (days), 50 % flowering (days), 
1st green fruit harvest (days), Avg. wt. of green fruits (g), 
Avg. fruit length (cm), Avg. fruit diameter (cm), Avg. 
green fruit yield/plant (g),  1st ripe fruit harvest (days), 
Avg. wt. of red ripe (g) Avg. red ripe fruit yield (g), No. 
of seed/fruit, Weight of seeds/fruit (g), Ascorbic acid 
(mg/100 g) Oleoresin (%),  Capsaicin (%) and qualita-
tive parameters, Ascorbic acid was estimated titrimet-
rically using 2-6 dichlorophenol indophenols method 
(Sadasivam and Thymoli, 1987), Oleoresin percentage 
was estimated as suggested by Mathew et al. (1971), and 
Capsaicin content of chilli powder was estimated by the 
method of Thimmaiah (1999).

The data were pooled and statistically calculated for 
analysis of the R.B.D. design, mean, range and analysis 
of variance described by Panse and Sukhatme (1967). 
The phenotypic variance, genotypic variance and Envi-
ronmental variance (components of variance) was calcu-
lated by subtracting the mean squre at treatment level as 
proposed by Burton and De Vane (1953). Heritability in 
broad sense (h2) was calculated by following formula as 
suggested by Hanson et al. (1956). Genotypic Advance 
was calculated using the formula as suggested by Rob-
inson (1951). The range of genetic advance as percent of 
mean is classified as suggested by Johnson et al. (1955a). 
The phenotypic and genotypic correlation coefficients 
were worked out to study the inter-relationship between 
various pairs of characters as suggested by AL-Jibouri 
et al. (1958).  The path coefficient were obtained accord-
ing to the procedure suggested by Dewey and Lu (1959) 
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using phenotypic and genotypic correlation coefficients. 
The direct and indirect effects are rated as follows by 
Lenka and Mishra (1973).

RESULTS AND DISCUSSION 
The means of the 17 traits for 20 genotypes of Chilli 

have been presented in Table 1. The perusal of data of 
Table 1 showed that a large amount of variability was 
present in plant height. The maximum plant height was 
observed in LCA-206 (51.83 cm). The minimum plant 
height was observed in Kashi Anmol (37.53 cm) against 
the population mean of 41.96 cm. All the genotypes un-
der study exhibited higher mean values as compared 
to general mean (41.96), while Pusa Jawala (39.76 cm) 
and LCA-304 (42.9 cm) showed lower mean values. 
Significant difference were found for days to 1st flower-
ing among genotypes. The earliest days to 1st flowering 
among genotypes. The earliest days to 1st flowering was 
recorded with the Pusa Jawala (31.66) followed by LCA-
301 (32), JCA-9 (32.33) and the maximum days to 1st flow-
ering was noticed in LCA-333 (41.66). Days to 50% flow-
ering was also observed significant among genotypes. 
Japani Long (58.00) and LCA-334 (57.33) took maximum 
days to 50 % flowering. The minimum days to 50 % flow-
ering was recorded with the genotype SM-20 (51.66). Sig-
nificant difference were found for days to first green fruit 
harvest among various genotypes. The minimum days 
to first green fruit harvest was recorded in LCA- 357 
(79.00) followed by LCA- 404 (80.66) and Pusa Jawala 
(81.33), while genotype LCA-301 (96.33) took maximum 
days to first green fruit harvest. Significantly the maxi-
mum weight of green fruit was recorded in EC492576 
(22.93 g), followed by LCA- 206 (18.88 g), IC38079 (18.65 
g) and LCA-9 (11.69 g), while genotype Pusa Jawala (8.22 
g), was found to be with minimum weight of green fruit. 
For maximum fruit length was observed significant in 
IC413702 (12.16 cm), followed by SM-20 (11.50 cm), Pusa 
Jawala (10.5 cm) and LCA-206 (9.56 cm) and the mini-
mum fruit length was recorded in Pbc-1438 (4.33 cm). 
There were significant differences differences among 
genotypes for the diameter. The maximum fruit diam-
eter was observed in LCA-206 (2.63 cm) followed by SM-
20 (2.46 cm) and LCA-404 (2.40 cm), while LCA-312 (1.23 
cm) was found with minimum fruit diameter. Signifi-
cantly the maximum average green fruit yield was found 
in SM-20 (168.42 g), followed by Pusa Jawala (143.98g) 
and Utkal Ragani (140.43 g), while LCA-301 (34.72 G), 
was found with minimum green fruit yield. Days to first 
ripe fruit harvest was also recorded significant. LCA-404 
was found to be with maximum days (130.00), followed 
by SM-120.00) and Kashi Anmol (120.00), whereas CO-
5686-1 was found with minimum days to first ripe fruit 
harvest (103.00). significant difference were found for red 

ripe fruit weight. The maximum average weight of red 
ripe fruit was observed in LCA-404 (26.78 g), followed 
by Pbc-1438 (23.52 g) and IC413702 (20.63 g), while Kashi 
Anmol (10.52 g) was found minimum weight of red ripe 
fruit. Significantly the maximum red ripe fruit yield was 
found in Pusa Jawala (125.55 g) followed by Utkal Ragini 
(116.18 g) and SM-20 (102.89 g), while LCA-333 (33.17 g) 
was found with minimum red ripe fruit yield. The num-
ber of seeds/fruit was also found significant. The maxi-
mum average number of seeds/fruit was observed in co-
5681-1 (111.00) followed by EC492576 (86.00) and  JCA-9 
(64.00), while Utkal Ragaini (31.00) was recorded with 
minimum average number of seeds/fruit. Significantly 
maximum average weight of seeds/fruit was recorded 
in C0-5681-1 (1.05 g) followed by EC492576 (1.010 g) and 
LCA-334 (0.813 g), while Japani Long (0.523) recorded 
minimum average weight of seeds/fruit. There were sig-
nificant differences among genotypes for ascorbic acid 
contents. The maximum ascorbic acid 104.82 mg/100 g 
was found in EC-492576 (104.82 mg), followed by Pusa 
Jawala (52.51 mg) and LCA-312 (46.49), while LCA-206 
was found with minimum ascorbic acid, i.e. (16.71 mg). 
For Oleoresin (%) content there was significant differ-
ence. The maximum oleoresin (%) content was recorded 
I JCA-9 (16.92 %) followed by IC-413702 (16.91 %) and 
Pusa Jawala (16.52 %), while LCA-357 %), was observed 
with minimum oleoresin content. There were significant 
difference among genotypes for capsaicin (%) content. 
The maximum capsaicin (%) was found in IC413702 (0.62 
%) followed by Pbc-1438 (0.51%) and IC383079 (0.47 %), 
while JCA-9(0.16 %) was found with minimum capsai-
cin. 

Range, mean, coefficient of variation, heritability 
and genetic advance for various traits

The data on genetic parameters for different charac-
ters are given in Table 2. The results derived from this ta-
ble are given below characters wise. The height of plant 
(80, 100, 120 days) varied from (32 cm) Kashi Anmol to 
(51.83 cm) LCA-206 with a mean of (39.78, 42.53, 44.09 
cm). The estimates of genotypic and phenotypic coeffi-
cients of variation were moderate, i.e., estimate of herita-
bility was high, i.e., 13.37 %, 11.40 %, 10.07 % and 15.14 
%, 12.89 % and 11.36 %, respectively and the estimate of 
genetic advance in percent of mean was low, i.e., 9.61 %, 
8.57 % and 8.10 %, respectively. The days to first flower-
ing varied from 31 to 64.66 days with a mean of 54.83 
days. The estimates of phenotypic and genotypic coef-
ficient of variations were found low, i.e., 5.45 % and 6.25 
%, respectively. The estimates of heritability in broad 
sense for this trait was high (76.1 %), and the estimates 
of genetic advance in percent of mean was found low, i.e. 
5.36 %. Days to first green fruit harvest varied from 79 
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(LCA-357) to 96.33 (LCA-301) with  a mean of 84.22 days. 
The estimates of genotypic and phenotypic coefficients 
of variation were found low, i.e., 5.68 % and 6.24 %, re-
spectively. The estimates of heritability in broad sense 
for this trait were found high (88.30 %) and the estimate 
of genetic advance in percent of mean was observed low 
(9.78 %). Average weight of green fruit varied from 8.096 
g (LCA-333) to 22.93 g (EC492576) with mean of 11.40 g. 
The estimates genotypic and phenotypic coefficients of 
variation were high, i.e., 39.68 % and 40.34 %, respective-
ly. The estimates of heritability in broad sense for this 
trait was high (96.70 %) but the estimates genetic advance 
percent of mean was low, i.e., 9.16 %. Average fruit length 
varied from 4.73 (LCA-312) to 12.16 (IC-383079) with a 
mean of 8.06. the estimates of genotypic and phenotypic 
coefficient of variation were high, i.e., 28.90 % and 29.58 
%, respectively. The estimates of heritability advance in 
percent in percent of mean were low, i.e., 4.67 %. Average 
fruit diameter varied from 1.23 (LCA-312) to 2.63 (LCA-
206) with a mean of 1.91 cm. The estimates of genotypic 
and phenotypic coefficient of variation were high, i.e., 
21.26 % and 23.06 %, respectively. The estimates of heri-
tability in broad sense for this trait was high (84.20 %). 
But the estimates of genetic advance in percent of mean 
were low, i.e., 0.74 %. Average green fruit yield varied 
from 34.72 (LCA-301) to 168.42 (SM-20) with a mean of 
77.65. The estimates of genotypic and phenotypic coef-
ficient were high, i.e., 53.12 % and 53.24 %, respectively. 
The estimates of heritability in broad sense for this trait 
was high, i.e., 99.50 % but the estimates of genetic ad-
vance in percent of mean was high, i.e., 84.73 %. Days to 
first ripe fruit harvest varied from 103 (CO- 5686-1) to 
130 (LCA-404) with a mean of 114.53. The estimates of 
genotypic and phenotypic coefficient of variation were 
low, i.e., 5.26 % and 5.96 %, respectively. The estimates 
of heritability in broad sense for this trait was high i.e. 
79.10% but the estimates of genetic advance in percent of 
mean was high, i.e., 74.90 %. Average weight of red ripe 
fuit varied from 10.52 (Kashi Anmol), 26.78 (LCA-404) 
with a mean of 15.79. The estimates of genotypic and 
phenotypic and coefficient of variation were high i.e., 
30.26 % and 31.39 %, respectively. The estimates of heri-
tability in broad sense for this trait was high, i.e., 92.80% 
but the estimates of genetic advance in percent of mean 
was low, i.e., 9.28 %. Number of seeds/fruit varied from 
31.00 (Utkal Ragini) to 111.00 (CO-5686-1) with a mean 
of 77.16. The estimates of genotypic and phenotypic co-
efficient of variation were high, i.e., 35.47 % and 35.56 %, 
respectively. The estimates of heritability in broad sense 
for this trait was high, i.e., 99.50 % but the estimate s of 
genetic advance in percent of mean was high (52.26 %). 
Weight of seeds/fruit varied from 0.523 (Japani Long) to 
0.846 (IC383079) with a mean of 47.95. The estimates of 
genotypic and phenotypic coefficient of variation were 

high, i.e., 41.11% and 41.41%, respectively. The estimates 
of heritability in broad sense for this trait was high, i.e. 
98.50% but the estimates of genetic advance in percent 
of mean was high (40.29%). Average red ripe fruit yield 
varied from 33.17 (LCA-333) to 125.55(Pusa Jawala) with 
a mean of 79.31. The estimates of genotypic and pheno-
typic coefficient of variation were moderate, i.e., 18.53 % 
and 19.25 %, respectively. The estimates of heritability in 
broad sense for this trait was high, i.e., 100 %, but the esti-
mates of genetic advance as percent of mean was low i.e., 
2.60%. Ascorbic acid varied from 19.49 (LCA-90) to 104.82 
(EC492576) with a mean of 63.73. The estimates of geno-
typic and phenotypic coefficient of variation were high, 
i.e., 51.87 % and 51.94 %, respectively. The estimates of 
heritability in broad sense for this trait were high (170 %). 
The estimate of genetic advance as percent of mean was 
low, i.e., 0.35 %. Oleoresin varied from 9.30 (Pbc-1438) 
to 16.90 (LCA-9) with a mean of 13.95. The estimates of 
genotypic and phenotypic coefficient of variation were 
moderate, i.e., 14.97 % and 15.38 %, respectively. The esti-
mates of heritability in broad sense for this trait was high 
(99.70 %) and the estimates of genetic advance as percent 
of mean was also high, i.e., 39.18 %. Capsaicin content 
varied from 0.16 (LCA-9) to 0.51 (Pbc-1438) with a mean 
of 0.328. The estimates of genotypic and phenotypic co-
efficient of variation were high, i.e., 35.76 % and 35.80 %, 
respectively. The estimates of heritability in broad sense 
for this trait was high (94.50 %), but the estimates of ge-
netic advance as person of mean was low (4.16 %).Great-
er the variability in population, more the chance of ef-
fective selection for the desirable types. Since, there is 
wide diversity within the cultivated species of chilli for 
fruit yield, the assessment of genetic diversity in exist-
ing lines of chilli will be of immense value. The geno-
types which grow in heterogeneous environment may 
be genetically diverse and can provide a plenty of scope 
for screening of better genotype. To achieve this target, a 
sound biometrical knowledge on major quantitative and 
qualitative traits pertaining to variability in the material, 
heritability and genetic advance of the economic traits, 
association between the important traits and their direct 
and indirect response of fruit yield/plant will be boon to 
the plant breeder for formulating the breeding strategy 
in case of chilli. Greeen fruit yield for salad or vegetables 
is very important in addition to ripe and dry fruits used 
for spice.  The estimates of genotypic coefficient of varia-
tion is of prime importance to breeders. In general, the 
coefficient of variability was higher than genotypic coef-
ficient of variability for all the characters which indicates 
and environment played a considerable role in the ex-
pression of their traits 7.The maximum phenotypic and 
genotypic coefficient of variation was observed for days 
1st flowering followed by early harvest per plant, total 
yield, plant height, diameters of fruits (cm), average fruit 
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weight and days to 50 % flowering. The similar reports 
have also been given by Manju and Sree Latha Kumary 
(2002) and Sreelatha Kumary and Rajamuny (2002) while 
Kumar et al. (2000) observed high genotypic and pheno-
typic coefficient of variation for fresh weight per fruit 
followed by fruit yield per plant . Mini et al. (2004) ob-
served high values of genotypic (GCV) and phenotypic 
coefficient of variation for variation (PCV) for green fruit 
per plant, and average fruit weight. Mohammad et al. 
(2001) reported highest phenotypic and genotypic coef-
ficient of variation for fruit length followed by number 
of branches per plant.

