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Effect of planting dates and integrated nutrient management on productivity and
profitability of potato (Solanum tuberosum) in Kashmir valley
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ABSTRACT

A field experiment was conducted during the rainy (kharif) seasons of 2008 and 2009 at Shalimar, Srinagar in a
split plot design having 3 dates in the main plots and 6 sources of nutrients through the combinations of organic
and inorganic fertilizers in the sub-plots with 3 replications, to find out their effect on productivity and profitability of
potato (Solanum tuberosum L.). Among the dates, planting on 25 March recorded significantly higher tuber yield
(35.7t/ha) and benefit: cost ratio (1.89) than that sown on 10 March and 11 April during both the years. Plant
height, number of shoots, shoot dry matter, leaf-area index (LAI) and number of tubers/hill (11.48) were also the
highest in 25 March planting as compared to the other planting dates. Application of 75% of full recommended
dose of fertilizers (RDF) (120:75:75 NPK/ha) + 8 t/ha vermicompost + pre-sowing tuber treatment with Azotobacter
and phosphorus-solubilizing bacteria proved significantly superior in terms of number of tubers hill, harvest index,
tuber yield (32.7 t/ha) and benefit: cost ratio (1.75) of potato over rest of the treatments during both years.
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Potato is one of the important crops of the world and is
consumed by over people across the globe both as food
and as vegetable. The post green revolution has witnessed
substantial increase in production of food but at the cost of
soil health and environmental pollution. Potato, being a
heavy feeder of nutrients, requires high amount of nitro-
gen, phosphorus and potassium. Chemical fertilizers are
the main source of nutrient to the potato crop. However,
continuous cropping and dependence on chemical fertiliz-
ers has resulted in nutritional imbalance, depletion of soil
organic matter, soil erosion, low availability of water, con-
tamination of food and water, adverse affect on
biodiversity as well as on human health. Considering the
higher cost of fertilizers and their harmful effects, itis
necessary to find out an aternative that besidesimproving
the productivity and quality of potato should also be eco-
friendly to the environment. Supplying of nutrients
through the organic source can be opted for avoiding the
hazardous effects of fertilizers and maintaining
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sustainability. As no single source is capable of supplying
all the nutrients in required quantity, integrated use of in-
organic and organic sources of plant nutrientsis a must to
supply balanced nutrients to the crop (Arora, 2008). Thus
a combined use of organic manures with reduced dose of
chemical fertilizer would not only pave the way for higher
yields but also help to maintain the soil health and reduce
pollutions. Bio-fertilizers like phosphorus solubilizing
bacteriaand Azorobacter, also play amajor rolein supple-
menting the crop nutrients through nitrogen fixation and
solubilisation of fixed forms of phosphorus in soil
(Bharadwaj and Gaur, 1970). Since potato requires spe-
cific climatic condition for its better growth and quality
and crop-growth period in Kashmir valley is restricted, it
is aso essential to find out a suitable planting time of po-
tato for harnessing better yields under temperate condi-
tions. Since ample work has not been done under Kashmir
valley, the present study was planned to find out the appro-
priate combination of nutrient sources and suitable plant-
ing time of potato in Kashmir valley.

MATERIALS AND METHODS

The study was carried out at Sher-e-Kashmir Univer-
sity of Agricultural Sciences and Technology of Kashmir,
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Shalimar (Srinagar) during the rainy seasons (kharif) of
2008 and 2009. The experimental siteliesat 34°.08' N and
74°.83' E with an dtitude of 1,587 meters above mean sea-
level. The mean maximum and minimum temperatures
and relative humidity during the cropping season were just
about 25 and 11°C and 77 and 52% respectively. The total
annual rainfall and sunshine length during the cropping
season of 2008 and 2009 were 344.3 and 331.4 mm and
1,213.0 and 1,283.3 hours respectively. The soil of the plot
was silty clay loam having bulk density of 1.30 mg/mm?
with neutral pH (6.89), rich in organic carbon (0.89%),
low inavailable N (231.48 kg/ha) and medium in available
P (20.83 kg/ha) and K (170.01 kg/ha) (Table 1).

