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INTRODUCTION
Coconut (Cocos nucifera L.), the versatile palm 

with multifarious uses, is cultivated in the country 
predominantly by smallholders in tropical regions in 
2.14 million ha with a production of 14911 (Anon, 
2) million nuts and productivity of 7,000 nuts per 
hectare. Kerala, Tamil Nadu, Karnataka and Andhra 
Pradesh are the four major coconut producing states 
accounting for more than 90 per cent of the share 
in area and production. Monocropping of coconut 
is unsustainable as it utilizes only 45-50% of solar 
radiation, 21% of land area and the income derived 
from such a system is not sufficient to sustain even 
the small families (Maheswarappa et al., 7). Further, 
coconut growers are frequently exposed to economic 
risks and uncertainties owing to rapid price fluctuations. 
Even through the current price situations are quite 
encouraging, coconut growers were badly affected 
for more than two decades due to low price/ price 
stagnation of coconut and escalating cost of cultivation. 
In this context, it is of paramount importance to promote 
coconut-based cropping systems as a strategy to 
enhance income. Coconut-based cropping systems, 
involving cultivation of compatible crops specially fruit 
crops in the interspaces will offer considerable scope 
for increasing production and productivity per unit area, 
time and input by more efficient utilization of resources 
like sunlight, soil, water and labour. In addition, it will 
be mimic a forest system and will have large scope 
for storage of carbon and removal of carbon dioxide 

from the atmosphere, thus playing a vital role in 
sustaining the environment. Many experiments have 
been conducted at ICAR-CPCRI, Kasaragod and still 
continuing with regard to studies on coconut-based 
cropping systems.

Carbon sequestration is a mechanism for removal 
of carbon from atmosphere by storing in the biosphere 
(Chavan and Rasal, 4). Soil carbon exchange with 
the atmosphere through soil respiration is also an 
important component of the global carbon cycle and 
it was estimated to be approximately 80 Pg C yr-1 
(Raich and Potter, 12). It is now also well established 
that carbon pools in the soil have distinct residence 
times. The more recalcitrant material composing the 
majority of soil carbon is a low cycling carbon that it is 
not affected much by recent land use changes (Chen 
et al., 5). It is possible for humans to manage soils in 
order to accumulate carbon or avoid high losses of it 
with cultivation (Lal, 7). The present investigation was 
carried out to quantify the above ground and below 
ground (soil) and total carbon storage in coconut- 
based fruit croppings.

MATERIALS AND METHODS
The present study was carried out at ICAR-

CPCRI, Kasaragod, which is situated at 12°30’ N 
latitude and 75°00’ E longitude at an elevation of 
10.7 m above mean sea level. The average annual 
rainfall received is 3,500 mm, of which 86 per cent 
is received during the four monsoon months (June-
September). Observations were carried out in the 
ongoing experiment on coconut-based intercropping 

Carbon sequestration potential in coconut-based cropping systems
H.P. Bhagya*, H.P. Maheswarappa, Surekha and Ravi Bhat 
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ABSTRACT
A field experiment was carried out in a coconut garden having red sandy loam soil at ICAR-CPCRI, 

Kasaragod, Kerala during May-July 2015 to study the effect of cropping system on above and below ground 
carbon sequestration in a 50-year-old plantation intercropped with seven-year-old fruit crops. Among the different 
cropping systems, coconut (Cocos nucifera) + jamun (Syzygium cumini) system sequestered the highest above 
ground carbon (60.93 t/ha) followed by coconut + mango (Mangifera indica) system with 56.45 C t/ha, coconut + 
garcinia (Garcinia indica) sequestered 53.02 C t/ha, whereas, coconut alone had sequestered 51.14 C t/ha. The 
below ground soil carbon stock in the rhizosphere of 0-60 cm depth was the highest in coconut + mango (82.47 
t/ha) system followed by coconut + jamun (79.13 t/ha), coconut + garcinia (78.69 t/ha) and it was the lowest in 
coconut monocrop (47.06 C t/ha). The total carbon sequestration by coconut + jamun (140.06 t/ha) followed by 
coconut + mango systems (138.91 t/ha), coconut + garcinia (131.72 t/ha), whereas it was only 98.2 C t/ha under 
coconut monocrop. 
Key words: Coconut, carbon stock, cropping system, plant biomass, soil organic carbon.
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of fruit crops for sustainable production and nutritional 
security in Coastal Agro-Ecosystem during May to 
July 2015. The soil type is red sandy loam with pH 
of 5.5 to 6.0 and experimental design was RCBD. 
Crops in the cropping system were managed with 
the recommended package of practices. Fruit crops 
grown in the coconut garden are given below (Table 
1). 

Table 1. Fruit crop species grown as intercrop in coconut 
garden.

Common name Scientific name Age
(yr)

Mango var. Amrapali Mangifera indica 7
Kokam var. Konkan Amruta Garcinia indica 7
Jamun var. Konkan Bahadoli Syzygium cumini 7
Coconut var. WCT Cocos nucifera L. 50

In the on-going experiment, above ground 
standing biomass and soil carbon stock were 
estimated by taking 10 trees and palms randomly 
in one acre plantation. For above ground standing 
biomass, non destructive method was adopted. In 
coconut, the girth was measured at 1.5 m height 
from the base and height was taken upto the base 
of the crown. The fruit crop trunk girth was measured 
at 1.3 m height from the base and total height of 
the species was recorded from the base of tree to 
top branch by using dendrometer. The diameter (d) 
was calculated by dividing π (3.14) to the actual 
marked girth of species (Bohre et al., 3), and above 
Ground Biomass (AGB) was estimated by multiplying 
the bio-volume to the green wood density of tree 
species. Tree bio-volume (TBV) value established 
by multiplying square of diameter and height of tree 
species to factor 0.4. 
Tree bio-volume  = 0.4 × (d)2 × h
AGB   = Wood density × TBV, 
Where; d  = Diameter (m), 

Wood density was used from Global Wood Density 
database (Zanne et al., 16). 

Coconut biomass estimation was carried out by 
adopting standard procedure developed by Naresh 
et al. (9). Stem dry weight (kg) = Length (m)*girth2 (in 
meter at 1.5 m above ground level)* 41.14142, Where 
length is the height of stem from ground level to base of 
the canopy and girth is the mean girth of stem at 1.5 m 
height from base. Carbon stock generally, for any plant 
species 50% of its biomass is considered as carbon 
(Pearson et al., 10), i.e. Carbon stock = Biomass × 
0.5 and for estimation of CO2 (t/ha) sequestered by 
multiplying Carbon stock (t/ha) with 3.67 as factor.

For soil carbon stock estimation, soil samples 

were collected from the basin of the crops as per the 
standard procedures. Organic carbon content of soil 
was estimated by adopting Walky-Black's method 
and bulk density of the field was estimated by using 
core sampler at 0-30 and 31-60 cm depth described 
by Jackson (6). Soil carbon stock was estimated by 
following standard formula (Srinivasan et al., 14). 
Soil organic carbon stock (0-30, 30-60 cm) (Mg ha-1) = [C 
concentration layer (kg Mg-1) × (Bulk density) layer(Mg m-3) 
× Depth (m) × 10-3 Mg kg-1 × 104 (m2 ha-1).

Statistical analyses were performed using 
Statistical Analysis System 9.3 computer software 
(SAS Institute Inc., 13). DMRT procedure was used 
at P = 0.05 level to determine if there were significant 
differences between fruit crops under coconut garden 
at two depths for soil carbon stock estimation.

RESULTS AND DISCUSSION 
As shown in Table 1, the average height and girth 

of mango was 7.8 and 0.58 m, respectively, Kokam 
was 6.08 m height with a girth of 0.36 m, jamun was 
10.38 m height and had a girth of 0.64 m, whereas 
height of coconut was 20.72 m with a girth of 0.85 m. 
Among the fruit crops, jamun recorded the highest 
above ground biomass (130.19 kg/plant), which will be 
sequestering around 9.79 t/ha of C and 35.92 t/ha of 
CO2. Estimated above ground biomass of mango was 
70.76 kg/tree which will be sequestering around 5.31 C 
t/ha or 19.48 t/ha CO2. In case of G. garcinia, biomass 
was 25.19 kg/plant with 1.89 C and 6.93 t/ha of CO2 
sequestration, whereas coconut had biomass of 574.7 
kg/palm and sequestered 51.11 C t/ha or 35.92 t/ha 
of CO2, which sequestered the highest CO2 because 
of its higher biomass.

Among different cropping systems, the above 
ground standing biomass and above ground carbon 
stock recorded highest (121.85 and 60.93 t/ha, 
respectively) in coconut-based jamun cropping system 
followed by coconut + mango (112.88 and 56.44 t/
ha) and coconut + garcinia (106.05 and 53.02 t/ha), 
whereas in coconut alone it was 102.27 and 51.14 t/
ha, respectively (Fig. 1). In this study, coconut-based 
cropping system sequestered more carbon compared 
to coconut alone and this cropping system mimic 
like forest ecosystem. Trees are carbon reservoir 
on earth and in nature, forest ecosystem act as a 
reservoir of carbon. They store huge quantity of 
carbon and regulate the carbon cycle by exchange 
of CO2 from the atmosphere. Thus, forest ecosystem 
plays important role in the global carbon cycle by 
sequestering a substantial amount of carbon dioxide 
from the atmosphere by storing it in the biosphere 
(Chavan and Rasal, 4).

The data presented in Table 2 represents soil 
organic carbon (%), bulk density (g/cm3) and soil 



3

Carbon Sequestration Potential in Coconut-based Cropping Systems

carbon stock (t/ha) at 0-30 and 31-60 cm depth in 
the rhizosphere of different crops in the system. 
With respect to bulk density, there was no statistical 
significant difference among the different cropping 
system, and it was in the range of 1.58 to 1.64 g/
cm3. Among the different fruit crops and coconut, 
the highest soil organic carbon (0.56 and 0.41%) 
was recorded in coconut basin at 0-30 and 31-60 
cm depth, and it was followed by mango (0.43 and 
0.31%), jamun (0.40 and 0.25%) and it was on par 
with garcinia (0.38 and 0.28%) and the lowest was 
recorded in interspaces (0.36 and 0.28%) where 
no crop is being grown. Among the different crops, 
coconut rhizosphere had sequestered more carbon 
(26.87 and 20.19 t/ha), followed by mango (20.52 
and 14.89 t/ha), jamun (19.45 and 13.76 t/ha) and 
garcinia (18.31 and 12.18 t/ha) at 0-30 and 31-60 cm 

depth. The carbon sequestered in the interspace was 
the lowest (17.09 and 13.87 t/ha) at 0-30 and 31-60 
cm depth, respectively might be due to absence of 
crops and management practices. Coconut basin 
rhizosphere had recorded high carbon stock at 
both depths (0-30 and 31-60 cm), which might be 
due to increase in organic carbon in the soil due to 
decomposition of root system over a period of time 
and organic manure incorporation to the coconut crop 
as compared to other crops and interaction effect of 
organic manure and green manure incorporation by 
sustainable practice. Similar findings were observed in 
orchard, the beneficial effects of sustainable practices 
(Residue incorporation, cover crop retention and 
compost application) on yield which was improved 
by 30-50% as compared with conventional managed 
orchards (Xiloyannis et al., 16; Poirier et al., 11).

Table 1. Crops and their growth parameters with above ground biomass and carbon stock under coconut garden.

Scientific name Height (m) Girth (m) AGB (kg/plant) C (kg/plant) C (t/ha) CO2 (t/ha)
Mangifera indica 7.8 0.58 70.76 35.38 5.31 19.48
Garcinia indica 6.1 0.36 25.19 12.60 1.89 6.93
Syzygium cumini 10.4 0.64 130.51 65.25 9.79 35.92
Cocos nucifera 20.8 0.85 574.57 287.28 51.14 187.67

AGB = Above ground biomass, C = Carbon

Fig. 1. Above ground standing biomass and carbon stock in coconut-based cropping systems.

Table 2. Estimated soil carbon stock of coconut and different fruit crops.

Treatment Organic carbon (%) Bulk density (gcm-3) Soil carbon stock (t/ha)
0-30 cm 31-60 cm 0-30 cm 31-60 cm 0-30 cm 31-60 cm

Coconut- Cocos nucifera 0.56a 0.41a 1.59 1.63 26.87a 20.19a

Mango-Mangifera indica 0.43b 0.31b 1.58 1.61 20.52b 14.89b

Garcinia-Garcinia indica 0.38cd 0.28bc 1.61 1.63 18.31cd 12.18c

Jamun -Syzygium cumini 0.40c 0.25c 1.63 1.64 19.45bc 13.76bc

Interspace 0.36d 0.28bc 1.60 1.62 17.09d 13.87bc

CD at 5% 0.03 0.04 NS NS 1.37 4.11
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Among the coconut-based cropping system, the 
carbon stock was the highest in coconut + mango system 
(47.39 and 35.08 t/ha) followed by coconut + jamun 
(45.18 and 33.95 t/ha) at 0-30 and 31-60 cm depth, 
respectively compared to other cropping systems (Fig. 
2). The actual amount of soil carbon that can be stored 
is dependent on the farming system (management 
practices), soil type and climatic conditions and initial 
soil carbon level of the site (Anon, 1). 

The total carbon stock involving above and below 
ground is depicted in the Fig. 3. Total carbon stock 

recorded in the coconut + jamun system was the 
highest (140.06 t/ha) followed by coconut + mango 
(138.91 t/ha) and coconut + garcinia (131.72 t/ha) 
system, whereas, coconut monocrop recorded lower 
total C stock (98.2 t/ha). Higher C storage in the 
intercropping system was due to additional storage of 
carbon by these fruit intercrops. As depicted in Fig. 4, 
CO2 sequestration recorded followed the same trend 
and it was the highest in coconut + jamun (514.00 t/
ha) system followed by coconut + mango (509.80 t/
ha), coconut + garcinia (483.39 t/ha) and the lowest 

Fig. 2. Soil carbon stock in coconut-based fruit cropping systems.

Fig. 3. Total carbon stock in coconut-based fruit cropping systems.

Fig. 4. Amount of CO2 sequestered by coconut-based fruit cropping  systems.
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(360.38 t/ha) was recorded in coconut mono-cropping 
system. This result is due to higher carbon storage 
by growing intercrops especially perennial crops 
as compared to mono-cropping system. Thus, by 
cultivating intercrops in the interspace of coconut, 
storage of carbon in the soil and above ground can 
be expected. By intercropping with fruit crops like 
jamun, mango and kokam, can get additional income 
and benefit of carbon storage, removal of CO2 from 
the atmosphere as compared to the monocropping of 
coconut. Further study is required to recommend fruit 
crops suitable for intercrop in coconut and ecologically 
feasible in different locations.

ACKNOWLEDGEMENTS
First author is thankful to the Directors, ICAR- 

Central Plantation Crops Research Institute, 
Kasaragod and ICAR-Indian Institute of Oil Palm 
Research, Pedavegi, Andhra Pradesh for providing 
the facilities.

REFERENCES
1. Anonymous. 2008. Prime facts 735, profitable 

and sustainable primary industries. NSW 
Department of Primary Industries, pp 1-5. www.
dpl.nsw.gov.au. 

2. Anonymous. 2014. Indian Horticulture 
Database 2014-15, National Horticulture 
Board, Gurgaon, pp. 210-11. 

3. Bohre, P., Chaubey, O.P. and Singhal, P.K. 
2012. Biomass accumulation and carbon 
sequestration in Dalbergia sissoo Roxb. Int. J. 
Biol. Sci. Biotech. 4: 29-44. 

4. Chavan, B. and Rasal, G. 2012. Total sequestered 
carbon stock of Mangifera indica. J. Env. Earth 
Sci. 2: 37-48.

5. Chen, S., Huang, Y., Zou, J. and Shi, Y. 2013. 
Mean residence time of global topsoil organic 
carbon depends on temperature, precipitation 
and soil nitrogen. Glob. Planet. Change, 100: 
99-108, doi:10.1016/j.gloplacha.2012.10.006.

6. Jackson, M.L. 1967. Soil Chemical Analysis, 
Prentice Hall of India, Pvt. Ltd., New Delhi,  
498 p.

7. Lal, R. 2010. Enhancing eco-efficiency in Agro-
ecosystems through soil carbon sequestration, 

Crop Sci., 50: 120-131, doi:10.2135/
cropsci_2010.01.0012.

8. Maheswarappa, H.P., Palaniswami, C., 
Dhanapal, R. and Subramanian, P. 2010. 
Coconut based intercropping and mixed cropping 
systems. In: Coconut Based Cropping/Farming 
Systems, George V. Thomas, V. Krishnakumar, 
H.P. Maheswarappa and C. Palaniswami (Eds.). 
CPCRI, Kasaragod, pp. 9-31.

9. Naresh, K.S., Kasthuri, B.K.V. and George, J. 
2008. A method for non-destructive estimation of 
dry weight of coconut stem. J. Plant. Crops, 36: 
296-99. 

10. Pearson, T.R.H., Brown, S. and Ravindranath, 
N.H. 2005. Integrating carbon benefits estimates 
into GEF Projects: 1-56.

11. Poirier, V., Angers, D.A., Rochette, P., Chantigny, 
M.H., Ziadi, N., Tremblay, G. and Fortin, J. 2009. 
Interactive effects of tillage and mineral fertilization 
on soil C profiles. Soil Sci. Soc. America J. 73: 
255-61. doi: 10.2136/sssaj2008.0006.

12. Raich, J.W. and Potter, C.S. 1995. Global 
patterns of carbon dioxide emissions from soils. 
Global Biogeochem. 9: 23-36.

13. SAS Institute. 1995. SAS/STAT guide for personal 
computer version 6. SAS Institute,Cary, NC.

14. Srinivasan, V., Maheswarppa, H.P. and Lal, R. 
2012. Long term effects of topsoil depth and 
amendments on particulate and non particulate 
carbon fractions in a Miamian soil of Central 
Ohio. Soil Tillage Res. 121: 10-17. 

15. Xiloyannis, C., Montanaro, G., Mininni, A.N. 
and Dichio, B. 2014. Carbon capture and 
soil biological activity in fruit tree orchards. 
European Conf. on Green Carbon: Making 
Sustainable Agriculture real Brussels, April 1-3, 
2014, pp. 20.

16. Zanne, A.E., Lopez Gonzalez, Gcomes, D.A., 
IIic, J., Janson, S. and Lewis, S.L. 2009. 
Global wood density database. https://www.
google.co.in/?gfe_rd=cr&ei=4kA8Vvz2 HqLR8
Ae7urKABQ#q=global+wood+density+databa
se+zanne

Received : February, 2016; Revised : December, 2016;  
Accepted : February, 2017



6

Indian J. Hort. 74(1), March 2017: 6-10

DOI : 10.5958/0974-0112.2017.00005.6 

INTRODUCTION
The papaya (Carica papaya L.) is a native of 

Central and South America and belongs to family 
Caricaceae. It is a commercial fruit crop cultivated 
throughout the tropical and sub-tropical regions of the 
India and ranks fifth with regard to area and production. 
Both production and consumption of papaya has 
increased several folds in the last two decades.

Seed propagation in papaya is commercial 
method of raising the crop, being a polygamous 
plant, growers cannot identify the productive and 
unproductive plants at nursery stage, so as to have 
desired planting ratio of male and female plants. 
Identification of the desirable plants at seedling stage 
would help in raising the orchard with appropriate 
design. The leaf extracts of a large number of sexually 
undifferentiated seedlings at nursery stage, with 
modified Almen's reagent were analysed. Based on 
this colorimetric reaction, it was found to be 67% true 
in case of male and 87% in case of female sex form 
(Singh et al., 8). A colorimetric test for total phenols 
can differentiate females (86%) from males (77%), 
but was unable to detect the bisexual plants (Jindal 

and Singh, 4). Paper chromatography also indicated 
that trans-cinnamic acid to be has expressed in the 
leaves of hermaphroditic seedlings, but females 
and males could not be differentiated (Poller, 6). In 
addition, isozymes have been exploited to identify 
markers that could co-inherit with sex types in papaya. 
Using the banding patterns of cationic peroxidase, 
male plants could be differentiated from females, 
but female plants could not be distinguished from 
hermaphrodites (Sriprasertsak et al., 9). However, 
these studies were primarily with dioecious papaya 
genotypes. Hence, present study was undertaken 
to distinguish the three types of sex forms through 
morphological, physiological and biochemical 
parameters at seedling stage.

MATERIALS AND METHODS
The present investigation was carried out at 

the Division of Fruits and Horticultural Technology, 
ICAR-IARI, New Delhi during 2014-2015, to study 
the morphological, physiological and biochemical 
traits related to sex expression in dioceious and 
gynodioecious papaya genotypes. The differentiated 
plants of four genotypes were grouped in male (M), 
female (F) and hermaphrodite (H) making eight 

Efficiency of morphological, physiological and biochemical parameters 
related to sex expression in papaya 

Anjali Soni, Jai Prakash*, Kaluram, S.K. Singh and A.K. Goswami
Division of Fruits and Horticultural Technology, ICAR-Indian Agricultural Research Institute, New Delhi 110012

ABSTRACT
The papaya (Carica papaya L.) is a polygamous plant, it has three types of sex forms, viz. male, female 

and hermaphrodite. The efforts were made to identify sex expression based on morphological, physiological 
and biochemical parameters. The matured plants were uniformly maintained for nutrition and intercultural 
operations in the nethouse and parameters were recorded accordingly. For the tabulation and data analysis, 
four genotypes were grouped in male (M), female (F) and hermaphrodite (H) making eight treatments, i.e., 
Pusa Nanha (F), Pusa Nanha (M), P-7-2 × SA M (F), P-7-2 × SA M (M), Red Lady (F), Red Lady (H), P-9-5 (F) and 
P-9-5 (H). Results showed that the maximum number of plants expressed their sex type in a range of 46-60° 
orientation of petiole, higher leaf chlorophyll ‘a’ content (2.573 mg/g f.wt.), in hermaphrodite sex plants in Red 
Lady and P-9-5 and lower levels in male plants. The phenolic content was significantly higher in the female 
plants followed by the hermaphrodite and male counterparts at seedling stage. The lowest total phenols 
content (29.25 and 39.50 mg/100 g f.wt.) was in hermaphrodite plants of Red Lady and P-9-5, respectively 
compared to female plants but higher than male plants among the dioecious genotypes at 10-leaf stage. The 
significant difference in total phenols content among hermaphrodite types was in Red Lady and P-9-5. Leaf gas 
exchange parameters were also indicative of sex expression at seedling stage. In female plants, the maximum 
stomatal conductance (0.523 mmol m-2s-1) was recorded in Red Lady followed by (0.353 mmol m-2s-1 in P-9-5 
in comparison to hermaphrodite (0.435 mmol m-2s-1) plant in Red Lady followed by (0.280 mmol m-2s-1 in P-9-
5. However, minimum stomatal conductance was recorded in male plants. The higher stomatal conductance 
indicated feminism in papaya followed by hermaphrodite plants.
Key words: Chlorophyll, papaya, total phenols, sex expression, stomatal conductance.
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treatments, i.e., Pusa Nanha (F), Pusa Nanha (M), 
P-7-2 × SAM (F), P-7-2 × SAM (M), Red Lady (F), 
Red Lady (H), P-9-5 (F) and P-9-5 (H). Twenty five 
seedlings were uniformly maintained under proper 
seedlings nutrition and intercultural operations in 
the net house. Only 20 seedlings were subjected 
for taking observations. For the tabulation and data 
analysis, in each genotype, data was collected on 
four seedlings and pooled for drawing a mean of one 
treatment. Seedlings were selected at random and 
tagged and transplanted in field adopting randomized 
block design.

Plant tissue were sampled from seedlings at 
10-leaf stage for estimating the chlorophyll contents 
-‘a’, ‘b’ and ‘total’ and ‘a/ b’ ratio as per the methods 
suggested by (Hiscox and Israelstam, 3). The total 
phenols were determined by Folin-Ciocalteau reagent 
method. The photosynthesis (A, µmol m-2s-1), stomatal 
conductance of water (gs, mol m-2s-1), PAR incidence 
on leaf surface (Q leaf, μmol m-2s-1) were measured 
by using IRGA (LCi-SD portable photosynthesis 
system). The leaf gas exchange parameters were 
also recorded at 3 leaf stage at 5 intervals from the 
individual plants across the genotypes and based 
on their sex expressed, four plants were selected for 
each replication. The observations were recorded at 
seedling stages and flowerings were also recorded 
later in the same plants to establish the relation and 
efficiency of various parameters in prediction of sex 
types.

RESULTS AND DISCUSSION
The efforts were made to identify morphological, 

physiological and biochemical parameters related to 
sex expression, the data present in Table 1 shows 
stem colour in papaya seedlings consisting of male, 
female and hermaphrodite plants. The greater number 
of productive plants were recorded based on their sex 
expression where light green stem colour at seedling 

stage in both Pusa Nanha and Red Lady. The male 
plant type had express all four colours of stem, i.e. 
Light green, green, purple and light purple in P-7-2 
× SAM which might be due to heterozygous nature 
of genotype where either parent contribute purple 
or light purple stem colour. The unique purple colour 
was noticed uniformly in P-9-5 seedlings and higher 
numbers of the hermaphrodite plants were observed 
in green purple colour at the base of the stem. Among 
the dioecious and gynodioecious genotypes, the light 
purple colour may be the useful morphological marker 
for the P-9-5 to enhance the prediction of female 
or hermaphrodite plants within the population. The 
concepts of botanical traits related to sex expression 
was described by Storey (10).

Data presented in Table 2 reveal a wide range 
of variation among the dioecious and gynodioecious 
plants. The maximum number of plants expressed 
their sex type in the range of 46-60° orientation. 
There was not a uniform trend of sex prediction in 
a particular range of orientation or in a particular 
genotype. However, maximum female plants were 

Table 2. Orientations of petiole with stem in relation to  sex expression at seedling stage in papaya.

Genotype Orientation (degrees)
41-45 46-50 50-54 54-60 60-64 65-70

Pusa Nanha (F) 0 2 3 4 2 1
Pusa Nanha (M) 0 1 3 2 1 1
P-7-2 × SAM (F) 0 1 2 4 2 0
P-7-2 × SAM (M) 1 3 4 2 1 0
Red Lady (F) 1 1 5 2 1 0
Red Lady (H) 1 2 2 4 2 0
P-9-5 (F) 1 3 2 4 2 1
P-9-5 (H) 0 1 2 3 2 0

Table 1. Stem colour of papaya seedlings in relation to 
sex expression.

Genotype Stem colour
Light 
green

Green Purple Light 
purple

Pusa Nanha (F) 7 5 0 0
Pusa Nanha (M) 4 4 0 0
P-7-2 × SAM (F) 5 3 0 1
P-7-2 × SAM (M) 3 7 1 1
Red Lady (F) 4 5 0 0
Red Lady (H) 6 5 0 0
P-9-5 (F) 0 0 4 9
P-9-5 (H) 0 0 4 3
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recorded in Pusa Nanha, P-9-5 and P-7-2 × SAM in 
(54-60°) for leaf orientation. The findings are in close 
conformity with report of Kumar (5). However, results 
are in partial conformity with earlier reports (Bojappa, 
2; Kumari, 5).

The data present in Table 3 shows the chlorophyll 
status in papaya seedlings of male, female and 
hermaphrodite forms. Chlorophyll ‘a’ content in leaf 
was recorded to be maximum (2.573 and 2.480 
mg/g f.wt.) in hermaphrodite plants of Red Lady 
and P-9-5, respectively followed by female plants 
of P-9-5 (2.303 mg/g f.wt.), Red Lady (2.293 mg/g 
f.wt.), Pusa Nanha (1.938 mg/g f.wt.) and P-7-2 × 
SAM (1.475 mg/g f.wt.), whereas the lowest was 
observed in male plants P-7-2 × SAM (0.520 mg/g 
f.wt.) followed by Pusa Nanha (0.328 mg/g f.wt.). 
However, there were significant differences for 
chlorophyll ‘a’ observed in Pusa Nanha, while in rest 
of the genotypes it was non-significant.

Among eight papaya plant types, chlorophyll ‘b’ 
content was recorded to be maximum 2.623 (mg/g 
f.wt.) in P-7-2 × SAM (F) followed by 2.418 mg/g 
f.wt.in Red Lady (F) and 1.108 mg/g f.wt. in Red 
Lady (H). There were no significant difference for 
chlorophyll ‘b’ content observed in Pusa Nanha and 
P-9-5, though minor differences among the sex types 
within the genotypes was noted.

Total chlorophyll content of papaya leaf was 
observed to be maximum in female plants of Red 
Lady (3.438 mg/g f.wt.) followed by P-7-2 × SAM 
(3.165 mg/g f.wt.), P-9-5 (1.853 mg/g f.wt.) and Pusa 
Nanha (1.645 mg/g f.wt.), whereas in hermaphrodite 
plants of Red Lady (2.285 mg/g f.wt.) and P-9-5 
(2.155 mg/g f.wt.), while lowest content in male 
plants of P-7-2 × SAM (0.608 mg/g f.wt.) followed by 
Pusa Nanha (0.470 mg/g f.wt.). There was significant 
difference for total chlorophyll in genotype P-7-2 
× SAM, though the rest of the genotypes showed 

non-significant differences. The results are in partial 
conformity with earlier reports (Jindal and Singh, 4; 
Bojappa, 2; Kumari, 5).

There was a clear trend of increasing levels of 
total phenols with the increase in plant age from 6- 
to 10-leaf stages across the genotype and sex type 
(Table 4). The phenolic level was significantly higher 
in the female plants followed by the hermaphrodite 
and male plants at different stages of the sexually 
undifferentiated papaya seedlings. The maximum 
leaf phenolic content (27.950 mg/100 g f.wt.) was 
observed in plant of the P-9-5 at 6-leaf stage followed 
by 24.575 mg/100 g f.wt. in Red Lady, 23.475 mg/100 
g f.wt. in P-7-2 × SAM and 24.025 mg/100 g f.wt. in 
Pusa Nanha among their female plants. However, 
there was non-significant difference recorded in male 
and female and female and hermaphrodite plants 
within a genotype at 6-leaf stage. The maximum 
phenolic content (31.050 mg/100 g f.wt.) in leaf was 
observed in plants of the P-9-5 followed by Red 

Table 3. Chlorophyll status in the leaf of papaya seedlings in relation to sex expression.

Genotype Chlorophyll ‘a’
(mg/g f.wt.)

Chlorophyll ‘b’
(mg/g f.wt.)

Total chlorophyll
(mg/gf.wt.)

Chlorophyll  
a:b ratio

Pusa Nanha (F) 1.938 0.753 1.645 2.865
Pusa Nanha (M) 0.328 0.333 0.470 0.673
P-7-2 × SAM (F) 1.475 2.623 3.165 0.630
P-7-2 × SAM (M) 0.520 0.378 0.608 1.383
Red Lady (F) 2.293 2.418 3.438 1.933
Red Lady (H) 2.573 1.108 2.285 3.743
P-9-5 (F) 2.303 0.780 1.853 2.950
P-9-5 (H) 2.480 1.015 2.155 2.595
LSD(p<0.05) 1.499 1.211 1.692 NS

Table 4. Total phenols leaf in relation to sex expression 
at different in stages of papaya seedlings.

Genotype Total phenols (mg/100 g f.wt.)
6-leaf 
stage

8-leaf 
stage

10-leaf 
stage

Pusa Nanha (F) 24.025 25.625 28.700
Pusa Nanha (M) 19.400 21.100 22.975
P-7-2 × SAM (F) 23.475 26.500 28.600
P-7-2 × SAM (M) 23.438 25.120 28.080
Red Lady (F) 24.575 25.825 30.675
Red Lady (H) 25.250 26.350 29.250
P-9-5 (F) 27.950 31.050 41.250
P-9-5 (H) 27.650 29.600 39.500
LSD (p<0.05) 4.638 4.590 6.172
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Lady (26.350 mg/100 g f.wt.), P-7-2 × SAM (26.50 
mg/100 g f.wt.) and Pusa Nanha (25.625 mg/100 g 
f.wt.) for the female plants at 8-leaf seedling stage. 
The range of phenolic content (28.70 to 41.25 
mg/100 g f.wt.) was 24 among the plant at 10-leaf 
stage of the sexually undifferentiated seedlings. 
The maximum total phenolic content (41.25 mg/100 
g f.wt.) was recorded in P-9-5 followed by in Red 
Lady (30.675 mg/100 g f.wt.), in P-7-2 × SAM (28.6 
mg/100 g f.wt.) and in Pusa Nanha (28.70 mg/100 g 
f.wt.) among female plants, whereas, it was minimum 
(22.975 mg/100 g f.wt.) in Pusa Nanha followed by 
in P-7-2 × SAM (28.08 mg/100 g f.wt.) among the 
papaya male seedlings. However, phenol content 
(29.25 and 39.50 mg/100 g f.wt.) was estimated 
in hermaphrodite plants of Red Lady and P-9-5, 
respectively compared to female plants but it was 
higher than male plants among the genotypes at 
10-leaf stage. The data (Table 3) further revealed 
that there was a significant difference among 
hermaphrodite plants in gynodioecious genotypes 
(Red Lady and P-9-5) and non-significant differences 
were recorded in male plants of dioecious genotypes 
(Pusa Nanha and P-7-2 × SAM) of the study. The 
findings are partially in accordance with the report 
of (Jindal and Singh, 4; Begum et al., 1).

Wide variation for stomatal conductance (0.28 to 
0.523 mmol m-²s-¹) among the investigated genotypes 
but was non-significant (Table 5). Among the female 
plants, the maximum stomatal conductance (0.523 
mmol m-²s-¹) was recorded in Red Lady followed 
by P-9-5 (0.353 mmol m-2s-1) and Pusa Nanha 
(0.325 mmol m-2s-1) and in P-7-2 × SAM (0.315 
mmol m-2 s-1). In case of hermaphrodite plants, the 
maximum stomatal conductance (0.435 mmol m-2s-1) 
was recorded in Red Lady followed by in P-9-5 
(0.280 mmol m-2s-1), whereas, minimum (0.268 mmol 
m-2s-1) was recorded in male plants of P-7-2 × SAM 

followed in Pusa Nanha by (0.283 mmol m-2 s-1). The 
analysis of the data suggests that higher stomatal 
conductance predicted feminism in papaya followed 
by hermaphroditism and masculinity in a population 
of a genotype.

There was a significant difference among the 
genotypes and sex forms genotype on photosynthesis 
rate of the papaya seedling with a wide range of 
variation (8.425 to 16.848 µmol CO2 m-2 s-1). The 
higher photosynthetic rate (16.848 µmol CO2 m

-2s-1) 
was recorded in Red Lady followed by in P-9-5 
(14.648 µmol CO2 m

-2s-1), Pusa Nanha (11.825 µmol 
CO2 m-2s-1) and in P-7-2 × SAM (9.555 µmol CO2 
m-2s-1) among the female plants studied. The analysis 
of data suggests that photosynthetic rate was lower 
in case of hermaphrodite and male plants within a 
genotype. Similar findings were reported (Begum et 
al., 1) for sex differentiation in papaya (Sánchez-Vilas 
and Retuerto, 7). They reported that sex-specific 
variations in eco-physiological traits in response to 
water availability determine the performance of each 
sex in different habitats

From the above discussion, it is concluded that the 
purple stem colour in the seedling predicted female 
sex form in P-9-5 papaya line. Among physiological 
parameters, higher leaf chlorophyll ‘a’ content (2.573 
mg/g f.wt.) hermaphrodite type sex plants in Red 
Lady and P-9-5 and lower level for male plants. The 
phenolic level in the leaf was significantly higher in 
the female plants followed by the hermaphrodite and 
male plants at seedling stage. The higher stomatal 
conductance indicated female sex form in papaya 
followed by hermaphrodite plants.
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INTRODUCTION
Cashew (Anacardium occidentale L.), a member 

of Anacardiaceae family, is native of Brazil and 
introduced to India by Portuguese during Sixteenth 
century. Presently, total cashewnut production in the 
country is 7.28 lakh tonnes from an area of 9.82 lakh ha 
with productivity of 772 kg ha-1 (Saroj et al., 10). There 
is a wide gap between the present level of productivity 
(722 kg/ha) and potential productivity (2 tonnes ha-1). 
This is practically due to large scale senile plantation 
of old as well as inferior varieties and non adoption of 
scientific management practices in traditional cashew 
growing areas of the country. In fact, the poor nut yield 
levels remains a major challenge to both the producer 
as well as processor in cashew industries around the 
world in general and India in particular. Therefore, 
development of stable high yielding varieties to 
improve nut production will play a very vital role in 
achieving sustainability in cashew production. In 
general, there is a lack of information on cashew 
genetic resources to exploit them in crop improvement 
programme (Dhanraj et al., 4; Aliyu and Awopetu, 1; 
Desai et. al., 3). Further, information on performance 
of cashew genotypes in different environments, i.e. 

G × E that could influence the phenotypic stability is 
not available. Therefore, it is very essential to identify 
superior genotypes exhibiting improved adaptation in 
general or specific environments. The study of stability 
in performance of a genotype is the most important 
factor to measure genotype × environment interaction 
before it is released for wide cultivation. An array of 
techniques is available for the study of genotype 
× environment interaction such as an analysis of 
variance, linear regression, multivariate analysis, 
ranking and other parametric tests. The multivariate 
statistics which includes the AMMI (additive main 
effect and multiplicative interaction) is now widely 
accepted but the mathematical complexity still makes 
the univariate methods a preferred choice. One of the 
methods commonly used, is a conventional analysis of 
variance followed by a joint regression analysis. This 
technique was first proposed by Yates and Cochran 
(11) later modified by Finlay and Wilkinson (7) and was 
further refined as well as adopted by other workers 
(Eberhart and Russell, 5). A major advantage of this 
technique is that it provides a visual picture as well 
as a summary and thus the approach is favoured 
because of its inherent appeal. The present study 
was carried out to determine the magnitude of G 
× E interaction variation in cashew for yield and its 
yield attributing characters, thereby determining 

Stability analysis for nut yield and component traits in cashew 
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Thirteen cashew genotypes developed at different Cashew Research Stations of India, i.e. NRCC Sel.-1, 

NRCC Sel.-2, M 44/3, M 15/4, BPP 3/33, BPP 10/19, BPP 30/1, BPP 3/28, H- 303, H-320, H-255, H-367 and H-68 
were planted at 7.5 m apart during 1994 at Cashew Research Station, AICRP on Cashew, Orissa University of 
Agriculture and Technology, Odisha. Observations on various parameters like plant height (m), trunk girth (cm), 
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shelling percentage and nut yield plant-1 (kg) were recorded on four plants of each varieties for 14 years. Stability 
parameters for different characters were computed using the regression approach. There were considerable 
variations in yield and its contributing traits within genotypes, years and genotype × year interactions. Estimates 
of stability parameters revealed that no single genotype was stable for all the traits under study. The stability 
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coefficient around unity but the deviation from regression line was significantly different from zero. Whereas, 
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stability of genotypes over different years in a given 
location. Hence, the most stable genotype could be 
recommended for cultivation and it can also be used 
as parent in breeding programmes for its existing 
genetic potential. 

MATERIALS AND METHODS
The investigation was carried out at Cashew 

Research Station operating under AICRP on Cashew 
of OUA&T, Bhubaneswar, Odisha during 1994 to 2011. 
The experimental area is located 25.5 m above mean 
sea level at 20° 15’ North latitude and 82° 52’ East 
longitudes. The soil of experimental site is red lateritic 
with pH ranges from 5.0 to 5.3. Average annual rainfall 
of the region is 1380 mm. The mean minimum and 
maximum temperatures are 15° and 40°C, respectively. 
The mean humidity ranges from 42 to 85%. Thirteen 
genotypes developed at different Cashew Research 
Stations of India, viz., NRCC Selection-1, NRCC 
Selection-2 (DCR, Puttur, Karnataka); M-44/3, M-15/4 
(Vridhachalam, Tamil Nadu); BPP- 3/33, BPP-10/19, 
BPP-30/1, BPP-3/28 (Baptala, Andhra Pradesh) and 
H-320, H-255, H-367, H-68 (Vengurle, Maharashtra) 
were planted at 7.5 m apart during 1994 for the present 
study. Each treatment comprised of four plants of 
similar age group. The experiment was laid out in 
Randomized Block Design and replicated thrice. The 
plantation was raised under rainfed conditions and 
all recommended package of practices were adopted 
uniformly including nutrition (500:250:250 g NPK/ plant/ 
year) and plant protection measures. Observations on 
various parameters like plant height (m), trunk girth 
(cm), canopy spread both in East-West and North-
South (m), flowering laterals per meter square, average 
nuts panicle-1, nut weight (g), apple weight (g), shelling 

percentage and nut yield plant-1 (kg) were recorded 
on four plants of each varieties for 14 consecutive 
years. Stability parameters for different characters 
were computed with regression approach (Eberhart 
and Russell, 5) using statistical software (SPAR-2).

RESULTS AND DISCUSSION
The results obtained during the course of this 

investigation have been put to stability analysis and 
presented in Table 1. The data on analysis of variance 
revealed significant difference among genotypes and 
environments for all the traits studied suggesting 
the presence of variability among genotypes as 
well as environments. Significant mean squares for 
genotype × environment interactions were observed 
for all the traits indicating inconsistent phenotypic 
response of the tested genotypes across the temporal 
environments, which may cause selection made in one 
environment to perform poorly in other environments 
(Romagosa and Fox, 9). However, a proper dissection 
of the G × E interaction often leads to identification 
of genotypes possessing either specific or broad 
adaptation. Besides, this ensures that genotypes are 
recommended for where they are best suited, thereby 
alleviating unpredictable performance (Dashiell et 
al., 2). Significant mean squares due to environment 
(linear) indicated considerable differences among 
environments and their predominant effect on all the 
traits. Genotype × Environment (linear) interaction 
was significant for all the traits emphasizing the 
importance of linear regression in the prediction 
of these traits with some reliance under different 
environments. The mean square due to environment 
+ (genotype × environment) was significant for all 
the traits. It showed that there was considerable 

Table 1. Analysis of variance for stability in cashew nut.

Sources of 
variation

df Mean square values
Plant 
height 

(m)

Trunk 
girth 
(cm)

Canopy 
spread

(E-W) (m)

Canopy 
spread

(N-S) (m)

Flowering 
laterals 
per m2

Nut 
wt.  
(g)

Nuts/ 
panicle

Shelling 
(%)

Apple 
wt. 
(g)

Nut yield/ 
plant  
(kg)

Genotype 12 3.41** 1506.79** 14.15** 13.14** 56.16** 23.8** 5.96** 6.63** 2728.34** 39.57**

Environment 13 17.82** 6667.46** 56.08** 55.64** 280.09** 1.62** 1.13** 3.98** 739.96** 22.08**

G × E 156 0.05** 15.99** 0.13** 0.18* 14.55** 0.27** 0.31** 0.9- 91.88** 2.58**

Env. + (G × E) 169 1.41 527.64 4.43 4.44 34.98 0.37 0.37 1.14 141.73 4.08
Env (linear) 1 231.74 86677.34 729.08 723.34 3641.29 21.13 14.71 51.77 9619.41 287.05
G × E (linear) 12 0.39** 166.92** 0.96** 1.35** 31.93** 0.48** 0.75** 1.85** 206.66** 8.86**

Pooled 
deviation

156 0.02 3.15 0.05 0.07 12.1** 0.23** 0.25** 0.76** 75.98** 1.9**

Pooled error 364 0.02 4.71 0.06 0.11 3.01 0.06 0.14 0.46 13.27 0.22
**Significant at 1% level



13

Stability Analysis for Nut Yield in Cashew

interaction of genotype with environment in different 
years. Significant pooled deviations for all the traits 
indicated predominance of non linear component 
in the manifestation of genotype × environment 
interaction. 

As per the Eberhart and Russell model, a 
variety is considered to be stable if it shows high 
mean performance with unit regression co-efficient 

(bi = 1) and minimum deviation (non-significant) 
from the regression line (S2di = 0). Estimation of 
stability parameters (Table 2) revealed that no 
single genotype was stable for all the traits in the 
present study. The stability parameters for nut yield 
indicated that genotype H-320 followed by H-367 
and BPP-3/33 were the stable genotypes among 
the group as they showed high per se performance 

Table 2 (a). Stability parameters of cashew genotypes for vegetative traits.

Genotype Plant height (m) Trunk girth (cm) Canopy spread (E-W) (m) Canopy spread (N-S) (m)
Xi bi S2di Xi bi S2di Xi bi S2di Xi bi S2di

NRCC Sel-1 4.92 1.13 0.025 68.36 0.88 -3.18 6.87 1.21 0.07 7.87 1.11 -0.08
NRCC Sel-2 4.36 1.04 -0.006 67.21 0.99 -2.45 7.51 1.13 -0.005 7.44 1.11 -0.06
M 44/3 4.45 0.83 -0.009 58.31 0.63 -0.64 5.79 0.80 -0.004 5.84 0.95 -0.05
M 15/4 4.77 0.89 -0.012 69.05 0.97 -0.93 7.73 0.91 -0.013 8.02 1.03 -0.07
BPP 3/33 5.65 1.04 0.006 83.31 1.16 -1.83 8.53 0.92 0.006 8.73 0.96 -0.05
BPP 10/19 5.38 0.95 -0.002 82.07 1.06 -0.92 9.02 0.94 0.006 9.14 1.07 -0.07
BPP 30/1 5.13 0.74 0.003 79.52 1.09 -2.25 8.44 0.90 -0.002 8.41 0.93 -0.06
BPP 3/28 5.52 0.92 -0.005 79.18 1.05 -1.67 9.1 1.05 -0.035 8.93 0.98 -0.09
H 303 5.5 0.87 -0.014 69.79 0.89 2.18 8.7 1.03 -0.023 9.23 1.14 -0.06
H 320 5.27 1.31 0.022 65.45 1.07 -2.87 8.88 1.05 0.041 9.08 1.18 -0.01
H 255 5.97 1.06 -0.01 99.44 1.28 0.87 9.36 0.93 0.003 9.52 0.86 -0.15
H 367 5.29 1.09 0.003 73.61 0.94 -3.21 8.54 0.85 -0.053 8.2 0.58 -0.09
H 68 5.79 1.08 -0.009 74.45 0.92 -3.32 8.44 1.21 -0.034 8.41 1.05 -0.06
SE(m) ± 0.04 0.03 NS 0.49 0.02 NS 0.07 0.10 NS 0.07 0.04 NS

Table 2(b). Stability parameters of cashew genotypes for yield and yield attributing traits.

Genotype Flowering laterals/ 
m2

Nut wt.  
(g)

Nuts/ panicle Shelling  
(%)

Apple wt.  
(g)

Nut yield/ plant 
(kg)

Xi bi S2di Xi bi S2di Xi bi S2di Xi bi S2di Xi bi S2di Xi bi S2di

NRCC Sel -1 17 0.74 11.17 7.97 1.57 0.08 2.1 1.2 -0.03 30.64 0.38 -0.26 65.6 0.6 63.9 3.1 0.97 1.21

NRCC Sel -2 21.5 1.27 0.46 8.82 0.76 0.18 2.8 0.54 0.11 29.95 0.76 0.02 69.0 1.27 54.1 6.87 2.13 2.89

M 44/3 24.8 1.57 11.09 5.49 -0.26 0.04 4.1 -0.41 0.04 29.16 1.26 -0.16 33.5 -0.05 3.54 2.68 0.4 0.18

M 15/4 21.3 1.17 10.93 6.89 1.37 0.43 2.3 1.88 0.22 29.81 1.83 0.21 59.4 1.01 12.5 2.52 0.35 0.33

BPP 3/33 21.4 1.54 22.38 6.51 1.06 0.31 2.8 0.13 0.01 30.9 2.1 1.5 56.4 1.3 136.9 4.23 0.98 0.36

BPP 10/19 19.2 0.8 6.68 6.44 1.14 0.07 2.7 0.92 -0.03 29.59 0.83 0.10 55.1 1.0 23.65 3.22 0.67 0.38

BPP 30/1 20.7 0.77 9.58 6.31 1.48 0.21 3.8 0.83 0.41 28.83 2.18 1.23 45.2 1.44 32.9 5.10 0.44 3.02

BPP 3/28 18.6 0.64 18.73 7.67 1.22 0.22 2.9 1.03 0.16 30.19 1.32 -0.08 62.1 1.28 65.17 3.94 0.6 2.03

H 303 21.3 0.55 3.42 8.3 1.35 0.41 3.2 0.31 0.06 29.64 0.72 0.57 60.2 0.1 105.7 7.42 1.79 1.09

H 320 21.5 1.14 4.82 8.2 1.38 0.02 2.7 0.96 0.27 29.19 0.38 0.65 66.2 1.21 43.5 5.59 1.24 4.56

H 255 21.9 0.64 11.21 9.45 1.19 0.31 1.8 2.86 0.16 30.61 0.51 -0.18 68.7 0.7 42.4 2.72 0.34 0.59

H 367 23.4 1.06 6.36 9.86 0.25 0.00 2 1.32 0.09 28.76 0.51 -0.19 94.1 1.6 156.4 4.65 1.01 2.71

H 68 22.2 1.05 1.29 8.25 0.45 -0.50 2.7 1.73 -0.08 30.02 0.16 -0.48 64 1.6 74.08 6.46 2.03 2.45

SE(m) ± 0.96 0.21 0.13 0.38 0.1 0.47 0.24 0.44 2.42 0.32 0.96 0.21
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along with regression co-efficient around unity 
but the deviations from the regression line were 
significantly different from zero. A high value of 
S2di indicates a more significant deviation from 
regression and unsatisfactory stability of the studied 
genotypes. Significant S2di is less important than bi 
in heterozygous genotypes (Fakorede and Mock, 
6) like cashew. The genotype H-303 exhibited the 
highest per se performance followed by NRCC Sel.- 2 
and H-68 but regression co-efficient was above unity 
with significant S2di, indicating adaptability of these 
genotypes (high sensitivity, below average stability) 
to favorable environment, i.e. climatic factor of a year. 
Rest of the genotypes was unsuitable with low mean 
performance, bi< 1 and significant S2di.

For nut weight only genotype H-320 exhibited 
high nut weight with regression co-efficient around 
unity and S2di non-significant. Thus, H-320 was 
considered to be stable genotype for exhibiting 
large nut weight over the years. The genotypes like 
H-255, H-303 and NRCC Selection- 2 exhibited 
large nut weight, bi around unity but significant S2di, 
which implies the predominance of environment 
effect on these genotypes. High mean performance 
of H-367 and NRCC Selection-1 for nut weight 
was observed. But bi value >1 of NRCC Sel.-1 
implies high sensitivity and adaptability to favourable 
environmental years and bi <1 of H 367 implies 
greater resistance to environmental changes and 
adaptation to unfavourable environmental years.

Highest number of nuts panicle-1 exhibited 
by M-44/3 and it was suitable to unfavorable 
environmental condition. Genotype BPP-30/1 with 
more number of nuts panicle-1, exhibited bi around 
unity and significant S2di, was less predictable for its 
stability. Genotype H-303 produced more number 
of nuts panicle-1, but bi<1 with S2di=0 implies its 
adaptability to unfavorable environment. The high 
yielding stable genotype, H-320 exhibited less 
number of nuts panicle-1 but stable over years. The 
apple weight was not predictable due to significant 
S2di, for all genotypes under study. NRCC Selection-2, 
H-320 and H-255 exhibited high apple weight, which 
was stable over the environments. H-367 and H-68 
were adaptable to favourable environmental condition 
for high apple weight.

Among all the genotypes, H-68 was predictable 
for its stability in exhibiting more number of flowering 
laterals with high mean performance and non-
significant S2di. M-44/3 exhibited the highest number 
of flowering laterals adaptability to favorable years. 
The only genotype exhibited consistently high, stable 
and predictable shelling percentage was BPP-3/28. 
Other genotypes such as NRCC Sel.-1, H-255 and 
H-68 exhibited high and stable shelling percentage 

over years but adaptable to unfavourable environment. 
BPP-3/33 exhibited high shelling percentage and 
adaptable to favourable environment.

For all vegetative growth characters like plant 
height, trunk girth, canopy spread in E-W and N-S, 
all most all the genotype can be predicted due to 
non significant S2di. A good number of genotypes 
were found to be stable in canopy spread East- 
West direction, while few genotypes were stable for 
their canopy spread in North-South direction. BPP-
3/28 and BPP-3/33 were stable in canopy spread 
in all directions. All the genotypes were unstable 
for plant height and trunk girth due to their growth 
over environment (years). Genotypes BPP-3/33, 
BPP-10/19, BPP- 3/28 and H-255 exhibited good 
growth for both plant height and trunk girth. BPP-
30/1 exhibited high trunk girth without corresponding 
increase in plant height. H-303, H-320, H-367 and 
H-68 were increased in plant height over years 
without increase in corresponding trunk girth. This 
indicates the genotypic improvement of cashew in 
plant architecture at Vengurle (Maharashtra) and 
Baptala (Andhra Pradesh) are different.

Since none of the genotypes was found suitable 
for the entire yield and its component traits over all 
the years, the correlation studies of the traits would 
further reveal the traits which are more related to yield 
and with stable genotype. None of the traits were 
found significantly correlated with yield (Table 3). 
However, with yield, highest correlation coefficient 
r = 0.364 was observed by nut weight among all 
the component traits followed by canopy spread in 
east-west direction and apple weight. Correlation 
coefficient of nut weight was significantly negative 
with nuts per panicle and uncorrelated with shelling 
percentage. This finding suggested that any positive 
increase in nut weight will give kernel of large size. 
Large kernel being the most economic and quality 
trait of cashew, indirect selection for large nut size is 
desired in the breeding programme. Strong positive 
correlation of nut weight with apple weight suggested 
that selection of genotype stable for nut weight and 
apple weight as well as nut yield would lead to identify 
the best performing one for future use. All the four 
vegetative traits exhibited strong positive correlations 
out of which only trunk girth was negatively related 
with yield.

The present study indicated that genotype H-320 
with high mean, stable and predictable nut yield 
and nut weight but with low shelling percentage, 
low nuts/ panicle, high apple weight and average 
flowering laterals. In vegetative growth traits, H-320 
exhibited high mean and stable performance in 
canopy spread with high plant height but poor trunk 
girth. Though, low mean performance for nut yield, 
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BPP-3/33 and BPP-3/28 exhibited high shelling 
percentage with high mean performance for all 
vegetative growth characters. Thus, for development 
of high yielding stable genotypes H-320 and for 
high shelling percentage, BPP-3/33 and BPP-3/28 
could be used as parents in breeding programme. 
H-320 can be recommended for cultivation as it is 
moderately stable in yield and component characters 
and assume to perform well across a wide range of 
environments in farmers field. 
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INTRODUCTION
The litchi (Litchi chinensis Sonn.), which belongs to 

family Sapindaceae, is a highly valued fruit throughout 
the world. It is very specific to its climatic and soil 
requirements and probably due to this reason the 
cultivation of litchi is restricted to the few countries in 
the world. Litchi is commercially propagated by air-
layering. However, several factors have restricted the 
expansion of litchi production to serve the world market 
with fruits in great quantity and excellent quality. Among 
the factors low quantity and quality of planting material 
and problems in the field establishment with plants 
produced by air-layering, are some of the negative 
factors that hinder the rapid increase of production 
(Zaccaro et al., 10). Some of other factors that hinder 
the rapid expansion of area through air-layering are 
high mortality of newly established plants under water 
and nutrient stress conditions, besides mass uprooting 
of plants due to heavy wind. In the absence of tap 
root, the litchi plants are unable to exploit the deep 
water. According to Mee (5), air-layering is a method 
that enables a small amount of maiden trees to be 
produced per mother plant, hence it needs a large 
number of mature stock plants in order to obtain a 
significant number of maiden trees. However, using 
grafting on a small area with few mother plants, it 
will be possible to produce thousands of maiden 
trees of good quality. Thus, the growing interest in 

the cultivation of litchi has provoked critical thinking 
to search for more efficient methods of propagation 
by grafting or budding and in vitro propagation, the 
development of hybrid rootstocks, use of dwarfing 
rootstocks to allow high density planting and study of 
compatibility between rootstock and cultivar (Ghosh 
and Bhavan, 2). The percentage of successful grafting 
in litchi is highly variable and often is low, probably due 
to the incompatibility of the rootstock and the graft, 
poor contact of cambium, grafting at inappropriate 
physiological stage, and failure in the management 
of the plants after grafting (Menzel, 6). Grafting under 
Indian conditions has not yet been standardized till 
date, attempts are sporadic and the rate of success 
is very low (Pandey and Sharma, 7; Martins et al., 
4). Hence, the present investigation was carried out 
to achieve success in grafting in litchi through prior 
girdling of scion shoot.

