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ABSTRACT

An experiment was conducted to study the effect of organic and inorganic nitro-
gen in the form of urea and castor cake on the growth, yielding and fruit quality of
sapota trees. Nitrogen in the form of urea significantly influenced the vegetative
growth of the trees. The greatest tree height (7.26 m), tree spread (8.11 m in N-S and
8.13 m in E-W directions), fruit weight (63.65 g), the number of fruit per tree
(2627.56) and fruit yield per tree (163.30 kg) were obtained with the application of
900 g N/tree in the form of urea. However, that was found on a par with the applica-
tion of 900 g N/tree in which 50% N was from urea and 50% from castor cake. Total
sugars and reducing sugars content in fruit was found the highest in the 900 g N/tree
treatment in which 25% N was from urea and 75% N from castor cake.
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INTRODUCTION

Sapota or sapodilla (Manilkara
achras), popularly known as chiku,
is one of the important tropical fruit
crops of India. This species is native
to tropical America, especially south-
ermn Mexico and Central America. The
fruit is a fleshy berry, variable in
shape, size and weight (75-150 g). The
skin is thin, rusty brown, somewhat

scurfy, looking like the Irish potato,
and the pulp soft, melting and crum-
bling with a sandy or granular tex-
ture, with 1-5 hard, black seeds. The
fruit is a good source of digestible
sugar (12-18%) and an appreciable
source of protein, fat, fibre and min-
erals (Ca, P and Fe). The area under
this crop plant is increasing due to its
high productivity, continuous fruiting
throughout the year and very little
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incidence of pests and diseases. It is
cultivated on 160 000 hectares with
a total production of 1424 000 tones
in India. It has become the most popu-
lar fruit crop in Gujarat, Maharashtra,
and Karnataka, and so these are the
major sapota producing states in India.
It is also produced to some extent in
Andhra Pradesh, West Bengal, Orissa
and Tamil Nadu. The productivity is
more or less the same in all the states,
except that it is very high in Tamil
Nadu and very low in Orissa.

Sapota is a hardy crop and can
tolerate salinity to some extent (Sul-
ladmath and Reddy, 2001). Chemical
fertilizers are commonly used be-
cause they can ensure quick avail-
ability of the nutrients to the plants.
However, continuous application of
inorganic fertilizers deteriorates the
soil’s health (Warade et al., 1995).
Therefore, chemical fertilizers must
be integrated with sources of organic
manure which are eco-friendly for
sustaining productivity without dete-
riorating effects on soil health and
the environment. The yield can be
increased or sustained, but the qual-
ity is improved through the balanced
application of organic and inorganic
fertilizers. The information on the
effect of nitrogen in sources such as
urea and castor cake on the growth,
yielding and fruit quality of sapota
trees is scanty. The castor cake
comes from the castor plant (Ricinus
communis), and is the solid residue
obtained when castor seeds are
crushed during the expression of
castor bean oil. The solvent-extracted
cake, although rich in protein, cannot
be used as cattle fodder because of its
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toxicity. However, it can be used as
a fertilizer. It is one of the most ver-
satile natural manures. It is truly
organic manure which enhances the
fertility of the soil without causing
any damage or decay. It is enriched
with the three major elements vital
and conducive to the proper growth
of crops — nitrogen, phosphorus and
potassium. It also contains trace nu-
trients like manganese, zinc and cop-
per, thus making it a balanced fertil-
izer. Moreover, it helps to neutralize
the detrimental effects of chemical
fertilizers.

Keeping the above facts in view,
the present investigation was under-
taken to find out the optimum dose
and best combination of inorganic
fertilizers and organic manure for
obtaining higher growth, yield and
quality of sapota ‘Kalipatti’.

MATERIAL AND METHODS

The study was carried out to exam-
ine the effect of organic and inorganic
nitrogen fertilization, in the form of
castor cake along with urea, on the
growth, yielding and fruit quality of
sapota trees ‘Kalipatti’. The experi-
ment was conducted at the Department
of Horticulture, College of Agriculture,
Junagadh  Agricultural  University,
Junagadh (Gujarat) over three years
(2006 to 2008). Fifteen-year-old plants
were used for the experiment. There
were 9 treatments and the details of the
treatments are given in Table 1.