The experiment was laid out in a split-plot design with
3 replications on a net plot size of 3.6 x 3.6 m. The main
plot consisted of 3 dates of planting, viz 10 March, 25
March and 11 April, while different combinations of nutri-
ent sources, viz recommended doses of nutrients (160, 100
and 100 kg/ha of N, P and K) through fertilizers (RDF),
75% RDF + 20t FY M/ha, 75% RDF + 8 t vermicompost/
ha, 75% RDF + Azotobacter + phosphorus-solubilizing
bacteria 75% RDF + 20 t FY M/ha + Azotobacter + phos-
phorus solubilising bacteria and 75% RDF + 8 t
vermicompost/ha + Azotobacter + phosphorus solubilising
bacteria constituted the sub-plot. Disease-free, medium-
size potato tubers (40-50 g) of Shalimar ‘Potato 1', which
maturesin 115-125 days having 40-50 g/tuber weight and
ready-to-sprout were planted at the spacing of 20 cm from
plant to plant and 60 cm from row-to-row. Half dose of
nitrogen and full dose of other fertilizers and manures
were given basal, while remaining nitrogen was applied at
the time of earthing. Treatments of potato tuber with Azo-
tobacter and phosphorus-solubilizing bacteria were done
by dipping of tubersinto 10% jaggery-biofertilizers solu-
tion for 15 minutes. Observations on growth yield and tu-
ber quality were recorded. Data of both the years were
pooled and relative economics of potato production under
different treatments was also computed considering the
local price of input and output. The data recorded were
statistically analysed according to RCB design with split
plot arrangements (Snedecor and Cochran, 1980)

Table 1. Physico-chemical properties of soil of experimental field
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RESULTS AND DISCUSSION

Growth attributes

Planting of potato on 11 April resulted in the highest
plant height as well as number of shoots and they were
followed by planting on 25 March and 10 March compa-
rable results. Chandran et al. (2005) also reported similar
results. The highest LAl was recorded with 25 March
planting followed by 10 March planting. Planting on 11
April recorded significantly the highest dry matter fol-
lowed by 25 March planting. Increase in plant height un-
der 11 April planting might be attributed to the warmer
average temperatures (25.79/11.81°C) as compared to 25
March (23.95/9.93°C) and 10 March (22.37/7.80°C) plant-
ing (Abbas et al., 1995). Elevated temperature increased
endogenous gibberellins (Moshe et al., 1989) that is
known for intermodal elongation and plant eight. A lower
LAI of 10 March planting might be due to the lower grow-
ing degree day (GDD) and sunshine hours, received dur-
ing the period; whereas, decreased LAI in 11 April plant-
ing may be attributed to the high light intensity. Improved
shoot dry weight in later planting may be taken as the
product of shoot length and number as well as owing to
better photosynthetic rate under warmer temperatures.

Tuber dry-matter pattern was comparable with those of
leaf areaindex, as the highest tuber dry weight was re-
corded with 25 March planting followed by that in 10
March planting. Our findings confirm those of Chandran
et al. (2005) and Ravikant and Chandha (2009). The ob-
vious reason for higher tuber dry matter in 25 March
planting isthe availability of greater LAl which resulted in
more assimilate production and subsequent supply to the
tubers. Further there was a significant variation among the
dates of sowing so far as tubers/plant are concerned and
the highest number of tubers/plant was obtained in 25
March planting pursued by 10 March planting. This can be
attributed to improved nutrient uptake and cell-division
activity due to suitable soil temperature (Chen and Setter,
2003).

