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Productivity and profitability of Bt cotton (Gossypium hirsutum)—-wheat
(Triticum aestivum) cropping system as affected by nutrient omissions
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ABSTRACT

A field experiment on nutrient omission plot technique (NOPT) in Bt cotton (Gossypium hirsutum L.)-wheat
{Triticum aestivum (L.) emend. Fiori & Paol} cropping system was conducted at New Delhi during 2010-11 and
2011-12. The experiment had 20 treatments, laid out in randomized block design with three replications in fixed
plots. Treatments comprised omission of N, P, K, S and Zn, 50% omission of N, P, and K , absolute control (no nu-
trient applied) and optimum plane of nutrition (150-26.4 -50-15-3 kg/ha N-P-K-S-Zn). Each of the 10 treatments
was duplicated and randomized so that there were 20 plots within each replication for cotton. Same nutrient omis-
sion treatments were tested on wheat in 50% of plots and uniform N was applied in the remaining 50% of the
plots. Yield in cotton was estimated in terms of seed cotton, and stalk yield. Nitrogen proved to be most limiting nu-
trient and there was a reduction in the seed cotton yield to the tune of 28%, 6.5% and 14.5% due to N, P and K
omissions during the year 2010. N continued to be the most limiting nutrient followed by P and K during the year
2011. The corresponding figures for the year 2011 were 26.5 %, 15.5% and 12.4 % respectively. The yield reduc-
tion in seed cotton yield due to S and Zn omission ranged from 2.0-5.0%, which was statistically at par with opti-
mum nutrition treatment during both the years The reduction in the grain yield of wheat due to N, P and K omission
was 35%, 9.5% and 2%, respectively during the year 2010-2011 and the corresponding figures for the year 2011-
12 were 48.5%, 11.1% and 7.7%, respectively. The reduction in grain yield due to S and Zn omission was mar-
ginal and ranged from 2.0-2.5% during both the years. Highest net profit of #1,33,340 and ¥1,58,340 was earned
from cotton-wheat cropping system during the years 2010-11 and 2011-12, respectively, in the optimum nutrition

plots.
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Cotton popularly known as ‘White Gold’ is grown
mainly for fibre. In addition to this, cotton seed is second
important source of the edible ails. India has been atradi-
tional home of cottons and cotton textiles. The introduc-
tion of Bt cotton with inherent resistance to American
bollworm (Helicoverpa armigera Hubner), in 2002
(bollgard I) and American bollworm and tobacco caterpil -
lar (Spodoptera litura Fabricius) in 2006 (bollgard I1) in
India led to tremendous progress in cotton production.
Subsequently the country became the second largest pro-
ducer and third largest consumer of cotton in the world by
2010. By 2011-12, more than 90 percent of cotton area
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was covered under Bt cotton and hence the production has
more than doubled (compared to 2002-03), yields have
gone up by almost 70%, and export potential for more
than 10,000 crore worth of raw cotton per year has been
created (agricoop.nic.in).

Cotton-wheat cropping system is certainly the next
dominant cropping system after rice-wheat in north-west-
ern India and cotton growing areas of Pakistan. In India,
cotton-wheat cropping system is followed on 1.40 m ha
and on 2.62 m hain Pakistan. The total area under cotton-
wheat cropping system comes to about 4.0 m hain the
north-western plains of India and Pakistan (Mayee et al.,
2008). Cotton and wheat are exhaustive crops asis evident
from the fact that they remove 43.2-29.3-53.3-24.0 and
25.0-9.0-33.0-4.7 kg of N-P-K-S/t of economic product,
respectively (Tandon, 2004). To cater to the uptake needs
of these crops, soil reserves alone are not sufficient mak-
ing it necessary to supply them through chemical fertiliz-
ers. However, the fertilizers applied are either insufficient
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or imbalanced and not based on soil supply capacity. Ini-
tiatives are made in recent years through nutrient omission
approaches to arrive at the soil and fertilizer contributions
to the crops performance and finally arrive at site specific
nutrient management recommendations for targeted and
sustainable yield. Yield in the plot balanced fertilization
with relatively good crop management can be used to es-
timate an attainable yield target. Nutrient-limited yields are
determined from plots in which the nutrient of interest is
not added. For example, the N-limited yield is determined
inan N omission plot receiving no N fertilizer but suffi-
cient Pand K to ensure that they do not limit yield. The P/
K-limited yield is determined in a P/K omission plot re-
ceiving no P/K fertilizer but a sufficient supply of other
nutrients (www.irri.org/irrc/ssnm). Keeping the above
factsin view a field experiment was conducted to assess
the contribution of various nutrients towards yield and
profitability of cotton, wheat and the cotton-wheat system
vis-a-vis optimum fertilization schedules using nutrient
omission plot technique.