MATERIALS AND METHODS
This study was carried out in the Research Farm, 

ICAR-RCER, Research Centre, Ranchi during the year 
2015-2016. For raising rootstock, ripe fruits of litchi 
cv. Shahi were harvested. The seeds were soaked 
in water for 24 h for enhancing germination. Sowing 
was done on 4 June, 2013 in plastic bags filled with a 
mixture of soil, FYM, sand (1:1:1) and 200 g of single 
superphosphate per cubic metre of potting mixture. 
Two-year-old generative rootstocks of the litchi were 
used for grafting. Scionstick used was from vigorous 
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ABSTRACT
The present experiment was conducted at the Research Centre, Ranchi of the ICAR Research Complex for 

Eastern Region, during the period from June, 2015 to December, 2016 to investigate the effect of girdling and 
defoliation of scion shoot on the success and growth of grafts in litchi cv. Shahi. The branches were girdled 
(removing of 3 mm ring from branches of 40-50 mm girth) one month before the collection of scion sticks for 
grafting. Defoliation was performed 7 days before the collection of scionsticks. Wedge grafting was performed under 
shadenet with temperature ranging from 26-32°C and RH 70-80%. The graft take success and vegetative growth 
were markedly improved as a result of girdling and defoliation. Among the different treatments, the minimum time 
required for bud sprout (15.40 days), highest scion height (24.25 cm), scion girth (7.14 mm), number of sprouts per 
graft (2.64), sprout length (4.80 cm), number of compound leaves (8.34), rachis length (9.33 cm), leaflet length (9.37 
cm), leaflet width (3.37 cm) and graft success (56.43%) were observed in girdling + defoliation treatment. Scion 
which had higher girth after grafting was positively correlated with the number of compound leaves, leaflet length 
and leaflet width. The highest graft success rate (70.83%) was recorded during July. Hence, it was concluded that 
girdling of branches on scion varieties, one month prior to collection of scionstick and defoliation atleast 7 days 
before the collection, can enhance the success rate of grafting and plant growth of grafts in litchi.
Key words: Defoliation, grafting, girdling, litchi.
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flushes of terminal shoot with prominent axillary buds. 
Scion stick of 10 cm long with at least two slightly 
swollen buds was selected. The parent trees from 
which the scion stick was collected had been forced into 
vigorous growth by ample quantity of fertilizers, water 
and pruning. There were three treatments comprising 
girdling with defoliation (T1), Defoliation (T2) and control 
(T3). The branches were girdled (removing of 3 mm ring 
from branches of 40-50 mm girth) one month before 
the collection of scion sticks for grafting. Defoliation 
(removal of leaf blades with petioles intact on the 
shoot) was performed 7 days before the scion wood 
collection. Scion wood excised from non-girdled twigs 
and defoliated just prior to grafting served as control. 
Wedge grafting was performed under shadenet with 
temperature ranging from 26-32°C and RH 70-80%. 
Grafting was carried out starting last week of July, 2015. 
The union point was wrapped with a plastic strip. The 
exposed part of the scion above the wrapping area was 
covered by a small plastic cap. The grafted plants were 
maintained under natural shade nethouse conditions. 
Observations were recorded on graft success (%), 
number of days required for bud sprouting, number 
of sprouts/ graft, scion length (cm), scion girth (mm), 
sprout length (cm) and compound leaf characteristics, 
viz., number of total compound leaves per graft, rachis 
length (cm), leaflet length (cm), leaflet width (cm) and 
leaflet length to width ratio were recorded four month 
after grafting. After standardization of grafting technique 
in the first year, the appropriate month for grafting was 
then standardized during March to October, 2016. 
For this nearly one-year-old rootstock was used. 
The grafting was performed during first week of each 
month from March to October, 2016. The branches 
were girdled (removing of 3 mm ring from branches 
of 40-50 mm girth) one month before the collection of 
scion sticks for grafting. The success percentage was 
calculated two-month after grafting.

The experiment was set up under randomized 
block design. There were three replications, which had 
125 grafts each. Different parameters were statistically 
analyzed for analysis of variance (ANOVA). Means were 
separated using Fisher's Least Significant Difference 
at 5 per cent level of significance. Correlation between 
the different parameters was determined at 5 and 1% 
levels of significance.

RESULTS AND DISCUSSION
Data on days taken for bud sprouting and success 

rate are presented in Table 1. Scion bud sprouting was 
earliest in treatment comprising girdling + defoliation 
(15.40 days), while it took 28.76 and 30.18 days 
only defoliation and control treatment, respectively. 
The graft success percentage was much higher in 
the girdling + defoliation treatment when compared 
with other treatments. The maximum graft success 
(56.43%) was recorded with girdling + defoliation 
treatment, whereas, defoliation resulted in higher 
success rate (43.06%) than the control (35.27%). It 
might be due to the favourable physiological condition 
of scion, which lead to better union of stock and scion 
and thereby making the nutrient and carbohydrate 
supply at desired level. Earlier, Pandey and Sharma 
(7) mentioned that the success rate with budding 
and grafting was usually less than 20%; however, in 
Hawaii, up to 80% of unions were successful when 
the scion wood (17 mm wide) was ringed (3 mm) 3-4 
weeks before grafting. Xian Quan (9) also reported 
the highest graft success in "Feizixiao" (86.6%), 
"Guihuaxiang" (74.6%) and "Guifeihong" (71.3%) 
under south China conditions.

Scion height, scion girth, number of sprout per 
graft and sprout length as depicted in Table 2, are the 
important parameter of a successful graft. It is evident 
from the data that girdling and defoliation accounted for 
significant variation in these parameters. In the current 
study, scion height was significantly higher (24.25 cm) 
with girdling + defoliation treatment than defoliation 
and control treatment. Girdling along with defoliation 
treatment also recorded the maximum scion girth (7.14 
mm), whereas, defoliation and control treatment found 
to be at par for scion girth. Number of sprout per graft 

Table 1. Effect of girdling and defoliation on litchi grafts 
success and first initiation of sprouting.

Treatment Days required 
for sprouting

Graft success 
(%)

Girdling + Defoliation 15.40c ± 2.45 56.43a ± 3.46
Defoliation 28.76a ± 4.52 43.06b ± 5.32
Control 30.18a ± 5.87 35.27c ± 7.23

Table 2. Effect of girdling and defoliation on litchi grafting performance. 

Treatment Scion height (cm) Scion girth (mm) No. of sprouts /graft Sprout length (cm)
Girdling + Defoliation 24.25a ± 2.19 7.14a ± 0.59 2.64a ± 0.28 4.80a ± 0.81
Defoliation 16.95b ± 2.94 5.93b ± 0.21 1.50b ± 0.58 2.31b ± 0.81
Control 13.75b ± 2.63 5.67b ± 0.87 1.50b ± 0.58 1.21b ± 0.62

Data represent the mean ± standard deviation. Means within a column that did not differ significantly at 5% level of significance when 
compared with Fisher's Least Significant Difference are followed by the same superscript letters.
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and sprout length was registered significantly maximum 
under the girdling + defoliation treatment. Girdling 
restricts the flow of carbohydrate in the lower part and 
reserves it in the scion wood, whereas, defoliation leads 
to higher meristamatic activity at the bud level and 
both combination is the sole cause of better grafting 
performance in girdling along with defoliation.

Girdling and defoliation showed significant 
variation in compound leaf characteristics. Total 
number of compound leaves were higher in girdling + 
defoliation treatment, i.e. 8.34. Girdling combined with 
defoliation produced the higher rachis length (9.33 cm) 
than defoliation and control treatment. Average leaflet 
length and width was also higher in case of girdling 
+ defoliation treatment and it was 9.37 and 3.37 cm, 
respectively. Eralier, Sutarto and Anwarudin (8) found 
the highest graft success, the earliest time for scion 
bud break, leaf emergence and leaf number by prior 
girdling (4 weeks before grafting) of scion in soursop. 
Chen (1) also reported compatible combinations had 
higher SOD, POD and PPO activities than that in the 
incompatible ones.

Data in Table 4 show the correlation among the 
important variable used for grafting. The highest 
significant positive correlation was observed between 
scion height and shoot length (r = 1.00, p≤0.01), scion 
girth and No. of compound leaf (r = 1.00, p≤0.01) and 
between No. of compound leaf and leaflet width (r 
= 1.00, p≤0.01). Scion which had higher girth after 

grafting was positively correlated with the number 
of compound leaves, leaflet length and leaflet width. 
Carbohydrate, the main energy source for plant 
activity is thought to be one of the limiting factors in 
the successful vegetative propagation of plants. Higher 
accumulation of carbohydrates above the girdled point 
contributes towards good leaf characteristics, which 
leads to higher success rate of grafting.

Grating at different time showed highly significant 
effect on bud take success. The highest graft survival 
(70.83%) was recorded during July (Fig. 1). Grafting 
during June and August showed 58.33 and 62.50% 
success rate, respectively. The highest graft success 
rate was in July followed by in August and June might 
be due to the high relative humidity prevailing during 
rainy season, which might have favoured the graft 
union. Islam et al. (3) also reported similar findings in 
mango grafted by modified cleft and veneer grafting. 
The different stages of grafting in litchi performed 
with pre-girdled and defoliated scion sticks is shown 
in Fig. 2.

From the present study, it is obvious that pre-
girdling (30 days) and defoliation (7 days before 
grafting) had significant effect on different growth 
parameters of litchi grafts and grafting during July 
performed under 50% shadenet conditions produced 
the highest successful grafts. Thus, this straitegy 
could be adopted commercially for expansion of 
litchi area.

Table 3. Effect of girdling and defoliation on compound leaf characteristic in litchi graft.

Treatment No. of compound 
leaves/ graft

Rachis length 
(cm)

Leaflet length 
(cm)

Leaflet width 
(cm)

Leaflet length: 
width ratio

Girdling + Defoliation 8.34a ± 0.98 9.33a ± 1.29 9.37a ±0.97 3.37a ± 0.22 2.78a ± 0.14
Defoliation 5.35b ± 0.82 6.18b ± 1.14 6.78b ± 0.54 2.53b ± 0.26 2.70a ± 0.31
Control 4.80b ± 0.91 6.45b ± 0.48 6.47b ± 0.49 2.39b ± 0.20 2.72a ± 0.31

Data represent the mean ± standard deviation. Means within a column that did not differ significantly at 5% level of significance when 
compared with Fisher's Least Significant Difference are followed by the same superscript letters.

Table 4. Correlation among the different parameters associated with grafting in litchi.

Parameter SH SG NOS SL NOCL RL LL LW
SH -
SG 0.991NS -
NOS 0.955NS 0.986NS -
SL 1.000** 0.991NS 0.954NS -
NOCL 0.988NS 1.000* 0.990NS 0.987NS -
RL 0.929NS 0.970NS 0.997* 0.928NS 0.975NS -
LL 0.979NS 0.998* 0.995NS 0.979NS 0.999* 0.985NS -
LW 0.986NS 0.999* 0.991NS 0.985NS 1.000** 0.978NS 0.999* -

*,** = Significant at 5 and 1% levels of probability; SH = Scion height, SG = Scion girth, NOS = No. of shoots, SL = Shoot length, NOCL 
= No. of compound leaf, RL = Rachis length, LL = leaflet length, LW = Leaflet width
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Fig. 1. Effect of time of grafting on success percentage in litchi. Data represent the mean ± standard deviation. Means 
within a column that did not differ significantly at 5% level of significance when compared with Fisher's Least 
Significant Difference are followed by the same superscript letters.

Fig. 2. Different stages of wedge grafting in litchi cv. Shahi. 
(a) Girdled branch in scion mother tree, (b) Bud 
sprouting, (c) Scion union, (d) Immature graft, (e) 
Mature grafted plant, (f) Grafted plant in the field.
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INTRODUCTION 
Mycorrhizal associations vary widely in structure 

and function, but the most common interaction is 
the arbuscular mycorrhizal (AM) symbiosis. This 
interaction is formed between the roots of over 80% 
of all terrestrial plant species. These fungi are termed 
AM fungi and are obligate symbionts which form 
endomycorrhizal symbioses. Filamentous fungi are 
widely used as producers of organic acids, particularly 
black Aspergillus and some species of Penicillium, 
these species have been tested for solubilization 
(Yadav et al., 15) and have been reported for various 
properties of biotechnological importance, such as, 
biocontrol, biodegradation, phosphate solubilization 
(Pandey et al., 8). Survival of in vitro raised mango 
plantlets can be effectively increased by using bio-
agents known to have symbiotic association with 
roots and found to be beneficial. This symbiotic 
relationship stimulates growth and development 
of plantlets by increasing the absorption of water 
and immobile nutrients and also increases drought 
tolerance and minimise disease incidence. There are 
a few reports of the response of mango crop to AM 
fungal inoculation. Recent studies have also shown 
that root longevity, morphology and structure of host 
plants are affected by mycorrhization (Hodge et al., 
4). The present investigation was conducted to find 
the biochemical changes brought about by bio-agents 

inoculation in order to understand the possibility of 
existence of other mechanism for enhanced plant 
survival during bio-hardening.

MATERIALS AND METHODS
The present study was carried out on in vitro 

in-ovulo embryo cultured plantlets of mango 
genotypes namely, Amrapali, Hybrid 8-11 and Pusa 
Arunima at the Division of Fruits and Horticultural 
Technology, ICAR-IARI, New Delhi. The in vitro 
raised embryo cultured plantlets were subjected to 
bio-agent treatments during hardening. Cultures of 
arbuscular mycorrhizal fungi (AMF), namely, Glomus 
intraradices (T1), Gigaspora margarita (T2), Glomus 
fasciculatum (T3), Nutrilink® (T4, obtained from 
Division of Microbiology, ICAR-IARI, consortium of 
Glomus mosseae, G. fasciculatum and Gigaspora 
margarita) and Aspergillus niger (AN-27) (T5) were 
used in cocopeat + perlite medium for bio-hardening 
of embryo cultured mango plants. Pure cultures of 
arbuscular mycorrhizal fungi (AMF) and Aspergilus 
niger were procured from Division of Microbiology 
and Division of Pathology ICAR-IARI, New Delhi. 
Bio-agent treatments consisted of approximately 
20 g inoculum (containing rhizosphere soil, spores 
besides hyphae, arbuscules and vesicles (for AMF) 
and root segments of Bahia grass). The soil based 
AMF cultures were maintained under glasshouse 
conditions in plastic pots containing Bahia grass 
(Paspalum notatum) grown on sterile potting mixture 
(Soil: sand: FYM, 2:2:1). Potting mixture was sterilized 
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in autoclave (Sanco Pvt. Ltd.) at 121°C and 151 lb/
in2. Microbial treatments consisted spores besides 
hyphae, arbuscules and vesicules (of AMF) and root 
segments of host plant, i.e. Bahia grass. 

Acclimatization of in vitro raised mango plantlets 
was done by washing the roots with sterile deionized 
water to dislodge the adhering agar-agar and then 
potting into mixture consisting of sterile soil, sand and 
FYM (2:2:1) in jam bottle and further in plastic pots (5 
inch dia.). These pots were further transferred in glass 
house and plantlets were maintained in glasshouse 
with day-night temperatures ranging from 27 ± 2°C. 
Day length was extended to 16 h with cool white 
fluorescent lights at 630 μmol sec-1m. Humidity was 
maintained to the level of 85 per cent using humidifier. 
Plantlets were watered on alternate days with sterile 
tap water.

Plant height (cm), fresh weight (g), dry weight 
(g), number of secondary roots, leaf number and 
root length were recorded 45 days after inoculation. 
Biochemical parameters, viz., total sugars, polyphenol 
oxidase activity, proline content, total phenols and 
total chlorophyll were observed after 30 and 60 days 
of inoculation. The total soluble sugars was estimated 
according to the anthrone reagent method (Hedge 
and Hofreiter, 3). Both catecholase and cresolase 
activities were measured employing the method 
suggested by Sanchenz-Ferrer et al. (9) and Valero 
et al. (13) with some modifications. Leaf chlorophyll 
content (chlorophyll a, b and total chlorophyll) was 
determined from fully matured leaves according to 
Barnes et al. (1). 

The experiments were laid out in completely 
randomized design. ANOVA was calculated to 
partition the variance as reported by Gomez and 
Gomez (2). Valid conclusions were drawn only on 
significant differences between the treatment mean 
at 0.05 level of probability. 

RESULTS AND DISCUSSION 
AMF inoculation at the acclimatization stage 

increased the growth of morphological parameters 
viz., plant height, fresh weight, dry weight, number 
of secondary roots, leaf number and root length. It 
might be due to beneficial effect of mycorrhization in 
providing more water and nutrient absorption helping 
the plantlets in better adapting to transplanting shock 
and root diseases. After 45 days after inoculation, 
plantlets inoculated with Nutrilink® showed maximum 
plant growth, while among genotypes maximum growth 
was observed in Pusa Arunima (Tables 1 & 2). The 
results of the present investigation are in corroboration 
with the findings of Sharma et al. (10) and Singh et 
al. (11). The increased growth might be due to better 
mobilization of various essential nutrient and water. 

Yadav et al. (16) also found that combination of 
mycorrhizal species had better effect on survival and 
growth of Gloriosa superba. 

Inoculation of AMF induced significant impacts 
on biochemical attributes of in vitro raised plantlets. 
Consortium of Glomus mosseae, Glomus fasciculatum 
and Gigaspora margarita (AMF) inoculated plantlets 
showed maximum total sugars (4.56 mg g-1 FW), 
which was significantly higher over the control. 
In all three mango genotypes, the level of total 
sugars gradually increased during bio-hardening. The 
maximum total sugars was noted in Pusa Arunima 
plants grown on medium having consortium of AMF. 
Whereas, the minimum total sugars was observed 
in Amrapali plants without bio-agents treatments 
(control) (Fig. 1A). The result of present investigation 
is in corroboration with the findings of Wu and Xia 
(14) who found that soluble sugars were increased 
by AM inoculation. 

Total phenols content was maximum in Glomus 
intraradices treated plants, which was significantly 
higher than rest of the bio-agent treatments and 
control. Whereas, minimum phenol content was 
observed in control plants, which was statistically at 
par with the Gigaspora margarita, microbial consortium 
and Aspergillus niger treatments (Fig. 1B). In the 
present investigation, all the microbial treatments were 
found to enhance the level of phenols in all mango 
genotypes during all stages of sampling. This result is 
in conformity with the findings of Krishna et al. (5) on 
grape. It was also observed in the present study that 
PPO activity was enhanced by microbial inoculation, 
which might be responsible for enhanced phenolic 
contents in the treated plants. 

The proline content was recorded to be maximum 
in Pusa Arunima plants (23.35 µg/g) without bio-
agent treatment, however minimum was in Glomus 
intraradices treated hybrid H-8-11(16.27 µg/g) 
plants. In the present investigation, the mycorrhizal 
plants showed lowered proline content in all mango 
genotypes (Fig. 1C). These results are in accordance 
with the findings of Tholkappian et al. (12) who 
reported lower level of proline in mycorrhizal lettuce 
and soybean plants. On the contrary, Krishna et al. 
(5) reported higher proline accumulation as a result 
of VAM treatments. 

The catacholase activity significantly differed 
and found to be the maximum in plants treated 
with microbial consortium, regardless of mango 
genotypes. The maximum catacholase activity was 
observed in Pusa Arunima plants with consortium 
of Glomus mosseae, Glomus fasciculatum and 
Gigaspora margarita (AMF) bio-agents during bio-
hardening. Whereas, the minimum catecholase 
activity was recorded in hybrid H-8-11 without bio-
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Fig. 1. Effect of bio-agent treatments on A) total sugars, B) total phenols and C) proline contents of in vitro in ovulo 
embryo cultured mango plantlets during bio-hardening. T0, Control; T1, Glomus intraradices; T2, Gigaspore 
margarita; T3, Glomus fasiculatum; T4, Nutrilink (microbial consortium); T5, Aspergillus niger. Vertical bars 
indicate ± SE of means.

B

C
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agents treatment. Whereas, cresolase activity was 
found to be the maximum in Gigaspora margarita 
treatment, regardless of mango genotypes and 
duration of bio-hardening. The maximum cresolase 
activity was observed in Pusa Arunima plants grown on 
Gigaspora margarita during bio-hardening. Whereas, 
the minimum cresolase activity was recorded in hybrid 
H-8-11 during without bio-agents treatment (Fig. 2A & 
B). The increased PPO activity might be responsible 
for increased phenolic contents in the plants. Present 
results are also supported by the findings of Yadav 
et al. (16).

All AMF treated plantlets showed higher 
chlorophyll content over control. The maximum 
chlorophyll a, b and total chlorophyll were noted in 
Glomus intraradices treated plants and minimum was 
observed in control plants. In general, the mycorrhizal 
inoculated plants had more photosynthetic pigments 
as compared to control. The Aspergilus niger 
treatment plants showed non-significant differences 
for photosynthetic pigments compared to control 

(Fig. 3A, B & C). This result is in conformity with the 
findings of Kumar et al. (6), Yadav et al. (16) and 
Neelkandan and Mahesh (7), who reported increased 
chlorophyll contents in leaves as a result of AMF 
inoculation. The increased chlorophyll content in 
leaves could be attributed to enhanced uptake of 
nutrients which are essential for chlorophyll synthesis 
(Sharma et al., 10). 

This study suggests that AMF strains improved 
the morphological and biochemical attributes 
which are necessary to mitigate adverse effects 
of transplanting shock and enhancing survival. 
Among bio-agents, consortium of AMF followed 
by Glomous intraradices were found superior 
suggesting their high suitability as bio-hardening 
agents for in-vitro embryo raised mango plantlets.
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Fig. 2. Effect of bio-agents treatment on A) catacholase and B) cresolase activities of in vitro in ovulo embryo cultured 
mango plantlets during bio-hardening. T0, Control; T1, Glomus intraradices; T2, Gigaspore margarita; T3, Glomus 
fasiculatum; T4, Nutrilink (microbial consortium); T5, Aspergillus niger. Vertical bars indicate ± SE of means.
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Fig. 3. Effect of bio-agents on A) chlorophyll a, B) cholorophyll b and C) total cholophyll contents of in vitro in ovulo 
embryo cultured mango plantlets during bio-hardening. T0, Control; T1, Glomus intraradices; T2, Gigaspore 
margarita; T3, Glomus fasiculatum; T4, Nutrilink (microbial consortium); T5, Aspergillus niger. Vertical bars 
indicate ± SE of means.
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INTRODUCTION
Citrus fruits, belongs to the genus Citrus of 

the family Rutaceae comprising of sweet oranges, 
grapefruits, mandarins, lemons, limes etc. are the 
most important fruits of tropical and sub-tropical 
regions of the world. It is well documented that 
South-East Asia is the primary centre of origin 
and many Citrus species are recognized for their 
distinct fruit size, colour, flavour, phyto-chemicals, 
therapeutic and nutraceutical properties. The diversity 
found in various nutritive and medicinal properties 
significantly influences the socio-economic status of 
local population as this provides livelihood, and also 
nutritional security. They are grown commercially 
in more than 50 countries around the world due to 
conducive agro-environmental conditions. India ranks 
fourth worldwide after Brazil, USA and China in terms 
of total area and production under citrus crop and 
have a share of about 4.6% globally in the total fruit 
production from cultivated area of 1.07 m ha with 11.1 
mt annual fruit production (Anon, 2). The major citrus 
growing states in the country are Andhra Pradesh, 
Maharashtra, Madhya Pradesh, Punjab, Gujarat, 
Rajasthan, Karnataka, Assam, Odisha and Haryana 
and these states contribute about 71.1 per cent of the 
total citrus production. 

Kinnow, a hybrid between King (C. nobilis Lour.) × 
Willow Leaf (C. delicosa Tenore) is an important fruit 
crop in Punjab. Its share is about 95.0% in the total 
citrus fruit production in the state from an estimated 

area of 47,101 ha with annual production of 1.01 m 
MT and productivity of 21.6 MT/ha (Anon, 2). The 
area under Kinnow cultivation is escalating due to 
precocious bearer, high yielding, aromatic flavour 
and good lucrative returns for the last two decades 
in the northern India particularly in Punjab, Haryana, 
foothills of Himachal Pradesh and J&K; and parts 
of Rajasthan. The cultivation of Kinnow to the large 
extent in the region has created the problem of glut 
in the market as fruit matures between Ist fortnight 
of January to mid-February. Punjab Agricultural 
University has released ‘Daisy’ tangerine an early 
season cultivar for the general cultivation in the 
Punjab after their evaluation to come across the 
demand for early maturing citrus cultivars. ‘Daisy’ 
tangerine, a cross between Fortune mandarin × 
Fremont mandarin named by Mr Dowling Young of 
Young’s Nursery, California (USA) has extremely 
attractive fruit with deep orange colour, sweet taste, 
higher nutritional properties, low number of seeds per 
fruit and ripens in the month of November.

The fruit development period from flowering 
to fruit maturity is a complex process and various 
physiological changes occur during cell division, cell 
differentiation and cell growth significantly convert a 
small citrus ovary into a fruit of considerable economic 
value within a time period. The harvesting of citrus 
fruits at optimum maturity is highly desirable to 
maintain the fruit quality and consumer acceptability 
due to non-climacteric nature. Fruit colour is an 
important maturity indices and L*, a* and hue angle 
coordinates are the best parameters to categorize 
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Studies on fruit growth and development in Daisy tangerine
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ABSTRACT
The changes in physical and biochemical characteristics during fruit growth and development of ‘Daisy’ 

tangerine was studied under sub-montane region of northern India. Fruit size and weight substantially increased 
throughout the fruit maturation period and single sigmoid curve was observed when fruits were harvested at 15 
day intervals starting from 150 to 240 days after fruit set (DAFS). Final fruit length 63.0 mm, diameter 68.9 mm, 
weight 178.3 g, juice 46.8%, TSS 11.8°Brix and TSS/acid ratio 16.8 was attained after 210 DAFS or 10th November 
and thereafter decline in majority of fruit characteristics was observed with the delay in fruit harvesting. 
Increase in chroma (C*) coordinates and decrease in hue angle (θ) denoted chlorophyll degradation, which was 
substantially continued up to 240 DAFS and finally fruits developed orange peel colour. It is concluded that 
‘Daisy’ tangerine must be harvested at physiological maturity between 195 to 210 DAFS at the best fruit size, 
weight, juice per cent and maximum values for total soluble solids, TSS/ acid blend, and ascorbic acid juice 
content and minimum titratable citric acid.
Key words: Daisy tangerine, fruit development, growth.
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different maturity stages and for standardization of 
fruit harvesting time. The information pertaining to 
the physico-chemical changes in ‘Daisy’ tangerine 
at different stages of maturity and ripening is not 
available. It is therefore, a comprehensive study was 
carried out to understand fruit maturation in ‘Daisy’ 
tangerine under sub-tropics of North India. 

MATERIALS AND METHODS
The present investigation was carried out at the 

orchard of private fruit grower in village Chaunni Kalan, 
district Hoshiarpur situated at 296 m above mean sea 
level. Ten uniform five-year-old ‘Daisy’ tangerine 
plants budded on Carrizo rootstock; spaced at 6 m × 
6 m and maintained under uniform cultural practices 
were selected at different locations in the orchard. 
Fruits were tagged at post-anthesis phase on all four 
sides of the selected plants immediately after fruit 
set. Twenty fruits were collected at different maturity 
stages starting from 10th September (150 DAFS) to 
10th December (240 DAFS) at 15-day intervals for 
the estimation of various physico-chemical attributes, 
viz., fruit weight, fruit size (length and diameter), peel 
weight, total soluble solids (TSS), juice acid content, 
TSS/ acid ratio and vitamin C. These parameters were 
estimated as per the standard procedures suggested 
by AOAC (1). Fruit size (length and diameter) was 
recorded with the help of digital Vernier calipers 
(Mitutoyo, Japan) and average fruit weight with 
electronic precision calibrated scale. Fruit juice on the 
basis of fresh weight was extracted from the pulp after 
squeezing and straining through muslin cloth under 
aseptic conditions. The juice obtained was measured 
and juice per cent was determined from the volume 
of the juice divided by fruit weight and multiplied 
by 100. Fruit peel colour was randomly measured 
on two opposite sites at fruit equator using Colour 
Flex spectrophotometer (Hunter Lab Color Flex, 
Hunter Associates Inc., Reston, VA, USA) expressing 
L*, a* and b* colour values. Where ‘L* is lightness 
coefficient, i.e. ‘0’ is black or total absorption at the 
bottom and ‘100’ is white at the top; ‘a*’ represents 
green and redness chroma perception as the value 
increase from negative to positive and ‘+b*’ represents 
‘yellowness’. These values are used to calculate hue 
angle (θ) [tan-1 (b*/a*)]; where 0o = red purple, 90o 
= yellow, 180o = bluish-green and 270o = blue and 
chroma ([C*= a*2 + b*2]1/2), depicts the intensity or 
colour saturation (McGuire, 8). Total soluble solids 
(TSS) were recorded by digital hand refractometer 
(Atago, Japan) after making subsequent corrections 
at 20°C. Fruit juice acid content in term of citric acid 
was estimated by titrating 5 ml juice against N/10 
NaOH solution using 0.1 per cent phenolphthalein 
solution as an indicator. Ascorbic acid (vitamin C) 

content was determined by using 2,6-dichlorophenol 
indophenol dye method AOAC (1). The data were 
analyzed with SAS software version 9.3 (SAS Institute 
Inc., Cary, NC, USA) using one-way analysis of 
variance. The differences between the means were 
tested using the least significant of differences at 
5% level.

RESULTS AND DISCUSSION
The results pertaining to changes in physical 

growth parameters of Daisy tangerine during the 
different fruit development and growth stages are 
presented in Fig. 1 (a,b). Fruit growth (length, diameter 
and weight) had shown appreciably increasing trend 
throughout the fruit development period from 10th 
September (150 DAFS) to 10th November (210 DAFS). 
The fruits approaching physiological maturity showed 
comparatively slow growth rate, which ultimately 
confirmed that fruit development had taken place up 
to 210 DAFS under sub-tropical conditions of Punjab. 
Maximum fruit length (63.0 mm), diameter (68.9 mm) 
and weight (178.3 g) were recorded on 210 DAFS. 
Growth pattern of Daisy fruit followed a linear trend upto 
210 DAFS and slightly declined in fruit size and weight 
thereafter is might be due to loss of water from fruits 
through transpiration (Patel et al., 9). The increase in 
fruit length, diameter and weight due to occurrence of 
cell division in the early stages and cell enlargement 
in the later stages of fruit growth as reported by Singh 
et al. (10), while studying fruit development in Kinnow 
mandarin under north Indian climatic conditions. 
Fruit size (L × D) and weight had attained maximum 
marketable acceptability when these were harvested 
between 195-210 DAFS; furthermore fruit physical 
characteristics were noticeably decreased if harvesting 
period was extended up to 10th December (240 DAFS) 
but the results obtained during last two harvesting 
periods were statistically non-significant with each 
other. It is also cleared that distinctly linear exponential 
fruit growth was observed between 150 and 195 days 
after fruit set and later on to some extent at a slow 
pace but increased in fruit growth was noted until 10th 
November. Fruit length (R2 = 0.83) and fruit weight 
(R2 = 0.75) were correlated with fruit maturation and 
values indicate that variation of 83 and 75% in data 
can be interpreted by the change in fruit length and 
fruit weight, respectively. Similar results were also 
reported by Josan et al. (5) who studied fruit growth and 
development in ‘Wilking’ mandarin under arid irrigated 
zone of north India and observed that fruit length, 
diameter and weight had shown three distinct phases 
and formed a sigmoid curve. The initial and second 
period of fruit development represents the period of 
cell division and cell enlargement due to accumulation 
of carbohydrates in later stage of growth (Coombe, 3); 
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and slow growth near to physiological maturity was 
attributed to the fact that fruit already had acquired 
the metabolites to its full capacity. 

A linear and significant increase in peel weight with 
fruit development was observed up to 210 DAFS and 
subsequently, non-significant augmentation in peel 
weight was noted till the last date of fruit harvesting, 
i.e., 240 DAFS. This increment in peel weight is due 
to increase in fruit size and weight during maturation 
is related to peel growth. It is clear from Fig. 1 that 
peel thickness decreased significantly from 150 DAFS 
(4.90 mm) to 240 DAFS (2.42 mm). These results 
are corroborated with the findings of Ladaniya and 
Mahalle (7) that peel thickness decreased from 180 
to 250 DAFS in Mosambi sweet orange fruits growing 
under central Indian conditions. The gradual and 
significant increase in fruit juice content from 38.0 to 
46.8% was observed with the fruit maturation. The 
increase was rapid up to 195 DAFS and later slow 
growth rate in fruit juice proportion was observed at 
210 DAFS. Subsequently, a drastic reduction in juice 
content to the tune of 36.7 per cent was observed 
at 240 DAFS. Loss of water from juice and breaking 
down of polysaccharides to monosaccharides during 

later stages could be the reason for the reduction in 
juice content. A strong correlation between fruit juice 
per cent with different fruit developmental periods 
was observed (Fig. 2a) and these results are in 
confirmatory with the findings noted by Singh et al. 
(11). 

The TSS contents during the initial period of 
fruit development, i.e. 150 DAFS were minimum 
(7.77°Brix) and increased gradually up to 210 DAFS; 
ultimately attained maximum value of 11.8°Brix; 
thereafter it was decreased with the delay in fruit 
harvesting. The increase in TSS content during 
the development processes is the effect of starch 
degradation and metabolic transformation in soluble 
sugars in the fruits as polysaccharides during later 
stages of harvesting. Similar results were also 
reported by Singh et al. (10) in Kinnow where they 
reported that TSS increased with the advancement 
of fruit maturity. Young fruits contain more juice 
titratable acid (TA) and pH content might be attributed 
to the improvement in biosynthesis of organic acid; 
however, TA declined throughout maturation due to 
their conversion to sugars. Juice citric acid content 
of 0.60 per cent was observed when fruits were 

Fig. 1 (a-d).  Seasonal changes in exogenous parameters during fruit developmental stages of Daisy tangerine. Vertical 
bar represents ± SE. R2 indicates the least significant difference test at P<0.05.
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Fig. 2 (a-f).  Seasonal changes in biochemical parameters during fruit developmental stages of Daisy tangerine. Vertical 
bar represents ± SE. R2 indicates the least significant difference test at P<0.05.

harvested on 225 DAFS as compared to 1.45 per cent 
at 150 DAFS. The increase in total soluble solids to 
acid ratio was due to soluble solids accumulation and 
decrease in organic acids. Similar increase in TSS/
acid ratio with delayed harvesting was observed by 
Ladaniya (6) in Nagpur mandarin, though the increase 

was non-significant. The decrease in titratable acidity 
was considered to be due to dilution as fruit increased 
in size and enhancement in juice per cent content. A 
decrease in the concentration of acid with the gradual 
increase in the ratio of TSS/acid determines the 
optimum fruit maturity and their palatability. Ascorbic 
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acid content increased and decreased with the delay 
harvest might be attributed to an oxidation of ascorbic 
acid. The increase in ascorbic acid content is related 
to adequate supply of sugars due to photosynthetic 
activity and synthesis of ascorbic acid from hexose 
sugars. Similar results were also reported by Dubey et 
al. (4) in Khasi mandarin under Meghalaya conditions. 

Fruit colour is a non-destructive method used 
to determine reliable maturity indices in citrus fruits. 

The fruit peel colour was gradually improved over 
the period from green to orange and significantly 
increased in values for L*, a*, b*, C* coordinates and 
decreased in hue angle (θ) between yellow to red 
region in a colour wheel of 360o was observed when 
fruits were harvested at different stages. Regression 
equations for the prediction of fruit maturity based on 
chroma and hue coordinates (Fig. 3 a-e) confirmed 
that there exist highly significant (p < 0.05) correlations 

Fig. 3 (a-e).  Seasonal changes in peel colour parameters during fruit developmental stages of Daisy tangerine. Vertical 
bar represents  ± SE. R2 indicates the least significant difference test at P<0.05.
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between peel coordinates with fruit development. 
Similar results were also observed by Xie et al. 
(12) who reported that red peel colour of sweet 
orange ‘Tarocco’ is due to chlorophyll degradation 
and accumulation of anthocyanin pigments in peel. 
It is concluded that changes in the physical and 
biochemical composition of Daisy tangerine fruits take 
place during fruit growth and development process 
and suggested that time of harvesting is between 
end October to Ist fortnight of November under sub-
montane zone of north India.
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INTRODUCTION
‘2A Clone’ is a mutant of ‘Thompson Seedless’ 

developed at Kearney Agricultural Experiment 
Station, University of California, Davis and extensively 
cultivated in Maharashtra as a table grape. Like 
Thompson Seedless, its clusters are compact 
with many small berries. Hence, berry thinning is 
essential in ‘2A Clone’ also, not only to reduce cluster 
compactness but also to increase berry diameter 
to meet the export standards. While berry thinning 
is achieved with GA3 sprays in temperate regions, 
growers in tropical region of India have resorted to 
manual thinning because GA3 sprays were found to 
be ineffective in berry thinning. Major reason being 
the stage specificity of GA3 for its pollenicidal action 
through which berry thinning is achieved (Weaver and 
McCune, 11). Disadvantages associated with manual 
thinning are: i) non-availability and high cost of skilled 
labour, ii) undue delay, consequently skipping the 
ideal stage for thinning in large vineyards, and iii) 
physical injury to the berries resulting in berry rot 
in transit and storage. For effective berry thinning, 
GA3 sprays are required to be given four to one day 
prior to initiation of anthesis (Turner, 10). Panicles in 

a vineyard are at different stages prior to anthesis 
under peninsular Indian conditions. This could be 
due to uneven bud break. Although it is a common 
practice in the vineyards in this region to defoliate 
the canes before fruit pruning and apply hydrogen 
cyanamide to achieve early and uniform bud break, 
consequently the stage of panicle development are 
not uniform. Bud break was slow and un-uniform 
in thick canes compared to relatively thin canes 
(Reddy and Shikhamany, 7). Hence, the present 
investigations were carried out to assess the effect 
of removing un-uniform canes to achieve reasonably 
uniform stage of panicles in a vine and blanket 
sprays of GA3 at varying number and concentrations 
to take care of minor un-uniformity, if any, starting at 
a stage corresponding to four days prior to initiation 
of anthesis in majority of clusters in the experimental 
vineyard. 

MATERIALS AND METHODS
These investigations were carried out during 

2013-14 cropping season on six-year-old ‘2A Clone’ 
grapevines in farmers’ vineyards in Nashik district at 
two locations. ‘2A Clone’ was introduced, multiplied 
and supplied by the Maharashtra State Grape 

Response of 2A Clone grape to GA3 sprays for berry thinning as influenced 
by cane regulation on two training systems under tropical conditions

S.D. Shikhamany*, Sanjay K. Jeughale and Kailas N. Khapre
Maharashtra State Grape Growers’ Association, Manjri Farm, Pune 411 032

ABSTRACT
With an aim to minimize manual thinning in 2A Clone of ‘Thompson Seedless’ grapevine trained on 

bower and extended Y trellis and grafted on “Dogridge” rootstock, investigations were carried out in growers’ 
vineyards around Nashik, Maharashtra during 2013-14. Gibberellic acid (GA3) was sprayed at 10 ppm thrice or 
15 ppm twice. Since the response to GA3 for berry thinning is stage specific, attempts were made to induce 
uniform bud break by retaining the canes of uniform diameter, consequently achieve uniformity in the stage of 
panicles that is ideal for GA3 sprays. Efficacy of GA3 sprays in reducing the cluster compactness on different 
training systems (bower or extended Y trellis) and with cane regulation was assessed. Less cane diameter but 
more uniform bud break was observed on extended Y trellis and cane regulated vines. Uniformity in the stage 
of panicle was not influenced by either the training system or cane regulation. Clusters were less compact in 
spite of the larger berries on Y trellis with two sprays of GA3 @ 15 ppm. Although this combination was highly 
effective in reducing the cluster compactness, clusters in all the treatments were in the range of loose to well-
filled. Cane regulation coupled with two sprays of GA3 @ 15 ppm or retention of all canes coupled with three 
sprays @ 10 ppm resulted in more yield. These interactions were more pronounced on bower. Total soluble 
solids content and berry specific gravity were more on extended Y trellis while the titratable acids content was 
less on this trellis in cane-regulated vines. Taking cluster compactness, yield and quality into consideration, 
two sprays of GA3 at 15 ppm on extended Y trellis but three sprays @ 10 ppm on bower, with or without cane 
regulation were found best. 
Key words: 2A Clone, berry thinning, gibberellic acid, grapes, tropics.
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Growers’ Association, Pune. The experimental 
vineyards of ‘2A Clone’ were established on ‘Dogridge’ 
rootstock. The vines at first location (village Sarole 
Khurd) were trained on bower system while on 
extended Y trellis at the second location (village 
Khedgaon). The distance between rows and within 
rows was 2.70 and 1.50 m, respectively. Vines were 
pruned for fruiting in the second week of October, 
2013 and grapes were harvested in the first week 
of March, 2014. All the vines were subjected to 
pre-pruning defoliation by spraying ethrel @ 1500 
ppm, hydrogen cyanamide application to the buds 
@ 1.5 per cent and GA3 sprays @ 10 and 15 ppm, 
respectively at parrot green stage and a week later 
for cluster elongation. 

Experiment at each vineyard (on each training 
system) was laid out in a Factorial A × B randomized 
block design with the following treatments, i.e. Factor 
A: Cane regulation (a) Canes regulated: Removal 
of canes with diameter less than 6 and more than 
9 mm and (b) Canes not regulated: Retention of all 
canes on the vine; Factor B: GA3 sprays: (a) Three 
sprays of GA3 @ 10 ppm each and (b) Two sprays 
of GA3 @ 15 ppm each. The first spray of GA was 
given at a stage (Fig. 1), approximately four days 
prior to initiation of calyptra cracking, repeating on 
alternate days. GA3 solution was sprayed @ one 
litre/vine, amounting to 2000 l / ha at each spray 
with high volume sprayer.

Number of canes left on the vine after forward 
pruning and cane regulation were counted and 
recorded. Diameter at the middle length of five 
selected canes was measured and the average 
diameter was calculated. Number and position of 
buds breaking on each selected cane was recorded 
every day from the 5th to 12th day after pruning. The 
day on which highest number of buds broke was 
taken as the standard (D-day) and given 100 score 
for each bud. For one day deviation in bud break 
from the D-day; either early or late, was given 75 for 
each bud, 50 for each bud deviating by two days and 
25 for each deviating by 3 days. The sum of scores 
was divided by the total number of broken buds and 
expressed as ‘per cent uniformity of bud break’. For 
computing the uniformity in flowering, the stage of 
inflorescence development specified for giving the 
first spray of GA3 for thinning (Fig. 1) was used as 
the reference. Observations were recorded on the 
number of inflorescences attaining this stage from 
the 30th day after pruning on the selected canes 
was counted. The day on which highest number of 
panicles attained this stage was taken as the standard 
(D-day) and given 100 score for each bud. For one 
day deviation from the D-day; either early or late, a 
score of 75 was given for each panicle, 50 for each 

deviating by two days and 25 for each deviating by 
3 days. The sum of scores was divided by the total 
number of panicles and expressed as ‘per cent 
uniformity of flowering’.

Cluster Compactness Index was derived by 
multiplying the number of berries per cm of the total 
length of rachis by the mean berry diameter in a 
cluster. Berry count and total length of rachis were 
recorded after removing the berries in five clusters 
selected at random from each plot. Mean diameter 
of five berries selected from each cluster was used 
to arrive at the index. Clusters with >35 index were 
classified as compact, 31-35 well filled, 25-30 loose 
and <25 straggly. 

Average yield of 10 vines in a plot was recorded 
in kg at harvest and the mean weight of five clusters 
selected at random from each plot was calculated. 
Average number of berries was counted in five 
selected clusters and the test weight of berries was 
derived by the average weight of 25 berries selected 
at random from five selected clusters, at the rate of 
five from each. Average diameter of 25 berries, was 
measured at middle length of the berry using calipers. 
Specific gravity of berries was derived by dividing the 
total weight of 25 berries by their volume determined 
by water displacement method. Per cent total soluble 
solids (TSS) content was determined in the juice 
extracted by crushing the 25 selected berries using 
hand refractometer and the titratable acid content 
was determined by titrating an aliquot of 10 ml juice 
against 0.1N NaOH using phenolphthalein indicator 
and expressed as gram equivalent tartaric acid in 
100 ml juice. 

Data were analyzed in factorial A × B × C (2 × 2 
× 2) design with eight treatment combinations and 
three replications. Where, A-was the training systems, 
B-cane regulation and C-GA3 sprays. Percentages of 
uniformity in bud break, uniformity of flowering and 
TSS content were transformed into angular values 
for statistical analysis

RESULTS AND DISCUSSION 
Uniformity of the stage of all clusters in a vineyard 

is a prerequisite for effective berry thinning by GA3 
sprays. Uniformity of bud breaks, in turn, for uniform 
flowering. Number and thickness of canes and the 
exposure of panicles is different in different training 
systems. Therefore, the variation in response to GA3 
sprays on bower and extended training systems was 
also assessed in the present investigations. 

Cane diameter, uniformity of bud break, uniformity 
of flowering, berry diameter and GA3 sprays are 
the factors contributing to cluster compactness. 
Significance of cane diameter lies in the fact that cane 
diameter was inversely correlated with uniformity 
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in bud break as well as flowering (Shikhamany, 
unpublished data). Significantly more cane diameter 
was observed in bower trained vines as compared 
to the vines trained on extended Y trellis. Cane 
regulation also resulted in significantly less cane 
diameter (Table 1). Interaction of training system × 
cane regulation influenced cane diameter significantly. 
While cane regulation did not result in significant 
difference in cane diameter on extended Y trellis, it 
reduced significantly in bower (Table 1a). It implies 
that canes in vines on Y trellis were of more uniform 
diameter than on bower.

Uniformity in bud break is the basis for uniformity 
in the phenology of panicle development. Bud break 
was significantly more uniform on extended Y trellis. 
It was also more uniform in cane regulated vines 
(Table 1). Interaction of training system with cane 

regulation resulted in more uniform bud break in cane 
regulated vines on Y trellis when compared to vines 
trained to bower and in which all canes were retained 
(Table 1b). This variation could be attributed to the 
less cane diameter observed in vines on Y trellis and 
cane regulated ones. More uniform and early bud 
break in relatively thin canes was also observed by 
Reddy and Shikhamany (7). 

Uniformity in flowering is the prerequisite for 
chemical thinning because, the pollenicidal effect of 
GA3 is stage specific. According to Turner (10) GA3 
application 4-1 days prior to initiation of anthesis is 
most effective. Hence, for blanket sprays of GA3 to be 
most effective in berry thinning, uniformity in the stage 
of panicle development is very essential. Neither the 
training systems nor cane regulation could influence 
the uniformity of flowering significantly. Although bud 

Table 1. Effect of cane regulation and GA3 sprays on attributes of cluster compactness in ‘2A Clone’ on different 
training systems.

Treatment Cane dia. (mm) Bud break 
uniformity (%)

Flowering 
uniformity (%)

Berry dia.  
(mm)

Cluster 
compactness index

A. Training system
Bower 7.7** 82.3 (65.1) 82.5 (65.4) 16.9 30.6*
Extended Y 7.3 84.6 (66.9)* 85.2 (67.5) 17.7** 27.3

CD 5% 0.3 (1.4) NS 0.3 2.7
B. Cane regulation
Yes 7.2 84.5 (66.9)* 85.2 (67.4) 17.3 29.9 
No 7.8** 82.3 (65.2) 82.5 (65.5) 17.3 28.0
CD 5% 0.3 (1.4) NS NS NS
C. GA treatment
10 ppm thrice 7.6 82.6 (65.4) 85.0 (67.3) 17.3 30.7*
15 ppm twice 7.4 84.2 (66.6) 82.7 (65.7) 17.3 27.4
CD at 5% NS NS NS NS 2.7
Interaction A × B ** * NS NS NS
A × C NS NS NS ** NS
B × C NS NS NS NS *
A × B × C NS NS NS NS NS

Figures in the parentheses are the angular transformed values; *significant at p = 0.05; **Significant at p = 0.01

Table 1a. Interaction of training system (A) × cane 
regulation (B) on cane diameter (mm). 

Training system Cane regulation
Yes No 

Bower 7.1a 8.3b

Extended Y 7.2a 7.3a

CD at 5% 0.3

Table 1b. Interaction of training system (A) × cane 
regulation (B) on uniformity in bud break (%). 

Training system Cane regulation
Yes No 

Bower 82.4 (65.2)a 82.2 (65.0)a

Extended Y 86.6 (68.5)b 82.5 (65.3)a

CD at 5% 2.0
Figure in parentheses are the angular transformed values.
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break was more uniform in vines on extended Y and 
in cane-regulated vines, uniformity of flowering was 
not more. This implies that, the minor difference in 
the uniformity got evened up during the period of 
panicle development. Neither the cane diameter, 
uniformity in bud break nor the uniformity in flowering 
was influenced significantly by GA3 sprays. It is quite 
logical, because these parameters were determined 
before the sprays.

Cluster compactness index is the inverse 
measure of berry thinning. It was significantly less 
on extended Y trellis and with two sprays of GA3 @ 
15 ppm (Table 1). Effect of pre-bloom GA3 application 
on berry thinning was also reported by Dokoozlian 
and Peacock (3). Higher efficacy of GA3 on Y trellis 
could be attributed to better exposure of panicles to 
sprays. Although compactness was relatively more on 
bower and with three sprays of GA3 @ 10 ppm, the 
clusters were in the range of loose to well filled (25-
35 compactness index), but not compact. Interaction 
of cane regulation with GA3 sprays influenced the 
cluster compactness significantly. Two sprays @ 15 
ppm resulted in less compact clusters than three 
sprays at 10 ppm in cane regulated vines but not so 
in vines in which all canes were retained (Table 1c). 
It could be attributed to the indirect effect of shade on 
berry shattering and thinning. Because of relatively 
more shade in vines, in which all the canes were 
retained and low concentration of GA3 (10 ppm) could 
have reduced the berry number at par with higher 
concentration (15 ppm). Role of shade in increasing 
the flower bud and berry drop has been reported by 
Domingos et al. (4). Variation in cluster compactness 
due to training systems and GA3 sprays would reveal 
that i) the effect of GA3 sprays was more pronounced 
on Y trellis, ii) stage of panicles was more uniform on 
Y trellis and hence, two sprays were adequate and 
iii) GA3 at 10 ppm is adequate in dense canopies, but 
15 ppm for relatively open canopies. 

Berry diameter is a contributory factor to cluster 
compactness. It was significantly more on extended Y 
trellis than on bower. Neither cane regulation nor GA3 
sprays could influence the berry diameter significantly 
(Table 1). GA3 was found to be highly effective in 

berry enlargement (Weaver and McCune, 11) only 
when sprayed after berry set and the effect was stage 
specific (Turner,10). In the present study, GA3 was 
sprayed at pre-anthesis stage and low concentrations. 
However, the interaction of training system × GA3 
sprays influenced the berry diameter significantly. 
Two sprays @ 15 ppm were more effective in Y trellis 
than in bower and also than three sprays @ 10 ppm 
on both the systems of training (Table 1d). On the 
other hand, neither the cluster weight nor the cluster 
compactness were more with two sprays @ 15 ppm 
(Table 1). Thus, it implies that two sprays of GA3 @ 
15 ppm were more effective in reducing the number 
of berries in a cluster.

In order to assess the depressing effects of 
reduced cane number due to cane regulation and 
excessive berry thinning by GA3 sprays, if any, directly 
on yield and quality of grapes or indirectly through their 
attributes, effect on number of canes, yield/ vine, mean 
cluster weight, test weight of berries, berry specific 
gravity, total soluble solids (TSS) and titratable acids 
contents of berries was studied. Cane is a unit of vine 
productivity. Number of canes was significantly more 
in bower trained vines when compared to vines trained 
on Y trellis. Cane regulation also reduced significantly, 
the number of canes/ vine (Table 2). 

Yield is the major consideration in commercial 
viticulture. Yield/vine did not vary significantly either 
on different training systems, by cane regulation or 
GA3 sprays. But the interaction of training system × 
GA3 sprays, cane regulation × GA3 sprays and training 
system × cane regulation × GA3 sprays influenced 
significantly. Yield on extended Y trellis with three 
sprays of GA3 @ 10 ppm and on bower with two 
sprays @ 15 ppm was less when compared to yield 
on bower with three sprays @ 10 ppm (Table 2a). 
Higher yields on bower at low concentration of GA3 
can be attributed to more number of canes (Table 
2) and less loss of panicles at low concentration of 
GA3. Reduced yield on bower with two sprays of GA3 
@ 15 ppm can be attributed only to loss of panicles 
due to higher concentration of GA3 in shade under 
bower. Toxic effects of higher concentration of GA3 
to young panicles were documented by Cheng et 

Table 1c. Interaction of training system (A) × GA3 treatment 
(C) on berry diameter (mm).

Training system GA3 Treatment
10 ppm thrice 15 ppm twice

Bower 17.1ab 16.7a

Extended Y 17.4b 18.0c

CD at 5% 0.4

Table 1d. Interaction of cane regulation (B) × GA3 treatment 
(C) on cluster compactness index.

Training system GA Treatment
10 ppm thrice 15 ppm twice

YES 33.5b 26.4a

NO 27.9a 28.1a

CD at 5% 3.8
Figure in parentheses are the Angular transformed values.
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al. (1). Cane regulation coupled with two sprays of 
GA3 @ 15 ppm or no regulation with three sprays @ 
10 ppm resulted in significantly more yield than the 
other combinations. This interaction effect was more 
pronounced on Bower than on extended Y trellis (Table 
2b). Interaction effect of cane regulation × GA3 sprays 
was not significant on yield/vine in extended Y trellis. 
But on Bower, two sprays of GA3 @ 15 ppm reduced 
the yield significantly in vines, where all canes were 
retained, compared to cane regulated vines and also 
when compared to 10 ppm sprayed thrice either in 
cane regulated or not regulated vines (Table 2c). Yield 
variation is not through cluster weight as evidenced by 
the non significant differences in it due to the main or 
interaction effects of training systems, cane regulation 
or GA3 sprays. Yield reduction could be attributed to 

the reduction in cluster number due to the toxic effect 
of GA3 at higher concentration on clusters under 
shade. It appears that 15 ppm GA3 was toxic under 
the shade level caused by retaining all the canes in 
bower trained vines resulting in loss of panicles. But 
the same concentration in cane regulated vines on 
bower was not toxic nor 10 ppm in Bower trained 
vines with all canes intact. 

