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ABSTRACT

A field experiment was conducted during rainy (kharif) and winter (rabi) seasons of 2013-14 and 2014-15 at
New Delhi, to evaluate the effect of 2 methods of cotton establishment (direct sowing and transplanting) and 5
zinc-levels (control, 2.5, 5.0, 7.5 kg Zn/ha and 0.5% zinc sulphate foliar spray at 60 and 90 days after planting ) on
cotton (Gossypium hirsutum L.) and their residual and direct effect of 5.0 kg Zn/ha in place of foliar treatment on
the succeeding wheat [Triticum aestivum (L.) emend. Fiori & Paol.] and onion (Allium cepa L.) crop. In this re-
search paper residual effect of treatments applied to cotton and direct effect of Zn on onion has been presented
along with system productivity and resource-use efficiency. Productivity of cotton and onion was higher during
2013-14 than 2014—-15. Onion recorded significantly higher economic parameters and nutrient uptake after trans-
planted cotton than direct sown. Onion produced statistically similar growth and yield attributes, bulb yield, gross
and net returns and nutrient uptake, due to direct application of 5.0 kg Zn/ha and residual effect of 5.0 and 7.5 kg
Zn/ha to cotton, which were significantly superior to control and residual effect of 2.5 kg Zn/ha. Based on 2 years
average, gain in net returns was ¥40,350, ¥43,200 and ¥47,950/ha due to residual effect of 5.0/7.5 kg Zn/ha and
direct effect of 5.0 kg Zn/ha over control. Both residual and direct effect of Zn found to enhance the quality of bulb
in terms of Zn enrichment and on an average 32.0, 31.8% and 36.2% increase in Zn uptake was recorded due to
residual effect of 5.0/7.5 kg Zn/ha and direct effect of 5.0 kg Zn/ha respectively. Based on 2-years average, sys-
tem productivity in terms of seed cotton equivalent yield (9.45 t/ha), production efficiency (27.0 kg/ha/day), eco-
nomic efficiency (736.9%F/ha/day) and irrigation water productivity (1.16 kg/m?) of transplanted cotton—onion crop-
ping system was significantly greater than the direct sown cotton—onion system. Successive increase in Zn-levels
caused significant increase in system productivity, production efficiency, economic efficiency and irrigation water
productivity up to application of 5.0 kg Zn/ha. So based on the study it is concluded that in Bt cotton—onion crop-
ping systems 5.0 kg Zn/ha to Bt cotton is sufficient to meet the zinc requirement of both the crop and transplanted

cotton is better than direct sown cotton.

Key words : Bulb yield, Cotton—onion system, Direct and residual effect, Nutrient uptake, System produc-

tivity, Zinc

In the north India, cotton isirrigated but productivity
levels are till very low. Optimum time of sowing of cot-
ton in the north is second fortnight of May. Higher ambi-
ent temperature especially of soil during sowing period of
crop, results in sub-optimal plant population. In certain
area, salinity also adversely affects the establishment of
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seedlings under high temperature and water scarcity. Rains
during sowing time al so resultsin crust formation and pro-
mote weed infestation, which may add to poor crop stand.
Direct sown cotton requires 4-5 irrigation before onset of
monsoon for better crop establishment and growth. It is
very difficult to get optimum plant stand of the crop, de-
spite frequent irrigation and repeated gap filling, which is
the most important reason for the low yield of cotton.
With frequent irrigation weed infestation increases, result-
ing in competition between the crop and weeds for limited
resources and cost escalation due to frequent weeding.
Establishment of an acceptable population of cotton seed-
lings is important to obtain high yields. Its contribution
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ranged from 22.0% to 32.7% towards cotton yield, while
method of crop establishment helps alot for obtaining re-
quired plant population of crops under adverse situations
(Ali et al. 2010; Rajpoot er al. 2014).

Among the micronutrient, Zn is the most limiting in
Indian soilsand its deficiency in soil and plant resulting in
deficiency of Zn in humans and animals. Notably more
than 50% of the cultivated soilsin Indiaare classed as Zn-
deficient. Znis an indispensable element for healthy life of
human, animals and plants. Zn aids in the synthesis of
plant growth substances, enzyme systems, chlorophyll and
carbohydrates, essential for promoting certain metabolic
reactions and directly affectsyield and quality of produce
(Marschner 1997 and Cakmak et al., 1996). Efforts are
now underway to reduce Zn deficiency in soils, which is
abarrier in achieving crop yield goals and results in low
Zn content in grains and straw leading to poor Zn nutrition
of humans and animal's, which has recently received con-
siderable attention (Shardt ez al., 2006). Zinc deficiency in
crop production and indirectly in human beings can be
ameliorated through agronomic manipulations or genetic
improvement.