MATERIALS AND METHODS

A field experiment on Bt cotton-wheat cropping system
was conducted during the of year 2010-11 and 2011-12, at
the research farm of the Indian Agricultural Research In-
stitute, New Delhi (India). New Delhi is situated at
28°35'N latitude and 77°12' E longitude and an altitude of
about 228.61 m above mean sea level. It has a semi-arid
and sub-tropical climate with hot dry summers and severe
cold winters. The soil of the experimental field was sandy
loam in texture, low in available nitrogen (196.4 kg/ha),
medium in available P (12.5 kg/ha) and K (286.6 kg/ha).
The soil available sulphur and zinc amounted to 34.3 kg/
ha and 0.88 mg/kg of soil, respectively. The experiment
had 20 treatments, laid out in randomized block design
with three replicationsin fixed plots. In cotton treatments
comprised omission of N, P, K, Sand Zn , 50% omission
of N, P, and K , absolute control (no nutrient applied) and
optimum plane of nutrition (150-26.4-50-15-3 kg/ha N-P-
K-S-Zn). Each of the 10 treatments was duplicated and
randomized so that there were 20 plots within each repli-
cation for cotton. Same nutrient omission treatments were
tested on wheat in 50% of plots and uniform N was ap-
plied in the remaining 50% of the plots. All the 20 treat-
ments differed from each other when taken on a system
basis.150-26.4 -50- 15-3 kg/ha N-P-K-S-Zn was applied
as optimum fertilizer dose. The fertilizers used were urea
(46% N), triple superphosphate (46% P,O,), muriate of
potash (60% K,0), gypsum (15% S) and zinc oxide (81%
Zn), so that each fertilizer shall supply only asingle nutri-
ent under investigation. Half of N and full dose of all other
nutrients was applied as basal application to cotton. Re-
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maining N was applied at squaring and flowering in two
equal splits. Similarly in wheat half N was applied as basal
dose and the remaining half at first and second irrigation
in two equal splits.

Bt cotton ‘Rasi 134 BG |1I" with stacked genes, cry 1 ac
and cry lab for resistance against American bollworm and
tobacco caterpillar (Spodoptera litura Fabricius), is me-
dium tall with bushy growth habit having a ginning per-
centage of 37 and staple length of 27-28 mm. Wheat ‘HD
2851’ (Pusa Vishesh), a dwarf variety of 126-134 days
duration having ayield potential 4-4.5 t/hawas used in the
experiment. The cost of cultivation and relative econom-
ics of each crop was calculated on the basis of minimum
support price of the inputs and the produce.

RESULTS AND DISCUSSION

The mean weekly minimum and maximum temperature
during kharif season varied between 14.2°C to 28.9°C and
23.2°C to 41.5°C, respectively, during the year 2010 and
10.7°C to 27.2°C and 26.8°C to 39.2°C, respectively, dur-
ing the year 2011. The totd rainfall was 926.60 mm from
1% June 2010 to 31% December, 2010 and 574.30 mm for
the corresponding period during 2011. Over all 2010
weather parameters particularly rainfall and temperature,
were more favorable for cotton growth and yield. For
wheat the weather conditions were more or less the same
during the year 2010-11 and 2011-12.