The heritability estimates suggest about the effec-
tiveness of selection on the basis of phenotypic perfor-
mance. However, the heritability value alone does not 
provide the definite indication for the amount of genetic 
gain in selecting certain characters. In the present study 
broad sense heritability estimates for different characters 
ranged from 7.91 to 88.3 per cent. High heritability val-
ues were recorded for all the characters. High heritabil-
ity couple with high genetic advance as per cent of mean 
was recorded for total yield per plant. Similar results 
were also reported by Singh and Singh (1981). Rathod et 
al. (2002) observed high heritability for all characters and 
also high heritability coupled with high expected genet-

ic advance for the number of fruits per plant indicating 
the presence of variability due to genetic factors and the 
preponderance of heritability along with high genetic 
advance provides good scope for further improvement 
in advance generations of these characters subjected to 
mass, progeny and clonal selection (Panse, 1957). Days 
to 50 per cent flowering, average fruit weight showed 
high heritability along with low genetic advance as per 
cent of mean and plant height showed high heritability 
and moderate genetic advance indicating that they were 
largely influenced by environment and thus required 
high selection intensity for improving these traits. Panse 
(1957) reported that high heritability was associated 
with lower genetic advance for the number of branch-
es per plant, fruit diameter and fruit weight, showing 
non-additive gene effect. Srivastava and Sachan (1973) 
observed high heritability in conjunction with high ge-
netic advance for weight per fruit. Verma et al. (2004-05) 
reported high heritability along with moderate genetic 
advance as per cent of mean for number of branches per 
plant, leaf width indicating predominance of both addi-
tive and non-additive gene action. Awasthi et al. (1976) 
showed high heritability and low genetic advance for 
number of branches per fruit, diameter and average fruit 
weight.

Table 2: Variability, heritability and genetic advance as per percent of mean in chillies

Characters Range G.M. g p Variability Herita-
bility 
(%)

Genetic adv. in 
percent mean 

(GA) 5%
GCV 
(%)

PCV 
(%)

1 Plant height (cm) 80 days 32.00-47.56 39.78 27.10 34.26 13.47 15.14 79.10 9.61
2 Plant height (cm) 100 days 35.36-49.70 42.53 22.29 28.51 11.40 12.89 78.10 8.57
3 Plant height (cm) 120 days 37.53-51.83 44.09 19.73 25.11 10.07 11.36 76.10 8.10
4 Days to first flowering 31.66-40.66 37.76 10.19 12.49 8.45 9.35 81.5 5.87
5 Days to fifty percent  flowering 51.66-64.66 54.83 8.95 11.76 5.45 6.25 76.1 5.36
6 Days to first green fruit harvest 79.00-96.33 84.24 25.58 28.96 5.86 6.24 88.3 9.78
7 Avg. weight of green 8.096-22.93 11.40 20.48 21.16 39.68 40.34 96.7 8.16
8 Avg. fruit length 4.73-12.16 8.06 5.42 5.86 6.24 29.58 95.40 4.67
9 Avg. fruit diameter 1.23-2.63 1.91 0.16 0.19 21.26 23.06 84.20 0.74
10 Avg. green fruit yield 34.72-168.42 77.65 1702.11 1709.69 53.12 53.24 99.50 84.73
11 Days to first ripe fruit harvest 103-103 114.53 36.39 45.97 5.26 5.92 79.10 74.90
12 Avg.wet. of red ripe fruit 10.5-26.78 15.79 21.97 23.65 30.26 31.39 92.80 9.29
13 No. of seeds/fruit 31.00-111.0 77.16 749.52 753.08 35.47 35.56 99.50 56.24
14 Wt. of seeds/fruit 0.523-0.846 47.95 388.73 394.44 41.11 41.41 98.50 40.29
15 Avg. red ripe fruit yield 33.17-125.55 0.713 0.01 0.01 18.53 19.25 100.0 28889.20
16 Ascorbic acid (mg/100 g) 19.49-104.82 63.73 0.017 0.01 51.87 51.94 170.0 0.350
17 Oleoresin (per cent) 9.30-16.90 13.95 363.09 364.11 14.97 15.38 99.7 39.18
18 Capsaicin (per cent) 0.16-0.51 0.328 4.36 4.61 35.76 35.80 94.5 4.16
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Phenotypic correlation coefficient
The correlation coefficient at phenotypic and 

genotypic levels were computed among 17 char-
acters for 20 genotypes and their correlation with 
level of significance is given in Table 3.1 and Table 
3.2. A perusal of correlation coefficients revealed 
that genotypic correlation coefficients were in 
general higher than the corresponding pheno-
typic correlation due to Rabi season crop. At the 
phenotypic levels fruit yield showed positive and 
significant association with green fruit yield.  The 
plant height per plant (100 and 120 days) showed 
significant positive phenotypic correlation with 
average green fruit yield per plant. Days to 50 per 
cent flowering, days to 1st flowering and days to 
green fruit diameter showed highly significant 
negative correlation with the green fruit and red 
ripe fruit yield. Average weight of green fruit 
showed highly significant positive correlation 
with phenotypic correlation with green fruit yield 
and red ripe fruit yield. Average fruit length and 
average fruit diameter showed significant positive 
phenotypic correlation with green fruit yield and 
red ripe fruit yield. Days to 1st ripe fruit harvest 
showed significant negative phenotypic correla-
tion with green fruit yield. Average weight of red 
ripe and average, red ripe fruit yield showed sig-
nificant positive correlation with phenotypic cor-
relation with green fruit yield. Number of seeds/
plant and weight of seeds/fruit showed significant 
positive phenotypic correlation with green fruit 
and red yield at 1% level at significance. Ascor-
bic acid, oleoresin and capsaicin content showed 
significant positive phenotypic correlation with 
green fruit and red ripe fruit yield at 1% level of 
significant whereas, capsaicin content was found 
significant at 5% level of significance.  

Genotypic correlation coefficient
Plant height for plant (100 and 120 days) 

showed highly significant positive genotypic cor-
relation with green and red ripe fruit yield. Days to 
first flowering and days to 50 % flowering showed 
highly significant positive and negative genotypic 
correlation with green fruit yield and red ripe fruit 
yield. Days to first green fruit harvest and days 
to first ripe fruit harvest highly significant nega-
tively correlated with green fruit and red ripe fruit 
yield. Average fruit length Average fruit diameter 
and average weight of green fruits showed highly 
significant negative correlation with green fruit 
and red ripe fruit yield. Fruit length, fruit diam-
eter and average weight of green fruits showed 
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highly significant positive genotypic correlation 
with green fruit and red ripe fruit yield. Average 
weight of red ripe fruit, yield, number of seeds/
fruit and weight of seeds/fruit showed highly sig-
nificant positive genotypic correlation with green 
fruit yield. Ascorbic acid, oleoresin and capsaicin 
content showed highly significantly positive ge-
notypic correlation with green fruit and red ripe 
fruit yield. The nature and magnitude of associa-
tion between yield and its components traits is 
necessary for effective selection in advance gen-
erations. Dewey and Lu (1959) emphasized that 
the nature of population under consideration and 
the magnitude of correlation coefficients could of-
ten be influenced by the choice of the individuals 
upon which the observation are made. Correla-
tions between characters pairs are due to link-
age of genes or pleiotrophy of genes. Therefore, 
selection of one trait influences the other linked 
or pleiotrophically affected traits. Selection is 
usually practiced for changing two or more than 
two characters simultaneously. The information 
on interrelationship of the important economic 
indicated a strong genetic associations between 
the traits and the phenotypic traits may be useful 
in the prediction of correlated response to direct 
selection in the construction of some characters 
which may have no values in themselves but may 
be useful as indicators of other important traits 
(Robinson et al., 1951). Considerable importance 
has been attached to correlation studies in the 
plant improvement because they are helpful in 
making effecting selection. In the present study, 
correlation between two characters were worked 
out in all possible combinations at phenotypic 
and genotypic levels as presented in Tables (4.1 
and 4.2). In general, the magnitude of genotypic 
correlation coefficients was higher than the cor-
responding values of the phenotypic correlation 
coefficients, the expression which was suppressed 
due to environmental influence. The present study 
also suggested that both genotypic and phenotyp-
ic correlation were similar in direction. Days to 
50 percent flowering was significantly and posi-
tively correlated with fruit length, was s harvest 
and total yield per plant. Fruit length was signifi-
cantly and positively correlated and with average 
fruit weight and total yield per plant. The most 
important trait total yield per plant was signifi-
cantly and positively correlated with early yield 
per plant, fruit length per plant. Similar results 
have been reported by Singh et al. (1972). Sri Latha 
Kumary and Rajamuny (2002), Nazier et al. (2005) 
and Choudhar and Samadia (2000). Ta
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Path coefficient analysis:
The data were subjected to path coefficient 

analysis to partition the correlation coefficients 
of all the component characters with green fruit 
yield per plant in to direct and indirect effects. 
The results of various causes at genotypic and 
phenotypic level influencing average fruit weight 
per plant (effect) are presented in Tables 4.1 and 
4.2. The path coefficient analysis revealed that 
the characters like to first flowering (0.027), days 
to 50 % flowering (0.166), days to 1st green fruit 
harvest(0.019) and fruit diameter (0.058) exercised 
maximum direct effect on fruit yield at pheno-
typic level. High positive direct effect of num-
ber of seeds (0.91), ascorbic acid (9.005) and 1st 
ripe fruit harvest (0.003) and fruit diameter was 
the main cause of their positive association with 
fruit yield. Plant height (-0.680), weight of green 
fruits (-0.004), fruit length (-0.189) and weight of 
red ripe (-0.064) exercised minimum direct effect 
on fruit yield phenotypic level, high negative di-
rect effect of weight of seeds/fruit (-0.002), oleo-
resin a(-0.021) and capsaicin (-0.230) was the main 
cause of their negative association with average 
red ripe fruit yield. All these characters had posi-
tive and negative direct and indirect effect on total 
yield per plant height (3.902), days to 50 % flower 
(1.066), days to 1st green fruit harvest, fruit diam-
eter (1.299), days to 1st ripe fruit harvest (0.588). 
Red ripe fruit yield (0.25), number of seeds/fruit 
(0.206), weight of seeds/fruit (0.056) exercise max-
imum direct effect on fruit yield at genotypic level. 
Days to 1st flowering (-3.797), weight of green fruit 
(-0.403), ascorbic acid (-0.274) oleoresin (-0.023) 
and capsaicin content (-0.014) had minimum nega-
tive direct effect on fruit yield. The estimates of 
residual effect reflect the adequacy and appropri-
ateness of the character chosen for path coefficient 
analysis. In the present investigation the residual 
effect was very high (1.729) indicating the adequa-
cy of the characters chosen for the study and the 
characters studied contributed approximately 90 
percent towards yield. Correlation measures only 
mutual relationship with concern to cause and ef-
fect. Path coefficient analysis provides a method 
for separating out direct and indirect effects and 
measures the relative importance of causal factors 
which ultimately affect the yield. Path coefficient 
is simply standardized partial regression coeffi-
cient which splits the correlation coefficients into 
the measures of the direct and indirect effects of 
a set of independent variable on the dependent 
variable. The analysis of path coefficient revealed 
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highest amount of positive direct effect for yield 
per plant followed by fruit weight, days to 50 per 
cent flowering and plant height has also positive 
direct effect on yield at genotypic and phenotypic 
level. However, fruit length per plant, ascorbic 
acid, oleoresin and capsaicin content had negative 
direct effect on yield at both genotypic and phe-
notypic levels. Fruit length and diameter of fruit 
had negative direct effect yield at genotypic level. 
Similar results were also reported by Nanda Devi 
et al. (2003), Nazier et al. (2005), and Devi and Aru-
mugam (1999) that green fruit yield per plant had 
the positive effect on dry fruit yield per plant.
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Studies on storage performance of tomato genotypes for processing as juice
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ABSTRACT
Tomato is a most perishable commodity which necessitates to go for processing of tomatoes during excessive 

production to ensure its availability round the year. During processing a huge quantity of nutrients are lost due 
to heat shock. Therefore it is needed to suggest a product developed by tomato fruits with least nutritional losses. 
With this objective eight tomato genotypes were physically evaluated. Tomato juice with two tomato genotypes 
was prepared in three ways, viz., without preservatives, with potassium meta-bisulphite and with potassium 
bisulphite + sodium benzoate. The sutability of product was evaluated with the help of various physical, nutri-
tional (TSS, Protein, Lycopene, Ascorbic acid content, acidity, browning etc.) and post storage losses at 0, 15, 30 
and 45 days after preservation. It was found that minimum nutritional losses were observed in the juice preserved 
with potassium meta- bisulphite and sodium benzoate.