Cotton—-wheat is along established crop production
system of north-western plains of the Indian sub-continent
and this rotation occupies prestigious place in the agricul-
tural growth of Indiaand Pakistan, the leading wheat pro-
ducing nations of the world (Mayee e al., 2008). In recent
years, trends in agricultural production systems have
changed towards achieving high profitability and re-
source-use efficiency and promote sustainability over
time. As maturity of cotton extend up to end of November
or early December, wheat sowing becomes late under
some situations. Sometimein north part of India, tempera-
ture falls early in the month of November and December,
resulting in delayed maturity of cotton. In such situations,
late sown wheat resultsin low yield and forced harvesting
of cotton result in yield reduction due to non-opening of
bolls. In such situation, alternate crop like onion, cauli-
flower, cluster bean and radish are better option to maxi-
mize the profit. Of these options, cultivation of onion af-
ter cotton has been reported to record the highest produc-
tivity, profitability and resource-use efficiency. Onion has
very high export potential beside local consumption.
Havlin et al. (2010) stated that Zn, B, Mn and Mo showed
high sensitivity in onion production. The normal concen-
tration of Zn in dry matter of plant ranges from 25 to 150
mg/g. Khan et al. (2009) reported residual effect of Zn ap-
plied to wheat on succeeding rice crop. Abedin er al.
(2012) observed that Zn+ B treatment produced a signifi-
cant increasein yield and yield contributing parameters of
onion.

However, information pertaining to Zn-management in
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cotton-based cropping systems and direct and residual ef-
fect of Zn on succeeding crops yield and quality are very
limited and thus proposed study was undertaken to evalu-
ate the effects of methods of cotton establishment and Zn
fertilization on the productivity, profitability and quality of
cotton and succeeding crop of onion.

MATERIALS AND METHODS

Thefield experiments were conducted across the rainy
(kharif) and winter seasons (rabi) of 2013-14 and 2014~
15 at the research farm of the Division of Agronomy, In-
dian Agricultural Research Institute, New Delhi to evalu-
ate the effects of methods of cotton establishment and zinc
fortification on the performance of cotton-based cropping
systems. In this research article, the direct and residual
effect of the treatments on onion and on the performance
of cotton—onion system presented. The experiment site is
situated at a latitude of (28°40' N, 77°12' E and 228.6
meters above the mean sea-level) north-western plain
zone. The mean annual rainfall of Delhi is 672 mm and
more than 80% generally occurs during the south-west
monsoon season (July—September) with mean annual
evaporation of 850 mm. The soil of experimental field was
sandy loam with initial values of soil propertiesin respec-
tive season were 178 and 172 kg/ha alkaline permangan-
ate oxidizable N, 14.5 and 13.8 kg/ha available P, 226 and
220 kg 1N ammonium acetate exchangeable K, 0.35% and
0.34% organic carbon, 7.5 and 7.6 (1:2.5 soil and water
ratio) soil pH and 0.30 and 0.32 dS/m soil EC, based on
the standard methods for their determination. Treatments
to Bt cotton consisted of 2 methods of cotton establish-
ment (Direct sowing of cotton at the end of May and trans-
planting of cotton seedlings raised in the nursery with on-
set of monsoon) in the main-plots and 5-levels of zinc
(contral, 2.5 kg Zn/ha, 5.00 kg Zn/ha, 7.5 kg Zn/haand 2
foliar spray of 0.5% zinc sulphate at 60 and 90 days after
planting) in the sub-plotsin a split plot design with three
replications. In the succeeding winter season, sub-plots
were divided into 2 sub-sub-plots to study the residual ef-
fect of treatments given to cotton on wheat and onion.
Residual effect of Zn-levels on onion and wheat was aso
compared with direct effect of Zn and for that foliar spray
treatment of cotton was replaced with 5.0 kg Zn/hato
wheat and onion.

Direct sowing of cotton (‘ SP 7007 BG I1') was done by
dibbling method with arow spacing of 90 cm and plant to
plant spacing of 45 cm on May 27 and 28 during 2013
and 2014, respectively. Gap filling was done twice, 7 and
12 days after first sowing. Direct sown crop received 5 and
7 irrigation during 2013 and 2014. For weed control, pre-
emergence application of pendimethalin was done @ 1.0
kg/ha followed by 2 hand-weeding. For nursery raising,
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poly glass of 15 cm height were filled with soil and farm
yard manure in the ratio of 3:1. Two seeds were sown in
each poly glass on May 27 and 28 during 2013 and 2014,
respectively and they were watered alternate day till their
transplanting in the field. Gap filling and thinning was also
done to retain one plant in each glass. For transplanting
field was prepared before the onset of monsoon and trans-
planting was done on July, 3 and 20 during 2013 and
2014, respectively, with the onset of monsoon. Trans-
planted cotton received 1 and 2 irrigation during 2013 and
2014 and one hand weeding after 15 days of transplanting.
Crop received recommended dose of 150 kg N, 60 kg
P,O, and 40 kg KO through urea, di-ammonium phos-
phate and muriate of potash. Zn as per treatment was
given through zinc sulphate. Foliar spray of 0.5% zinc
sulphate was done at 60 and 90 DAS using 400 and 600
litres water/ha respectively. Through foliar spray 6.0 kg
zinc sulphate was sprayed which was equal to 1.20 kg Zn/
ha. Half of N and full dose of P, K and Zn was given at
the time of sowing and remaining N was given before
flowering. Crop received well distributed rainfall after the
onset of monsoon during 2013, while onset of monsoon
was late during 2014 and there were also intermittent
drought. Seed cotton was picked from the net plot at ap-
propriate stage to avoid deterioration of produce quality
and seed cotton harvested from each net plot was con-
verted to seed cotton yield/ha