Cotton

Yield attributes, stalk, and seed cotton yield

Nutrient omissions significantly influenced the yield
components of cotton during both the years of experimen-
tation (Table 1). Although, N omission resulted in severe
reduction in opened bolls/plant, P and K omission had also
significant effect on the opened bolls/plant an important
yield attributes. The unopened bolls/plant were signifi-
cantly lower in control and N omission treatments. Boll
weight was also significantly reduced due to N, P and K
omissions. Lowest boll weight was recorded in control and
N omission plotsfollowed P and K omission. Lower num-
ber of bolls palnt® and boll weight were recorded during
second year in the respective omission treatments. The
effect of Sand Zn omission on yield attributes was not as
pronounced as that of macro nutrients.

The seed cotton yield (SCY) was significantly affected
by nutrient omission treatments. Seed cotton yield ranged
from 2.27-3.42 t/ha and 2.17-3.24 t/ha during the year
2010 and 2011, respectively. Overal the SCY was dlightly
lower during the year 2011 than the preceding year. The
reduction in SCY during the year 2010 was 28%, 6.7%,
14.5% due to N, Pand K omission, respectively. The cor-
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responding figures for the year 2011 were 26%, 15%, and
12 %, respectively. The reduction in SCY in 50% N omis-
sion and control plots ranged from 12 and 13% with re-
spect to optimum nutrition treatments. The corresponding
figures for control plots were 32 and 33% during the year
2010 and 2011, respectively. The reduction in SCY dueto
N and K omission was amost similar in the consecutive
years. The reduction in the SCY due to P omission was
much higher during the year 2011. Similarly the reduction
in SCY in the treatments that received only N in the pre-
ceding wheat crop was almost similar to their correspond-
ing omission treatments during the year 2010. However,
during the year 2011 the SCY yields were sightly lower in
the P and S omission treatments. N omission resulted in
drastic reduction in the growth, yield components and
yield, highlighting the importance of N in cotton produc-
tion in N deficient soils. These findings corroborate the
results of Biradar et al. (2011). P omission resulted in a
yield reduction of 6.7% and 15.5% in thefirst and the sec-
ond crop highlighting the fast depletion of soil P resources
in cotton-wheat cropping system. Charles et al. (2005)
from Cullarslong term field experiment reported that yield
losses when P was not applied during the preceding 10
years amounted to 57% compared to standard fertilization
(N, P, K, Swith micronutrients).

The reduction in the seed cotton yield due to K omis-
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sion ranged from 12-14%, signifying the importance of K
nutrition in cotton production. Yield losses to the tune of
20% due to K omission have been reported by Biradar et
al. (2011). It appearsthat K soil supplies remained more or
less constant during the three cropping seasons. It might
also be due to the fact that cotton being a deep rooted
plant, absorbed more K from the deeper soil layers (Gulick
et al., 1989). Seed cotton yield reduction dueto Sand Zn
omission ranged between 2.0-5.0% but was statistically at
par with optimum fertilization. Several workers have re-
ported a non-significant response of cotton to S (Prasad,
2000) and Zn (Yin et al., 2011) application. Similarly seed
cotton yield reduced to the extent of 33.4% and 32.8% for
the corresponding years in plots where no nutrient was
applied over the optimum fertilization schedule. The re-
duction in the seed cotton was mainly attributed to the
lesser number of bolls/plant and reduced boll weight.
Growth and biomass production were strongly affected
by the limited indigenous nutrient supply and the nutrients
supplied through fertilizers. This was reflected in the re-
duction in stalk and seed cotton yield. Stalk yield ranged
from 4.5 to 7.5 t/haand 4.1 to 7.2 t/ha during the years
2010 and 2011, respectively (Table 1). The stalk yield was
strongly related to the N supply, omission of which re-
sulted in 36.3% and 47.3% reduction in stalk yield during
the years 2010 and 2011, respectively. The reduction in the

Table 1. Effect of nutrient omissions on yield attributes and stalk and seed cotton yields of cotton