KEY WORDS: Tomato, juice, nutritional changes, storage period

Tomato (Lycopersicum esculentum L.) is an impor-
tant member of Solanaceae. The vegetable production is 
important for strategies to ensure their round the year 
availability to the increasing population at reasonable 
price besides safe guarding the interest to the farmers 
and to ensure post harvest losses without significance 
losses in their nutritional contents to secure nutritional 
security as well. It can be served, baked, stewed, fried 
and as sauces on various foods or used for preservation 
purposes in the form of juice, soup, powder, chutney 
or instant soup powder. Tomatoes are the world’s larg-
est vegetable crop after potato but it tops in the lists of 
canned vegetables (Singh et al., 1978). Tomato is highly 
perishable and susceptible to various kinds of post har-
vest losses thereby restricting its shelf life. Post harvest 
losses can be reduced by processing tomatoes in various 
products like Juice, Paste, Puree, Soup, Ketchup, Sauces, 
Powders and Concentrates etc. (Sethi, 1994).  The mag-
nitude of post harvest losses in fresh fruit was estimat-
ed to be 5-25 % in developed countries and 20-30 % in 
developing countries (FAO, 1992). The ripe tomato has 
high moisture content i.e. 94 %, 3-5 % total sugar, 15-30 
mg/100 g of Ascorbic Acid, 7.5-10.5 mg/100 g of Titrable 
Acidity and 20-50 mg/100 g of Lycopene. Hence consid-
ering the importance of processed tomato products as 
well as enhancing nutritional value of tomato processed 

products, an attempt was made to process some newly 
evaluated tomato cultivars for ready to drink tomato 
juice to study the effect of storage time on various prod-
ucts and to study the effect of preservatives on various 
nutritional parameters of developed products.  

MATERIALS AND METHODS
The study was carried out in the department of ap-

plied plant science laboratory, B.B.A. University, Luc-
know and H.N.B Garhwal University, Srinagar, during 
the year 2008-2010.  The eight different tomato varieties, 
i.e., Angoolata, Type -1, Type-2, Type-6, KS-229, KS-7, 
KS 252 and KS 253 which are newly evolved liner were 
obtained from vegetable farm C.S.A.U.A.T., Kanpur. 
The fruits were obtained from farm and first dry sorted 
and then wet sorted according to its firmness; colour, 
size and the fruits selected were disease free. Spiced and 
unspiced juice of tomato was developed and subjected 
to sensory evaluation by panel of judges.  The judges 
scored the quality characters (colour, flavour, taste, tex-
ture, appearance and overall acceptability) on nine point 
Hedonic Rating scale. The mean scores of five or above 
has considered acceptable for each quality character. The 
mean scores were obtained from the values given by all 
the judges. On the basis of orangoleptic acceptability of 
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products and nutritional composition of raw tomatoes 
spiced tomato juice prepared from two genotypes were 
finally selected for further study, i.e., nutritional evalu-
ation and storage. Three types of spiced juice were pre-
pared as Juice without preservative, Juice without 750 
ppm sodium benzoate and Juice with 200 ppm sodium 
benzoate + 400ppm potassium meta bisulphite. All the 
products were studied for their quality characters at 0 
days, 15 days 30 days and 45 days of storage. The pa-
rameters studied at these periods included; Moisture 
(%), Total soluble solids (%), Ascorbic acid (g/100 ml 
repaired products), Acidity (%), Lycopene (g/100 ml 
repaired products) and Non enzymatic browning. The 
data was tabulated and statistically analyzed using fac-
torial CRD.  Comparison of treatment means were made 
with the help of critical differences.

RESULTS AND DISCUSSION
Storage study of the products developed, i.e., spiced 

juice was carried out for a period of one and a half months 
at 30oC temperature. Effect of storage on various param-
eters is measured as changes in nutritional composition 
are discussed as below:

TSS: The percent TSS of juice prepared was initially 
about 8.63 which gradually increased with increase in 
storage period. However, the increase in TSS indicated 
non- significant (Table 1). Similarly non- significant val-
ues in TSS of juice with increased storage time was also 
reported by Agrawal et al. (1995) and Ranote and Bains 
(1992) which ensure the better stability of juice with stor-
age conditions. Change in TSS is increasing pattern with 
extended storage period was observed earlier by Birani 
et al. (1988) in tomato fruits. Interaction of preservatives 
and storage period was also found to be non- signifi-
cant.

Table 1: Effect of storage time and preservative on 
TSS in spiced tomato juice (% on dry matter basis)

Juice Storage Period (days)
Storage period 0 15 30 45 Mean
Without preservative 8.601 8.060 8.581 8.500 8.436
With Sodium benzo-
ate

8.650 8.658 8.800 8.811 8.730

With Sodium benzo-
ate+ Potassium meta 
bi sulphite

8.640 8.650 8.780 8.800 8.718

Mean 8.630 8.456 8.720 8.704
CD at 5 %
Storage time = NS,  Preservative = NS,  Storage time X 
Preservative = NS,  NS-Non significant

 

Fig. 1 : Effect of storage time and preservative 
on TSS in spiced tomato juice (% on dry matter 
basis)

Ascorbic acid: Ascorbic acid content of juice on 0 day 
of storage was about 19.850, 19.755 and 19.850 mg/100 g 
in I, II and III type of preparations. Significant (P, 0<05, 
P<0.01 and P<0.001) reeducation in ascorbic acid was 
observed after each storage interval irrespective of addi-
tion of preservative. Up to 15 days of storage the percent 
losses of ascorbic acid was almost similar in all the juice 
samples. 

After 15 days the rate of reduction of ascorbic acid in 
the juice with preservative was found to be significantly 
higher as compared to juice without preservative and 
this trend lasted up to end of storage (Table 2). This may 
be due to fact that preservative had some time to show 
their beneficial effect. The percent reduction in ascor-
bic acid was significantly (P<0.05, P<0.01 and P<0.001) 
lower (36%) when juice was preserved with single or 
with combination of preservative as compared to juice 
without preservative in which percent reduction at end 
of storage period was up to 55%. The combined effect of 
storage period and preservatives found to be significant 
(P<0.05, P<0.01 and P<0.001). Continuous dwindling in 
ascorbic acid content during storages was also reported 
by Kumar, and Singh (1996). Agrawal et al. (1995) re-
ported up to 55 % reduction in pasteurized tomato juice 
during storage. 

Acidity: The titrable acidity of spied juice during 
storage is depicted in Table 3. A non significant change 
in acidity of juice on storage period was observed. The 
acidity was about 0.410 % initially and remained same 
at end of storage. Non significant difference between the 
acidity values of juice with and without preservatives 
was obtained. This showed the stability of juice with 
storage. Result is supported by the findings of Agrawal 
et al. (1995), Kalara et al., (1991) and Ronate and Bains 
(1992) who also reported constant values of acidity dur-
ing storage of tomato juice. Fruit drink KS-and kinno 
juice, respectively for a period of 6 months. 
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Table 2: Effect of storage time and preservative 
on Ascorbic acid (mg/ 100 g fresh matter basis) in 
spiced tomato juice

Juice Storage period (days)
Storage period 0 15 30 45 Mean
Without preser-
vative

19.850 16.740 15.060 13.800 16.363

With Sodium 
benzoate

19.755 16.860 16.533 14.780 16.982

With Sodium 
benzoate+ Potas-
sium meta bi 
sulphite

19.850 16.980 16.450 14.808 17.022

Mean 19.818 16.860 16.014 14.463
SE (m) +/- CD at 5 %

Storage time (s) = 17.274 8.485 ***
Preservative  (p)= 19.372 7.548***
SXP = 22.369 6.326***

*- Significant at 5% **- Significant at 0.1% 
***- Significant at 0.1%                                                     

Fig. 2 : Effect of storage time and preservative on 
Ascorbic acid (mg/ 100 g fresh matter basis) in 
spiced tomato juice

Table 3: Effect of storage time and preservative on % 
acidity in spiced tomato juice (on fresh matter basis)

Juice Storage period (pays)
Storage period 0 15 30 45 Mean
Without preservative 0.410 0.409 0.400 0.400 0.405
With Sodium benzo-
ate

0.405 0.406 0.408 0.409 0.407

With Sodium benzo-
ate+ Potassium meta 
bi sulphite

0.405 0.406 0.408 0.408 0.407

Mean 0.407 0.407 0.404 0.405
CD at 5 % NS-Non Significant
Storage time  (S) = NS  Preservative  (P) = NS
S X P = NS

Fig. 3 : Effect of storage time and preservative on 
% acidity in spiced tomato juice (on fresh matter 
basis)

Lycopene: The lycopene content of fresh juice was 
about 2.6 mg. The juice prepared with and without pre-
servative did not differ significantly. A gradual decrease 
in lycopene at each storage interval was noted, however 
the decrease was non-significant (Table 4). The decrease 
in lycopene content of juice without preservative was 
about 7% on 45th day as compared to only 4 % in juice 
with preservatives. Sethi (1991), Tavares and Rodriquez-
Amaya (1994) and Tonnucci et al. (1995) reported ben-
eficial effect of preservatives (sodium benzoate + po-
tassium meta-bisulphite on lycopene content of stored 
tomato paste this showed that juice can be stored with 
good retention of lycopene up to 2 months. 

Table 4: Effect of storage time and preservative on 
Lycopene content in spiced tomato juice (mg / 100 
g on fresh matter basis)

Juice Storage period (days)
Storage period 0 15 30 45 Mean
Without preservative 2.680 2.650 2.550 2.510 2.598
with Sodium benzo-
ate

2.663 2.663 2.580 2.550 2.614

with Sodium benzo-
ate+ Potassium 
meta bi sulphite

2.656 2.601 2.560 2.550 2.592

Mean 2.656 2.638 2.563 2.537
CD at 5 %

Storage time (S) = NS   Preservative (P)  = NS b S 
X P  = NS   NS-Non Significant

Nanjundaswamy et al. (1978) also reported no 
change in lycopene content during three months stor-
age of tomato paste in high density plasitic containers 
at room temperature. However, decreasing trend during 
storage of juice was also studied earlier by Kumar and 
Singh (1996).     
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Fig. 4 : Effect of storage time and preservative on 
Lycopene content in spiced tomato juice (mg / 100 
g on fresh matter basis)

Non-enzymatic browning: Most fruit products 
readily change colour especially during storage and 
natural colour of products may be destroyed. Optical 
density of products stored was determined as an index 
of browning and data regarding change in browning on 
storage of products are presented in Table 5. A perusal 
of data showed that browning in juice increase steadily 
with increase in storage period. On an average total 0.18 
of non enzymatic browning was noted in fresh juices 
which increased by 30% in juice with single and with 
combination of preservatives at 45 days of storage. These 
differences in browning occurred in juice without and 
with preservative were found to be double in increase in 
non-enzymatic browning was observed in juice stored 
without preservatives. 

Table 5: Effect of storage time and preservative on 
non- enzymatic browning in spiced tomato juice 
(0.0 at 440 pm)

Juice Storage period (days)
Storage period 0 15 30 45 Mean
Without preservative 0.180 0.203 0.215 0.225 0.206
with Sodium benzoate 0.180 0.299 0.206 0.216 0.225
with Sodium benzo-
ate + potassiummeta 
bi supplied

0.180 0.197 0.204 0.210 0.198

Mean 0.180 0.233 0.208 0.217
SE (m)=/- CD at 5%

Storage period        (S) 0.00016
0.000208
0.00001

0.0005***
0.00006***Preservative           (P)  

S X P = NS
*- Significant at 5%
**- Significant at 0.1%
***- Significant at 0.1%

                                                                                   

Fig. 5 : Effect of storage time and preservative on 
non- enzymatic browning in spiced tomato juice 
(0.0 at 440 pm)

The non enzymatic browning in stored juice may 
be due to oxidation and polymerization of ascorbic acid 
(Stadman, 1948), sugar and protein caramelization (Ran-
ote and Bains, 1992). Sethi (1991) also showed increased 
value for non enzymatic browning. Atkinson and Starch-
an, (1992) reported that potassium Meta bi sulphite im-
proved the appearance by inhibiting the browning in 
food.  
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ABSTRACT
An experiment was conducted to find out the efficiency of foliar application of nitrogen and zinc on quality 

of cauliflower (Brassica oleracea var. Botrytis L.) cv. Snowball-16 at Horticulture Farm (Vegetable Section) Raj-
asthan College of Agriculture, Udaipur in a clay loam soil having alkaline pH (8.0). The experiment was laid out 
in RBD with foliar application of four nitrogen levels (0, 1.0, 1.5, 2.0 %) and four levels of zinc (0, 20, 30, 40 ppm). 
Result show that Nitrogen 1.5 % significantly increased dry weight of curd, compactness of curd and colour of 
curd. Whereas, maximum total soluble solids in curds was recorded in nitrogen 2.0 %. Zinc had also significant 
effect on dry weight of curd, compactness of curd and colour of curd. The double foliar spray (30 and 45 DAT) of 
1.5 per cent nitrogen and 40 ppm zinc individually found to be best for yield and growth parameter.  

KEY WORDS: Nitrogen, zinc, cauliflower, yield, foliar application

Cauliflower (Brassica oleracea var. botrytis L.) is an 
important vegetable crop. It is grown for itswhite ten-
der curds formed by the shortened flower parts. Cau-
liflower contains good amount of vitamins like ribofla-
vin, thiamine, nicotinic acid and high quality of proteins 
and minerals like calcium and magnesium. The yield of 
cauliflower is directly influenced with the manure and 
fertilization practices. In the recent past, much emphasis 
has been given for the use of NPK fertilizers but applica-
tion of micronutrients especially zinc has been largely 
neglected. Application of fertilizers, especially nitrogen 
is considered as the most important factor for vegetable 
production. Zinc deficiency in vegetable crops is mostly 
species related. In general, its deficiency results in short-
ened internodes and chlorotic areas in older leaves or 
may appear in younger plant also. Plant root absorb 
zinc as zinc ions, soluble zinc salts and zinc complexes 
can also enter the plant system directly through leaves, 
(Singh et al., 1991).