Integration of different organic and inorganic nutrients
revealed that 75% of RDF + 8 t vermicompost/ha + Azo-
tobacter + phosphorus-solubilizing bacteria (PSB) re-

Properties Measured value Properties Measured value

Coarse Sand (%) 0.9 pH 6.80

Fine Sand (%) 14.20 EC (dS/m) at 25°C 0.28

Silt (%) 50.00 CEC (C mole/kg) 11.94

Clay (%) 34.90 Organic carbon (%) 0.91

Textural class Silty clay loam Available N (kg/ha) 232.9

Bulk density (g/cm?®) 1.25 Available P,O, (kg/ha) 211
Available K,0 (kg/ha) 170.5
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corded the highest shoot growth in terms of plant height,
shoot no., LAI and shoot dry weight followed by 75% of
RDF + 20t FYM/ha + Azotobacter + PSB, whereas the
lowest shoot growth (plant height, number, shoot and
shoot dry weight) were recorded with 75% of RDF + Azo-
tobacter + PSB proceeded by 100% RDF. The variations
in shoot growth may be accredited to the varying physico-
chemical characteristics of the soil (Shashibala er al.,
2011; Selvamani et al., 2011), which might have resulted
in an altered root growth and thus availability of nutrients
to the plant. Further, 75% of RDF + 8 t vermicompost/ha
+ Azotobacter + PSB produced the highest tuber dry
weight and number of tubers followed by 75% of RDF +
20 t FYM/ha + Azotobacter + PSB against the minimum
tuber dry weight and number of tubers under 75% of RDF
+ Azotobacter + PSB second by full RDF supplied
through fertilizers. The improved tuber dry weight as well
as number of tubers under certain INM practices may be
attributed to the improved water and nutrient uptake by the
plant chiefly due to improved physico-chemical conditions
of the soil in presence of organic manures as well as soil
microflora. Biofertlizers are also known to produce some
bioi noculants which might have caused the cell division
and thus increased number and growth of tubers
(Balachandar, 2012).

Yield attributes and yield

The highest biological yield was recorded in 25 March
planting followed by that in 10 March and 11 April plant-
ing (Table 3). The trend of variation in harvest index also
followed the similar way asin case of biological yield, but
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harvest index of 10 and 25 March planting remained at
par. A better harvest index in 25 March planting is indica-
tive of a shift in the conversion of complex carbohydrate
into simpler form and their mobilization towards the in-
creased sink capacity, i.e. tuber. Constructive dominance
of common growth and yield related parameters under 25
March planting ultimately reflected in terms of tuber yield,
as this particular date of planting resulted in the highest
tuber yield preceded by 10 March planting against the
minimum tuber yield in 11 April planting.

The crop receiving 75% RDF + 8 t vermicompost/ha +
Azotobacter + PSB showed the highest biological and tu-
ber yield followed by 75% RDF + 20 t FYM/ha + Azoro-
bacter + PSB as compared to the second lowest values of
biological yield and tuber yield in 100% RDF. However,
harvest index did not follow the trend and maximum was
recorded with 75% RDF + 8 t vermicompost/ha compared
to the minimum harvest index of with 75% RDF + Azoro-
bacter and PSB. The superiority of crop performances
under 75% RDF + 8 t vermicompost/ha + Azotobacter and
PSB could be attributed to the beneficial effect of com-
bined use of organic manures and chemical fertilizersin
precise proportions that led to increased nutrient availabil-
ity through enhanced microbial activity, conversion from
unavailable to available forms and improved physical-
chemical and biological conditions of soil (Singh and
Kushwah, 2006). Mohapatra et al. (2008) and Zaman et
al. (2008) aso reported similar type of findings.