Treatment Bollg/plant Boll weight (g) Seed cotton Sak yield (t/ha)
2010 2011 2010 2011 yield (t/ha) 2010 2011
2010 2011
Cotton Wheat
NPKSZn NPKSZn 46.8 43.9 3.54 4.39 342 324 7.68 7.21
PKSZn(-N) PKSZn(-N) 35.8 314 2.68 3.28 2.45 2.39 5.06 3.80
NKSZn(-P) NKSZn(-P) 455 38.6 3.29 3.93 3.18 2.73 7.55 6.75
NPSZn(-K) NPSZn(-K) 455 37.6 2.98 4.30 291 2.83 6.93 6.36
NPKZn(-S) NPKZn(-S) 445 35.7 297 4.10 321 3.09 7.29 6.87
NPKS(-Zn) NPKS(-Zn) 47.8 37.3 3.28 4.18 3.34 3.05 7.72 6.39
Control Control 284 29.2 254 2.74 227 2.17 4.56 411
(-50%N) (-50%N) 40.1 331 2.95 412 2.98 2.83 7.25 5.85
(- 50%P) (- 50%P) 41.2 36.7 297 4.09 3.34 297 7.44 6.71
(- 50%K) (- 50%K) 47.6 37.7 2.95 4.28 3.13 3.05 7.58 7.00
NPKSZn (+N) 46.6 37.1 3.53 4.55 342 3.10 7.85 7.19
PKSZn(-N) (+N) 36.3 254 2.39 2.80 2.46 237 5.18 4.38
NKSZn(-P) (+N) 44.8 26.3 3.27 4.09 3.19 2.62 7.68 6.57
NPSZn(-K) (+N) 45.8 34.1 2.90 4.30 2.90 2.88 7.02 6.79
NPKZn(-S) (+N) 45.2 28.8 297 4.18 3.23 2.76 7.37 7.45
NPKS(-Zn) (+N) 48.1 38.3 3.26 4.05 3.35 3.06 7.85 7.21
Control (+N) 322 24.7 2.74 271 227 227 4.26 3.65
(-509%N) (+N) 40.6 29.2 2.95 3.96 2.99 2.76 7.24 6.27
(- 50%P) (+N) 425 28.8 274 4.18 3.35 2.86 7.64 6.71
(- 50%K) (+N) 46.6 36.0 3.16 4.33 3.13 297 7.56 7.24
SEmz+ 1.76 1.66 0.10 0.09 0.14 0.12 0.23 0.33
CD (P=0.05) 5.03 4.76 0.30 0.27 0.40 0.33 0.67 0.94
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stalk yield was 1.7 and 9 % for 2010 and 6.5% and under ample P supplies (Naiem, 2007).Thetotal K uptake
13.46% for 2011 due to P and K omission, respectively. ranged from 62.5 to 137.5 kg/ha during the year 2010 and
The higher above ground biomass yield during the 2010 the corresponding figures for the year 2011 were 58.5 to
might be due to the excessive rainfall (926 mm) received 118.5 kg/ha. Significantly lower K uptake was observed in
during 2010 which was 61% higher than 2011 (574 mm). control, N omission and K omission treatments. P omis-
Under the conditions of excessiverain or irrigation, before sion aso reduced the K uptake especially during the year
fruit set, plant height and vegetative growth in cotton be- 2011. Generally higher K uptake was recorded during the

comes excessive (Kerby et al., 1996). year 2010 than the year 2011. N omission had more severe
impact on K uptake than the K omission itself. Higher K
Nutrient uptake accumulation in different plant parts of cotton and K up-

Total N uptake varied from 46.6 to 125.1 kg/ha during take have also been reported in K applied treatments
the year 2010 and 43.7 to 110.0 kg/ha during the year (Aladakatti et al., 2011). K uptake in S and Zn omission
2011 at the harvest stage. Control and N omission treat- plots was at par with optimum fertilization plots.
ments had significantly lower N uptake at harvest. P and
K omissions also significantly reduced the N uptake at Wheat
harvest. The N uptake, during the years 2010 and 2011, in
treatments where only N was applied to the previous
wheat crop did not differ significantly from their corre-
sponding continuous omission treatments. N stimul ates
growth and dry matter production and thus results in its
higher uptake. These results are in agreement with
Bhalerao et al. (2011). P uptake decreased significantly in
control, N omission, P omission and 50% P omission plots
as compared to the rest of treatments. N omission also re-
duced the P uptake significantly during both the years. K
omission reduced the P uptake significantly during the
year 2011. Improved N, Pand K uptake has been reported