In Rajasthan, the soils of Jaipur, Jodhpur, Ajmer and 
Udaipur districts are alkaline in nature and character-
ized by high pH ranging between 8.0 and 9.0. The soil 

pH of the present experimental field was 8.0 to 9.0. The 
pH of the present experimental field was 8.0 and zinc 
and nitrogen are unavailable to plant due to high pH, 
(Cakmak, 2006 and Shrinivasrao et al., 2008). Hence, soil 
application of these nutrients may not readily available 
to the plants. Whereas, the foliar sprays could be benefi-
cial to cover up the related deficiencies of these nutrients. 
This study is therefore conducted to see the effect of fo-
liar spray of nitrogen and zinc on quality of cauliflower.

MATERIALS AND METHODS
The experiment was conducted during Rabi season 

at Horticulture Farm (Vegetable Section) Rajasthan Col-
lege of Agriculture, Udaipur in a clay loam soil having 
alkaline reaction (pH 8.0), available nitrogen (0.072%), 
phosphorus (12.15 kg/ha), potassium (250 kg/ha) esti-
mated by using standard methods. The experiment was 
laid out in Randomized Block Design (RBD) with three 
replications. The treatments consisted of four levels of 
N (0, 1.0,1.5, 2.0% foliar spray) and four levels of zinc 
(0, 20, 30, and 40 ppm foliar spray) sprayed after 30 and 
45 days of transplanting. Nitrogen was applied through 
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urea and zinc through ZnSO4. Raised nursery beds of 3 
x 1 m size were prepared by mixing well rotten FYM in 
the soil @ 10 kg/ha.  The seed were treated with captan @ 
2 g/kg seeds for avoiding the infection of seedling with 
damping-off and were sown in lines @10 g/ bed on first 
week of October. The nursery was kept clean by remov-
ing the weeds and was sprayed Endosulfan 30 EC @ 0.05 
% to control the attack of any insect pest. Approximately 
after 4 weeks, old seedlings were transplanted on the 
ridges at a distance of 45 cm apart within the row on the 
first week of November. Immediately after transplant-
ing, irrigation was done. Two days before transplanting 
basal dose of phosphorus and nitrogen were applied 
through DAP and urea @215, 240 kg ha-1, respectively. 
50% of total nitrogen as basal, 25% of total nitrogen ap-
plied after 20 days of transplanting and remaining 25% 
at the time of curd formation. For application of nitrogen 
and zinc required quantity of urea and zinc sulphate was 
weighed separately dissolve in little amount of distilled 
water and volume was raised up to one liter. The spray-
ing consists of complete spraying of individual plants 
with the help of hand sprayer. 

RESULTS AND DISCUSSION

Quality Characters
Dry weight of curd and total soluble solids: Ap-

plication of nitrogen as foliar spray significantly in-
creased the dry weight of curd and total soluble solids. 
Maximum dry weight (14.50 g) was recorded in 1.5 % 
N treatment while among all concentrations of nitrogen, 
2.0 % N treatment was found to be effective with maxi-
mum TSS of 8.85 %(Table 1).The increase in dry weight 
of curd by nitrogen may be due to the fact that nitrogen 
is a major constituent of plant proteins, carbohydrates, 
amino acids etc. and its supply to the plants through the 
foliar application of nitrogen might have increased the 
dry weight of curd,(Thakur et al., 1991). The increase in 
TSS percentage might be due to the fact that the nitro-
gen is the major constituent of the plant protein, amino 
acid and carbohydrate, as a result increased uptake of 
nitrogen might have increased TSS (Sharangi and Paria, 
1995). Foliar application of zinc at different concentra-
tions significantly increased the dry weight of curdbut 
the effect of zinc on total soluble solids per cent found to 
be non-significant. Maximum dry weight was recorded 
in 40 ppm Zn treatment. However, non significant differ-
ence was obtained between 30 ppm Zn and 40 ppm Zn 
level of zinc on dry weight (Table 1). It might be due to 
its physiological role in carbohydrate metabolism which 
results in better growth of curd (Singh et al., 1991). Maxi-
mum TSS was recorded in 40 ppm Zn (8.31 %) level and 
minimum in control (8.20 %) 

Compactness of curd and colour of curd: Compact-
ness of curd and colour of curd were significantly af-
fected by different level of the nitrogen. The maximum 
compactness (7.87) andcolour value (8.26) were recorded 
in 1.5 % N level while minimum in 2 % N level (Table 
1).The probable reason for decreasing the colour value in 
2 % N treatment is due to higher concentration of nitro-
gen increase the scorching of leaves resulting spreading 
the leaves or outer side so lower down the process of 
blanching this process increase yellowish colour in curds. 
The increase in compactness of curd might be due to in-
crease curd dry weight resulted increase compactness. 
However probable reason for lowest curd compactness 
found in 2 % N level might be due to injurious effect of 
high concentration(Balyan, 1994). The foliar spray of zinc 
at different levels had significant effect on compactness 
and colour of curd. Maximum compactness andcolour 
of curd was recorded in 40 ppm Zn while minimum in 
control. The probable reason of increase compactness 
might be due to increase carbohydrate and phosphorus 
metabolism process that increase the dry weight result-
ed in increase compactness (Balyan and Singh, 1994). 
The increasing the colour value with increasing rate of 
zinc level due to promote the growth of leaves the curd 
are covered by the leaves so sun rays does not affect the 
curds. This process is helpful for good colour (white) de-
velopment.

Table 1: Effect of foliar spray of nitrogen and on dry 
weight of curd, totalsoluble solids, compactness of 
curd and colour of curd 

Nitrogen 
level (%)

Dry weight 
of curd 

(g/100 fresh 
weight)

Total 
soluble 
solids  

(%)

Com-
pactness 
of curd 

Colour 
of curd

0 10.74 8.20 6.93 6.36
1.0 12.44 8.36 7.38 7.28
1.5 14.50 8.55 7.87 8.26
2.0 13.89 8.85 6.57 5.62
SEm+ 0.244 0.058 0.138 0.136
CD at 5% 0.704 0.168 0.399 0.393
Zn levels 

(ppm)
Dry weight 

of curd 
(g/100 fresh 

weight)

Total 
soluble 
solids 

(%)

Com-
pactness 
of curd 

Colour 
of curd

0 10.74 8.20 6.93 6.36
20 11.64 8.24 7.48 7.08
30 12.45 8.26 7.97 7.61
40 12.87 8.31 8.41 8.04
SEm+ 0.244 0.058 0.138 0.272
CD at 5% 0.704 NS 0.399 0.393
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ABSTRACT
Twenty-four chilli genotypes were evaluated in a Randomized Complete Block Design with three replications 

during rabi season of the year 2011-12 for quality parameters, viz., capsaicin, capsanthin and oleoresin contents. 
Analysis of variance revealed the significance differences among the genotypes. High phenotypic and genotypic 
coefficient of variation along with high heritability and genetic advance was observed for all the three characters. 
Correlation studies indicated a negative association of capsanthin with oleoresin and capsaicin content. Oleoresin 
content had positive correlation with fruit length, pericarp weight, number of fruits per plant and dry fruit yield 
per plant. 

KEY WORDS: Phenotypic and genotypic coefficient, oleoresin, capsaicin, capsanthin 

Chilli (Capsicum annuum L.) is an important crop 
of India, cultivated in almost all states of the country. 
Pungency of chilli is due to a crystalline acrid volatile 
alkaloid capsaicin (C18H27NO3) present in the placenta 
of fruit which has diverse prophylactic and therapeutic 
uses in Allopathic and Ayurvedic medicine and colour 
is due to pigment capsanthin (C40H56O3) present in the 
fruit. The total flavour extract of dried and ground chilli 
is concentration in homogenous free flowing product as 
‘chilli-oleoresin’, which has got high export potential. 
Though, India possesses many chilli varieties with dif-
ferent quality attributes, relatively little information is 
available on the biochemical constituents. Therefore, 
present study was aimed to generate on the important 
biochemical constituents of different chilli genotypes 
which were collected from different research institutes.

MATERIALS AND METHODS
Twenty-four chilli genotypes collected from differ-

ent parts of Karnataka and Andhra Pradesh were evalu-
ated in Randomized Block Design with three replications 
during 2011-12. Each genotype was raised at a spacing 
45 cm x 60 cm. The crop received timely management as 
per the package of practices recommendation of Univer-
sity of Agricultural Sciences (Anon., 2011). The capsaicin 

(Sadasivam and Manickam, 1996), capsanthin (Wood-
bury, 1997) and oleoresin (Ranganna, 1986) content in 
red fruits were estimated from fruits of five randomly 
selected healthy plants in each plot. Analysis of variance 
(Panse and Sukhatme, 1967), genotypic and phenotypic 
coefficient of variation (Burton and Devane, 1953), heri-
tability in broad sense (Hanson et al., 1956) and expected 
genetic advance (Johnson et al., 1955) were estimated for 
all the characters. Correlation coefficients for all quality 
parameters (Al-Jibouri et al., 1958) were also estimated.

RESULTS AND DISCUSSION
Analysis variance showed significant differences 

among the genotypes for all the three quality parameters 
studied, indicating the sufficient genetic variability to be 
exploited in breeding programme (Table 1). Capsaicin, 
the pungent principle in chilli was ranged from 0.09 (By-
adgi Dabbi) to 0.35 per cent (GC-0707). The variation in 
capsaicin content among genotypes could be attributed 
to genotype differences (Thirumalachar, 1967). The cap-
santhin and oleoresin contents were ranged from 53.94 
(DCA-96) to 230.48 ASTA units (Byadgi Kaddi) and 6.25 
(LCA-235) to 15.55 (DCA-96) per cent (DCA-96), respec-
tively. The wide variations in these parameters were 
previously reported by Jyothi et al. (2008). This variation 
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could probably due to presence of gene modifying fac-
tors and the ratio of placental tissue to seed and pericarp 
(Manju and Sreelathakumary, 2002). 

Table 1: Varietal variation for quality parameters 
in chilli (capsicum annuum L.)

Genotypes Capsai-
cin (%)

Cap-
santhin 
(ASTA)

Oleores-
in (%)

Byadgi Kaddi 0.12 230.48 10.49
Byadgi Dabbi 0.09 157.64 12.46
DCA-96 0.19 53.94 15.55
DCA-93 0.14 125.93 6.49
PP9808-2 0.22 135.67 7.93
GPM-140 0.26 85.97 7.09
Sankeshwara 0.30 63.40 9.85
LCA-235 0.31 112.47 6.25
LCA-424 0.28 152.00 7.22
CKBL* 0.31 126.93 8.95
LCA-305 0.27 102.02 8.31
LCA-436 0.31 93.47 6.39
G-4 0.29 122.37 6.27
DCA-97 0.11 159.55 9.61
DCA-71 0.20 107.34 6.65
LCA-206 0.32 220.58 8.66
GC-0707 0.34 183.87 7.30
G-5 0.31 153.43 7.04
GC-0708 0.26 141.74 6.55
GC-0705 0.23 125.33 7.57

*Chikballapur Local

Table 2: Coefficient of variation, heritability and 
genetic advance for quality traits in chilli

Character PCV 
(%)

GCV 
(%)

Heritabil-
ity (%)

GA as % 
of mean

Capsaicin (%) 31.93 31.66 98.29 64.65
Capsanthin 
(ASTA)

34.39 34.08 98.18 69.56

Oleoresin (%) 28.47 28.34 99.12 58.12

Analysis of genetic parameters revealed higher phe-
notypic and genotypic coefficient of variation for cap-
saicin, capsanthin and oleoresin content indicating less 
environmental influence in the expression of these char-
acters. Similarly, high heritability (>90%) coupled with 
high genetic advance was also recorded for these charac-
ters (Table 2) indicating the possibility of obtaining high 
selection response in respect of these quality characters. 

Selection for improvement of any character is more 
effective when it is carried out on the basis of contribut-
ing characters which are highly heritable and positively 
correlated. Correlation studies revealed that capsaicin 
was found to be negatively associated with pericarp 
weight, capsanthin and oleoresin content and it had a 
positive association with number of fruits per plant and 
dry chilli yield (Table 3). Oleoresin content had positive 
significant association with dry chilli yield and its asso-
ciation with fruit length, pericarp weight and number 
of fruits per plant was positive non-significant. There-
fore, these characters should be considered for quality 
improvement in chilli breeding programme. The results 
were in agreement with that of Manju and Sreelathaku-
mary (2002) and Singh et al. (2007).

