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The findings of present investigation revealed that the application of 80 kg farm yard manure (FYM) per
plant significantly increased trunk diameter (9.47%), fruit yield 125.22 kgitree), number of fruits (212.75
fruitsitree), average fruit weight 1118.22 g), fruit diameter (5.96 cm), fruit tength (S.58 cm), volume of fruit
(129.71 ccl, peel weight (32.95 g), weight of sacs (85.27 g), juice percentage (48.30%), TSS (12.i1 .B),
ascorbic acid (26.37 mg/100 g edible portion), total sugar (6.63%), reducing sugar (2.92%), non-reducing
sugar (3.71%), juice acidity (0.79%) (significantty minimum), phosphorus soit at 1S to 30 cm depth
('12-50%\, soil potassium at 0 to 15, 15 to 30 and 30 to 60 cm depths (0.74, 2.27 and O.ZSy., respectivety),
leaf nitrogen (28-17%1, leaf potassium (6.28%), teaf zinc \27.8a%1, teaf iron (5.47%) and minimum 29.92
days to 75% flowering, 52.58 days to fruit set at initial stage and 6.33% fruit drop at maturity. Whereas,
application of FYM 60 kg per plant gave maximum B:C ratio (2.30) and net return 138472-31 Rs/ha). The
application of 750 g nitrogen per plant gave significant maximum trunk diameter (8.99%), average
weight (118.19 g), diameter (6.06 cm) and length of fruit (5.53 cm), peet weight (33.38 g), weight of sacs
(84.80 g), volume of fruit (132.31 cc), titrable acidity (0.83%), teaf nitrogen (25.25%), teaf zinc (24.37%1,
leaf iron (3.46%) and minimum 55.60 days to fruit set at initial stage and 6.79% fruit drop at maturity.
While the application of 500 g nitrogen per plant increased number of fruits (204.20 per plant), yield
(23.19 kg per plant, TSS (11.37 "B), ascorbic acid (25.66 mgi100 g edibte portion), totat sugar (6.30%),
reducing sugar (2.83%), non-reducing sugar (3.48%), B:C ratio (2.55), net return (39212.93 Rs./ha) and
minimum 31.33 days to 75% flowering. The combined application of 80 kg FyM and 750 g nitrogen per
plant led to significant increase in plant height (15.20%1, spread (N-S, 18.03%; E-W, 18.99%), canopy
vof ume (81.81%), soil nitrogen at different depths (0 to 15 cm, 4i.78%i 15 to 30 cm, 51.36% and 30 to 60
cm, 27 .71o/o\ over initial level.

Key words: Farm yard manure (FYN/) nitrogen,
economtcal treatments, sandy soils, fruit yield.

INTRODUCTION

Citrus is the leading fruit crop of the world. tt belongs to
the family Rutaceae and sub-family Aurantoideace. A

kinnow mandarin soil and leaf anaiysis, hot arid region,

large number of crtrus species are widely grown in India.
Kinnow is an econornical inrportant subtropical fruit grown



e -:s: ail over the arid and semi-arid regions of India.
,,,-3-e rrfigation facilities are available. Among fruit crops,
( ^-:rv mandarin is an important crop of hot arid region
:'ia-asthan. In Rajasthan, total area under fruit crops is
,14 5 iousand ha with production of 716.8 thousand l\,4T.
::- < nnow cultivation, Sriganganagar District is on prime
::s: cn with 15.2 000 ha area and 27.2 000 Mf
:-::-:tion followed by Hanumangarh and Bikaner
: s:-::s of North-west Rajasthan (Anonymous,2013).