Interaction of planting date and nutrient management
(Table 4) also signified that 25 March planting with nutri-
ent application as 75% RDF + 8 t vermicompost/ha + Azo-

Table 2. Effect of planting dates and nutrient management practices on growth attributes of potato (pooled data of 2 years)

Treatment Plant Shoots/ Leaf-area Shoot dry Tuber Number
height plant index weight dry weight of tubers/
(cm) (g/plant) (g/plant) plant)
Date of planting
10 March 54.2 6.2 54 27.9 52.4 8.8
25 March 58.9 53 6.1 34.9 67.1 11.5
11 April 102.3 6.4 4.8 433 46.6 5.9
SEmz+ 0.24 0.06 0.13 0.18 0.26 031
CD (P=0.05) 0.95 0.20 051 0.72 1.03 121
Nutrient management
RDF (160:100:100 N, P and K kg/ha) 70.2 57 51 311 53.4 8.0
75% RDF + 20 t/haFYM 70.7 5.9 5.4 34.0 54.9 8.6
75% RDF + 8 t/haVC 72.3 6.1 53 36.7 56.4 9.1
75% RDF + Azotobacter and PSB 69.2 51 4.8 274 49.1 7.2
75% RDF + 20 t’/ha FYM + Azotobacter + PSB 735 6.3 5.8 39.2 58.1 9.4
75% RDF + 8 t/haVC + Azotobacter and PSB 74.8 6.6 5.9 41.02 60.1 10.2
SEmz+ 0.22 0.19 0.13 0.16 051 0.29
CD (P=0.05) 0.70 0.58 041 0.50 0.95 0.83

RDF, Recommended dose of fertilizer; PSB, phoshphorus-solubilizing bacteria; VC, vermicompost
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tobacter and PSB was the best practice for obtaining high-
est yield of potato followed by 75% RDF + 20t FY M/ha
+ Azotobacter + PSB against the minimum tuber yield
with 11 April planting and 100 RDF.

Economics

Maximum benefit: cost ratio and net returns/ha were
obtained with 25 March planting (Table 3). However, in
case of nutrient management practices, the maximum ben-
efit: cost ratio and net returns were evidenced with 75%
RDF + 8 t/ha vermicompost/ha + Azotobacter and PSB.
The results are in conformity with the findings of Sasani
et al. (2003).

Tuber quality and grade
Quality analysis of tuber (Table 5) revealed that plant-
ing of potato on 25 March gave the highest total soluble
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sold (TSS), vitamin C and nitrogen content against the
minimum TSS, vitamin C and nitrogen content recorded
with 11 April planting. However, reverse trend was re-
corded with regard to specific gravity. Grading of tubers
showed that 25 March planting resulted in the highest
numbers of A, B and C grades of tubers followed by 10
March planting that given rise 1.91, 3.69 and 3.13 tubers/
plant under A, B, and C grades respectively. Comparable
results were also obtained by Narayan er al. (2013).
Different nutrient management practices showed that
75% RDF + 8 t vermicompost/ha + Azotobacter and PSB
produced minimum specific gravity of tubers followed by
75% RDF + 20t FYM/ha + Azotobacter + PSB and 75%
RDF + 20 t FYM/hain opposed to the maximum value
(1.05) in 100% RDF. Treatment of 75% RDF + 8 t
vermicompost/ha + Azotobacter and PSB recorded the
highest TSS, vitamin C and nitrogen content, whereas

Table 3. Effect of date of planting and different nutrient management practices on yield and relative economics of potato (pooled data of 2