The experiment was laid out in
a randomized block design with
3 replicates per treatment (3 trees per
replicate). The soil of the experimental
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Table 1. Doses and forms of nitrogen supplied to sapota trees

Treatment Treatrpent details
Dose and form of nitrogen [per tree per year]

T, 1200 g nitrogen from urea
T, 1200 g nitrogen — 50% N from urea and 50% N from castor cake
T; 1200 g nitrogen — 25% N from urea and 75% N from castor cake
Ty 900 g nitrogen from urea
Ts 900 g nitrogen — 50% N from urea and 50% N from castor cake
Te 900 g nitrogen —25% N from urea and 75% N from castor cake
T; 750 g nitrogen from urea
Ty 750 g nitrogen — 50% N from urea and 50% N from castor cake
T 750 g nitrogen — 25% N from urea and 75% N from castor cake

site was medium black with good
drainage capacity, having EC —
0.15mS cm™, pH — 8.1, organic car-
bon — 0.72%, available P — 24.61 mg
kg', and K — 175 mg kg'. Chemical
fertilizers, like P,Os; and K,O, were
applied at 450 g per tree as the basal
dose. Nitrogen in the form of urea
and castor cake was applied in two
equal splits, i.e. castor cake as the
basal dose and urea in top dressing in
June and October, respectively. At
the time of application of fertilizers,
a trench of 30 cm width and depth,
1 m away from trunk of the tree was
prepared. All the fertilizers were
applied in trench and covered with
the soil.

The tree height and tree spread (N-
S and E-W directions) were recorded
as vegetative growth parameters. In the
case of yield and yield attributes, fruit
length and girth, fruit weight, the num-
ber of fruit per tree and fruit yield were
recorded. The quality parameters such
as the total and reducing sugars content
were measured post-harvest in a labo-
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ratory with titration method (Dubois
etal, 1956; Hodge and Hofteiter,
1962). The total soluble solids content
(TSS) was determined using a hand
refractometer. Data were analyzed
using analysis of variance as described
by Panse and Sukhatme (1985).

RESULTS AND DISCUSSION

Growth parameters

The data presented in Table 2 in-
dicate that there were significant
differences in plant growth parame-
ters. The greatest tree height (7.26 m)
and tree spread (8.11 m in N-S and
8.13 m in E-W directions) were re-
corded for the application of 900 g
N/tree in the form of urea (T,), but
that was found to be on a par with
the 900 g N/tree treatment in which
50% of nitrogen was from urea and
50% from castor cake (Ts). The low-
est tree height was noted for the ap-
plication of 900 g N/tree in which
75% N was from castor cake and
25% from urea (T¢). The greatest tree
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Table 2. Effects of manures and fertilizers on tree height and tree spread of sapota ‘Kalipatti’

Tree height Tree spread (E-W) Tree spread (N-S)
Treatment [m] [m] [m]
2006 2007 2008 Pooled 2006 2007 2008 Pooled 2006 2007 2008 Pooled

T, 6.42 6.86 6.63 6.64 6.96 7.37 7.10 7.14 6.25 6.23 6.73 6.40
T, 6.20 6.52 6.77 6.49 6.23 7.40 7.01 6.88 5.93 7.27 7.30 6.83
T, 6.13 6.55 6.57 6.42 6.77 5.63 6.93 6.44 6.37 6.70 6.87 6.64
T, 7.16 7.27 7.35 7.26 8.50 8.02 7.87 8.13 7.92 8.22 8.20 8.11
Ts 6.20 6.65 6.60 6.48 8.23 7.97 7.66 7.95 7.85 7.74 7.57 7.72
Te 5.64 5.68 5.70 5.68 6.60 6.73 6.85 6.73 6.03 7.03 7.80 6.96
T, 6.62 6.80 6.87 6.76 7.62 6.53 6.92 7.02 7.43 6.77 6.60 6.93
Ty 5.97 6.32 6.42 6.24 6.60 7.00 6.52 6.71 6.51 6.90 7.10 6.84
T, 6.10 6.23 6.53 6.29 6.45 7.17 6.47 6.69 6.00 6.87 7.57 6.81
S.Em + 0.339 0.250 0.246 0.163 0.520 0.324 0.286 0.225 0.492 0.342 0.311 0.225
C. D. (P=0.05) NS 0.75 0.74 0.46 NS 0.9726 0.86 0.64 1.47 1.02 0.93 0.64
C.V.% 9.37 6.63 6.45 7.54 12.68 7.92 7.03 9.56 12.71 8.35 7.38 9.6
Treatment details:
T;.— 1200 g N from urea Ts—900 g N (75% from castor cake + 25% from urea)
T, — 1200 g N (50% from castor cake + 50% from urea) T;—750 g N from urea
T;— 1200 g N (75% from castor cake + 25% from urea) Tg— 750 g N (50% from castor cake + 50% from urea)
T4—900 g N from urea To— 750 g N (75% from castor cake + 25% from urea)