Mean cluster weight, a yield attribute did not differ 
significantly due to training systems, cane regulation 
or GA3 sprays. But test weight of berries, in turn an 
attribute of cluster weight, was significantly more on 
extended Y trellis. The non-significant difference in 
cluster weight, but significantly more weight of berries 
on extended Y trellis is an indication to the reduced 
number of berries as a result of more efficient action 

Table 2a. Interaction of training system (A) × GA3 treatment 
(C) on yield/ vine (kg).

Training system GA3 treatment
10 ppm thrice 15 ppm twice

Bower 19.8b 16.7a

Extended Y 15.5a 17.2ab

CD at 5% 2.9

Table 2b. Interaction of cane regulation (B) × GA3 treatment 
(C) on yield/vine (kg).

Cane regulation GA3 treatment
10 ppm thrice 15 ppm twice

YES 16.8ab 18.6b

NO 18.5b 15.2a

CD at 5% 2.9
Figure in parentheses are the Angular transformed values.

Table 2. Effect of cane thinning and GA3 treatments on yield and quality attributes in ‘2A Clone’ on different training 
systems.

Treatment Canes/ vine Yield/vine 
(kg)

Cluster wt. 
(g)

25-berry 
wt. (g)

Berry specific 
gravity

TSS  
(%)

Acidity 
(g/100 ml)

A. Training system
Bower 48.7** 18.3 369.3 116.1 1.055 15.3 (23.0) 0.543
Extended Y 39.8 16.3 360.0 136.4** 1.071* 17.0 (24.3)** 0.559

CD at 5% 2.9 NS NS 6.1 0.013 0.4 NS
B. Cane regulation
Yes 40.6 17.7 363.3 128.4 1.063 16.1 (23.6) 0.561
No 47.9* 16.9 366.0 124.0 1.063 16.3 (23.8) 0.542
CD 5% 2.9 NS NS NS NS NS NS
C. GA3 treatment
10 ppm thrice 43.2 17.7 367.2 124.9 1.062 16.0 (23.5) 0.565
15 ppm twice 45.3 16.9 362.1 127.5 1.064 16.4 (23.8) 0.538
CD at 5% NS NS NS NS NS NS NS
Interaction A × B NS NS NS NS NS NS *
A × C NS * NS NS NS NS NS 
B × C NS * NS NS NS NS NS
A × B × C NS * NS NS NS ** NS

Figures in the parentheses are the angular transformed values; *significant at p = 0.05; **Significant at p = 0.01
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of GA3 sprays in berry thinning on this trellis. Specific 
gravity of berries is considered to be a measure of 
pulp content and firmness of berries. High specific 
gravity indicates more accumulation of metabolites 
and less water and vice-versa. Berries on extended 
Y trellis had significantly more specific gravity than 
on Bower (Table 2). It could be partly due to more 
TSS observed on Y trellis. Total soluble solids 
content was more in vines on extended Y trellis, but 
did not vary significantly due to cane regulation or 
GA3 sprays (Table 2). Variation in ripening and the 
rate of accumulation of sugars in different grape 
varieties was also reported by Shikhamany et al. (9) 
and Saroj et al. (8). Clusters on Y trellis are more 
exposed to diffused light. Role of light regimes in 
increasing the rate of sugaring in grape berries is 
well documented (Martinez de Toda and Balda, 6). 
Interaction of training system × cane regulation × GA3 
sprays also influenced the TSS content significantly. 
Interaction effect of regulation × GA3 sprays was not 
significant on the TSS content on extended Y trellis, 
but significant on Bower. Within the bower trained 
vines, lowest TSS content was observed when all the 
canes were retained and GA3 sprayed thrice @ 10 
ppm (Table 2d). It could be attributed to the highest 
yield obtained in this combination of treatments. 
Depressing effect of higher yields on TSS content is 
a well established fact (Coombe, 2).

Titratable acids content was not influenced 
significantly either by the training systems, cane 
regulation or GA3 sprays. However, the interaction 
of training system × cane regulation influenced it. 
Acids content was less on bower when all canes were 
retained; but it was so on extended Y trellis when 
canes were regulated (Table 2e). Neither exposure of 

clusters nor the crop load seems to have any influence 
on the reduction of acids during berry ripening in this 
variety. However, variation in the reduction of acids in 
berries on different training systems was also reported 
(Kliewer, 5; Shikhamany et al., 9; Saroj et al., 8). 

Results of these investigations revealed that two 
sprays of GA3 @ 15 ppm on extended Y trellis, but 
three sprays @ 10 ppm on Bower, with or without 
cane regulation, were the best, considering the cluster 
compactness, yield and quality of grapes in 2A clone. 
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Table 2e. Interaction of training system (A) × cane 
regulation (B) on titratable acids content of berries (g/100 
ml).

Training system Cane thinning
Yes No 

Bower 0.572b 0.515a

Extended Y 0.550a 0.568b

CD at 5% 0.046
Figures in parentheses are the Angular transformed values

Table 2c. Interaction of training system (A) × cane regulation (B) × GA3 treatment (C) on yield/vine (kg). 

GA3 treatment Bower Extended Y 
Canes regulated Not regulated Canes regulated Not regulated

10 ppm thrice 18.5b 21.2b 15.2ab 15.8ab

15 ppm twice 20.7b 12.7a 16.6ab 17.7b

CD at 5% 4.1

Table 2d. Interaction of training system (A) × cane regulation (B) × GA3 treatment (C) on TSS content of berries (%).

GA3 treatment Bower Extended Y 
Canes regulated Not regulated Canes regulated Not regulated

10 ppm thrice 15.3 (23.4)bc 14.5 (22.3)a 16.1 (23.6)bc 17.5 (24.7)c

15 ppm twice 14.7 (22.6)ab 16.3 (23.8)c 17.6 (24.8)c 16.8 (24.2)c 
CD at 5% 0.9

Figures in parentheses are the Angular transformed values
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INTRODUCTION
The strawberry (Fragaria × ananassa Duch.) 

is one of the most important soft fruits acclaimed 
for its refreshing characteristics, aroma, lucrative 
appearance and good nutritive value (Singh et al., 
12). Delicacy in flavour and richness in vitamins and 
minerals, makes strawberry a highly favoured food in 
the diet of millions of people around the globe (Bhat et 
al., 3). Among the fruits, strawberry is one containing 
good amount of anti-oxidants. In addition, the presence 
of ellagic acid prevents many diseases and has made 
it a more valuable fruit. 

In strawberry, among the various factors, which 
contribute to the growth and yield, plant bioregulators 
are important aspect of crop production. Because of 
its diverse effect, it is possible to use certain growth 
regulating chemicals at particular stages of fruit 
growth and development to have its maximum effect. 
Occasionally they are needed to be supplemented 
exogenously for additional stimulus for strawberry, 
which require quick response for increased growth, fruit 
set and yield (Singh and Singh, 11). Being bestowed 
with a wide range of agro-climatic conditions, north-
eastern hill region of India offers immense potentiality 
for growing strawberry. However, the productivity of 
strawberry in this region is not comparable to other 
parts of India due to traditional systems of cultivation. 
Considering these facts, there is a pressing need to 

lay out the field experiment to study the influence 
of plant bioregulatorss on growth, yield, physico-
chemical characteristics and economics of strawberry 
cv. Festival.

MATERIALS AND METHODS
The present investigation was conducted at 

Experimental Orchard, Dept. of Horticulture, Aromatic 
and Medicinal Plants, Mizoram University, Aizawl 
during 2011-13. The experimental site was situated 
at an elevation of 779 m above msl and lies between 
23°44´15.1´´ N latitudes and 092°39´36.5´´ E 
longitudes. The soil of the experimental plot was 
sandy loam, acidic in reaction with soil pH 5.27; the 
available N, P and K were 278.65, 27.25 and 123.78 
kg ha-1 with 0.65% organic carbon. The experiment 
was laid out in Randomized Block Design (RBD) with 
13 treatments and three replications. Recommended 
dose of FYM was applied before planting of strawberry 
runners in the respec tive plots. Plant bioregulators, 
viz., GA3, BA, TIBA and ethrel were applied as foliar 
application at 30, 45 and 60 days after planting. The 
recommended dose of P2O5 and K2O @ 80 and 100 
kg ha-1 were applied at the time of field preparation. 
The recommended N @120 kg ha-1 was applied in two 
splits, half one month after planting and second half 
after flowering. The various treatments followed for 
the investigation were as follows: T0 = control (water 
spray), T1 = BA 50 ppm, T2 = BA 100 ppm, T3 = BA 150 
ppm, T4 = GA3 50 ppm, T5 = GA3 100 ppm, T6 = GA3 
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150 ppm, T7 = TIBA 50 ppm, T8 = TIBA 100 ppm, T9 = 
TIBA 150 ppm, T10 = Ethrel 150 ppm, T11 = Ethrel 200 
ppm and T12 = Ethrel 250 ppm.

Observations on various growth and yield 
characters were recorded by using standard methods. 
Five plants from the middle of each plot were selected 
randomly and tagged for observation of plant growth 
characters. The leaf area was recorded with leaf area 
meter and expressed in cm2. Twenty berries from 
each treatment were randomly selected to record the 
data on physico-chemical characters. Fruit size was 
recorded by measuring length and breadth using the 
digital Vernier calipers, whereas fruit weight was taken 
using top pan digital balance. Total soluble solids were 
determined with Zeiss hand Brix refractometer (0-
32°B). The titratable acidity, sugars and ascorbic acid 
were determined by method as suggested in AOAC (2). 
Pooled data were subjected to ANOVA (Gomez and 
Gomez, 5), where appropriate means were separated 
with least significant difference analysis. 

RESULTS AND DISCUSSION
Different bio-regulators exhibit significant to highly 

significant influence on growth and yield of strawberry 
plants (Table 1). The maximum growth in terms of 
plant height (22.27 cm) and plant spread (26.35 cm) 
was observed with GA3 150 ppm. The increased plant 
height and spread might be attributed due to more 
cell division and cell elongation, thereby enhanced 
vegetative growth in strawberry by overcoming genetic 
dwarfism (Singh and Singh, 11). Earlier, Syamal et al. 

(13) also reported increased growth of rough lemon 
and papaya with the application of GA3. 

The maximum number of leaves (35.50), leaf area 
per plant (136.12 cm2) and No. of crowns plant-1 (7.27) 
were observed in BA 150 ppm. BA application causes 
higher cell division and thus there will be higher supply 
of assimilates (Dwivedi et al., 4). Our finding is in close 
conformity with those of Singh and Singh (11), who 
also reported increase in leaf number, leaf area and 
number of crowns in strawberry cv. Sweet Charlie with 
BA application. The data furnished in Table 1 showed 
that variation in number of runners plant-1 among the 
treatments was significant. Among the treatments, GA3 
150 ppm recorded the highest runners plant-1 (9.27), 
while  the lowest (5.27) was recorded in the control. 
It is well known that gibberellic acid has been used 
to stimulate runner production consistently in ever 
bearing varieties (Moore and Scott, 7). Al-Madhagi et 
al. (1) also reported a consistent positive response in 
runner production due to GA application in strawberry. 

Plants treated with TIBA required minimum days 
to first flowering (62.33 days), and first fruiting (70.33 
days). Syamal et al. (13) reported that TIBA promotes 
formation and translocation of flowering stimulus as 
hormones from leaf to axil of leaves and thus produces 
early flowering as compared to other treatments. The 
early fruiting might be due to the effect of TIBA to 
produce the flower early, which might have resulted 
early fruiting. Similarly, GA3 150 ppm recorded the 
maximum flowering and fruiting duration (83.02 
days). Sharma and Singh (9) also reported maximum 

Table 1. Effect of bioregulators on growth characteristics of strawberry.

Treatment Plant 
height 
(cm)

Plant 
spread 
(cm)

Leaves/
plant 
(cm)

Leaf area/
plant
(cm2)

Crowns/ 
plant

Runners/
plant

Days 
to first 

flowering

Duration of 
flowering

(days)

Days 
to first 
fruiting

Duration 
of fruiting

(days)
T0 15.87 21.82 26.78 111.08 4.77 5.27 79.33 58.62 85.67 60.96
T1 20.65 24.89 33.37 130.72 6.58 5.42 74.67 59.40 82.00 63.08
T2 20.67 24.92 34.35 132.49 6.73 6.45 74.33 60.63 80.67 64.62
T3 20.87 24.42 35.50 136.12 7.27 6.88 73.67 60.83 81.33 64.72
T4 21.35 26.03 33.05 123.87 5.07 7.97 72.33 75.85 79.33 78.52
T5 21.72 26.06 32.56 122.80 5.52 8.23 75.33 76.51 83.00 78.71
T6 22.27 26.46 31.85 123.45 5.58 9.27 71.33 83.02 79.33 83.02
T7 20.75 24.17 31.32 129.75 6.20 7.87 65.67 73.77 72.33 74.10
T8 20.95 24.75 31.98 127.61 6.30 7.30 63.33 75.38 72.00 74.05
T9 20.87 24.83 32.43 125.37 6.35 7.35 62.33 75.52 70.33 74.87
T10 17.23 22.82 29.05 115.63 6.38 7.15 77.33 75.33 82.67 76.63
T11 17.12 22.93 28.62 113.92 6.33 7.13 77.67 73.37 85.33 72.67
T12 16.27 22.45 28.22 116.43 6.37 7.12 78.33 73.10 84.67 74.10
CD0.05 1.40 1.15 3.07 5.21 0.79 1.09 4.31 4.39 4.68 5.40
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flowering and fruiting duration in ‘Chandler’ strawberry 
with different GA3 concentrations. 

Various bio-regulators significantly influenced the 
yield and yield attributing characters of strawberry. It is 
revealed from the Table 2 that, the maximum berry set 
was obtained in GA3 150 ppm (87.93%), while minimum 
in control (68.67%). The increased berry set in GA3 
treated plants might be due to the fact that GA3 induced 
the production of enzymes attributed to improved fruit 
set by playing a role in the post fertilization stage. In 
addition, exogenous application of GA3 shifted the 
endogenous balance between promoters and inhibitors 
in favour of fruit forming metabolic processes (Sharma 
and Sharma, 10). Berry length (46.74 mm), berry 
diameter (29.75 mm) and berry weight (18.62 cm) 
were also influenced significantly by GA3 150 ppm over 
other treatments. The increase in fresh weight and 
size may also be explained by the fact that hormones 
play a regulatory role in the mobilization of metabolites 
within the plant and it is a well established fact that 
developing fruits are the extremely active metabolites 
‘sink’, which mobilizes metabolites and their flow from 
vegetative parts (Weaver, 14). Sharma and Singh (9) 
reported higher fruit weight in strawberry by spraying 
GA3. It is revealed from the data that the variation in 
number of berries plant-1 was significant. The highest 
number of berries per plant was recorded in GA3 150 
ppm (32.37), while, control recorded the lowest (19.40). 
The marked influence of GA3 on number of berries may 
be attributed to its effect on better pollen germination 
and fruit set (Sharma and Singh, 9).

Among all the treatments, GA3 150 ppm recorded 
the highest yield (116.18 q ha-1). The lowest yield of 

86.73 q ha-1 was recorded in control. The increase in 
yield with gibberellic acid might be is due to increase 
in flower number, better fruit set and production of 
more number of fruits with maximum weight besides 
better vegetative growth. In fact, the enlargement 
of the strawberry fruit is dependent on the auxin 
produced by the developing achenes, and if the 
flowers remain un-pollinated, the cells fail to elongate. 
GA might have helped in the elongation of cells in the 
un-pollinated region of the fruit, as well, affected the 
auxin metabolism, which might have indirectly helped 
in the fruit enlargement, and also higher number, 
which ultimately increases the yield (Kappel and 
MacDonald, 6). Similar increase in strawberry yield 
following GA application has also been reported by 
Paroussi et al. (8).

An inquisition of data presented in Table 3 
revealed that different plant bioregulators have 
significant role on physico-chemical characteristics 
of berries. The highest TSS (12.43%), lowest titrable 
acidity (0.823%), highest value of total, reducing 
and non-reducing sugars (8.96, 4.74 and 4.22%) 
were recorded in ethrel 250 ppm. The improved TSS 
with ethrel treated plants can be attributed to the 
fact that stress might have caused cell elongation 
accompanied by considerable increase in sugar 
content (Syamal et al., 13). Similarly, the reduction in 
pulp acidity with ethrel might be due to the metabolic 
changes with fast conversion of organic acids and 
starch into sugars and their derivatives through higher 
respiration and carbon assimilation activity (Yadav 
et al., 15). The increase in sugar content in ethrel 
treated plants might be due to better ripening of fruits, 

Table 2. Effect of bioregulators on yield attributing characters and yield of strawberry.

Treatment Berry set (%) Berry length (mm) Berry dia. (mm) Berry wt. (g) Berries/ plant Yield (q/ha)
T0 68.67 33.18 23.37 11.15 19.40 86.73
T1 76.07 38.38 24.18 11.25 21.48 101.90
T2 77.45 39.79 24.68 12.33 23.00 101.94
T3 79.19 41.17 24.76 12.68 25.37 103.30
T4 85.67 44.38 27.73 16.87 28.67 111.27
T5 86.68 45.03 28.60 17.28 30.57 113.45
T6 87.93 46.74 29.75 18.62 32.37 116.18
T7 82.40 43.72 26.79 15.50 24.73 107.02
T8 83.73 42.98 26.92 15.96 24.93 107.72
T9 84.25 42.85 26.55 16.39 24.88 104.82
T10 81.90 42.33 25.97 16.43 24.60 107.52
T11 79.87 42.08 25.52 16.26 25.03 109.07
T12 79.83 43.26 25.95 15.73 26.55 110.40
CD0.05 5.57 1.84 1.23 0.95 6.38 6.82
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which is associated with high metabolic changes 
and conversion of complex polysaccharides into 
simplest sugars through higher respiration and carbon 
assimilation activity, conversion of organic acids 
into sugars (Yadav et al., 15). The data presented 
in Table 3 revealed that, the highest ascorbic acid 
(98.28 mg/100 g) was recorded with GA3 150 ppm. 
The perceptive increase in ascorbic acid content with 
gibberellic acid might be due to catalytic influence of 
gibberellic acids on its biosynthesis from its precursor 
glucose-6-phosphate or inhibition of its conversion 
to dehydro-ascorbic acid by enzyme ascorbic acid 
oxidase or both. 

Data presented in Tables 4 and 5 revealed 
the correlation among the growth parameters with 
yield. The estimates for correlation co-efficient 
for plant height, plant spread, leaf No., leaf area, 
crowns plant-1 and yield in all possible combination 
are presented in Table 4. All the growth and yield 
attributing characters were shown to be significant 

to highly significant positive correlation with yield. 
Highly significant positive association with yield was 
shown by plant spread (r = 0.565**), while other traits, 
viz. plant height (r = 0.450), leaf No. (r = 0.237), 
leaf area (r = 0.109), and crowns plant-1 (r = 0.088) 
showed positive correlation with yield. Similarly, the 
yield was positively correlated with yield attributing 
characters of berries, viz. per cent berry set, berries 
plant-1, berry weight, berry length and berry diameter 
(Table 5). The per cent berry set (r = 0.750**), berries 
plant-1 (r = 0.887**), berry weight (r = 0.851**), berry 
length (r = 0.967**) and berry diameter (r = 0.847**) 
were positively correlated with yield and effect was 
found to be highly significant for all the parameters.

From the results of the present investigation, 
it can be concluded that the 150 ppm GA3 (T6) was 
the most efficient plant bio-regulator for improving 
growth and yield of ‘Festival’ strawberry. The physico-
chemical characteristics of fruits were improved 
with application of ethrel 250 ppm (T12). Hence, 

Table 3. Effect of bioregulators on quality parameters of strawberry.

Treatment TSS  
(°Brix)

Acidity  
(%)

Total sugars 
(%)

Reducing sugar 
(%)

Non-reducing 
sugar (%)

Ascorbic acid 
(mg/100 g)

T0 7.82 0.903 7.72 4.06 3.66 63.28
T1 8.23 0.843 8.23 4.17 4.06 72.07
T2 8.28 0.840 8.53 4.37 4.16 74.51
T3 8.47 0.847 8.68 4.56 4.12 70.78
T4 8.88 0.837 8.23 4.58 3.65 92.47
T5 9.20 0.838 8.39 4.55 3.84 95.41
T6 9.59 0.838 8.52 4.52 4.00 98.28
T7 8.75 0.832 8.39 4.45 3.94 73.70
T8 8.69 0.833 8.38 4.57 3.82 85.06
T9 9.81 0.837 8.47 4.52 3.95 82.18
T10 10.43 0.825 8.86 4.68 4.18 82.97
T11 11.01 0.824 8.92 4.72 4.2 84.28
T12 12.43 0.823 8.96 4.74 4.22 84.88
CD0.05 0.61 0.01 0.43 0.12 0.27 8.72

Table 4. Correlation coefficient values of growth characters on yield of strawberry.

Trait Plant height Plant spread Leaf No. Leaf area Crowns/ plant Yield
Plant height 1.00 0.953** 0.856** 0.773** 0.095** 0.450
Plant spread 1.00 0.769** 0.602** -0.069 0.565**

Leaf No. 1.00 0.929** 0.436 0.237
Leaf area 1.00 0.565** 0.109
Crowns/ plant 1.00 0.088
Yield  1.00
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these two plant bioregulators can be recommended 
for increasing the growth, yield and quality of  
strawberry.
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Table 5. Correlation coefficient values of yield attributing berry traits with yield in strawberry.

Trait Berry set Berries/ plant Berry weight Berry length Berry dia. Yield
Berry set 1.00 0.613** 0.780** 0.859** 0.750** 0.750**

Berries/ plant 1.00 0.834** 0.895** 0.930** 0.887**

Berry weight 1.00 0.890** 0.903** 0.851**

Berry length 1.00 0.898** 0.967**

Berry dia. 1.00 0.847**

Yield 1.00
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ABSTRACT
In present study 12-year-old Flordasun peach trees were manual thinned at 10, 15 and 20 cm spacings along 

the shoot on whole tree canopy at an interval of 0, 10, 20, 30 and 40 days after full bloom (DAFB) to know the 
effect of thinning time and fruit spacing on fruit maturity, yield, fruit size, peel colour and quality attributes over 
two growing seasons. Earliest fruit maturity was recorded in thinning at 20 DAFB (67 days) compared to control 
(77 days) and linear increase in fruit spacing recorded delay in days to fruit maturity. The thinning treatments 
decreased the yield significantly, while and least reduction was attributed at 20 DAFB (28.82 kg/tree). The fruits 
thinned at 20 DAFB and spaced at 20 cm recorded enhanced fruit weight (58.09 g), fruit length and diameter (4.79 
and 4.56 cm) followed by 30 DAFB with spaced at 20 cm. The fruit skin colour (L*, a* and b*) value, improved in 
different thinning treatments, however, fruit thinned at 20 DAFB and spaced at 20 cm followed by 15 cm were 
found more effective. In fruit quality, highest TSS (12.10°B); TSS: acid ratio (20.17), ascorbic acid 6.52 mg/100 
g) and lowest titratable acidity (0.60%) were recorded in fruits thinned at 20 DAFS and spaced at 20 cm followed 
by 15 cm with maximum total sugars (6.22%) content. The best results were dedicated to thinning of Flordasun 
peach at 20 DAFB with fruits spaced 20 to 15 cm apart. 
Key words: Fruit size, fruit quality, peach, thinning time, maturity.

INTRODUCTION
In India, low chilling peaches (Prunus persica L. 

Batsch.) are grown in sub-mountainous region of the 
Himalayas extend up to the north eastern region of 
India at an altitude of 1,000-2,000 m. Among them 
cultivars, viz., Flordasun and Partap are found suitable 
for commercial production under mid-hill of NE India 
(Babu et al., 1). Generally, peaches produce a large 
number of fruits and thinning is required to set an 
acceptable yield and maximum returns (Southwick 
and Glozer, 14). The fruit thinning in stage-I (early 
fruit development period) stimulates cell division 
and expansion, produced larger fruit size. Another 
advantage could be early ripening of fruits, however, 
blossom thinning reduces both fruit set and yield 
(Greene et al., 6). 

Profuse bearing in cv. Flordasun was observed, 
which resulted in to excessive crop load of undersized 
fruits with impaired fruit quality and limb breakage. 
Further ripening of this cultivar coincided with rains 
in late April hampering fruit quality and marketability 
under humid tropical climate of NE India. Fruit thinning 
by hand improved the fruit size and advanced its 
maturity (Chanana et al., 3). However, intensity 
and fruit load must be well adapted for balanced 
fruit production (Bussi et al., 2). Distance between 

fruits and thinning time has been reported to have 
positive effect on fruit size and quality (Drogoudi et 
al., 5) of peaches, however its response is closely 
related to thinning intensity, cultivar and tree size 
(Jimenez and Royo Diaz, 7); climatic conditions and 
cultural practices etc. (Da Silva Linge et al., 4). Even 
though response of thinning was studied in past, 
the information is lacking on low chilling peach cv. 
Flordasun grown in north east India. Thus, the present 
study was undertaken. 

MATERIALS AND METHODS
Experiment was carried out during two successive 

seasons of 2014 and 2015 on 12-year-old trees of 
peach cv. Flordasun planted at a spacing of 4.5 
m × 4.5 m and trained to open centre system 
at Horticultural Research Farm, ICAR Research 
Complex for NEH Region, Umiam, Meghalaya. 
The experimental site is situated at an elevation of 
1010 m and lies between 25°40’ to 25°21’N latitude 
and 90°55’15 to 91°55’16 E longitude. The mean 
rainfall, mean maximum and minimum temperature 
recorded during 2014 was 2217 mm, 30.1° and 
6.5°C and during 2015 were 2551 mm, 29.01° and 
5.1°C, respectively. Three trees were selected 
for their uniformity in shape and vigour under one 
treatment and replicated thrice and given uniform 
cultural practices during study. The experiment was 
randomized block design with a factorial arrangement 
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consist of manual thinning of flowers/ fruitlets at 10, 
15 and 20 cm on whole tree canopy at an interval 
of 0 days (when 80% of blossom opened), 10, 20, 
30 and 40 days after full bloom (DAFB) and control 
(un-thinned). 

Observations on days to fruit maturity and 
fruit yield were recorded. Fruit yield per tree was 
calculated by multiplying the number of fruits with 
mean fruit weight and expressed in kg/ tree. Physico-
chemical parameters were recorded on the basis 10 
fruits per replication. Fruits weight was recorded with 
the help of electronic pan balance. Fruit size (length 
and breadth) was measured with the help of digital 
Vernier calipers. Firmness of fresh five fruits was 
measured using a Stable Micro System TA-XT-plus 
texture analyzer (Texture Technologies Corp., UK) 
fitted with needle. The studies were conducted at 
a pre-test speed of 1 mm/s, test speed of 2 mm/ s, 
distance of 5 mm and load cell of 50 kg. The fruit peel 
colour was determined with Huntor colour values (L*, 
a* & b*) by Hunter Lab (Colour Quest XE). Where L* 

(lightness) varies from ‘0’ (black) to 100 (pure white); 
a* and b* values represent the levels of tonality and 
saturation; with +a (indicating red); -a (indicating 
green); +b (indicating yellow) and -b (indicating 
blue) colours. Total soluble solids (TSS) of the fruits 
were recorded by using a digital refractometer and 
expressed in °Brix and TSS: acid ratio was work out. 
Titratable acidity (%), ascorbic acid (mg/100 g) and 
total sugars (%) were determined as per method 
suggested by Ranganna (10). The average data of 
two years were subjected to analysis of variance 
(ANOVA) using statistical software SPSS version 
17.0 and differences were considered statistically 
significant at p= 0.05.

RESULTS AND DISCUSSION
Time of thinning altered days to fruit maturity 

(Table 1) when conducted at 20 DAFB (67 days), 
while maximum days to fruit maturity were recorded 
in control (77 days). Results related to fruit spacing 
was significant, the linear increased in fruit spacing 
from 10 cm (74 days) to 20 cm (69 days) recorded 
decrease in days to fruit maturity. However, interaction 
between thinning time and fruit spacing (T × S) was 
found non-significant. However, minimum days to 
fruit maturity were recorded in T3 × S3 (64 days), 
the faster accumulation of minerals and metabolites 
might help in early development of thinned fruits. 
These results are in line with Chanana et al. (3) who 
also reported that thinning advanced the fruit maturity 
in peaches. In present study, mean fruit yield of 
Flordasun peach (Table 1) was reduced significantly 
on all the considered thinning treatments compared 
with control. The least reduction was attributed to 
T3 (28.82 kg/tree) at par with T1 (28.46 kg/tree). 
While, highest fruit yield was recorded in T6 (38.66 
kg/tree). In spacing effect fruit yield was decreased 
significantly with increasing fruit spacing. Interaction 
(T × S) showed that treatments T1 × S1 followed 
by T2 × S1 and T3 × S1 produced higher yield but 
significantly lower than control. In present study, the 
least reduction was credited to thinning done at 20 
DAFB (T3). In similar findings, Jimenez and Royo 
Diaz (7) reported that thinning of peach fruit between 
bloom and 30 DAFB with four to five fruits per shoot 
had positive effect on fruit production. The highest fruit 
weight (Table 1) was recorded at T3 (55.02 g) followed 
by T4, while lowest in control (37.22 g). In comparison 
with spacing, the highest fruit weight was recorded 

Table 1. Effect of thinning time and fruit spacing on days to fruit maturity, fruit yield and fruit weight in peach cv. Flordasun. 

Thinning time (DAFB*) 
fruit spacing (cm)

Days to fruit maturity Fruit yield (kg/ plant) Fruit weight (g)
10 15 20 Mean (T) 10 15 20 Mean (T) 10 15 20 Mean (T)

T1 (0 DAFB) 74 75 71 73 32.89 27.88 24.61 28.46 37.37 39.00 46.67 41.01
T2 (10 DAFB) 72 72 69 71 31.12 26.18 22.92 26.74 45.02 53.72 51.73 50.16
T3 (20 DAFB) 70 68 64 67 31.10 29.00 26.37 28.82 51.73 55.23 58.09 55.02
T4 (30 DAFB) 75 70 68 71 30.00 26.92 22.14 26.35 52.13 53.03 56.14 53.77
T5 (40 DAFB) 73 71 67 70 24.80 20.14 17.69 20.88 44.23 47.02 49.10 46.78
T6 (unthinned) 78 76 77 77 38.64 39.00 38.34 38.66 37.68 38.00 37.22 37.55
Mean (S) 74 72 69 31.43 28.19 25.35 44.69 47.67 49.83
LSD (P ≤ 0.05)
Thinning time (T) 2.46 2.5 1.72
Fruit spacing (S) 1.90 1.94 1.33
T × S NS 4.33 2.97

*DAFB = days after full bloom; NS = non-significant
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at 20 cm (49.83 g). The interaction results clarify 
that, heaviest fruit were produced in T3 × S3 (58.09 
g) at par with T4 × S3 and T3 × S2. Fruit is the most 
important assimilate sink in the trees and increased 
in fruit weight in different treatments possibly due to 
increased supply of resources (carbohydrates) to 
individual fruits from source organs due to reduced 
crop load. Similar results were reported in other 
studies (Rathi et al., 11; Bussi et al., 2; Da Silva 
Linge et al., 4).

Fruit size is an important external quality attributes 
because it influences consumer acceptance and 
postharvest handling of fruits. The time of thinning 
and fruit spacing significantly improved the fruit size 
(Table 2). The greatest mean fruit length and diameter 
was recorded at T3 (4.66 and 4.44 cm), respectively, 
at par with T4 (4.56 and 4.42 cm), respectively. 
However lowest fruit length and diameter were 
observed in control (3.94 and 3.69 cm), respectively. 
Fruit size was found to be enlarged significantly with 
the increased in fruit spacing, the fruits spaced at 
20 cm on whole tree canopy produced quite bigger 
fruit (4.49 and 4.25 cm), respectively. The interaction 
between T × S was found significant for fruit size. 
The maximum fruit length and diameter were (4.79 
and 4.56 cm) were recorded in T3 × S3 (thinning at 
20 DAFS and fruit spaced at 20 cm) followed by T4 
× S3 and T3 × S2. However, significantly higher fruit 
firmness (Table 2) was recorded in control (2.66) 
compared with other treatments. With regards to 
the spacing, fruit firmness was decreased linearly 
with increased in fruit spacing and more firm fruits 
were noticed at 10 cm (2.29) spacing. In interaction, 
fruit firmness did not differ significantly between 
the treatments. In present study, the fruit size was 

increased linearly with increasing spacing, while fruit 
firmness reduced might be due to larger fruit size that 
in turn decreases the strength of cell wall and lesser 
cohesion between the cells. These results are in tune 
with Njoroge and Reighard (9) and Drogoudi et al. (5).

Fruits peel colour has been often associated with 
consumer preference (visual and eating quality) and 
sale of peaches (Table 3) determined with Hunter 
colour values, viz., L* (lightness), a* (redness) and 
b* (yellowness). The maximum lightness (56.10); 
redness (14.07) and yellowness (19.38) value of fruit 
peel was observed in T3, while lowest L* (41.13), a* 
(9.13) and b* (14.51) values were recorded in control. 
The effect of spacing was significant and peel colour 
values were found to be rise with the increased in 
fruit spacing. The highest lightness (50.91); redness 
(13.14) and yellowness (17.05) values of fruit peel 
were observed at 20 cm spacing. Regarding the 
interaction, significant variations was notices for 
L*, a* and b* value. The maximum L* value (59.14) 
and a* value (16.34) was noticed at T3 × S3 at par 
with T3 × S2 for L* value and T5 × S3 for a* value. 
While maximum b* value (19.68) was recorded 
in T3 × S2 at par with T3 × S3. In present study, 
manual fruit thinning at 20 DAFS and fruit spaced 
at 15 to 20 cm registered higher fruit peel colour 
value might be due to enhanced photosynthetic 
efficiency and lessen the adverse effect on carbon 
partitioning by improved light interception through 
greater exposure within the canopy (Sansavini and  
Grappadelli, 12).

Thinning time and fruit spacing had shown 
significant positive relationship with fruit quality 
attributes. The total soluble solids (TSS), titratable 
acidity and TSS: acid ratio (Table 4) content was 

Table 2. Effect of thinning time and fruit spacing on fruit size and fruit firmness in peach cv. Flordasun.

Thinning time (DAFS*) 
Fruit spacing (cm)

Fruit length (cm) Fruit diameter (cm) Fruit firmness (kg/cm2)
10 15 20 Mean (T) 10 15 20 Mean (T) 10 15 20 Mean (T)

T1 (0 DAFB) 4.01 4.15 4.43 4.20 3.81 3.96 4.30 4.02 1.86 1.74 1.64 1.75
T2 (10 DAFB) 4.19 4.61 4.52 4.44 3.99 4.21 4.26 4.15 2.07 1.95 1.82 1.95
T3 (20 DAFB) 4.52 4.66 4.79 4.66 4.26 4.51 4.56 4.44 2.12 2.00 1.90 2.01
T4 (30 DAFB) 4.34 4.61 4.72 4.56 4.21 4.50 4.53 4.41 2.42 2.28 2.07 2.26
T5 (40 DAFB) 4.00 4.26 4.47 4.24 3.85 4.03 4.13 4.00 2.59 2.25 2.06 2.30
T6 (unthinned) 3.91 3.94 3.98 3.94 3.67 3.69 3.72 3.69 2.66 2.63 2.61 2.63
Mean (S) 4.16 4.37 4.49 3.96 4.15 4.25 2.29 2.14 2.02
LSD (P ≤ 0.05)
Thinning time (T) 0.11 0.10 0.10
Fruit spacing (S) 0.09 0.08 0.08
T × S 0.20 0.17 NS

*DAFB = days after full bloom; NS = non-significant
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significantly affected by different treatments as 
compared to control. The highest mean TSS (11.93°B), 
TSS: acid ratio (18.68) and lowest mean titratable 
acidity (0.64%) were recorded in T3 followed by T4 
(11.19°B, 15.94 and 0.71%), respectively. Meanwhile 
lowest mean TSS and TSS: acid ratio (9.04 and 
9.79°B) and highest titratable acidity (0.93%) was 
noted in control (unthinned). Similarly, TSS and 
TSS: acid ratio was significantly increased with 
spacing. However, titratable acidity was not affected 
significantly by spacing. Regarding interaction effect, 
highest TSS (12.10°B); TSS: acid ratio (20.17) and 
lowest titratable acidity (0.60%) were recorded in T3 

× S3 (thinned at 20 DAFS and fruits spaced at 20 
cm) followed by T3 × S2. These results are in tune 
with Njoroge and Reighard (9) and Chanana et al. (3) 
reported highest total soluble solids and total sugars 
with hand thinning in peaches. 

The perusal of data in respect to ascorbic acid 
content (Table 5) varied significantly among the 
different treatments. The highest ascorbic acid (6.27 
mg/100 g) and total sugars (6.13%) content was 
recorded in T3, while the lowest in control. With 
increased in spacing between fruits, the ascorbic 
acid and total sugars content improved linearly and 
maximum mean value of ascorbic acid (5.91 mg/100 

Table 3. Effect of thinning time and fruit spacing on fruit peel colour (L*, a* and b*) in peach cv. Flordasun.

Thinning time (DAFS*) 
Fruit spacing (cm)

‘L’ ‘a’ ‘b’
10 15 20 Mean 

(T)
10 15 20 Mean 

(T)
10 15 20 Mean 

(T)
T1 (0 DAFB) 40.39 43.58 47.20 43.72 9.31 10.33 11.23 10.29 12.74 15.22 14.21 14.06
T2 (10 DAFB) 40.13 44.03 52.36 45.51 10.14 11.02 12.60 11.25 15.20 16.10 20.21 17.17
T3 (20 DAFB) 52.36 56.80 59.14 56.10 12.60 13.26 16.34 14.07 20.21 19.68 18.25 19.38
T4 (30 DAFB) 49.29 53.26 54.22 52.26 11.14 12.06 14.09 12.43 14.26 16.25 18.00 16.17
T5 (40 DAFB) 40.47 49.27 51.25 47.00 10.00 12.47 15.54 12.67 15.36 13.65 17.01 15.34
T6 (unthinned) 41.11 41.00 41.27 41.13 9.22 9.12 9.05 9.13 14.51 14.72 14.63 14.62
Mean (S) 43.96 47.99 50.91 10.40 11.38 13.14 15.38 15.94 17.05
LSD (P ≤ 0.05)
Thinning time (T) 2.84 1.00 0.66
Fruit spacing (S) 2.20 0.78 0.51
T × S 4.91 1.73 1.33

*DAFB = days after full bloom

Table 4. Effect of thinning time and fruit spacing on TSS, acidity and TSS:acid ratio in peach cv. Flordasun.

Thinning time (DAFS*) 
Fruit spacing (cm)

TSS (°Brix) Titratable acidity (%) TSS: acid ratio
10 15 20 Mean 

(T)
10 15 20 Mean 

(T)
10 15 20 Mean 

(T)
T1 (0 DAFB) 9.33 9.88 10.11 9.77 0.85 0.81 0.72 0.79 10.98 12.19 14.04 12.40
T2 (10 DAFB) 10.00 11.00 11.79 10.93 0.81 0.71 0.68 0.73 12.34 15.49 17.27 15.03
T3 (20 DAFB) 11.79 11.91 12.10 11.93 0.68 0.64 0.60 0.64 17.27 18.61 20.17 18.68
T4 (30 DAFB) 10.92 11.10 11.56 11.19 0.72 0.76 0.64 0.71 15.17 14.61 18.06 15.94
T5 (40 DAFB) 10.75 11.00 11.30 11.02 0.75 0.85 0.81 0.80 14.33 12.94 13.94 13.74
T6 (unthinned) 9.00 9.05 9.07 9.04 0.93 0.91 0.93 0.92 9.68 9.95 9.75 9.79
Mean (S) 10.30 10.66 10.99 0.79 0.78 0.73 13.29 13.96 15.54
LSD (P ≤ 0.05)
Thinning time (T) 0.30 0.05 0.66
Fruit spacing (S) 0.24 NS 0.53
T × S 0.53 0.09 1.18

*DAFB = days after full bloom; NS = non-significant
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g) and total sugars (5.77%) were recorded in fruit 
spaced at 20 cm. Regarding interaction significantly 
highest ascorbic acid content were obtained in T3 
× S3 (6.52 mg/100 g) followed by T3 × T2 (6.26 
mg/100 g). While highest total sugars content was 
recorded in T3 × S2 (6.22%) followed by T3 × S3. 
Treatment effect on fruit quality, viz., TSS, colour 
and TSS: acid ratio suggested a slight advancement 
in crop maturity. This might be due to reduced crop 
load due to thinning time and fruit spacing, resulted 
into more synthesis, transport and accumulation of 
nutrients in the remaining fruits. These results are 
in harmony with those of Satya and Nautiyal (13) 
on Early White Giant peach and Kumar et al. (8) on 
Flordasun peach. Thus, the results of the present 
investigation revealed that the manual thinning of 
fruits/ fruitlets at 20 days after full bloom and spacing 
of fruits at 20 to 15 cm along the shoot on whole 
tree canopy was highly effective in enhancing fruit 
maturity, improving fruit size, peel colour and quality 
attributes of Flordasun peach.

ACKNOWLEDGEMENT
Authors gratefully acknowledge the Director, 

ICAR Research Complex for NEH Region, Umiam, 
Meghalaya for providing the facilities. 

REFERENCES
1. Babu, K.D., Patel, R.K., Deka, B.C. and 

Bujarbaruah, K.M. 2011. Maturity indices for 
harvesting of low chilling peach cultivars under 
mid-hill conditions of Meghalaya. Acta Hort. 890: 
449-55.

2. Bussi, C., Lescourret, F., Genard, M. and 
Habib, R. 2005. Pruning intensity and fruit load 
influence vegetative and fruit growth in an early-
maturing peach tree cv. Alexandra. Fruits, 60: 
133-42.

3. Chanana, Y.R., Kaur, B., Kaundal, G.S. and 
Singh, S. 1998. Effect of flowers and fruit thinning 
on maturity, yield and quality in peach (Prunus 
persica Batsch.). Indian J. Hort. 55: 323-26.

4. Da Silva Linge, C., Bassi, D., Bianco, L., 
Pacheco, I., Pirona, R. and Rossini, L. 2015. 
Genetic dissection of fruit weight and size in an 
F2 peach [Prunus persica (L.) Batsch.] progeny. 
Mol. Breed. 35: 1-19.

5. Drogoudi, P.D., Tsipouridis, C.G. and Pantelidis, 
G. 2009. Effect of crop load and time of thinning 
on the incidence of split pit, fruit yield, fruit quality 
and leaf mineral content in Andross peach. J. 
Hort. Sci. Biotech. 84: 505-09.

6. Greene, D.W., Hauschild, K.I. and Krupa, J. 
2001. Effect of blossom thinners on fruit set and 
fruit size of peaches. HortTech. 11: 179-83.

7. Jimenez, C.M. and Royo Diaz, J.B. 2002. Fruit 
distribution and early thinning intensity influence 
fruit quality and productivity of peach and 
nectarine tree. J. American Soc. Hort. Sci. 127: 
892-900.

8. Kumar, M., Rawat, V., Rawat, J.M.S. and Tomar, 
Y.K. 2010. Effect of pruning intensity on peach 
yield and fruit quality. Scientia Hort. 125: 128-21.

Table 5. Effect of thinning time × fruit spacing on ascorbic acid and total sugars content in peach cv. Flordasun.

Thinning time (DAFB*)
Fruit spacing (cm)

Ascorbic acid (mg/100 g) Total sugars (%)
10 15 20 Mean (T) 10 15 20 Mean (T)

T1 (0 DAFB) 5.19 5.01 5.47 5.22 4.90 5.16 5.22 5.09
T2 (10 DAFB) 5.34 5.94 6.03 5.77 5.47 5.14 6.01 5.54
T3 (20 DAFB) 6.03 6.26 6.52 6.27 6.01 6.22 6.17 6.13
T4 (30 DAFB) 5.80 6.00 6.23 6.01 5.97 5.86 6.12 5.98
T5 (40 DAFB) 6.02 6.14 6.17 6.11 5.86 5.96 6.12 5.98
T6 (unthinned) 5.07 5.06 5.10 5.08 4.98 4.98 5.00 4.99
Mean (S) 5.58 5.74 5.92 5.53 5.55 5.77
LSD (P ≤ 0.05)
Thinning time (T) 0.16 0.15
Fruit spacing (S) 0.12 0.12
T × S 0.27 0.26

*DAFB = days after full bloom



50

Indian Journal of Horticulture, March 2017

9. Njoroge, S.M.C. and Reighard, G.L. 2008. 
Thinning time during stage I and fruit spacing 
influences fruit size of Contender peach. Scientia 
Hort. 115: 352-59.

10. Ranganna, S. 2004. Handbook of Analysis 
and Quality Control for Fruit and Vegetable 
Products, Tata McGraw Hill Publishing Co. Ltd., 
New Delhi, India.

11. Rathi, D.S., Dimri, D.C., Nautiyal, M.C. and 
Kumar A. 2003. Pruning response to shoot 
growth, fruit set and yield in peach. Indian J. 
Hort. 60: 151-53.

12. Sansavini, S. and Grappadelli, C.L. 1997. Yield 
and light efficiency for high quality fruit in apple 
and peach in high density planting. Acta Hort. 
451: 559-68.

13. Satya, P. and Nautiyal, M.C. 1996. Response of 
fruiting and quality of Early White Giant peach 
to varying degree of dormant pruning. Indian J. 
Hort. 53: 97-100.

14. Southwick, S.M. and Glozer, K. 2000. Reducing 
flowering with gibberellins to increase fruit size 
in stone fruit trees: applications and implications 
in fruit production. HortTech. 10: 744-51.

Received : July, 2016; Revised : January, 2017;  
Accepted : February, 2017



51

Indian J. Hort. 74(1), March 2017: 51-55

DOI : 10.5958/0974-0112.2017.00013.5 

INTRODUCTION
Cucumber (Cucumis sativus L.) is one of the 

most important cucurbit crops in the world (FAO, 
5) relished mostly as salad. It is the fourth most 
widely grown vegetable in the world after tomato, 
cabbage and onion (Tatlioglu, 18). It is believed 
to be originated in India (Sebastian et al., 13). In 
India, cucumber is grown commercially throughout 
the country in areas extending from higher altitude 
to plains including river beds. The fruits and seeds 
possess cooling properties. The fruits are also used 
as an astringent, antipyretic and are considered good 
for people suffering from constipation, jaundice and 
indigestion. India being native place of cucumber 
possesses wide genetic variability for vegetative 
and fruit traits. Breeder often faces the problem 
of selecting parents and crosses for breeding 
high yielding varieties of crop plant. As in other 
crops, the selection of suitable parents and cross 
combinations is necessary for genetic improvement 
in cucumber. Combining ability is one of important 
genetic parameters for breeding improved cultivars. 
The variances of general combining ability (gca) and 
specific combining ability (sca) are related to the 
type of gene action involved. The variance of gca 

includes the additive nature of the total variance, 
whereas sca includes the non-additive nature of the 
total variance, arising largely from dominance and 
epistatic deviations (Malik et al., 9). The knowledge 
on the relative importance of the additive (gca) and 
non-additive (sca) gene actions within a breeding 
population is significant because it determines 
the breeding method for genetic improvement  
(Sincik, 17).

For the development of superior hybrids, 
estimates of general combining ability of parents 
and specific combining ability of the crosses help in 
proper selection of parents for hybridization (Dogra 
and Kanwar, 4). The present investigation was 
therefore, undertaken to identify the best combiners 
among the existing inbreds and the crosses as well 
as gene action of different quantitative traits in 8 × 8 
half-diallel set to facilitate the formulation of a sound 
breeding programme in cucumber.

MATERIALS AND METHODS
The experiment was carried out at experiment 

farm of the Division of Vegetable Science, ICAR-
IARI, New Delhi during March-June, 2013. Eight 
genetically diverse inbreds of cucumber, viz., P1 
(DC-77), P2 (DC-70), P3 (DC-83), P4 (Pusa Uday), 
P5 (Punjab Naveen), P6 (DC-1), P7 (CHC-1) and 
P8 (Kalyanpur Green) were crossed in half diallel 
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mating design. The 28 F1 hybrids along with eight 
parents were evaluated in a randomised block 
design with three replications. Two to three seeds 
were sown on the side of the channel in a well 
prepared hill, with a spacing of 1.5 m between 
channels and 60 cm between hills. Each treatment 
comprised of ten hills. Two plants were allowed to 
grow in each hill and finally one plant was kept for 
taking final observations. Recommended agronomic 
package of practices were followed throughout the 
growing season. Five plants were randomly selected 
for taking observations after discarding the border 
plants at both the ends. Data were recorded on 
days to first female flower anthesis, days to first 
fruit set, days to first fruit harvest, number of fruits 
per plant, fruit length (cm), fruit diameter (cm), 
average fruit weight (g), vine length (cm) and total 
yield per plant (g). The combining ability estimates 
were calculated according to Method 2, Model I of 
Griffing (7). Relative importance of gca and sca was 
estimated by the predictability ratio 2σ2g/2 σ2g + σ2s 
(Baker, 1) for fixed effect model where, 2σ2g and σ2s 
is additive and non-additive component of variance, 
respectively. Average degree of dominance was 
estimated by the formula √ σ2s/2 σ2g.

RESULTS AND DISCUSSION
The analysis of variance showed significant 

difference among the genotypes studied for all the 
traits except for fruit width. Similar results were 
reported by Singh et al. (15). The mean sum of 
squares due to gca and sca were highly significant 
for all the traits except fruit width for sca, indicating 
preponderance of dominant gene action (Kumar et 
al., 8) (Table 1). The variances due to sca (σ2s) were 
greater than variance due to gca (σ2g) for all the 
parameters which indicated the importance of non-
additive gene action and scope for heterosis breeding 

for improvement in cucumber. Similar findings were 
also noted by Chirani et al. (2), and Singh et al. (16). 
The predictability ratio also showed relevant result, 
it was less than 0.5 for all the characters indicating 
predominant role of non-additive component of 
variance. Similarly, average degree of dominance 
was also found to be >1 for all the traits, suggesting 
the predominant role of dominance variance. Our 
findings are in conformity with the findings of Munshi 
et al. (10).

The potentiality of any line to be used as a parent 
in hybridization depends on its per se performance 
and the performance of F1 hybrid derived from it 
and its own gca effect. The data presented in Table 
2 clearly reveals that none of the parent was good 
general combiner for all the traits. However, the 
estimates of gca effects of parents showed that parent 
P6 (DC-1) was good general combiner for earliness 
(-3.71), days to first fruit set (-3.61), days to first fruit 
harvest (-3.64) and fruit diameter (0.21), followed by 
P7 (CHC-1). P8 (Kalyanpur Green) was considered to 
be good general combiner for fruit length (1.28) and 
average fruit weight (23.01). P4 (Pusa Uday) showed 
the highest significant gca effect for number of fruits 
(0.86) and second highest significant gca for average 
fruit weight (20.57). For total yield, P4 (Pusa Uday) 
(443.18) showed maximum significant gca effect 
followed by P6 (DC-1) (241.68). P2 (DC-70) recorded 
significant sca effect for vine length (19.57). As good 
general combiners these parents could be exploited 
in hybridization to produce desirable recombinants. 
Our findings were in conformity with the findings of 
Golabadi et al. (6).

The sca signifies the predominance of non 
additive gene action for the expression of any trait. 
However, high sca effects may not arise only in the 
crosses involving high × high combination, but it 
also arises in those crosses involving low × high 

Table 1. Analysis of variance for combining ability for different traits in cucumber.

Source of 
variation

df Days to first 
female flower 
appearance

Days to 
first fruit 

set

Days to 
first fruit 
pickings

Fruit 
length 
(cm)

Fruit 
width 
(cm)

Average 
fruit wt. 

(g)

No of 
fruits/
plant

Total yield/
plant  
(g)

Due to GCA 7 38.90** 34.88** 34.87** 17.33** 0.40** 9061.87** 7.40** 586519.25**
Due to SCA 28 2.92** 3.32** 3.34** 4.15** 0.13 1316.16** 3.63** 144547.07**
Error 70 0.20 0.18 0.20 1.50 0.10 252.85 0.65 463.72
σ2g 0.02 0.02 0.01 0.04 0.01 7.37 0.02 40.50
σ2s 0.17 0.15 0.16 0.41 0.03 69.22 0.17 380.57
PR 0.08 0.21 0.11 0.16 0.40 0.17 0.19 0.17
ADD 2.05 1.9 2.85 2.28 1.23 2.16 2.06 2.17

**&*Significance at 1 and 5% level of probability, respectively.
Predictability ratio (PR) = 2 σ2g/ 2 σ2g +σ 2s; Average degree of dominance (ADD) = √σ2s / 2 σ2g
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or high × low or low × low. The results showed that 
none of the hybrids were having higher sca effect 
for all the traits. Considering this, top three crosses 
exhibiting high sca effects were selected for each 
traits and magnitude of gca of respective parents 
was presented as either low or high (Table 3). In 
the present study, majority of the crosses exhibited 
high sca effects as a result of either low × low, low × 
high or high × low and high × high gca, indicating a 
genetic interaction of the dominance × dominance, 
dominance × additive or additive × dominance type. 
With regard to specific combining ability effects, the 
cross Pusa Uday × DC-1 (high × high) was found 
to show superior sca effects for days to first female 
flower opening (-3.84), days to first fruit set (-3.71), 
days to first fruit harvest (-3.68), number of fruits per 
plant (2.30) and total yield (553.48). Average fruit 
weight (45.26) and fruit length (2.04) was observed 
highest in the cross DC-70× DC-83 (low × low). Even 
both negative combiners (poor parents) have yielded 
crosses with high sca effects. This indicated that 
negative combiners are also capable of giving high 
sca effects. The cross DC-70 × DC-1 (low × high) 
showed highest sca effect for fruit diameter (0.48) 
and vine length (38.34). Twenty hybrids out of 28, 
exhibited positive significant sca effects for total yield 
per plant, indicating the presence of dominance and 
epistatic (non-additive) interaction. Similar results 
were reported by Reddy et al. (11). The number 
of fruits per plant was the only trait that had a high 
relationship to total plant yield. The importance of 
non-additive gene action for number of fruits per 
plant was also reported by Pati et al. (10), Kumar et 
al. (8) and Dogra (3).

It is apparent that most hybrids showing high sca 
effects involved atleast one good general combiners. It 
implies that there is a strong tendency of transmission 
of specific genetic architecture for higher gain from 
parents to its offspring. Such crosses are likely to 
produce desirable transgressive seggregants if 
additive genetic system is present in good general 
combiner. It is also possible that the cross which is 
showing high sca effect may have parents with high 
gca effects, in which case both additive and non-
additive gene actions can be utilized. However, only 
few crosses confirmed to these observations. The 
high × low or low × high crosses, besides exhibiting 
the favourable additive gca effects of the parent, 
complement the epistatic effects present in the 
cross, which would finally result in higher sca effects 
(Santhakumar and Salimath, 14). 

The result showed that the relative importance 
of gca and sca (predictability ratio) was <0.5 and 
average degree of dominance was >1 for all the traits Ta
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Table 3. Ranking of best five crosses for per se performance and all desirable crosses for significant sca effect with 
respect to eight quantitative traits.