The onion variety ‘ Pusa Madhuri’ was sown in araised
bed nursery on November 5 during respective season af -
ter following all the recommended practices for raising the
nursery. About 2 months old seedlings of onion were up-
rooted and transplanted to the main field during first week
of January during both the seasons maintaining 10 cm x
10 cm crop geometry. Farmyard manures (10 tonnes’ha on
dry weight basis) was applied 15 days before transplant-
ing. Crop received recommended dose of N (120 kg N/ha
as urea), P (60 kg P,O_/ha as di-ammonium phosphate)
and K (40 kg K,O/ha as muriate of potash). One-third
dose of N and full dose of P and K were applied with last
field operation. Remaining two-third N was given in 2
equal split after 30 and 60 days after transplanting. In the
plots where foliar spay of Zn was done in cotton crop, in
the same plot succeeding crop of onion received 5 kg Zn/
ha through zinc sulphate hepta hydrate, to compare the
direct and residual effect of Zn in the onion crop. Irriga-
tion was given as per requirement of the crop amounting
to 12irrigationsin thefirst season and 10 irrigations to the
second season crop. For weed control pendimethalin @
0.75 kg/hawas mixed with 10 kg fine sand and uniformly
spread after transplanting. Thereafter crop received 2
hand-weeding at 20 and 40 days after transplanting for
effective weed control. As a prophylactic measures, 1
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spray of Monocrotophos @ 2 litre/hawas done at 60 days
after transplanting of onion. Observations on growth and
yield attributes were made on 5 tagged plants from the
third line. Growth and yield parameters such as plant
height, number of leaves/plant, leaf girth, fresh leaf
weight, fresh bulb weight, total dry-matter production,
equatorial diameter, polar diameter, number of scale leaf/
bulb and bulb yield/ha were recorded following standard
procedure. The weight of onion bulb from net plotsin each
treatment was weighed and weight was expressed in
tonnes’ha. The total number of labour required for various
agronomic practices under different cropping sequences
were noted treatment-wise and areainvolved in each plot.
Net returns and net benefit: cost ratio was worked out
based on cost of cultivation and gross returns. System pro-
ductivity in terms of seed cotton-equivalent yield (SCEY)
was calculated as. SCEY = Seed cotton yield of cotton +
[(Yield of succeeding onion crop x Price of seed onion)/
Price of cotton]. Production efficiency (PE) was expressed
as the ratio of system productivity in term of seed cotton
equivaent yield in kg/ha to total duration of the cropping
system in days. Like-wise, economic efficiency was ex-
pressed as the ratio of net returns from the cropping sys-
tem in g/hato total duration of the system in days. The
data were statistically analysed using the F-test as per the
procedure given by Gomez and Gomez (1984). LSD val-
ues at P=0.05 were used to determine the significance dif-
ference between treatment means.

RESULTS AND DISCUSSION

Seasonal variations

Across 2-years of experimentation, weather conditions
showed wide variations. The kharif season of the first year
(2013) was wet one. Rainfall was 102% (1350 mm) higher
than the average rainfall (672 mm). In contrast to this,
during 2014, the onset of monsoon was late and there was
also intermittent drought and rainfall was 76% of the av-
eragerainfal. These variationsinrainfall resulted in more
irrigation to cotton during 2014 than 2013. Crop yield was
also affected due to rainfall and it was less during 2014
than 2013. In the winter (rabi) season trend was reverse of
the rainy season and more rainfall was recorded during
2014 (316 mm) than 2013 (220 mm). The effect of abnor-
mal rainfall during winter season of 2014 was observed on
onion as well as wheat crop and productivity of both the
crops was less during 2014 than 2013. Winter crop irriga-
tion requirement was less during 2014 than 2013. This
adverse effect of high rainfall during winter season may be
owing to favourable condition for lodging, insect-pests,
diseases and weeds infestation and al so less use-efficiency
of nutrients especially nitrogen.
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Onion

Growth parameters

Growth attributes (plant height at harvest, LAl at 90
DAT and leaf numbers/plant at harvest) of onion were not
affected due to methods of cotton establishment (Table 1).
However, residual effect of 5.0 and 7.5 kg Zn/ha given to
Bt cotton was significant over the control treatment. Direct
effect of 5.0 kg Zn/ha on growth attributes of onion was at
par with residua effect of 5.0 and 7.5 kg Zn/ha. The favor-
able effect of Zn on plant growth may be duetoitsrolein
many physiological processes and cellular function within
plants. In addition, Zn plays an essential role inimproving
plant growth, through the biosynthesis of endogenous hor-
mones, which are responsible for promotion of plant
growth (Hansch and Mendel, 2009). It is quite obvious
that the experimental soil was deficient in Zn, so residual
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and direct effect was found favourable on the growth of
onion.