Yield attributes, straw and grain yield

Spikes/m?, graing/spike and 1,000-grain weight were
significantly affected by the nutrient omissions during
both the years. Maximum reduction in spike density/m?
was caused due to N omission followed by P omission and
the lowest was recorded in control plots. K, Sand Zn had
anon significant effect on spikes density/m?. Spikes den-
sity/m? was also significantly reduced in the treatments
where only N was applied and other nutrients were omit-
ted. Similar trend was recorded during the year 2011-12.
Spikes/m? further reduced under N omission and the treat-

Table 2. Effect of nutrient omissions on yield attributes and grain and straw yields of wheat

Treatment Spikes m? Graing/spike 1000-grain wt. (g) Grain yield (t/ha) Straw yield (t/ha)
2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 2010-11 2011-12 2010-11 2011-12
Cotton Wheat
NPKSZn NPKSZn 403.9 404.4 35.4 345 43.1 41.4 4.70 4.68 6.07 6.02
PKSZn(-N) PKSZn(-N) 278.2 226.3 22.2 26.1 39.6 36.7 3.05 2.40 3.99 351
NKSZn(-P) NKSZn(-P) 348.9 349.2 321 32.0 42.1 37.2 4.25 4.16 5.86 5.38
NPSZn(-K) NPSZn(-K) 405.2 386.1 334 324 40.4 39.1 4.56 4.33 574 5.61
NPKZn(-S) NPKZn(-S) 392.1 390.5 32.8 329 41.9 40.8 4.59 4.55 5.74 5.81
NPKS(-Zn) NPKS(-Zn) 4229 409.6 318 33.3 44.0 40.6 4.60 457 5.91 5.76
Control Control 229.6 179.9 15.9 23.2 39.3 35.7 1.65 1.54 2.72 2.22
(-50%N) (-50%N) 329.8 297.6 30.6 32.0 40.4 38.7 3.89 3.77 5.04 4.94
(- 50%P) (- 50%P) 389.8 397.8 34.3 33.0 414 37.6 4.55 4.23 5.90 5.54
(- 50%K) (- 50%K) 371.4 406.3 33.1 34.2 41.7 38.2 4.62 4.58 571 5.62
NPKSZn (+N) 383.6 358.3 31.2 32.7 41.4 40.0 3.96 3.78 5.67 5.14
PKSZn(-N) (+N) 343.0 308.2 30.3 319 41.3 376 3.94 3.27 5.47 4.80
NKSZn(-P) (+N) 367.9 351.7 28.8 29.6 41.2 38.0 4.03 3.42 5.76 4.89
NPSZn(-K) (+N) 371.4 314.4 29.2 30.6 43.3 36.1 4.20 3.25 5.59 5.02
NPKZn(-S) (+N) 366.9 319.9 28.7 30.7 39.7 36.9 4.14 3.50 557 5.18
NPKS(-Zn) (+N) 367.7 334.4 31.8 305 41.5 36.1 4.25 341 5.59 5.25
Control (+N) 338.1 282.2 26.8 30.7 40.9 36.8 3.96 311 5.08 4.47
(-50%N) (+N) 339.3 312.2 28.9 28.9 40.9 39.4 4.39 3.56 5.69 4,78
(- 50%P) (+N) 376.4 301.1 31.0 29.7 42.3 38.6 4.36 3.30 5.68 5.10
(- 50%K) (+N) 383.5 329.6 30.8 29.9 41.3 36.7 4.38 3.47 5.45 5.03
SEm+ 13.4 10.3 1.18 2.65 0.82 1.0 0.30 0.14 0.30 0.18

CD (P=0.05) 38.35 30.34 3.55 5.36 2.39 3.01 0.60 0.44 0.89 0.55
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ments where only N was applied and all other nutrients
were omitted. The effect of N omission was more promi-
nent on grains spike* followed by P omission. Lowest
number of grains spike* was recorded in control plots.
Omission of all nutrients except N also reduced the grains
spike? considerably. Likewise 1000 grain weight was
more affected under N omission treatments followed by P
omission. It was more dramatically reduced in the treat-
ments where only N was applied to wheat and all other
nutrients were omitted. Improved yield attributes of wheat
under higher N rates and balanced fertilization have also
been reported by Zeng-Gen et al. (2007).