Trait Crosses with per se performance Crosses with significant sca effects GCA effect of parent
P1 P2

Days to first 
female flower 
opening

Pusa Uday × DC-1 (46.00) Pusa Uday × DC-1 (-3.84) Low High
Punjab Naveen × DC-1 (47.00) DC-77 × CHC-1 (-2.63) Low High
DC-1 × CHC-1 (48.00) DC-83 × Kalyanpur Green (-1.50) Low Low
DC-77 × DC-1 (50.00) DC-77 × DC-1 (-1.48) Low High
DC-1 × Kalyanpur Green (50.00) DC-83 × CHC-1 (-1.35) Low High

Days to first 
fruit set

Pusa Uday × DC-1 (49.00) Pusa Uday × DC-1 (-3.71) Low High
Punjab Naveen × DC-1 (50.01) DC-77 × CHC-1 (-2.75) Low High
DC-1 × CHC-1 (51.00) DC-77 × Punjab Naveen (-2.47) Low High
DC-77 × DC-1 (52.33) DC-77 × DC-1 (-1.74) Low High
DC-70 × DC-1 (52.87) DC-83 × Kalyanpur Green (-1.47) Low Low

Days to first 
fruit harvest

Pusa Uday × DC-1 (54.00) Pusa Uday × DC-1 (-3.68) High Low
Punjab Naveen × DC-1 (55.02) DC-77 × CHC-1 (-2.72) Low High
DC-1 × CHC-1 (56.00) DC-77 × Punjab Naveen (-2.58) Low High
DC-77 × DC-1 (57.32) DC-77 × DC-1 (-1.72) Low High
DC-70 × DC-1 (57.83) DC-83 × Kalyanpur Green (-1.55) Low Low

Fruit  length 
(cm)

DC-70 × Kalyanpur Green (16.63) DC-70 × DC-83 (2.04) Low Low
DC-70 × CHC-1 (16.52) DC-7 × CHC-1 (1.72) Low High
Pusa Uday × Kalyanpur Green (16.17) DC-83 × Pusa Uday (1.68) Low Low
Punjab Naveen × CHC-1 (15.29) Pusa Uday × Kalyanpur Green (1.23) Low High

Fruit dia. (cm) DC-70 × DC-1 (4.01) DC-70 × DC-1 (0.48) Low High
Pusa Uday × DC-1 (3.86)

Av. fruit weight 
(g)

Pusa Uday × DC-1 (287.19) DC-70 × DC-83 (45.26) Low Low
DC- × Kalyanpur Green (259.61) Pusa Uday × DC-1 (40.43) High High
Pusa Uday × Kalyanpur Green (258.44) DC-77 × DC-83 (34.06) Low Low
DC-77 × Kalyanpur Green (236.84) DC-83 × Punjab Naveen (28.50) Low Low
CHC-1 × Kalyanpur Green (236.61) DC-77 × DC-70 (17.75) Low Low

No. of fruits 
per plant

Pusa Uday × DC-1 (10.86) Pusa Uday × DC-1 (2.30) High Low
Pusa Uday × Punjab Naveen (10.03) Pusa Uday × Punjab Naveen (1.41) High Low
DC-70 × Pusa Uday (8.78) DC-77 × DC-83 (1.39) Low Low
CHC-1 × Kalyanpur Green (8.68) DC-83 × Kalyanpur Green (1.11) Low Low
Pusa Uday × CHC-1 (8.59) DC-77 × Kalyanpur Green (0.97) Low Low

Total yield per 
plant (g)

Pusa Uday × DC-1 (2750) Pusa Uday × DC-1 (553.48) High High
Pusa Uday × Kalyanpur Green (2400) Pusa Uday × Kalyanpur Green (522.75) High Low
Pusa Uday × Punjab Naveen (2300) Punajb Naveen × DC-1 (327.55) High High
Punjab Naveen × DC-1 (2200) Pusa Uday × CHC-1 (279.12) High High
Pusa Uday × CHC-1 (2100) DC-77 × DC-1 (260.62) Low High

studied which indicated the predominant role of non 
additive component of variance for the improvement 
of these traits. Parent P1 (Pusa Uday) and P6 (DC-
1) were best general combiner for yield and its 
contributing traits and can be utilized in hybridization 

programme for developing high yielding hybrids. The 
specific combination P4 × P6 (Pusa Uday × DC-1) 
was identified as best hybrid for days to first female 
flower opening, days to first fruit set, days to first fruit 
harvest, number of fruits per plant and total yield per 



55

Genetical Studies on Cucumber

plant, and second highest significant sca for average 
fruit weight followed by Pusa Uday × Kalyanpur 
Green, and Punjab Naveen × DC-1 for total yield per 
plant. The result indicated the preponderance of over 
dominance and non-additive genetic variance for all 
the quantitative traits taken in the study and they can 
be efficiently improved through heterosis breeding.
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INTRODUCTION
Carrot (Daucus carrota L.) is one of the important 

root vegetable crop grown all over the world and 
praised for a rich pro-vitamin A and other dietary 
nutrients. There are two groups of carrot, i.e. Asiatic 
and European types. Asiatic types are high yielding 
and produce the root and seeds under tropical 
conditions but are comparatively poor in β-carotene 
and other quality traits (Ramesh et al., 9). European 
types forms root under tropical and temperate 
conditions but form seed only under temperate 
regions because they need thermal induction for 
flowering. The uniform shape, size and colour of 
root with thicker phloem (cortex) and thinner xylem 
(core) are unique characteristics of European carrot 
referred in market and fetch higher return. There is 
need to initiate the crop improvement programme to 
develop varieties on such lines. The level of genetic 
diversity in carrot germplasm is a critical component 
in breeding of new cultivars. The presence of genetic 
diversity play a vital role to meet the diversified 
goals of plant breeding such as breeding for higher 
yield, uniformity, desired quality and resistance to 
biotic and abiotic stresses. A sound understanding 
of genetic diversity of different targeted traits is an 
effective tool for targeted breeding programme). 
Breeding for particular set of growing conditions, 
it is pertinent to know the use of local populations, 
since in them the relationship in yield components 

are balanced and in harmony with effect of the 
specific climatic and edaphic factors. The numerical 
taxonomic techniques are reliable tool to classify 
the variation pattern at inter- and intra-specific level 
(Ario and Odulaja, 2). The multivariate analysis is 
useful technique for characterization, evaluation 
and classification of plant genetic resources, when 
a number of accessions are to be evaluated for 
several characters of agronomic importance (Peter 
and Martinelli, 8). Different types of analysis such 
as principal component analysis (PCA) and single 
linkage cluster analysis (SLCA) are used to identify 
groups of accessions that have desirable traits for 
breeding and assessing the patterns of variation in 
germplasm collection. However, PCA alone would not 
give an adequate character representation in terms 
of relative importance, when numerous characters 
are considered simultaneously (Shalini et al., 11). 
Thus, this study is aimed at identifying the major 
characters responsible for variation among European 
carrot genotypes with a view to group accessions 
and for identifying the potential parental stocks 
within groups of local germplasm by employing the 
multivariate analysis.

MATERIALS AND METHODS
The present investigation was carried out at 

the Experimental Farm of the ICAR-CITH, Srinagar 
during 2013 and 2014. The material consisted of 40 
variable genotypes collected from different carrot 
growing hot spots in temperate regions of Kashmir 
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valley and heterotic selection from carrot lines bred 
at CITH (Table 1). Seed was sown at 30 cm × 10 
cm inter- and intra-row spacing in mid of August in 
plot size of 3 m × 2 m in randomized block design 
with three replications. Geographic position of the 
experimental site lies between latitude of 34°05 N and 
longitude of 74°50 E at an altitude of 1,640 m above 
mean sea level. The average maximum 19.63°C 
and minimum 6.52°C temperature, amount of rainfall 
160.72 mm and relative humidity 58.35%, evaporation 
2.45 and soil characteristics, viz. pH = 6.81, EC = 
0.36 dSm-1 recorded during the cropping season 
August to November. Recommended agronomic 
and cultural practices were adopted to obtain better 
phenotypic expression of the traits. Observations 
were recorded for top length, petiole length, number 
of leaves/ plant, leaf weight/ plant, root weight, leaf: 
root ratio, root length, root diameter, core thickness, 
crown diameter, flesh thickness and root yield (q/ha). 
The pooled data over two years was analyzed as per 
the method suggested by Gomez and Gomez (4). 
Genetic diversity was studied following Mahalanobis’s 
(7) generalized distance (D2 analysis) extended 
by Rao (10). Clustering of genotypes was done 
according to Tocher’s method (Rao, 10). Average 

intra-cluster distance was calculated by the following 
formula as suggested by Singh and Choudhry (12). 
Trait variability analysis was performed by the PCA 
method, with the number of principal components 
being chosen based on the screen test (Kovacic, 
6). Agglomerative Hierarchical cluster analysis was 
used to determine differences and similarities among 
the genotypes and as the Euclidean's distance 
measure used to reflect the differences existing 
among the genotypes (Kendall, 5). All statistical 
analysis was carried out based on 12 traits using 
statistical XL STAT-2011 and SAS 9.3 standard  
software. 

RESULTS AND DISCUSSION
The analysis on 40 genotypes over traits variability 

expressed on range, standard deviation and coefficient 
of variation. The highest coefficient of variation was 
observed for flesh thickness (39.14%), number of 
leaves/ plant (37.58%), root: top ratio (34.17%), 
average root weight and root yield (25.89%). The 
mean root yield /ha was 394.70 q, ranging from 180 
to 732 q/ha, average root weight range from 45 to 
183 g, root length ranged from 119 to 179 mm and 
core thickness from 6.54 to 16.93 mm (Table 2). The 

Table 1. Carrot genotypes evaluated.

S.No. Genotype Area of collection/ source S.No. Genotype Area of collection/ source
1 SH-C-136 Srinagar 21 SH-C-25 Srinagar
2 SH-C-7-5-1 Srinagar 22 Kashmiry Black Budgam
3 SH-C-2007 Srinagar 23 Pink Carrot Srinagar
4 SH-C-9005B Budgam 24 SH-C-20 Budgam
5 Yellow Root Budgam 25 SH-C-121-1 Srinagar
6 SH-C-75 Srinagar 26 SH-C-120 Srinagar
7 SH-C-33 Srinagar 27 NANTES TYPE Budgam
8 SH-C-42 Srinagar 28 SH-C-101 Srinagar
9 SH-C-12 Srinagar 29 SH-C-51 Srinagar
10 SH-C-58 Srinagar 30 SH-C-7-3-2 Srinagar
11 SH-C-39 Srinagar 31 SH-C-27 Srinagar
12 SH-C-95 Budgam 32 SH-C-150 Srinagar
13 SH-C-11 Budgam 33 SH-C-52-05B Srinagar
14 SH-C-54 Budgam 34 SH-C-124 Srinagar
15 CITH-C-1 CITH* 35 SH-C-134 Srinagar
16 CITH-C-5 CITH 36 SH-C-152 Srinagar
17 SH-C-141 CITH 37 SH-C-38 Srinagar
18 SH-C-151 Budgam 38 SH-C-59{LT} Srinagar
19 American CITH 39 SH-C-22 Srinagar
20 SH-C-19 Srinagar 40 SH-C-52-1 Srinagar
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high coefficient variation and range indicated that a 
large genetic variability among the all the traits in 
delineated genotypes. Similar, results on variability 
in horticultural traits of carrot were also reported by 
Ramesh et al. (9).

Based on degree of divergence of 40 genotypes 
were grouped for four principal components having the 
eigen values more than one contributed significantly 
in total variation (Table 3). The other factors having 
the eigen value <1.0 were ignored considering 

the Guttmann’s lower bound principal. The first 
four principal components accounted for maximum 
estimated variation (81.77%) of total multivariate 
variations. The first principal component (PC-I) 
explains for 40.82% of total variation was positively 
loaded with yield (q/ha), root diameter, crown diameter, 
root weight and number of leaves /plants, whereas 
negatively loaded with root: top ratio. The second 
principal component (PC-II) explained 19.27% of total 
variability was positively loaded with root: top ratio. 

Table 2. Variation in quantitative traits of carrot accessions.

Trait Range Mean Std. deviation CV (%)
Min. Max.

Top length (cm) 21.50 58.80 40.15 7.99 19.90
Petiole length (cm) 11.10 31.50 21.30 5.32 24.98
No. of leaves/ plant 5.00 14.00 9.50 1.98 20.84
Top wt./ plant (g) 6.00 42.00 24.00 9.02 37.58
Root wt. (g) 45.00 183.00 114.00 29.51 25.89
Root: top ratio 2.31 16.71 9.51 3.25 34.17
Root dia. (mm) 18.38 42.72 30.55 6.02 19.71
Root length (mm) 119.00 179.00 149.00 12.15 8.15
Core thickness (mm) 6.54 16.93 11.74 2.84 24.20
Crown dia. (mm) 11.16 29.92 20.54 4.37 21.28
Flesh thickness (mm) 0.56 17.15 8.85 3.466 39.14
Yield (q/ha) 180.00 732.00 456.00 118.04 25.89

Table 3. The Principal component latent vector for Eigen values and proportion of variance accounted for different 
components with respect of studied traits. 

Trait PC-I PC-II PC-III PC-IV
Top length (cm) 0.169 0.306 0.590 0.081
Petiole length (cm) 0.125 0.328 0.574 0.257
No. of leaves/ plant 0.198 -0.429 0.041 0.043
Top wt./ plant (g) 0.286 -0.409 0.218 -0.102
Root wt. (g) 0.420 0.080 -0.102 -0.180
Root: top ratio -0.008 0.544 -0.327 0.083
Root dia. (mm) 0.378 0.122 -0.141 0.113
Root length (mm) 0.132 -0.260 0.234 -0.118
Core thickness (mm) 0.294 0.198 -0.045 -0.551
Crown dia. (mm) 0.404 0.027 -0.180 0.189
Flesh thickness (mm) 0.268 -0.129 -0.190 0.691
Yield (q/ha) 0.420 0.080 -0.102 -0.180
Eigen value 4.89 2.31 1.52 1.08
Variability (%) 40.82 19.27 12.65 9.01
Cumulative % 40.82 60.10 72.75 81.76
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The third principal component (PC-III) contributed 
12.65% of total variation was loaded with top length, 
petiole length, and root length followed fourth principal 
component (PC-IV), which explained 9.01% of total 
variability was loaded with high flesh thickness and 
low core thickness, suggesting that these principal 
component score might be used to summarize the 
12 variables in any further analysis of data. The 
traits with largest absolute value closer to unity 
within the first component influence the clustering 
than those to lower absolute value closer to zero. 
Thus, in present study differentiation of genotypes 
into different components was because of high 
contribution of few traits rather than small contribution 
of each trait. The positive and negative loadings show 
positive and negative correlation trends between the 
component and variable. Thus, above mentioned 
characters which load high positively or negatively 
contributed to more diversity. The similar results have 
been reported by Ramesh et al. (9). The principal 
component analysis has also been used for studying 
the genetic variability in germplasm collection of other 
crop species (Ahmed et al., 1; Singh et al., 13), The 
traits contributing in first four principal component 

could be in consideration in selecting the genotypes 
with appropriate trait and yield potential. The graph 
of PC- I verses PC-II indicates some groups of 
isolated genotypes clearly define the diversity, viz., 
SH-C-12,SH-C-27, SH-C-136, SH-C-101, SHC-7-3-2, 
CITH-C-1 and SH-C-54 were most divergent. Usually, 
it is customary to use one important variable from 
theses identified groups. Hence, for PC-I root weight 
is first choice, which has largest positive loading, root: 
top ratio for second principal component, top length 
for third and flesh thickness for fourth component. 
The results of study are useful as it furnish the 
information about the groups, where certain traits are 
more important allowing the breeder to execute the 
specific breeding programme with higher yield and 
better flesh core ratios. 

The biological implication of principal component 
analysis can be quantified from the contribution of 
different variables to each principal component as 
revealed by eigen vector. The clustering score among 
the principal component axes suggest that some 
relationship exists among the individuals within a 
cluster but it does not provides a clear position of 
genotypes. Single linkage cluster analysis is better 

Table 4. Cluster means for 12 traits in 40 carrot genotypes with their distribution in various clusters based on 
agglomerative hierarchical clustering analysis.

Trait PC-I No. of 
genotype-7 

PC-II No. of genotype -19 PC-III No. of 
genotype -12 

PC-IV No. of 
genotype -1

PC-V No. of 
genotype-1

SH-C-136, 
SH-C-7-5-
1, SH-C-25, 
Pink Carrot, 
S H - C - 2 7 , 
SH-C-124, 
SH-C-52-1

SH-C-2007, Yellow Root, 
SH-C-75, SH-C-58, SH-C-
95, SH-C-11, SH-C-54 ,SH- 
C-151, American, SH-C-19, 
Kashmiry Black, SH-C-120, 
SH-C-101, SH-C-51, SH-
C-52-05B, SH-C-134, SH-
C-152, SH-C-38, SH-C-22

SH-C-9005B, SH-C-
33, SH-C-42, SH-
C-39, CITH-C-1, 
CITH-C-5, SH-C-
141, SH-C-20, SH-
C-121-1, SH-C-7-3-
2, SH-C-150, SH-C-
59 {LT}

SH-C-12 Nantes Type

% of total genotypes 17.50 47.50 (30.00 2.50% 2.50%
Top length (cm) 37.77 39.62 41.49 42.10 29.30
Petiole length (cm) 21.31 21.09 22.78 14.40 11.90
No. of leaves/ plant 7.43 9.26 9.17 9.00 7.00
Top wt./ plant (g) 12.00 18.00 21.83 30.00 10.00
Root wt. (g) 57.29 92.84 128.00 183.00 63.00
Root: top ratio 5.54 6.36 7.34 6.10 6.30
Root dia. (mm) 24.15 33.46 38.28 35.31 18.38
Root length (mm) 151.00 150.11 150.75 179.00 119.00
Core thickness (mm) 8.30 11.09 13.84 15.59 16.60
Crown dia. (mm) 17.59 22.73 27.04 29.75 19.35
Flesh thickness (mm) 9.29 11.64 13.20 14.16 2.75
Yield (q/ ha) 229.14 371.37 512.00 732.00 252.00
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Fig. 1. Dendogram depicting genetic relationship among 40 carrot genotypes based on horticultural traits produced by 
complete linkage analysis (Scale-Euclidean distance).

technique to depict the clear position of a genotype. 
Based on the single linkage cluster analysis (SLCA), 
genotypes were grouped into five clusters identifying 
the share of genotypes cluster means of all traits 
(Table 4). The maximum number of genotypes were 
accommodated in cluster-II (19), followed by cluster-
III (12), cluster-I (7), cluster-IV (1) and cluster-V (1) 
contributing 47.50, 30.00, 17.50, 2.50 and 2.50%, 
respectively. D2 value estimates of genetic divergence 
suggests the resolution for carrot 40 genotypes in 
distinct five clusters with wide range of diversity 
in experimental material for majority of traits. The 
highest inter-cluster distance was observed between 
cluster-II and cluster-IV (283.50) followed by cluster-I 
and cluster-II (247.76). The use of wide distance 
parental lines implies a great number of contrasting 
alleles at desired loci and to the extent that these 
loci recombine in F2 and F3 generations. Following 
a cross of distant related parents, there will be a 
greater the opportunity for the effective selection of 
desired traits. Thus, crossing of genotypes for these 
clusters with others may produce higher amount of 
heterotic expression in first filial generations (F1s) and 
wide range variability in subsequent segregating (F2) 
populations. On the basis of cluster mean cluster-

IV was most important for root weight, root length, 
crown diameter, flesh thickness and yield top length, 
number of leaf /plant. Cluster-I was important for 
minimum core thickness, cluster-III for petiole length, 
root top ratio and root diameter, whereas cluster-V 
for maximum core diameter. It can be concluded that 
for maximum yield, flesh thickness, root diameter, 
root weight, top weight cluste-IV and for better root 
top ratio, root diameter cluster-III should be selected 
for hybridization programme. Ahmed et al. (1) also 
suggested that clusters having high mean value may 
be used for hybridization programme to get better 
segregants. The dendogram drawn from single 
linkage cluster analysis shows variability among 
the genotypes. All the genotypes were distinct at 
100% dissimilarity and formed 11 cluster at 89% 
dissimilarity and join hand with four cluster at 60% 
of dissimilarity and make one cluster at 55% of 
dissimilarity (Fig. 1). The dissimilarly range 55-100% 
among the genotypes is large enough to suggest the 
variability in the accessions for crop improvement 
(Denton and Nwangburuka, (5). The genotypes SH-
C-12, SH-C-121-1, SH-C-52-1, SH-C150 and SH-C 
136 are most divergent and may used for the specific 
hybridization programme. Furthermore, genotype 
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SH-C-12 have high potential for root length, top 
length, root weight, crown diameter, flesh thickness 
and high yield and CITH-C-1 for root diameter 
and root: top ratio can serve as parental line for 
improvement programme. However, morphological 
descriptors which environmentally influenced are 
not enough to indentify the genotypes because of 
differences among the them are ambiguous. The 
molecular markers are required to validate the study. 
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INTRODUCTION
Onion (Allium cepa L.) is most important vegetable 

for domestic needs and export in India. India is the 
third largest exporter of onion after the Netherlands 
and Spain. Even after restrictions, onion earns foreign 
exchange more than Rs. 3,170 crores annually, 
which is about 55% of the fresh vegetables, and 
36% of total vegetables and fruits (Anon, 2). The 
increase in productivity and production can enhance 
export and stabilize onion prices in the country. The 
productivity of onion in India is very low (16.1 MT 
ha   -1  ) than USA (53.9), Spain (52.05), Japan (47.55) 
and the Netherlands (43.12). A major share of F1 
hybrids is one of the reasons for high productivity in 
USA (81%), Japan (73%) and Europe (50%) (Kik et 
al., 10). F1 hybrids have the advantage of high yield, 
size uniformity, earliness and storage attributes. A 
potential range of heterosis for yield in onion has been 
reported between 40-160% (Sypein et al., 15; Suciv 
et al., 14; Arold, 3; El-Sayed et al., 5; Sato et al., 12; 
Gowda et al., 6). However, hybrids are cultivated on 
negligible area (<1%) in India and non-availability 
of male sterile lines in diverse genetic backgrounds 
adapted to variable geographic regions is one of 
the reasons for this cause. Punjab Agricultural 
University (PAU) has developed CGMS lines from 
adapted populations of north-western India and can 
be utilized for hybrid development. To proceed for 
hybrid development, we must have the knowledge of 
good combining parents and gene action of different 
traits. Therefore, present investigation was planned 
to study the combining ability effects for growth, yield, 
quality and storage attributes of onion. 

MATERIALS AND METHODS
Experimental material comprised of three male 

lines, viz., 30A, 65A and 97A and 32 testers. Among 
male sterile lines 30A and 97A were developed at PAU, 
Ludhiana and 65A at IIHR, Bengaluru, whereas, testers 
were developed by four generations of recurrent 
selection. Crosses were made in line × tester mating 
design during rabi season of 2011-12. All the 96 F1 
along with their parents evaluated during rabi, 2012-
13 in randomized block design with three replications. 
Each genotype was represented by 77 plants in a plot 
spaced at 15 cm × 10 cm. All recommended cultural 
practices were followed during experimentation to raise 
a healthy crop. Observations were recorded on plant 
height, leaf length, number of leaves, leaf thickness 
(cm), pseudo-stem thickness (cm), five bulb weight (g), 
polar and equatorial bulb diameter (cm), marketable 
bulb yield (kg), neck thickness of bulb (cm), total 
soluble solids (°Brix), pyruvic acid content (%) and 
lachrymatory factor (%). The analysis of GCA and SCA 
for the above characteristics was calculated as per the 
model suggested by Kempthorne (9).

RESULTS AND DISCUSSION
The results pertaining to the analysis of variance 

for combining ability have been given in Table 1. 
Total genetic variability among hybrids was further 
partitioned into different components corresponding 
to lines in hybrids, testers in hybrids and lines × 
testers in hybrids. The significant mean squares 
due to lines in hybrids, tester in hybrids and lines × 
testers in hybrids indicated the role of both additive 
and non-additive gene effects in inheritance of 
all the traits under study. Such findings were also 

Combining ability studies for yield, quality and storage in onion 
S. Pinnamwar and A.S. Dhatt

Department of Vegetable Science, Punjab Agricultural University, Ludhiana 141 004

ABSTRACT
Combining ability effects were estimated for different characters in a line × tester crossing programme 

comprising 96 onion hybrids produced by crossing of 3 male sterile lines and 32 testers. Parents and hybrids 
differed significantly for gca and sca effects, respectively. Among the lines, 30A and 97A and among the testers 
CT-1201, CT-1202, CT-1204, CT-1205, CT-1207 and CT-1217 were found to be the good general combiners. Five 
cross combinations, viz., 65A × CT-1213, 65A × CT-1227, 97A × CT-1230, 65A × CT-1209 and 97A × CT-1220 were 
found to be best specific crosses for bulb yield and most of the important traits including keeping quality. 
Results showed that non-additive variation is an integral component of the genetic architecture of different 
traits in onion.
Key words: Combining ability, diversity, line × tester, onion.
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observed by Aghora and Pathak (1) in their study 
on onion. The ratio of σ2SCA/ σ2GCA was less than 
unity for plant height, number of leaves, leaf length, 
leaf width, pseudo-stem thickness, neck thickness, 
bolting, pyruvic acid content and lachrymatory factor, 
which indicated the greater role of additive gene 
effects in the inheritance of these traits. However, 
predominance of non-additive gene effects for 
traits like bulb yield, average bulb weight, polar 
diameter, equatorial diameter, bulb shape index, 
TSS and weight loss during storage was indicated 
by the ratio of genetic variance. Veere Gowda (16) 
and Divakar (4) were also of same view for yield 
contributing traits. 

The GCA effects for different traits under study 
showed that for plant height 30A (6.11) was best 
general combiner and 65A (-4.56) was the poor. 
Among testers CT-1207 (7.64), CT-1211 (7.16), 
CT-1210 (6.90), CT-1208 (5.37), CT-1202 (5.06), 
CT-1204 (4.39), CT-1212 (4.18) and CT-1205 (3.92) 
exhibited highly significant and positive GCA effects 
and, were regarded as good general combiners. The 
SCA effects for plant height were significantly high in 
seven crosses and ranged from 6.12 to 10.99 in cross 
30A × CT-1223 and 65A × CT-1217, respectively. For 
number of leaves per plant, lines 30A (0.18) and 97A 
(0.00) were average general combiners due to positive 
and non-significant GCA effect. Similarly in testers, 
majority were average general combiners. There were 
four crosses that showed significant and positive SCA 
effects for number of leaves per plant, which ranged 
from 0.53 (65A × CT-1203) to 1.05 (96A × CT-1206). 
The GCA effects for neck thickness was non-significant 
and negative in 65A (-0.01) and 97A (-0.01), hence, 
were average combiners. However, among testers 
CT-1221 (-0.05), CT-1222 (-0.05), CT-1229 (-0.04) and 
CT-1231 (-0.04) were significantly negative for this trait. 
The SCA value of twelve hybrids were found negative 
and significant with a range from -0.09 (30A × CT-1204) 
to -0.04 (65A × CT-1224). These findings are made as 
the observations by Divakar (4) and Veeregowda (16). 

General combing ability effects for total yield 
were positive and significant for lines 30A (0.19) and 
97A (0.17), however, among testers CT-1202 (1.27), 
CT-1207 (1.27), CT-1217 (0.86), CT-1204 (0.85), 
CT-1208 (0.85), CT-1205 (0.68), CT-1206 (0.65), CT-
1212 (0.44), CT-1210 (0.41), CT-1224 (0.38), CT-1201 
(0.35), CT-1203 (0.25) and CT-1209 (0.18) were found 
to be good combiners (Table 2). Thirty-six crosses 
exhibited positive and significant SCA effects ranged 
from 0.19 (65A × CT-1224) to 1.42 (65A × CT-1213). 
Among these 36, nine crosses (97A × CT-1205, 97A × 
CT-1206, 97A × CT-1207, 97A × CT-1212, 30A × CT-
1204, 30A × CT-1207, 30A × CT-1208, 30A × CT-1210, Ta
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30A × CT-1211 and 30A × CT-1212) involved both the 
parents having significant and positive GCA. These 
crosses can be commercially exploited as F1 hybrids 
or can be potential source material to derive breeding 
lines with higher bulb yield from the segregating 
populations. Similar results were found by the Netrapal 
and Singh (11) and Shashikanth et al. (13) in different 
genetic stocks used in their studies.

Estimates of general combining ability for 
bulb weight revealed the line 30A (4.02) exhibited 
significant and positive GCA effects and was therefore 
good general combiner for average bulb weight. This 
genotype can be utilized to develop hybrids with the 
bigger bulb size. Whereas, the line 97A (1.21) showed 
positive and non-significant GCA effect and regarded 
as average combiner for bulb weight. Among testers, 
CT-1202 (13.48), CT-1210 (12.43), CT-1205 (12.42), 
CT-1204 (11.55), CT-1214 (11.73), CT-1208 (10.95), 
CT-1203 (9.49), CT-1217 (8.92), CT-1206 (7.36), 
CT-1207 (6.49), CT-1212 (6.39), CT-1220 (6.09), 
CT-1209 (3.35) and CT-1216 (0.91) showed positive 
and significant GCA effects and were regarded as 
good combiners for average bulb weight. SCA effects 
were significant and positive in 42 crosses and were 
therefore, good specific combiners for average bulb 
weight (Table 3). It was observed that SCA effects 
were significant and positive in 42 crosses for bulb 
weight and ranged from 1.06 to 23.13 in cross 30A 
× CT-1216 and 97A × CT-1207, respectively. Our 
results corroborate the reports of Divakar (4), wherein, 
improvement in bulb weight through selection has 
been emphasized.

The equatorial and polar diameters were major 
contributors towards bulb size and yield in onion. In 
this study, line 30A (0.29) and testers CT-1203 (0.84), 

CT-1206 (0.70), CT-1205 (0.66), CT-1208 (0.66), CT-
1204 (0.60), CT-1202 (0.56), CT-1212 (0.48), CT-1210 
(0.46), CT-1211 (0.20), CT-1209 (0.13) and CT-1201 
(0.13) showed positive and significant GCA effects and 
found good combiners for this trait. The SCA effects of 
34 crosses ranged from 0.15 (97A × CT-1223) to 0.98 
(65A × CT-1213). For polar diameter again line 30A 
(0.25) was best general combiner with positive and 
significant effect. The GCA effects were positive and 
significant in tester CT-1202 (1.15), CT-1204 (0.98), 
CT-1205 (0.81), CT-1203 (0.80), CT-1208 (0.77), CT-
1216 (0.60), CT-1210 (0.46), CT-1212 (0.41), CT-1217 
(0.33), CT-1206 (0.30) and CT-1220 (0.29). The SCA 
effects for polar diameter were significant and positive 
in 38 crosses with a range from 0.13 to 1.60 in cross 
65A × CT-1217 and 65A × CT-1213, respectively. The 
induction of flowering in bulb crop is termed as bolting 
and cause direct loss in marketable yield of onion. Line 
97A (-1.84) exhibited negative significant GCA effect 
for bolting losses. Whereas, among testers CT-1202 
(-5.06), CT-1201 (-4.62), CT-1223 (-4.62), CT-1209 
(-4.4) and CT-1222 (-3.95) had negative significant 
GCA effects for bolting losses. Estimation of SCA 
effects indicated that out of 96 F1 hybrids, 31 exhibited 
negative and significant SCA values for bolting with a 
range of -10.82 to -0.97 in cross 97A × CT-1205 and 
30A × CT-1209, respectively. 

Total soluble solids (TSS), important quality 
parameter was positively significant in 97A for GCA 
effects. However, among testers none of the genotype 
showed significant and positive GCA effects, and 
regarded as average general combiners for this trait. 
SCA effects for TSS were ranged between 1.67 to 2.84, 
wherein, crosses 30A × CT-1217, 97A × CT-1209, 97A 
× CT-1202, 30A × CT-1211 and 65A × CT-1232 were 

Table 2. General combining ability (GCA) effects of parents for different traits.

Trait Significant 
No. of line(s)

Top general combiners 
(Line)

Significant No. 
of tester(s)

Top general combiners  
(Tester)

Plant height 1 30A (6.11**) 8 CT-1207, CT-1211, CT-1210, CT-1208
No. of leaves 0 30A (0.18) 0 CT-1211, CT-1205, CT-1210, CT-1216
Neck thickness 0 65A (-0.01), 97A (-0.01) 4 CT-1229, CT-1231, CT-1221, CT-1222
Bulb weight 2 30A (4.02**), 97A (1.21**) 14 CT-1202, CT-1210, CT-1205, CT-1214
Yield 2 30A (0.19**), 97A (0.17**) 13 CT-1202, CT-1207, CT-1217, CT-1204
Bolting 1 97A (-1.84*) 12 CT-1202, CT-1201, CT-1223, CT-1209
Polar dia. 1 30A (0.25**) 11 CT-1202, CT-1204, CT-1205, CT-1203
Equatorial dia. 1 30A (0.29**) 11 CT-1203, CT-1206, CT-1205, CT-1208
TSS 0 97A (0.16) 0 CT-1209, CT-1222, CT-1206, CT-1218
Pyruvic acid 0 97A (2.21) 8 CT-1231, CT-1219, CT-1202, CT-1228
Storage 1 30A (-0.06**) 13 CT-1223, CT-1226, CT-1230, CT-1221

* and ** significant at 5 and 1% levels, respectively
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the promising. In respect to pyruvic acid content, line 
97A (2.21) was the average general combiner and 
among testers CT-1201 (13.85), CT-1214 (4.96), CT-
1215 (8.44), CT-1219 (28.70), CT-1227 (10.88), CT-
1228 (22.14) and CT-1231 (34.80) exhibited positive 
and significant GCA effects. The SCA effects for 
pyruvic acid ranged from 6.80 to 27.27. Netrapal and 
Singh (11) and Divakar (4) also observed significant 
differences for quality traits in their studies.

In respect to storage loss, line 65A (-0.06) was 
best general combiner as it recorded negative and 
significant GCA effects. Among testers, CT-1215 
(-0.16), CT-1218 (-0.05), CT-1219 (-0.17), CT-1221 
(-0.18), CT-1222 (-0.06), CT-1223 (-0.20), CT-1224 
(-0.14), CT-1225 (-0.08), CT-1226 (-0.20), CT-
1227 (-0.18), CT-1228 (-0.11), CT-1229 (-0.06) and 
CT-1230 (-0.20) were good combiners for better 
storage with negative and significant GCA effect. 
The SCA effects for storage were negative and 
significant in 39 crosses. It ranged from -0.34 to 
-0.03 in cross 30A × CT-1207 and 65A × CT-1203, 
respectively. The findings are in conformation of 
Hosfield et al. (7), Madalageri (8), Suciv et al. (14) and  
Divakar (4).

The best ten hybrids based upon per se value of 
yield have been compared for SCA of crosses and GCA 
effects of parents for yield, quality and storage traits in 
Table 4. It was observed that crosses 97A × CT-1207, 
30A × CT-1207, 65A × CT-1202, 97A × CT-1205, 30A 
× CT-1208, 30A × CT-1204 and 30A × CT-1212 were 
high in SCA effects, where, both the parents exhibited 
high GCA, except cross 65A × CT-1202. Therefore, 
crosses having parents with high SCA and GCA can 
be exploited in heterosis breeding, and those having 
both the parents with high GCA for deriving populations 
having high yield and other desirable traits in onion. 
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INTRODUCTION
Onion (Allium cepa L.) occupies prime position 

in Indian vegetable production scenario contributing 
11.9% (NHB, 10). Major onion crop is grown during 
rabi or winter season (60%) and rest is produced 
during kharif or monsoon season (20%) and late kharif 
or late monsoon season (20%). The growing season 
of kharif onion is marked by high temperature and 
high humidity, which hinders successful cultivation 
of kharif onion in north and north western plains of 
India due to paucity of suitable varieties. Bulb quality 
is affected by the climatic conditions. Higher soil 
temperature of around 34ºC has been reported to 
affect the growth of plant root system, TSS, sulphur 
allocation to the flavour biosynthetic pathways 
and pungency of the bulb adversely (Coolong and 
Randle, 4). Apart from yield, onions are also regarded 
as one of the major functional food due to presence of 
three families of compounds-fructans, flavonoids and 
organosulfur (Manach et al., 9). There are numerous 
reports on evaluation of yield and functional value 
of different onion genotypes grown during winter 
season (Cheng et al., 3; Dalamu et al., 5; Lee et al., 
8) but little information is available on evaluation of 
kharif onion genotypes for bulb quality parameters 
for functional food value (TSS, total phenolics, 
antioxidants). In this study, our objective was to study 
the variation in different morphological traits, TSS, 
total phenolics and antioxidant capacity: FRAP and 
CUPRAC and study the association between yield 

and bulb quality parameters for further progress in 
breeding kharif onion genotypes.

MATERIALS AND METHODS
Eight promising genotypes of four different scale 

colours; Sel. 106 and Sel. 131 (white); Sel. 102 and 
Sel. 121(Light red); Sel. 157 (Red); Sel. 383, Sel. 
402 and Agrifound Dark Red (ADR, Dark Red) were 
used in the present study. Bulb sets of 1.5-2.0 cm 
diameter were planted in August under drip irrigation 
in raised beds in three replicates in randomized block 
design at IARI, New Delhi (28°38´42˝ N, 77°09´17˝ 
E; elevation ̴ 725 ft a.m.s.l.). Bulbs were harvested 
in the month of November and properly cured 
under ambient condition for 7 days. Plant height, 
pseudostem height and 4th leaf length was measured 
on 20 plants in each replication excluding the border 
row using standard metre scale and number of 
leaves were counted simultaneously excluding the 
dried leaves 15 days before harvest. Yield per ha 
was calculated based on per plot yield and neck 
thickness, bulb equatorial and polar diameter was 
measured using digital Vernier calipers. For quality 
analysis, from each cultivar, three replicates of 9 
bulbs were used for analysis. The bulbs were skinned 
and 1/4th quarter from periphery to center of each bulb 
were cut and pooled for analysis for single replicate. 
Total soluble solids were measured using a digital 
refractometer (Atago, Model Pal-1). Total phenolics 
content was estimated spectrophotometrically using 
Folin-Ciocalteu reagent, as described by Singleton et 
al. (11). The amount of total phenolics was expressed 
as mg gallic acid equivalents (GAE)/100 g fresh 
weight. Antioxidant activity (AOX) as expressed by 
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Cupric Reducing Antioxidant Capacity (CUPRAC) 
was estimated following the method developed 
by Apak et al. (1). Results were expressed as 
µmol Trolox/g fresh weight. The Ferric Reducing 
Antioxidant Power (FRAP) assay for antioxidant 
activity was estimated following Benzie and Strain 
(2). Results were expressed as µmol Trolox/g fresh 
weight. Data were analyzed using SAS software 9.3. 
Genotype mean for different traits were compared 
through t-test (LSD) and relationship among yield 
and quality parameters were investigated using 
correlation analysis. 

RESULTS AND DISCUSSION
The genotypes under study differed in the 

expression of different horticultural traits (Table 1). 
Longest plants and maximum number of leaves 
were exhibited by Sel. 102 followed by Sel. 106 
and Agrifound Dark Red. Dark red coloured onion 
selections and variety (Sel. 402, Sel. 383 and 
Agrifound Dark Red, respectively) had the desired 
minimum neck thickness, while white coloured 
selection, Selection 106 had the maximum neck 
thickness. Greater neck thickness is associated 
with more water accumulation in the neck region 
forcing the growers of such varieties to dispose of 
the varieties at the earliest possible time as they 
cannot be stored. The length of fourth leaf was 
highest in Sel. 102 (Light red), Sel. 106 (white) and 
Sel. 402 (Dark red) while the lowest in Sel. 157 (Red). 
However, there was no significant difference across 
the varieties for these morphological traits. There 
was highly significant variation for bulb diameters 
(both polar and equatorial) with widest bulbs in 
Sel. 102, Sel. 131 and Agrifound Dark Red and the 
longest bulb in Sel. 131, Sel. 102 and Agrifound Dark 
Red. Highly significant difference for yield was also 
observed (Fig. 1). 

In the present study, highly significant variation 
was noticed among genotypes for total soluble solids 
content. Sel. 402, a dark red coloured selection, 
though had lowest yield yet accumulated higher 
total soluble solids and it alone formed a class, while 
rest seven genotypes were categorized in different 
class. The genotype wise performance for TSS is 
presented in Fig. 1. High TSS genotypes are desired 
in white colour background as they are most suitable 
for drying and processing and no blackening or 
discoloration is noticed in the processed products. 
In the present experiment, white coloured genotypes 
were moderate performers. Dark red genotypes 
exhibited highest TSS, followed by white, light red 
and red. Phenol content in food offer a variety of 
health benefits to human because of their antioxidant 
nature. The Folin-Ciocalteu assay (F-C) or total Ta
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phenols assay was used to identify superior kharif 
onion variety. It ranged from 191.35 mg GAE/100 g 
in Sel. 106 to 333.21 mg GAE/100 g in Sel. 383 with 
a 1.7-fold variation (Fig. 1). Growing onion during 
kharif (rainy) season of subtropical climate of India, 
accumulate higher amount of total phenols to beat the 
stress conditions. Dalamu et al. (5) observed a range 
from 60.1 to 1094.8 mg gallic acid equivalents/ kg for 
total phenolic content in onion genotypes grown in 
winter season. Varietal differences for total phenols 
as measured by F-C method has been reported by 
Cheng et al. (3) and Lee et al. (8). In the present 
study, there was an overall significant difference in 
TP (P ≤ 0.05) among the cultivars. However, there 
was no significant difference between genotypes of 
the same colour group except Sel. 402, a dark red 
coloured line, which had lower average total phenols 
content than the mean of light red colored genotypes 
and it was statistically at par with white coloured 
Sel. 106. The dark red colour group had a distinct 
advantage over red, light red and white skin colour 
group. The findings suggest that onion genotypes 
should be analyzed over several growing seasons to 
breed phenol rich onion kharif onion varieties.

Antioxidant measurement is a good indicator 
for functional food value estimation of vegetables 
and fruits. In the present study, we used two in-
vitro assays, namely, FRAP and CUPRAC. The 
antioxidant properties as estimated by FRAP and 
CUPRAC showed around 3.09- and 1.73-fold 
increase, respectively over the highest and the 
lowest performers (Fig. 1). CUPRAC measurement 

was highest in red coloured selection, Sel. 157 
followed closely by dark red coloured selection, Sel. 
383 and light red coloured selection Sel. 121. Much 
difference was observed for FRAP content. White 
coloured selection, Sel. 106, had the lowest FRAP 
content (0.300 µmol Trolox equivalent/g), while red 
coloured Sel. 157 had the highest (0.927 µmol Trolox 
equivalent/ g). Red colour group was found superior 
for antioxidant activity than dark red, light red and 
white colour group. Dalamu et al. (5) reported AOX in 
red genotype (expressed as μmoles trolox/g) ranges 
from 1.97 to 5.45 in ferric reducing antioxidant power 
and from 3.60 to 6.61 in cupric ion reducing capacity 
assays. Gökçe et al. (7) also reported lowest value 
of FRAP (5.3 µmol TE/g dw) in white scale colour 
genotypes.

The relationship among yield and bulb quality 
attributes was investigated by correlation analysis 
(Pearson) (Table 2). Yield exhibited positive association 
with bulb diameter and total phenols content and 
negative association with TSS, CUPRAC and FRAP. 
Dhotre et al. (6) reported positive correlation between 
yield and TSS. Equatorial and polar diameter had 
significant positive association among themselves, 
but negative association with TSS, total phenolics, 
CUPRAC and FRAP. Total phenols content had 
positive association with CUPRAC and FRAP and 
CUPRAC also had positive association with FRAP. 
Gökçe et al. (7) reported positive correlation between 
bulb width and soluble solids and total negative 
association between bulb length and soluble solids. 
There was positive correlation between bulb size 

Fig. 1. Yield, TSS, total phenolics (TP), CUPRAC and FRAP assays in eight onion genotypes during kharif season.

( ) White scale colour. ( ) Light red skin colour, ( ) Red skin colour and ( ) Dark red skin colour. Vertical bar indicated standard error
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and yield and negative correlation between yield and 
TSS, but positive correlation between yield and total 
phenols content under adverse growing conditions. 
Antioxidant activity as measured by CUPRAC and 
FRAP had negative correlation with yield and TSS, 
but positive correlation among themselves and 
total phenol content. Categorization on the basis 
of scale colour put white genotypes as superior 
for yield, though individually, red genotype (ADR) 
exhibited the highest yield. The dark red genotypes 
were better for functional food value under kharif 
season but individual variation was observed for all  
the traits.
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Table 2. Correlation coefficients (r) for yield, bulb diameters (equatorial and polar), TSS, total phenolics content (TP), 
CUPRAC and FRAP of onion genotypes in kharif season.

Trait Yield Bulb equatorial dia. Bulb polar dia. TSS TP CUPRAC
Bulb equatorial dia. 0.246NS 1
Bulb polar dia. 0.188NS 0.935** 1
TSS -0.582NS -0.086NS -0.059NS 1
TP 0.046NS -0.087NS -0.086NS -0.223NS 1
CUPRAC -0.391NS -0.633NS -0.592NS -0.054NS 0.602NS 1
FRAP -0.033NS -0.119NS -0.111NS -0.201NS 0.350NS 0.681NS
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INTRODUCTION
Watermelon (Citrullus lanatus Thunb. Matsum 

and Nakai) is largely consumed as refreshing summer 
fruit throughout the Mediterranean region in Turkey. 
However, one of the most serious problems in its 
production is a decrease in yield due to soil-borne 
diseases, in particular Fusarium during successive 
cropping. Generally, grafting is used to reduce 
infections by soil-borne pathogens and to enhance 
the tolerance against abiotic stresses. One of the 
most effective methods in controlling Fusarium wilt 
of watermelon is crop rotation, i.e. it should not be 
cultivated for at least five years in the same infested 
field (Yetişir et al., 15). On the other hand, grafting of 
susceptible varieties onto resistant rootstocks may 
enable the control of some soil-borne diseases and has 
positive impact on yield and quality. Beyond disease 
resistance, selected rootstocks are customarily 
evaluated for their effects on yield and fruit quality. 
Reports on rootstock-mediated effects on watermelon 

quality are available. However, the evaluation of 
quality has relied by convention on a simultaneous 
harvest of grafted and self-rooted plants, assuming a 
synchronized maturation. An inherent problem in such 
approach is that it overlooks the effect of grafting on 
fruit ripening behavior and may lead to inconsistent 
results (Davis et al., 3). In this study, four watermelon 
cultivars having different morphological characteristics 
were grafted onto rootstocks of Lagenaria spp. and 
C. maxima × C. moschata. 

MATERIALS AND METHODS
Four watermelon cult ivars with different 

morphological characteristics (yellow fleshed, 
seedless, striped rind and dark greenblack rind) 
were grafted onto rootstocks of Argentario (Lagenaria 
spp./ bottle gourd) and Maximus (C. maxima × C. 
moschata/ inter-specific hybrid). Ungrafted varieties 
were used as control plants. TP84 and 5299 are 
striped rind and red pulp cultivars. Ant07 is slim-line 
striped rind and yellow fleshed. Ant09 (seedless) 
has dark green rind. The study was carried out 
in Alata Horticultural Research Station (Mersin-
Turkey). Seedling growing and grafting were done 
by Antalya Fide (Antalya-Turkey) during March 
2012. Antalya Fide grew non-grafted and grafted 
seedlings in modern greenhouses with hygienic 
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conditions. Irrigation, spraying and climate conditions 
were automatically controlled by computer systems. 
Watermelon seedlings were transplanted on 12 April, 
2012 into a sandy soil on black plastic mulch, with an 
in-row spacing of 300 cm and a between-row spacing 
of 70 cm in an open field in Mersin province on the 
Mediterranean coast of Turkey (latitude 36°37'59¨N, 
longitude 34°20'51¨E; decimal degrees 36.633094; 
34.347624). 

Fruit harvest was done when the tendril at the 
fruiting node was brown and dry. Three injury-free 
watermelon fruits were randomly hand-harvested 
for each cultivar and combination. The watermelons 
were quickly delivered to the laboratory and 
immediately cut longitudinally from the stem-end 
to the blossom-end through 1 cm to the right and 
1 cm to the left of the ground spot. Samples were 
taken from the heart area (between locular and the 
fruit centre) of the watermelons. The soluble solids 
content (TSS) (°Brix) was determined by Atago 
hand-held refractometer. Sugars were extracted 
following modified method described by Bartolome 
et al. (1). Ascorbic acid determination was performed 
using the HPLC method and extraction procedure 
was followed according to Lee and Coates (6). 
Total carotenoids were extracted with the following 
modified version of the method described by Lee et 
al. (7). Carotenoids extraction and saponification 
procedures were carried out according to the 
previously reported method of Meléndez-Martínez 
et al. (10). 

The software SPSS 16.0 for Windows (SPSS Inc., 
Chicago, IL, USA) was used for analysis of variance 
(ANOVA) and Duncan’s multiple comparison test in 
order to determine significant differences (p<0.05) 

between the treatments. Each experiment was 
repeated at least three times.

RESULTS AND DISCUSSION
The data on soluble solids content and total 

sugars of samples are given in Table 1. The effects 
of scion/ rootstock combinations on soluble solids 
content and sugar compounds were determined as 
significant (p<0.05). Soluble solids content was the 
highest in the ‘Argentario/ TP84’, while it was the 
lowest in ‘Maximus/ Seedless’. Soluble solids content 
of 5299 and Ant09 grafted cultivars were lowered. 
Similarly, Miguel et al. (11) found no difference in 
soluble solids concentration of watermelon from 
scions grafted on to C. maxima × C. moschata 
hybrid rootstock compared with control. The results 
of Argentario rootstock grafted cultivars showed that 
they had tendency to increase the soluble solids 
content. 

Fructose, glucose and sucrose were predominant 
sugars in watermelon. The concentrations of fructose, 
glucose and sucrose were determined higher for 
watermelon fruits grafted on to Argentario than on 
Maximus rootstock. Argentario/ TP84 had the highest 
content of fructose and sucrose, while Maximus/ Ant09 
had the lowest content. It was reported that cultivars 
or maturity that causes higher fructose concentrations 
is a desirable feature since the relative sweetness 
of fructose is greater than that of sucrose (Elmstrom 
and Davis, 4). The predominant sugar was fructose 
in some red-fleshed watermelon cultivars (Proietti et 
al., 12). Grafting onto Argentario rootstock had the 
highest fructose content. In addition, Argentario/ TP84 
and Argentario/ Ant09 had more glucose contents 
than ungrafted controls. Furthermore, Argentario/ 

Table 1. Soluble solids content and sugars in watermelon cultivars grafted on different rootstocks.

Stionic combination Soluble solids (%) Fructose (g 100 g-1) Glucose (g 100 g-1) Sucrose (g 100 g-1)
Maximus/ Ant07 11.07 ± 0.05c* 3.74 ± 0.13cd 1.87 ± 0.41de 2.25 ± 0.01cd

Maximus/ 5299 9.84 ± 0.04e 3.49 ± 0.01ef 1.26 ± 0.09hi 2.28 ± 0.17bd

Maximus/ Ant09 9.45 ± 0.01f 3.12 ± 0.18h 1.74 ± 0.03ef 1.66 ± 0.27f

Maximus/ TP84 11.06 ± 0.05c 3.72 ± 0.21cd 1.61 ± 0.10fg 2.34 ± 0.02bc

Argentario/ Ant07 9.72 ± 0.04e 3.37 ± 0.08fg 1.27 ± 0.09hi 1.93 ± 0.04e

Argentario/ 5299 10.86 ± 0.02d 3.85 ± 0.04bc 1.09 ± 0.05i 2.48 ± 0.01b

Argentario/ Ant09 12.16 ± 0.02b 4.06 ± 0.03a 2.31 ± 0.04c 2.49 ± 0.76b

Argentario/ TP84 13.70 ± 0.01a 4.12 ± 0.04a 2.66 ± 0.06b 3.76 ± 0.02a

Ant07 9.58 ± 0.01f 3.22 ± 0.01gh 1.46 ± 0.01gh 1.89 ± 0.04e

5299 10.74 ± 0.04d 3.58 ± 0.02de 1.68 ± 0.06eg 2.28 ± 0.05bd

Ant09 11.21 ± 0.05c 3.95 ± 0.05ab 1.99 ± 0.05d 2.43 ± 0.23bc

TP84 10.27 ± 0.01de 3.96 ± 0.05ab 2.99 ± 0.01a 2.07 ± 0.01de

*Means ± SD within a column with no common superscript differ (p<0.05)
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TP84 had higher sucrose concentration than other 
rootstocks and control plants. It was concluded that 
soluble solids, fructose and sucrose contents were 
improved in grafted watermelon onto Argentario 
rootstock. Sucrose appears only after initiation of 
colour development (about 30% fruit growth) in 
seeded heirloom varieties and in Cucumis melo 
(Elmstrom and Davis, 4), but was found to be present 
at all growth stages in grafted and non-grafted plants. 
Acid invertase activity was high during the first third 
of watermelon fruit development, and then had 
reduced activity during the last five days of ripening. 
Sucrose synthase activity was moderately high in 
the first third of fruit development then remained 
low. Sucrose phosphate synthase increased during 
the second third of fruit development, and fell in the 
last five days of ripening (Liu et al., 9). The increase 
in sucrose of grafted plants was accompanied by 
an increase of sucrose phosphate synthase and 
sucrose synthase activities (Xu et al., 14). In addition, 
it appears that sugar accumulation in mature fruit 
varied with rootstocks.

The effects of grafting on total carotenoids 
content were determined significant (Table 2). 
Argentario/ TP84 and Argentario/ 5299 had higher 
total carotenoids, β-carotene and lycopene contents 
than other rootstcoks and control plants. The total 
carotenoids, β-carotene and lycopene in fruits of the 
ungrafted plants were 6.03-68.99 mg kg-1, 1.78-2.80 
mg kg-1 and 2.89-65.77 mg kg-1, respectively. In the 
graft combination of Maximus rootstock varied from 
15.36-73.89 mg kg-1, from 1.76 to 2.97 mg kg-1 and 
from 10.27 to 69.47 mg kg-1, respectively. Grafted 

watermelon fruits onto Argentario had 3.68-104.51 
mg kg-1 of total carotenoids,1.44-3.76 mg kg-1 of 
β-carotene and 1.73-93.95 mg kg-1 of lycopene. 
Based on the results it can be concluded that 
the Argentario rootstock was more effective than 
Maximus in terms of total carotenoids contents. 
According to previous studies on different grafted 
rootstocks such as C. maxima Duchesne× C. 
moschata Duchesne (Proietti et al., 12) and local 
bottle gourd rootstocks (Candır et al., 2), lycopene 
content of grafted watermelon obtained were higher 
than on the non-grafted control.

Liu et al. (8) reported that grafted seeded 
watermelon on five different rootstocks of L. siceraria 
or C. ficifolia. They noted higher amino acids and 
carotene content in fruit of grafted vs. non-grafted 
plants. Kyriacou and Soteriou (5) examined four 
diploid cultivars grown non-grafted or grafted onto 
three Cucurbita maxima × C. moschata rootstocks. 
The lycopene content of grafted watermelons was 
higher than the non-grafted control. It is not known 
how grafting could ncrease the carotenoids content 
of fresh on plants grafted. 