'.: ,,.adays, its production as well as quality is
:-::-crating day by day because farmers do not know
:-: --rritional value of fruit orchards: and also because
:-3 s:. oi hot arid regions is not fertile; it has low carbon
-^: -:logen contents, which are essential fof growth and
::,: spment of plants. To increase the fruit production in
::-s 3f quantity and quality, farmers have to meet the
-::-a:ional standards in order to compete in the global
- a'< a:

==- yard manure (FYN4) provides essential nutrients
.:-: ,,,lth organic matter to the plant rhizosphere. FYI\,4

: :: e-'rances soil porosity and water holding capacity of
'--= s: lt also limits the losses caused by leaching and
-: -:a:rs balanced nutrient status of the soil. However.
^:-:::- is the most important essential plant nutrient
r.- :- : ays a great role in increasing vegetative g'owth
:-: --: o'oduction of the plant Nitrogen causes eary
, :: -: -s vegetative groMh and green colour, which
:-;;--s the physiological activities of the plant. Shafma
:-: :-:ora (2000) observeo that nitrogen olayed an
-::::-: -o'e ir increas;ng the growth and yield of sweet
:-=- 4.----. :'rere rs ample scope for increasing the growth
:-::-::lction parameters by using FYNi and nitrogen.

=s::: = 
y by standardizing the economic doses. Hence,

:- -: ,',:-( was carried out to study the effect of FYIV and
-:-:3:- revels on groMh, yield and quality of Kinnow
-a-::- - in sandy soils of hot arid region.

V,:-R-ALS AND METHODS

--: ::aa--ent was carried out at the Research Farm Central_!::-:: ':' Arid Horticulture, Bikaner and Laboratory, Department
:'-:: r-:-'e College o'Ag'ic"lture SKMrJ Bi<a'er Ra.asran'
':- =::_-=J to December 2008. Seven years old unlform and
_aa:__' {__cw trees were used, they were spaced at 6 rn apart
--.'3 ,re': 20 treatment combinations consisting of five levels of
='',' : :: 40. 60 and 80 kg per plant) and four levels of nitrogen
: 2:: ::: and 750 g per plant) This was done to find out their

a=a: :_ sci and plant nutrient and to standardize the best
3::_:- = dose. The experirnent was Jaid out in facto|a
'a-:.-:3: bock design with three replicat ons Full dose of FYM
e_a -:' :ose of nitrogen were applied in the second week of
=::--:-. :-'o-gh basa dose ano l_F rerarnng half oose ot-:':::- .,,?s applied in the second week of July in 2008 The-: :::- n:s aop ed tl'o-gh -rea. U.ea conla.. 4600 nr,oge-

Garhwal et al. 2639

whereas FYM conla ns 0.50% nitrogen 0.25% phosphorus and
050% potassum The orchard so contains 86.41, 22.91 and
234.00 kg/ha ntrogen phosphorus and potassilm, fespective y.

The unform doses of phosphorus (250 g/p ant), potassium (100
g/p anl) and z nc (25 g/planl) were applied through basal dose per
p anl

Growth parameters in terms oi p ant height, spread (N-S and E-
W). trunk diameter canopy vo!me, soil nutrient status related to
nitrogen phosphorus and potassium at three consecutive depths (0
to 15, T 5 to 30 and 30 to 60 cm) and analysis of leaves in relation to
nitrogen, phosphorus, potassjum zinc and lron of Kinnow plants
were measured two times That is, before ianposing treatrnent
(February 2008) and after completron of experiment (December
2008) The oercent incTease in last observat on was calculated on
the basis of inita observation Fina y, results are pfesented as
percent incfease over the nitial one Yield pafan'reter in terms of
fruit yield was noted at varous interva s of harvesting. Number of
fruits was counted in November and l was again confirmed at the
time of harvestng (end of Decembeo. Average weight, diameter,
length of fr!it peel weght, weight of sacs, numbef of seeds, juice
percentage and voume of fruit were recorded by taking flve
representat ve frurts from each tree and were averaged. Growth
and development parameter of fiuits like percentage of fruit drop at
maturity was counted and divided by tota nurnber of ffuits and then
multiplied by 100. The dates of fru t sei at initiai stage and flowering
were recorded by vsual observation. They were expressed as
number of days required to allaln the padiculaf slage on the day
the treatment was applied that is, B"' February 2008.