Nitrogen omission led to the maximum reduction of
straw yield than any other nutrient and it reduced consis-
tently with each season of N omission. The next most lim-
iting nutrient was P as its omission resulted in significant
reduction in straw yield especially during second year. The
straw yield was also significantly reduced in the plots were
only N was applied and this effect was more severe during
the second year of the experiment due the progressive
imbalance in the soil nutrient supply. The grain yield var-
ied from 1.65 to 4.7 t/haduring the year 2010-11 and 2.40
to 4.68 t/haduring the year 2011-12. The reduction in the
grain yield due to N, P and K omission was 35%, 9.6%
and 3% during the year 2010-11 and 49%, 11.5 and 7.4%
during the year 2011-12, respectively. N proved to the
most limiting nutrient from the very first season whereas,
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P reduced the grain significantly during the second year
due to the reduction in the indigenous P soil supplies un-
der sustained omissions. These results corroborate find-
ingsof Dai et al. (2010). Omission of Sand Zn resulted in
grain yield reduction of 2.0-3.0% which was statistically
non significant. Several workers have reported a non sig-
nificant response of wheat to S (Orman and Ok, 2012) and
Zn (Hussain et al., 2011) applications. In the second set of
treatments were specific nutrients were omitted in cotton
and only N was applied to wheat, the grain yield reduced
during the first year and more severely during the second
year, because of imbalance in the nutrient supplies. Simi-
lar results have been reported by Laghari et al. (2010).

Nutrient uptake

Thetotal N uptake varied from 37 to 129 kg/ha (2010-
11) and 29 to 135 kg/ha (2011-12) in the control and op-
timum nutrition treatments, respectively. The optimum
fertilization treatment had significantly higher N uptake
over control and N omission and 50% N omission treat-
ments at all the growth stages. Lowest N uptake was ob-
served in control and N omission followed by 50% N
omission treatments. The total P uptake ranged between
8.1 and 25.8 kg/hain the control and optimum fertilization
plots, respectively during the year 2010-11. The corre-
sponding figures for the year 2011-12 were 6.7 and 21.3
ka/ha, respectively. Thetotal Puptakein N omission treat-

Table 3. Effect of nutrient omissions on N, P and K uptake (kg/ha) in cotton and wheat