The highest ascorbic acid content was determined 
in Argentario/ TP84 and followed by yellow Ant07 
cultivars (Table 2). The ascorbic acid contents varied 
from 0.63–5.44 mg kg-1 in ungrafted watermelons. 
For grafted cultivars onto Argentario and Maximus 
rootstocks, the ascorbic acid contents ranged from 
0.74-17.26 and 0.51-1.01 mg kg-1, respectively. 
Ascorbic acid concentration was significantly affected 
by grafting onto Argentario. Ascorbic acid content of 
watermelons increased due to grafting. Proietti et al. 

Table 2. Total carotenoids, carotenoids and ascorbic acid in watermelon cultivars grafted on different rootstocks.

Stionic combination Total carotenoids (mg kg-1) β-carotene (mg kg-1) Lycopene (mg kg-1) L-ascorbic acid (mg kg-1)
Maximus/ Ant07 15.36 ± 2.78g* 2.97 ± 0.01b 10.27 ± 0.12h 0.51 ± 0.05fg

Maximus/ 5299 54.29 ± 11.82f 1.76 ± 0.01f 49.06 ± 1.32g 2.96 ± 0.05d

Maximus/ Ant09 73.89 ± 13.6b 2.88 ± 0.18b 69.47 ± 8.41b 0.35 ± 0.06g

Maximus/ TP84 57.13 ± 5.72f 2.63 ± 0.01c 53.68 ± 0.13f 1.10 ± 0.07e

Argentario/ Ant07 3.68 ± 0.71ı 1.44 ± 0.01g 1.73 ± 0.10j 0.74 ± 0.01f

Argentario/ 5299 76.88 ± 12.95b 3.67 ± 0.24a 71.24 ± 7.55b 11.71 ± 0.28b

Argentario/ Ant09 71.77 ± 12.84c 2.10 ± 0.05e 64.85 ± 2.01bd 1.04 ± 0.04e

Argentario/ TP84 104.51 ± 12.04a 3.76 ± 0.01a 93.95 ± 0.96a 17.26 ± 0.28a

Rootstock
Ant07 6.03 ± 0.05h 2.38 ± 0.05d  2.89 ± 0.24ı 0.63 ± 0.09f

5299 68.99 ± 10.72d 2.80 ± 0.28bc 65.77 ± 5.46bc 5.44 ± 0.31c

Ant09 62.59 ± 10.08e 1.78 ± 0.01f 58.81 ± 1.10ce 1.01 ± 0.01e

TP84 62.71 ± 8.03e 2.58 ± 0.15cd 56.29 ± 6.74df 2.91 ± 0.03d

*Means ± SD within a column with no common superscript differ (p<0.05).
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(12) reported that dehydroascorbate and total vitamin 
C contents for grafted mini-watermelon plants were 
higher by 13 and 7%, respectively, than those from 
ungrafted plants. Qin et al. (13) reported that the 
vitamin C content of the fruit plants on grafted from 
the combined bottle gourd and pumpkin rootstock was 
higher than that of plants grafted with either bottle 
gourd or pumpkin alone.

In conclusion, the results showed that scion/ 
rootstock combinations have significant effect on 
biochemical characteristics of grafted watermelon. 
Rootstock-scion combinations has the highest 
increase in sugar and lycopene contents in 
watermelon. It could be concluded that the most 
important biochemical properties of watermelons 
grafted on the Lagenaria spp. are better than those 
grafted on to the C. maxima × C. moschata. Our study 
demonstrated that under convenient circumstances, 
and using specific rootstock/ scion combinations, the 
grafting treatment can enhance fruit quality.
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INTRODUCTION
Among the vegetables, cauliflower (Brassica 

oleracea L. var. botrytis), is one of the important 
and popular vegetables in the world as well as in 
India due to its palatability, nutrient content, anti-
oxidant and anti-inflammatory properties. To increase 
the productivity and profitability of vegetable crops, 
the use of chemical fertilizers, pesticides and other 
chemical inputs are increasing day by day resulting 
in economic, environmental and ecological problems, 
which adversely affected the sustainability of agricultural 
system. Long term use of only chemical fertilizers also 
has adverse effect on soil physical and biological 
properties, biodiversity, quality of the produce and 
human health. Organic farming is one of the fastest 
growing sectors of agriculture worldwide and its goal is 
to balance systems of soil organisms, plants, animals 
and humans (Karanatsidis and Berova, 3). An ideal 
organic fertilizer should be capable of giving reasonable 
yields, increase soil fertility, soil health and quality and 
sustain productivity. Application of microbial inoculants 
contributes significantly to the soil surface ecosystem 
by their organic acid secretions in decomposing soil 
organic matter, nutrient chelation, fixation and hormonal 
action (Zahir et al., 15). Transformation of nutrients 
in soil is an enzyme mediated biochemical process 
facilitated by a group of microorganisms.

MATERIALS AND METHODS
The present investigation was carried out on 

cauliflower (B. oleracea L. var. botrytis) cultivar Pusa 
Snowball K-1 in RBD with three replications and eight 
treatments in the Experimental Farm, Department 
of Horticulture, AAU, Jorhat during 2013-2014 and 
2014-2015. The experiment on the effect of eight 
treatments consisting of NPK (80:60:60 kg ha-1) + 10 t 
ha-1 FYM( T1), rock phosphate + microbial consortium 
(T2), T2 + compost 2.5 t ha-1 (T3), T2 + compost 5 
t ha-1 (T4), T2 + vermicompost 2.5 t ha-1 (T5), T2 + 
vermicompost 5 t ha-1 (T6), enriched microbial compost 
2.5 t ha-1 + consortium (T7) and enriched microbial 
compost 5 t ha-1 + consortium (T8). The soil of the 
experimental plot was sandy loam and each size of 
each experimental plot was 8.1 m2. Half of urea, full 
dose of SSP, MOP and borax were applied as basal 
dose microbial consortium was mixed with respective 
organic nutrients at a ratio of 1:100 and mixed 
properly and water was sprinkled and heaped. The 
heaps were covered by gunny bags for multiplication 
of the organisms. After 8-10 days the mixture were 
applied in the plots as per treatment. Wood ash 
and banana pseudostem ash were applied along 
with organic manures irrespective of treatments. 
In the second year, uniform treatment was allotted 
to the same plot were prepared by hoeing. Before 
planting, seedling root dip treatment was done with 
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ABSTRACT
An investigation was carried out during 2013-2014 and 2014-2015 to study the performance of cauliflower 

(Brassica oleracea L. var. botrytis) cv. Pusa Snowball K-1 as influenced by organic inputs and microbial 
consortium in the Department of Horticulture, Assam Agricultural University, Jorhat. The experiment was 
conducted in Randomized Block Design and replicated three times. The trial included three different organic 
manures each at two levels along the microbial consortium and one treatment with recommended dose of 
fertilizer. The treatment which received recommended dose of NPK along with FYM (T1) produced the highest 
curd yield (280.81q ha-1) followed by the treatment which received 5 t ha-1 enriched compost along with microbial 
consortium (T8) recorded 209.04 q ha-1. Among the organic treatments, the above treatment showed the highest 
values like curd size (103.46 cm2), leaf number (18.73) and ash content of curd (6.79%). Quality parameters like 
ascorbic acid (60.13 mg 100 g-1) was highest in treatment receiving 5 t ha-1 enriched compost and consortium 
(T8) and leaf ash content (7.28%) in treatment that received 5 t ha-1 compost with microbial consortium treatment 
(T4). Soil parameters revealed that pH, soil organic matter content, N, P, K and MBC were found better in plot 
treated with enriched compost 5t ha-1 and microbiol consortium (T8).
Key words: Cauliflower, enriched compost, microbial consortium, vermicompost.
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slurry of microbial consortium and kept for 15 to 20 
min. Seedlings were then transferred to main field 
and planted during afternoon by maintaining the 
spacing 45 cm between rows and 45 cm between 
plants. Observations on yield, quality, chemical and 
biological parameters of soil were recorded as per 
standard procedures.

RESULTS AND DISCUSSION
Table 1 showed the maximum plant height of 

62.39 cm, 21.05 number of leaves, 64.67 cm plant 
spread and 908.77 cm2 leaf area were recorded in 
T1 {RDF (80:60:60 kg NPK + 10 t FYM ha-1)} which 
was followed by 59.76, 18.73, 61.22 and 835.43 
cm2 in T8 (enriched compost 5 t ha-1 + microbial 
consortium) respectively. Recommended dose 
of fertilizer recorded the higher value of growth 
parameters due to the quick and readily availability 
of major nutrients like nitrogen, phosphorus and 
potassium to the plants at earlier stages of growth. 
These results are supported by the report of Sharma 
(7) on tomato. The higher concentration of nitrogen 
has the tendency to increase cell number and cell 
size with overall increase in growth characters. 
Similar result was also reported by Thakur et al. (11). 
The possible reason for better growth characters 
under organic sources might be attributed to the 
added organic nutrient, which would have improved 
the physical, chemical and biological properties of 
soil that helped in better nutrient absorption and 
utilization by plant resulting better plant growth. 
This might be attributed to certain growth promoting 
substances secreted by the bio-fertilizers, which 
in turn might have led to better root development, 
better transportation of water, uptake and deposition 
of nutrients. These findings are in conformity with 
Merentola et al. (4) in cabbage and Vimera et al. 
(13) in king chilli. 

Table 2 represented the yield attributing 
parameters of cauliflower, where inorganic treatment 
showed the highest curd size (133.42 cm2) and yield 
(280.81 q/ha) was recorded in conventional treatment. 
This could be due to the rapid availability and utilization 
of nitrogen for various internal processes in the plant. 
Irrespective of the types of nutrient sources in all 
cases, the treatments receiving enriched compost 
5 t ha-1 with microbial consortium recorded 209.04 
kg ha-1 and 103.46 cm2 curd size was recorded in T8 
(enriched compost 5 t ha-1 + consortium), which was 
highest among the organic treatments. Increase in the 
yield is due to the supply of additional nutrient through 
organics as well as improvement in the physical and 
biological properties of soil (Sharma et al., 8). The 
increase might be also due to fact that these nutrients 
are being important constituents of nucleotides, 
proteins, chlorophyll and enzymes, which are involve 
in various metabolic process having direct impact on 
vegetative and reproductive phases of the plants. The 
increase in curd size is might be due to the better 
plant stand and direct contribution of organic inputs 
with microbial consortium in improving the fertility 
condition of the soil because of bacterial activities. It 
is seemed that organic manure need more time for 
nutrients to be available for plant absorption. However, 
the beneficial effect of organic manure on yield may 
be due to an increase in organic matter rate caused 
by the generation of carbon dioxide during compost 
decomposition (Wilkinson, 14) and improvement of 
the soil physical conditions, which encouraged the 
plant to have a good root development by improving 
the aeration of the soil (Arisha et al., 1). The increase 
in yield and yield components due to the application of 
microbial consortium can be attributed to the release 
of bioactive substances having similar effect as that 
of growth regulators besides enhancement of nutrient 
absorption.

Table 1. Effect of organic manures and microbial consortium on plant growth characters of cauliflower.

Treatment Plant height 
(cm)

Leaf No. Plant spread 
(cm)

Leaf area 
(cm2)

T1 : RDF (80:60:60 kg -1ha NPK + 10 t ha-1) 62.39 21.05 64.67 908.77
T2 : Rock phosphate + microbial consortium 52.08 12.18 50.77 578.77
T3 : T2 + Compost (2.5 t ha-1) 53.64 17.97 56.37 717.53
T4 : T2 + Compost (5 t ha-1) 57.13 17.08 57.83 649.37
T5 : T2 + vermicompost (2.5 t ha-1) 57.73 18.07 56.23 631.18
T6 : T2 + vermicompost (5 t ha-1) 58.77 17.87 57.33 655.17
T7 : Enriched compost (2.5 t ha-1 + microbial consortium 57.99 17.58 59.23 797.88
T8 : Enriched Compost (5 t ha-1) + microbial consortium 59.76 18.73 61.22 835.43
CD at 5% 2.86 1.92 2.91 145.12
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It is evident from the present study that the 
maximum value of curd compactness (78.85) 
was recorded in T4 (Compost 5 t ha-1 + microbial 
consortium). The comparative higher level of curd 
compactness might be due to action of specific soil 
nutrients, which might be made more readily available 
into the soil for plant absorption as a result of organic 
manures with microbial consortium, which in term 
might activate specific enzymes for the synthesis 
of these compounds. It is therefore, certain specific 
nutrients in soil play a vital role in determining these 
quality parameters. Similar finding was reported by 
Sable and Bhamare (6) on cauliflower. The least 
unmarketable curd was observed in T1 {RDF (80:60:60 
kg NPK + 10 t FYM ha-1)} of 7.92% followed by T8 
(enriched compost 5 t ha-1 + microbial consortium) of 
8.58%. This might be due to the readily availability 
and uptake of major nutrients and micro-nutrients by 
the plants.

Ash content represented the total amount of non-
combustible substances, i.e. minerals present in the 
plant product. In the present study ash content of 7.28 

and 6.79% was found highest in T4 (T2 + Compost 5 t 
ha-1) and T8 (Enriched compost 5 t ha-1 + Consortium) 
for leaf and curd, respectively (data not shown). This 
might be due to the increase in quality parameters, 
because soil that has been managed organically 
has more microorganisms, which produce many 
compound that influence the plant to absorb more 
micronutrients from soil.

In the present study, the highest ascorbic acid 
content (60.13 mg 100 g-1) was recorded in T8 
(enriched compost 5 t ha-1 + consortium) and the 
lowest ascorbic acid content of 37.19 mg 100 g-1 was 
observed in treatment receiving RDF. The findings are 
in close agreement with those earlier reported by Sable 
and Bhamare (6) on cauliflower. There is a general 
observation that the organically managed crops have 
usually higher vitamin C than the conventionally 
fertilized crop because when a plant is exposed with 
more nitrogen, it increases protein production and 
reduces carbohydrates synthesis. Since vitamin C 
is synthesized from carbohydrates, its levels are 
also reduced. In case of organically managed soil, 

Table 2. Effect of organic manures and microbial consortium on yield contributing characters of cauliflower.

Treatment Curd size
(cm)

Curd 
compactness

Unmarketable 
curd (%)

Yield/ha 
(q)

B:C
ratio

T1 : RDF (80:60:60 kg-1 ha NPK + 10 t ha-1) 133.42 49.13 7.92 280.81 2.93
T2 : Rock phosphate + microbial consortium 67.70 57.93 14.58 69.42 0.45
T3 : T2 + compost (2.5 t ha-1) 85.13 68.99 13.75 129.13 1.71
T4 : T2 + compost (5 t ha-1) 92.50 78.85 12.92 136.94 1.43
T5 : T2 + vermicompost (2.5 t ha-1) 89.78 58.36 11.25 173.73 2.08
T6 : T2 + vermicompost (5 t ha-1) 102.83 54.38 8.90 186.32 1.53
T7 : Enriched compost (2.5 t ha-1 + microbial consortium 91.00 76.31 9.75 191.77 2.61
T8 : Enriched compost (5 t ha-1) + microbial consortium 103.46 71.17 8.58 209.04 1.81
CD at 5% 13.79 19.70 1.78 24.81

Table 2 Contd…

Treatment Ascorbic acid
(mg 100 g-1)

Total mineral 
content of leaf (mg)

Total mineral 
content of curd (mg)

T1 : RDF (80:60:60 kg-1 ha NPK + 10 t ha-1) 37.19 5.08 6.33
T2 : Rock phosphate + microbial consortium 37.29 4.48 5.68
T3 : T2 + compost (2.5 t ha-1) 43.28 5.10 6.05
T4 : T2 + compost (5 t ha-1) 47.58 7.28 6.25
T5 : T2 + vermicompost (2.5 t ha-1) 50.65 5.12 6.17
T6 : T2 + vermicompost (5 t ha-1) 56.69 5.38 6.61
T7 : Enriched compost (2.5 t ha-1 +microbial consortium 59.99 5.15 6.33
T8 : Enriched compost (5 t ha-1) + microbial consortium 60.13 6.10 6.79
CD at 5% 3.13 0.25 0.03
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plants are generally exposed with comparatively 
lower amount of nitrogen and several plant nutrients 
are released slowly over time. Therefore, organic 
crop would be expected to maintain higher vitamin 
C and carbohydrates and less protein as reported by 
Bahadur et al. (2) in broccoli. 

Results on soil analysis (Table 4) at harvest 
showed significant variation among treatments in 
respect of soil pH, organic carbon content, available 
nitrogen, phosphorus and potassium. Organic carbon 
of soil acts as a sink and source of nutrients for 
microbial population, which regulates the availability 
of different nutrients through microbial transformation. 
The net increase in organic carbon was much higher 
with organic manures in combination with microbial 
consortium. It is probably due to application of 
organic inputs and their releasing behaviour of 
different acids. However, before experimentation 
organic carbon and soil pH of 0.62% and 4.60 were 
found, respectively. There was significant increase 
in soil pH (5.69) and organic carbon (0.92%) when 
enriched compost 5 t ha-1 was applied in combination 
with microbial consortium (T8). This might be due 
to increase in microbial activities in the root zone 
which decomposes organic manures and also fix 
unavailable form of mineral nutrient into available 
forms in soil thereby substantiates crop requirement 
and improve organic carbon level and stabilize soil 
pH. Similar result was also reported by Tekasangla 
et al. (10) on cauliflower.

The highest available nitrogen of 285.89 kg ha-1 
was recorded under treatment with Enriched compost 
5 t ha-1 + consortium (T8). Organically managed soil 
exhibited great of biological activity of inoculated 
microorganism as well as their potential nitrogen 
fixation (Melero et al., 5). The lowest nitrogen content 
of 261.44 kg ha-1 was recorded in T1 {RDF (80:60:60 kg 
NPK + 10 t FYM ha-1)}. This might be due to leaching 

and other losses with chemical fertilizers as compared 
to organic manures (Umlong, 12). 

The increased available phosphorus in T8 might 
be attributed to the improvement of soil condition 
due to the application of compost and the phosphate 
solubilising and mineralizing ability of the micro 
organisms from the soluble form of phosphorus 
sources (Tao et al., 9). Microbial culture plays a 
vital role in the release of phosphorus both from 
native and applied phosphorus sources due to 
production of phosphate solubilising enzymes. 
It is established that application of PSB along 
the rock phosphate significantly increased the 
available phosphorus status in soil, which could be 
attributed to the production of organic acids The 
minimum phosphorus content of soil (42.35 kg ha-

1) was recorded in consortium with rock phosphate 
inoculated treatment (T2), which might be due to the 
lower rate of fixation of phosphorus during initial 
stage and also due to non-availability of actively 
solubilising microbes.

In case of residual potassium, treatment 
receiving enriched compost 5 t ha-1 with microbial 
consortium showed higher phosphorus content of 
(146.34 kg ha-1) than the other treatments including 
T1 {RDF (80:60:60 kg NPK + 10 t FYM ha-1)}. This 
might be due to release of potassium from these 
organic amendments and also due to solubilisation 
of mineral based potassium or native potassium. 
Besides, it could be also due to prevention of 
leaching loss due to retention of more potassium by 
organic components, while inorganic fertilizers could 
have released potassium at a faster rate. These 
results were similar to the earlier findings reported 
by Umlong (12).

From this study considering yield , quality 
and B:C it is concluded that among the different 
treatments, Enriched compost 2.5 t ha-1 was 

Table 4. Effect of organic manures and microbial consortium on soil parameters.

Treatment Soil 
pH

Organic 
carbon (%)

Available N 
(kg ha-1)

Available P
 (kg ha-1)

Available K 
(kg ha-1)

T1 : RDF (80:60:60 kg-1 ha NPK + 10 t ha-1) 4.75 0.66 261.44 44.25 133.10
T2 : Rock phosphate + microbial consortium 5.24 0.78 265.97 42.35 121.62
T3 : T2 + compost (2.5 t ha-1) 5.33 0.85 267.55 52.41 127.38
T4 : T2 + compost (5 t ha-1) 5.44 0.90 273.17 54.35 130.59
T5 : T2 + vermicompost (2.5 t ha-1) 5.40 0.79 272.50 56.46 137.02
T6 : T2 + vermicompost (5 t ha-1) 5.38 0.82 277.95 60.87 141.11
T7 : Enriched compost (2.5 t ha-1 + microbial consortium 5.53 0.88 275.18 62.70 141.38
T8 : Enriched compost (5 t ha-1) + microbial consortium 5.69 0.92 285.89 66.35 146.34
CD (5%) 0.12 0.02 0.95 0.91 1.06
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applied in combination with microbial consortium 
(T7) enhanced productivity of cauliflower as well as 
improved the soil health.
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INTRODUCTION
Garlic (Allium sativum) is the second important 

bulbous crops grown in India. On the global scale, 
India ranks second next to China in the world's garlic 
production and contributes 14% of the world area and 
5% of production. Garlic productivity has increased 
from 3.90 t/ha in 1990-91 to 5.44 t/ha in 2013-14 
(NHRDF, 9). The national garlic productivity has 
increased by about 40% during a period of 24 years 
from 1990-91 through 2013-14. The increased garlic 
productivity could be due to adoption of improved 
cultivars, refinements of agronomic practices such 
as adjusting planting dates, plant spacing, plant 
protection measures and greater nutrient uptake 
and extended nutrient uptake pattern. However, the 
fertilizer recommendations are based on yield and 
nutrient uptake data collected from previous studies 
and older cultivars.

As per the current fertilizer management practices, 
farmers apply 30-50% of required nitrogen (N) and 
100% phosphorus (P), potassium (K) and sulphur 
(S) at the time planting as a basal application and 
the remaining N in splits at 30 and 45 days after 
planting (DAP). As the plants require about 20% of 
total nutrients during the first 4 weeks of plant growth, 
basal application of fertilizer nutrients do not match 
with peak crop demand (Sitthaphanit et al., 11). Being 
a shallow rooted crop, its root system is restricted to 
surface 0-15 cm only during the first 30 days of crop 
growth. While, the unused fertilizer nutrients applied 
as a basal dose may be leached to the sub-surface 

along with irrigation water and become unavailable 
to the plants. The information on dry matter (DM) 
accumulation, nutrient uptake pattern and nutrient 
mobility characteristics provides an opportunity to 
optimize fertilizer application and helps us to avoid 
nutrient losses by different means (Moustakas and 
Ntzanis, 8; Meng et al., 7). Patterns for mineral 
assimilation are typically nutrient specific and vary 
in the timing, rate and duration of uptake as well as 
the tissues to which nutrients are partitioned (Bender 
et al., 3). Therefore, there is a critical need for re-
evaluation of dry matter accumulation and nutrient 
uptake pattern in garlic using improved cultivars and 
management practices. The information related to DM 
accumulation and nutrient uptake pattern is lacking 
for the garlic crop. Hence, the present study was 
undertaken to quantify DM accumulation and nutrient 
uptake pattern in garlic cv. Bhima Omkar.

MATERIALS AND METHODS
Field experiment was conducted to assess the 

dry matter (DM) accumulation and nutrient uptake 
pattern of garlic cv. Bhima Omkar during 2011-12 
in clay loam soil (Typic Haplustept) at ICAR-DOGR, 
Rajgurunagar, Pune. The garlic was planted on 
November 2, 2011 with 15 × 10 cm plant spacing 
. The recommended fertilizers (100:50:50:50 kg 
NPKS/ha) and farmyard manure (FYM) (20 t/ha) 
were applied to raise the crop. Full of phosphorus (P), 
potassium (K), sulphur (S), FYM and 34% nitrogen 
(N) were applied during planting as a basal dose. 
Remaining two third of N fertilizer was applied at 
30 and 45 days after planting (DAP). Ten plants per 

Assessment of dry matter accumulation and nutrient uptake pattern of garlic
Thangasamy, A.* and Kishor M. Chavan

ICAR-Directorate of Onion and Garlic Research, Rajgurunagar, Pune 410 5050, Maharashtra

ABSRACT
Field experiment was conducted to assess dry matter accumulation and nutrient uptake pattern of garlic. 

Plant samples were collected at 15 day interval from planting to harvest. The samples were partitioned, 
processed and analysed for macro and micronutrients. Results showed that total nutrients required to produce 
6.7 t garlic bulbs/ha was 56.3 kg N, 13.5 kg P, 65.8 kg K, 30.6 kg S, 110.3 g Zn, 116.9 g Mn, 724.9 g Fe, and 26.2 g 
Cu. Garlic plants accumulated 84.7 and 84.6% of total nitrogen (N) and potassium (K) from planting to 75 days 
after planting (DAP). The peak N and K uptake coincided with the active vegetative growth stage. Whereas, the 
total phosphorus (P), sulphur (S), zinc (Zn), iron (Fe), manganese (Mn) and copper (Cu) uptake accounted for 
59.5-66.7% of total uptake from planting to 75 DAP accounted. The peak uptake of these nutrients coincided 
with bulb initiation and development stages. Subsequently, an effective nutrient schedule could be developed 
for adoption by farmers. 
Key words: Garlic growth stages, macronutrient, micronutrient, nutrient uptake.
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plot was collected at 15 day interval from 30 to 120 
DAP for assessing dry weight and nutrient analysis. 
Plant samples were partitioned into leaves and 
bulbs after washing. Later, samples were dried to a 
constant weight at 60°C and were used to determine 
the leaf and bulb dry weights. Dried samples were 
processed and analyzed for macro (N, P, K and 
S) and micronutrients (Fe, Mn, Zn and Cu) using 
standard procedures as described by Jackson (5). 
Nutrient uptake was calculated by multiplying plant 
nutrient concentration with the dry weight. Harvest 
index was calculated as the content of nutrients in 
the bulbs relative to the total aboveground nutrient 
uptake.

Cubic polynomial equation was used for predicting 
dry matter accumulation and nutrient uptake pattern. 
This equation illustrates the relationship between 
production and time. Hence, the growth rate, i.e. 
increase in production per unit time was calculated 
from the first derivative of the above equation. DM 
accumulation and nutrient uptake data recorded 
during the growth stages were fitted to the cubic 
polynomial equation using statistical analysis 
software (SAS) JMP version 10.2 after testing the 
data for fitness. The adjusted R2 value between 
predicted and observed values is high and ensures 
statistical integrity of the curve. DM accumulation 
and nutrient uptake curves were prepared using the 
graph builder option in SAS JMP version 10.2.

RESULTS AND DISCUSSION
The results showed that dry matter (DM) 

accumulation in leaves increased slowly up to 15 
days after planting (DAP) (Fig. 1). DM accumulation 
in leaves during initial 15 days accounted for 4.7% of 
total accumulation. The gradual accumulation during 
this period could be due to slow adaptation of the 
newly germinated plants to their new environment. 
DM accumulation rate in leaves increased rapidly 
after 15 days and reached the peak at 50 DAP. 
Whereas, after 50 days, the accumulation rate 
decreased and reached a negative value at 105 DAP. 
This decrease in DM accumulation in leaves was 
due to drying and shredding of older leaves (Harper, 
4; Rodriguez et al., 10). DM accumulation in bulbs 
progressed steadily after 30 days and reached the 
peak at harvest with the accumulation rate of 83.8 
kg/ha/day. Total DM accumulation in garlic (leaves + 
bulbs) increased rapidly after 30 days and reached 
peak at 80 DAP. The accumulation rate decreased 
after 80 days and showed 37.8 kg/ha/day at 120 DAP. 
Total DM accumulation up to 75 days accounted for 
49.4% of total accumulation. The remaining 50.6% 
were accumulated between 75 DAP and harvest, 
whereas, DM accumulation in bulbs during the same 

period accounted for 70.9%. This increase in DM 
accumulation in bulbs 75 DAP could be partly due to 
remobilization and translocation of photosynthates 
accumulated in leaves to bulbs at maturity stage 
(Bender et al., 3). Similar pattern of DM accumulation 
was observed in onion bulb crop as well (Sullivan et 
al., 12; Thangasamy, 13). 

Total N and K uptake increased slowly up to 15 
DAP and rapidly thereafter. Peak N and K uptake rate 
was observed at 49 and 50 DAP, respectively. Total 
uptake rate was decreased and showed negative 
value at 105 DAPS. N and K uptake followed the 
similar trend of DM accumulation pattern in leaves. 
Alva et al. (1) and Bender et al. (3) have reported 
that DM accumulation in leaves was closely related 
with N. Total N and K uptake rate showed negative 
value at 105 DAP, whereas, the uptake rates in bulbs 
remained positive at 120 DAP. This indicated that the 
N accumulated in leaves could be remobilized and 
translocated to bulbs at maturity stages due to their 
higher mobility in phloem. Similar uptake pattern 
was observed in maize and soybean by Bender 
et al. (3) and Bender et al. (2). The total N and K 
uptake from planting to 75 DAP accounted 84.7 and 
84.6 percent of total uptake. The remaining 15.3 
and 15.4% of total N and K were accumulated from 
75 days to till harvest. Similar uptake pattern was 
observed in wheat by Meng et al. (7) and in rice by 
Ye et al. (14). Peak N and K uptake coincided with 
active vegetative growth stage and showed that 
demand for these nutrients were higher during this 
stage. Bender et al. (3) reported that timing of nutrient 
acquisition was nutrient specific and associated with 
key growth stages. Application of these nutrients after 
75 days is seldom effective in increasing the nutrient 
use efficiency and garlic yield. Similar observations 

Fig. 1. Dry matter accumulation pattern of garlic crop from 
planting to harvest.
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were recorded in onion bulb crop (Sullivan et al., 
12; Thangasamy, 13) and maize (Karlen et al., 6; 
Bender et al., 3).

Total phosphorus (P) and sulphur (S) uptake 
increased slowly up to 20 DAP and rapidly thereafter 
(Fig. 2 & 3). Total P and S uptake rate attainted 
peak at 70 and 64 DAP, respectively. Unlike N and 
K, P and S uptake followed total DM accumulation 
pattern. The uptake rate in bulbs continued to 
increase till harvest at 120 DAP, whereas, total P 
and S uptake rate showed 0.04 and 0.02 kg/ha/day, 
respectively. This could be due to remobilization 
of P and S accumulated in leaves to bulbs during 
maturity stage due to their high mobility in phloem 
(Bender et al., 2). P and S uptake from planting 
to 75 DAP accounted for 59.5 and 63.7% of total 

uptake. While, remaining quantity of these nutrients 
were removed between 75 and 120 DAP. Peak P 
and S uptake coincide with bulb initiation and bulb 
development stages. Sullivan et al. (12) reported that 
these nutrients are essential for onion bulb initiation 
and development in onion.

Micronutrient uptakes increased slowly up to 
20 DAP and rapidly after 20 days (Fig. 4 & 5). The 
peak uptake a rate of Zn, Fe and Cu was observed 
at 64-65 DAP, while, at 57 DAP, the peak Mn uptake 
occurred. The total uptake rates of all these nutrients 
showed negative value at 120 DAP. Micronutrients 
uptake pattern followed a similar trend as that of total 
DM accumulation. Unlike N, P, K and S uptake, the 
micronutrient uptake rate in bulbs and total uptake 
rate decreased at maturity stages. This indicated that 
these nutrients are immobile in phloem and could not 
be translocated from leaves to bulbs. Similar results 
were previously reported in transgenic maize (Bender 

Fig. 2. Major nutrient uptake pattern in garlic.
Fig. 4. Micronutrient uptake pattern in garlic.

Fig. 3. Major nutrient uptake rate in garlic. Fig. 5. Micronutrient uptake rate in garlic.
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et al., 3) and soybean (Bender et al., 2). Micronutrient 
uptake pattern showed that season-long supply of 
these nutrients are required for obtaining higher bulb 
yield. Like P and S, total Zn, Fe and Cu uptake from 
planting to 75 DAP accounted for 64.0, 65.7 and 
66.7% of total uptake and acquired the remaining 
quantity after 75 days. The peak uptake rate of 
these nutrients coincided with bulb initiation and 
development stages and showed that these elements 
are essential for bulb initiation and development. 
Whilst, Mn followed similar trend as that of N and K 
uptake pattern. 

The garlic crop as such accumulated 82.4% of 
total biomass in bulbs compared to 17.6% in leaves 
(Table 1). This crop removed 56.3 kg N, 13.5 kg P, 
65.8 kg K, 30.6 kg S, 110.3 g Zn, 116.9 g Mn, 724.9 
g Fe, and 26.2 g Cu to produce 6.7 t garlic bulbs/ha. 
Total N, P, K and S uptake in bulbs accounted for 71.5, 
84.2, 64.4 and 93.8% of total uptake, respectively. 
The plants removed 87.0% Fe, 84.9% Cu, 84.0% 
Zn and 61.1% Mn in bulbs. The nutrients moved to 
economic part (bulbs) were high compared to leaves. 
Among different nutrients analysed, more than 80% of 
nutrients were accumulated in bulbs except for K and 
Mn. Concentration of K and Mn were higher in leaves 
compared to bulbs. Similar results were observed 
in onion bulb crop (Thangasamy, 13) and soybean 
(Bender et al., 2). The nutrient harvested in bulbs 
needs to be replaced through fertilizers and manures 
for sustaining soil health and productivity, whereas, 
the nutrients accumulated in above ground portion 
could be recycled through reincorporation of the same. 

Our results showed that N and K demand was 
higher during active vegetative growth stage (15 to 
75 days). Comparatively, peak P and S coincided with 
bulb initiation and development stages. However, 

farmers apply large quantity of fertilizers (25-50% 
N and full dose of PKS) at the time of planting. 
Application of large quantities of fertilizers before 
planting is likely to move beyond root zone along with 
irrigation water; while, application during maturity 
(after 75 days) is seldom effective in increasing 
nutrient use efficiency and bulb yield. The fertilizer 
application should coincide with rapid nutrient 
uptake stages to increase yield and nutrient use 
efficiency. Due to immobility of micronutrients in 
phloem, the season-long supply of micronutrients is 
essential to improve the yield and quality of bulbs. 
The data generated from this experiment will provide 
an opportunity to optimize fertilizer scheduling to 
increase nutrient use efficiency and bulb yield. 
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INTRODUCTION
Brinjal, aubergine or eggplant (Solanum 

melongena L.) a member of Solanaceae family is 
a common vegetable crop grown in tropical and 
sub-tropical region of the world. In India, It is a 
major source of income for the small and marginal 
vegetable growers. One of the major constraint 
in the successful cultivation of brinjal is bacterial 
wilt disease caused by Ralstonia solanacearum 
(Yabuuchi et al., 15). The pathogen is primarily a 
soil borne with wide distribution in the tropics, sub-
tropics and warm temperate regions of the world 
(Buddenhagen et al., 1). R. solanacearum is a rod 
shaped, gram negative and β-proteobacterium. 
Approximately, 450 crop species were reported 
as host of this pathogen (Swanson et al., 13). It 
survives for long time in water, soil and latently 
infected plants and can be transmitted by soil, water, 
equipment and infected plant materials (Lwin and 
Ranamukhaarachchi, 9). The pathogen invades 
through wounds in roots, lateral root emergence 
points or stomata and colonizes the intercellular 
spaces of the root cortex and vascular parenchyma, 
eventually entering the xylem vessels (Islam and 
Koki, 7). Among the various options of disease 
management, use of resistant varieties is an easily 

adoptable and effective approach. However, the 
resistance in the variety against disease is also 
influenced by the environmental factors and the strain 
of the pathogen. This necessitates the screening 
of the resistant varieties in different agro-climatic 
regions. Due to the breakdown of resistance in a 
variety, different eco-friendly management tactics are 
needed. Bleaching powder and antibiotic chemicals 
are suggested for management of the bacterial 
wilt in brinjal. However, continuous use of such 
chemicals may leads to development of resistant 
strains (Ritchie and Dittapongpitch, 12). On the 
other hand, reports on the possibility for biological 
management of bacterial wilt using several bacteria 
and actinomycetes are also available. Keeping in view 
the above facts, the present study was conducted to 
identify bacterial wilt resistant varieties of brinjal in 
the agro-climatic conditions of Arunachal Pradesh 
and also evaluate the efficacy of a local strain of 
Pseudomonas fluorescens (CHFPf-1) for an effective 
integrated disease management programme against 
bacterial wilt in brinjal. 

MATERIALS AND METHODS
The experiment was conducted for two 

consecutive years during 2011-12 and 2012-13, in 
the research farm of Department of Plant Protection, 
CAU, Pasighat, Arunachal Pradesh. The soil texture 
of the experimental field was sandy with sick bed 
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condition. The experimental station is situated at an 
altitude of 155 m above msl and lying between 27° 
43' and 29° 20' North latitudes and 94° 42' and 95° 
35' East latitudes. It has warm and humid climate with 
distinct rainy season spread over 5 months from May 
to September. Average annual temperature, relative 
humidity and rainfall ranges from 16-35°C, 60-100 
per cent and 4000 mm, respectively. 

Fourteen brinjal genotypes, viz. Anamika, Green 
Long-183, Pusa Purple Long (PPL)-74, Pusa Kranti 
(PK)-123, Hybrid-41 and Shekhar collected from 
Sungro Seeds Ltd., Delhi; BE-706 and Chhaya of 
Nunhems India Pvt. Ltd., Bengaluru; Kiran of Team 
Seeds Pvt. Ltd., Sirsa, Haryana; VNR- 60 of VNR 
Seeds Pvt. Ltd., Raipur; Debgiri of Debgiri Agro 
Products Pvt. Ltd. Kolkata; Arka Keshav of Indian 
Institute of Horticultural Research (IIHR), Bengaluru; 
Swarna Shyamali and Swarna Pratibha of ICAR 
Regional Centre for Eastern Region, Patna, India, 
were evaluated for their reaction against the strain of 
R. solanacearum available in the region. Seedlings 
were raised during July, 2011 and 2012 and 35-day-
old seedlings were transplanted in the month of 
August during both the years. The experimental 
field was laid out in randomized block design (RBD) 
in a plot of 12.6 m × 6.6 m. Each genotype was 
transplanted at 60 cm × 60 cm spacing in three 
replications. A total 200 plants were transplanted per 
plot and reared initially but subsequently per cent 
wilted plants were recorded everyday and bacterial 
wilt infection was confirmed by dipping the lower cut 
end of the wilted plant in a glass of water for checking 
bacterial ooze. Based on the per cent wilted plants, 
each varieties were graded on a 0-5 scale given by 
Winstead and Kelman (14) with some modifications 
(Hussain et al., 6). The modified rating scale used 
as: 0 = Highly resistant (HR): Plants did not show 
any wilt symptom; 1 = Resistant (R): 1-20% plants 
wilted; 2 = Moderately resistant (MR): 21-40% plants 
wilted; 3 = Moderately susceptible (MS): 41-60% 
plants wilted; 4 = Susceptible (S): 61-80% plants 
wilted; and 5 = Highly susceptible (HS): More than 
80% plants wilted. 

The susceptible variety Anamika was used in 
the experiment to enhance the disease pressure 
in epiphytotic condition so that the effectiveness 
of different treatments could be evaluated. The 
seedlings were raised in the month of September, 
2011 & 2012. 35-day-old seedlings were transplanted 
in the first fortnight of October. Eight treatments 
including control, viz., intercropping with marigold 
(one row after every nine rows of brinjal and border); 
mustard oil cakes @ 5 q ha-1 as soil amendments; 
seedlings root dip with CHFPf-1 (a formulation 
prepared with a local strain of P. fluorescens with 2 

× 108 cfu g-1) @ 25 g l-1 of water for 30 min. before 
transplanting; soil drenching with CHFPf-1 @ 25 kg 
ha-1 at 20 days after transplanting (DAT); seedlings 
root dip + soil drenching with CHFPf-1; soil drenching 
with streptocycline (streptomycin sulphate 90% 
+ tetracycline hydrochloride 10%) of Hindustan 
Antibiotics Ltd, Pune, India @ 2 kg ha-1 at 20 DAT; 
soil drenching of bleaching powder (J. Industries, 
Guwahati, India) @ 20 kg ha-1 at 20 DAT and control 
were evaluated. For soil drenching 10,000 l of water 
was used for one hectare. The observations on 
bacterial wilt incidence were recorded for every 10 
days after transplantation. The wilted plants were 
first confirmed with ooze test and the confirmed 
plants were recorded and converted into per cent 
wilted plants. Plant height was recorded at 60 and 
80 days after transplanting while number of fruits 
and weight of fruits in each plucking were recorded 
from 10 marked plants in each plot and average 
number and weight of fruit per plant was worked 
out. The yield ha-1 for each treatment was calculated 
based on number and weight of fruits per plant. 
The recorded data were subjected for analysis of 
variance using AGRES version 7.01 © 1994 Pascal 
International Software Solutions. The benefit: cost 
ratios were calculated based on the cost involved 
in crop protection measures. The cost of CHFPf-1 
was considered as Rs. 280 kg-1, which is the price of 
Su-Mona®, a formulation marketed by Pest Control 
India Ltd., Bengaluru prepared with P. fluorescens 2 
× 108 cfu g-1.

RESULTS AND DISCUSSION
The varieties/ hybrids of brinjal showed different 

reactions (Table 1) in terms of bacterial wilt incidence. 
None of the varieties/ hybrids was found to be free 
from the wilt incidence. The first appearance of wilt 
incidence ranged from 20.67 DAT in Anamika to 
49.33 DAT in Hybrid-41. Among all the genotypes, 
Swarna Shyamali with 2.50% wilted plants (WP) 
recorded the lowest wilt incidence and showed 
resistance reaction. The varieties/ hybrids viz. 
Hybrid-41 (3.08% WP), Swarna Pratibha (8.67% 
WP), Arka Keshav (9.08% WP) and VNR-60 (9.25% 
WP) also showed resistance reaction to bacterial 
wilt. PPL-74 and PK-123 with 42.33 and 56.33 per 
cent wilt plants, respectively, showed moderately 
susceptible reaction. Other genotypes, viz. Shekhar 
(60.67% WP), Debgiri (62.58% WP), Kiran (64.50% 
WP), Green Long-183 (66.50 % WP) and Chhaya 
(78.00% WP), were found susceptible to bacterial 
wilt, whereas, BE-706 (85.75% WP) and Anamika 
(91.50% WP) showed highly susceptible reaction. 
According to Hoque et al. (5), the first symptom of 
wilting caused by R. solanacearum observed on the 
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15th days after inoculation of the bacterium. In our 
study, the genotypes showing highly susceptible and 
susceptible reactions showed first average wilting 
symptom from 20.67 to 31.00 DAT. However, the 
varieties/ hybrids with resistance reaction delayed 
in expressing the wilt symptom starting from 40.16 
DAT. The results of present study were in agreement 
with Hussain et al. (6). They also recorded longer 
incubation period of bacterial wilt in resistant and 
moderately susceptible genotypes. 

Data on efficacy of different eco-friendly 
treatments are shown in Table 2. All the treatments 
showed a significantly lower wilt incidence of bacterial 
wilt disease than the untreated control. The lowest 
incidence of bacterial wilt with 14.75% WP was 
recorded in the plot treated with seedling root dip + 
soil drenching with P. fluorescens and it was at par 
with soil drenching with P. fluorescens (18.25% WP). 
Soil drenching with P. fluorescens was comparable 
with soil drenching with streptomycine (19.83% WP), 
soil application with mustard oil cake (20.59% WP), 
soil drenching with bleaching powder (21.00% WP) 
and seedling root dip with P. fluorescens (23.58% 
WP). Intercropping with marigold recorded a highest 
42.39% WP among all treatments except untreated 
control. The highest average plant height (68. 29 
cm), highest average number of fruit per plant (9.14 
fruits) and average fruit weight (114.58 g fruit -1) was 

recorded in seedling root dip + soil drenching with 
P. fluorescens and it was closely followed by soil 
drenching with P. fluorescens with 67.84 cm plant 
height, 8.75 fruits and 113.26 g fruit-1, in terms of 
average plant height, average number of fruits per 
plant and average weight of fruit, respectively. The 
highest yield ha-1 was recorded in treatment with 
seedling root dip + soil drenching with P. fluorescens 
(244.55 q ha-1) and it was comparable with soil 
drenching with P. fluorescens (222.14 q ha-1). The 
yield of soil application with mustard oil cake (190.60 
q ha-1), seedling root dip with P. fluorescens (185.94 
q ha-1), soil drenching with bleaching powder (181.27 
q ha-1) and soil drenching with streptomycine (178.67 
q ha-1) were at par. The intercropping with marigold 
recorded only 96.74 q ha-1. While, considering 
the net profit of the different treatments, seedling 
root dip + soil drenching with P. fluorescens gave 
the highest profit with ` 63,235 ha-1 and it was 
followed by soil drenching with P. fluorescens (` 
53,730 ha-1), seedling root dip with P. fluorescens (` 
48,430 ha-1), soil application with mustard oil cake (` 
39,360 ha-1), soil drenching with bleaching powder 
(` 38,495), soil drenching with streptomycine (` 
24,995) and intercropping with marigold (` 3,530) in 
descending order. In terms of benefit: cost ratio, only 
soil drenching with P. fluorescens gave the highest 
benefit (29.49:1).

Table 1. Reactions of brinjal genotypes against Ralstonia solanacearum.

Genotype First appearance of 
wilt symptoms (DAT#)

50% wilt (DAT) Per cent wilt 
incidence*

Reaction

Anamika 20.67 51.17 91.50 (75.12)g HS
BE-706 31.00 52.17 85.75 (69.41)fg HS
Chhaya 25.67 48.50 78.00 (62.49)ef S
Green Long-183 22.00 54.50 66.50 (54.92)de S
Kiran 27.83 54.50 64.50 (53.95) d S
Debgiri 22.17 58.67 62.58 (55.95)d S
Shekhar 24.17 72.67 60.67 (51.46)d S
PK-123 35.00 81.50 56.33 (48.83)d MS
PPL-74 36.83 - 42.33 (40.54)c MS
VNR 60 42.17 - 9.25 (17.42)b R
Arka Keshav 40.16 - 9.08 (17.19)b R
Swarna Pratibha 40.50 - 8.67 (16.40)ab R
Hybrid-41 49.33 - 3.08 (9.64)a R
Swarna Shyamali 48.17 - 2.50 (8.23)a R
CD0.05 8.33 7.67 8.26
CV (%) 14.92 13.52 11.91

*Figures in parentheses are angular transformed values; # DAT=days after transplanting ; R = Resistant, MR = Moderately resistant, MS 
= Moderately susceptible, S = Susceptible, HS = Highly susceptible
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The present findings of reduction in wilt incidence 
with the root and soil application of P. fluorescens 
were in conformity with Chakravarty and Kalita (3). 
Root zone application of P. fluorescens increased 
rhizosphere population of the bacteria thus; increase 
in the population of the antagonists might have 
suppressed the population of the R. solanacearum. 
In addition to the environmental factor,wilting of 
the plants is mainly dependent on the population 
of R. solanacearum in the soil, when the pathogen 
population is reduced corresponding to the higher 
level of the antagonists, the wilt will also decrease 
simultaneously (Chakravarty and Kalita, 3). Biological 
control of soil borne pathogens by soil application 
of certain strains of fluorescent pseudomonads 
was also reported by Burr and Caesar (2) as they 
have the ability to colonize on the roots. Higher 
wilt incidence in the treatment with root dip alone 
as compare to soil drenching and root dip + soil 
drenching may be due to lesser population of P. 
fluorescens. In the present investigation, it is also 
observed that soil application of P. fluorescens also 
increases the plant height, average fruit weight per 
plant and number of fruits per plant. P. fluorescens 
giving positive effect on the plant growth characters 
like plant height, fruit weight per plant and number 
of fruits per plant was also reported by Jinnah et al. 
(8). Higher yield observed in soil drenching and root 
dip + soil drenching of P. fluorescens is the combined 
effect of P. fluorescens acting as biocontrol agent 
and plant growth promoting rhizobacteria. Ramesh 
et al. (11) also reported that P. fluorescens act as a 
biocontrol agent of bacterial wilt in brinjal as well as 

plant growth promoting rhizobacteria. The efficacy 
of soil amendment with mustard oil cake in terms 
of reducing wilt incidence was comparable with the 
chemical treatments. This may be the result of their 
effectiveness in controlling plant parasitic nematodes 
in the soil. The nematodes make wounds through 
which the bacteria may enter and also release 
metabolites useful for bacterial growth (Hayward, 
4). Thus, galling by root knot nematode increases 
the susceptibility of tomatoes to bacterial wilt. Lower 
wilt incidence in intercropping with marigold may also 
possibly due to lower population of nematode in the 
marigold intercropped field compared to untreated 
control. Crop rotation or mixed cropping including 
marigold suppressed nematode population in the 
soil, however, effectiveness varied with the varieties 
of the marigold (Ploeg, 10).

Comparing the economics of the bacterial wilt 
management tactics, treatment of P. fluorescens as 
combination of seedling root dip and soil drenching gave 
the highest economic return (Table 3). Treating alone 
as soil drenching or seedling root dip of P. fluorescens 
also gave better return than soil amendment and 
chemical treatments.

The brinjal genotypes Swarna Shyamali, 
Hybrid-41, Swarna Pratibha, Arka Keshav and 
VNR-60 can be recommended for cultivation under 
the agro-climatic conditions of Arunachal Pradesh 
considering the bacterial wilt problem in the region. 
As these varieties/ hybrids have different fruit shape, 
size, colour and yield, a desired one can be selected 
for cultivation. Further, to reduce the disease pressure 
on these varieties/ hybrids, P. fluorescens (2 × 108 

Table 2. Bio-efficacy of Pseudomonas fluorescens combinations against bacterial wilt of brinjal.

Treatment Per cent wilt 
incidence*

Plant 
height 
(cm)

No. of 
fruits 
plant-1

Fruit wt. 
(g)

Yield 
(q ha-1)

Marigold (after every 9 rows of brinjal and borders) 42.39 (40.58)c 64.44e 6.99d 108.16de 96.74e
Mustard oil cakes @ 5 q ha-1 as soil amendment 20.59 (26.87)b 67.24abc 7.93b 110.78bcd 190.60b
Soil drenching with P. fluorescens @ 25 kg ha-1 18.25 (25.19)ab 67.84ab 8.75a 113.26ab 222.14a
Seedlings root dip with P. fluorescens @ 25 g l-1 of water 23.58 (28.95)b 66.64bc 7.97b 111.46bc 185.94b
Seedlings root dip with P. fluorescens @ 25 g l-1 of water + 
soil drenching with P. fluorescens @ 25 kg ha-1 at 20 DAT 

14.75 (22.40)a 68.29a 9.14a 114.58a 244.55a

Streptomycine (streptomycin sulphate 90% + tetracycline 
hydrochloride 10%) @ 2 kg ha-1 soil drenching at 20 DAT

19.83 (26.41)b 65.71cde 7.44bcd 109.42cde 178.67b

Bleaching powder @ 20 kg ha-1 soil drenching at 20 DAT 21.00 (27.07)b 66.18cd 7.69bc 109.44cde 181.27b
Untreated control 60.17 (50.02)d 64.90de 7.27cd 107.74e 85.68c
CD0.05 5.67 1.62 0.57 2.88 22.43
CV (%) 9.97 1.41 4.19 1.50 7.48

*Figures in parentheses are angular transformed values
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cfu g-1) can be applied as seedling root dip @ 25 
g l-1 for 30 min. and/ or soil drenching @ 25 kg ha-

1. Even for the susceptible genotypes, combined 
application of P. fluorescens as seedling root dip and 
soil drenching could substantially reduce the bacterial 
wilt incidence in brinjal.
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INTRODUCTION 
In India, potato is grown under different 

agroclimatic conditions, viz., high hills in north 
and north-eastern India, subtropical indogangetic 
plains, plateau as well as hilly regions of southern 
India. In Nilgiris, the potato crop is being taken up 
almost throughout the year, because of humid sub 
tropical weather with well distributed rains from both 
the monsoons. In India, Jones (6) first reported the 
presence of cyst nematode from the Nilgiri hills in 
Tamil Nadu. In order to prevent its further spread, 
a domestic quarantine was imposed by Tamil Nadu 
Government in 1971. Potato cyst nematode (PCN), 
Globodera pallida (Stone) and G. rostochiensis (Woll.) 
continue to be a major pest in potato growing areas. 
Once it’s established, difficult to be eradicated from 
infested field. Despite massive chemical control 
measures taken up to eradicate, it remains a serious 
endemic pest of potato in this region due to intensive 
cultivation of potato and favourable climatic conditions. 
As per the host differential study, pathotypes Ro1 of 
the G. rostochiensis and Pa2 of G. Pallida are the 
most prevalent forms accounting for 75% of the total 
populations (Prasad, 8). Conventionally, an integrated 
approach to PCN management has relied heavily 

on the utility of chemicals, which is not economical 
and environmentally safe. Similarly, breeding for 
resistance has become unsuccessful because 
of partial resistance to one or other pathotypes. 
The resistant varieties (Partial) are not able to 
withstand for different pathotypes. The selection of 
a G. rostochiensis R1A population on S. tubersoum 
ssp. andigena, resulted in a virulent population with 
R3A characteristics (Seinhorst, 10). Trap crop has to 
produce root exudates that stimulate the hatch of PCN 
juveniles from their cysts. Subsequent reproduction 
has to be prevented by destruction of the crop before 
adult female development is completed and plant 
main crop after destruction of trap crop (Timmermans 
et al., 11). Soil solarization relies on solar energy, has 
been used to suppress plant parasitic nematodes 
(Zasada et al., 15). Growing non-host crops such 
as barley are grown between host crops reduce 
nematode population densities (Whitehead et al., 14). 
Therefore, there is scope for other control measures 
like (i) Use of trap crop (Scholte and Vos, 9), (ii) 
Physical method like soil solarization (Candido et 
al., 2), and (iii) Non-host crop (Wafaa and Mahmoud, 
13). Accordingly, experiments were designed 
and conducted to derive effective management 
practices using potato as trap crop, soil-solarization 
combined with organic as well as biocontrol agent and  
non-solanceous crop.