Yield parameters

Similar to growth attributes, residual effect of methods
of crop establishment was also not observed on yield at-
tributes of onion during both the crop seasons (Table 2).
Direct as well as residual effect of Zn was significant on
the yield attributes of onion such as fresh and dry weight/
bulb, equatorial/polar diameter/bulb and volume/bulb.
Residual effect of 2.5 kg Zn/ha was significant only on
fresh/dry weight/bulb at harvest over control, while that of
5.0 and 7.5 kg Zn it was significant on all the yield at-
tributes except scale numbers/bulb during both seasons.
Residual effect of 5.0 and 7.5 kg Zn on yield attributes
was dtatistically similar. Direct application of 5.0 kg Zn/ha
recorded the highest values of most of the yield attributes,

Table 1. Direct and residual effect of cotton establishment methods and zinc on growth parameters of onion in Bt cotton—onion crop sequence

Treatment Plant height at maturity (cm) LAl at 90 DAT Leaf numbers/plant at maturity
2013 2014 2013 2014 2013 2014
Cotton establishment method
Direct sowing 51.3 48.5 2.55 2.52 7.73 7.98
Transplanting 53.4 51.3 2.64 2.60 8.00 8.07
SEm+ 2.02 1.6 0.085 0.063 0.20 0.24
CD (P=0.05) NS NS NS NS NS NS
Zinc level (kg/ha)
0 (To cotton) 49.2 46.8 2.47 241 7.33 7.43
2.5 (To cotton) 51.8 48.5 2.50 2.53 7.54 7.68
5.0 (To cotton) 53.2 51.7 2.72 2.67 7.92 8.14
7.5 (To cotton) 53.5 52.0 2.78 2.73 8.28 8.28
5.0 (To onion) 53.0 52.3 2.78 2.69 8.16 8.33
SEm+ 1.2 1.12 0.066 0.062 0.18 0.21
CD (P=0.05) 3.2 31 0.20 0.19 0.51 0.60

Table 2. Direct and residual effect of cotton establishment methods and zinc on yield attributes of onion in Bt cotton—onion crop sequence

Treatment Fresh weight/ Dry weight/ Equatorial diameter/ Volume/bulb Scale Polar diameter/
bulb (g) bulb (g) bulb (cm) (cm®) numbers/bulb bulb (cm)
2013 2014 2013 2014 2013 2014 2013 2014 2013 2014 2013 2014
Crop establishment method
Direct sowing 61.1 51.9 7.63 6.57 5.42 457 67.6 57.0 9.16 7.82 451 3.83
Transplanting 61.8 52.5 7.72 6.56 5.52 471 68.0 57.2 9.18 7.84 4.66 3.93
SEm+ 1.06 0.90 0.130 0.166 0.067 0.144 1.13 0.94 0.083 0.147 0.047 0.036
CD (P=0.05) NS NS NS NS NS NS NS NS NS NS NS NS
Zinc level (kg/ha)
0 (To cotton) 56.4 479 7.05 5.99 5.14 4.44 61.7 55.3 8.83 7.46 447 3.79
2.5 (To cotton) 61.1 51.9 7.64 6.49 5.46 453 67.5 57.9 9.28 8.08 450 3.87
5.0 (To cotton) 62.2 52.9 7.77 6.80 5.57 4.64 68.9 58.6 9.39 7.93 4.67 3.89
7.5 (To cotton) 63.3 53.8 7.92 6.73 5.61 4,75 70.0 56.0 9.11 7.60 4.60 3.96
5.0 (To onion) 64.2 54.5 8.02 6.82 5.58 4.85 70.8 58.1 9.22 8.08 4,70 3.89
SEm+ 0.98 0.83 0.123 0129 0.073 0.174 1.96 1.99 0.205 0.229 0.108 0.056
CD (P=0.05) 29 25 0.37 0.39 0.22 NS 5.9 NS NS NS NS NS
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however these were statistically at par with values re-
corded with residual effect of 5.0 and 7.5 kg Zn/ha. Direct
aswell asresidual effect of Zn-levels was not noticed on
the scale numbers/bulb. This may be due to the improved
growth characters as a of result residual effect of Zn,
which would have enhanced photosynthesis and other
metabolic activities, which lead to increasein cell division
and elongation (Hatwar, et al., 2003). Average volume of
bulb in the main plot was non-significant in both the years.
Significant differences in bulb volume were observed in
all the Zn receiving treatments in the first year and in the
second year it was non-significant. The scale numbers of
bulb in the main plot as well asin the sub-plot observed
non-significant in both the years.

