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ABSTRACT
A study was taken to assess Influence of split application of NPK on leaf yield and nutrient uptake under temperate
climatic conditions of Kashmir. The experiment was laid down in RBD with 11 different combinations of N P K and two
controls, one where no fertiliser was used and the other as per package of practices for temperate region. Fertilisers were
applied in two splits, first in the first week of April and the second split in the last week of June after harvesting first crop.
Nitrogen was applied in three levels viz., N1, N2 and N3 (150 +150; 180 + 120 and 120 + 180), phosphorus in two levels
viz., P1 and P2 (120 + 00 and 60 + 60) and potassium was also applied in two levels K1 and K2 (120 +00 and 60+60)
respectively. Significantly higher leaf yield (14379.1 kg/ha) was recorded in autumn as against spring (12553.4 kg/ha).
Higher levels of nitrogen in NPK combination did influence leaf yield (15196.5 kg/ha) in spring as well as in autumn
(16850.7 kg/ha). Nitrogen and potassium recorded higher uptake (131.94 and 63.54 kg/ha) during autumn season whereas
phosphorus recorded higher uptake (7.35 kg/ha) during spring season. Split application of P and K along with N exhibited
improvement in quality and quantity of mulberry leaf especially during autumn suggesting the need for rescheduling the
existing fertiliser schedule under Kashmir climatic conditions for maximization of leaf harvest, both qualitatively and
quantitatively to enable farmers to undertake second silkworm rearing commercially.
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INTRODUCTION
The silkworm (Bombyx mori L.) being a monophagous
insect derives complete nutrient supply required for its
growth from the mulberry leaves, which play a
predominant role on healthy growth of silkworm.
Mulberry is a deep rooted perennial plant mainly
cultivated to harvest leaves for rearing of silkworms and
requires timely application of balanced dose of fertiliser.
The mulberry’s regular annual pattern of growth and the
requirement of leaf for silkworm rearing determine the
time of fertiliser application. With respect to utilization of
applied fertilisers in temperate region, Yokoyama (1962)
recognized three phases in the growth of mulberry viz.
unfolding stage, assimilation stage and preservation stage.
The assimilation stage represents the active growth period
of mulberry through late spring and summer when new
leaf/shoot lets and shoots are actively and abundantly
formed. Application of fertiliser at this stage is most
efficacious not only because of its influence on the leaf
yield of that season but also on the quality of leaves
harvested in next spring. Hence balanced fertilisers are
required to be applied at this stage also. For established
plantations under irrigated Kashmir conditions NPK is
applied @300:120:120 kg/ha/yr in two splits, first dose
comprising of half of N and entire P& K applied in
March/April and second dose comprising of remaining N
applied in June (Anonymous, 2003). Chen and Lu (2006)
have confirmed significance of split application of

nutrients in mulberry for improvement in quality and
quantity and recommended their split application to match
seasonal requirements.
Production of mulberry per unit area is of high importance
so for as the silk industry is concerned as the quantum of
leaf determines the quantity of silkworm seed to be reared.
It is an accomplished fact that application of NPK
influences the leaf yield and is major contributing factors
but at the same time there is need for ascertaining their
requirement on the basis of different crops during the year
thus necessitating the present investigation.

MATERIAL AND METHODS
The present investigation was carried out at the
experimental farm of Temperate Sericulture Research
Institute (located at 34o.17′ N latitude, 74o.17′ E longitude
and at an altitude of 1585 meters above mean sea level)
during the year 2009 and 2010. Chemo-assay of the
mulberry genotype was carried out at the Division of Soil
Science SKUAST-K Shalimar.
Established mulberry plantation of Goshoerami (the most
popular variety of mulberry used for commercial rearing
in the region) with uniform growth and vigour was used
for the study. The plantation was maintained as dwarf at
6΄x 6΄ spacing. Cultural operations were followed as per
the package of practices recommended by the Temperate
Sericulture Research Institute Mirgund(Anonymous, 2003)
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except for the application of chemical fertiliser which was
done in a more split manner.
Experiment was laid down in RBD, three replications were
maintained per treatment and number of plants per
treatment/per replication was five. Fertiliser was applied in
two splits, first in the first week of April and the second

split in the last week of June after harvesting first crop.
Nitrogen was applied in three levels viz., N1, N2 and N3
(150 +150; 180 + 120 and 120 +180 kg/ha/yr), phosphorus
in two levels viz., P1 and P2 (120+00 and 60+60 kg/ha/yr)
and potassium was also applied in two levels K1 and K2
(120 + 00 and 60 + 60 kg/ha/yr) respectively.