Effect of cultural practices on potato cyst nematode population dynamics 
and potato tuber yield

Aarti Bairwa*, E.P. Venkatasalam**, R. Umamaheswari**, R. Sudha and B.P. Singh*

ICAR-Central Potato Research Station, Muthorai, Udhagamandalm 643004, the Nilgiris, Tamil Nadu

ABSTRACT
Health concerns related to the use of pesticides are increasing the interest in alternate use of pest and 

disease control strategies. Accordingly, different cultural practices, viz., trap cropping, soil solarization and non-
solanaceous crops were evaluated for the management of potato cyst nematode during summer 2013-14 and 
2014-15. Among the potato cultivars used as trap crop, Kufri Jyoti attracted more PCN juveniles and recorded 
maximum reduction in cyst population than Kufri Swarna. In the succeeding crop Kufri Girdhari, wherein Kufri 
Jyoti used as trap crop recorded more yield than Kufri Swarna in both the spacings. In the soil solarisation 
experiment, minimum PCN reproduction factor (Rf) was recorded in soil solarisation followed by application of 
neem cake (@ 5 t/ha) in combination with Trichoderma viride (@ 5 kg/ha). The same treatment also produced 
significantly maximum yield during 2013-14 however, during 2014-15 the yield was found to be on par with soil 
solarisation + carbofuran (2 kg a.i./ha). All the non-solanaceous crops tested reduced the PCN multiplication 
ratio. Among different non-solanaceous crops, radish recorded 19.6-21.0% reduction in number of cysts and 
12.2-16.2% reduction in number of eggs per cyst. Which was followed by garlic, it recorded 15.9-17.7% and 10.3-
11.6% reduction in number of cysts and eggs respectively, during 2013-14 and 2014-15. Therefore, the above 
said treatments either alone or in combination can be used to manage the PCN.
Key words: Neem cake, non-solanaceous crops, potato, potato cyst mematode, soil solarization, Trichoderma viride.
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MATERIALS AND METHODS
Field experiments on effect of trap crop, soil 

solarization and non-solanaceous crops on potato 
cyst nematode population dynamics and potato 
tuber yield was carried out at ICAR-Central Potato 
Research Station, Muthorai, Udhagamandalam 
located at the latitude 11°22'N and longitude 76°40' 
E and 2130 m above MSL during summer season 
(May-August) in the year 2013-14 and 2014-15. In 
the trap crop experiments two potato varieties viz., 
Kufri Jyoti (Susceptible to PCN) and Kufri Swarna 
(Resistant to PCN) were evaluated as trap crops in 
two different spacing’s (60 × 20 cm and 45 × 15cm) 
along with control (Without trap crop). Details of the 
treatments used in the study are T1 = Kufri Jyoti (60 
× 20 cm), T2 = Kufri Jyoti (45 × 15 cm), T3 = Kufri 
Swarna (60 × 20 cm), T4 = Kufri Swarna (45 × 15 cm) 
and T5 = Control. Each treatment was replicated four 
times in RBD and the plot size used was 3 × 3m. The 
trap crop was sown 45 days prior to sowing of main 
crop Kufri Girdhari and destroyed before completions 
of PCN life cycle i.e. 45 DAP. Observations like initial 
PCN population before sowing of trap crop, final PCN 
population after up-rooting of trap crop and yield 
of succeeding crop Kufri Girdhari were recorded. 
Second experiments on effect of soil solarization on 
PCN population dynamics and tuber yield of Kufri 
Giriraj was carried out by covering the soil with 150 
m thickness transparent LDPE polythene sheet for 
6 weeks before planting of summer crop. Different 
treatment combinations used in the study were T1 = 
Soil solarization alone, T2 = Soil solarization followed 
by application of neem cake (5 t/ha) + Trichoderma 
viride (5 kg/ha), T3 = Soil solarization followed by 
application carbofuran (2 kg a.i./ ha), T4 = Neem 
cake (5 t/ha) + T. viride (5 kg/ha), T5 = Carbofuran 
alone (2 kg a.i./ha) and T6 = Untreated control. Each 
treatment was replicated four times in RBD and the 
plot size used was 3 × 3m. Observations like initial 
PCN population before soil solarization, final PCN 
population after harvesting of potato crop and tuber 
yield were recorded. Third experiments on effect of 
non-host crops on PCN population dynamics was 
conducted with different non-solanaceous crops, 
viz., T1 = Cabbage, T2 = Carrot, T3 = Radish, T4 = 
Beetroot, T5 = Cauliflower, T6 = Garlic, T7 = Marigold 
and T8-French beans. The crops were planted 
during summer season to check the effect of these 
crops on PCN population dynamics. The experiment 
was conducted in RBD with three replications. 
Observations on initial and final PCN population and 
number of eggs per cyst before and after harvesting 
of non-solanaceous crop were recorded. The initial 
(IP) and final (FP) PCN population was used for 

arriving reproduction factor (Rf = Pf/Pi), % reduction 
in cyst population [(IP-FP)/IP)*100] and % reduction 
in number of eggs per cyst [(No. of eggs per cyst in 
IP- No. of eggs per cyst in FP/ No. of eggs per cyst 
in IP)*100] was calculated based on the average of 
eggs in five cyst. As the experiment was conducted 
twice, potato tuber yield data were analyzed for 
individual year and means were separated according 
to the least significant differences (LSD) at 0.05 level 
of probability. Percentage yield increase was also 
calculated [(treatment yield-control yield)/control 
yield*100].
RESULTS AND DISCUSSION

The results of trap crop experiment revealed that 
PCN susceptible cv. Kufri Jyoti planted at 60 × 20 
cm spacing attracted more PCN juveniles (J2) than 
resistant cv. Kufri Swarna which resulted maximum 
reduction (30.9-53.6%) in PCN population. This 
may be due to enlarged root system produced by 
the susceptible cv. Kufri Jyoti that helped covering 
greater volume of soil and also production of more 
root diffusate which stimulated PCN hatching. 
Vigorous root system attracted large number of 
juveniles which was destroyed during uprooting of the 
trap crop before completion of PCN life cycle (Lane 
and Trudgill, 7). Our results are in confirmation with 
earlier reports by Whitehead et al. (14) they found 
75% decrease in G. pallida population in heavily 
infested soil by uprooting of tolerant cv. Cara as 
a trap crop after six weeks of planting. PCN were 
effectively controlled by the potato trap crop when 
a highly resistant potato cultivar and moderately 
resistant cultivar were grown as a main crop after 
the trap crop, the post-harvest soil infestation was 
very low (Scholte and Vos, 9). 

 In the succeeding crop Kufri Girdhari (34.98-
35.33 t/ha), wherein Kufri Jyoti (60 × 20 cm) grown 
as trap crop recorded 49.8-63.8% more yield as 
compared to control (21.8-23.4 t/ha). Whereas, it 
was 25.5-36.1% more wherein PCN resistant cv. Kufri 
Swarna used as trap crop (Table 1). This is due to 
more reduction of PCN population in which cv. Kufri 
Jyoti was grown as trap crop (Fig. 1). Tuber yield 
increase in potato due to significant reduction of PCN 
population was also reported earlier by Devrajan et 
al. (3), and Umamaheswari et al. (12). Previous study 
by Ehwaeti et al. (4) highlighted a negative correlation 
between increasing initial PCN population density and 
yield losses on potato plants, our results are also in 
agreement with earlier reports.

Soil solarization, a non-chemical technique, 
captures radiant energy from the sun and thereby 
changes soil chemical, physical and biological 
properties. The results revealed that treatments with 
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soil solarization reduced the PCN population and 
increased the tuber yield as compared to treatments 
without soil solarization (Table 2). Minimum (Rf-0.99 
to1.02) PCN reproduction (Rf) was recorded in soil 
solarization followed by application of neem cake (5t/
ha) and T. viride (5 kg/ha) at the time of planting which 
was followed by soil solarization and application of 
carbofuran (2 kg a.i. /ha) (Rf = 1.09 to 1.10) at the 
time of planting in both the years. This may be due 
to rise in temperature of soil covered with polythene 
sheet which killed PCN as effectively as soil fumigant. 
Greco et al. (5) also found less PCN egg survival 
of 6.8-17% in the soil solarization plots.Treatments 
receiving organic amendments in combination with T. 
viride performed relatively better than those receiving 
organic amendments alone (Umamaheswari et al., 
12). Among the treatments, significantly maximum 
yield (31.08 t/ha) was recorded in soil solarization 
followed by application of neem cake (5 t/ha) and 
T. viride (5 kg/ha) at the time of planting during the 
year 2013-14. However, during the year 2014-15, 
the same treatment recoded maximum yield (31.10 
t/ha) but, which was found to be on par with soil 
solarization followed by application of carbofuran 
(2 kg a.i./ha) (29.16 t/ha). In general treatments 
with soil solarization increased the yield to the tune 
of 47.75-78.30% over the control. This may be 
due to low PCN population in the solarization. The 
beneficial effect of thermal treatment on crop yield 
can be related not only to the suppression of potato 
cyst nematodes, may be also due to the release of 
nutrients induced by high soil temperatures and/
or to the suppression of other soil pathogens as 
reported by Candido et al. (2) in tomato. Earlier 
reports on integrated management of PCN indicated 
that combined application of neem cake and P. 
fluorescens coupled with mustard intercropping 
significantly reduced potato cyst nematode and 
increased the potato yield (Devrajan et al., 3). Neem 
cake, being a nutrient rich organic material, is found 

Fig 1. Effect of trap crop on per cent yield increase over 
control.
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Fig. 2. Effect of non-solanaceous crops on per cent reduction of PCN population over control and number of eggs per cyst.

Table 2. Effect of soil solarization on PCN multiplication and yield of potato.

Treatment Summer, 2013-14 Summer, 2014-15
PCN 

multiplication 
(Rf)

Yield 
(t/ha)

% yield 
increase 

over control

PCN 
multiplication 

(Rf)

Yield 
(t/ha)

% yield 
increase 

over control
Soil solarisation alone 1.18 27.83 47.75 1.12 28.27 62.10
Soil solarisation + neem cake (5 t/ha) in 
combination with Trichoderma viride (5 kg/ha)

1.02 31.08 64.99 0.99 31.10 78.30

Soil solarisation + carbofuran (2 kg a.i./ha) 1.10 29.03 54.11 1.09 29.16 67.22
Neem cake (5 t/ha) + T. viride (5 kg/ha) 1.23 23.71 25.85 1.20 24.43 40.08
Carbofuran alone (2 kg a.i./ha) 1.21 23.63 25.43 1.18 24.04 37.82
Untreated control 2.63 18.84 - 2.83 17.44 -
CD0.05 1.67** 2.10**

to be an excellent organic fertilizer by itself and many 
workers worldwide have proved its efficacy on major 
plant parasitic nematodes and boosting the yield of 
various crops (Umamaheswari et al., 12).

PCN prefer solanaceous crops (potato, tomato, 
brinjal) for feeding and multiplication. Growing of 
non-solacaneous crops in crop rotation will bring 
down the cyst population and increase the yield of 
potato crop. The results of our study revealed that in 
general all the non-solanaceous crops reduced the 
PCN multiplication rate from 0.78-0.95 as compared 
to potato (1.07-1.28). Among the non-solanaceous 
crops tested, radish recorded maximum (19.6-21.0%) 
reduction in number of cysts and number of eggs 
(12.2-16.2%) per cyst (Table 3). This may be due to 
effect of root-exudates that suppress the hatching 
of nematode cysts and also they might have killed 
PCN larvae that spontaneously hatched due to the 
presence of potato root exudates in the soil. Growing 
non-host crop like radish, garlic, beet root, french 
bean, cruciferous vegetables, turnip or green manure 
crops bring down the cyst population by more than 
and 50% (Aires et al., 1). Non-solanaceous crop garlic 

also recorded 15.9-17.7 and 10.3-11.6% reduction in 
number of cysts and eggs respectively, during 2013-
14 and 2014-15 (Fig. 2). Botanical extracts of garlic 
clove and castor significantly reduced the root-knot 
nematode galls and egg masses on roots of tomato 
and number of juveniles in roots and soil, compared 
to nematicide and non-treated plants (Wafaa and 
Mahmoud, 13).

Extensive use of chemical nematicides is not 
only expensive but also causes serious impact on 
the environment and human health. Therefore, for the 
management of PCN different cultural practices, viz., 
trap cropping, soil solarization and non-solanaceous 
crops is being advocated in the Nilgiris to bring 
down the PCN population to the levels that permit 
profitable cultivation of potato. The results of the 
present study proved that the trap crop can be an 
alternative to chemical soil disinfection. But the stage 
of destroying/ lifting of trap crop is important to ensure 
optimum control. Soil solarisation during summer 
for four weeks followed by application of neem cake 
(@ 5 t/ha) in combination with Trichoderma viride 
(@ 5 kg/ha) also minimized the PCN population 
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and increased the potato yield. Non-solanaceous 
crops, viz., radish and garlic were effective to reduce 
the PCN multiplication hence, this can be used as 
either intercrop or as rotational crop. Therefore, the 
above said technologies can be recommended as 
eco-friendly component in the IPM package for the 
management of PCN in The Nilgiris.
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INTRODUCTION
The genus Tagetes spp. popularly, known as 

French marigold belongs to the Asteraceae family is a 
annual flower crop, native of Mexico. In India, it ranks 
first in area and production among loose flowers 
crops, i.e. it occupies an area of 55,890 hectares 
with production of 5,11,310 metric tonnes loose 
flower (Anon, 2). The major marigold growing states 
are Karnataka, Gujarat, Maharashtra, Haryana, 
Andhra Pradesh, Uttar Pradesh, Chhattisgarh, 
Odisha, Jammu & Kashmir, Puducherry, Andaman & 
Nicobar Islands, Arunachal Pradesh, West Bengal, 
Tamil Nadu, etc. There are about 36 species listed 
under genus Tagetes; out of which two species, 
namely, T. erecta (African marigold) and T. patula 
(French marigold) are most popular as loose flower 
crops (Nehar, 1968). Besides ornamental value, 
marigold has a long history of human use for its 
aromatic essential oils as well as for its medicinal and 
nematicidal property (Olabiye and Oyedunmade, 9). 
The essential oil extracted from the flower contains 
antioxidants as reported by (Priyanka et al., 12) 
and also found that it can be used an antiseptic, a 
fly repellent and as hair lotion modifier (Piccaglia et 
al., 20). Some typical constituents of Tagetes spp. 
oil are reported to have specific properties such as 
ocimenones, which show antifungal and larvicidal 

activity besides dihydrotagetones, tagetones, 
ocimenones, metyl chavicol, etc. which possess 
pleasant scent and currently employed in flavour and 
fragrance industries (Marotti et al., 6). The objectives 
of present study were to study the essential oil 
variation and its components in flowers of different 
genotypes of T. patula, which will be beneficial for 
further crop improvement programme.

MATERIALS AND METHODS
The experimental material comprised of 11 French 

marigold (Tagetes patula L.) genotypes, namely, F/R-
8, F/R-2, Dainty Marietta, Boy o Boy, Gulzafri Orange, 
Gulzafri Yellow, Bolero Red, Queen Sohpia, Pusa 
Arpita, Orange Winner and Red Brocade. The field 
experiment was carried out at the research farm of 
IARI, New Delhi. The seeds of all the genotypes were 
sown in the protrays with soilless mixture comprising of 
cocopeat:perlite: vermiculite (3:1:1) inside a polyhouse 
during rainy season, i.e. June during 2014. The 
seedlings were transplanted at spacing of 45 cm × 
45 cm and the standard cultural practices like hoeing, 
irrigation, weeding, staking and fertilizer application 
were followed as per the requirement of the crop. 

The flower samples (1 kg) were harvested early 
morning, chopped and dried under shade. Harvesting 
was done at full growth stage before the initiation 
of flower buds. The extraction of essential oil was 
undertaken at ICAR-NBPGR, New Delhi. The essential 
oils were isolated by hydro-distillation for 3 h using a 

Composition and yield variation of essential oils from French marigold 
(Tagetes patula L.) genotypes using GC-MS
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Clevenger-type of apparatus. The oil content (% v/w) 
was calculated on fresh weight basis. All the samples 
so obtained from flowers were dried over anhydrous 
sodium sulphate (Na2SO4) and stored in amber 
coloured glass bottles at refrigerated conditions prior 
to GC-FID and GC/ MS analyses.

Capillary gas chromatography (GC) was 
carried out on gas chromatograph (Agilent gas 
chromatograph 7890 A), equipped with a flame 
ionization detector (FID) and a non-polar HP-5MS 
capillary column made up of 5% phenyl methyl 
silicone, 95% dimethylpolysiloxane (30 × 0.25 mm, 
0.25 μm film thickness). Helium was used as the 
carrier gas at the flow rate of 1 ml/min. The oven 
temperature was programmed from 60° to 240°C 
at a rate of 3°C /min. with initial hold of 10 min. at 
60°C and final hold of 10 min. at 240°C. The injector 
and detector temperatures were maintained at 220° 
and 250°C, respectively. The sample (0.1 μl) was 
injected neat in a split ratio (1:40) at 220°C. Area 
percentage reports obtained by GC-FID were used 
for quantification purposes. GC/ MS analysis was 
carried out on an Agilent GC/MS equipped with a MSD 
detector 5975C and a HP-5MS capillary column (30 
cm length/ 0.25 mm internal diameter: 0.25 μm film 
coating) under similar chromatographic conditions 
as mentioned above. Helium was used as the carrier 
gas. The mass unit conditions were ion source 250°C, 
ionization energy 70 eV. The acquisition mass range 
used was 40-400 mHz. The volatile constituents 

were identified by comparing the retention indices 
determined with reference to a homologous series 
of n-alkanes under identical experimental condition, 
co-injection with that of authentic compounds (Sigma 
grade) and matching mass spectral data of the peaks 
with mass spectra with those stored in NIST/ Wiley 
and Adams mass spectral libraries and literature 
values (Adams, 1). The relative amounts of individual 
components were calculated based on GC peak area 
(FID response) without using a correction factor.

RESULTS AND DISCUSSION
Essential oils yield ranged from (0.02 to 0.09%) 

on fresh weight basis, respectively. The maximum oil 
yield was found in genotype Orange Winner (0.12%) 
followed by Bolero Red (0.09%) , Boy-o-Boy (0.09%), 
Pusa Arpita (0.09%), Gulzafri Yellow (0.08%), Dainty 
Marietta (0.07%), Queen Sophia (0.07%), F/R-8 
(0.07%) and lowest in F/R-2 (0.02%). The essential 
oil yield of different genotypes are presented in Fig. 1. 
Earlier, Garg et al. (4) have isolated the essential oil 
(0.09%) from capitula, while Negi et al. (7) reported 
0.18% volatile crop oil and Rondon et al. (14) found 
that aerial parts yielded 0.17% oil. 

Gas chromatography (GC) and GC-mass 
spectrometry (GC-MS) were analysed and the 
components are listed in order of the retention index 
of the composition (Table 1). Essential oil composition 
showed 33 components of which oxygenated 
monoterpenes constituted the major part ranged from 

Fig. 1. Total essential oil yield from flowers of T. patula genotypes.
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(15.81-64.75%) followed by monoterpens hydrocarbons 
(11.72-27.46%), sesquiterpenes hydrocarbons 
(8.09-47.01%) and oxygenated sesquiterpenes 
(1.16-29.28%), respectively. The essential oil had 
higher concentration of β-caryophyllene ranged 
from (3.92-42.76%), terpinolene (0.77-25.5%), 
caryophyllene oxide (0.47-24.3%), (Z)-β-ocimene 
(3.55-16.82%), piperitenone (3.04-14.76%), piperitone 
(0.44-14.90%)%),(E)-ocimenone (2.53-7.34%), 
limonene (0.90-7.76%), (Z)-ocimenone (2.81-7.27%), 
and germacrene-D (1.48-6.72%). The result are in 
close confirmation by Szarka et al. (15), oils from 
flower heads were rich in β-caryophyllene (53.5%) 
and Marotti et al. (6) experiment showed among 
sesquiterpenes, β-caryophyllene (18.2%) was the 
most abundant responsible for woody note and the 
lasting aroma of the essential oils in flower. The major 
terpenes, viz. piperitone (24.74%), piperitenone 
(22.93%), terpinolene (7.8%), dihydro tagetone 
(4.91%), cis-tagetone (4.62%), limonene (4.52%), 
and allo-ocimene (3.66%) were the major essential 
oil compounds obtained from capitula (Romagnoli 
et al., 13). Recently, Prakash et al. (11) experiment 
conducted on the chemical compositions from the 
capitula result in identification of (Z) -α-ocimene, (E) 
-β-ocimene, terpinolene, (Z)-ocimenone and (E)-
ocimenone. The essential oil of the leaves, flowers and 
stems were reported to contain ocimene, limonene, 
linalool, linayl acetate and tagetone (Dhingra and 
Dhingra, 3).

Essential oils contained more or less the same 
compounds differing only in the relative percentages. 
Among the 11 genotypes, β-caryophyllene was found 
highest in flowers of F/R-2 (42.76%) followed by 
Dainty Marietta (31.13%), Bolero Red (24.49%), Boy-
o-Boy (21.20%), Queen Sophia (20.26%), Gulzafri 
Orange (15.15%), F/R-8 (9.19%) and lowest in Orange 
Winner (3.92%). Flower of Orange Winner (25.5%) 
recorded highest terpinolene content followed by F/R-
8 (18.55%), Red Brocade (16.76%), Gulzafri Orange 
(16.59%), Queen Sophia (12.58%), Gulzafri Yellow 
(12.11%), Pusa Arpita (11.61%), Bolero Red (9.38 
%) and minimum in F/R-2 (0.77 %). Caryophyllene 
oxide content was found highest in F/R-2 (24.30%) 
followed by Red Brocade (3.15%), Boy-o-Boy (2.17 
%), Dainty Marietta (2.13%) and minimum in Orange 
Winner (0.68%). (Z)-β-ocimene content was the 
highest in Queen Sophia (16.82%) followed by Bolero 
Red (15.94%), Dainty Marietta (14.66%), Pusa Arpita 
(12.88%), Orange Winner (11.23%), Gulzafri Orange 
(10.87%) and lowest in F/R-2 (3.55%). Maximum 
piperitenone content was recorded in Gulzafri Yellow 
(14.75%) followed by F/R-8 (13.82%), Orange Winner 
(12.96%), Pusa Arpita (12.77%), Red Brocade (12.47%) 
and minimum in F/R-2 (3.04%). Red Brocade (10.20%) 
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recorded the maximum content of piperitone followed 
by Gulzafri Yellow (6.23%), Pusa Arpita (5.98%), 
Orange Winner (5.19%), Dainty Marietta (4.87%), Boy-
o-Boy (3.90%) and minimum content was recorded 
in F/R-2 (0.44%). (E)-ocimenone content was found 
highest in Gulzafri Orange (7.34%) followed by Pusa 
Arpita (6.38%), Boy-o-Boy (6.23%), F/R-8 (5.83%), 
Bolero Red (4.48%), Red Brocade (3.41%) and 
lowest was recorded in Dainty Marietta (2.53%). F/R-8 
(7.27%) content maximum (Z)-ocimenone followed by 
Gulzafri Orange (7.14%), Bolero Red (6.31%), Pusa 
Arpita (6.29%), Queen Sophia (5.43%), Boy-o-Boy 
(4.32%), Orange Winner (4.09%) and minimum content 
was found in F/R-2 (2.81%). Limonene content was 
recorded highest in Orange Winner (7.76%), Pusa 
Arpita (6.26%), F/R-8 (6.11%), Red Brocade (5.94%), 
Gulzafri Yellow (5.93%), Boy-o-Boy (5.13%), whereas, 
the lowest content was observed in F/R-2 (0.90%). 
Germacrene-D content found maximum in Dainty 
Marietta (6.72%) followed by Bolero Red (5.00%), 
Queen Sophia (4.66%), Boy-o-Boy (4.50%), Gulzafri 
Orange (3.40%), F/R-8 (2.56%) and minimum content 
was found in Pusa Arpita (1.48%). The essential oil 
of the flowering shoots was reported to contain (Z)-
ocimenone, (E)-ocimenone, limonene, terpinolene, 
piperitenone and Caryophyllene (Lawrence et al., 
5). β-ocimene, α-terpinolene, trans-caryophyllene, 
Z-ocimenone, dl-limonene, piperitenone, α-pinene 
and car -3-en-2-one are predominant components in 
flowers oil (Negi et al., 7) crop.

Similarly, representative chromatogram (GC/
FID) of major component of thirty three compounds 

identified by GC/MS analysis with percentage of 
corresponding peak ranging from 60 to 96% of 
the total in flowers is presented in (Fig. 2). Among 
33 compounds identified majority of them were 
monoterpenes with a high percentages of oxygenated 
monoterpenes, viz. dihydrotagetone, terpinolene, 
piperitenone, (E)-tagetone, (E)-tagetone, followed 
by monoterpenes hydrocarbon, viz. limonene, (Z)-
β-ocimene, thymol and β-caryophyllene. The most 
abundant among sesquiterpenes was β-caryophyllene 
followed by germacrene-D. The oil of the flowers 
showed higher concentration of β-caryophyllene 
(20.06%) at rentention time (RT) 32.029, (Z)-β-
ocimene (16.82%) at 16.979 (RT), terpinolene 
(12.58%) at 19.512 (RT), germacrene-D (4.66%) 
at 33.951 (RT), piperitenone (4.18%) at 29.626 
(RT), (Z)-tagetone (4.38%) at 21.946 (RT), (E)-
tagetone (4.54%) at 21.959 (RT), piperitone (1.69%) 
at 26.502 (RT), dihydrotagetone (1.81%) at 17.585 
(RT), thymol (1.12%) at 27.849 (RT), and limonene 
(0.47%) at 16.476 (RT), which resemblance the 
composition reported by Marotti et al. (6) made on 
T. patula flowers had high β-caryophyllene (18.2%) 
content among sesquiterpenes. The oil of flowers 
had high concentration of (Z)-β-ocimene, linalool, 
dihydrotagetones, piperitenone, β-caryophyllene 
and piperitone oxide by Romagnoli et al. (13) also 
reported that the composition of a steam-distilled 
oil from the capitula of T. patula, which shows low 
levels of tagetone (dihydrotagetone 4.91%) and 
higher levels of piperitone (24.74%) and piperitenone  
(22.93%).

Fig. 2. Total-ion chromatograms of major essential oil components extracted from flower in T. patula genotype Queen 
Sophia.
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Our results revealed wide variation for essential 
oils yield in flowers of T. patula genotypes. Although 
the genotypes showed very similar qualitative 
oil composition and differed only in the relative 
percentages. Terpinolene, piperitenone, (z)-β-
ocimene, piperitone, limonene and β-caryophyllene 
were major constituents of essential oils identified 
in flowers. Genotypes such as Boy-o-Boy, Dainty 
Marietta, Gulzafri Orange, Bolero Red, Gulzafri 
Yellow of T. patula besides ornamental value has 
potential source for commercial exploitation of 
various compounds. Therefore, thorough screening 
of genotypes for their phytoconstituents will be 
beneficial for further crop improvement programme 
of marigold.
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INTRODUCTION
Potato is a well-known carbohydrate rich food. 

Potatoes are added in our daily diets to supplement 
other vegetables or snacks and not due to its nutritional 
value. Although potatoes are full of nutrition, they are 
less favoured due to various misconceptions and also 
due to the notion that they are high glycaemic food 
(Livesey, 8). Glycaemic index (GI) of food depends 
on the type of carbohydrates present in it. Food with 
high amylose and high resistant starch (RS) generally 
has low GI due to the slow or incomplete digestion of 
carbohydrates (Miller et al., 10). Starch constitutes 
about 75-80% of the potato tuber dry weight, with 
amylose: amylopectin ratio of 1:3. Starches with higher 
content of amylose have superior nutritional qualities 
as the linear amylose chains form a compact structure 
that limits the accessibility of enzymes and hence 
rate of amylolysis, whereas, amylopectin being highly 
branched with several terminal endings is less ordered 
and hence easily accessible and digestible (Hallstorm 
et al., 3). In the recent past, bakeries have started the 
addition of high amylose products such as Hi-maize to 
provide the consumers with options beyond the basic 
fibre options intake without any change to food flavour 
(Raigond et al., 14).

Potatoes have the potential to develop RS during 
cooking and other forms of processing due to their 

high starch content (Raigond et al., 13). Formation 
of RS in starchy food depends on several factors 
including amylose content, amylose: amylopectin 
ratio, starch granule structure and size, amylose chain 
length and processing method as well as temperature 
during storage (Raigond et al., 14). 

Major source of glucose from potato is starch. 
Before absorption in the intestine, starches are 
broken down to monosaccharides with the activity of 
hydrolytic enzymes ‘α-glucosidases’ such as sucrase, 
maltase, glucoamylase, dextrinase and pancreatic 
α-amylase. α-glucosidase is a membrane bound 
enzyme present in the epithelium of small intestine. 
This enzyme facilitates the absorption of glucose by 
small intestine by catalyzing the hydrolytic breakdown 
of oligosaccharides into absorbable monosaccharides 
(Kumar et al., 6). Inhibition of such enzymes can 
inhibit the breakdown of starch and hence can help 
in decreasing the postprandial enhancement in blood 
glucose. Literature is available on the presence of 
α-amylase and α-glucosidase inhibitors in food grade 
plants (Kwon et al., 7; Pinto et al., 12; Saleem, 15; 
Kumar et al., 6). Most of these food grade plants exhibit 
lower inhibitory effect against α-amylase activity and 
strong inhibitory effect against α-glucosidase activity. 
Such inhibitors are also present in potatoes (Saleem, 
15). Even though α-amylase inhibitory activity has 
positive effects on prevention of hyperglycemia, linked 
to type II diabetes (Kwon et al., 7).

Potential of Indian potatoes for the management of hyperglycemia
Pinky Raigond*, Brajesh Singh, Som Dutt, Dalamu and Alka Joshi

Central Potato Research Institute, Shimla 171001, Himachal Pradesh 

ABSTRACT
Potatoes are less favoured by health conscious people due to the notion that it has high glycaemic index. 

Anti-hyperglycemic and antioxidative potential of Indian potato cultivars were evaluated with the aim to remove 
the misconception. Glycaemic index was measured indirectly through estimating resistant starch, amylose 
content and activity of α-amylase and α-glucosidase inhibitors from cooked tubers of 46 Indian potato cultivars. 
The α-glucosidase inhibitory activity ranged from 0 to 52.8% and was observed only in 14 cultivars, viz., Kufri 
Anand, Kufri Arun, Kufri Khasigaro, Kufri Kuber, Kufri Kundan, Kufri Muthu, Kufri Naveen, Kufri Neela, Kufri 
Pushkar, Kufri Red, Kufri Sadabahar, Kufri Safed, Kufri Sutlej and Kufri Swarna. α-amylase inhibitory activity was 
found only in cultivar Kufri Frysona (20.5%). Resistant starch content ranged from 1.22 to 1.93 mg/100 mg DW 
with highest value in Kufri Garima (1.93 mg/100 mg DW). Amylose content ranged from 10.8 to 27.6 mg/100 mg 
DW and was the maximum in processing cultivar Kufri Chipsona-3 (27.6 mg/100 mg DW). The highest activities 
of α-glucosidase inhibitors along with considerable resistant starch content was observed in cultivars, viz. Kufri 
Kuber, Kufri Khasigaro, Kufri Muthu, Kufri Naveen and Kufri Pushkar. Therefore, these potato cultivars can be 
used as speciality potatoes as these attributes have potential to prevent hyperglycemia helping manage the 
incidence of type II diabetes. 
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Till date, the presence or absence of α-amylase 
and α-glucosidase inhibitors was not known in 
Indian potato cultivars. The aim of this study was 
to explore the potential of Indian potato cultivars to 
manage/ prevent hyperglycemia and to remove the 
misconception about nutritional value of potatoes 
through in vitro assays. 

MATERIALS AND METHODS
Freshly harvested medium sized tubers of forty 

six Indian potato cultivars, which were raised at 
CPRIC, Modipuram, India (29° 4ʹ N, 77° 46ʹ E, 237 
masl) during 2013-14 using standard package of 
practices were used in the present study. Pressure 
cooking was done by cooking 1 kg of intact, washed 
and unpeeled tubers in 400 ml of water under 15 
psi for 10 min., and 1×1 cm cylindrical pieces were 
prepared after pressure cooking. The cooked tuber 
pieces were dried and grinded to prepare powder. 
Amylose and RS content was estimated from the 
powdered samples. A total of 5 g of potato powder 
was stirred in 100 ml of 12% ethanol at 40°C for 2 h 
and cooled. The extract was centrifuged at 10,000 
× g for 10 min. The supernatant was collected for 
analysis of α-glucosidase and α-amylase inhibitory 
activity, DPPH radical scavenging assay and total 
phenol content. This article does not contain any 
studies with human or animal subjects.

Resistant starch (RS) content was analyzed 
using the methodology described by Goni et al. (2) 
with slight modifications. Main steps involved were 
the sample (100 mg) incubation with pepsin (40°C, 
60 min., pepsin in KCl-HCl buffer, pH 1.5) to make 
the sample protein-free, incubation with α-amylase 
(37°C, 16 h, α-amylase in Tris-maleate buffer pH 6.9) to 
hydrolyze digestible starch, incubation of residues with 
amyloglucosidase (60°C, 45 min.) to hydrolyze RS. 
Glucose was determined using glucose-peroxidase 
assay kit (Sigma Chem.). RS was calculated as 
glucose × 0.9.

The amylose content was determined from 
samples by using Amylose/ Amylopectin Assay 
Kit (Megazyme). Enzyme α-amylase inhibitory 
activity was measured with the modified method of 
Worthington (18). The α-amylase inhibitory activity 
was expressed as inhibition % and was calculated 
as follows:

% inhibition = ( AdsorbanceControl – AdsorbanceExtract ) × 100AdsorbanceControl

α-glucosidase inhibitory activity was determined 
with modified method of McCue et al. (9). Before 
and after incubation, absorbance readings were 
recorded at 405 nm through ELISA plate reader and 

compared to control which had 50 μl of buffer solution 
in place of the extract. The α-glucosidase inhibitory 
activity was expressed as % inhibition and was 
calculated with the same equation as for % inhibition 
of α-amylase activity. The total antioxidant activity of 
ethanol extracts of boiled potatoes was determined 
by the DPPH radical scavenging method modified 
from Kwon et al. (7). The total phenolic content was 
determined by an assay modified from Shetty et al. 
(17) using Folin-Ciocalteu reagent.

All the data (three replications of each treatment) 
was subjected to statistical analysis using MSTAT 4.0C 
software and ANOVA was calculated at 5% level of 
significance. The mean performance was analyzed 
on Microsoft Excel software 2007. The significance 
of means was compared using the Tukey’s HSD test 
(p < 0.05). The dendrogram of biochemical traits were 
analyzed using XLSTAT software.

RESULTS AND DISCUSSION
The content of RS, i.e. RS I is high in raw potato 

tubers and decreased in cooked tubers due to 
increased digestibility of starch. RS III is the main 
form of RS present in cooked potatoes and is mainly 
derived from retrograded amylose. RS content in 
cooked tubers of Indian potato cultivars ranged 
from 1.22 to 1.93 mg/100 mg DW with highest value 
exhibited by Kufri Garima (1.93 mg/100 mg DW) 
followed by Kufri Giriraj (1.90 mg/100 mg DW), Kufri 
Girdhari (1.86 mg/100 mg DW) and Kufri Swarna 
(1.84 mg/100 mg DW) with the mean value of 1.53 
mg/100 mg DW (Table 1). In accordance with our 
results, Raigond et al. (14) reported higher RS 
content in boiled tubers of cultivar Kufri Sindhuri 
(1.24%), followed by Kufri Jyoti (1.22%) and least 
in Kufri Bahar (1.04%). RS content in boiled tubers 
is approximately 1% (Goni et al., 1). RS content 
in nine cultivars of freshly cooked New Zealand 
potatoes ranged from 3.0 to 6.45% on dry weight 
basis, which is much higher than in Indian potato 
cultivars used under the study (Monro et al., 11). 
This difference in RS content could be due to the 
fact that formation of resistant starch depends on 
several factors including amylose content, amylose: 
amylopectin ratio, starch granule structure and size, 
amylose chain length and processing method as well 
as temperature during storage (Raigond et al., 14). 
Amylose content in cooked tubers of Indian potato 
cultivars ranged from 10.8 to 27.6 mg/100 mg DW 
(Table 1). Amylose content was the maximum in 
processing cultivars, viz., Kufri Chipsona-3 (27.6 
mg/100 mg DW) followed by Kufri Himsona (24.2 
mg/100 mg DW), Kufri Chipsona-1 (24.1 mg/100 
mg DW) and Kufri Chipsona-4 (23.6 mg/100 mg 
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Table 1. Mean performance of potato cultivars.

Cultivar Amylose 
(mg/100 mg DW)

Resistant starch 
(mg/100 mg DW)

Total phenols 
(mg/100 g DW)

DPPH scavenging 
activity (%)

Kufri Alankar 14.5c-f 1.58c-j 121.0b 78.80ghi

Kufri Anand 20.8a-e 1.62c-h 76.8de 81.71d-h

Kufri Arun 19.9a-f 1.61c-i 76.0e 86.75a-d

Kufri Ashoka 19.9a-f 1.40h-o 94.3c 18.79q

Kufri Badshah 20.9ad 1.32l-o 100.1c 85.81a-f

Kufri Bahar 19.8af 1.22o 45.1k-q 80.77e-h

KCM 21.6ad 1.35k-o 61.9e-j 35.21n

Kufri Chipsona-1 24.1ab 1.48g-n 42.5l-s 72.91j

Kufri Chipsona-2 21.6ad 1.35l-o 67.7e-h 24.96op

Kufri Chipsona-3 27.6a 1.39i-o 29.4rst 49.06m

Kufri Chipsona-4 23.6abc 1.39i-o 56.3g-l 20.26pq

Kufri Chamatkar 20.9a-e 1.46g-n 137.3a 18.72q

Kufri Deva 20.5ae 1.48g-n 34.2o-t 56.33l

Kufri Frysona 16.7b-f 1.50f-n 55.1g-l 7.27rs

Kufri Garima 12.4def 1.93a 144.9a 2.74s

Kufri Gaurav 11.5ef 1.46g-n 91.6cd 82.65c-h

Kufri Girdhari 20.1a-f 1.86ab 26.8t 19.91pq

Kufri Giriraj 10.8f 1.90a 63.2e-i 86.24a-e

Kufri Himalini 16.9b-f 1.52e-m 53.2h-n 85.99a-f

Kufri Himsona 24.2ab 1.52e-m 38.8n-t 81.45d-h

Kufri Jawahar 14.4c-f 1.46g-n 91.0cd 80.17f-i

Kufri Jyoti 15.2b-f 1.29no 117.6b 11.88r

Kufri Kanchan 15.2bf 1.50f-n 39.9m-t 84.96a-f

Kufri Khasigaro 21.3a-d 1.60c-j 42.8l-s 83.59a-h

Kufri Khyati 14.4cf 1.74a-e 76.7de 83.42b-h

Kufri Kuber 20.4ae 1.58c-j 68.7efg 26.75o

Kufri Kumar 18.6a-f 1.58c-j 35.8o-t 85.56a-f

Kufri Kundan 17.2b-f 1.57c-k 34.6o-t 54.19lm

Kufri Lalima 19.4af 1.48g-n 43.5l-r 89.32a

Kufri Lauvkar 21.1a-d 1.60c-j 45.0k-q 83.68a-h

Kufri Megha 20.8a-e 1.51f-n 30.2q-t 49.66m

Kufri Muthu 19.9a-f 1.50f-n 54.2g-m 87.69abc

Kufri Naveen 19.7a-f 1.52d-m 47.6j-p 74.58ij

Kufri Neela 22.7abc 1.53d-l 34.9o-t 62.14k

Kufri Pukhraj 16.2b-f 1.60c-j 63.7eh 88.72ab

Kufri Pushkar 21.7a-d 1.65b-g 37.6o-t 55.82l

Kufri Red 20.1a-f 1.71a-f 53.9g-m 88.12abc

Kufri Sadabhar 20.2a-e 1.74a-d 94.7c 84.02a-g

Kufri Safed 19.3a-f 1.31mno 33.1p-t 26.16o

Kufri Shailja 15.1b-f 1.45g-n 59.4f-k 80.60e-h

Kufri Sheetman 21.0a-d 1.39i-o 71.6ef 87.01a-d

Kufri Sherpa 21.7a-d 1.40h-o 44.0lm-r 87.86abc

Contd...
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Cultivar Amylose 
(mg/100 mg DW)

Resistant starch 
(mg/100 mg DW)

Total phenols 
(mg/100 g DW)

DPPH scavenging 
activity (%)

Kufri Sindhuri 23.0abc 1.39i-o 43.7l-r 78.21hij

Kufri Surya 19.3a-f 1.51f-n 64.0e-h 88.72ab

Kufri Sutlej 20.2a-e 1.78abc 48.2i-o 81.79d-h

Kufri Swarna 23.3abc 1.84ab 27.9st 24.19opq

Mean 19.3 1.53 61.30 63.14
Different letters indicate significant differences between cultivars (p<0.05)

Table 1 Contd...

DW) compared to table cultivars. Amongst the table 
cultivars Kufri Swarna (23.3 mg/100 mg DW), Kufri 
Sindhuri (23.0 mg/100 mg DW), Kufri Neela (22.7 
mg/100 mg DW), Kufri Pushkar (21.7 mg/100 mg 
DW) and Kufri Chandramukhi (21.6 mg/100 mg 
DW) exhibited higher amylose content. Amylose is 
digested slowly compared to amylopectin, due to 
the formation of compact structure by linear chains 
of amylose (Hallstorm et al., 3). From health point 
of view, potato cultivars containing high RS and/or 
amylose content are superior due to the slow rise 
in blood sugar level. In type II diabetes, breakdown 
of food becomes slow or improper due to the 
deficiency of insulin, which leads to sugar level 
spikes immediately after a meal. Therefore, ideal 
potato cultivars for diabetics are those which lead 
to slow release of sugars into the blood so that they 
do not cause any blood sugar spikes. GI is inversely 
related to amylose and RS content (Miller et al., 
10). Therefore, potato cultivars with high content 
of amylose or RS or both can be considered as low 
glycaemic.

The natural forms of α-glucosidase and α-amylase 
inhibitors that one ingest through our daily diet have 
potential to prevent hyperglycemia helping manage 
the incidence of type II diabetes. These inhibitors 
reduce the activity of α-glucosidase and α-amylase 
and prevent or delay the absorption of glucose. The 
in vitro α-glucosidase inhibitory activity ranged from 
0.0 to 52.8% in Indian potato cultivars and a large 
scale of variation has been observed amongst the 46 
cultivars. In all cultivars, the α-glucosidase inhibitory 
activity was observed only in 14 table purpose 
potato cultivars, viz., Kufri Anand, Kufri Arun, Kufri 
Khasigaro, Kufri Kuber, Kufri Kundan, Kufri Muthu, 
Kufri Naveen, Kufri Neela, Kufri Pushkar, Kufri Red, 
Kufri Sadabahar, Kufri Safed, Kufri Satlej and Kufri 
Swarna and the activity was 17.6, 1.7, 46.0, 52.8, 0.6, 
40.5, 35.7, 26.7, 31.6, 7.8, 8.8, 8.5, 0.3 and 16.3%, 
respectively. The α-glucosidase inhibitory activity 
was the maximum in Kufri Kuber, followed by Kufri 
Khasigaro and Kufri Muthu. In 54 of Chilean potato 

varieties, α-glucosidase inhibitory activity ranged 
from 0 to 59% (Saleem, 16). α-amylase inhibitory 
activity was found only in cultivar Kufri Frysona 
(20.5%) amongst all the tested cultivars. Saleem 
(16) could not find α-amylase inhibitory activity 
in any of the cultivars out of 54 tested cultivars. 
These inhibitors inhibit the breakdown of starch after 
consumption and absorption of glucose in the small 
intestine, respectively, and therefore, contribute 
towards management of hyperglycemia, linked to 
type II diabetes. 

Ethanol extracts of 46 Indian potato cultivars were 
evaluated for total phenolics and total antioxidant 
activity through DPPH radical scavenging assay 
to measure total antioxidative potential. The total 
phenolics content of Indian potato cultivars ranged 
from 26.8 to 144.9 mg/ 100 g of sample DW with an 
average content of 61.3 mg/100 g DW (Table 1). The 
total phenolics were the maximum in Kufri Garima 
(144.9 mg/100 g DW) followed by Kufri Chamatkar 
(137.3 mg/100 g DW) and Kufri Alankar (121.0 mg/100 
g DW). Kufri Girdhari contained lower phenolic 
content (26.8 mg/100 g DW) followed by Kufri Swarna 
(27.9 mg/100 g DW) and Kufri Chipsona-3 (29.4 
mg/100 g DW). Amongst 46 tested cultivars, total 
phenolics content was low in processing cultivars, 
viz. Kufri Chipsona-1 (42.5 mg/100 g DW), Kufri 
Chipsona-2 (67.7 mg/100 g DW), Kufri Chipsona-3 
(29.4 mg/100 g DW), Kufri Chipsona-4 (56.3 mg/100 
g DW), Kufri Frysona (55.1 mg/100 g DW) and Kufri 
Himsona (38.8 mg/100 g DW), which is a desirable 
traits for processing into chips and French fries. 
Most of the potato sample consisted of high phenolic 
content, which indicated the potential of Indian potato 
cultivars as a good source of phenolic antioxidant. 
Cultivar differences for total phenolics content were 
reported earlier also (Kumar, 4; Kumar et al., 5). In 
potato cultivars, contribution of total phenols to total 
antioxidant activity was reported to be up to 58 to 
82% (Reddivari et al., 15). DPPH radical scavenging 
activity ranged from 2.74 to 89.32%, showing a large 
scale of variation in antioxidative potential of Indian 
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potato cultivars (Table 1). Activity was the maximum 
in Kufri Lalima (89.32%) and the minimum in Kufri 
Garima (2.74%) with the average activity of 63.14%. 
Along with Kufri Lalima, cultivars, viz. Kufri Muthu, 
Kufri Pukhraj, Kufri Red, Kufri Sheetman, Kufri 
Sherpa and Kufri Surya also exhibited high DPPH 
scavenging activity that ranged from 87 to 89%. 
Saleem (16) reported a range of 5.8 to 77% DPPH 
scavenging activity in 54 Chilean potato varieties. 

Cluster analysis of amylose, RS, DPPH 
scavenging activity, total phenols, α-glucosidase 
and α-amylase inhibitors grouped the cultivars into 
three clusters (Fig. 1). Mean performance of cultivars 
in each cluster is depicted in Table 2. Highest RS 
and total phenolics content containing cultivars 
were grouped in cluster 3 that is constituted by three 

cultivars, viz. Kufri Garima, Kufri Chamatkar and 
Kufri Jyoti. Cluster 2 comprises of 12 cultivars, viz. 
Kufri Swarna, Kufri Safed, Kufri Girdhari, Kufri Deva, 
Kufri Chipsona-3, Kufri Megha, Kufri Kundan, Kufri 
Chipsona-2, Kufri Chandramukhi, Kufri Chipsona-4, 
Kufri Frysona and Kufri Ashoka that contained high 
amylose content and α-amylase inhibitory activity. 
Maximum cultivars come under cluster 1 (31 cultivars) 
that contained highest DPPH scavenging activity and 
α-glucosidase inhibitory activity. 

The highest act iv i t ies of α-glucosidase 
inhibitors along with considerable RS content could 
be observed in cultivars, viz. Kufri Kuber, Kufri 
Khasigaro, Kufri Muthu, Kufri Naveen and Kufri 
Pushkar. Hence, these cultivars may be considered 
better for consumption having low GI.

Fig. 1. Clustering of potato cultivars based on biochemical attributes.
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Table 2. Means of biochemical traits in three groups formed by cluster analysis of 46 Indian potato cultivars.

Class No. of 
cultivar(s)

Resistant 
starch

Amylose Total 
phenols

DPPH radical 
scavenging 

activity

α-glucosidase 
Inhibitory 
activity

α-amylase 
inhibitory 
activity

Cluster 1 31 1.55 19.0 60.3 80.19 8.69 0.00
Cluster 2 12 1.50 21.0 46.0 32.10 2.12 1.71
Cluster 3 3 1.56 16.2 133.3 11.11 0.00 0.00
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INTRODUCTION 
Scientific classification of ripening period is 

essential for determining the optimal post harvest 
strategies for handling and marketing of the fruits 
and for developing colour chart. Very limited scientific 
reports are available about classification of different 
stages of ripening period in case of tropical fruits. 
Von Loesecke (18) described the different stages 
of ripening with related to pigment changes within 
the peel of banana. The commercial colour grade 
charts for banana and mango like SH Pratt & Co., 
Chiquita® and Splendid products™ are available and 
purely based on external peel colour (Tapre and Jain, 
16; Boudhrioua et al., 3). These colour charts were 
developed purely based on the external appearance, 
while internal changes were not considered. 

Mango (Mangifera indica L.) is an important tropical 
fruit having huge demand in world market. In 2013-14, 
India exported around 42 thousand tonnes of fresh 
mangoes and 1.75 lakh tonnes of mango pulp, which is 
valued to Rs. 1,000 crores (Anon, 2). Presently, mango 
fruits are graded with the localized empirical knowledge 
by external peel colour. Mango packhouses require an 
easy non-destructive tool to grade the fruits based on 
ripening before packaging. The pulping industry needs 
it to select the fruits at optimum ripening stage to get 
desired pulp characteristics. Colour grade chart would 
fulfil the above purposes, but at the same time it should 
contain the information about quality parameters like 
physico-chemical properties and textural properties. 

Vásquez-Caicedo et al. (17) proposed a ripening 
index (RPI). Changes in colour were not considered 
in RPI. Joas et al. (7) proposed ripening class 
index (Rci) based on respiration rate. The Rci does 
not account the changes in internal and external 
quality parameters. These characterizations and 
classifications may not be suitable for commercial 
colour grade chart preparation. Scientific reports on 
ripening index or the classification of ripening stages 
based on physico chemical, colour and textural 
characteristics of mangoes are scanty and hence this 
study was carried out to classify the ripening period 
of mango into different stages and develop colour 
grade chart for Neelam mangoes.

MATERIALS AND METHODS
Raw Neelam mangoes were collected from different 

locations, viz. Tamil Nadu Agricultural University 
orchard, Coimbatore, and from farmer’s orchards in 
Krishnagiri and Theni Districts of Tamil Nadu at 20 day 
interval in order to include the zonal variations in the 
results. The matured mangoes (100-105 DFFB) were 
harvested manually in the early morning and desapped 
meticulously. Desapped mangoes were transported to 
the laboratory on the same day. The mangoes after 
washing and shade drying for 30 min. were treated with 
ethylene at 200 ppm for 24 h at 20°C with 85% RH in 
the ripening chamber. After the treatment, the treated 
mangoes were kept in the chamber (at 20°C with 85% 
RH) for regular analysis. Two batches of mangoes 
were made, one set for imaging and another one for 
physico-chemical analysis. The set of mangoes used 
for imaging were kept in the chamber throughout the 

Classification of ripening period and development of colour grade chart 
for Neelam mangoes using multivariate cluster analysis

V. Eyarkai Nambi*, K. Thangavel, S. Shahir, V. Chandrasekar and V.S. Meena*

Tamil Nadu Agricultural University, Lawley Road, Coimbatore 641003 

ABSTRACT
A study was carried out for scientific classification of ripening period of mango into different stages 

and develop a colour grade chart. The physico-chemical properties (TSS, titrable acidity), external and 
internal colour values and textural characteristic (peel strength, stiffness and flesh firmness) were measured 
throughout the ripening period. PCA along with Hierarchical clustering with Ward method were used in this 
study and the ripening period of mango fruits were classified into five stages, viz. unripe, early ripe, partially 
ripe, ripe and over ripe. Based on the ripening stages, a colour grade chart was developed for Neelam mango 
along with physico-chemical, textural and colour values during five stages. The developed colour grade 
chart can be used as a useful rapid, non-destructive grading method for Indian mangoes at pack houses and  
pulping industries. 
Key words: Colour grade chart, Neelam mangoes, ripening period. 

*Corresponding author’s E-mail: eyarkainambi@yahoo.co.in 
**Central Institute of Post-harvest Engineering and Technology, ICAR-CIPHET, 
Abohar 152116, Punjab 



110

Indian Journal of Horticulture, March 2017

study period. From the second set, three fruits were 
taken randomly for physio-chemical analysis every 
day. The experiments were continued till the decay of 
fruit. The decay stage was decided by visual inspection 
when 50 per cent of the fruits reached the spoilage.

Homogenized mango pulp was obtained with 
laboratory mixer to determine TSS, pH and titrable 
acidity as suggested by Vásquez-Caicedo et al. 
(17). Every measurement was taken thrice on each 
fruit, and the average value was used. The textural 
characteristics of the mangoes were measured 
using the Texture Analyzer (TA-HDi, Stable Micro 
Systems, UK) by the method proposed by Camps (8)  
4 mm cylindrical probe (P/4) was used with 1 mm.s-1 
pre-test speed, 0.1 mm.s-1 test speed, 1 mm.s-1 
post-test speed, and 10 mm penetration depth to 
obtain force displacement curve. Textural values 
were measured at three points in a mango and the 
average value was used. Colour coordinates were 
recorded both for external (Le*, ae*, be*) and internal 
(Li*, ai*, bi*) surface of the mango using Hunter LAB 
colour meter (Hunter Associates Laboratory, Inc. 
USA).

Initially ANOVA was carried out to check the 
variability between zones. Then all the observed data 
were analyzed with Pearson correlation to find out the 
correlation between variables. Then PCA was carried 
out to predict the variability. Hierarchical clustering 
analysis using Ward method was carried out in order 
to group the whole data into 5 stages of ripening. All 
the statistical analysis was carried out in JMP (SAS 
Institute Inc., USA).

RESULTS AND DISCUSSION
The decay stage for Neelam mangoes reached 

on 22nd day. The results showed that, the changes 
in physico-chemical, textural and colour properties 
between the different zones were highly non-
significant (P>0.40) during ripening. First 10 days of 
ripening period had contributed for the major changes 
in all quality parameters, hence it could be perceived 
that 75 per cent of ripening had reached within 10 
days (Fig. 1-4). Then the remaining ripening period 
did not have significant influence on most of the 
physico-chemical and textural properties. 

Changes in total soluble solids in Neelam fruits 
during ripening is shown in the Fig. 1. The TSS was 
continuously increasing up to 17th day from 13.3 ± 1.3 
to 24.1 ± 0.67°Brix. Increase of TSS could mainly be 
due to hydrolysis of starch into soluble sugars such 
as sucrose, glucose and fructose (Agravante and 
Kitagawa, 1; Cordenunsi and Lajolo, 5) After 17th day, 
decrease in TSS was observed till 22nd day (Fig. 1). It 
could be inferred that the decay of fruit or over ripening 
caused the reduction in TSS.

Fig. 1. Changes in TSS during ripening of Neelam mangoes.

Fig. 2. Changes in pH and Titrable acidity during ripening 
of Neelam mangoes.

Fig. 3. Changes in external and internal colour during 
ripening of Neelam mangoes.



111

Development of Colour Grade Chart for Neelam Mangoes

Similar to TSS, the pH was linearly increasing 
up to 13th day from 2.1 ± 0.67 to 4.4 ± 0.8. After 
that not much changes was observed (Fig. 3). But 
contractedly titrable acidity (TA) was decreasing 
up to 13th day from 0.01 to 0.003 g/100 g of sample 
and slight increase in TA was found on the last day 
(22nd day) of ripening. During ripening, chlorophyll 
present in peel starts degrade, which subsequently 
revealed the yellow carotenoid pigments (Marriott 
and Lancaster, 8; Seymour et al., 14; Rathore et 
al., 10). These changes causes significant increase 
or decrease in L, a and b colour coordinates during 
ripening. The changes in internal (Li*, ai*and bi*) and 
external (Le*, ae*and be*) colour values are shown in 
Le* value was increasing up to 17th day from 42.9 ± 
1.6 to 63.04 ± 2.5. Thereafter a decreasing trend was 
observed till last day. The external ae* and be* values 
were increasing from -8.26 ± 2.23 to 22.5 ± 4.5 and 
20.66 ± 0.54 to 56.32 ± 2.3, respectively. Similar to 
Le*, after 19th day the be* started decreasing till last. 
Similar trends were reported either or all of the L, a and 
b coordinates during ripening in banana (Boudhrioua 
et al., 3; Shahir and Visvanathan, 15; Salvador et al., 
12), in Dashehari mango (Rathore et al., 10; Jha et al., 
6), and in guava (Reyes and Paull, 11). At the same 
time, different trends were observed in internal colour 
change during ripening. The ai and bi values were 
increasing and the Li values were decreasing till end 
of ripening (Fig. 3). Li* value decreased from 83.27 ± 
2.5 to 60.55 ± 1.9. Major changes in ai and bi values 
was observed between 5th to 10th day of ripening. This 
may be due to the acceleration in ripening of mango 
in the 2nd week. ai* and bi* values increased from 1.35 
± 1.4 to 23.71 ± 1.78 and 30.51 ± 2.5 to 66.78 ± 1.98, 
respectively. 