Ts5—900 g N (50% from castor cake + 50% from urea)

Statistical abbreviations:

S. Em + : Standard error of mean

C. D. at 5% : Critical difference at 5%
C. V. % : Coefficient of variance
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height and tree spread may be due to
the easy and ready availability of
nitrogen from urea. On the other
hand, the poor result obtained in the
combination in which 75% of nitro-
gen was from castor cake (Ts) may
be due to a low and slow availability
of nitrogen to the plants.

Yield and yield attributes
Significant variations in fruit
weight, the number of fruit per tree
and fruit yield due to different
sources of nitrogen were observed
(Tab. 3). The highest fruit weight
(63.65 g), the largest number of fruit
per tree (2627.56) and the highest
fruit yield (163.30 kg) were recorded
in the combination in which 900 g
N/tree was applied in the form of
urea (T,;). However, that was found
on a par with the application of 900 g
N/tree in which 50% N was from
urea and 50% N from castor cake
(Ts). The lowest fruit weight
(42.97 g) and fruit yield per tree
(109.18 kg) were obtained with the
dose of 750 g N/tree in which 50% N
was from castor cake and 50% from
urea (Tg). The smallest number of
fruit per tree (2038) was obtained
with 750 g N/tree (75% N from cas-
tor cake and 25% from urea — Ty).
The highest yield and the largest
number of fruit per tree were re-
corded at 900 g N instead of 1200 g
N because 900 g N might be the op-
timum dose for sapota trees com-
pared to the higher dose of nitrogen
which might have created an imbal-
ance of nutrients. The higher yield
might have been due to a ready
availability of nitrogen from urea,
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which increased tree growth and
ultimately improved the yield.

Significantly higher fruit length
and fruit girth (5.21 and 4.80 cm,
respectively) were obtained with the
application of 900 g N/tree in which
50% N was from urea and 50% N
from castor cake (Ts) (Tab. 4). The
lowest fruit length was observed in
the combination in which 750 g
N/tree was applied in the form of
urea (T;). The lowest fruit girth was
obtained with the 750 g N/tree treat-
ment in which 50% N was from urea
and 50% form castor cake (Ty).

The poor yield obtained in the
combination with the lowest dose of
nitrogen (with 50% of N form castor
cake) was most likely due to a lower
and slower availability of nitrogen.
Similarly, Singh et al. (2000) observed
that the number of fruit per tree in-
creased with the application of higher
levels of nitrogen. The result was also
in conformity with the finding of
Bhuva et al. (1990), Boora and Singh
(2000), Durrani et al. (1982ab), Boora
et al. (2002), and Singh et al. (2003).

Quality parameters

The highest reducing sugars and
total sugars content (5.02 and 7.10%,
respectively) were obtained in the
treatment with 900 g N/tree in which
25% N was from urea and 75% N
from castor cake (Tg) (Tab. 5). The
highest total soluble solids content
(TSS — 18.59 °Brix) was obtained in
treatment Ts but that was on a par
with treatments T,, T;, T4 and Ts.
The qualitative parameters such as
the reducing and total sugar content
and TSS were improved with the
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Table 3. Effects of manures and fertilizers on fruit weight, number of fruit and yield of sapota ‘Kalipatti’

Treatment Fru1t[w]elght Number of fruits per tree [k;{ifel:cel‘l]