Qua tatve attribuies like TSS was determined with a hand
refractometer Ascorbic acid was estlmated by titration method
Ac d ty was est mated according to the method sLrggested by official
and tentat ve methods of analysls Total sugar was estimated by
color nretric method Redircing sugar was measured by
aresenomolybdate reagent colo!r developrnent method. Non-
reduc ng sugar was ca culated by reducing sugar from total sugar

The availab e soil nltrogen was determined by Alkaline
Potass uan Permangarlate Method Available soil phosphorous was
extracted us ng 0 5M NaHCO3 solutron and thereafter determlned
by Dickmof and Bray method Available soil and leaves potassium
was determined by Flame photometer Estimation of leaf nitrogen
was done wth wet coorlmetric method Phosohorus in olant
samp es was ana yzed with wel dlgestion of triacid mixture us ng
Varado mo ybdo-phosphr c ye ow colour method on
spectrophotometer Estimation of iron and zinc in plant was
determ ned by Atornic Absorption Spectrophotometer.

n order lo eva late the economic feasib I tv of the treatments. net
retlrns and B:C rato were worked out on the basis of prevailng
rnarket prces so that most Temunerative tfeatrrent could be
tecomTnenoeo.

Climate and weather conditions

Bkanef Drslflct extends from 27"15 ia 29.5' norlh latitldes and
71'54 lo 74'12 east longtudes Bikaner has arid climate with an
ann!a average rainfall ofabout260m.l1. l\,4ore than 80% rainfall is
received durng South'west monsoon season Dufing sumrner, the
max rnurn temperature is as high as 4B"C whie in the winter it falls
to 0'C and sometmes sub-zero Thrs region is prone to high wind
ve ocity and soil erosion. Soi drift ng dLre to high speed w nds leads
to so erosion. This s the major problern ln surnmer The weekly
mean wealher parameters for the period of the experimentation

'C::--sco1d:ng ourhor. L mo :p'e.nho'ii75@gro .cort
Au.h:: ir ogree ihoi this oriicle remoin permonent y open occess under ihe lerms of the Crecrtive Commons Atkibulion
Lice|s. 4.0 Internotionoi License
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4 Max.Temp

--r<- Max. RH (%)

-r-Evaporation (mm/day

tE:'-= -==t-E:1om the l\reteorologic€l Observatory of Agricultural
-:€-= S=o.. Beechwal, Bikaner (Figure 1)

rss-Lrs AND otscusstoN

h Frameters

-- :ura . -ables 1 and 2 show that application of 80 kg
-'\, r- 3art led to significant percentage increase in
r€rr -e-c-: (12.48ya), plant spread (North-South,
- : i:': -si-west , 14.7'l%), canopy volume (58.57%)
zrE -rv Ciameter (9.47%). This might be due to
rE=€ -Jitional status and physical properties of the

=r =-s€. by the addition of FYM. This made the plant
E Jr=r.:.?ter and mineral nutrients better, resulting in
E rE-=s- groMh rate. Similarly, significant groMh of.J.rLi --?darin by the application of FYIM has been
:g-ig -=,red by Dudi et al. (2003).

--€ :: on the effect of nitrogen revealed that the
:icacr :i 750 g nitrogen per plant led to significant
s--r r€.arse in plant height (13.05%), plant spread
\o?-So-:- 13.54%; Easfwest, 14.67 %), canopy

'r-r€ :-'5%) and trunk diameter (8.99%). Application
:t rtr:Ee- 'esulted in vigorous vegetative groMh of the
f:rt -t :;ave the dark green colour of the foliage. This
ia.?J= :'€ photosynthetic activity of the plants and
:r:. s-.-tesis of carbohydrate, which led to the1J-4cr :- amino acids, nucleo-proteins, chlorophyll,
3k3o,= =-C amides. These comolex comDounds are
-s.:r:s:l€ for building up of new tissues and are
?sa|:a=€ *:th a number of metabolic Drocesses. which. :J- 

=.-J-'better development of plants The increase
r f-r.:- zs a result of nitrogen application is obvious.
Sr-ria--. r.:rease in vegetative groMh of fruit plants by
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F€ure L Mean weekly meteorological data recorded during the expefirnent.

the application of nitrogen has also been reported earlier
by Kaul and Bhatnagar (2006) in Kinnow mandarin and
Dhomane et al. (2011) in guava.