The present study indicated the availability of geno-
types possessing desirable quality characters. Genotypes, 
viz., Byadgi Dabbi, DCA-97 and Byadgi Kaddi recorded 
for low capsaicin, while, genotypes Byadgi Kaddi, LCA-
206 and GC-0707 for higher capsanthin and whereas, 

Table 3: Correlation studies in chilli with quality parameters

FL FD PW NSPF NFPP DFYPP Capsaicin Capsan-
thin

Capsaicin G -0.260 -0.225 -0.339 -0.556** 0.211 0.035 1 -0.157
P -0.229 -0.215 -0.298 -0.432* 0.188 0.027 1 -0.150

Capsanthin G 0.020 -0.059 0.207 0.195 -0.181 -0.222 -0.157 1
P 0.027 -0.063 0.184 0.156 -0.172 -0.208 -0.150 1

Oleoresin G 0.224 -0.162 0.323 0.383 0.147 0.427* -0.473* -0.079
P 0.199 -0.151 0.303 0.301 0.138 0.393* -0.468* -0.077

FL- Fruit length, FD- Fruit diameter, PW- Pericarp weight, NSPF- Number of seeds per fruit, X5- Capsaicin, X6- Capsanthin, 
X7- Oleoresin, NFPP- Number of fruits per plant, DFYPP- Dry fruit yield per plant
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genotypes DCA-96, Byadgi Dabbi and Byadgi Kaddi 
were noticed for higher oleoresin content. Correlation 
studies suggested that the selection should be primarily 
based on the component characters. Oleoresin content 
had a positive association with dry chilli yield whereas 
the other two quality parameters, viz., capsaicin and 
capsanthin contents have recorded negative association 
with dry fruit yield per plant.
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ABSTRACT
A field experiment was conducted during 2012-13 Rabi season at the Vegetable Research Block of College 

of Horticulture, Bagalkot, to evaluate the growth and flowering performance of eight muskmelon hybrids with 
standard check ArkaJeet. The experiment consists of nine treatments laid out in a Randomized Complete Block 
Design with three replications. Growth performance results showed that the maximum vine length and highest 
number of leaves was recorded in Tamanna (160.20 cm and 158.46) followed by Kundan (159.06 cm and 153.80) 
and highest leaf area and highest number of branches was recorded in Kundan (119.10 cm2 and 7.80, respectively). 
An early flower initiation was noticed in NS-910 (27.66 days) followed by Tamanna (27.93) whereas the hybrid 
Tamanna was responded earliest (32.20 days) to first female flower initiation followed by NS-910 (32.53 days). The 
least sex ratio was found in NUN-0001 (2.08), Tamanna (1.97) and Kundan (1.55).  The least number of node for 
first flower was observed in the hybrid NUN-1002 (2.53) followed by Natalya (2.66). In conclusion Tamanna and 
Kundan showed good results for growth and flowering behaviour compared to other hybrids and they could be 
recommended for growing.   

KEY WORDS: Muskmelon, leaf area, sex ratio

Muskmelon is a member of the family Cucurbita-
ceae (Bailey and Bailey, 1976). It is known by various 
names,viz.,Sweet melon, Kalinga, Kharbooj, Kasturi-
tarabuja, Velapandu, Sakkartoti, Kekkarike and Khar-
bujzain different parts of India. Muskmelon plants bear 
fruit with a variety of shapes and flesh colour and gain-
ing lot of importance due to its short duration, high pro-
duction potentiality with high nutritive value, taste, deli-
cacy and also its suitability for cultivation under rainfed 
and irrigated conditions almost throughout the year, 
its productivity is very low as compared to other veg-
etables in India. This may be due to poor growth, lack 
of initial establishment of crop, pre-mature flower drop, 
lack of initiation of more female flowers in proportion 
to male flowers, inadequate source-sink relationship and 
poor translocation of photo-assimilates at later stages of 
crop growth. This gap certainly indicates that there is a 
great potential in improving the productivity by using 
suitable varieties and hybrids. Crop is cultivated under 
limited area with mostly local varieties which are low in 

productivity. However, of late several public and private 
hybrids are being popularised but the studies related to 
evaluation of these hybrids are scanty. Therefore, the 
present investigation was taken up with the objective 
to evaluate muskmelon hybrids for desirable characters 
like growth and flowering behaviour. 

MATERIALS AND METHODS
The investigation was carried out at the Research 

Block, Department of Vegetable Science, College of Hor-
ticulture, Bagalkot during rabi 2012-13 to find out the 
suitable F1 hybrids of muskmelon with respect to growth 
and flowering. The material and methods adopted dur-
ing the course of study are eight muskmelon hybrids,viz., 
T1: Tamanna, T2: Kunadan, T3: NS-7455, T4: Golden 
Glory, T5: Natalya, T6: NUN-0001, T7: NS-910, T8: NUN-
1002 and one variety as a check T9: ArkaJeet (IIHR). The 
experiment was laid out in Randomized block design 
with above nine treatments with plot size of 7.5 m X 5.0 
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m and each treatment consist of 15 plants out of them 5 
plants are randomly selected representative sample for 
studying  growth performance, viz., by recording obser-
vations on vine length (cm), number of leaves, leaf area 
(cm2), number of branches, days to first flowering, node 
to first flowering, days to first female flower, sex ratio 
(ratio of male to female flowers) by taking observations. 
The collected data was pooled and analysed statistically 
as described by Sunder Raj et al. (1972).

RESULTS AND DISCUSSION
The results indicated that there was a significant 

variation in growth performance among the hybrids for 
all the characters observed (Table 1). The F1 hybrid Ta-
manna (160.20 cm) recorded maximum vine length fol-
lowed by Kundan(159.06 cm) and minimum was found 
in F1 hybrid NUN-0001(74.40 cm). This variation in vine 
length may be attributed to presence of strong apical 
dominance. Similar results were obtained by Rahmanet 
al. (2002) in snake gourd, Ahmed et al. (2005) in bottle 
gourd and Raja et al. (2007) in bitter gourd. 

Table 1: Growth performance of muskmelon hy-
brids under northern dry zone of Karnataka 

Treatments / F1 
Hybrids

Vine 
length 
(cm)

Num-
ber of 

branches

Num-
ber of 
leaves

Leaf 
area 
(cm2)

T1- Tamanna 160.20 6.93 158.46 118.88
T2- Kundan 159.06 7.80 153.80 119.10
T3- NS-7455 122.93 7.56 143.93 117.90
T4- Golden Glory 74.866 4.63 75.60 44.57
T5-Natalya 96.333 5.20 97.26 81.87
T6- NUN-0001 74.400 4.23 70.00 46.65
T7- NS-910 156.80 7.36 147.60 112.36
T8- NUN-1002 102.40 5.16 73.26 52.01
T9- ArkaJeet 
(Standard check)

123.73 6.43 126.80 99.13

Mean 118.96 6.14 116.30 88.05
SEm± 12.891 0.44 12.013 10.293
CD (5%) 27.321*  0.931*  25.467* 21.821*

*Significant at p=0.05
Highest number of leaves observed in F1 hybrid 

Tamanna(158.46) followed by Kundan(153.80) and NUN-
0001 (70.00), NUN-1002 (73.26) and Natalya (75.60) was 
recorded the least number of leaves and on par with each 
other. The number of leaves depends on the length of 
plant. The more is vine length, the greater will be leaf 
number. The more number of leaves recorded in Ta-

manna because of greater vine length and similar trend 
was observed in other hybrids, except NUN-0001 where 
number of leaves per plant was comparatively less. This 
might be due to the inherent genetic nature of plants. 
These results are in conformity with earlier work of 
Ahmed et al. (2004) in cucumber, Munshi and Alvarez 
(2005) in bottle gourd.

Similarly leaf area is an important growth param-
eter which was highest in F1 hybrid Kundan(119.10 
cm2) plants have largest leaf area followed by F1 hybrid 
Tamanna(118.88 cm2) and Golden Glory (44.56 cm2), 
NUN-0001 (46.65 cm2) and NUN-1002 (52.01 cm2) re-
corded the lesser leaf area (Table 1.). This is associated 
with the length of plant and number of leaves. The more 
the vine length and the higher number of leaves, the 
greater will be leaf area. There was higher leaf area in 
Kundan and less in Golden Glory. It might be due to the 
genetic nature of plants. Similar results were reported by 
Maharana et al. (2005) in pumpkin. 

Significant difference observed for number of 
branches per vine. Kundan(7.80) ranked first for num-
ber of branches per vine. NS-7455 (7.56), NS-910 (7.36) 
and Tamanna(6.93) were next in order of merit and NS-
910, Tamanna, Kundan, NUN-0001 and NS-7455 were 
on par with each other (Table 1). This difference might be 
due to variation in vine length among the hybrids. In the 
present study significant positive correlation was found 
with the number of branches per plant and vine length. 
It indicates that as the vine length increases number of 
branches were also more and also due to the genetic 
nature of plants under the influence of environmental 
factors. Similar results were obtained in water melon 
Gichimu et al. (2008). 

The F1 hybrid NS-910 (27.66 days) flowered early 
followed by F1 hybrid Tamanna (27.93 days). Such earli-
ness could be due to its higher capacity to make available 
theassimilates to the apex during the sensitive phase be-
fore initiation (Dielmen and Heuvelink, 1992). Standard 
check ArkaJeet (33.86 days) flowered late in the present 
study (Table 2). This may be attributed purely to genetic 
differences between the hybrids as they were all exposed 
to same environmental conditions. Wehneret al. (2001) 
reported that the sequence of flowering follows a set pat-
tern, namely (i) Male phase: first few nodes bear only the 
staminate flowers, (ii) Mixed phase: both pistillate and 
staminate flowers appear in few nodes in the main axis 
and secondary branches in cycles and (iii) Female phase: 
few nodes produce mostly the pistillate flowers. Most 
accessions produced their first female flower in less than 
a fortnight after producing their first male flower. Simi-
lar results were obtained in water melon Gichimu et al. 
(2008) and Dhanwate et al. (2011) in bitter gourd. 
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Table 2:  Flowering behaviour of muskmelon hy-
brids in northern dry zone of Karnataka 

Treatments / F1 
Hybrids

Days 
to first 
flower-

ing

Node 
to first          
flower-

ing

Days 
to first 
female 
flower

Sex 
ratio

T1- Tamanna 27.93 3.46 32.20 1.97
T2- Kundan 28.33 3.00 34.53 1.55
T3- NS-7455 29.53 3.33 32.73 2.78
T4- Golden Glory 31.80 3.66 38.46 2.65
T5- Natalya 31.40 2.66 37.20 2.92
T6- NUN-0001 29.13 2.86 35.13 2.08
T7- NS-910 27.66 3.06 32.53 2.62
T8- NUN-1002 30.73 2.53 38.13 3.57
T9- ArkaJeet 
(Standard check)

33.86 3.40 35.53 2.89

Mean 30.04 3.10 35.16 2.55
SEm± 1.579 0.287 1.437 0.495
CD (5%) 3.357* 0.627* 3.051*  1.044*

*Significant at p=0.05

First female flower was appeared on lower node in 
F1 hybrid NUN-1002 (2.53) followed by Natalya (2.66), 
and upper node, first female flower appeared in F1 hy-
brid Golden Glory (3.66). Significant variation in nodal 
position in different F1 hybrids may be due to their in-
herent character. Similar results were reported by Vijay-
kumar (2007) and Dey et al. (2010) in bitter gourd. The 
F1 hybrid Tamanna (32.20) took lesser days for first fe-
male appearance (Table 2), followed by F1 hybrid NS-
910 (32.53). Such earliness could be due to its higher ca-
pacity to make available assimilates to the apex during 
the sensitive phase before initiation (Dielmen and Heu-
velink, 1992). Standard check ArkaJeet (35.53) flowered 
late in the present study. Similar results were found by 
Gichimu et al. (2008) in water melon and Rakha et al. 
(2012) in Cucurbita spp.

Sex ratio is one of the most important parameter. 
In the present study it was recorded low in F1 hybrid 
Kundan(1.55) followed by F1 hybrid Tamanna(1.97) and 
it was high in F1 hybrid NUN-1002 (3.57) (Fig.1; Table 
2.). Sex expression is influenced by environmental con-
ditions like light, moisture, temperature, nutritional re-
quirements etc. (Frankel and Galun, 1977; Heslop and 
Harrison, 1972 and Singh et al., 1996) apart from the in-
herent genetic makeup of the plants. Generally the plants 
produce more number of flowers especially male flow-
ers, which may be due to inherent qualitative type of sex 
expression and staminate flowers are found in majority 
at all the time and it is possible that the proportion of sta-
minate to pistillate flowers could be materially changed 
by environmental conditions (Whitaker, 1971). In the 
present study, the high variation in sex ratio may be due 
to environmental conditions also. These results are in 
line with Rakha et al. (2012) in Cucurbita spp., Ahmed et 
al. (2004) in cucumber.
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ABSTRACT
An experiment was carried out on the planting dates and forms of sulphur on chemical traits of ‘Pusa Red’ 

cultivar of onion (Allium cepa L.) during rabi season of 2012-13 at three different dates, viz., 15th November 2012, 
15th December 2012 and 15th January 2013 and three doses of elemental sulphur and gypsum each 20, 40 and 60 kg/
ha at Horticultural Research Farm of the Department of Applied Plant Science, School for Boiscience and Bio-
technology, Babasaheb Bhimrao Ambedkar University, Lucknow (U.P.). The experiment was laid out in factorial 
Randomized Block Design with three replications. The data clearly revealed that higher TSS, ascorbic acid content 
in bulb were recorded in early planting (15th November with 60 kg/ha and 40 kg/ha), respectively and significantly 
higher reducing sugar, non-reducing sugar and total sugars were obtained with early planting, i.e., 15th November 
with 20 kg/ha of elemental sulphur, while higher content of pyruvic acid was found in late planting (15th January 
with 60 kg/h of elemental sulphur) of the crop.

KEY WORDS: Elemental sulphur, gypsum, onion, planting dates, pyruvic Acid

Onion (Allium cepa L.) is known throughout the 
world for its ability to infuse flavor into our diet. Be-
cause of the emphasis on obtaining quality flavor from 
onion, investigations into flavor development have been 
frequent. Onion originates from the region comprising 
North-West India, Afghanistan, the Soviet Republic of 
Tajik and Uzbek. It is a bulbous biennial or perennial 
herb. Bulbs are formed by the attachment of swollen leaf 
bases to the underground part of stem. It is predominant-
ly, a Rabi season crop, although, it is also being grown as 
kharif crop and most onion cultivars are sensitive to pho-
toperiod and their range of adaptation is limited. Yearly 
and regional variation in the flavor potential of onion 
can be a problem for growers wishing to produce a con-
sistent product and for the consuming public. Though, 
the limits of flavor potential are ultimately determined 
by genetics, multiple environmental factors can act to in-
fluence flavor within physiological limits. Flavor inten-
sity of a given onion cultivar can vary depending on the 
region where it is grown (McCallum et al., 2001).Yearly 
differences in flavor intensity have also been observed 
(Vavrina and Smittle, 1993). Environmental factors that 

vary between locations and years include fertility and 
irrigation practices, soil type and growing temperature, 
and have therefore been the subject of numerous inves-
tigations.