Fertiliser combinations
T1 N0P0K0 T2 N1P1K1 T3 N1P1K2 T4 N1P2K1 T5 N1P2K2

T6 N2P1K1 T7 N2P1K2 T8 N2P2K1 T9 N2P2K2 T10 N3P1K1

T11 N3P1K2 T12 N3P2K1 T13 N3P2K2

T1 - No Fertiliser (control 1); T2 – NPK @150:120:120 kg/ha, 150:000:000 kg/ha 1st & 2nd dose (control 2)

Pruning of the mulberry plants was done in the first week
of June, corresponding with the end of spring rearing by
resorting to basal pruning. Composite leaf samples as
described by Nakashima (1931) were collected on June 1,
and October 1during both the years of study and processed
as per the procedure advocated by Chapman (1964).
For estimation of nitrogen, samples were digested in conc.
H2SO4 in presence of digestion mixture comprising of
potassium sulphate,  iron sulphate, copper sulphate  and
salicylic acid in the ratio of 10:1:05:1. The digestion was
carried out in the digestion unit by initially keeping the
temperature of unit at 100oc for 30 minutes and then
raising the temperature to 4100C for 2 hours till the
samples became clear. For determination of phosphorus,
potassium the samples were digested in di acid (nine parts
of HNO3 and four parts of HClO4). The digestion was
carried out in 100ml conical flasks on hot plate till the
solution became clear.
Distillation of the digested samples  for determining
Nitrogen was carried out on kjelteck apparatus by

collecting ammonia on boric acid forming ammonium
borate which was later titrated with N/50 H2SO4 following
the procedure given by Jackson (1973). Phosphorus was
determined by Vanadomolybdo phosphoric acid yellow
colour method as outlined by Jackson (1973) and
Potassium was estimated on flame photometer as
described by Jackson (1973).
Data on leaf yield was taken on June 1 and October 1
corresponding to the 5th stage of spring and autumn
silkworm rearing in the field respectively and per plant
values were converted to kg/ha.
Statistical analysis
Data was compiled and analysed as per standard statistical
procedure (Gomez and Gomez, 1984).

RESULTS
Leaf yield
Data pertaining to leaf yield of mulberry (Goshoerami) as
influenced by seasons and fertiliser levels is presented in
Table 1 and illustrated in Fig. 1.

TABLE 1: Seasonal trends in mulberry leaf yield as influenced by fertiliser levels/splits

Fertiliser  level
Leaf yield (kg/ha)

Spring Autumn Mean Total

N0P0K0 9185.9 10371.9 9778.9 19557.8

N1P1K1 14343.9 14925.7 14634.8 29269.6

N1P1K2 12151.3 11738.4 11944.8 23889.7

N1P2K1 11753.0 14247.6 13000.3 26000.6

N1P2K2 13206.7 15161.3 14184.0 28368.0

N2P1K1 12475.4 14639.8 13557.6 27115.2

N2P1K2 12928.1 14812.2 13870.2 27740.3

N2P2K1 15196.5 16373.3 15784.9 31569.8

N2P2K2 13019.1 15253.7 14136.4 28272.8

N3P1K1 12504.3 14487.8 13496.1 26992.1

N3P1K2 14436.3 16850.7 15643.5 31287.0

N3P2K1 11271.9 14357.4 12814.6 25629.3

N3P2K2 10721.2 13708.6 12214.9 24429.8

Mean sampling dates 12553.4 14379.1 26932.5

CD (0.05) 2269.90 2051.48 2830.67

CD(0.05) for seasons 575.96

CD(0.05) for fertiliser means 1468.42
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FIGURE 1: Influence of fertiliser levels on Leaf yield