2006 2007 2008 Pooled 2006 2007 2008 Pooled 2006 2007 2008 Pooled
T, 59.91 55.81 61.41 59.05 2055.33 1938.33 2178.67 2057.44 108.60 110.12 140.45 119.72
T, 48.44 48.31 50.29 49.01 2219.33 2666.33 2475.00 2453.56 128.18 130.92 134.64 131.24
T 47.31 48.36 | 47.02 47.56 2043.33 2182.00 2464.00 2229.78 96.62 117.93 122.20 112.25
T, 64.33 62.72 63.90 63.65 2261.00 2747.33 2874.33 2627.56 145.87 160.10 183.94 163.30
Ts 59.10 61.75 64.44 61.76 2238.67 2446.33 2691.00 2458.67 133.17 143.78 176.40 151.12
T 49.50 49.59 57.24 52.11 2152.00 2562.33 2442.00 2385.44 106.56 127.37 139.46 124.46
T, 54.17 53.74 51.97 53.30 2009.67 2373.67 2240.33 2207.89 108.87 128.50 127.63 121.67
Ty 44.36 41.35 43.20 42.97 2003.33 2224.67 2349.67 2192.56 88.87 118.95 119.71 109.18
Ty 52.15 54.79 | 49.70 52.21 1953.67 2143.00 2017.33 2038.00 101.89 123.33 120.40 115.21
S.Em + 3.273 2.950 3.643 1.906 | 66.17 122.80 | 94.85 | 56.226 8.266 7.780 7.482 4.532
C.D. (P=0.05) 9.81 8.84 10.92 5.42 198.37 368.16 284.36 160.03 24.78 23.33 22.43 12.90
C.V.% 10.65 9.65 11.61 10.68 5.45 8.99 6.80 7.35 12.65 10.45 9.22 10.66
Treatment details:
T;—1200 g N from urea Ts—900 g N (75% from castor cake + 25% from urea)
T, — 1200 g N (50% from castor cake + 50% from urea) T;—750 g N from urea
T;— 1200 g N (75% from castor cake + 25% from urea) Tg— 750 g N (50% from castor cake + 50% from urea)
T4—900 g N from urea To— 750 g N (75% from castor cake + 25% from urea)

T5—900 g N (50% from castor cake + 50% from urea)

Statistical abbreviations:

S. Em + : Standard error of mean

C. D. at 5% : Critical difference at 5%
C. V. % : Coefficient of variance
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Table 4. Effects of manures and fertilizers on fruit length and fruit girth of sapota ‘Kalipatti’
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Fruit length Fruit girth
Treatment [cm] [cm]
2006 2007 2008 Pooled 2006 2007 2008 Pooled
T, 4.85 4.90 4.80 4.85 4.44 4.80 4.67 4.64
T, 4.65 4.57 4.89 4.71 4.53 4.47 4.70 4.57
T 4.95 4.69 4.96 4.87 4.62 4.23 4.58 4.48
T, 4.67 5.40 5.16 5.07 4.78 4.66 4.83 4.75
Ts 5.21 5.11 5.30 5.21 4.81 4.64 4.94 4.80
T 4.70 5.14 5.01 4.95 4.74 4.79 4.66 4.73
T, 4.54 4.44 4.63 4.54 4.36 4.68 4.25 4.43
Ty 4.69 4.69 4.64 4.67 431 4.25 4.30 4.29
Ty 4.88 4.94 5.05 4.96 4.38 4.60 4.49 4.49
S.Em+ 0.129 0.190 0.128 0.088 0.117 0.110 0.140 0.071
C.D. (P=0.05) NS 0.57 0.38 0.25 0.35 0.33 0.42 0.20
C.V.% 4.65 6.75 4.48 5.39 4.47 4.17 5.27 4.66

Treatment details:

T,— 1200 g N from urea

T, — 1200 g N (50% from castor cake + 50% from urea)
T;— 1200 g N (75% from castor cake + 25% from urea)
T4—900 g N from urea

T5—900 g N (50% from castor cake + 50% from urea)

Ts—900 g N (75% from castor cake + 25% from urea)
T;—750 g N from urea

Tg — 750 g N (50% from castor cake + 50% from urea)
To— 750 g N (75% from castor cake + 25% from urea)

Statistical abbreviations:

S. Em +: standard error of mean

C. D. at 5%: critical difference at 5%
C. V. %: coefficient of variance
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Table 5. Effects of manures and fertilizers on reducing sugars, total sugars and total soluble solids content (TSS) of sapota
‘Kalipatti’

Sr. Reducing sugars Total sugars TSS
No. Treatment [%] [%] [°Brix]