MATERIALS AND METHODS
A field experiment was conducted to optimize plant-

ing time and evaluate the perfect dose of two forms of 
sulphur on the quality attributes in onion cv. Pusa Red 
at the Babasaheb Bhimrao Ambedkar University, Luc-
know, India, during 2012-13. Pusa Red cultivar of onion 
was opted because it is a less bolting type variety. The 
experiment was laid out in factorial RBD design with 
three replications having three transplanting dates (15th 
November 2012, 15th December 2012 and 15th January 
2013) as one factor and three doses of each of gypsum 
and elemental sulphur (20 kg/ha, 40 kg/ha and 60 kg/
ha) as another factor. Seedlings of same age (8-week old) 
were transplanted with a spacing of 15x10 cm. Recom-
mended dose of fertilizer NPK (150:60:60) in the form 
of Urea, Single Super Phosphate and Muriate of Potash 
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were applied to grow the crop. Urea was applied in three 
split doses, first used along with phosphorus and potash 
at the time of soil preparation and remaining 2/3rd in lat-
er stages. Data were recorded after harvesting on Total 
Soluble Solids (0Brix), Ascorbic Acid (mg/100g), Pyruvic 
acid (µm/g), Total Sugars (%), Reducing Sugar (%) and 
Non- reducing sugar (%). TSS was analyzed by Hand Re-
fractrometer, Indolphenol method was used for the de-
termination of ascorbic acid while pyruvic acid analysis 
was performed according to (Schwimmer and Weston, 
1961) and Total, Reducing and non-reducing sugars 
were analyzed by (Lane and Eynon Method, 1923).

RESULTS AND DISCUSSION
Chemical properties were significantly influenced 

by the planting dates (Table 1). Early planting (15th No-
vember) resulted in higher content of TSS (14.78 0Brix), 
ascorbic acid (12.45 mg/100 g), total sugars (11.57 %) and 
reducing sugar (5.14 %) followed by second planting date 
(15th December) having TSS (13.20 0Brix), ascorbic acid 
(11.25 mg/100 g), total sugars (11.03 %) and reducing 
sugar (4.32 %). The minimum values for these traits (TSS, 
ascorbic acid, total sugars and reducing sugar) were re-
corded (12.03 0Brix, 8.21 mg/100 g, 9.11 % and 2.71 %, 
respectively) in late planting (15th January). In contrast to 
these observations, maximum pyruvic acid (7.04 µm/g) 

was recorded in late planting date (15th January) and 
non-reducing sugar (6.75 %) was in second planting date 
(15th December). 

Two form of sulphur (elemental sulphur and gyp-
sum) each having three doses (20, 40 and 60 kg/ha) 
showed significant effect on the qualitative characters 
of onion bulb (Table 1). The maximum TSS (14.67 0Brix) 
and pyruvic acid (6.57 µmol/g) were found in S0 60 kg/
ha which was followed by S040 kg/ha and Gy 60 kg/
ha, respectively. Maximum ascorbic acid (11.86 mg/100 
g) was found in S040 kg/ha and followed by S060 kg/
ha (11.74 mg/100 g) and Gy 40 kg/ha (11.52 mg/100 g). 
While maximum total sugars (11.53 %), reducing sugar 
(4.61 %) and non-reducing sugar (6.92 %) were found in 
S020 kg/ha which is at par with Gy 20 kg/ha. 

Interaction between different planting times and 
different sulphur forms and their doses had significant 
effect on the qualitative traits of the bulb (Table 2). The 
maximum TSS (15.97 0Brix) and ascorbic acid (13.39 
mg/100 g) were found in 15th November planting with 
S060 kg/ha and 15th November planting with S040 kg/
ha, respectively which was significantly higher than all 
other treatments, while minimum TSS (11.30 0Brix) and 
ascorbic acid (7.26 mg/100 g) were recorded in15th Janu-
ary with Gy 20 kg/ha and 15th January with S020 kg/ha, 
respectively except control. The highest content of pyru-

Table 1: Effect of planting dates and forms of sulphur on quality attributes of onion (2012-13)

Treatments TSS (0Brix) Ascorbic acid 
(mg/ 100 g)

Pyruvic acid 
(µm/g)

Total Sugars 
(%)

Reducing 
sugar (%)

Non-reducing 
sugar (%)

Planting dates
15th November 14.78 12.45 4.80 11.57 5.14 6.02
15th December 13.20 11.25 5.57 11.03 4.32 6.75
15th January 12.03 8.21 7.04 9.11 2.71 6.41
C.D. (P=0.05) 0.18 0.12 0.12 0.08 0.17 0.07
SE(d) 0.08 0.06 0.06 0.04 0.08 0.03

Sulphur Doses
RDF (control) 11.71 8.48 3.97 9.67 3.44 5.84
S0 20 kg/ha 13.41 9.84 5.77 11.53 4.61 6.92
S0 40 kg/ha 14.10 11.86 6.09 10.83 4.20 6.58
S0 60 kg/ha 14.67 11.74 6.57 10.05 4.00 6.12
Gy 20 kg/ha 12.65 10.17 5.62 11.19 4.49 6.84
Gy 40 kg/ha 13.20 11.52 6.29 10.66 3.94 6.37
Gy 60 kg/ha 13.63 10.84 6.33 10.08 3.72 6.08
C.D. (P=0.05) 0.27 0.19 0.19 0.22 0.26 0.11
SE(d) 0.13 0.09 0.09 0.11 0.13 0.05

S0 = Elemental sulphur, Gy = Gypsum
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Table 2: Interaction effect of planting dates and forms of sulphur on quality attributes of onion (2012-13)

                   Parameters
Treatment 
combinations

TSS 
(0Brix)

Ascorbic acid 
(mg/100 g)

Pyruvic acid 
(µmol/g)

Total sugars 
(mg/100 g)

Reducing 
sugar (%)

Non-reduc-
ing sugar (%)

Planting 
dates

Sulphur doses

15th Novem-
ber

RDF (Control) 13.25 10.51 3.71 10.50 4.43 5.44
RDF + S0 20 kg/ha 14.03 11.82 4.49 12.64 5.81 6.85
RDF + S0 40 kg/ha 15.61 13.39 4.80 11.69 5.30 6.25
RDF + S0 60 kg/ha 15.97 13.14 5.38 10.99 5.07 5.63
RDF + Gy 20 kg/ha 14.32 12.42 4.82 12.23 5.59 6.74
RDF + Gy 40 kg/ha 14.72 13.24 5.19 11.55 4.92 5.69
RDF + Gy 60 kg/ha 15.58 12.67 5.22 11.40 4.88 5.53

15th December RDF (control) 11.51 8.28 3.85 10.15 3.87 6.34
RDF + S0 20 kg/ha 13.97 10.46 5.71 11.97 4.75 7.24
RDF + S0 40 kg/ha 14.35 12.38 5.77 11.35 4.49 6.86
RDF + S0 60 kg/ha 14.62 12.42 6.22 10.73 4.36 6.45
RDF + Gy 20 kg/ha 12.33 10.80 5.33 11.57 4.66 7.05
RDF + Gy 40 kg/ha 12.63 12.78 6.19 11.14 4.18 6.91
RDF + Gy 60 kg/ha 13.01 11.60 5.93 10.32 3.94 6.41

15th January RDF (control) 10.36 6.65 4.35 8.35 2.03 5.74
RDF + S0 20 kg/ha 12.25 7.26 7.11 9.97 3.27 6.68
RDF + S0 40 kg/ha 12.35 9.81 7.71 9.46 2.81 6.62
RDF + S0 60 kg/ha 13.41 9.65 8.11 8.43 2.58 6.28
RDF + Gy 20 kg/ha 11.30 7.28 6.72 9.76 3.24 6.72
RDF + Gy 40 kg/ha 12.24 8.54 7.49 9.29 2.72 6.53
RDF + Gy 60 kg/ha 12.31 8.26 7.83 8.52 2.34 6.31

C.D. (P=0.05)
SE (d)

0.47 0.34 0.33 0.22 NS 0.19
0.23 0.16 0.16 0.11 0.23 0.09

S0 = Elemental sulphur, Gy = Gypsum

vic acid (8.11 µmol/g) was found in 15th January with 
S060 kg/ha. Similarly, maximum total sugars (12.64 %), 
reducing sugar (5.81 %) were found in 15th November 
with S020 kg/ha and non-reducing sugar (7.24 %) was 
found in 15th December with S020 kg/ha, while mini-
mum pyruvic acid (4.49 µmol/g), total sugars (8.43 %), 
reducing sugar (2.34 %) and non-reducing sugar (5.53 %) 
were observed in15th November planting with S0 20 kg/
ha, 15th January planting with S0 60 kg/ha, 15th January 
planting with Gy 60 kg/ha and 15th November planting 
with Gy 60 kg/ha, respectively except controls.

These results are might be due to low average tem-
perature in early planting date and high average tem-
perature in late planting date during the growth period. 
With the delay in planting TSS, ascorbic acid, total sugars 

and reducing sugar were gradually decreases. These re-
sults are in agreement with the finding of other workers. 
The soluble solid content of mature bulbs had a negative 
linear response to increasing temperature (Coolong and 
Randle, 2003). Total sugars and reducing sugar were de-
creased with delay in planting. Total sugars and reduc-
ing sugar content was highest at low temperature and 
exceptionally low at high growing temperature (Lee and 
Suh, 2009). Non-reducing sugar content decreases at late 
planting this might be due to inversion of non-reducing 
sugar to reducing sugar because of increase in respira-
tion due to high temperature (Jeong et al., 1996). Increase 
in pyruvic acid content was reported due to flavor inten-
sity, as measured by EPY, has been reported to increase 
as increase in growing temperature (Randle et al., 1993). 
(Platenius and Knott, 1941) reported an increase in the 



Progressive Horticulture, 47 (2) 351

production of S volatiles when plants were grown under 
increasing temperatures. However, (Lee and Suh, 2009) 
reported that pyruvic acid content is highest at tempera-
ture condition 200C because biosynthesis of cysteine ac-
tivates effectively at temperature condition of 200C (Choi 
and Yang, 1974). But this result is different due to onion 
pungency increased is considered due to high tempera-
ture at late planting (Platenius and Knott, 1941). Maxi-
mum content of ascorbic acid in early planting might be 
due to maximum sugar synthesis (reducing sugar) dur-
ing photosynthesis which is responsible for the synthesis 
of ascorbic acid. Ascorbic acid is found in plants where it 
is synthesis from glucose (Stone, 1972).

The response of gypsum mediated sulphur fertiliza-
tion is lower as compared to elemental sulphur because 
low solubility of gypsum in the soil and less availability 
of SO2

-4 for crop because of leaching loss (Singh, 2008). 
(Randle, 1992a) showed that ‘Granex 33’ bulbs accumu-
lated more sucrose, glucose and fructose when grown 
with low than high sulphur nutrition. Increases in S ac-
cumulation have been shown to increase flavor potential 
and quality in onion (Randle et al., 1995). Onion becomes 
“saturated” when S is supplied in sufficiently in high 
amount. At high levels, pungency no longer responds 
to increase in sulphur fertility (Hamilton et al., 1998). Al-
though, synthesis of ascorbic acid is not directly affected 
by sulphur fertilization but the status of sulphur affect 
the N uptake and metabolism in plants (Janzen and Bet-
tany, 1984), which is responsible for sugar and ascorbic 
acid synthesis.
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ABSTRACT
The study was conducted during the year 2013 with a specific objective, i.e., to study the selected agro-econom-

ic, socio-psychological and communicational variables for identifying the areas requiring intervention needs for 
enhancing ginger production within the study area. 100 ginger growers who have been randomly selected from 
five gram panchayats of Pulbazar-Bijanbari block of Dist. Darjeeling, West Bengal. In the investigation ‘interven-
tion needs’ was the dependable variable(Y) and 12 variables (X1……X12)  grouped under three categories, viz., 
agro-economic (X1-X3), socio-psychological (X4-X10) and communicational (X11-X12) were the independent vari-
ables. The total number of respondents was classified into marginal and small farmers and statistical tool used for 
analysis of facts was Person’s correlation coefficient. The study revealed that an intervention need with respect to 
market orientation was positively and significantly correlated. For marginal farmers, the variables recorded posi-
tive relations with intervention needs (may not be significant at 1 % and 5 % level) are farm size, cropping inten-
sity, family size, family type and economic motivation. The small farmers showed a negative co-relation regarding 
intervention needs in case of family size and family type. Both marginal and small farmers have recorded negative 
co-relation with intervention needs on the following areas, i.e., education, utilization of mass media. Economic mo-
tivation has shown significant correlation for intervention needs to be undertaken by field level agricultural spe-
cialist and policy makers to ensure better livelihood of the farmers through the production of ginger or other crops.

KEY WORDS: Training need, farmers, ginger, market, productivity 

Ginger (Zingiber officinale Rose.), an  important com-
mercial spice crop grown for its aromatic rhizomes which 
are used both as spice and a medicine, plays a vital role 
in the livelihood of the farming communities of  the hilly 
regions of Darjeeling district. Being one of the main cash 
crops along with cardamom and tea, ginger is grown in-
tensively in the Darjeeling and Kalimpong sub-division 
of Darjeeling district. However, due to widespread oc-
currence of bacterial and fungal diseases (rhizomes rot 
and wilt disease), farmers are facing huge losses due to 
low productivity of ginger and are slowly shifting their 
focus to other remunerative crops, i.e., chillies and veg-
etables. The occurrence of such diseases may be due to 
the lack of adoption of scientific cultivation practices in 
traditional and non-traditional ginger growing areas. 
Usually, the dissemination and effective implementation 
of technical solutions for such problems are hindered 
due to a technological gap between institutions and 
farmers, which at a later stage affects the productivity 

of agricultural crops and also the livelihood of farmers. 
So, for considering a holistic and integrated approach of 
agricultural and rural development right from produc-
tion end to users end, a technology driven, science based 
and industry linked production base hastening the much 
needed breakthrough needed for enhancing the produc-
tivity of crops is a need of the hour.