Bulb yield

Bulb yield/hawas recorded about 1 tonne higher due to
residual effect of transplanted cotton as compared to direct
sown cotton during both the seasons, however the differ-
ences in bulb yield were not statistically significant. Re-
sidual effect of 2.5, 5.0 and 7.5 kg Zn/ha applied to cotton
had a significant effect on onion bulb yield in both the
season. Bulb yield increased by 4.6, 13.4 and 12.2% in
2013-14 and 9.6, 22.4 and 26.2% in 2014—15 due to re-
sidual effect of 2.5, 5.0 and 7.5 kg Zn/ha applied to cotton,
respectively. Direct effect of 5.0 kg Zn/haapplied to onion
was significant on the bulb yield over control and over
residual effect of 2.5 kg Zn/ha. Bulb yield recorded with
direct effect of 5.0 kg Zn/hawas statistical on par with the
bulb yield recorded with residual effect of 5.0 and 7.5 kg
Zn/ha. Increasein bulb yield due to direct effect of 5.0 kg
Zn/hawas 14.0 and 29.2% over control during 2013-14
and 2014-15 respectively. Thismay be due to effect of Zn,
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which is one of the most important elements in the carbo-
hydrates metabolism. Enzymes such as carbonic anhy-
drase, fructose-1,6-bisphosphate and aldolase which play
important role in metabolism are activated by Zn. The ac-
tivity of these enzymes decreased in zinc deficiency con-
dition (Marschner and Cakmak, 1989). Similar finding
were reported by (Abd El-Samad, et al., 2011; Ballabh
Khashti and Rana, 2012; Manna, 2013 and Trivedi and
Dhumal, 2013).

Correlation

Correlation and regression analysis revealed that bulb
yield and yield attributes are highly correlated and thereis
apositive relationship between them (Fig. 1 and 2). Onion
bulb Yield is positively correlated with equatorial diameter
of bulb (R? =0.83 to 0.88) in both the seasons. Leaf area
index at 90 DAT and fresh weight of bulb recorded
slightly lower correlation with bulb yield both under re-
sidual and direct effect of Zn-levels. This may be due to
the growth characters variations and yield attributes as a
result of residual and direct effect of Zn.

Nutrient uptake

NPK uptake by onion bulb/ha due to residua effect of
methods of cotton establishment was statistically not sig-
nificant in both the seasons except N uptake in the first
season. Onion after transplanted cotton had significantly
higher N-uptake than after direct sown cotton (Table 3).
Direct as well as residual effect of Zn levels applied to
cotton was perceptible on the NPK uptake in onion bulb
over control during both the crop seasons. Direct applica
tion of Zn (5.0 kg/ha) recorded maximum uptake of NPK
during both the seasons, which was on par with residual

Table 3. Direct and residua effect of cotton establishment methods and zinc levels on bulb yield and economics of onion in Bt cotton—onion