2006 2007 2008 | Pooled 2006 2007 2008 Pooled 2006 2007 2008 Pooled
1 T, 4.34 4.38 4.40 4.37 6.55 6.66 6.52 6.57 18.03 18.05 17.75 17.94
2 T, 4.32 4.28 4.33 431 6.59 6.71 6.73 6.68 18.25 18.18 18.24 18.22
3 Ts 4.65 4.44 4.55 4.55 6.69 7.07 6.76 6.84 18.44 18.21 18.63 18.43
4 T, 4.59 4.60 4.62 4.60 6.67 6.71 6.68 6.69 18.21 18.52 18.70 18.48
5 Ts 4.94 4.76 5.09 4.93 6.99 6.87 7.33 7.06 18.93 17.98 18.86 18.59
6 T 5.07 5.00 4.99 5.02 7.10 7.09 7.11 7.10 18.55 18.22 18.42 18.40
7 T, 4.36 4.33 4.36 4.35 6.29 6.46 6.69 6.48 17.47 17.45 17.60 17.51
8 Ty 4.27 4.49 4.37 4.37 6.37 6.62 6.39 6.46 17.24 17.63 17.64 17.50
9 Ty 4.27 4.44 4.40 4.37 6.27 6.56 6.43 6.42 17.14 19.00 17.14 17.76
S.Em + 0.117 0.132 0.099 0.067 0.157 0.105 0.168 0.084 0.411 0.283 0.360 0.205
C.D. at5% 0.35 0.40 0.30 0.19 0.47 0.31 0.50 0.24 NS 0.85 1.08 0.58
C.V.% 4.45 5.04 3.76 4.44 4.10 2.69 4.32 3.77 3.95 2.70 3.45 3.40

Treatment details:

T;—1200 g N from urea Ts—900 g N (75% from castor cake + 25% from urea)
T,—1200 g N (50% from castor cake + 50% from urea) T;—750 g N from urea

T;— 1200 g N (75% from castor cake + 25% from urea) Tg — 750 g N (50% from castor cake + 50% from urea)
T4—900 g N from urea To— 750 g N (75% from castor cake + 25% from urea)

Ts—900 g N (50% from castor cake + 50% from urea)

Statistical abbreviations:

S. Em + : Standard error of mean

C. D. at 5% : Critical difference at 5%
C. V. % : Coefficient of variance

62 J. Fruit Oram. Plant Res. vol. 20(1) 2012: 55-64




Effects of organic and inorganic nitrogen on growth...

application of organic manure (castor
cake) in combination with inorganic
fertilizers. This might have been due
to a gradual and steady release of
nutrients during the growth period.
The castor cake as an organic source of
nitrogen improved the soil’s physical
condition, microbial activities in the
soil and supplied some micronutrients.
This could be attributed to a higher
C/N ratio which led to increased syn-
thesis of carbohydrates and increased
plant metabolism. Similar results were
also obtained by Durrani et al. (1982b),
Bhuva et al. (1990), Singh et al. (2000),
Boora and Singh (2000), Boora et al.
(2002) and Singh et al. (2003).

CONCLUSION

From the preceding discussion, it is
concluded that the application of 900 g
N per tree per year in the form of urea
or 900 g N per tree per year where 50%
N is in the form of urea and 50% N in
the form of castor cake should be ap-
plied to fruit bearing sapota trees for
optimal tree growth, high yield and
good quality fruit.
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WPLYW AZOTU ORGANICZNEGO
I NIEORGANICZNEGO NA WZROST, PLONOWANIE
[ JAKOSC OWOCOW SACZYNCA
ODMIANY KALIPATTI

Varu Devashi

STRESZCZENIE

Celem do$wiadczenia bylo zbadanie wptywu azotu organicznego i nieorganicz-
nego w postaci mocznika i wytlokow rycynowych na wzrost, plonowanie i jakos¢
owocOw saczynca. Azot w formie mocznika istotne wptynal na wzrost wegetatywny
drzew. Najwigksza wysoko$¢ drzew (7,26 m), rozpigtos¢ drzew (8,11 m w kierunku
N-S i 8,13 m w kierunku E-W), mas¢ owocow (63,65 g), liczb¢ owocoéw na drzewo
(2627,56) i plon owocow na drzewo (163.30 kg) otrzymano przy nawozeniu dawka
900 g N/drzewo w postaci mocznika. Podobne wyniki uzyskano przy nawozeniu taka
sama dawka azotu, w ktorej 50% N pochodzito z mocznika a 50% N z wyttokow
rycynowych. Najwyzsza zawarto$¢ cukrow ogotem i cukrow redukujacych w owo-
cach stwierdzono po zastosowaniu dawki 900 g N/drzewo, w ktorej 25% N pochodzi-
o z mocznika a 75% z wytlokow rycynowych.

Stowa kluczowe: nawozenie, mocznik, azot, wytloki rycynowe

64 J. Fruit Ornam. Plant Res. vol. 20(1) 2012: 55-64