Treatment Cotton Wheat
N = K N p K

Cotton Wheat 2010 2011 2010 2011 2010 2011 2010 2011 2010 2011 2010 2011
NPKSZn NPKSZn 125.1 110.0 23.1 20.4 1375 1181 1298 130.8 235 24.2 118.2 1194
PKSZn(-N)  PKSZn(-N) 59.7 49.9 14.6 11.2 76.2 64.0 62.4 55.6 14.8 10.6 67.9 61.0
NKSZn(-P) NKSZn(-P) 114.2 101.6 17.0 135 1252 1029 1024 104.9 17.6 16.5 107.7 105.8
NPSZn(-K)  NPSZn(-K) 108.8 100.6 19.6 17.3 109.6 83.6 1236 1176 23.2 21.8 97.9 99.7
NPKZn(-S) NPKZn(-S) 116.0 107.3 21.4 186 130.6 108.2 1247 1234 23.8 25.0 1154 116.3
NPKS(-Zn) NPKS(-Zn) 122.3 1035 24.1 18.3 1413 1144 1286 124.6 22.9 235 115.7 118.2
Control Control 47.6 455 11.6 104  68.0 61.1 371 305 8.1 6.7 43.0 38.4
(-50%N) (-50%N) 92.3 82.0 18.4 149 1157 95.3 94.6 93.4 19.5 17.6 95.7 97.2
(- 50%P) (- 50%P) 113.9 97.2 18.9 169 128.2 106.3 121.6 109.9 23.0 19.8 1105 108.1
(- 50%K) (- 50%K) 113.7 104.0 21.2 170 1216 97.7 1189 117.7 21.6 21.2 1045 1045
NPKSZn (+N) 126.0 109.3 21.8 195 1379 1143 1125 105.8 20.1 18.3 110.1 101.9
PKSZn(-N)  (+N) 60.3 51.1 16.0 130 7720 66.3 103.8 88.9 16.9 15.0 96.6 84.0
NKSZn(-P)  (+N) 116.4 97.0 14.6 13.2 1238 99.7 103.0 89.8 20.0 14.9 102.6 92.0
NPSZn(-K)  (+N) 108.6 104.5 18.3 17.0 105.8 817 1063 89.2 20.7 16.3 91.7 80.3
NPKZn(-S)  (+N) 117.9 103.0 20.3 178 1279 111.7 116.2 97.4 21.4 18.0 103.8 102.6
NPKS(-zZn)  (+N) 1237 1113 21.0 185 141.3 1149 108.8 95.6 19.5 17.7 1055 104.7
Control (+N) 46.6 437 10.5 9.4 62.5 58,5 100.6 82.7 16.9 14.1 85.1 76.4
(-50%N) (+N) 92.1 82.9 16.2 145 1109 100.0 1136 94.8 20.0 175 105.0 1005
(- 50%P) (+N) 115.1 103.8 16.6 145 129.7 1074 1114 92.3 20.2 15.8 102.9 94.6
(- 50%K) (+N) 114.4 1049 19.3 171 1156 97.3 109.3 93.0 20.1 17.4 97.3 91.4

SEm+ 3.92 3.66 0.80 0.74 4,16 3.58 388 316 0093 0.71 484  3.98

CD (P=0.05) 11.24 1047 229 2.12 11.92 1024 11.13 1352 2.66 2.05 13.86 11.40
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ment was |lower than the P omission treatments. The treat-
ments where only N was applied to wheat had also signifi-
cantly lower P uptake than the optimum fertilization treat-
ments. The total K uptake ranged between 43.2 to 118.2
kg/hain control and optimum fertilization treatments dur-
ing the year 2010-11, respectively. K uptake was signifi-
cantly higher in optimum fertilization treatments over con-
trol, N omission and K omission treatments. N omissions
had far greater impact on K uptake, rather than K omission
itself. Marginal reduction in plant K uptake and dry mat-
ter accumulation due to K omission has been reported by
Slaton et al. (2009). Omission of Sand Zn had anon sig-
nificant effect on K uptake at al the growth stage and to-
tal uptake at harvest.

Economics

Cotton profitability was considerably affected by nutri-
ent omissions (Table 4). Cost of cultivation differed mar-
ginally on account nutrient omissions but resulted in large
differencesin theyield and net profit. Consistently higher
net returns of 92,900 and ¥1,07,075 were realized dur-
ing the year 2010 and 2011, respectively in balanced fer-
tilization treatments. Highest B:C ratio (net returns per
rupee invested) of 3.35 and 3.25 during the year 2010 and
2011, respectively was a so realized in the optimum nutri-
tion plots. Lowest net profit was realized in control plots.

Wheat crop profitability also responded to fertilizer
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treatments with highest net returns of 40,407 and
51,269 realized in the balanced fertilization plots during
the years 2010-11 and 2011-12, respectively (Table 5). P
and K omission also reduced the net returns. The effect of
Sand Zn omission on net profit was only marginal. High-
est B:C ratio of 2.43 and 2.78 during the years 2010-11
and 2011-12, respectively, was also recorded in the opti-
mum nutrition plots.. Profits were also reduced in the
treatments where only N to the exclusion of al other nu-
trients was applied to wheat especially during the second
wheat season.

Maximum net returns of ¥1,33,307and ¥1,58,344
were realized from the cropping system during the year
2010-11 and 2011-12 , respectively, when baanced nutri-
tion was applied to both the crops. Same treatments also
recorded overal highest B:C ratio of 3 and 3.08 during the
respective years. Among the nutrients, N omission reduced
the net returns drastically and P proved to be the second
most limiting nutrient in cotton wheat production.