Seasonal influence
So for as seasonal influence on leaf yield is concerned
highest leaf yield of 14379.1 kg/ha was recorded in
autumn season which was significantly higher than spring
yield of 12553.4 kg/ha.
Influence of fertiliser levels and splits
During spring season highest leaf yield of 15196.5 kg/ha
was recorded in T8 which was statistically at par with T11
(14436.3 kg/ha), T2 (14343.9 kg/ha), T5 (13206.7 kg/ha)
and T7 (12928.1 kg/ha). Lowest leaf yield of 9185.9 kg/ha
was recorded in T1. Whereas during autumn highest leaf
yield of 16850.7 kg/ha was recorded in T11 which was
statistically at par with T8 (16373.3 kg/ha), T9 (15253.7
kg/ha), T5 (15161.3 kg/ha), T2 (14925.7 kg/ha) and T7
(14812.2 kg/ha). Lowest leaf yield of 10371.9 kg/ha was
recorded in T1 which was statistically at par with T3
(11738.4 kg/ha).
Annual yield from both seasons revealed that highest leaf
yield of 31569.8 kg/ha was recorded in T8 which was

statistically at par with T11 (31287.0 kg/ha) and T2
(29269.6 kg/ha). Lowest leaf yield of 19557.8 kg/ha was
recorded in T1.
Increment over recommended dose of fertiliser
Perusal of data (Table-1; Fig. 1) revealed  that  in spring,
T8 with leaf yield of 15196.5 kg/ha and T11 with leaf
yield of 14436.3 kg/ha recorded an increase of  5.94%  and
0.64% respectively over the recommended treatment (T2)
with leaf yield of 14343.9 kg/ha, like wise during autumn
T11 with leaf yield of 16850.7, T8 with 16373.3, T9 with
15253.7 and T5 with 15165.3 kg/ha recorded an increase
of 12.90, 9.70, 2.20 and 1.58 per cent respectively over the
recommended treatment (T2) with leaf yield of 14925.7
kg/ha.
Annual yield data revealed that T8 with leaf yield of
31569.8 kg/ha and T11 with leaf yield of 31287.0/kg/ha
recorded an increase of 7.86 per cent and 6.89%
respectively over the recommended treatment (T2) with
leaf yield of 29269.6 kg/ha.

TABLE 2: Seasonal variation in uptake of primary nutrients as influenced by fertiliser levels/splits
Fertiliser
level

Nitrogen  (kg/ha) Phosphorus (kg/ha) Potassium (kg/ha)
Spring Autumn Total Spring Autumn Total Spring Autumn Total

N0P0K0 63.75 82.90 146.65 4.67 3.96 8.63 40.74 43.82 84.56
N1P1K1 133.64 134.83 268.47 8.98 7.19 16.17 64.66 67.46 132.12
N1P1K2 114.43 103.64 218.07 6.58 5.16 11.74 54.00 40.94 94.94
N1P2K1 119.26 133.65 252.91 6.22 6.19 12.41 57.94 68.41 126.35
N1P2K2 132.32 136.88 269.20 8.17 8.89 17.06 60.18 67.83 128.01
N2P1K1 130.82 136.68 267.50 7.01 7.46 14.47 57.74 57.09 114.83
N2P1K2 128.80 138.52 267.32 7.94 6.07 14.01 59.64 67.00 126.64
N2P2K1 151.94 150.18 302.12 9.30 8.60 17.90 75.03 71.87 146.89
N2P2K2 136.30 136.48 272.78 7.20 6.78 13.98 58.68 71.64 130.32
N3P1K1 107.46 141.73 249.19 8.39 6.02 14.41 56.57 66.57 123.14
N3P1K2 119.14 163.42 282.56 7.94 7.14 15.08 66.78 73.95 140.73
N3P2K1 101.45 139.49 240.94 6.85 6.99 13.84 53.94 62.80 116.75
N3P2K2 85.79 116.84 202.63 6.32 7.62 13.94 49.85 66.63 116.48
Mean 117.32 131.94 249.26 7.35 6.77 14.12 58.13 63.54 121.67
CD(0.05) 19.62 21.28 27.98 1.41 1.15 1.76 10.49 10.59 13.73

Nutrient uptake through leaf
Data pertaining to nitrogen, phosphorus and potassium
uptake by mulberry (Goshoerami) leaf as influenced by
seasons and fertiliser levels is presented in Table 2  and
illustrated in Fig. 2to 4.