Textural characteristics, viz. peel strength, fruit 
stiffness and flesh firmness were extracted from the 
graphs and the changes in the textural characteristics 
during ripening were presented in Fig. 4. Decreasing 
trend was found in all the three parameters during 
ripening (Fig. 4). The reduction in fruit firmness was 

due to alteration in cell wall structure by degrading 
enzymes (e.g. polyglacteronase) and also by 
degradation of starch (Seymour, 14) and breakdown 
of starch, cellulose and hemicellulose (Salunkhe and 
Kadam, 13). 

During first week of ripening, drastic reduction was 
observed in all the three parameters and after that, not 
many changes were observed in textural parameters. 
The decreasing trend was observed up to 8th day. The 
maximum and minimum peel strength of raw and ripe 
mango was 73.3 ± 1.3 N and 2.20 ± 0.25, respectively. 
Drastic reduction was observed in stiffness up to 8th day 
and after 8th day no significant changes in stiffness was 
observed. Raw mangoes exhibited higher stiffness of 
14.14 ± 0.49 N and minimum stiffness was observed in 
ripe mango and the values was 0.7 ± 0.03 N. Maximum 
reduction was observed in flesh firmness in the first 5 
days. Raw mangoes had higher flesh firmness of 39.91 
± 5.16 N and the final flesh firmness was recorded as 
0.57 ± 0.3 N. 

From the Pearson correlation matrix (Table. 1) it 
can be observed that the ripening period (RD) had 
either highly negative or positive correlation with the 
quality parameters. Further exploration of Table 1 leads 
to conclusion that colour coordinates, TSS and pH were 
inversely correlated with textural characteristics and 
acidity. From correlation study, it could be observed 
that all the measured variables were correlated each 
other and they were well redundant upon the ripening 
process. Hence, PCA would be best suitable for further 
analysis. It was noticed from the PCA results that 
PC1 explained about 92 per cent of total variations 
occurred during ripening of Neelam mangoes. PC2 
explained about 4 per cent of total variations occurring 
during ripening. From these PCA results, it could be 
concluded that two principal components (PC1 and 
PC2) were sufficient to explain about more than 96 per 
cent of the total variations during ripening. Two plots 
viz. score graph and loading graph were obtained from 
PCA results and shown in Fig. 5. The total variations 
occurred during the ripening period were explained in 
PCA score graph (Fig. 5a). The loading plot, displays 
information about the variables in the PCA model. 
Since the internal and external colour coordinates were 
found dispersed over the PCA loading graph, both PC1 
and PC2 had important role to explain the variation in 
colour values, at the same time, PC2 explains more 
about the colour values. PC1 was sufficient to explain 
variation in TSS and acidity during ripening. The 
textural characteristics were encircled and shown in 
PCA loading graphs (Fig. 5b).

Then the ripening period was classified into five 
clusters using hierarchical clustering with Ward method 
which was encircled and denoted in alphabets in 
Fig. 5a. Those five clusters represents five stages, viz. 

Fig. 4. Changes in textural characteristics during ripening 
of Neelam mangoes.
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Table 2. Physico-chemical, textural and colour values for different ripening stages of Neelam mangoes (mean  ±  SD). 

Phase Pre-climacteric Climacteric Senescence

Stage Unripe Early ripe Partially ripe Ripe Over ripe
Ripening period (days) 1-6 7-8 9-14 1-6 7-8

Parameter
Stage 

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Le* 44.51 ± 1.52 49.22 ± 2.16 55.54 ± 1.04 61.00 ± 1.63 57.44 ± 0.70
ae* -7.56 ± 0.63 0.79 ± 0.86 11.44 ± 3.33 19.97 ± 2.44 21.03 ± 1.97
be* 25.05 ± 3.86 30.99 ± 1.25 44.84 ± 4.66 50.54 ± 1.59 54.30 ± 1.70
Li* 84.33 ± 0.92 80.09 ± 2.39 74.40 ± 0.83 73.03 ± 1.73 61.78 ± 2.10
ai* 1.88 ± 0.68 12.89 ± 0.98 15.09 ± 1.21 18.62 ± 2.00 21.58 ± 1.97
bi* 35.53 ± 4.48 50.07 ± 2.71 54.97 ± 4.01 60.79 ± 3.25 61.53 ± 4.57
TSS 14.17 ± 1.33 16.65 ± 0.07 19.33 ± 1.14 21.96 ± 1.50 21.51 ± 1.91
Acidity 0.01 ± 0.001 0.01 ± 0.001 0.01 ± 0.001 0.009 ± 0.001 0.008 ± 0.001
Peel strength 63.73 ± 10.31 37.68 ± 18.89 14.04 ± 3.64 7.91 ± 1.88 5.28 ± 1.35
Stiffness 11.73 ± 2.15 7.54 ± 1.21 2.49 ± 0.81 1.73 ± 0.54 1.10 ± 0.18
Pulp firmness 29.28 ± 12.61 11.51 ± 10.84 1.84 ± 0.35 1.09 ± 0.25 0.70 ± 0.16

Table 1. Pearson’s correlation matrix of quality parameters for Neelam mangoes. 

Parameter RD Le* ae* be* Li* ai* bi* Acidity pH TSS Peel 
strength 

Stiffness Pulp 
firmness

RD 1.000
Le* 0.749 1.000
ae* 0.872 0.932 1.000
be* 0.891 0.913 0.952 1.000
Li* -0.926 -0.624 -0.803 -0.850 1.000
ai* 0.822 0.821 0.926 0.895 -0.825 1.000
bi* 0.747 0.845 0.905 0.863 -0.707 0.940 1.000
Acidity -0.908 -0.884 -0.943 -0.918 0.792 -0.857 -0.816 1.000
pH 0.930 0.858 0.904 0.896 -0.784 0.818 0.784 -0.960 1.000
TSS 0.792 0.929 0.903 0.917 -0.678 0.804 0.765 -0.891 0.867 1.000
Peel strength -0.796 -0.926 -0.934 -0.946 0.777 -0.911 -0.909 0.840 -0.803 -0.876 1.000
Stiffness -0.801 -0.924 -0.938 -0.961 0.784 -0.907 -0.910 0.844 -0.812 -0.882 0.986 1.000
Pulp firmness -0.676 -0.856 -0.835 -0.858 0.671 -0.850 -0.864 0.723 -0.681 -0.808 0.962 0.941 1.000

RD = ripening days, subscript e = external, subscript, I = internal 

unripe, early ripe, partially ripe, ripe, over ripe/decay 
during ripening. The first two stages were grouped 
as pre-climacteric phase, second two stages as 
climacteric and the last stage as senescence phase. 
First three days were grouped as a first stage then 4th 
and 5th days as a second stage then 6 to 9th day as third 
stage. The period from 10th to 17th day were designated 
as fourth stage. Then the fifth stage was grouped from 
18th day to 22nd day. The second stage existed to short 
stint (only for two days). The fourth stage was lengthier 

stage from 10th to 17th day of ripening period. 3rd and 4th 
stage had longer period (8-10 days) out of five stages. 
The decay or over ripen stage existed for 5 days. The 
colour grade chart was prepared based on the five 
clusters with five ripening stages and shown in Fig. 6.

Images of mangoes of each stage were given in 
colour chart along with the corresponding ripening 
period. In addition to this information, internal and 
external quality parameters for the corresponding 
ripening stage were given in the Table 2. 



113

Development of Colour Grade Chart for Neelam Mangoes

Fig. 5. PCA graphs for Neelam mangoes during ripening. a. Scores graph and b. Loading graph.

Fig. 6. Different ripening stages and colour chart for Neelam mangoes.

a

b
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A scientific colour grade chart was developed 
with five stages, viz. unripe, early ripe, partially ripe, 
ripe, over ripe/ decay in Neelam mango using PCA 
and hierarchal cluster analysis. For the export of 
fresh whole mango, the stage at which the fruits to 
be packed may be decided according to its transit 
period. The first and second stage would be more 
suitable for long and third stage would be suitable 
of short distance. For the pulping industry, the fourth 
stage would be more suitable to get good quality 
finished product. 
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Petals for cut-flowers and flowering pot plants, 
such as Primula sieboldii, are highly significant as 
they dictate the commercial value of these crops; 
consequently, the petal’s form and colour became the 
target characteristic for breeding various ornamental 
crops. Several studies also show that virus infection 
also causes the difference in flower colour patterns 
in different flowers like in the case of camellias 
(Plakidas, 6), lily (Dekker et al., 2), tulips (Morikawa 
et al., 5). On the other hand, flower colour breaks are 
also seen in different cultivars of Japanese primrose 
cultivars like ‘Shichikenjin’, ‘Shibori-Tatuta’ and 
‘Kogarashi’. Apart from this, in the analysis of RNA 
sequence expressed in Japanese primrose by using 
next generation sequencing, it was found out that 
the cDNA library of P. sieboldii was composed of one 
percent putative viral cDNA (Aoki et al., 1).

Thus, there is a possibility of symptomatic flower 
colour variegation on different Japanese primrose 
cultivars based on viral morbidity. This study will 
help elucidate the possible cause of flower colour 
variegations in Japanese primrose. The general 
objective was to conduct a molecular approach in 
determining the possible association between the 
presence of putative viral RNA sequence(s) and 
flower colour variegation in Japanese primrose 

cultivars with variegated and non-variegated  
flowers. 

The plant materials consisted of 15 variegated 
and 3 non-variegated, wild-type P. sieboldii varieties. 
Using Expressed Sequence Tag (EST) viewer, 
a Basic Local Alignment Search Tool (BLAST) 
search with the Keyword “virus” was done on two P. 
sieboldii databases gathered from Next Generation 
Sequencing (NGS) data of the University of Tsukuba. 
Sequence groups with possible viral origin and 
greater than 45% value of positives were retained and 
five primers were made based from these sequences 
using Primer 3. Total RNA was isolated from the leaf 
samples using the Promega Reliaprep™ RNA tissue 
miniprep system (Promega, WI, USA), followed by 
cDNA synthesis using Takara Primer Script™ RT 
Reagent Kit with gDNA Eraser (Takara Bio, Shiga, 
Japan). Polymerase chain reaction (PCR) of the 
cDNA was performed using the custom-made primers, 
followed by gel electrophoresis and, consequently, UV 
visualization. Finally, cluster analysis and correlation 
assessment between variegation and amplification 
per homologous sequence group was done to assess 
association. 

The BLAST search and screening showed five 
possible non-homologous sequence groups with a 
possible virus identity of Cycas necrotic stunt virus, 
Lettuce big-vein associated virus and Rosa multiflora 

Association of putative viral RNA sequences to flower colour variegation 
in Japanese primrose (Primula sieboldii E. Morren)
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Flower colour variegation is characteristic symptom of viral infections in ornamentals such in the case 

of camellia, tulip, petunia, and daffodil. This is also seen in different cultivars of Japanese primrose like 
‘Shichikenjin’, ‘Sotorihime’ and ‘Isaribi’, signifying a possible viral origin. Putative viral RNA sequences were first 
identified in the Primula sieboldii databases. Total RNA was then isolated and reverse transcriptase polymerase 
chain reaction was done using virus-specific primers to identify the association between the presence of putative 
viral RNA sequences and flower colour variegation. Five putative viral RNA homologous sequence groups were 
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Rosa multiflora cryptic virus. Results showed that instances of amplifications were seen in both variegated 
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viral morbidity in the amplified cultivars. Instances wherein amplification of non-variegated flowers, while no 
amplification of variegated flowers within the same cultivar were also observed. Variegated plants of cultivars 
which had variegated and non-variegated flowers had a weak correlation. Thus, no definite association could 
be deduced from the presence of putative viral RNA and flower colour variegation. It is also recommended that 
flower tissue should be used for gene expression analysis to avoid error in differential gene expression.
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Table 1. Amplification of putative viral RNA from leaf tissues of variegated and non-variegated Japanese primrose 
flowers

Cultivar Virus group
1 2 3 4 5

Yes No Yes No Yes No Yes No Yes No
Asukagawa - - - - - - + + - -
Isaribi - - - - - - + - + +
Odamaki + + + + + + + + - -
Karakoromo + - + - + - - + - +
Shichikenjin + + + + - + + + - -
Tamakujaku - - - - - - + + + +
Sotorihime + + + + + + - + - -
Hanachiru-Sato - - - - - - + + - -
Myochiriki - - - - - - + + - +
Dairiki-Muso + - + - + - - - + -
Momozono* - - - + +
Miyako-Asobi* - - - + +
Tennyo* - - - + +
Tsuki-No-Utage* - - - + +
Fujikoshi* - - - + +
Wild type 1 - - - - -
Wild type 2 - - - - -
Wild type 3 - - - - -

Legend: (+) amplification; (-) no amplification; Yes = variegated; No = non-variegated; *absence of non-variegated clone

cryptic virus. Results showed that most putative viral 
sequences are amplified and present in more than 
one cultivar (Table 1). More than one virus is probably 
infecting the primrose cultivars and could have 
cumulative symptoms. Viral morbidity is therefore 
present in both variegated and non-variegated types 
of the same cultivar. Instances of amplifications 
were seen in both variegated and non-variegated 
within and across cultivars (Table 1). As an example, 
variegated and non-variegated Odamaki shows same 
amplification pattern all throughout. Furthermore, 
instances wherein amplification of non-variegated 
flowers, while no amplification of variegated flowers 
within the same cultivar were also seen (Table 1). It 
can also be observed that some have no amplification 
on cultivars having variegated flowers only. Thus, no 
definite pattern and relationship could be deduced 
from the virus-specific amplification data. In contrast 
with Hunter et al. (2), variegated flowers showed 
100% amplification using virus-specific primers, while 
non-variegated flowers showed otherwise. 

On the other hand, variegated plants of cultivars 
which contain variegated and non-variegated flowers 

do not exhibit 100% amplification. Calculated 
correlation coefficients between variegation and 
amplication were 0.21, 0.21, 0.11, 0 and -0.11, 
for homologous sequence groups 1, 2, 3, 4 and 
5, respectively. This denotes a weak correlation 
between variegation and presence of putative viral 
RNA sequences. Thus, in a per distinct putative viral 
RNA sequence basis, no definite association could 
be deduced from the virus-specific amplification data. 
This aside, wild type plants, with non-variegated 
flowers, show absence of amplification and could 
indicate no virus infection (Table 1).

Since no definite pattern can be deduced by singly 
observing the amplification data and expression of 
virus symptoms could have resulted from cumulative 
effects of viruses infecting a plant, cluster analysis 
will group the observations into clusters with relatively 
homogeneous cases of amplification. A virus could 
play a role in the phenotype as part of a virus 
complex (Martin et al., 3). In cluster I, variegated 
and non-variegated ‘Asukagawa’ is present. In 
cluster II, non-variegated ‘Tamakujaku’ is clustered 
with the variegated ‘Isaribi’. On the other hand, in 
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Fig. 1. Dendogram of the 28 variegated and non-variegated Japanese primrose plants constituted by 18 cultivars. (+) 
indicates presence of variegation. The numerical scale indicates the similarity of incidence of distinct putative viral 
RNA presence in Dice’s similarity coefficient. The vertical line cuts the dendogram at 0.81 similarity coefficient.

cluster V, variegated and non-variegated ‘Odamaki’ 
was clustered with the non-variegated ‘Sotorihime’ 
(Fig. 1). At 81% coefficient of similarity, clusters 
can contain both variegated and non-variegated 
varieties within and across cultivars; hence, no 
definite relationship can be determined, based on 
the general amplification data, across all the putative 
virus RNA specific primers used.

Knowing the cause of Japanese primrose flower 
colour variegation will help in identifying appropriate 
breeding methods for flower colour variegation. If 
variegation is set to be caused by virus infection, 
asexual propagation of crops can be done to conserve 
the phenotype of the flowers. Also, viruses can 
be considered for broader applications to boost 
ornamental qualities. From here, if a plant species 
is known to exhibit flower variegation due to viral 
infection, inoculation to produce variegation could be 
done to its susceptible varieties to produce variegated 
flowers. This also will aid in selection. If the industry 

demands for full-colored flowers, selecting non-
infected plants would be essential. Thus, breeding 
for novel full-coloured flowers should only consider 
non-variegated/non-infected flowers as breeding 
materials. Breeding for variegated flowers, on the 
other hand, could also involve breeding for virus-
susceptible varieties. Moreover, early selection of 
variegated-flower-producing plants can also be done 
by screening plants with viral RNA sequences.

No definite pattern or association between 
presence of putative viral RNA sequences and 
flower colour variegation could be deduced from 
the virus-specific amplification data. Although virus 
infection is systemic, inconclusive results were 
obtained as it is suspected that gene expression 
could vary depending on the plant part and growth 
stage. Flower tissue, acquired at the same growth 
stage, should be used in tandem with qPCR methods 
in order to quantify the virus gene expression and 
relate it to the intensity of variegation. On the other 
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hand, wild types can also be utilized in inoculation 
studies to determine expression of symptomatic 
flower color variegation upon rubbing with the sap 
from a variegated flower.
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In order to obtain true to the type plantlets 
with the aid of tissue culture, it is quite necessary 
to examine the genetic uniformity of in vitro raised 
plants from time to time. During in vitro cultures, 
however it comes to surveillance that many of 
regenerated plants are not genetically identical to their 
parents and these plants are known as somaclonal 
variants. Somaclonal variation although thought to 
be beneficial for generating better performing clones, 
can sometimes be considered a serious problem as 
it may lead to creation of non true-to-the-type plants 
which differ in genetic makeup from that of their 
parent. Clonal fidelity is one of the major concerns 
in commercial propagation. Strawberries are too 
amenable to in vitro somaclonal variation (Kaushal 
et al., 4). Production of true-to-the-type propagules 
and their genetic stability are pre-requisites for the 
application of in vitro propagation of strawberry. 
Ascertaining clonal fidelity using molecular marker 
techniques is the most reliable method. RAPD 
(random amplified polymorphic DNA) is a reliable 
technique for identification of genetic variation. 
Strawberries have been extensively analyzed for 
clone identification, mapping and diversity studies 
using RAPD marker (Gantait et al., 2). Objective of 
the present study was to determine the appropriate 
growth regulator concentration and combination to 
establish a mass production system of callus raised 
plants of strawberry cultivar Ofra and to assess the 
genetic fidelity of the in vitro raised plants using 

RAPD markers. This can be a useful for establishing 
a reliable micropropagation system for the production 
of genetically uniform plants.

The experiment was carried out at the Centre of 
Plant Biotechnology and Department of Horticulture, 
CCS Haryana Agricultural University, Hisar during the 
2014-15. Explants were collected from the healthy 
plants in July maintained at Experimental Polyhouse 
of the Department. Young tender vegetative nodal 
segments of 5-10 cm length were excised. The 
MS medium was supplemented with BAP, kinetin, 
IAA and NAA alone or in combinations for direct 
regeneration and for callus induction. Calli were 
cultured on MS medium supplemented with different 
concentration of BAP and kinetin at lower concentration 
in combination with auxins (NAA, IAA). The cultures 
were maintained in thermal insulated tissue culture 
room with temperature of around 25 ± 2°C and 4000 lux 
illumination uniformly. Half strength MS medium was 
used for induction of roots in all cultures. The rooted 
plantlets were transferred to 3:1:1 mixture of cocopeat, 
perlite and sand in plastic pots and acclimatized 
under greenhouse conditions. The data of all the 
experiment recorded during the present investigation 
were subjected to statistical analysis using Completely 
Randomized Design using software OP STAT. 

Modified CTAB (Cetyl Trimethyl Ammonium 
Bromide) method of Murray and Thompson (5), 
modified by Saghai-Maroof et al. (6) and Xu et al. (9) 
was used for extraction of total DNA from both tissue 
cultured plants and mother plants. Twenty one RAPD 
primer were used for assaying genetic uniformity. PCR 
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The nodal segments of strawberry cultivar Ofra were cultured on MS medium supplemented with different 

concentrations of auxins and cytokinins for indirect regeneration via callus formation. MS medium supplemented 
with 4.0 mg/l NAA and 2.0 BAP yielded the highest percentage of callus. The highest response of shoot 
regeneration was obtained in MS medium fortified with 2.0 mg/l kinetin and 0.5 mg/l IAA for regeneration of shoots 
from callus. The regenerated shootlets were rooted on half-strength MS medium. The plantlets thus developed 
were hardened successfully. Some morphological variations were found in plants generated by callus. On the 
basis of variations, in vitro raised plantlets were subjected to evaluation of genetic uniformity using RAPD 
markers. Out of 21 primer screened, six primers showed amplification and the RAPD profiles obtained were 
found to be reproducible and monomorphic. Results revelaed that tissue culture raised plants of strawberry 
were genetically identical and clonally uniform.
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was performed in a volume of 10 µl. The variations 
were made in genomic DNA concentration (25, 50 
and 100 ng), Taq DNA polymerase concentration 
(1.0 and 2.0 units), primer concentration (0.5 and 1 
µl) and annealing temperature (36, 37 and 40°C). All 
possible combinations were tried in 10 µl of reaction 
mixture for PCR amplification. Amplification was 
carried out in PTC-100 programmable thermal cycler. 
PCR conditions for RAPD analysis included an initial 
pre-denaturation step of 3 min. at 94°C and following 
45 cycles of amplification of denaturation 94ºC at 1 
min., annealing for 36°C and an extension at 72°C 
for 1 min. and final extension was carried out at 72°C 
for 7 min. The amplified products were resolved on 
a 2% agarose gel in TBE (Tris-borate EDTA) buffer 
stained with ethidium bromide using 100 bp ladder as 
reference. PCR amplified products were visualized 
under UV light and photographed using VSD Image 
Master of Pharmacia, Biotech.

Among the used hormonal supplements, 
explants of strawberry showed high response to 
callus formation on MS medium supplemented with 
BAP. The specific concentration of growth regulators, 
nutrients and incubation condition modify the normal 
physiology of explants and induce dedifferentiation 
and redifferentiation of tissue. Depending on the 
auxins and cytokinin concentration of culture media 
calli were initiated from cut surfaces. The application 
of hormones disturbs the internal system and leads to 
dedifferentiation and differentiation of tissue. Among 
the used hormonal supplements, auxins in combination 
with cytokinins (NAA & BAP) was found to be the 
most effective for callus induction (Table 1), which 
is concomitant with previous reports of Ara et al. (1). 

The results showed that (MS media + 2.5 mg/l 
Kin. + 0.5 mg/l IAA) was best for shoot regeneration 
followed by (MS medium + 1.0 mg/l BAP + 0.1 mg/l 
NAA) from nodal segment derived callus. It was 
observed that higher concentration of cytokinins 
with lower concentration of auxins promoted shoot 
regeneration from callus. The calli which were 
placed on MS medium without growth regulators 
failed in regenerating shoots (Table 2). Karim et al. 
(3) reported that addition of kinetin in combination 
of BA and NAA resulted in efficient shoot induction 
and multiplication from calli, while Ara et al. (1) 
reported that combination of BA and NAA produced 
maximum number of shoots. Synergistic effect of BA 
and Kin. has been reported to be the best for shoot 
regeneration in strawberry (Sood et al., 7).

Table 1. Effect of growth regulators on callus induction 
and No. of days taken for callus initiation in strawberry 
cultivar Ofra.

Growth regulator 
(mg/l)

No. of days taken 
for callus initiation

Callus 
induction (%)

2.0 NAA 15.00 ± 0.58 81.67 ± 0.67
4.0 NAA 15.00 ± 0.00 73.33 ± 1.67
5.0 BAP 16.33 ± 0.33 70.67 ± 2.08
5.0 BAP + 0.1 NAA 13.00 ± 0.58 83.33 ± 0.58
5.0 BAP + 0.1 IAA 16.00 ± 0.58 80.33 ± 0.33
4.0 NAA + 2.0 BAP 11.00 ± 0.58 87.33 ± 1.67
4.0 NAA + 2.0 Kin. 17.67 ± 0.33 71.67 ± 1.67
CD0.05 1.44 4.63

*Basal medium was MS

Table 2. Effect growth regulators on shoot multiplication (21 days) from nodal segment derived callus of strawberry 
cv. Ofra.

Growth regulator (mg/l) No. of shoot No. of leaves Shoot length
Control 0.0 0.0 0.0
0.5 BAP 3.07 ± 0.07 2.90 ± 0.20 3.67 ± 0.00
0.5 BAP + 0.1 NAA 5.33 ± 0.19 4.84 ± 0.16 3.14 ± 0.23
1.0 BAP + 0.1 NAA 6.11 ± 0.11 5.50 ± 0.28 5.11 ± 0.22
1.0 BAP + 0.5 NAA 3.44 ± 0.29 3.64 ± 0.21 3.07 ± 0.13
2.0 Kin. + 0.1 IAA 4.33 ± 0.28 3.83 ± 0.16 5.67 ± 0.33
2.5 Kin. + 0.1 IAA 4.66 ± 0.19 4.68 ± 0.22 4.52 ± 0.26
3.0 Kin. + 0.1 IAA 6.00 ± 0.00 5.19 ± 0.09 4.07 ± 0.07
2.0 Kin. + 0.5 IAA 4.62 ± 0.03 4.54 ± 0.02 5.41 ± 0.07
2.5 Kin. + 0.5 IAA 6.96 ± 0.04 5.89 ± 0.11 5.33 ± 0.19
3.0 Kin. + 0.5 IAA 4.26 ± 0.13 3.63 ± 0.32 4.78 ± 0.22
C.D.0.05 0.49 0.59 0.61

*Basal medium was MS, control = No growth regulator.
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The number of leaves per explants was maximum 
with (MS medium + 2.5 mg/l Kin. + 0.5 mg/l IAA). 
This increase in number of leaves may be attributed 
to the synergistic effects of kinetin and IAA. Length 
of shoots was recorded maximum (5.67 cm.) on MS 
medium supplemented with 2.0 mg/ l Kin. and 0.1 mg/l 
IAA. It was observed that as concentrations of kinetin 
increased, length of shoots decreased. Whereas, 
BAP at higher concentrations exhibited synergistic 
effect with lower concentrations of NAA (0.1 mg/l). 
Cytokinins are responsible for division of cells, which 
are elongated by auxins due to their ability to increase 
cell wall plasticity and lowering in cell wall resistance 
to the penetration of solutes. 

In the present work, the genetic fidelity of tissue 
cultured clones was also determined so that true-to-
the-type character of calli derived plants could be 
established. Twenty one primers were used, out of 
which six primers showed amplification (Table 3). The 
results revealed that the tissue culture raised plants 
were genetically identical and uniform. Although, 
minor morphological variation were recorded in some 
plants regenerated via callus. The RAPD profiles of 
calli derived plants were identical to the mother plant 
irrespective of the minor phenotypic variations (Fig. 
1). The phenotypic variations in calli derived plants 
might be due to higher concentrations of growth 
regulators. Similar results were reported by who 
reported epigenetic changes in tissue culture raised 
plants due to applications of plant growth regulators, 
but such trait is not passed to their offspring through 
sexual cycle or might entirely disappear during plant 
maturation. Sutan et al. (8) also found that epigentic 
variation due to higher concentration of growth 
regulators but at molecular basis tissue cultured plants 
were true to the type.

It can be concluded from the present study that 
MS medium + 4.0 mg/l 0 NAA + 2.0 mg/l BAP was 
best for maximum callus induction in minimum number 
of days. MS medium supplemented with 2.5 mg/l 
Kin. and 0.5 mg/l IAA was most effective for multiple 
shoot formation and number of leaves for both direct 
regenerated shoots and for callus derived shoots. 

Whereas, shoot length was recorded maximum on 
MS medium + 2.0 mg/l Kin. + 0.1 mg/l IAA. RAPD 
profile of in vitro raised plants were monomorphic and 
identical to the field grown mother plants. 
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Table 3. Random primers showing amplification. 

Primer Sequence
OPB 1 ‘GTTTCGCTCC’
OPB 2 TGATCCCTGG’
OPB 3 ‘CATCCCCCTG’
OPB 4 ‘GGACTGGAGT’
A-05 ‘GGGATATCGG’
OPA 10 ‘GACCGCTTGT’

Fig. 1. RAPD Profile of indirect regenerated plants 
showing monomorphic bands.
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Litchi (Litchi chinensis sonn.) is an important 
subtropical fruit crop grown in India. The cultivation 
of Litchi is mainly concentrated in the foot hills of 
Himalaya extending from Punjab to Tripura but 
It’s sporadic cultivation can be seen in parts of 
Maharashtra, Madhya Pradesh and Karnataka and 
Tamil Nadu ( Singh et al., 8). In Coorg region, litchi is 
grown as homestead plant. Contrary to north India, it 
flowers in the month of August-September and fruits 
mature in the month of December. Several cultivars 
have been recommended for the major litchi growing 
states but no cultivar has been recommended for 
Coorg region. The area under litchi is increasing in 
this region as the off-season crop fetches good price 
in the market. The quality of the fruit in terms of taste 
is not very good as most of the plantations are of 
unknown origin. Since, litchi is sensitive to climatic 
conditions, flowering, fruiting, yield and quality is 
very much influenced by the climatic conditions 
of a particular area. Therefore, a study was taken 
up to evaluate some litchi varieties under Coorg  
conditions.

The study was taken up at Central Horticultural 
Experiment Station, Chettalli, Kodagu, Karnataka 
during 2010-11 and 2011-12. Eight cultivars, namely, 
Dehradun, Early Seedless, Rose Scented, Shahi, 

Green, Swarna Roopa, Dehra Rose and China planted 
in 2000 were taken up for study. The growth and yield 
data were recorded as per standard procedures. The 
fruit quality characters were analyzed as per the 
procedures described by Ranganna (7). The data 
were analyzed statistically as described by Panse 
and Sukhatme (6).

The plant height was highest in cv. Rose Scented 
(3.56 m), which was significantly higher than most 
of the cultivars. The circumference of stem at 5 cm 
above soil surface was highest in cv. Rose Scented 
(59.4 cm). Similarly plant spread (East-West and 
North-South) were higher (5.05 and 4.98 m) in cv. 
Rose Scented and were significantly higher than 
other cultivars. The lowest plant spread was recorded 
in cv. China after 12 year (Table 1). The results 
revealed that the growth of the plants were slower in 
all the cultivars as compared to the growth in northern 
India (Anubha Rani et al., 1; Chauhan et al., 2) , 
while cv. Rose Scented exhibited better vegetative 
growth than all other cultivars. The low vegetable 
growth may be contributed to the comparatively 
lower mean annual temperature and higher rainfall 
conditions (Fig. 1).

The emergence of the panicle started in the first 
fortnight of August with slight variation in two years. 
The cv. Early Seedless was first variety to start 
flower emergence followed by cv. Shahi. The flower 
opening was also first noticed in cv. Early Seedless 

Performance of litchi cultivars for off-season production under Coorg 
conditions of Karnataka
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Fig. 1. Climatic conditions of CHES, Chettalli during April 10 - March, 12.

followed by cvs Rose Scented and Shahi. The cvs 
Dehradun and Dehra Rose started flowering later than 
other cultivars. The percentage of female flower was 
highest in cvs Shahi and Green, while lowest female 
and hermaphrodite flowers were recorded in cv. Rose 
Scented (Table 2). The lower percentage of female 
hermaphrodite flowers was also reported by Chauhan 
et al. (2) in litchi cultivars in Haryana conditions. The 
flowering time of all the cultivars was quite different 
for north India and all flowered in August-September, 
while there was no flowering in February-March. The 
off-season flowering in Coorg may be attributed to 
the climatic conditions because the temperature in 

the month of November-December seasons seldom 
decrease below 10°C, hence plants did not get the 
proper lower temperature exposure to produce flower. 
Further, the long monsoon prevailing in this region 
receiving both south-west and north-west monsoon 
do not allow drought like stress to the plants during 
November-December. Thus, plants fail to flower 
during February-March. In contrast dry season of 
March-April provided water stress conditions to the 
plants and after the onset of monsoon in June-July, 
the plants started flowering. The higher male flowers 
and lower female flower may be due to the lower 
temperature in August (Menzel and Waite, 5).

Table 1. Growth characteristics of litchi cultivars under Kodagu conditions. 

Cultivar Plant height  
(m)

Plant girth  
(cm)

Plant girth  
(cm)

Plant spread (E-S) 
(m)

Plant spread (N-S) 
(m)

2010 2011 Av. 2010 2011 Av. 2010 2011 Av. 2010 2011 Av. 2010 2011 Av.
Dehradun 3.29 3.32 3.31 54.6 56.0 55.3 53.0 53.2 53.1 4.17 4.3 4.24 4.45 4.65 4.55
Early Seedless 3.16 3.18 3.17 49.1 49.5 49.3 48.8 46.8 47.8 4.14 4.36 4.25 4.30 4.35 4.32
Rose Scented 3.42 3.70 3.56 58.2 60.6 59.4 55.0 55.0 55.0 5.35 4.75 5.05 4.50 4.60 4.55
Shahi 3.35 3.42 3.39 54.6 54.8 54.7 51.8 51.9 51.85 4.70 4.74 4.72 4.74 5.20 4.98
Green 2.75 3.03 2.89 47.6 48.0 47.8 38.7 39.8 39.25 3.13 3.98 3.56 3.38 4.20 3.79
Swarna Roopa 2.48 2.93 2.71 34.9 34.9 34.9 32.4 33.5 32.95 2.88 2.97 2.93 2.80 2.85 2.83
Dehra Rose 2.75 2.87 2.81 41.4 42.6 42.0 38.0 40.1 39.05 4.0 4.37 4.19 4.18 4.55 4.36
China 2.15 2.5 2.33 31.8 32.6 32.2 27.6 28.2 27.9 2.35 2.4 2.38 2.50 2.70 2.60
CD0.05 0.27 0.29 0.28 3.2 3.4 3.3 3.1 3.2 3.15 0.53 0.55 0.54 0.57 0.58 0.575
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The yield was highest in cv. Dehradun (24.4 
kg /tree) followed by cvs. Shahi (23.6 kg/tree) and 
Dehra Rose (23.15 kg/tree). Alternate bearing was 
noticed in cv. Rose Scented, while cvs Swarna 
Roopa and China failed to produce any fruit during 
both the years. The average fruit weight was 
highest in cv. Dehra Rose (17.5 g) followed by cv. 
Dehradun (15.57 g). Small size fruits were recorded 
in cv. Green (12.80 g). The fruit volume, equatorial 
diameter, polar diameter of fruit was higher in cv. 
Dehra Rose (Table 3). The higher pulp (%) was 
recorded in cv. Early Seedless (73.8%) followed by 
cv. Dehradun. The lower pulp content was recorded 
in cv. Dehra Rose (69.31%). The seed weight and 
rind weight was higher in cv. Dehra Rose. The total 
soluble solids were found highest (17.2°Brix) in cv. 
Dehradun followed by Dehra Rose (16.3°Brix). The 
per cent titrable acidity was found highest in cvs. 
Early Seedless and Rose Scented (1.04%), while 
it was lowest (0.67%) in cv. Green. The higher 
sugar was found in cv. Dehradun. The ascorbic acid 
counted was higher (39.9 mg/ 100 g) in cv. Green 

but it was statistically at par with all other cultivars 
(Table 4). The results revealed that the fruit size in 
some cultivars was lower than the average size in 
northern Indian conditions. This may be correlated 
with the lower temperature and low solar intensity 
because of cloudiness and rain. Further the lower 
sugars and higher acidity may be correlated with 
lower temperature during the latter part of fruit 
development which probably leads to formation 
of higher acid. Among the cultivars evaluated cvs 
Dehradun, Dehra Rose and Shahi were found 
producing higher yield and better quality fruits than 
other cultivars under Coorg conditions. 
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Table 2. Panicle and flowering characteristics of litchi cultivars under Kodagu conditions. 
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Table 4. Physico-chemical characteristics of litchi cultivars under Kodagu conditions. 

Cultivar Seed weight
(%)

Pulp weight
(%)

Rind weight
(%)

TSS
(°Brix)

Acidity
(%)

Ascorbic acid 
(mg/100 g pulp)

2010 2011 Av. 2010 2011 Av. 2010 2011 Av. 2010 2011 Av. 2010 2011 Av. 2010 2011 Av.

Dehradun 13.10 11.88 12.49 71.70 72.91 72.31 15.20 15.19 15.20 17.3 17.1 17.2 0.94 0.98 0.96 33.3 41.30 37.3

Early Seedless 11.90 9.81 10.86 73.80 73.89 73.85 14.20 16.30 15.25 13.4 16.3 14.9 1.06 1.02 1.04 29.5 36.9 33.2

Rose Scented 13.50 - 13.50 69.50 - 69.50 18.30 - 18.30 13.5 - 13.5 1.07 - 1.07 26.2 - 26.2

Shahi 14.20 14.91 14.56 71.20 71.30 71.25 14.28 13.65 13.97 16.3 16.2 16.2 1.03 1.04 1.04 38.5 37.8 38.2

Green 9.82 10.39 10.11 69.65 71.23 70.44 19.10 18.11 18.61 11.4 15.8 13.6 0.68 0.66 0.67 39.5 40.4 39.9

Dehra Rose 14.50 14.62 14.56 70.20 70.42 70.31 14.90 14.96 14.93 16.4 16.2 16.3 0.95 0.96 0.96 36.2 35.2 35.7

CD0.05 1.42 1.33 1.36 2.32 2.35 2.34 1.51 1.53 1.52 1.26 1.11 1.18 0.08 0.07 0.08 NS NS NS
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Indian hog plum (Spondias pinnata Linn.), Amra, 
is a minor fruit in West Bengal. It has a high medicinal 
value. Two novel bioactive compounds (spondiol 
and glycospondin) in the fruit showed high anti-
oxidant activity and inhibited platelet aggregation. 
Natural regeneration of hog plum is very poor due to 
hard seed coat dormancy. Vegetative propagation, 
therefore, is and important method to reproduce this 
plant species. This plant species are propagated true 
to type through layering, grafting, budding, cutting etc. 
Among these, the use of stem cuttings is the easiest 
and common method for growing plants. The use of 
plant growth regulators play a pivotal role in rooting 
of cuttings and root growth. Auxins are very effective 
for root initiation in many plant species and among 
the auxins, IAA is typically the principal auxin used 
for rooting of cuttings. As very little works has been 
done pertaining to rooting in Spondias sp. cuttings, 
this experiment was carried out with the objective to 
standardize IAA treatment along with standard cutting 
length for better rooting.

Healthy and uniform stem cuttings were obtained 
from one-year-old branches of two-year-old plants, 
planted in Instructional Field of Uttar Banga Krishi 
Viswavidyalaya, during 2014 monsoon. Stem cuttings 
were dipped in fungicide solution for 2-3 min. and 
subsequently washed by distilled water before giving 
hormonal treatment. After treatment, they were planted 
in polythene bag filled with substrate (sand: soil: FYM; 

1:2:1). Each treatment was replicated thrice and each 
replication consisted of ten cuttings. The polybags 
were then kept in the mist chamber with a temperature 
~27.5°C and 93% relative humidity.

In this experiment, the effect of two factors was 
examined along with their combined effects. The two 
factors were three levels of cutting length, viz., 10 (C1), 
15 (C2) and 20 (C3) cm and four levels of IAA treatment 
500 ppm (I1), 1000 ppm (I2), 1500 ppm (I3) IAA and and 
no treatment (I4) (Control) for 15 sec. 

The per cent cutting success was calculated. 
Days taken for first bud and leaf initiation were 
observed by counting days after planting of cuttings. 
Number of buds was counted daily up to 45 days after 
planting. After 45 days of planting of cutting, three 
random rooted cuttings from each replication were 
selected and root, shoot length, collar diameter and 
root diameter were measured with the help of digital 
Vernier calipers. Collar diameter was measured 
at the base 2 cm above the stem of the cutting in 
two directions. The number of roots was counted 
manually. Fresh and dry root, shoot and leaf weight 
were measured separately with the help of electronic 
digital balance (Mettler Toledo PB 153-L). Total 
biomass was also calculated. 

The experiment was laid out in factorial 
randomized block design with 15 treatments and 3 
replications. Analysis of variance for each parameter 
was performed using ProcGlm of Statistical Analysis 
System (SAS) software (version 9.3). Mean separation 
for different treatment under different parameters were 
performed using Least Significant Different (LSD) test 
(p≤0.05). Normality of residuals under the assumption 
of ANOVA was tested using Kolmogrov-Smirnov, 
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Shapiro-Wilk, Cramer-Von Mises and Anderson 
Darling procedure using Proc-Univariate procedure 
of SAS (version 9.3). Data transformation was done 
following the method of Gomez and Gomez (3).

Results (Table 1a & b) represent that success 
percentage of cutting of Spondias pinnata ranged 
from 15 to 66.67%. Maximum cutting success 
(66.67%) was obtained in T8 followed by T9 (63.33%) 
and minimum success (15%) was obtained in T10 
treatment combinations. The data on cutting success 
percentage was statistically significant under all 
the treatments. Reduction in cutting success was 

observed in shorter and longer sized cuttings and 
highest in medium sized cuttings. Pinto et al. (8) 
reported that for Spondias cytherea, cuttings of 15 
cm was sufficient for good rooting and emergence of 
new shoots. According to Reinhard (9), the behaviour 
of stem cuttings varied with age, genotype and 
physiological status of mother plant, which was one 
of the reasons for good performance of the medium 
sized stem cuttings. Auxin IAA has a great effect on 
cutting success. Better formation of roots in auxin 
treated cuttings might be due to accumulation of 
metabolites at the site of application, synthesis of 

Table 1b. Effect of length of cutting and IAA concentration on rooting of Spondias cuttings.

Treatment Cutting 
success

(%)

Days taken 
for first bud 

initiation (DAP)

No. of 
buds

Days taken for 
first leaf initiation

(DAP)

Shoot 
length 
(cm)

Collar 
dia. 

(mm)

Root 
length 
(cm)

No. of 
roots

Root 
dia.

(mm)
T1 (C1I1) 46.67 (43.11) 16.89 2.43 21.53 22.19 15.97 9.19 10.80 1.71
T2 (C2I1) 50.00 (45.00) 16.53 4.00 19.98 23.70 16.36 9.38 14.27 2.02
T3 (C3I1) 50.00 (45.00) 16.70 3.80 20.89 22.83 16.16 9.31 11.20 1.76
T4 (C1I2) 50.00 (45.00) 16.14 4.20 18.22 24.16 16.68 9.46 14.33 2.22
T5 (C2I2) 56.67 (48.85) 14.81 5.63 16.70 24.59 18.26 9.81 16.20 2.64
T6 (C3I2) 56.67 (48.85) 14.87 4.40 17.39 24.28 17.36 9.80 16.07 2.50
T7 (C1I3) 63.33 (52.71) 13.34 5.90 16.40 24.77 18.44 11.31 16.87 4.11
T8 (C2I3) 66.67 (54.76) 13.27 7.33 16.32 34.89 20.50 13.49 19.53 6.91
T9 (C3I3) 63.33 (52.71) 13.33 6.27 16.37 27.05 20.16 11.67 19.53 4.65
T10 (C1I4) 15.00 (22.79) 17.69 2.30 22.20 14.09 12.72 8.32 4.27 1.52
T11 (C2I4) 45.00 (42.13) 16.99 2.40 21.72 17.47 14.16 8.92 9.73 1.56
T12 (C3I4) 28.00 (31.95) 17.29 2.30 22.05 14.42 12.92 8.73 5.53 1.56
LSD (p≤0.05) 3.73 2.41 0.91 NS 4.89 NS NS 3.77 1.14

**Values in parenthesis are angular transformed value.

Table 1a. Effect of length of cutting and IAA concentration on rooting of Spondias cuttings.

Treatment Cutting 
success

(%)

Days taken 
for first bud 

initiation
(DAP)

No. of 
buds

Days taken 
for first leaf 

initiation
(DAP)

Shoot 
length 
(cm)

Collar 
dia. 

(mm)

Root 
length 
(cm)

No. of 
roots

Root 
dia. 

(mm)

C1 46.67(43.11)b 16.89a 2.43c 21.53a 22.19b 15.97a 9.19a 10.80b 1.71b
C2 50.00(45.00)a 16.53a 4.00a 19.98a 23.70a 16.36a 9.38a 14.27a 2.02a
C3 50.00(45.00)a 16.70a 3.80b 20.89a 22.83b 16.16a 9.31a 11.20ab 1.76b
LSD (p≤0.05) 1.86 NS 0.46 NS 2.45 NS NS 1.88 0.57
I1 46.67(43.11)c 16.89ab 2.43c 21.53a 22.19b 15.97bc 9.19b 10.80c 1.71bc
I2 50.00(45.00)b 16.14b 4.20b 18.22b 24.16b 16.68ab 9.46b 14.33b 2.22b
I3 63.33(52.71)a 13.34c 5.90a 16.40b 24.77a 18.44a 11.31a 16.87a 4.11a
I4 15.00(22.79)d 17.69a 2.30d 22.20a 14.09c 12.72c 8.32b 4.27d 1.52c
LSD(p≤0.05) 2.15 1.40 0.53 2.40 2.82 3.33 1.93 2.18 0.66

**Means with the same letter are not significantly different. Values in parenthesis are angular transformed value.
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new protein, callus formation, cell division and cell 
enlargement. The results are in line with the findings 
reported by Murthy et al. (6).

Day taken for first bud initiation of cutting ranged 
from 13.27 to 17.69 DAP. Earliest first bud initiation 
(13.27 DAP) was obtained in T8 followed by T9 (13.33 
DAP). Most delayed bud initiation (17.69 DAP) was 
obtained in T10. The data were statistically significant 
under all the treatments. Earliest bud initiation might 
be that application of IAA stimulated the accumulation 
of dry mass in shoot bud differentiation, which was 
probably the result of an increase in the metabolic 
activity in stem cuttings and greater metabolite flow 
to the growing shoot bud differentiation. Number of 
buds was ranged from 2.3 to 7.33. Highest number 
of buds (7.33) was obtained in T8 and minimum 
number of buds (2.3) was obtained in T10. The data 
were statistically significant under all the treatments. 
The reason might be that IAA treatment increased the 
accumulation of food reserve, resulting in higher bud 
formation. It is evident from the Table 1b that days 
taken for first leaf initiation of cutting of Spondias 
pinnata was ranged from 16.32 to 22.20 DAP. 
Earliest leaf initiation (16.32 DAP) was obtained in 
T8 followed by T9 (16.37 DAP). Most delayed first 
bud initiation (22.20 DAP) was recorded in T10. The 
data pertaining on days taken for first leaf initiation 
were statistically significant under all the treatments. 
Earliest leaf initiation might be that application of IAA 
stimulated the accumulation of dry mass in shoot 
bud differentiation, which was probably the result of 
an increase in the metabolic activity in stem cuttings 
and greater metabolite flow to the growing shoot bud 
differentiation, resulted earlier leaf initiation. 

Shoot length of cutting was ranged from 14.09 
cm to 34.89 cm. Highest shoot length (34.89 cm) 
was obtained in T8 and lowest shoot length (14.09 
cm) was recorded in T10. The data were statistically 
significant under all the treatments. Highest shoot 
length was recorded due to increase in linear growth 
of stem by way of cell elongation. The results are in 
line with the findings of Alagesaboopathi (1). Collar 
diameter of cutting was ranged from 12.72 to 20.50 
mm. Highest collar diameter (20.50 mm) was obtained 
in T8 followed by T9 (20.16 mm). Least diameter (12.72 
mm) was obtained in T10. The data were statistically 
significant under all the treatments. The reason might 
be that IAA treatment increased the food reserve 
and dry mass required for cell elongation, resulted 
higher collar diameter. Root length was ranged from 
8.32 cm to 13.49 cm. Highest root length (13.49 cm) 
was obtained in T8 and lowest length (8.32 cm) was 
obtained in T10. It was statistically significant under all 
the treatments. The results are in line of the findings 

reported by Murthy et al. (6). Number of roots of 
cutting of Spondias pinnata was ranged from 4.27to 
19.53. Highest number of roots (19.53) was in T8 
followed by T9 (19.53). Lowest number of roots (4.27) 
was obtained in T10. Reduction in number of root was 
observed in shorter and longer size of cuttings and 
highest in medium sized cutting. According to Good 
and Tukey (4), poor performance of shorter stem 
cuttings was due to inadequate supply of nutrients 
and leaching of nutrients in shorter cuttings. Whereas, 
the under-performance of large sized cuttings might 
be attributed to reason that these cuttings were more 
woody and might had converted most of food material 
for lignification, which resulted in over lignified stem 
caused lower rooting and shooting percentage. 
Janick (5) reported that an important component of 
the capacity for a stem to root was the nutritional 
status of the plant. The vigorous rooting enabled 
the cuttings to absorb more nutrients and produce 
more leaves. Similar result was reported by Okunlola 
(7). Increased number of roots in cuttings treated 
with auxin had been considered due to enhanced 
hydrolysis of nutritional reserves under the influence 
of auxin. The results are in line with the findings 
reported by Basak et al. (7) and Murthy et al. (6). Root 
diameter of cutting was ranged from 1.52 to 6.91 mm. 
Highest root diameter (6.91 mm) was obtained in T8 
followed by T9 (4.65 mm) and minimum diameter (1.52 
mm) was obtained in T10. The data were statistically 
significant under all the treatments. The reason might 
be that IAA treatment increased the food reserve and 
dry mass required for cell elongation, resulted higher 
root diameter.

Results (Table 2a & b) indicated that fresh shoot 
weight of cutting was ranged from 22.48 g to 45.47 g. 
Highest fresh shoot weight (45.47 g) was obtained in 
T8 followed by T9 (41.22 g) and minimum fresh shoot 
weight (22.48 g) was obtained in T10. The data on 
fresh shoot weight were statistically significant under 
all the treatments. IAA increased the fresh weight 
of the plant by virtue of production of more number 
and lengthy roots. As the roots grew, these absorbed 
water and nutrients from soil lead to more growth 
adding to increased weights of shoot. The results 
are in line with the findings reported by Seran and 
Umadevi (10). Fresh leaf weight of cutting of Spondias 
pinnata ranged from 7.21 to 14.07 g. Highest fresh 
leaf weight (14.07 g) was obtained in T8 and least 
fresh leaf weight (7.21 g) was obtained in T1. The data 
were statistically significant under all the treatments. 
IAA increased the fresh weight of the plant by virtue 
of production of more number and lengthy roots. As 
the roots grew, these absorbed water and nutrients 
from soil leading to more growth adding to increased 
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weights of shoot. Fresh root weight was ranged 
from 0.99 to 8.26 g. Maximum fresh root weight 
(8.26 g) was obtained in T8 followed by T9 (7.41 g). 
Minimum fresh root weight (0.99 g) was obtained in 
T10. The data on fresh root weight were statistically 
significant under all the treatments. IAA increased 
the fresh weight of the plant by virtue of production 
of more number and lengthy roots. As the roots 
grew, these absorbed water and nutrients from soil 
leading to more growth adding to increased weights 
shoot (Seran and Umadevi, 10). Dry shoot weight of 
cutting was ranged from 9.98 g to 21.15 g. Highest 
dry shoot weight (21.15 g) was obtained in T8 followed 
by T9 (19.39 g). Minimum dry shoot weight (9.98 
g) was obtained in T10. The data were statistically 
significant under all the treatments. Similar result was 

reported by Pinto et al. (8) for Spondias cythera and 
S. purpurea cuttings of 15 and 20 cm length. Dry leaf 
weight was ranged from 1.97 to 5.98 g. Highest dry 
leaf weight (5.98 g) was obtained in T8 followed by T9 
(5.69g). Lowest dry leaf weight (1.97 g) was obtained 
in T10. The data were statistically significant under all 
the treatments. Similar result was reported by Pinto et 
al. (8). Dry root weight of cutting of Spondias pinnata 
was ranged from 0.27 to 2.67 g. Maximum weight 
(2.67 g) was obtained in T8 and least dry root weight 
(0.27 g) in T10. The data were statistically significant 
under all the treatments. Similar result was reported 
by Pinto et al. (8). Total biomass ranged from 12.22 
to 29.80 g/plant. Highest total biomass (29.80 g/plant) 
was obtained in T8 followed by T9 (27.75 g/plant). 
Lowest total biomass (12.22 g/plant) was obtained 

Table 2a. Effect of different of cutting and IAA concentration on biomass content of Spondias cuttings.

Treatment Fresh shoot 
wt. (g)

Fresh leaf 
wt. (g)

Fresh root 
wt. (g)

Dry shoot 
wt. (g)

Dry leaf wt.
(g)

Dry root wt.
(g)

Total biomass 
(g/plant)

C1 25.30b 8.74a 1.96b 10.59a 2.70a 0.61a 13.90b
C2 29.28a 9.40a 2.73a 12.14a 3.05a 0.82a 16.01a
C3 27.73ab 9.06a 2.08ab 11.25a 2.84a 0.63a 14.72ab
LSD (p≤0.05) 2.87 NS 0.97 NS NS NS 2.12
I1 25.30c 8.74bc 1.96c 10.59c 2.70c 0.61c 13.90c
I2 32.88b 10.04b 3.06b 13.82b 3.80b 1.11b 18.73b
I3 38.23a 12.14a 4.54a 17.15a 4.51a 2.36a 24.02a
I4 22.48d 7.21c 0.99c 9.98c 1.97c 0.27c 12.22d
LSD (p≤0.05) 3.13 1.90 1.22 2.62 0.83 0.53 2.45

**Means with the same letter are not significantly different. 

Table 2b. Effect of length of cutting and IAA concentration on biomass content of Spondias cuttings.

Treatment Fresh shoot 
wt. (g)

Fresh leaf 
wt. (g)

Fresh root 
wt. (g)

Dry shoot 
wt. (g)

Dry leaf wt.
(g)

Dry root wt.
(g)

Total biomass 
(g/plant)

T1 (C1I1) 25.3 8.74 1.96 10.59 2.7 0.61 13.90
T2 (C2I1) 29.28 9.4 2.73 12.14 3.05 0.82 16.01
T3 (C3I1) 27.73 9.06 2.08 11.25 2.84 0.63 14.72
T4 (C1I2) 32.88 10.04 3.06 13.82 3.8 1.11 18.73
T5 (C2I2) 34.41 11.68 4.16 15.28 4.16 1.89 21.33
T6 (C3I2) 33.35 10.72 3.52 14.73 3.95 1.66 20.34
T7 (C1I3) 38.23 12.14 4.54 17.15 4.51 2.36 24.02
T8 (C2I3) 45.47 14.07 8.26 21.15 5.98 2.67 29.80
T9 (C3I3) 41.22 13.88 7.41 19.39 5.69 2.43 27.75
T10 (C1I4) 22.48 7.21 0.99 9.98 1.97 0.27 12.22
T11 (C2I4) 22.75 7.67 1.94 10.36 2.45 0.4 13.21
T12 (C3I4) 22.61 7.63 1.07 10.04 2.13 0.37 12.54
LSD (p≤0.05) 5.74 1.59 1.94 4.54 1.44 0.91 4.25
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in T10. The data on total biomass were statistically 
significant under all the treatments. Similar results 
were also reported by Seran and Umadevi (10).