crop sequence

Treatment Bulb yield (t/ha) Gross returns Net returns Benefit: cost ratio
2013 2014 (x 10°%/ha) (x 10°3¥/ha) 2013 2014
2013 2014 2013 2014
Cotton establishment method
Direct sowing 30.90 22.90 305.8 230.6 239.8 167.1 3.64 2.63
Transplanting 31.95 24.27 3233 233.3 257.4 169.8 3.90 2.67
SEmz+ 0.20 0.21 1.687 0.229 1.688 0.229 0.026 0.004
CD (P=0.05) NS NS 10.27 1.39 10.27 1.39 0.16 0.02
Zinc level (kg/ha)
0 (To cotton) 28.90 20.07 289.0 200.7 2233 137.3 3.39 2.17
2.5 (To cotton) 30.23 21.00 302.3 206.7 236.5 143.3 3.60 2.26
5.0 (To cotton) 32.77 25.58 327.7 242.7 261.9 179.4 3.98 2.83
7.5 (To cotton) 32.42 25.33 324.2 251.9 258.4 188.6 3.93 2.98
5.0 (To onion) 32.95 25.94 329.5 257.8 262.9 193.6 3.95 3.02
SEmz+ 0.40 0.28 4.004 3.050 4.004 3.050 0.061 0.048
CD (P=0.05) 1.20 0.84 12.00 9.14 12.00 9.14 0.18 0.14
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effect of 5.00 and 7.5 kg Zn/ha but significantly superior
to residual effect of 2.5 kg Zn/haand control. On an aver-
age increase in N uptake was 3.4, 9.8 and 9.7%, in P up-
take was 16.5, 28.9 and 31.6% and in K uptake was 12.9,
30.7 and 37.2% due to residual effect of 2.5, 5.0 and 7.5
kg Zn/haover control respectively. Increasein N, Pand K
uptake in onion bulb/ha due to direct application of 5.0 kg
Znwas 21.6, 34.7 and 38.7% over control. Thisincrease
in uptake of NPK due to direct and residual effect of Zn
may be ascribed to favourable effect of Zn on growth and
development of onion plants as evidenced by the data pre-
sented in Table 1 and 2 and its further effect on bulb and
root system of the crop, which taped more soil surface for
the uptake of nutrients. Similar priming effect of Zn appli-
cation on the uptake of N, P and K was also reported by
Sharma and Jain (2014) and Mauriya et al. (2015). The
uptake of Zn in onion bulb was found significant both due
to residual effect of methods of cotton establishment and
Zn levels. Significantly higher zinc uptake was found in
after transplanted cotton (135.7 and 101.9 g/ha) in both
the years. Direct application of 5.0 kg Zn recorded high-
est zinc uptake (149.6 and 118.7 g/ha), which was signifi-
cantly the highest from all the residual treatments. The
uptake of zinc in onion bulb was recorded on par due to
residual effect of 5.0 (141.1 and 110.7 g/ha) and 7.5 kg
Zn/ha (140.3 and 110.9 g/ha) in both the years respec-
tively. On an average, 17.8, 32.0 and 31.8% increase in Zn
uptake was recorded due to residual effect of 2.5, 5.0 and
7.5 kg Zn/ha and 36.2% due to direct effect 5.0 kg Zn/ha.
Higher removal of Zn by the crop due to direct and re-
sidual effect is closely related to increase in availability of
the Zn in the soil. Chaudhary er al. (2014) aso reported
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residua effect of Zn applied to greengram on the uptake of
Zn both in grain and straw of wheat and they reported sig-
nificant improvement with successive increase in Zn lev-
esi.e 0, 2.5,5.0, 7.5 and 10.0 kg/ha.

Economics of onion

Gross and net returns and benefit cost ratio were mark-
edly higher after transplanted cotton than direct sown in
both the seasons (Table 3). Based on 2-years average, in-
crease in gross and net returns due to residual effect of
transplanted cotton was ¥11,300/haand #10,150/ha, re-
spectively. Thisincrease in gross and net returns may be
traced to variations in bulb yield of onion under residual
effect of transplanted and direct sown cotton. During both
the crop seasons, gross and net returns/ha depicted con-
spicuous differences due to residua effect of 2.5, 5.0 and
7.5 kg Zn/ha applied to cotton. On an average increasein
net returns due to 2.5, 5.0 and 7.5 kg Zn/ha were 9,600,
740,350 and ¥43,200/ha over the control. Direct applica
tion 5.0 kg Zn/ha induced marked improvement in the
gross, net and benefit: cost ratio during both the seasons.
On an average, increase in net returns due to direct appli-
cation of Zn was 795,900 over the control and 76,700
over residual effect of 2.5 kg Zn/ha respectively. Net
retuns was the highest with direct application of Zn, how-
ever it was on a par statistically with the residual effect of
5.0 and 7.5 kg Zn/ha. Thisincrease in gross returns, net
returns and benefit cost ratio due to direct and residual
effect of Zn may be attributed to improvement in bulb
yield as given in Table 3. The favourable effects of Zn
application on the economics of onion production has also
been reported by Trivedi and Dhumal (2013) and Ballabh
and Rana (2012).

Table 4. Direct and residual effect of cotton establishment methods and zinc levels on nutrient uptake in bulb of onion in Bt cotton—onion

crop sequence

Treatment N uptake in onion P uptake in onion K uptake in onion Zn uptake in onion
bulb (kg/ha) bulb (kg/ha) bulb (kg/ha) bulb (g/ha)
2013 2014 2013 2014 2013 2014 2013 2014
Cotton establishment method
Direct sowing 43.7 32.9 11.7 9.1 54.5 41.2 126.0 96.8
Transplanting 46.9 33.9 125 9.5 58.5 42.8 135.7 101.9
SEm+ 0.26 0.43 0.17 0.15 1.17 0.18 1.36 0.61
CD (P=0.05) 1.6 NS NS NS NS 1.1 8.3 3.7
Zinc level (kg/ha)
0 (To cotton) 40.0 27.4 9.5 6.7 43.1 29.2 100.6 70.7
2.5 (To cotton) 42.8 29.5 11.3 8.1 49.1 33.9 122.7 85.7
5.0 (To cotton) 475 36.2 12.7 10.1 58.9 454 141.1 110.7
7.5 (To cotton) 47.4 36.3 13.2 10.5 65.2 499 140.3 110.9
5.0 (To onion) 48.6 37.4 13.7 111 66.2 51.7 149.7 118.7
SEm+ 0.76 0.65 0.36 0.25 1.31 0.48 1.94 1.84
CD (P=0.05) 2.3 19 1.1 0.7 3.9 1.4 5.8 55
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Fig. 1. Correlation and regression analysis of bulb yield and yield attributes (2013-14 and 2014-15)