The combined application of 80 kg FYM and 750 g
nitrogen per plant significantly led to maximum
percentage increase over the initial one. lt is seen in plant
height (15.20%), plant spread (North-South, 18.03%;
Easlwest, 18.99%) and canopy volume (81 .81%). This
might be due to the fact that combined application of
nitrogen and FYIVI enhances leaf expansion and its dark
green colour which favours photosynthesis and
respiration, hence, growth is enhanced by application of
nitrogen and balanced nutrition provided by FYM. FYM
improves physico-chemical properties of soil, which
provides better conditions for plant growth and
development The findings are in line with the results
obtained in Kinnow (Dudi et al., 2003; Kaul and
Bhatanagar, 2006). Data also revealed that plant spread
was more in E-W direction compared to N-S direction.
This might be due to the fact that the foliage receives
sunlight directly.

Yield characters

The data presented in Table 2 revealed that fruit yield
(25.22 kg/tree), number of 'ttuils (212.75 fruits/tree),
average weight (118.22 g), diameter (5.96 cm), length of
fruit (5.58 cm), volume of ffuit (129.71 cc), peel weight
(32.95 g), weight of sacs (85.27 g) and juice percentage
(48.83%) signifrcantly increased in plants receiving 80 Kg
FYM followed by 60 kg FYlil. This may be due to
incfeased vegetative and reproductive groMh of plant
and better nutrient supply as a resuli of the application of
FYNL It does not only add organic matter and macro and
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l€v€ls on per cenl ineease in planl heioht, plant sprsad (Notlt|-soufi) and (Easr Vveso and canopy volume of Klnnow rnandann
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0.08
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1.11
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0.07
o.21
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0.16

0.46

Nitrogen
0.17

0.50

20

14.08

27.45

41-84
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32.49

0.19

0.5s

Pe.centlncrsase In Plant spr€ad {E-W}
FYil (kgrplsnt)

Percent Increase In canopy volune

. 33a
204!J60
4.46 5.80 6.57

8.18 10.45 15.16
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1A.11 23.a2 25.31

35.55 45.39 54.84

44.79 54.03 72.34
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38.61 46.63 58.57

FYIII

o.12

Nltrogen x FYM

o.24

Nllrogen
0.56

Nltfogon x FYU
1.26

FYM

il|proves the
srl; and hence

gEwth and
sjimihr results

et al. (2010) in
h pornegranate.
.frit nas found

€hrs combined
It is e\rftrent from

the data in Table 2 that signifcant maximum fruit
yield (23.19 lgLrtree), number of ft!..rits (204.20
fruiMree) and juice percentage (48.830/") were
observed in plants receiving 500 g nitrogen.
Vvheaeas, other characte6 such as avemge
weight (118.19 g), diameter (6.06 cm), Iength
(5.53 crn) volqme (132.31 cc), peel weight (33.38
g) and weight of sacs (84.80 g) of fruit increased
significandy by the application of 7509 nitr€en

Der Dlant. lt is due to tlte fact that inqeases in
nikogen doses at 750 g per plant causes
excessive and imbalarrce vegetative gro.rh. This
is caused by the diversion of resen€d food
material to vegebtive grcvrth inst€ad of
reproductive groMh (Dudi et al., 2004 in kinnor/).
It is in accordance with the finding€ of Dhomane
et al. (2011) in guava and Kashyap et al. (20'12) in
pomegranate. Nitrogen leads to inqeased



nlrogen levels on trunk diameler, truit ield, number of trlrils, average w€ighl, diareter and lenglh. peel weighl, weighl of sa.s, no. of seeds and

No. ot
frult6
planli

17.41 la1.4IJ

19.74 192.6
23.'f 9 2U.m
23.42 197.00

0.15 0.98

0.43 2.42

15.97 169.75

14.$ 18,4'_75

20.98 193-50

23.74 207.50

25.22 212.75

o.17 1.10

0.48 3.15

of lrult

93.95

102.13

112.79

118.19

0.50

1.43

93.72

99.48

104.05

r14.35

118.22

0.56
't.60

Dlameter Length
of lrult ot frult
(cm) (cm)

ol frult
(cc)