Based on these results, it is concluded that, 
dipping in auxin solutions can stimulate root 
production by amra cuttings and among the different 
treatments, dipping the 15 cm length of cutting in a 
solution of 1500 ppm IAA appears adequate to obtain 
satisfactory root development of cuttings. Application 
of this technology would allow rapid multiplication of 
material in Indian hog-plum breeding programmes 
without risk of change of genetic makeup of plants 
produced through cross-pollination and preservation 
of horticultural valuable characteristics of selected 
materials.
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Guava (Psidium guajava L.) is one of the dominant 
fruit crop of tropical and sub-tropical regions of India. 
Due to its hardy nature of plant, drought tolerance, 
has high yield potential and thus diverse uses. The 
fruit (berry) is an excellent source of vitamin ‘C’ and 
pectin. It is normally consumed fresh as a dessert 
fruit, excellent salad and puddings are prepared from 
the ripe fruit (Jagtiani et al., 4). Guava jelly is well 
known best jelly, besides jam, sherbet, ice cream, 
cheese, canned fruit, RTS, nectar, squash and 
powder are also prepared. Two types of wines, viz. 
guava juice and guava pulp wines are also prepared 
from ripe fruits (Bardiya et al., 2). The medicinal 
properties of guava fruit, leaves, and other plant 
parts are also well-known in the traditional medicine 
(Joseph and Mini, 5). 

However, guava fruits ripen rapidly and are 
perishable due to their climacteric nature. Fruit 
ripening in guava is characterized by loss of green 
colour, softening, shrinkage, loss of brightness 
and rot development (Bassetto et al., 3; Krishna 
and Rao, 6). In a survey carried out during 2015 in 
Jabalpur district of Madhya Pradesh (India), guava 
fruits (variety Thai guava) were observed exhibiting 
initially, water-soaked lesions around the calyx 
region, which later enlarged into necrotic greyish-
black circular patches that covered the entire fruits 
(Fig. 1). When infected fruits were kept in humid 
in vitro conditions, whitish-cotton like growth was 
observed, which developed very fast as the fruit 
matured and pathogen could cover almost the entire 
surface within 3-4 days. Under high relative humidity, 
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the fruits near the soil level covered with dense 
foliage were most severely affected. The fallen fruits 
were also badly affected. The peel of the fruit below 
the whitish cottony growth becomes soft, turned 
light pink to dark. The objective of this study was to 
describe the disease symptoms and to identify the 
causal fungus based on morphological, cultural and 
pathogenic characteristics. 

Infected portion of guava fruits were cut into 
small fragments (1-2 cm) and surface-sterilized in 
0.1% mercuric chloride for 30 sec. They were then 
washed three times in sterile distilled water, plated 
on potato dextrose agar (PDA) medium containing 
streptomycin sulphate and incubated at room 
temperature (28 ± 2°C) for seven days. Single fungal 
spore isolates, which were consistently recovered 
from infected tissues were maintained on PDA 
slants. Phytopathogenicity test was guided by the 
Koch’s postulates (Agrios, 1), which state that the 
pure cultures of the organisms must produce the 
symptoms and signs of the disease when inoculated 

Fig. 1. Natural disease occurrence on guava.

Short communication
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into the healthy plant and the suspected causal 
organism must be re-isolated in pure culture from the 
inoculated plant and must be identical to the original 
organism. Spore suspensions of fungal isolates were 
prepared individually using a PDA and standardized 
to 5 × 107 spores/ ml using haemocytometer. Drop 
inoculation technique (Singh, 7) was used for 
infecting the guava fruit. Artificial wounds were made 
using sterile blood lancets. Each guava fruit was 
pricked 30 times near the crown and 1 ml of fungal 
inoculum was inoculated on the artificial wounds. For 
the control, guava fruits were inoculated with sterile 
double-distilled water. Guava fruits were placed in 
clean culture bottles lined with moistened tissue 
paper to maintain the humidity inside the bottle. Then, 
culture bottles were covered with cheese cloth and 
were incubated at 28-30°C for 7 days. Fungi were 
re-isolated from the advancing margin of the infected 
tissue of the guava fruit and were inoculated in PDA 
plates. Cultures were incubated at 28-30°C for 5 to 
7 days. The characters of the re-isolated pathogens 

were compared with their original isolates. This 
was done to prove that the isolated organism is the 
same organism that has been inoculated causing 
the specific disease. Identification was based on 
cultural and morphological characteristics of the 
fungal isolates. Symptoms similar to those observed 
in the field were detected two weeks post inoculation 
and a fungus that was morphologically similar to 
the inoculated culture was re-isolated from lesions 
of the artificially inoculated fruit (Fig. 2). Colonies 
on PDA were initially white and later became pink. 
Macroconidia were straight; spindle as well as sickle 
shaped and had 1-6 septa. The size of macro conidia 
was 15.46-44.28 μm × 4.91-9.14 μm (Fig. 3). The 
microconidia were hyaline, round to oval in shape 
and had 0-1 septa. The size of microconidia was 
3.57-14.28 μm × 2.68-4.46 μm chlamydospores 
were also found and were round, oval, terminal 
and intercalary in all the isolates (Table 1). The 
size of chlamydospores varied from 6.85-7.73 μm × 
6.67-7.90 μm. Based on cultural and morphological 

Table 1. Cultural and morphological characterization Fusarium verticilloides.

Cultural and morphological characterization Fusarium verticilloides parameter / description
Colony diameter (196 h) (mm) 78.3
Colony type Pink cottony and fluffy growth 
Color colour Pink
Colony margin Regular, pink with white rim 
Colour on the underside of petri-plate Brown
Macroconidia morphology Spindle as well as sickle shaped
Mean length and width of macroconidia (μm) 15.46-44.28 × 4.91-9.14
Mean septation of macroconidia 1-6 septa
Microconidia morphology Round to oval
Mean length & width of microconidia (μm) 3.57-14.28 × 2.68-4.46
Mean septation of microconidia 0-1 septa
Size of chlamydospores (μm) 6.85-7.73 × 6.67-7.90 

Fig. 2. Pathogenicity test on (A) Artificial wounds of guava (in vitro), and (B) Glass jar conditions, and (c) expression 
of symptoms.

b ca
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Fig. 3. Morphology of the Fusarium verticilloides (a) Colony 
of F. verticilloides cultured on PDA plates at 25°C for 
seven days (b) Macro-conidia of F. verticilloides.

characters, the fungus was identified as Fusarium 
verticilloides, which was confirmed by Indian Type 
Culture Collection, ICAR-IARI, New Delhi (I.D. 
No. 9949.15). Fusarium verticilloides has been 
previously reported non-pathogenic to crown rot on 
guava in Phillipines (Valentino et al., 8). This is the 
first report of F. verticilloides causing crown rot on 
guava in India.
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ABSTRACT
Assessment of divergence for a set of characters utilizing different multivariate analyses has been effectively 

utilized in vegetable crops with diverse breeding system. Therefore, a study was carried out for determination 
of genetic divergence of 22 chilli genotypes. All the studied genotypes could meaningfully be grouped into 
six-clusters. Cluster I had the maximum of 14 genotypes, while clusters I & III comprised of two genotypes 
each, while clusters V and VI had one genotype each. The intra- and inter-cluster distance among 20 genotypes 
revealed that cluster I showed the maximum intra-cluster value (5.868) indicating that genotypes belonging to 
this cluster were diverse. Hybridization between genotypes belonging to cluster VI or IV and cluster II can be 
used to combine higher productivity with early maturity that can fit well in the multiple cropping systems. The 
top three traits, which contributed most towards the genetic divergence were number of primary branches/ 
plant (13.44%) followed by days to 50% fruiting (12.20%) and fruit length (12.14%). These traits may be used in 
selecting the genetically diverse parents for hybridization programme to exploit either maximum heterosis or 
to execute efficient selection in the segregating generation.
Key words: Chilli, genetic diversity, multivariate analysis.
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INTRODUCTION 
Chilli (Capsicum annuum), one of the most 

important horticultural crops belongs to the genus 
Capsicum in the Solanaceae family. Chilli is used in 
many forms, such as fresh or as cooked vegetables, 
as herbs or spices, and as various kinds of processed 
products (Hazra et al., 5). In spite of its high nutritive 
values, well acceptability among growers and 
consumers and wide range of available genetic 
variability, India is still lagging behind to attain the 
optimum productivity in chilli owing to use of local 
unimproved cultivars and heavy infestations of insect-
pest and diseases particularly viral diseases (Kumar 
et al., 7). Therefore, much concentrated efforts are 
necessary to improve its yield, quality and host plant 
resistance against viral diseases. Hence, evaluation 
of the potentialities of the indigenous germplasm is 
essential because promise for further improvement 
programme depends on the genetic diversity of the 
crop. The magnitude of heritable and more particularly 
its genetic components, is clearly the most important 
aspect of the genetic constitution of the breeding 
material, which has a close bearing on its response 
to selection.

MATERIALS AND METHODS 
The investigation was carried out at Research 

Farm of BCKV, Nadia, West Bengal under All India 
Coordinated Research Project on Vegetable Crops, 
situated at 23.50 N latitude and 890 E longitude of 9.75 
m above mean sea level. The field experiments were 
undertaken in autumn-winter season starting from 
September, 2012 to March, 2014. The soil texture 
of the farm is sandy loam having neutral in reaction. 
The genotypes were grown in two consecutive years 
during autumn-winter season of 2012-13 and 2013-14 
in Randomized block design with three replications. 
Each plot consisted of 20 plants spaced by 50 cm × 
50 cm. Standard crop management practices and 
plant protection measures were taken from time 
to time. Observations were recorded on days to 
50 per cent flowering, days to 50 per cent fruiting, 
plant height, number of primary branches per plant, 
number of fruits per plant, fruit length, fruit weight, 
fruit diameter, test weight, number of seeds per fruit 
and green fruit yield per plant from five randomly 
selected competitive plants in each genotypes of a 
replication. The data on different parameters were 
analysed by using SAS statistical software version 
9.2. Mahalanobis’s generalized distance (D2) was 
used for assessing the genetic divergence between 
populations. The criterion used in clustering was done 
according to Tocher’s method (Rao, 10). 

RESULTS AND DISCUSSION 
The investigation presents the range of variation 

for ten traits of growth, fruit and yield. Mean sum 
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of square for the above mentioned characters and 
their significance are presented in the Table 1. The 
traits under study showed highly significant variation 
among the genotypes indicating their importance in 
the study of genetic variability. Significant variations 
in the mentioned traits were also reported by earlier 
workers (Chattopadhyay et al., 2; Chaudhary 
et al., 3; Arunkumar et al., 1). Co-efficient of 
variation were low to moderate ranging from 5.79 
to 14.93% for all the characters studied revealing 
less influence of environment for the expression of  
these characters. 

Estimates for the co-efficient of phenotypic and 
genotypic variation (PCV and GCV respectively), 
heritability in broad sense (H), and GA as per cent of 
mean for these characters are presented in the Table 2. 
The genotypic co-efficient of variation measures the 
range of genetic variability shown by the plant 
characters and helps to compare the genetic variability 
present in various characters (Sanghi et al.,12), close 
estimates of GCV and PCV were recorded for all 
the traits except number of primary branches/ plant, 
number of seeds/ fruit. Close estimates of GCV and 

PCV were also recorded for most of the characters by 
Datta and Das (4). It implies that contribution towards 
final phenotypic expression of these traits were mostly 
by genetic makeup of these varieties rather than the 
environmental factors. This suggested that selection 
could be effective on the basis of phenotypic trait 
alone with equal probability of success in these traits. 
For correct estimation of the genetic makeup and 
its contribution to phenotypic expression of the trait, 
it is necessary that analysis of that trait should be 
conducted in terms of different locations and different 
seasons. The highest GCV value was recorded for the 
traits number of fruits/ plant, (45.25%) followed by fruit 
yield/ plant (44.16%) and the lowest value for days 
to 50% fruiting (9.31%). In the present investigation, 
number of fruits/ plant, fruit yield/ plant, number of 
primary branches/ plant, plants height, fruit width, and 
number of seeds/ fruit, exhibited high GCV and this 
finding corroborates the earlier observations of Manju 
and Sreelathakumary (7) and Chattopadhyay et al. (2). 
This shows prevalence of greater genetic variability 
among the genotypes, which offers good opportunities 
for crop improvement through selection. 

Table 1. Analysis of variance for ten traits in chilli genotypes.

Source d.f. PH NPB D50F D50FR FL FG NFPP NSPF TWS FYPP
Replication 2 345.648 0.197 10.968 207.37 1.305 13.504 85.273 401.23 0.00115 661.43
Genotype 21 630.96** 10.27** 477.28** 197.41** 7.56** 33.54** 1231.57** 351.98** 0.041** 12224.32**

Error 42 102.889 5.43 13.985 51.569 1.748 2.016 206.08 296.639 0.0054 2457.727
CD at 5% 23.67 5.432 8.720 16.754 3.085 3.313 33.479 40.203 0.172 115.727
CV (%) 14.28 14.78 5.79 6.67 14.90 13.51 14.70 13.27 14.80 14.93

**Significant at 1% level of significance
PH = Plant height (cm), NPB = No. of primary branches, D50F = Days to 50% flowering, D50FR = Days to 50% fruting, FL = Fruit 
length (cm), FG = Fruit girth (cm), NFPP = No. of fruits per plant, NSPF = No. of seeds per fruit, TWS = Test weight of seed (g), FYPP 
= Fruit yield per plant (g)

Table 2. Mean Range and Estimates of genetic variability of ten traits in chilli genotypes.

Trait Mean Range GCV 
(%)

PCV 
(%)

GCV : 
PCV

Heritability 
(%) in b.s.

Genetic advance 
as (%) of mean

Plant height (cm) 47.65 32.30 to 80.00 35.05 27.84 79.42 63.10 45.56
No. of pr. branches / plant 6.51 3.67 to 10.30 40.75 19.50 47.85 22.90 19.20
Days to 50% flowering 64.54 46.67 to 97.67 20.11 19.25 95.72 91.70 37.97
Days to 50% fruiting 107.53 93.67 to 123.30 9.31 6.48 69.60 48.50 9.30
Fruit length (cm) 6.50 3.49 to 10.31 29.14 21.13 72.51 52.60 32.00
Fruit width (cm) 10.50 6.03 to 16.30 33.69 30.86 91.59 83.90 58.28
No. of fruits/ plant 51.72 32.00 to 108.30 45.25 43.74 96.66 86.40 58.15
No. of seeds/ fruit 52.72 37.33 to 73.30 33.67 8.15 24.20 5.90 4.06
Test wt. of seed (g) 0.49 0.34 to 0.75 26.63 22.07 82.80 68.70 38.77
Green fruit yield/ plant (g) 171.17 39.99 to 313.07 44.16 33.33 75.47 57.00 51.83
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Multivariate analysis is a powerful tool in 
quantifying the degree of divergence between 
biological populations (genetic distance) and 
to assess the relative contribution of different 
components to the total divergence. Based on the 
degree of divergence (D2 values) between any two 
genotypes, a logical grouping of the genotypes with 
low D2 value could be arrived at by Tocher’s method. 
Based on the determination of D2 values, all the 22 
genotypes could meaningfully be grouped into six 
clusters (Table 3). Cluster I had the maximum of 14 
genotypes, cluster II, III, and IV comprised of two 
genotypes each, while cluster V and VI had one 
genotype each. In general, the pattern of distribution 
of genotypes from diverse geographical region into 
different clusters was random. It might be due to free 
and frequent exchange of genetic materials among 
the farmers and breeders of different regions (Kalloo 
et al., 6). Differential selection pressure according to 
regional preference also produced greater uniformity 
in the germplasm. The absence of relationship 
between genetic diversity and geographical distance 
indicates that forces other than geographical origin 
such as exchange of genetic stock, genetic drift, 
spontaneous mutation, natural and artificial selection 
are responsible for genetic diversity. Therefore, the 
selection of genotypes for hybridization should be 
based on genetic divergence rather than geographic 
diversity. Environmental influence on the composition 
of cluster was also recorded earlier in different self-
pollinated crops like cowpea (Hazra et al., 5; Peter 
and Rai, 9) tomato.

The intra- cluster and inter-cluster distance 
represent the index of genetic diversity among 
clusters. The intra- and inter-cluster distance among 
22 genotypes revealed that cluster I showed the 
maximum intra-cluster value (5.868) indicating that 
genotypes belonging in this cluster are diverse 
(Table 4). On the other hand, cluster VI had the 
minimum intra-cluster value (0.010). At the inter-
cluster level, the minimum value was observed 

between cluster I and II (7.539) indicating close 
relationship among the genotypes included in 
these clusters. The maximum inter-cluster value 
was observed between clusters III and V (17.715) 
followed by 14.315 between cluster III and VI, which 
indicated that the genotypes included in these clusters 
had the maximum divergence. Hence, intermating 
between the genotypes included in these clusters 
was expected to give transgressive segregates in the 
advanced generation. Kalloo et al. (6) suggested that 
the crosses between selected varieties from widely 
separated clusters were most likely to give desirable 
recombinants. The top three characters, which 
contributed most towards the genetic divergence 
(Table 5) were number of primary branches/ plant 
(13.44%) followed by days to 50% fruiting (12.20%) 
and fruit length (12.14%). These traits may be used in 
selecting genetically diverse parents for hybridization 
programme to exploit either maximum heterosis 
or to execute efficient selection in the segregating 
generation.

Genotypes belonging to clusters VI, IV and II 
could be regarded as useful sources of gene for 
improving fruit yield of chilli. On the other hand, 
genotypes belonging to cluster II had taken the 
earliest days to reaching first flowering and 50% 
fruiting, which could be helpful for breeding an 

Table 3. Cluster classification and source of collection of chilli genotypes. 

Cluster No. Name of the genotype / Source
I (14) Siti (W.B.), Cob-12 (W.B.), HP-27 (W.B.), Kashi Anmol (U.P.), Jhal Lanka (W.B.), HP-31 (H.P.), BSS-1 

(W.B.), Suli (W.B.), KDCS-810 (Gujarat), J. Mukta (W.B.), Cob-1 (W.B.), BSS-2 (W.B.), Samrat (Gujarat), 
Cob-8 (W.B.)

II (2) BCCH Sel-4 (W.B.), Midnapur Local (W.B.)
III (2) AC-575 (A.P.), Nadia Local (W.B.)
IV (2) HP-33 (H.P.), Chaitali (W.B.)
V (1) BCC-5 (W.B.)
VI (1) BCC-1 (W.B.)

Table 4. Inter- and intra-cluster distances amongst 22 
chilli genotypes.

Cluster 
No.

I II III IV V VI

I 5.868 7.539 11.289 7.946 9.473 9.761
II 4.199 13.501 9.577 7.956 9.618
III 3.847 14.225 17.715 14.315
IV 5.769 10.995 9.372
V 0.020 10.571
VI 0.010
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early plant type. Hybridization between genotypes 
belonging to clusters VI or IV and cluster II could 
combine higher productivity with early maturity that 
can be fitted well in multiple cropping systems. For 
crop improvement in chilli, inter-crossing among 
genotypes with outstanding mean performance was 
suggested by previous workers (Roy and Sharma, 
11). The results of present study are thus useful as it 
gives information regarding the traits that influence 
genetic diversity, which could be well utilized for 
selection of breeding methods for improvement of 
chilli crop.
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Table 5. Contribution of different traits (%) towards 
divergence.

Trait (%) Contribution
Plant height (cm) 11.09
No. of primary branches /plant 13.44
Days to 50% flowering 7.35
Days to 50% fruiting 12.20
Fruit length (cm) 12.14
Fruit girth (cm) 8.48
No.of fruits/ plant 9.28
No. of seeds/ fruit 10.20
Test weight of seed (g) 6.49
Fruit yield per plant 9.33
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Ivy gourd, Coccinia grandis (L.) Voigt. [Syn. 
C. indica Wight and Arn., C. cordifolia (L.) Cogn.] 
belongs to the family Cucurbitaceae and is known 
by various names like kundru, tondli, little gourd, 
scarlet gourd and kunduli. It is a semi-perennial 
crop of 4-5 years, yielding fruits in summer and rainy 
seasons. Ivy gourd is an underexploited cucurbit. 
The North Eastern Region is considered to be 
the richest reservoir of genetic variability of large 
number of horticultural crops including ivy gourd 
(Yadav et al., 9). In recent time, ivy gourd is gaining 
the status of an important vegetable crop in Assam 
because of increasing consumer awareness about it’s 
significant nutraceutical value. Practically, very little 
crop improvement work has been attempted on this 
crop. Success in crop improvement generally depends 
on the magnitude of genetic variability, heritability 
and genetic advance for different characters. The 
existence of variability is essential for resistance 
to biotic and abiotic factors as well as for wide 
adaptability.

The present experiment was conducted 
during the summer seasons of 2013 and 2014 in 
Randomized Block Design with three replications at 
the Experimental Farm, Department of Horticulture, 
AAU, Jorhat. The experimental material comprised 
of 22 ivy gourd genotypes collected from farmers 
of different parts of Assam and other North Eastern 
states (Arunachal Pradesh, Nagaland and Tripura). 
Planting was done on 25th February, 2013 at 
a spacing of 2 m × 2 m. All the recommended 

package of practices was followed. The data for 
each character was subjected to analysis of variance 
and the partitioning of variance was done according 
to method given by Fisher (5). Genotypic and 
phenotypic coefficients of variation were calculated 
by formulae suggested by Burton (3). Heritability 
in broad sense was calculated by formula given by 
Burton and De Vane (4). Expected genetic advance 
was computed following formula suggested by Allard 
(1). The analysis of variance presented in the Table 1 
revealed the presence of significant variation among 
the 22 genotypes.

The highest estimate of PCV was recorded by fruit 
yield per plant (27.56%). Moderate estimates were 
recorded for number of primary branches (19.89%), 
number of fruits per plant (19.83%), fruit length 
(18.29%) and fruit weight (16.95%). Similarly, the 
highest estimate of genotypic coefficient of variation 
(GCV) was recorded for fruit yield per plant (23.87%) 
followed by number of fruits per plant (19.27%). The 
traits like number of primary branches, fruit length 
and fruit weight exhibited moderate estimates of 
GCV (Table 2). Variability results due to differences 
either in the genetic constitution of the individuals in 
a population or in the environment where they are 
grown. Fisher (5) partitioned the total phenotypic 
variance into genotypic variance and environmental 
variance. Selection is effective only when there is a 
significant genetic variability among the individuals 
in a population and presence of genetic variability 
is the prerequisite for the success of plant breeding 
programme in any crop including ivy gourd.

Studies on genetic variability in ivy gourd [Coccinia grandis (L.) Voigt.] 
J. Saikia*, D.B. Phookan and P. Talukdar**

Department of Horticulture, Assam Agricultural University, Jorhat 785013

ABSTRACT
An experiment was conducted to study the genetic variability in ivy gourd [Coccinia grandis (L.) Voigt.] 

genotypes collected from different parts of Assam and other North Eastern states (Arunachal Pradesh, Tripura 
and Nagaland) during the summer seasons of 2013 and 2014. The experiment was laid out in Randomized 
Block Design with three replications at the Experimental Farm, Department of Horticulture, Assam Agricultural 
University, Jorhat. Genetic variability in terms of PCV and GCV were high for yield per plant (27.56 and 23.87%, 
respectively). High heritability in broad sense combined with high genetic advance was recorded for number 
of fruits per plant (94.39 and 38.57%) followed by fruit weight (93.36 and 32.61%), which were indicative of 
preponderance of additive and additive × additive type of gene interaction. The desirable additive genes for 
these traits could be accumulated and fixed in the population through phenotypic selection, thereby genetically 
improving the ivy gourd genotypes. 
Key words: Genetic advance, genotype variability, heritability, ivy gourd. 
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Studies on Genetic Variability in Ivy Gourd

The analysis of variance revealed the existence 
of significant differences for fruit yield and other 
characters indicating the scope of selection for 
development of desirable types. The GCV provides 
a measure to compare the genetic variability 
present in various quantitative traits. In the present 
study, the estimates of PCV were higher in various 
quantitative traits. In the present study, the estimates 
of PCV were higher than those of GCV for all the 
characters indicating environmental influence on 
these characters. Similar results were also obtained 
by Khan et al. (7) in pointed gourd and Basumatary 
(2) in spine gourd. The GCV estimates had close 
agreement with PCV estimates for most of the 
characters, exception being days to 50% flowering, 
indicating that these characters were mostly governed 
by genetic factors. GCV cannot provide a clear picture 
of the genetic gain to be achieved from selection 
unless the heritable fraction of the variation is known 
(Burton, 3), indicating the importance of heritability 
estimation. Heritability in broad sense provides a 
basis for making selection based on phenotypic 
performance of the individual.

In the present study, the estimates of heritability 
in broad sense varied from 5.02 per cent for days 
to 50% flowering to 94.39% for number of fruits per 
plant. High h2

bs estimates were recorded for number 
of fruits per plant, fruit weight, fruit yield per plant, fruit 
length, number of primary branches, petiole length, 
node number at which 1st female flower appears, 
peduncle length and fruit width. The estimate was 
moderate for days to 1st fruit harvest and low for 
days to 50% flowering. High heritability implicated 
high magnitude of heritable portion of variation 
that could be exploited in the selection of superior 
genotypes on the basis of phenotypic performance. 
High heritability estimate was reported for number 
of fruits per plant in sponge gourd (Kumar et al., 
8). Heritability in conjunction with genetic advance 
is more useful than heritability alone in predicting 
the resultant effects for selecting the best genotype 
for a given trait (Johnson et al., 6). The genetic 
advance reveals the magnitude of improvement that 
could be made in a particular character by selecting 
a certain portion of the population in a desired 
direction. The genetic advance (GA) calculated as 
per cent of mean was the highest for fruit yield per 
plant (42.59%) followed by number of fruits per plant 
(38.57%), fruit weight (32.61%) and number of primary 
branches (31.50%). All these estimates were found to  
be high.

High heritability combined with high genetic 
advance is desirable for the selection-based genetic 

improvement of a character. In the present study, 
high heritability coupled with high genetic advance 
was observed for number of fruits per plant, fruit 
weight, fruit length, number of primary branches 
and fruit yield per plant, which were indicative of 
preponderance of additive and additive × additive 
type of gene interaction. The desirable additive 
genes for these characters could be accumulated 
and fixed in the population through phenotypic 
selection, thereby genetically improving the ivy gourd 
genotypes. 
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The integrated nutrient management (INM) 
practices, which include the use of organic resources 
and inorganic fertilizers (off-farm input), are known to 
modify the fertility status of the soil as well as the soil 
conditions. Till now, very little attention has been paid 
to sustain the soil productivity while minimizing the 
dependence on chemical fertilizers. Consequently, 
the use of organic manures supplemental source 
of fertilizers declined the production substantially. 
The continuous cropping with cereal after cereal 
crop rotation raised the question of sustainability of 
the system, which is highly dependent on chemical 
fertilizers and crop has started to give the signals 
of declining in yield. However, integrated approach 
of plant nutrient management system improves soil 
fertility and maintains soil health without affecting 
the yield of crops by (Bandanur et al., 1). Combined 
application of vermicompost alongwith recommended 
levels of NPK fertilizers have been reported to 
enhance the nutrient status of soil with improvement 
in organic carbon as well as soil physical properties 
(Vyas et al., 10) keeping the above points in view 
the present study was planned and executed  
accordingly.

A field experiment was conducted at Vegetable 
Research Farm, JNKVV, Jabalpur during four 
seasons for two years. The soil of the experimental 
field was sandy loam, which was neutral in reaction 

(7.2 pH), low in organic carbon (0.41%), medium 
in available nitrogen (234.8 kg ha-1), phosphorous 
(12.6 kg ha-1) and potassium (335.4 kg ha-1). There 
were 15 treatment combinations comprising three 
doses of vermicompost (V1: 3 t vermicompost ha-1, 
V2: 4 t vermicompost ha-1 and V3: 5 t vermicompost 
ha-1) and three fertility levels of chemical fertilizers 
(NPK), i.e. (F1: 40:30:30 kg NPK ha-1 (50% RDF), 
F2:60:45:45 kg NPK ha-1 (75% RDF), and F3: 80:60:60 
kg NPK ha-1 (100% RDF). These treatments were 
arranged in a randomized block design with three 
replications. Vermicompost contained 1.5% N, 1.2% 
P2O5 and 1.2% K2O. The full dose of phosphorous and 
potassium as well as vermicompost was applied as 
basal as per the treatments. The nitrogen was given 
in three split doses, 1/3rd as basal, and remaining 
2/3rd in two equal split doses at 30 and 45 DAS. The 
seeds of okra variety Parbhani Kranti were sown and 
recommended agronomical practices were followed 
to grow successful crop during summer and kharif 
season for two years. The data pertaining to number 
of nodes per plant, fruits per plant, root length and dry 
weight and yield were recorded. Change in available 
soil nitrogen, phosphorous and potassium contents, 
organic carbon content and pH were recorded after 
four succeeding crops following standard procedures. 

The plant height, number of nodes, root length, 
and root dry weight were significantly influenced 
due to application of vermicompost and fertilizers 
(Table 1). Incorporation of vermicompost as a source 
of nutrients improved the yield and yield attributes 
significantly. The tallest plants (104.6 cm), higher 
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nodes plant-1 (15.8), root length (53.4 cm), and root 
dry weight (4.87 g) as well as the yield (91.0 q ha-1) 
were noted with vermicompost 5 t alongwith 80:60:60 
kg NPK ha-1. These parameters and yield were 
reduced with the reduction of vermicompost levels. 
The beneficial effect of vermicompost on root shoot 
growth and production of fruits might be attributed 
to the mineralization the macro- and micro-nutrients 
during the process of vermicomposting into the 
available form. Further, vermicompost has several 
bio-humic substances, which highly beneficial to 
plants (Masciandaro et al., 4). These hormones 
based humic substances promote plant growth, 
induction of flowers and formation of lateral roots, 
which enhanced the uptake of nutrients by the plants 
(Shroff and Devasthali, 7). The increasing levels 
of fertilizer from 40:30:30 kg NPK ha-1 alongwith 
vermicompost 5 t ha-1 increase the fruit yield of 60.9 
to 90.09 q ha-1. Further, it was noted the integration of 
chemical fertilizer and vermicompost might increased 
the availability of nutrients and presence of growth 
promoting substances required for branching, 
flowering, and fruit set, which ultimately resulted in 
increased fruit yield. 

Application of organic manures and inorganic 
fertilizer significantly increased the buildup of available 
N in the soil. The amount of average nitrogen contents 
in soil gradually increased over the season and initial 
amount (234.8 kg ha-1) in respect to crop treatment 
(Table 1). The higher amount of N (255.6 kg ha-1) 
was recorded in the treatment where recommended 
levels of NPK alongwith 5 t ha-1vermicompost was 
applied closely followed by 75 per cent RDF + 5 
t ha-1 vermicompost (254.3 kg ha-1). Addition of 
vermicompost improves the physical properties 
of soil thus creating the favourable conditions for 
microbial activity resulting in better nutrient availability. 
These findings are in agreement with the results of 
Mishra et al. (6), which might be due to application of 
organic matter releasing nitrogen under the process 
of mineralization (Maiti et al., 3). Further, it was 
also noted that, increasing dose of vermicompost 
and percentage of RDF increased the amount of N 
content in soil. The combined application of RDF and 
vermicompost proved to be superior over subsequent 
higher percentage of RDF alone. Earlier, Islam et al. 
(2) enhancement in available N content of soil due to 
addition of organic and inorganic fertilizer in cabbage-
brinjal-red amaranth cropping system.

The amount of average P and K in soil also 
recorded in gradual increase with the increase in dose 
of vermicompost used either alone or in combination 
of RDF. The highest amount of P (17.3 kg ha-1) and K 
(312.0 kg ha-1) was recorded where 5 t vermicompost 
was applied with 100% of RDF. Furthermore, 75 

percent of RDF along with either of the dose of 
vermicompost registered its superiority over 100% 
RDF alone in case of phosphorus and potassium 
content in soil. Such increase in P and K in soil might 
be explained by release of P from the applied organic 
matter after mineralization and K due to positive 
interaction with the micronutrients like Zn and Mn 
present in the vermicompost. Moreover, release of P 
and K in the soil from unavailable to available form 
because of reaction of organic acid produced after 
decomposition of organic manure (Singh et al., 8). 
Earlier, Tiwari et al. (9) who observed improvement 
in P and K content of soil with the application of NP 
& K alongwith manures (15 t ha-1). 

Significant improvement in physico-chemical 
properties of soil was observed by use of different 
nutrient sources of (Table 1). The mean changes 
in soil pH showed the significant variation among 
different treatments. The change in pH varied from 
7.20 to 7.63 recorded after three season crops, 
being significantly increased in pH (7.63) over the 
initial value (7.20) in the treatment receiving 5 t 
ha-1 vermicompost alongwith 100% RDF followed 
by 4 t ha-1 vermicompost. The decrease in soil 
pH may be attributed to the continuous use of 
vermicompost, which releases various organic acids 
upon its decomposition and leaching of salt to lower 
soil layers during raining season. These results are in 
close conformity with the findings of Masciandaro et 
al., 7). Singh et al. (14) reported decrease in pH and 
EC of soil under farm yard manure application due 
to the higher activities of Al3+ and continuous release 
of basic cations upon it decomposition.

The amount of organic carbon content in soil 
significantly increased in subsequent years with 
respective INM treatments. The maximum amount 
of organic carbon content (0.58%) was recorded 
after harvest of four crops under 100 per cent RDF 
(NPK) alongwith vermicompost 5 t ha-1 closely 
followed by 100 per cent RDF(NPK) + vermicompost 
4 t ha-1. Further, it was also noted that increasing 
dose of vermicompost significantly increase the 
organic carbon. The amount of organic carbon 
was higher where vermicompost was applied. 
An increase in organic carbon may be due to 
application of vermicompost, which might have added 
organic matter directly to the soil (Korwar et al., 4; 
Methew and Nair, 10; Rajendra et al., 12). Addition 
of vermicompost either alone or in combination 
of recommended dose of fertilizer in okra crop 
markedly. Change in porosity of soil reflected in 
the form of bulk density. The plots receiving 4 and 
5 t ha-1 vermicompost either applied alone or in 
combination of 75 and 100% recommended dose 
of NPK recorded the lowest value (1.33 to 1.34 mg 
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m-3). Further, lower dose of vermicompost did not 
brought out significant change over RDF alone. 
The porosity of soil increased due to addition of 
vermicompost and thus brought significant change 
in bulk density and higher bulk density values under 
fertilizer alone (1.38 mg m-3). Effect of vermicompost 
was more pronounced when it was applied with 
recommended dose of fertilizers. The increasing 
dose of vermicompost showed positive deterioration 
in bulk density and compactness of the soil particles. 
These findings are in agreement with the results of 
Mishra et al. (11).
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Dry flowers and plant materials have established 
a tremendous potentiality as a substitute for fresh 
flowers and cut foliage for vase decoration, along 
with other artistic and commercial purposes in 
exteriors and interiors. The dry flower industry is 
gaining popularity among the consumers as they are 
inexpensive, long-lasting and eco-friendly products 
that are available throughout the year. The demand 
for dry flowers has increased manifold in the last 
decades and increasing at an impressive rate of 
8-10% annually, thus offering immense opportunities 
for the Indian entrepreneurs to enter the global 
floriculture trade. The contribution of dry flower 
industry is 77.1% followed by cut flowers, bulbs 
and rhizomes, cut foliage and others. Gomphrena 
globosa L. is a popular commercial flower grown in 
the southern districts of Tamil Nadu, used for garland 
making and also as a cut flower. Due to its dry papery 
bracts of flowers, it is highly suitable for making dry 
flower products. A number of value-added products 
like garlands, potpourri, button holes and flower 
arrangements etc. can be prepared from the dry 
flowers. However, there is limited literature available 
on drying methodology of Gomphrena globosa L. and 
therefore, the present studies were undertaken to find 
out the suitable technique of drying of gomphrena 
flowers in two cultivars Magenta and White.

The experiment was conducted in the Floral 
Craft Laboratory, Department of Floriculture and 
Landscape Architecture, Dr YS Parmar University of 

Horticulture and Forestry, Nauni, Solan, HP. Nursery 
of G. globosa ‘Magenta’ (GGM) and G. globosa ‘White’ 
(GGW) plants was raised and then transplanted in the 
experimental plots. The department and flowers were 
harvested for drying in July-August. The experiment 
was conducted in a Completely Randomized Design 
(factorial). The experimental material consisted of 
two cultivars of G. globosa ‘Magenta’ (GGM) and 
G. globosa ‘White’ (GGW), with treatments of two 
desiccants (silica gel and mixture of sand and silica 
gel), three microwave oven drying time (3, 4 and 5 
min.) and three setting durations (24, 48 and 72 h) 
with three replications. The freshly harvested flowers 
were carried to the laboratory and observations 
on flowers size and weight of fresh flowers were 
recorded. Heat resistant plastic containers were filled 
evenly with the desiccants up to 10 cm of height and 
flowers were placed evenly on the respective media. 
The media was evenly distributed so as to equalize 
the pressure on all sides of the flower. After this, the 
plastic containers were put in the microwave oven 
for specified microwave time (3, 4 and 5 min.) and 
setting duration for drying (24, 48 and 72 h). Both 
the quantitative as well as qualitative observations 
like flower weight, size, colour, texture, brittleness 
and shape retention were recorded. The quality of 
dried flowers was judged on the basis of their colour, 
texture, brittleness and shape retention. The scores 
were given on the basis of 9-point hedonic scale 
suggested by Peryam (9) and a modified score card 
was developed.

Studies on microwave oven drying of Gomphrena globosa L. ‘Magenta’ 
and ‘White’
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ABSTRACT
Present investigation was carried out to standardize the medium and temperature for drying of Gomphrena 

globosa L. Two cultivars ‘Magenta’ (GGM) and ‘White’ (GGW) were dried in silica gel and mixture of sand and 
silica gel for 3, 4 and 5 min. in microwave oven with 24, 48 and 72 h setting durations. It was observed that 
maximum moisture loss was recorded in flowers embedded in silica gel and dried for 5 min. with 72 h setting 
time in cvs Magenta and White, respectively. The maximum decrease in size was recorded in flowers embedded 
in silica gel and kept for 5 min. with 72 h setting time in cvs Magenta and White, respectively. However, the 
maximum scores for quality parameters (out of a total of 20) based on colour, texture, brittleness and shape 
retention were obtained when flowers were embedded in silica gel and kept for 3 min. with 72 h setting time in 
cv. Magenta and for 3 min. and kept for 24 h. setting in cv. White.
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There was a significant effect of media, microwave 
time and duration on drying and quality parameters of 
both the cultivars. Out of the two desiccants used for 
drying of ‘Magenta’ and ‘White’, maximum moisture 
loss was recorded when flowers were dried in silica 
gel as compared to flowers dried in a mixture of 
sand and silica gel (Table 1). Amongst the different 
microwave treatments, the maximum moisture 
loss was recorded when flowers were dried for 5 
min. and minimum moisture loss was recorded in 
case of 3 min. drying. Among the setting durations, 
the maximum moisture loss was recorded in the 
flowers of ‘Magenta’ and ‘White’ kept at a setting 
duration of 72 h, whereas minimum moisture loss 
was observed in 24 h setting duration. Flower drying 
using microwave oven after embedding in silica gel 
had been reported as the quickest method of drying 
earlier also (Paparozzi and McCallister, 8). Drying 
of both the cultivars ‘Magenta’ and ‘White’ in silica 
gel increased the moisture loss from the flowers as 
compared to the mixture of sand and silica gel. This 
might be due to the strong hygroscopic nature of 
silica gel which leads to the rapid removal of moisture 
from the flowers. These results are in accordance 
with dehydration of Zinnia flowers reported by Singh 
et al. (10) that the maximum moisture loss was 
observed when flowers were embedded in silica gel 
as compared to sand or borax.

In case of decrease in size of both ‘Magenta’ and 
‘White’, the maximum decrease in size was obtained 
when flowers were dried in silica gel as compared 

to the mixture of sand and silica gel. Earlier, Bhalla 
et al. (1) also reported the maximum size reduction 
in chrysanthemum flowers following the silica gel-
microwave treatment over sand media and reduction 
in flower size was ascribed to the properties of the 
media. In case of drying time, the maximum decrease 
in size was recorded for 5 min. drying and minimum 
was recorded in 3 min. drying of cvs Magenta and 
White. The maximum reduction of flower size at higher 
temperature and for prolonged durations has also 
been reported by earlier workers (Moona, 6). Among 
the different setting duration, it was found that those 
flowers, which were given a setting duration of 72 h 
resulted in the maximum decrease in size in both the 
types of gomphrena flowers.

On comparing the effect of different drying media 
under study on quality parameters of dried flowers 
of ‘Magenta and ‘White’ (Table 1) more scores were 
attained by those flowers, which were embedded in 
silica gel as compared to the mixture of sand and 
silica gel. Hemant et al. (4) also reported that drying 
of cut roses in microwave oven after embedding in 
silica gel retains good dry flower quality in terms 
of flower colour, shape, pigment retention and 
longevity. Amongst microwave time under study, 
the maximum scores were allotted to those flowers 
which were dried for 3 min. (in case of ‘Magenta’) 
and 4 min. (in case of ‘White’). In case of setting 
duration, the maximum score was obtained by the 
those flowers of ‘Magenta’ which were kept for 72 h 
and in case of ‘White’ it was 48 h.

Table 1. Effect of drying media, microwave time, setting duration on moisture loss (%), decrease in size (%) and 
quality parameters of Gomphrena globosa ‘Magenta’ and ‘White’.

Treatment Moisture loss
(%)

Decrease in size 
(%)

Quality parameters
(score out of 20)

GGM GGW GGM GGW GGM GGW
Silica gel M1 69.41 70.04 14.66 13.33 18.06 17.76
Sand: silica gel (50:50 v/v) M2 63.88 63.80 11.89 7.90 16.87 16.39
3 min. T1 59.45 63.54 9.86 9.06 17.94 17.14
4 min. T2 68.01 66.22 12.72 10.11 17.76 17.42
5 min. T3 72.47 71.00 15.70 12.67 16.70 16.64
24 h D1 57.90 64.24 9.28 7.58 17.28 17.00
48 h D2 67.44 66.13 12.80 10.53 17.50 17.18
72 h D3 74.58 70.39 16.20 13.73 17.62 17.03
CD at 5% M 0.92 0.55 0.56 0.50 0.11 0.10

T 1.13 0.67 0.69 0.61 0.14 0.12
D 1.13 0.67 0.69 0.61 0.14 0.12

Score card for evaluating the quality of dried flowers (modified after Peryam, 1957) (Score out of a total of 20), Flower colour and 
Shape retention: 5 = Excellent; 4 = Very good; 3 = Good; 2 = Poor; 1 = Very poor; Texture: 5 = Smooth; 3 = Medium; 1 = Rough; 
Brittleness: 5 = Intact; 3 = Slightly brittle; 1 = Brittle
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In case of interaction of drying media × microwave 
time × setting duration (Table 2) the maximum moisture 
loss in ‘Magenta’ & ‘White’ was recorded in flowers, 
which were embedded in silica gel and kept for 5 
min. in microwave oven with 72 h setting, whereas, 
the minimum moisture loss in ‘Magenta’ flowers was 
recorded, which were embedded in a mixture of sand 
and silica gel and kept in microwave oven for 3 min. 
with the setting period of 24 h, whereas, in case of 
‘White’ moisture loss was minimum when flowers 
were embedded in a mixture of sand and silica gel 
and kept in microwave oven for 3 min. with 48 h 
setting duration.

The decrease in size in both the strains of 
gomphrena flowers was found maximum in flowers 
which were embedded in silica gel and kept for 5 
min. in microwave oven with 72 h setting duration, 
whereas, the minimum was recorded in the flowers 
which were embedded in a mixture of sand and 
silica gel and kept in microwave oven for 3 min. 

with 24 h setting duration. Kher and Bhutani (5), 
while describing the properties of sand with respect 
to drying of flowers reported that fine sand does 
not react with the water vapour released during 
the process of drying as in the case of silica gel 
and borax. It allowed the water vapour to escape 
freely, thereby, causing minimum moisture loss and, 
therefore, size reduction was minimum in case of 
mixture of sand and silica gel. 

In case of quality parameters (Table 2), the 
maximum score was attained by the flowers of 
‘Magenta’, which were embedded in silica gel and 
dried for 3 min. in microwave oven kept for 72 h setting 
duration, while in case of ‘White’ maximum score was 
given to those which were embedded in silica gel 
and dried for 3 min. in microwave oven kept for 24 
h setting duration, whereas, the minimum score was 
attained by the ‘Magenta’, which were embedded in a 
mixture of sand and silica gel and dried in microwave 
oven for 5 min. and kept for 48 h setting durations. 

Table 2. Interaction effect of drying media, microwave time, setting duration on moisture loss (%), decrease in size 
(%) and quality parameters of Gomphrena globosa ‘Magenta’ and ‘White’.

Treatment
Moisture loss 

(%)
Decrease in size 

(%)
Quality parameters
(score out of 20)

GGM GGW GGM GGW GGM GGW
Silica gel + 3 min. + 24 h M1T1D1 52.52 64.86 9.67 9.10 18.53 18.60
Silica gel + 3 min. + 48 h M1T1D2 55.49 67.59 12.80 12.58 18.80 18.13
Silica gel + 3 min. + 72 h M1T1D3 65.55 70.36 16.73 14.90 19.20 18.20
Silica gel + 4 min. + 24 h M1T2D1 60.56 64.77 11.10 11.00 18.13 17.80
Silica gel + 4 min. + 48 h M1T2D2 74.84 65.81 12.84 12.88 18.40 18.00
Silica gel + 4 min. + 72 h M1T2D3 80.50 71.55 18.55 15.43 18.60 18.07
Silica gel + 5 min. + 24 h M1T3D1 66.27 69.63 14.63 12.10 16.27 16.80
Silica gel + 5 min. + 48 h M1T3D2 80.50 75.07 17.48 14.51 17.00 17.00
Silica gel + 5 min. + 72 h M1T3D3 88.43 80.69 20.10 17.49 17.60 17.20
Sand: silica gel (50:50 v/v) + 3 min. + 24 h M2T1D1 50.82 61.20 3.84 3.42 16.80 16.00
Sand: silica gel (50:50 v/v) + 3 min. + 48 h M2T1D2 64.21 55.59 6.46 5.93 17.40 16.00
Sand: silica gel (50:50 v/v) + 3 min. + 72 h M2T1D3 68.10 61.63 9.63 8.43 16.93 15.93
Sand: silica gel (50:50 v/v) + 4 min. + 24 h M2T2D1 55.68 64.51 7.77 3.74 17.20 16.40
Sand: silica gel (50:50 v/v) + 4 min. + 48 h M2T2D2 63.43 69.20 11.52 6.22 17.20 17.67
Sand: silica gel (50:50 v/v) + 4 min. + 72 h M2T2D3 73.05 61.46 14.55 11.45 17.00 16.60
Sand: silica gel (50:50 v/v) + 5 min. + 24 h M2T3D1 61.58 60.48 8.65 6.11 16.73 16.40
Sand: silica gel (50:50 v/v) + 5 min. + 48 h M2T3D2 66.17 63.53 15.68 11.14 16.20 16.27
Sand: silica gel (50:50 v/v) + 5 min. + 72 h M2T3D3 71.86 76.61 17.67 14.66 16.40 16.20
CD at 5% MxTxD 2.76 1.64 1.68 1.49 0.34 0.30

M1 : Silica gel T1 : 3 min. D1 : 24 h
M2 : Sand: silica gel (50:50v/v) T2 : 4 min. D2 : 48 h

T3 : 5 min. D3 : 72 h
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In case of ‘White’ flowers, the minimum score was 
attained by those which were embedded in a mixture 
of sand and silica gel and dried in microwave oven 
for 3 min. and kept for 72 h setting. In the present 
studies, the maximum score on quality parameters 
was given to those flowers, which were dried for 3 
min. in microwave oven, however with the increase 
in microwave time, quality was also deteriorated for 
different parameters, also reported by Biswas and 
Dhua (2) in microwave drying of cut carnation where 
the lowest duration of 2 min. showed the best results 
in both the ‘Cano’ and ‘Kristina’ when assessed in 
respect of colour, texture and appearance of dried 
flowers as compared to drying durations of 3 and 4 
minutes.

The shedding of bracts was found to be more 
in silica gel embedded flowers might be due to the 
strong hygroscopic nature of silica granules, which 
makes the flower more brittle with maximum moisture 
removal and because of prolonged microwave drying 
time, bracts drop off even with slight pressure. This is 
also in accordance to the findings of Chandrasekhar 
et al. (3) on standardization of drying techniques of 
carnation ‘Master’ where maximum petal loss was 
noticed with silica gel and borax in comparison to 
quartz sand. The efficacy in retention of colour and 
texture in sand and silica gel was also confirmed by 
Pamela (9). 

Our experimental findings clearly demonstrate 
that silica gel embedding coupled with microwave 
drying was the most suitable dehydration method for 
the two examined strains of gomphrena flowers and 
silica gel embedding resulted in better colour, texture 
and brittleness when dried at 3 min. microwave oven 
drying time as compared to other treatments. Thus 
it can be concluded that embedding of G. globosa 
‘Magenta’ in silica gel in microwave oven for 3 min. 
and for 72 h as setting duration was found to be the 
best method which scored the maximum for quality 
parameters, whereas, in case of G. globosa ‘White’ 
the highest score was obtained by the flowers which 
were embedded in silica gel and dried for 3 min. with 
24 h setting duration. 
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AWARDS

HSI-Shivsakthi Life Time Achievement Award in 
Horticulture: This award was instituted in 2006 with 
corpus money donated by M/s Shivsakthi Biotech 
Plantec. Ltd., Hyderabad. It is an apex award given 
every year by the Horticultural Society of India. The 
award is open to all individuals engaged in research/ 
development related to Horticulture or any related 
disciplines in India. The awardees should have made 
outstanding contributions as a lifetime achievement 
in the field of horticultural research/ development 
resulting in significant impact on quality of life of 
people in India. The award consists of cash prize of 
Rs. 51,000/-, a medal and a citation. 

HSI-Dr B.R. Barwale Young Researcher Award 
in Horticultural Biotechnology (Doctoral Thesis 
Research): This award has been instituted in 2016 in 
the name of Dr B.R. Barwale, Founder & Chairman, 
from the donation made by M/s Maharashtra Hybrid 
Seeds Company (Mahyco) Ltd., Jalna. The award 
is given annually to a student/ applicant from any 
Indian University/ Deemed-to-be-university/ institute 
for the best doctoral thesis related to Biotechnological 
interventions in Horticultural Crops submitted in 
immediate preceding year. The award consists of a 
cash prize of Rs. 25,000/ a medal and a citation.
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Director General (Horticulture), Indian Council of 
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his father Late Sh. D.P. Ghosh. This award is given 
annually to a young scientist (not more than 45 years 
of age on January 1, of respective year), who has 
made significant contributions in any frontier area of 
horticultural sciences as evidenced from publications, 
technology development, patents etc. The award 
consists of a cash prize of Rs. 25,000/-, a medal and 
a citation.

Shri Girdhari Lal Chadha Memorial Medal in 
Fruit Science: This award was instituted in 1992 
with the money donated by Dr K.L. Chadha, former 
DDG (Hort.), ICAR and President, the Horticultural 
Society of India. The award is given in the memory of 
his father late Shri Girdhari Lal Chadha to promote 
Fruit Science research and development. The award 
is given to a scientist, who has made significant 
contributions and displayed leadership in the field 
of Fruit Science (including plantation crops) as 
evidenced by publications, varieties, technology 
development, patents etc. The award consists of a 
medal and a citation.

Dr Kirti Singh Medal in Vegetable Science: This 
award was instituted in 2004 and renamed as Dr Kirti 
Singh Medal in 2007 with the money donated by Dr 
Kirti Singh, former Chairman ASRB, New Delhi and 
Senior Vice President, the Horticultural Society of 
India. The award is given to a scientist, who has made 
significant contributions and displayed leadership in 
the field of Vegetable Science (including tuber crops 
and spices) as evidenced by publications, varieties, 
technology development, patents etc. The award 
consists of a medal and a citation.

Dr Manmohan Attavar Medal in Floriculture: 
This award was instituted in 2004, renamed as Dr 
Manmohan Attavar Medal in 2016 with the corpus 
money donated by Dr Manmohan Attavar, Chairman, 
Indo-American Hybrid Seed Company, Bengaluru. This 
award is given to a scientist, who has made significant 
contributions and displayed leadership in the field of 
Floriculture (including medicinal and aromatic plants) 
as evidenced by publications, varieties, technology 
development, patents etc. The award consists of a 
medal and a citation.

Dr J.C. Anand Memorial Medal in Post-Harvest 
Technology: This award was instituted in 1992 from 
the donation made by Dr J.C. Anand, former Project 
Coordinator (Post-Harvest Technology of Horticultural 
Crops) at the Indian Agricultural Research Institute, 
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New Delhi. This award is given to a scientist, who 
has made significant contributions and displayed 
leadership in the field of post-harvest management 
of horticultural crops as evidenced by publications, 
technology development, patents etc. The award 
consists of a medal and a citation.

Best Research Paper Award: This award has been 
instituted in 2004 and is given for the best research 
paper published in the Indian Journal of Horticulture 
every year considering four issues of the journal. 

FELLOWSHIPS 
The Horticultural Society of India invites 

nominations for the following Fellowships. 

Fellow of the Horticultural Society of India (FHSI): 
Nominations of the eligible distinguished scientists, 
who have made significant contributions and displayed 
leadership in the field of Horticulture as evidenced by 
their publications, technology development, patents 
and other recognitions. Fellows will be nominated 
/ selected from among those who have been Life 
Members of the Horticultural Society of India atleast 
for 5 years. Life members of the Society up to the 
age of 65 years will only be eligible for induction as 
Fellows. Nominations for fellowship is made only 
by the existing fellows of the Society in the given 
proforma (Annexure II). A fellow can make only two 
nominations per year (Annexure III). Nominations 
will remain valid for a period of 3 years. Fellows will 
be inducted after evaluation of their contributions as 
per guidelines prescribed by the Executive Council 
of the Society. Besides above, there are three more 
categories of fellowships instituted from 2007.

Foreign Fellow of HSI (FFHSI): This fellowship 
is to induct scientists working abroad and who 
have contributed significantly in Research and 
Development in any sub-disciplines of Horticulture 

and allied areas. The nominations(s) for the same are 
invited and finally approved from the members of the 
Executive Council only. Initially, there was no limit for 
this fellowship while later a maximum of two Fellows 
per year was decided to be inducted. The fellows 
who are nominated in this category are required to 
pay an admission fee of US$ 200 through bank draft 
drawn in favour of the Horticultural Society of India 
payable at New Delhi.

Honorary Fellow of HSI (HFHSI): This fellowship is 
open to any Indian citizen other than life members 
of the HSI associated with Research & Development 
organization, NGO, private sector, industry, 
progressive farmer, SHG, Cooperatives etc. who 
have significantly contributed towards the upliftment 
of horticultural research and development in the 
country. The Executive Council members will identify 
and nominate such candidate(s) maximum two per 
year. This fellowship will be chargeable as decided 
by the EC members. Duly completed nomination 
forms for above three categories of fellowships, 
in duplicate, should be sent by the proposer, who 
should be a Fellow of the Horticultural Society of India 
(Annexure I) to the Secretary, the Horticultural Society 
of India, F1 Block, National Society's Block, National 
Agricultural Science Centre Complex, Todapur, Pusa 
Campus, New Delhi - 110 012, India.

Corporate Membership: The society has made a 
provision of Corporate Membership since 2007. The 
society started a foundation fund for which it can 
accept the donations for development of horticulture. 
The companies/ organisations relevant to horticulture 
can become the Corporate Member by paying a 
membership fee of Rs. 5.0 lakh to the society. The 
nominations can be received any time during year.

NB : For details of Guidelines and Application 
proforma e-visit www.hsi1942.in 
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