Cotton—onion system

System productivity

System productivity of transplanted cotton—onion crop-
ping system was markedly higher than direct sown cotton—
onion system during both the years (Table 5). Thisin-
crease in system productivity was 4.1 and 5.5% during
2013-14 and 2014-15. Both the seed cotton yield and
bulb yield of onion were comparatively higher under
transplanted cotton—onion system as compared to direct
sown cotton—onion system, which jointly contributed for
significant variation in the system productivity. Direct and
residual effect of Zn levels induced marked variation in
the system productivity of cotton—onion system. Succes-
sive increase in Zn-levels caused significant increase in
system productivity up to 5.0 kg Zn/ha. System productiv-
ity recorded 4.9, 11.2 and 10.4% increase during 2013-14
and 4.1, 14.8 and 16.8% during 2014—15 due to direct and
residual effect of 2.5, 5.0 and 7.5 kg Zn/ha over control
respectively. Foliar application of Zn to cotton and direct
application of 5.0 kg Zn to onion also induced perceptible
increase in system productivity, which was 10.4% and
17.0% higher over control during 2013-14 and 201415,
respectively. This behaviour of system productivity is at-
tributed to the direct and residual effect of Zn-levelson the

productivity of component of crops of the system. Similar
results were also reported by Chaudhary et al. (2014) and
Sharma and Jain (2014).

Production and economic efficiency

Production efficiency and economic efficiency of
cotton—onion system were found non-significant due to
methods of cotton establishment except economic
efficiency during 2013-14, where transplanted cotton—
onion system was superior to direct sown cotton—onion
system. Direct and residual effect of Zn was also found
statistically comparable on the production and economic
efficiency. With successive increase in zinc-levels
perceptible increase in production and economic
efficiency was recorded up to 5.0 kg Zn/ha. Foliar
application of Zn to cotton and direct application of Znto
onion also recorded significant increase in production and
economic efficiency over control, but this treatment was
on par with direct and residual effect of 5.0 and 7.5 kg Zn/
ha. This behaviour of production and economic efficiency
under direct and residual effect of Zn may be traced to
their effect on the yield of component crops of the system.
Similar effect of nutrients application including Zn were
reported by Sharma and Jain (2014).
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Table 5. Direct and residual effect of cotton establishment methods and zinc levels on system productivity, production efficiency, economic
sufficiency and irrigation water productivity of Bt cotton—onion crop sequence

Treatment System productivity Production Economic efficiency Irrigation water
(Seed cotton equivalent efficiency (Z/halday) productivity (kg/m®)
yield, t/ha) (kg/halday) 2013 2014 2013 2014
2013 2014 2013 2014
Cotton establishment method
Direct sowing 10.20 8.23 29.15 2351 800.6 609.9 0.95 0.77
Transplanting 10.62 8.27 30.33 23.64 853.7 620.1 1.26 1.06
SEmz+ 0.070 0.020 0.201 0.056 8.46 3.47 0.008 0.003
CD (P=0.05) NS NS NS NS 515 NS 0.05 0.02
Zinc level (kg/ha)
0 (To cotton) 9.62 7.34 27.50 20.96 751.1 523.2 1.02 0.82
2.5 (To cotton) 10.12 7.65 28.91 21.85 803.4 545.7 1.08 0.85
5.0 (To cotton) 10.83 8.61 30.95 24.61 881.2 652.1 1.15 0.95
7.5 (To cotton) 10.74 8.82 30.69 25.20 852.3 676.7 1.14 0.98
5.0 (To onion) 10.74 8.84 30.67 25.26 847.9 677.4 1.14 0.98
SEmz+ 0.111 0.077 0.316 0.219 12.93 10.01 0.013 0.008
CD (P=0.05) 0.33 0.23 0.95 0.66 38.8 30.0 0.04 0.03

Water productivity

Transplanted cotton—onion system recorded higher irri-
gation water productivity during both the seasons, which
may be ascribed to higher irrigation requirement of direct
sown cotton as compared to transplanted cotton. Irrigation
water productivity also depicted improvement due to in-
creasing levels of Zn upto 5.0 kg Zn/ha. Statistically simi-
lar irrigation water productivity was recorded with direct
and residual effect of 5.0 and 7.5 kg Zn/ha and also of fo-
liar spray of zinc to cotton and direct application to onion.

It is concluded that transplanted cotton—onion system
was more productive, profitable and resource-use efficient
than direct sown cotton—onion system. Successive in-
crease in Zn-levels caused significant increase in system
productivity, production efficiency, economic efficiency
and irrigation water productivity up to application of 5.0
kg Zn/ha. Residual effect of 5.0/7.5 kg Zn applied to cot-
ton was significant on productivity and profitability of
succeeding onion and it was at par with direct application
of 5.0 kg Zn/ha applied to onion.