MATERIALS AND METHODS
Interventions on social and technological fronts are 

essential to ensure sustainable agricultural growth in the 
present scenario. Considering the lacunas on such fronts 
for ensuring livelihood initiatives to the farmers, the in-
vestigation has been carried out with a specific objective 
to study the selected agro-economic, socio-psychological 
and communicational variables for identifying the areas 
requiring intervention needs for enhancing ginger pro-
duction within the study area. 100 farmers have been se-
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lected from 10 villages taken at random from five gram 
panchayats where ginger cultivation is done intensively. 
The farmers selected were stratified into two catego-
ries on the basis of their size of holdings, viz., marginal 
(below one acre) and small (one to two and half acres). 
The farmers having holding size of two and half to five 
acres, considered as medium farmers was excluded 
from the list because of their fewer number of presence 
in the hilly areas which was not statistically viable for 
the study. A correlation was made taking the ‘interven-
tion needs’ as the dependable variable (Y) and 12 vari-
ables X1,X2,………………X12, grouped under three cat-
egories, viz., agro-economic(X1-X3), socio-psychological 
(X4-X10) and communicational (X11-X12) as the inde-
pendent variables. An analysis of data was conducted to 
get an insight of the facts through Pearson’s correlation 
coefficient. 

RESULTS AND DISCUSSION
The intervention need in ginger production may be 

affected by various agro-economic, socio-psychological 
and communicational variables of the respondent. Table 
1 reveals the nature and extent of association of the inde-
pendent variables with the need perception on interven-
tion in ginger production. The variable market orienta-
tion has gone positively significant for both the marginal 
and small farmers in ushering a significant relation with 
training need. Market orientation unleashes a desire 
for changing productivity by up scaling his/her profi-
ciency level. This is a common desire expressed by both 
the marginal and small ginger cultivators vis-à-vis gin-
ger entrepreneurs. For marginal farmers, the variables 
which recorded positive  relations with training needs 
(may not be significant at 0.01 and 0.05 levels) are farm 
size, cropping intensity, family size, family type and 
economic motivation. On the contrary, the small farmers 
show a negative dent of co- relation in case of family size 
and family type. The reason maybe family factors which 
may have a chance of becoming a determinant factor for 
both marginal and small farmers in the future course of 
time. On the other hand, both marginal and small farm-
ers have recorded negative dents of co-relation with in-
tervention needs with the following relations vis-a-vis 
technology gap, education, utilization of mass media. 
This may draw upon a new kind of insight wherein the 
technology needs can better be predicted without con-
sidering these variables in the entire ambit of variable 
interactions. Economic motivation has contributed sig-
nificantly for necessitating a rethink on policy reforms 
to promote ginger production. Economic motivation 
always ushers an entrepreneur desire amongst farmers 
because there is a need to excel in the production stage 
to get better return of their produce.

Table 1: Coefficient of correlations between Inter-
vention Need(Y) and 12 casual variables (Xi)

Variables Correlation 
for marginal 

farmers

Correlation 
for  small 

farmers

Correlation 
for pooled 

farmers
Agro-Economic
Farm size 0.024 0.154 0.198
Cropping intensity 0.191 0.253 0.194
Technological gap -0.150 -0.100 -0.136
Socio-Psychological
Age 0.018 0.106 0.038
Education -0.103 -0.138 -0.103
Family size 0.152 -0.143 0.045
Family type 0.225 -0.072 0.111
Risk orientation -0.077 0.215 0.062
Economic motiva-
tion

0.108 0.101 0.089

Market orientation 0.933* 0.884* 0.905*
Communicational
Utilization of mass 
media

-0.110 -0.129 -0.043

Utilization of per-
sonal cosmopolite

-0.033 -0.063 -0.086

Table value re”0.318, 
re”0.245

re”0.410, 
re”318

re”0.254, 
re”0.195

*Significance at 1%, **Significance at 5%
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ABSTRACT
Adathoda vasica is a medicinal plant beneficial for the treatment of asthma, cough, haemorragic disorders, hepa-

titis and fevers.  The leaves of the plant contain a mixture of alkaloid, i.e., vasicine and vasicinone. Vasicine has 
numerous pharmacological activities viz., anti-malarial, anti-inflammatory, antioxidant, antidiabetic, anti-bacte-
rial etc. The study on influence of IBA and NAA on rooting of Adathoda vasica was conducted during 2011-2012 at 
Medicinal and Aromatic Plants Research Station, Rajendranagar, Hyderabad, India. The experiment was set up in 
a complete Randomized Block Design with nine treatments (T) consisting of Indole Butyric Acid hormone (IBA) 
@ 250, 500, 1000 and 1500 ppm; Naphthalene Acetic Acid (NAA)  @ 250, 500, 1000, 1500 ppm and untreated control. 
These treatments were then designated as T1, T2, T3, T4, T5, T6, T7, T8 and T9, respectively. Results exhibited that 
maximum rooting percent (67.50 %) and longest root length (22.18) were recorded in T4 (1500 ppm IBA). Whereas 
maximum roots per cutting (40.89), root fresh (3.22 g) and dry weights (1.12 g) were noted for T8 (1500 ppm NAA). 
Thus it can be concluded that if rooting of Adathoda vasica semi hard wood stem cuttings treated with IBA @ 1500 
ppm or NAA @ 1500 ppm concentration can promote the mass propagation of the said medicinal plant. 

KEY WORDS: Adathoda vasica, Indole Buteric Acid, Naphthalein Acetic Acid

The plant has been used in the indigenous system of 
medicine in India for over 2000 years (Atal, 1980). The 
plant grows all over the country throughout the plains. 
The root, leaves and flowers of Adathoda vasica are used 
as medicine, both internally as well as externally. It is 
beneficial for the treatment of asthma, cough, haemor-
ragic disorders, hepatitis and fevers (Prantpe 2005). The 
leaves of the plant contain a mixture of alkaloid i.e., vasi-
cine and vasicinone. Vasicine has numerous pharmaco-
logical activities viz., anti-malarial (Chopra, 1955) anti-
imflammatory (Srinivasa rao, et al., 2006) antioxidant 
(Padmaja et al., 2001) antidiabetic (Gao et al., 2008) Anti-
bacterial  (Ilango et al., 2009) etc. The species has gained 
lot of popularity due to high demand for the medicinal 
extracts from the leaves. To sustain the demand inten-
sive cultivation and conservation is of most important. 
The cultivation of Adathoda vasica can easily be carried 
out if proper vegetative propagation methods have been 
developed. To support the rapid multiplication of plant 
material, propagation of Adathoda vasica is viable option. 
Several research workers used growth regulators to in-
duce rooting of cuttings. Auxins often hasten root ini-

tiation, increase the number and percentage of cuttings 
rooted as well as quality of roots produced per cutting 
(Newton et al., 1992). Larsen and Guse (Larsen and Guse, 
1997) and Kester et al. (Kester et al., 1990) reported that 
the most reliable rooting hormone is Indolebutyric acid 
(IBA) although others such as naphthalene acetic acid 
(NAA) can also be used. There are reports that it may 
also be toxic to young/ succulent cuttings of certain spe-
cies, IBA is still probably the best hormone for general 
use because of being non-toxic to plants over a wide 
range of concentration (Chadha and Choudhary, 1980). 
This study therefore aimed at determining the most ap-
propriate  concentration of  IBA and NAA for propaga-
tion of stem cuttings of Adathoda vasica.

The study was conducted during 2011-2012 at Me-
dicinal and Aromatic Plants Research Station, Rajen-
dranagar, Hyderabad, India. The experiment was set up 
in a complete randomized block  design with nine treat-
ments (T) consisting of Indole Butyric Acid hormone 
(IBA) @ 250, 500, 1000 and 1500 ppm; Naphthalene Ace-
tic Acid (NAA) concentration @ 250, 500, 1000, 1500 ppm 
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and untreated control. These nine different treatments 
were then designated as T1, T2, T3, T4, T5, T6, T7, T8 
and T9, respectively. Semi hard wood stem cuttings of 
20 cm long consisting of two or more lateral buds were 
harvested from Adathoda vasica. Fifty stem cuttings were 
used in each set of treatment. While preparing the cut-
tings, a smooth cut was given for each cutting at distal 
end and slant cut was given at lower end just below low-
er node. Each set of treated cuttings were then inserted 
into well prepared beds and replicated three times. The 
cuttings were treated with different concentrations of 
IBA and NAA solution by dipping the basal end for 15 
minutes. Control cuttings were immersed for the same 
time in distilled water. The cuttings were maintained in 
a polyhouse at a day temperature 26 ± 2°C, relative air 
humidity 80 to 90 %. Data were recorded on number of 
cuttings sprouted, number of roots per cutting, length of 
longest root, root fresh weight and root dry weight. The 
data were subjected to standard statistical procedures. 

RESULTS AND DISCUSSION
Significant variation was observed between differ-

ent treatments for percent rooting, number of roots per 
cutting, length of longest root, root fresh weight and 
dry weight of Adathoda vasica semi hard wood cuttings 
(Table 1). The percentage of rooting was highest in IBA 
1500 ppm (67.50). However, IBA 250 ppm, IBA 500 ppm, 
1000 ppm and NAA 1500 ppm were at par. Percentage of 
rooting was increased with increase in concentration of 
IBA and NAA. This could be due to the effect of auxins 
that have been reported to enhance rooting through the 
translocation of carbohydrates and other nutrients to the 
rooting zone (Milleton et al., 1980). According to Davis 
and Hassig (Davis and Hassing, 1990) the production of 
adventitious roots in plants through cell division, mul-
tiplication and specialization is also controlled by plant 
growth substances especially auxins. This implies that 
treating stem cuttings with auxins can increase the per-
centage of rooting, root initiation and number of roots. 
Even then, application of optimal hormone concentra-
tion is very important for successful rooting of cuttings 
( Leakey et al., 1982). Lowest percentage of rooting was 
observed in untreated control (30.75). 

Number of roots per cutting were also increased 
with increase in concentration of IBA and NAA. High-
est number of roots per cutting was recorded with NAA 
1500 ppm (40.89). Untreated control recorded lowest 
number of roots per cutting (10.46). Maximum length of 
root was recorded in IBA 1500 ppm (22.18 cm). The in-
crease in length of roots in cuttings treated with growth 
regulators may be due to enhanced hydrolysis of carbo-
hydrates, accumulation of metabolites at the site of ap-

plication of auxins, synthesis of new proteins, cell en-
largement and cell division induced by auxins (Stryden 
and Hartman, 1960). The production of adventitious 
roots in plants is controlled by growth substances, a key 
role in this process being played by auxins. According to 
Králik and Šebánek (Kralik and Sebanek, 1980) the cor-
relation had been found in plants between the content 
of their endogenous auxins and rooting ability. Hence, 
an exogenous application of synthetic auxins might rein-
force the effect of endogenous auxins or directly induced 
rhizogenesis.

Fresh weight of roots per cutting was higher in NAA 
1500 ppm (3.22 g). Root fresh weight was lower in un-
treated control (1.56 g). Higher dry weight of roots per 
cutting was recorded in NAA 1500 ppm (1.12 g). Maxi-
mum fresh weight and dry weight of roots in Adathoda 
vasica cuttings treated with NAA 1500 ppm could be at-
tributed to highest number of roots produced per cut-
ting. The effect of growth regulators in enhancing root 
characters of cuttings have been reported by Sherer et al. 
(1985) in different horticultural crops.

Table 1: Effect of IBA and NAA on rooting and root 
characters of Adathoda vasica

Treatment (T) Percent 
rooting 
(%)

Num-
ber of 
roots/
cutting

Length 
of lon-
gest root 
(cm)

Root 
fresh 
weight 
(g)

Root 
dry 
weight 
(g)

T1 IBA 250 
ppm

56.25 11.00 11.71 2.16 0.28

T2 IBA 500 
ppm

58.75 19.45 15.56 2.48 0.43

T3 IBA 
1000 
ppm

65.00 30.90 16.29 2.56 0.57

T4 IBA 
1500 
ppm

67.50 30.22 22.18 2.66 0.92

T5 NAA 
250 ppm

43.75 21.44 16.49 2.00 0.59

T6 NAA 
500 ppm

40.00 26.00 15.36 2.37 0.67

T7 NAA 
1000 
ppm

47.50 29.89 14.38 2.81 0.89

T8 NAA 
1500 
ppm

60.00 40.89 14.50 3.22 1.12

T9 IBA 250 
ppm

30.75 10.46 10.37 1.56 0.23

SEm 6.166 2.085 1.062 0.232 0.048
CD (0.05) 17.997 6.250 3.184 0.694 0.143
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[Short note]

Performance of garlic cultivars under Kodagu conditions of Karnataka

P.C. Tripathi and G. Karunakaran 
Central Horticultural experiment Station (IIHR), Chettalli -571 248, Karnataka
Email : prakaashtripathii2000@gmail.com

ABSTRACT
Garlic is an important spice crop of India.  The garlic cultivation in the western ghat areas of Karnataka is not 

much popular. An attempt was made to evaluated some garlic varieties under Coorg condition of Karnataka. The 
result revealed that highest yield (87 q/ha) was obtained in in cv. G-41 which was significantly higher than other 
varieties. The bulb size and clove size was higher in this cultivar than other cultivars. Thrips and disease infection 
was higher in all the cultivars.