42.99 1(X.15

46.03 114.32

48.83 124.95

47.44 132.31

o.20 0.63

0.57 1.79

44.16 t06.27

45.24 114.54

46-34 119.97

47.53 125_14

48.30 1n.71
o.22 0.70

0.64 2.00

btrunk yleld tg
dhmeter plant''

3.61

5.43

7-19

8.99

0.16

o.47

3.76

470
5.92

9.47
0.1a

o.52

wolght
of f.ult

5.33

5.60

5.95

6.06

0.02

0_07

5.44

5.76

5.86

5.96

0.03

0.07

5.OO

5.15

5.40

5.53

o.o2

0.06

5.00

5.07

5.26

5.46

5.58

0.02

0.06

26.44

29.25

3r.51

33.38

o.21

0.61

26.45

29.14

30_49

31.80

32.95

0-24

0.69

67.11

72.49

41.24

84.80

0.57

1.62

e7.27

70.35

77.16

82.55

45.27

o.o3

1.81

11.05

11.30

'11.47

11.81

0.35

NS

12.16

11.56

1't.36

11.22

10.73

0.39

fameter, volume, peel
kinnor fruits. This is

increases the
of the plants; and

ca$e could be greater
d€veloping fruits which

(1992) rcported that the prcduction of sweet
oaanges and mandadns ffower and fruit were high
by the application of the highest level of nitrogen
butthe totalyield was maximum by the applic€tion
of medium level of nitrogen. These results are in
accordance with the findings of PEsad and lvlali
(2000) in pomegranate, Dudi et al. (2004) in
Kinnow mandadn, l(aul and Bhatnagar (2006) in
kinnor, Hiwale et al. (2010) in sapota and
Kashyap et al. (201 2) in pomegranate.

Fruit growth and development

The data in Table 3 show that the application of

80 kg FYM per plant led tc significant decrease in
29.92 days to 75% nowering, 55.58 days to fiuit
setat initial stage and 6.33yo ftit drop at matudty,
over the confol. This is because FYM not only
adds organic matter and macro and micao
nutrients to soil, but also improves the physico-
chemic€l properties of soil; and herrce causes
nutritional b€lance of the soil as well as the plant.
Thus, the improved plant grorth and development
caused by nutritional balance reduces lhe days
taken to have 75yo fo^,ering and the days iaken
to have fruit set at initial stage and fruit drop at
matunty stage.

It is also clarifed from the data in Table 3 that
application of 500 g nitrogen per plant signifcaniy

,th of the plant and
size and wejght of the

sink; examples are
ilali, 2000), Kinnolv

(lGshyap et al.,
content caused by

Bight be due to the
is sweet orange
Carranca et al.
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b dEge, nun drop at matudty, B:C ralio and nel r€tums of Kinrpw rn ndarin.
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Gartw€l et al. 26/3
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b have 75olo iowering (31.33
nibogen levels to 750 !y'plant

n oould be regulated by the
h grape. Sharma and Chopra

reae recorded more (32.30).

b the fact that applicalion of
plant causes the diversion of

nEbid to vegetative growth
gfor/th; it also causes

ioa fro\ /er oroduction. Thus.
€a n-rtrogen may be required for
r- Deyal et al (2006) reported t|at

were minimum 55.60 and 6.79 by the application
of 750 g nitrogen per plant, over pfevious levels.
The data revealed that days taken to have fruit sel
at initial stage significantly decreased with
increasing levels of nitrcgen. This is because
nitrogen as an importiant constituent of nudeo-
protiens, amino acrds and amino sugars as

responsible for c€ll division and cell elongation.
The fruit drop percentage at matunty stage
signifc€ntly decreased over control by the
applic€tion of 750 g nitrogen. Nitrogen
applications usually enhance micronutients
uptake and ulilization (Gupta, 1999). Increased
nitrogen rates resulted in more absorption of
water and mineEls ftom the soil. This rcsults in

the maintenance of nutritional and water
reouirement of the olant which reduce the ftuit

drop. Singh et al. (2003) reported the increase in
fruit sel and decrease in fiuit drop as a result of
nitrogen application in sapota. This mighl be due
to increase in auxin conbnt. Sharma et al. (2003)
reported that the increased doses of nitrogen in
phalsa signifcanuy rcduced fruit drop.