REFERENCES

Abd El-Samad, E.H., Khdlifa, R.Kh.M., Lashine, Z.A. and Shafeek,
M.R. 2011. Influence of Ureafertilization and foliar appli-
cation of some micronutrients on growth, yield and bulb
quality of onion. Australian Journal of Basic and Applied
Sciences 5(5): 96-103.

Abedin, M.J., Nurul, M., Alam, M., Hossain, J., Ara, N.A. and
Haque, K.M.F. 2012. Effect of micronutrients on growth and
yield of onion under calcareous soil environment. Interna-
tional Journal of Biosciences 2(8): 95-101.

Ali, M., Ali, L., Sattar, M. and Ali, M.A. 2010. Response of seed
cotton yield to various plant populations and planting meth-
ods. Journal of Agricultural Research 48(2): 163-69.

Ballabh, K. and Rana, D.K. 2012. Response of micronutrients on
qualitative and quantitative parameters of onion (Allium
cepa L.). Progressive Horticulture 44(1): 40-46.

Cakmak, 1., Torun, B., Erenoglu, B., Kadayci, M., Yilmaz, A., EKij,
H. and Braun, H.J. 1996. Zinc deficiency in soils and plants
in Turkey and plant mechanism involved in zinc deficiency.
Turkish Journal of Agriculture and Forestry 20: 13-23.

Chaudhary, Seema, Singh, H., Singh, S. and Singh, V. 2014. Zinc
requirement of greengram (Vigna radiata)-wheat (Triticum
aestivum) crop sequence in aluvia soil. Indian Journal of
Agronomy 59(1): 48-52.

Gomez, K.A. and Gomez, A. A. 1984. Statistical Procedures for
Agricultural Research 2nd Edition. A Wiley-Inter-science
Publication, John Wiley and Sons, New York.

Hansch, R. and Mendel, R.R. 2009. Physiological functions of min-
eral micronutrients (Cu, Zn, Mn, Fe, Ni, Mo, B, Cl). Current
Opinion in Plant Biology 12: 259-66.

Hatwar, G. P, Gondane, S.U., Urkude, S.M. and Gahukar, O.V.
2003. Effect of micronutrients on growth and yield of chilli.
Journal of Soils and Crops 13: 123-25.

Havlin, J.L., Beaton, J.D., Tisdale, S.L. and Nelson, W.L. 2010. Soil
Fertility and Fertilizers—An Introduction to Nutrient Man-
agement. PHI Learning Pvt. Ltd. New Delhi, India.

Khan, A.A., Zubair, M., Bari, A. and Maula, F. 2007. Response of
onion (Allium cepa) growth and yield to different levels of
nitrogen and zinc in Swat Valley. Sarhad Journal of Agricul-
ture 23 (4): 935-36.

Manna, D. 2013. Growth, yield and bulb quality of onion (Allium
cepa L.) in response to foliar application of boron and zinc.
SAARC Journal of Agriculture 11(1): 149-53.

Marschner, H. 1997. Introduction, definition, and classification of
mineral nutrients. (In) Mineral Nutrition of Higher Plants 2™
edition. Academic Press, London. pp. 3-5.

Marschner, H. and Cakmak, J. 1989. High light intensity enhances
chlorosis and necrosisin leaves of zinc, potassium, and mag-
nesium deficient bean (Phasseolus vulgaris) plants. Journal
of Plant Physiology 134: 924-34.



380 PAUL ET AL.

Mauriya, A.K., Maurya, D.C., maurya, V.K. and Verma, R.K. 2015.
Effect of zinc application methods on yield attributes, yield
and nutrient uptake in wheat varieties under sodic soils. In-
dian Journal of Agronomy 60(1): 8286

Rajpoot, SK., Rang, D.S., Rana, K.S. and Sepat, S. 2014. Effect of
methods of crop establishment on productivity and econom-
ics of Bt cotton (Gossypium hirsutum)—based intercropping
systems. Indian Journal of Agronomy 59(3): 489-92.

Shardt, C., Yang, J. and Large, R.R. 2006. Controls on heat flow,
fluid migration, and massive sulfide formation of an off-axis

[Val. 60, No. 3

hydrothermal system—the Lau basin perspective. American
Journal of Science 306: 103-34.

Sharma, SK. and Jain, N.K. 2014. Nutrient management in wheat
(Triticum aestivum)-based cropping systems in sub-humid
southern zone of Rajasthan. Indian Journal of Agronomy
59(1): 26-33

Trivedi, A.P. and Dhumal, K.N. 2013. Effect of soil and foliar appli-
cation of zinc and iron on the yield and quality of onion (Al-
lium cepa L.). Bangladesh Journal of Agricultural Research
38(1): 41-48.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