years)
Treatment Tuber Biological Harvest Relative economics of potato
yield yield index on pooled data
(t/ha) (t/h) (%) Cost of Net Benefit:
cultivation returns cost ratio
(x10°F/ha (x10%F/ha (return/F
invested)
Date of planting
10 March 30.7 432 71.2 61.9 91.7 1.48
25 March 35.8 49.9 71.7 61.9 116.9 1.89
11 April 24.9 36.5 68.3 61.9 58.5 0.93
SEmz+ 0.35 9.10 0.48
CD (P=0.05) 1.02 32 0.98
Nutrient management
RDF (160: 100: 100 N, P and K kg/ha) 29.6 420 70.5 575 82.6 143
75% RDF + 20 tthaFYM 29.7 42.8 70.5 65.4 85.4 1.30
75% RDF + 8 t/haVC 30.9 43.6 71.0 63.4 91.3 1.44
75% RDF + Azotobacter and PSB 27.6 39.6 69.7 55.6 82.5 1.48
75% RDF + 20t/ha FY M+ Azorobacter + PSB 31.6 45.0 70.3 65.6 92.6 114
75% RDF + 8 t/haVC + Azotobacter and PSB 327 46.6 70.3 63.6 99.9 157
SEmz+ 0.27 0.92 0.23
CD (P=0.05) 0.79 2.63 0.67
Table 4. Interaction effects of planting dates and nutrient management practices on tuber yield of potato (pooled data of 2 years)
Nutrient management Tuber yield (t/h)
10 March 25 March 11 April
RDF (160: 100: 100 N, P and K kg/ha) 30.2 34.9 23.7
75% RDF + 20 tthaFYM 30.7 35.6 24.4
75% RDF + 8 t/haVC 311 36.5 252
75% RDF + Azotobacter and PSB 28.7 31.7 225
75% RDF + 20 t/ha FYM + Azotobacter + PSB 315 37.3 26.1
75% RDF + 8 t/haVC + Azotobacter and PSB 324 385 27.2

SEm+
CD (P=0.05)

Date - 0.5; Nutrient - 0.67
Date - 1.68; Nutrient - 2.61
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Table 5. Specific gravity, total soluble solids, vitamin C and nitrogen content of tubers as affected by planting dates and nutrition levels
(pooled data of 2 years)
Treatment Specific Total Vitamin C  Nitrogen Different grades tubers/plant
gravity soluble  (mg/100g) content Grade‘A’ Grade'B’  Grade'C
(g/ce) solids (°B) (%)
Date of planting
10 March 1.03 5.9 14.1 2.08 191 3.69 3.13
25 March 1.01 6.2 14.8 233 2.57 4.82 4.09
11 April 1.05 49 13.6 1.66 121 261 211
SEmz+ 0.007 0.07 0.06 0.01 0.06 0.11 0.20
CD (P=0.05) 0.023 0.28 0.24 0.06 0.26 0.42 0.27
Nutrient management
RDF (160: 100: 100 N, P and K kg/ha) 1.05 52 135 1.94 1.65 3.50 2.85
75% RDF + 20 tthaFYM 1.02 5.9 13.8 197 1.85 3.68 3.10
75% RDF + 8 t/haVC 1.03 5.8 133 2.05 1.96 3.87 3.30
75% RDF + Azotobacter and PSB 1.04 5.4 14.0 181 155 3.10 2.50
75% RDF +20t/ha FY M+ Azorobacter + PSB 1.02 5.6 14.6 214 2.27 3.95 3.33
75% RDF + 8 t/haVC + Azotobacter and PSB 1.01 5.9 15.8 222 2.37 4.13 3.53
SEmz+ 0.008 0.08 0.07 0.04 0.06 0.11 0.13
CD (P=0.05) 0.023 0.25 0.26 0.12 0.19 0.33 0.38

100% RDF, 75% RDF + 8 t vermicompost/ha and 75%
RDF + Azotobacter and PSB produced minimum TSS,
vitamin C and nitrogen content. Grading of tubersindicate
that 75% RDF + 8 t vermicompost/ha + Azotobacter and
PSB resulted in the highest number of A, B and C grade of
tubers followed by 75% RDF + 20 t FYM/ha + Azoto-
bacter + PSB, while minimum values of A, B and C grade
of tubers were recorded under 75% RDF +Azorobacter
and PSB. Our results conform the findings of Mubara
(2012).

The results lead to conclusion that for realizing higher
tuber yields of potato under temperate environment of
Kashmir valley, it should be planted during the last week
of March with the integrated approach of nutrient manage-
ment as 75% RDF + 8 t vermicompost/ha + Azotobacter
and PSB as the said treatment combination recorded the
highest tuber production and gross returns along with
maximum benefit: cost ratio.
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