KEY WORDS: Garlic, yield, Karnataka

Garlic is important spice vegetable cultivated in all 
over the country. The garlic production is around 11.31 
lakh tones from 1.96 lakh hectare area (Anon., 2010). 
Garlic requires comparatively lower temperature for 
bulb initiation and development. The yield and pro-
ductivity of different varieties is quiet influenced by the 
climatic conditions. The large clove varieties perform 
better in cooler climate while small clove short day va-
rieties perform better in warmers conditions. Although 
garlic is grown in the northern drier zones of Karnataka 
(Gowda et al., 2007) but it’s cultivation in the western 
areas of Karnataka is not much popular because of high 
rainfall and higher humidity. The area is cooler than the 
other of the parts of the Karnataka there is possibility 
that the large clove varieties not perform better in this 
area. In order to assess the performance of some garlic 
varieties, a trial was conducted. The trial was conducted 
during rabi 2010-11 at Central Horticultural experiment 
Station, Chettalli. The varieties evaluated were AC-200, 
Bhima Omkar, Godavari, G-50, and G-41. The planting 
was done in flat bed of 2 x 3 m size at 15 x 10 cm dis-
tance spacing. The experiment was layout in RBD with 
five replications. The Planting was done in first week of 
December and harvesting was done in April. The data 
on growth and yield characters were recorded and ana-
lyzed. The results revealed that plant height was highest 
(48 cm) in garlic cv. G-41 which was significantly higher 
than all other varieties except AC-200. The lowest plant 
height (38.9cm) was recorded in cv. Bhīma Omkar. The 
plant girth was highest (0.96 cm) in cv. G-41 that was 
statistically similar to all other cultivars except cv. Goda-

vari. The number of leaves per plant was higher in cvs. 
G-4 and G-50 but these were statistically similar in all the 
cultivars. As far as the yield in concerned, it was highest 
(87q/ha) in cv. G-41 which was followed by G-50 (60.9 q/
ha). These cultivars produced significantly higher yield 
than all other cultivars (Table 1). The equatorial diam-
eter of the bulbs was highest (3.5 cm) in G-41which was 
significantly higher than all others cultivars. The polar 
diameter of the bulbs was higher in cvs. G-41 and G-50. 
There was no significant difference in the neck thickness 
and number of cloves per bulbs and total soluble solid 
content (Table 2).The vegetative growth and yield levels 
in the all garlic varieties are lower than the yield levels 
of these cultivars in other areas. The reason may be the 
moderate temperature, higher humidity and frequent 
rainfall particularly in the during the maturity period of 
the region (Fig. 1). As far as the disease and pest were 
concerned all the cultivars were found affected by Stem-
phyllium blight and purple blotch. The moderate thrips 
infection was also found in all the cultivars (Table 3).The 
more incidence of disease may be attributed by higher 
humidity .The results revealed that the yield of all the 
varieties was lower than the yield potential of these cul-
tivars which may be due to the higher incidence of dis-
eases in all the cultivars because of the high humidity. 
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Table 1: Growth and yield of garlic cultivars

Name of 
cultivar

Plant 
height 
(cm)

Plant 
girth 
(cm)

No. of 
leaves/
plant

Plant 
stand 
(%)

Yield 
(q/ha)

AC-200 45.6 0.92 8.4 75.56 52.0
Godavari 41.4 0.86 7.2 90.00 53.2
Bhima 
Omkar

38.9 0.82 8.4 87.78 51.9

G-50 41.7 0.90 9.6 87.78 68.9
G-41 48.0 0.96 9.6 88.89 87.0
CD (0.05) 3.2 0.11 NS NS 7.6

Table 3: Incidence of disease and pests in garlic 
cultivars

Name of 
cultivar

Stemphyl-
lium blight

Purple 
blotch

Thrips

AC-200 S L M
Godavari S L M
Bhima Omkar S L M
G-50 S L M
G-41 S L M
CD (0.05) - - -

Fig.1. Climatic condition of CHES, Chettalli during April10- March,11
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Table 2: Yield characters of garlic cultivars

Name of cul-
tivar

Equatorial diam-
eter (cm)

Polar diam-
eter (cm)

Neck thick-
ness (cm)

No. of 
cloves/bulb

Wt of 
cloves (g)

Colour TSS (0Brix)

AC-200 2.8 3.7 0.8 19.4 0.39 Purple 31
Godavari 3.0 2.8 0.6 16.4 0.40 Purple 32
Bhima Omkar 2.7 3.0 0.6 17.2 0.38 White 28
G-50 3.2 3.6 0.8 20.1 0.43 White 32
G-41 3.5 3.6 0.8 21.2 0.51 White 32
CD (0.05) 0.22 0.16 NS NS 0.06 - NS
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[Short Note]

Effect of different levels of exogenous gibberelic acid on germination percentages and 
seedling height of drumstick cv. PKM-2
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ABSTRACT
The experiment was conducted at ASPEE Agricultural Research and Development Foundation Farm, Village 

Nare, Taluka Wada, District Thane, Maharashtra. In this study, the effects of different levels of exogenous ap-
plication of Gibberelic acid (GA3) treatments on germination percentages and seedling plant height of drumstick 
seeds were studied. PKM-2 variety seeds were placed to the germination at the centre of bag about 6 cm depth from 
filled surface of filled media bags. The parameters of seeds germination percentages and seedling height studied 
indicated that the GA3 levels increased ultimately increasing the germination percentages and seedlings height 
than control treatment.

KEY WORDS : Moringa, drumstick, seed germination

Horseradish tree, Moringa oleifera (synonym: Mor-
inga pterygosperma) is the most widely cultivated spe-
cies of the genus Moringa, which is the only genus in the 
family Moringaceae (http://en.wikipedia.org/wiki/
Moringa_oleifera). Drumstick tree called the “Power 
house of minerals” is the most common tree in India. It 
is a fast-growing, drought-resistant tree that is native to 
the southern foothills of the Himalayas in northwestern 
India, but widely cultivated in tropical and sub-tropical 
areas. The seeds, sometimes removed from more mature 
pods and eaten like peas or roasted like nuts, contain high 
levels of vitamin C and moderate amounts of B vitamins 
and dietary minerals. India is the largest producer of 
moringa, with an annual production of 1.1 to 1.3 million 
tonnes of tender fruits from an area of 380 km². Among 
the states, Andhra Pradesh leads in both area and pro-
duction (156.65 km²) followed by Karnataka (102.8 km²) 
and Tamil Nadu (74.08 km²). In other states, it occupies 
an area of 46.13 km². Tamil Nadu is the pioneering state 
in so much as it has varied genotypes from diversified 
geographical areas and introductions from Sri Lanka” 
(Rajangam et al., 2001).  The raw stick of PKM-2 vari-
ety is greenish in colour and tastes good. The length of 

each stick is 45 to 75 cms. Each plant can yield 300 to 400 
sticks. This variety is yields good product but requires 
more water. GA3 is a naturally occurring plant growth 
regulator. Presoaking seeds in GA3 will often cause rapid 
germination of many highly dormant seeds that would 
otherwise require cold, ageing, light, or other prolonged 
treatments. Many different types of dormancy are over-
come. GA3 is safe, easy to use, economical, and rapidly 
becoming a standard tool for germinating seeds (http://
hdl.handle.net/10113/41278).

Seeds need water and oxygen to germinate, so are 
best started in a light, loose soil that will not compact, 
get soggy, or crust over. Free flow of water and air are a 
must. Cover seed with 2 - 4 times their thickness of soil, 
unless they require light to germinate. Large seed was 
soaked overnight and planted singly. Plant winged seed 
with wing uppermost or broken off. Keep soil moist, not 
soggy, and do not allow to dry out.  Common causes of 
seedling loss are damping off due to poor air circulation 
and overwatering, drying out or burning due to placing 
in full sun or outdoor conditions too quickly, transplant-
ing shock (best done on a cool, moist day), and predation 
by insects, slugs and snails at night.
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The present trial was carried out at ASPEE Agri-
cultural Research and Development Foundation Farm, 
Village Nare, Tal. Wada, Dist. Thane, Maharashtra dur-
ing the period of 2012-13. The aim of this study was to 
examine the effect of different levels of exogenous GA3 
treatments on the germination of percentage of drum-
stick seeds of cv. PKM-2. The 10 treatments consisting of 
GA 3 @ 20, 30, 40, 50, 60, 80, 70, 80 and 90 ppm along with 
control-treatment (0 ppm GA3). The PKM-2 seeds were 
surface washing with distilled water and then seeds were 
soaked in different experimental solutions of GA3 as per 
treatment wise. The following day treated seeds were 
used for sowing purpose in prepared germination bag. 
Single seed was planted in one bag. The twenty seeds per 
replication wise were treated with desired concentration 
of GA3. The period of treatments was 24 h. The treated 
seeds of drumstick cv. PKM-2 were sown in 15 x 20 cm 
size of bags on 15th July, 2012-13. The seed sowed bags 
were kept in shade net house. All recommended cultiva-
tion practices were followed throughout the experimen-
tation. After sowing, the germination percentages of the 
different treatments were determined after 15 days. The 
experiment was performed with three replication. Data 
were compiled and analyzed statistically using appro-
priate statistical tools.

Data presented in Fig. 1 and 2 revealed that the GA3 
levels of treatments increased ultimately increasing the 
germination percentages and seedlings height than con-
trol. It has been reported by other researchers that GA3 
are successful in ending dormancy in numerous spe-
cies of seeds and also in accelerating the germination of 
non-dormant seeds. Effective concentrations generally 
affected germination, but the variations in these effects 
were not found to be significant. Essentially the events of 
dormancy and germination are controlled by a balance 
between hormones. It has been reported that treatment 
with GA3 can increase the formation of rough endoplas-
mic reticulum and polyribosomes (Evins, 1971). More-
over, it has been found that GA3 stimulates the synthe-
sis of mRNA which is specific for a- amylase (Higgins, 
1976). As can be seen, GA3 has the potential to regulate 
germination in numerous ways. The elaboration of an 
endomembrane system and the synthesis of new classes 
of mRNA can serve to regulate the synthesis of proteins 
required for germination.

Fig. 1: Effect of different levels of gibberelic acid 
on seeds germination percentage of drumstick cv. 
PKM-2

Fig. 2: Effect of different levels of gibberelic acid on 
seedlings plant height of drumstick cv. PKM-2
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Proceedings of National Seminar on Precision Farming Technologies for High 
Himalayas, October 4-5, 2015 held at SKUAST-Leh (Ladakh)

A two days National seminar on Precision Farm-
ing Technologies for High Himalayas was organized 
by Precision Farming Development Centre from Octo-
ber 4th – 5th, 2015 at High Mountain Arid Agriculture 
Research Institute, SKUAST-K Stakna Leh. This was a 
unique gathering of decision makers, policy makers, re-
searchers and ultimate stakeholders including the end 
users. This conference was attended by Vice Chancellors 
of three state agricultures universities: Dr.P.K.Sharma, 
Chief Guest & Vice Chancellor SKUAST-Jammu, Dr. Vi-
jay Singh Thakur, Guest of Honour & Vice Chancellor 
of Dr. Y.S. Parmar University of Horticulture and For-
estry, Nauni Solan (H.P) and Dr. Tej Partap and Chair-
man & Vice Chancellor SKUAST-K. It was successfully 
conducted in 4 Technical Sessions, one introductory 
session and one Valedictory session. There was parallel 
organization of one poster session. All the technical ses-
sions were chaired by the Vice Chancellors. A total of 20 
presentations were made along with discussion in differ-
ent technical sessions. These two days deliberations and 
serious discussion has led to the following conclusions 
and recommendations.

- There is need for the greater use of solar energy un-
der protected cultivation. This opportunity must be 
harnessed with the interventions of appropriate farm 
technologies.

- The falling factor productivity and rise in cost of 
production through inappropriate resources must 
be immediately addressed. The core principle of 
precision farming can be suitably harnessed through 
the basic principle popularly known as in 4R’s that 
is input use at the Right time, Right Amount, Right 
Method and Right Place.

- Farm women of Ladakh are traditional practitioners 
of precision farming. The dual responsibility of pro-
duction and marketing is owned by the farm women. 
These farm women with excellent knowledge of farm-
ing are the end users and stakeholders of precision 
farming. The visionary plans or precision farming 
must address significantly the role of these farm 
women.

- There is need for the development of collective en-
trepreneurship models on the line of Chinese success 
stories. The concept of protected cultivation must 
be addressed and shift from household to village 
levels.

- The GIS is an integrating technology and need its 
customization with the needs of the farming commu-
nities. The concept of GIS must come in the domain 
of farmers for strengthened decision support systems 
under precision farming

- A comprehensive management strategy on precision 
farming must be applied while taking into account 
economical, social and environmental sustainability 
of the Himalayan Region.

- There is need for the policy shift from nutritional and 
economic security to its convergence with soil water 
and environment security for achieving ever green 
revolution. 

- There is great potential for the cultivation of veg-
etables under precision farming for the entire Hi-
malayan Regions. There are reports of successful 
mulching with black polythene sheets. The Quality of 
polysheets and poly houses may also be customized 
and improved as per the needs, opportunities and 
technological refinements.

- There is need for the validation of engineering input 
on heating and cooling of agricultural green house 
using geo thermal energy. This technological input 
can be complemented with solar energy through 
circulation of hot water.

- In the pursuit of alternative methodologies, homeo-
organic farming was also suggested as one alternative 
technology for improve nutritional values of agricul-
tural crops along with rise in crop productivity.

- There are many government schemes on precision 
farming where subsidises are provided to the farming 
community. Efforts must be made to create awareness 
about the government schemes for the benefit of the 
farming community.
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