Qualily attributes

The data in Table 3 revealed that the application
of 80 kg FYM per dant resufted in significant
increase in TSS (12.11 'B), ascobic acid (26.37
mg/100 g edible portion), tobl sugar (6.63%),
reducing sugar (2.92%), non-reducing sugar
(3.71olo), but signifcant decrease in juice acidity
(0.79ol"). This might be due to good nwient

t|at nitirogen is considered to be
in the produclion of leaves,

in Blood Red sweet orange.
bken to have truit set at initial

Pe{centage at maturity stage
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gatus, improved plant conditions, efficient functioning of
baf area and increased photosynthetic activity. These
results are in conformity with the results obtained by
Sharma et al. (2003) in pomegranate and Singh and
Banik (2011) in mango.

It was further observed that significant increase in TSS
(11.37 'B) was recorded by the application of 500 g
nitrogen per plant. This is because adequate dose of
nitrogen stimulates the functioning of number of enzymes
h the physiological process which may have increased
Itle total soluble solid content of the fruits. The highest
ascorbic acid content (25.66 mg/100 g edible portion)
was found significant by the application of 500 g nitrogen
p€r plant. This might be due to the catalytic activity of
several enzymes which participate in the biosynthesis of
ascorbic acid and precursor. The sugars (total, reducing
and non-reducing) (6.30, 2.83 and 3.48%) increased
significantly by the application of 500 g nitrogen per plant.

The highest mean values for sugars with the
application of nitrogen could be attributed to the
hvolvement of nitrogen in various energy sources like
amino acids and amino sugars. Application of 750 9
nitrogen per plant decreased the TSS, ascorbic acid,
sugars (total, reducing and non-reducing). This is
because when it reaches the toxicity level, it decreases
other enzymes and nutrient molecules which help in the
synthesis of these quality attributes. These results are in
conformity with the results obtajned by Prasad and Mali
(2000) in pomegranate, Kaul and Bhatanagar (2006) in
Kinnow and Kashyap et al. (2012) in pomegranate.

The acidity of fruit juice (0.83%) signincantly increased
by the application of the highest dose of nikogen (750 g
p€r plant). This is due to increased synthesis and
Fanslocation of organic acids in the fruits as cited by
Prasad and N/ali (2000) in pomegranate. Similar Ilndings
rere earlier reported by Sharma et al. (2013) in guava.

Soil analysis

An analysis was carried out on the soil's three distinct
byers of nitrogen content: 0 to 1 5, 15 to 30 and 30 to 60
crn. Data in Table 4 revealed that nitrogen content
ho'eased significantly with increased levels of FYM. The
maximum increase in nitrogen content (37.88,46.23 and
25.44oh) was found in 0 to 15, 15 to 30 and 30 to 60 cm
soil depths, respectively by the application of 80 kg FYIM
per plant followed by 60 kg FYM per plant. But, it was
minimum in control.

The data on soil nitrogen content at different soil depths
showed that soil nitrogen content increased significantly
with continuous increase in the levels of nitrogen. The
maximum increase in nitrogen content (36.1 1 , 46.03 and
25.73o/o) was found in 0 to 15, 15 to 30 and 30 to 60 cm
soil depths, respectively by the application of 750 g

nitrogen per plant followed by 500 g nitrogen.
The interaction between FYM and nitrogen significantly

increased soil nitrogen content percentage over initial
level. Maximum increase of 41.78, 51.36 and 27.71Vo
was found in 0 to 15. 15 to 30 and 30 to 60 cm soil
depths, respectively by the combined application of 750 g
nitrogen and 80 kg FYN4 per plant followed by 750 g
nitrogen and 60 kg FYlil per plant treatment.

It is evident from Table 5 that percent increase in
phosphorus content of soil was not significantly
influenced by FY[/] application at 0 to 15 and 30 to 60 cm
soil depths. However, a general trend of increase in
phosphorus content was observed with increasing levels
of FYIM. At 15 to 30 cm soil depth, the phosphorus
content (12.50%) was significantly increased by the
app[cation of B0 \g FYM per plant.