Seasonal influence
So for as seasonal influence on nitrogen uptake is
concerned higher nitrogen uptake of 131.94 kg/ha was
recorded in autumn season as against 117.32 kg/ha during
spring season. Higher phosphorus uptake of 7.35 kg/ha
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was recorded in spring  season as against 6.77 kg/ha
during autumn. Highest potassium uptake of 63.54 kg/ha
was recorded in autumn season as against 58.13 kg/ha
during spring.
Influence of fertiliser levels/splits on nutrient uptake
Nitrogen uptake
Highest nitrogen uptake of 151.94 kg/ha was recorded
during spring season in T8 which was statistically at par

with T9 (136.30 kg/ha), T2 (133.64 Kg/ha) and T5 (132.32
kg/ha) and significantly different from other treatments.
Lowest uptake of 63.75 kg/ha was recorded in T1. During
autumn season on the other hand, highest nitrogen uptake
of 163.42 kg/ha was recorded in T11 which was
statistically at par with T8 recording uptake of 150.18
kg/ha and significantly different from rest of treatments.
Lowest N uptake of 82.90 Kg/ha was recorded in T1.

FIGURE 2 :Influence of fertiliser levels on N uptake (kg/ha)

So for as annual nitrogen uptake during both seasons is
concerned higher N uptake of 302.12 kg/ha was recorded
in T8 which was statistically at par with T11 registering an
uptake of 282.56 kg/ha. Lowest N uptake of 146.65 kg/ha
was recorded in T1.
Phosphorus uptake
During spring season highest phosphorus uptake of 9.30
kg/ha was recorded in T8 which was statistically at par
with T2 (8.98 kg/ha), T10 (8.39 kg/ha), T5 (8.17 kg/ha),
T7 (7.94 kg/ha) and T11 (7.94 kg/ha) respectively and
significantly different from other treatments. Lowest
uptake of 4.67 kg/ha was recorded in T1.Whereas during
autumn season highest uptake of 8.89 kg/ha was recorded
in T5 which was statistically at par with T8 recording
uptake of 8.60 kg/ha and significantly different from rest
of treatments. Lowest P uptake of 3.96 kg/ha was recorded
in T1.
So for as annual phosphorus uptake during both seasons is
concerned higher phosphorus uptake of 17.90 kg/ha was
recorded in T8 which was statistically at par with T5
(17.06 kg/ha) and T2 (16.17 kg/ha) respectively and
significantly different from other treatments. Lowest
phosphorus uptake of 8.63 kg/ha was recorded in T1.
Potassium uptake
During spring season highest potassium uptake of 75.03
kg/ha was recorded in T8 which was statistically at par
with T11 (66.78 kg/ha) and T2 (64.66 kg/ha) respectively
and significantly different from other treatments. Lowest
uptake of 40.74 kg/ha was recorded in T1. Whereas during
autumn season highest uptake of 73.95 kg/ha was recorded
in T11which was statistically at par with T8 (71.87), T9
(71.64), T4 (68.41), T5 (67.83), T2 (67.46), T7 (67.00),
T13 (66.63) and T10 (66.57) and significantly different
from rest of the treatments. Lowest K uptake of 40.94
kg/ha was recorded in T3 which was at par with T1 with K
uptake of 43.82 kg/ha.
Annual potassium uptake during both seasons revealed
that higher K uptake of 146.89 kg/ha was recorded in T8

which was statistically at par with T11 registering an up
take of 140.73 kg/ha and significantly different from other
treatments. Lowest K uptake of 84.56 kg/ha was recorded
in T1.