From the two year study on Bt cotton-wheat cropping
system it is concluded that N is the most limiting nutrient
and its omission resulted in drastic reductionsin yield and
profitability of both cotton and wheat. P omission resulted
in yield reductions which increased during the year 2011-
12 for both cotton and wheat. K omissions resulted in sig-
nificant yield reductionsin cotton and only marginal yield
responses were observed in wheat during year 2010-11

Table 4. Effect of nutrient omissions on net returns and benefit cost ratio of cotton, wheat and cotton—wheat cropping system

Treatment Cotton Wheat Cotton—wheat cropping system
Net returns B:C ratio Net returns B:C ratio Net returns B:C ratio

(x 10° #/ha) (x 10°F/ha) (x 10°¥/ha)

2010 2011 2010 2011 2010 2011 2010 2011 2010 2011 2010 2011
Cotton Wheat -11 -12 -11 -12 -11 -12 -11 -12
NPKSZn NPKSZn 929 1071 335 3.25 40.4 51.3 2.43 278 1333 1583 243 278
PKSZn(-N) PKSZn(-N) 60.2 70.5 2.33 2.29 22.4 20.2 1.53 1.24 82.6 90.7 153 124
NKSZn(-P) NKSZn(-P) 86.9 87.9 3.31 2.79 37.0 451 2.45 266 1239 1330 245 266
NPSZn(-K) NPSZn(-K) 77.3 91.6 2.94 2.94 39.9 479 2.63 288 1172 1394 263 2.88
NPKZn(-S) NPKZn(-S) 86.1 1012 313 3.09 39.0 49.5 2.37 271 1251 1507 237 271
NPKS(-Zn) NPKS(-Zn) 91.0 99.0 3.32 3.03 39.5 497 2.41 274 1305 1486 241 274
Control Control 57.0 66.0 2.54 2.44 9.5 10.3 0.84 0.82 66.5 76.3 084 0.82
(-50%N) (-50%N) 79.4 89.7 2.96 2.81 315 39.0 2.01 224 111.0 1287 201 224
(- 50%P) (- 50%P) 91.0 96.3 3.37 2.99 39.3 455 2.47 257 1303 1418 247 257
(- 50%K) (- 50%K) 845 1005 3.13 3.13 39.6 50.2 2.49 286 1241 1506 249 2.86
NPKSZn (+N) 935 1018 3.37 3.09 35.7 422 2.7 288 1291 1440 27 2.88
PKSZn(-N) (+N) 60.4 70.6 2.34 2.29 35.2 40.2 2.66 2.75 956 110.7 266 275
NKSZn(-P) (+N) 87.4 83.2 3.33 2.65 36.5 37.1 2.76 254 1239 1204 276 254
NPSZn(-K) (+N) 77.1 96.5 2.94 3.10 38.0 35.1 2.88 2.4 115.1 1316 2.88 2.4
NPKZn(-S) (+N) 86.5 88.8 3.14 2.71 374 38.6 2.83 264 1239 1275 283 264
NPKS(-Zn) (+N) 91.2 1006 3.32 3.08 38.5 37.6 2.91 257 1297 1382 291 257
Control (+N) 56.6 69.3 2.52 2.56 34.8 32.5 2.63 2.22 914 101.7 263 222
(-50%N) (+N) 79.7 87.5 2.98 2.75 40.1 39.2 3.03 268 119.8 1267 3.03 2.68
(- 50%P) (+N) 91.3 92.3 3.38 2.87 39.8 35.9 3.01 245 1311 1282 3.01 245
(- 50%K) (+N) 84.5 97.6 3.13 3.05 39.6 37.9 3.00 259 1242 1355 3.00 259
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and significant reductions during the year 2011-12. Appli-
cation of only N to wheat and omitting al other nutrients
resulted in huge yield losses especially during the year
2011-12. S and Zn omission resulted in non significant
yield reductions in both cotton and wheat. Thus balanced
fertilization in both cotton and wheat is very important to
maintain sustainability and profitability of cotton-wheat
cropping system.
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