The data on potassium content in Table 5 showed that
maximum increase in potassium (0.74,2.27 and 0.75%)
was observed at 0 to 15. 15 to 30 and 30 to 60 cm soil
depths, respectively by the application of 80 kg FYNiI per
plant, followed by 60 kg FYlVl. However, minimum
increase was recorded in control. The data on soil
phosphorus and potassium were not significantly
influenced by the application of nitrogen at different soil
depths (0 to 15, 15 to 30 and 30 to 60 cm).

The nitrogen content in soil at different depths
increased with increasing doses of nitrogen and FYI\il in
combination and separately due to increased
concentration of supplied sources (FYM and Urea) and
mobility character of nitrogen in soil. Therefore, higher
percent increase of nitrogen was observed at different
depths The application of 80 kg FYM in soil significantly
incfeased the potassium content of soll at different
depths. but phosphorus content increased significantly
only at 15 to 30 cm soil depth. This is because this depth
has residual effect of FYI\il, which increases the level of
phosphorus. But phosphorus content decreased at 0 to
15 and 30 to 60 cm depth compared to nitrogen and
potassium content. This is because FYM has very low
quantity of phosphorus (0.25%) compared to nitrogen
and potassium (0.50%), respectively. The maximum
increase of nitrogen, phosphorus and potassium was
observed at 15 to 30 cm soil depth because FYM and
urea (only for nitrogen) were applied at this depth.
Therefore, residual effects of supply sources could
enhance the concentration of these nutrients. Similar
results were also found by Sharma et al. (2003) in
pomegranate and Sharma et al. (2009) in pomegranate

Leaf analysis

The data presented in Table 5 showed that leaf nitrogen
(28.17o/.), potassium (6.28%), zinc (27.88%) and iron
(5 47%) significantly increased by the application of 80 kg
FYM per plant against lower levels of FYM. This might
be due to improved soil texture, structure and moisture
level which facilitate the absorption of mineral nutrition
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Table4. Etrecl otFYM snd nilrogen lewls on percentincrease in nitrcqen contenl atdifferent deprhs ofKinnoworchard soit.

At 0{5 cm solldepth At 15.30 cm soildeoth

Nlt.ogen (g/plant) . 
^-0

250
500

750

S.Em, r
CD at5%

Nltrogen (g/plant)

0

250

500

750

S.Em. t

-1.51 26.43

27.62 2A 67
24.79 31.16

29.34 33.30

21.01 29.89

Nltrogen
0.39
1.11

30 83 3367
33.80 36.68

36.08 3941
39.29 41.78

35.00 37.88

Nitrogen x FYM

0.87

2.49

28.08

31.71

34.09

36.79

0.43
1.25

0

1.98

21_49

22.54

23.91

17 49

23 50

31.70

33 90

36 11

,1.81

36 49
38 83

41 08

28.65

Nltrogen

0.35

100

29.77

39.84

42.96
46.03

34.02 36 34 39.04 41.26

36 34 39 05 42.77 44.56

38.75 42 59 46.90 47.73
41.17 45.96 50.57 51.36
37.57 40 99 44.82 46.23

ftom the soil. Secondly, fam yad manure being a
good source of all nutients certainly improves
nutrient contents.

The phosphorus content of leaves was found
non- signifcant with the applic€tion of FY[r. This
as due to the low content of FYM in the soil and its
immobility. Similar results were obtained by
Sharma et al. (2003) in pomegranate.

It is also evident from the data that the leaf

nitrcgen (25.25%), zinc (24 376/0) and kon (3.46ak)
increased significanlly by the applic€tion of 750 g
ntrogen per plant, agajnst thai of control The leat
nitrogen increased with urea application due to
nitrogenous fertilizer. Zinc and iaon contents
incfeased with nitrogen app|cation. This rs
because nitrogen application usually enhances
mrcronutrients uptake and utilzatioo (Gupta,
1999); secondly, increased nitrogen rates resulted

Nltrogen x FYM

0.78

224

Mean

17.45

22.44

24.26

25.73

Niirogen x FYM

0.56

in mofe absorption of water and mineaals from the
soil, whrch enhanced the zinc and iron contents in
leaves.