DISCUSSION
Leaf yield as influenced by seasons and fertiliser
levels/splits
Significantly higher leaf yield (14379.1kg/ha) was
recorded in autumn as compared to spring season (12553.4
kg/ha) which is in harmony with the findings of Mir et al.
(2003) and Singh and Saraswat (2003). Similar seasonal
variations have been reported by Das and Vijayaraghavan
(1990), Shivaprakash et al. (2000); Majumder et al. (2003)
and Fotadar et al. (2006). During spring as well as autumn
seasons highest leaf yield (15196.5 kg/ha, 16850.7 kg/ha))
was recorded in treatments receiving higher levels of N.
These results are concomitant with those of Kashi
viswanathan et al. (1977); Fotedar et al. (1988); Das et al.
(1993); Bongale et al. (2000); Sannapa et al. (2003);
Kuwada et al. (2006) and  Shivaprakash et al. (2006). The
results of this nature could be attributed to better response
of mulberry to higher doses of nitrogen at optimum soil
moisture conditions, especially from June to September.
Split application of fertilisers (having higher levels of N)
during both the seasons have resulted in improvement in
leaf yield (5.94 % in spring and 12.90 % in autumn) over
the control.  Improvement in yield due to split application
of fertilisers are supported by the earlier  findings of
Mishra et al. (1993); Subbarayappa et al. (1994);
Sundareswaren et al. (1997); Patil et al. (2003);
Subbaswamy et al. (2003); Setua et al. (2005) and
Shivaprakash et al. (2006). The improvement in leaf yield
and quality due to split application of K along with N
could be due to response of mulberry to nitrogen which is
a constituent of plant proteins, nucleic acids and vitamins.
Potassium also plays an important role in plant
biochemical functions, development and yield of foliage
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T13 (66.63) and T10 (66.57) and significantly different
from rest of the treatments. Lowest K uptake of 40.94
kg/ha was recorded in T3 which was at par with T1 with K
uptake of 43.82 kg/ha.
Annual potassium uptake during both seasons revealed
that higher K uptake of 146.89 kg/ha was recorded in T8

which was statistically at par with T11 registering an up
take of 140.73 kg/ha and significantly different from other
treatments. Lowest K uptake of 84.56 kg/ha was recorded
in T1.

DISCUSSION
Leaf yield as influenced by seasons and fertiliser
levels/splits
Significantly higher leaf yield (14379.1kg/ha) was
recorded in autumn as compared to spring season (12553.4
kg/ha) which is in harmony with the findings of Mir et al.
(2003) and Singh and Saraswat (2003). Similar seasonal
variations have been reported by Das and Vijayaraghavan
(1990), Shivaprakash et al. (2000); Majumder et al. (2003)
and Fotadar et al. (2006). During spring as well as autumn
seasons highest leaf yield (15196.5 kg/ha, 16850.7 kg/ha))
was recorded in treatments receiving higher levels of N.
These results are concomitant with those of Kashi
viswanathan et al. (1977); Fotedar et al. (1988); Das et al.
(1993); Bongale et al. (2000); Sannapa et al. (2003);
Kuwada et al. (2006) and  Shivaprakash et al. (2006). The
results of this nature could be attributed to better response
of mulberry to higher doses of nitrogen at optimum soil
moisture conditions, especially from June to September.
Split application of fertilisers (having higher levels of N)
during both the seasons have resulted in improvement in
leaf yield (5.94 % in spring and 12.90 % in autumn) over
the control.  Improvement in yield due to split application
of fertilisers are supported by the earlier  findings of
Mishra et al. (1993); Subbarayappa et al. (1994);
Sundareswaren et al. (1997); Patil et al. (2003);
Subbaswamy et al. (2003); Setua et al. (2005) and
Shivaprakash et al. (2006). The improvement in leaf yield
and quality due to split application of K along with N
could be due to response of mulberry to nitrogen which is
a constituent of plant proteins, nucleic acids and vitamins.
Potassium also plays an important role in plant
biochemical functions, development and yield of foliage
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and leaf quality improvement (Shankar and Rangaswamy,
1999). Increase in leaf yield over control might also be due
to greater availability of nutrients due to balanced NPK
fertiliser application as has also been reported by Singh et
al. (1983).
Nutrient uptake through leaf
Perusal of data reveal higher N uptake (131.94 kg/ha) in
autumn as compared to spring (117.32 kg/ha). Similar
variations in seasonal uptake have been reported by
Shivaprakash et al. (2000); Setua et al. (2005, 2007).
Higher uptake during autumn season can be attributed to
longer growth period and also to better utilisation of soil
nutrients under suitable environmental conditions
available during its growth period. Higher uptake of
nitrogen (151.94 kg/ha, 163.42kg/ha during both seasons)
was also observed in treatments with higher level of N
application registering an increase of 13.69 and 21.20 %
over recommended treatment. These findings are in
accordance with the earlier reports of Bongale et al.
(2000); Sannapa et al. (2003); Shivaprakash et al. (2006)
in mulberry. Promotion of nitrogen uptake with
progressive increase in its supply could be explained in
terms of higher osmotic suction of the soil solution at
higher level of nitrogen supply as has also been observed
by Greenwood et al. (1974).
Higher Phosphorus uptake (7.35 kg/ha) was recorded in
spring as against autumn (6.77 kg/ha). Variations in
seasonal uptake of phosphorus have been reported by
Shivaprakash et al. (2001) and Setua et al. (2005). During
both the seasons higher uptake of P (9.30 kg/ha, 8.89
kg/ha during spring and autumn) was recorded in
treatment combinations where P has been applied in split
doses which could be attributed to its influence on
increasing cation exchange capacity of roots, thereby
causing  better absorption of plant nutrients. These
findings are in accordance with that of Majumdar et al.
(2003) and give credence to the earlier reports of  Ghosh et
al. (1997) and Shivaprakash et al. (2001).
Higher uptake of K (63.54 kg/ha) was recorded in autumn
as against spring (58.13 kg/ha). Similar variations in
seasonal uptake of potassium have been recorded by Setua
et al. (2005). During spring higher uptake of K (75.03
kg/ha) was observed in treatment with higher dose of K
application as basal dose, however it did not differ
significantly from most of treatments  with split
application of K. While as during autumn higher uptake of
K (73.95 kg/ha) was recorded in treatment with split
application of K which can be attributed to the fact that
application of  K with N play a vital role in enhancing
nutrient  use efficiency. Similar observations have been
made by Nagendra Rao (2007).
Further, split application of NPK did exhibit improvement
in nutrient uptake over the control viz. (150:120:120 and
150:0:0). These recordings are in accordance with the
findings of Mishra et al. (1993); Sundareswaren et al.
(1997); Patil et al. (2003); Subbaswamy et al. (2003);
Setua et al. (2005) and Shivaprakash et al. (2006). This
may be attributed to the fact that Split application of N and
K play vital role in enhancing their use efficiency and
results in their higher uptake (Gobi et al., 2008). Increase
in uptake of N, P and K over the control through split
application could be attributed to the synergetic effect of

NPK on uptake of respective element and on each other.
These observations are in conformity with the findings of
Li et al. (1985); Subbaswamy et al. (2001); Mendhe et al.
(2002) and Subbaswamy et al. (2003). Present findings
envisage the application of NPK in proper ratio for
improving their uptake. This type of recommendation has
also been given by Takagishi et al. (1985) and
Subbaswamy et al. (1998).

CONCLUSION
It is concluded that for improving mulberry both
qualitatively and quantitatively NPK application be done
in two splits, with first dose of NPK @ 180:60:60 Kg/ha
during April and second dose of NPK @ 180:60:60 Kg/ha,
about 25 days in advance of scheduled date for 2nd rearing
which will not only enhance the quality and yield of leaf
but also growth of silkworms vis-à-vis cocoon yield
during both the seasons.
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