These results are in accordance with the
findings of Singh et al. (2003) in sapota.
Phosphofus and potassium content of leaves
decreased with increasing levels of nitrogen.
Simrlar results were earlier found by Intdgliolo and
Intelisano (1997) in lemon tree.

20

20.49

22 04

23.60

25 02

22.78

40

21.36

22 56

24.03

25.43

23 35

60

22.15

23.63

25 03

26 56

24 34

0.39
'1.12

80

23 2A

24 67

26.08

27 71

25 44

Al30-60 cm soildepth
FYi, (kg/plant)

Nltrogen

o.25 0.28
cD also/o 0.71 o.8o 1.60
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L'"1'j"tJ,5m*j"tJ:r;Xt 
"f,rrsen 

revers m Percent indease in soir phosphorus and porassum conrenr ar d,ferenr deprhs. reaves nikosen, phosphorus and porassium

Phosphorus at dtfferent Potassium at different
Treatrn€nt sym bot soitdepths (cm) - - soitdeprhs {cm} In reaves conrenB

S.Em.t
cD 5%

3.26

3.29
3.31

3.32

0.15

NS

10 36

10.27

10.25

10.41

0.13

NS

2.1A

2.20

2.22

2.20

0.07

NS

053
0.53

0.53

0.0007

NS

1.80

1.80

1.60

0.0018

NS

055
o.54

0.54

055
0.0010

NS

906
'14 34

25 25

0.55

158

20 24

19.73

19.19

18.66

441
NS

514
4.41

4.61

4.30

o.21

NS

23.50 2.47

23 79 2.76

24.09 3.11

24.37 3.46

0.05 0 02

016 0.06

FYMo 2.93 Z.g
FYM?o 3.16 931 212 0.48 1.58 047 117A rc2.1 4.12 22.02 1.31FYMo 3.30 1O 61 2.21 0.53 1 7A 0 53 l{j 5/ 19 50 4.83 24.03 3.01FYMo 3.53 11 46 2.29 0.63 2.03 O 65 22jj 1974 5.42 26.0E 437FYM& 3.56 1250 2.34 0.74 227 075 2A i 19 91 6 2S 27.a8 5.74
S.Em. + 0.17 o 15 O.OB 0.0008 O.0O2O O OO11 o 62 O 46 0.24 O.oO O.O2

.rr 0.06

Economics

The data on benef! cost ratio (Table 3) revealed
lhat mo(num B . C ratro of 2 39 and 2 55 was
recorded in the ptants receivng 60 kg Fy[I ano
5uu g ntgogen per ptant followed by tower tevels.
Ttle data on net returns (Table 3 ald Figure 2)
show that significant maximum net returns of
39670.69 and 39212.93 Rs./ha wefe recorcted in
the plants receiving 80 kg FyM and 500 g
nrlrogen per ptant; and it was also found at par
wilh the application of FYt . That is, 60 Kg per
planl (38472.31 Rs./ha) over tower tevets of FyM

The minimum net return was recordeo in
untrealed plants.

The highest B : C ratio and nel returns were
obtained with t\e applicatron o' 500 g nrtroge.l pe,
pla.t l^hereas rr FylV appic€ron. ine rri",m-m
B : C ratio was recorded in the application of 60
kg FYI\,,|; maximum net returns were found In rne
application of 80 kg FY|V per ptant The inoease
in net relurns from 60 to 80 kg FylV was not
signific€nt therefore, apphcatron of 60 kg FyM per
plant rs the besr economtcol dose SIra.al
econom|cal returns have been reported by Luhach
et al (2007) in mango and Luhach et ai (2007)

In guava

Conclusion

It can be concluded that application of 60 kg FyM
and 500 g nitrogen per plant is the best doses
among all the treatment combinations for Kinnow
mandarin frurt crop. Hence, these doses of FyM
and nrtrogen are recommended particularly in
sandy soils of hot arid region in North _ west
Rajasihan. However, these results are only
ilrdrcative and require fudher experimentation to
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arrive at a final conclusion
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