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Abstract

Severity of increasing temperature worldwide presents an alarming threat to crop production. Wider row-to-row and plant-to-plant spacing
and high temperature lead to higher rate of evaporation and stress to cotton production. Effect of mulching on stress (water, nutrient and
heat) and their associated effects on leaf water potential, canopy temperature, NDVI and SPAD value were evaluated during 2015 and
2016 cotton growing seasons in research farm of Punjab Agricultural University, Ludhiana, Punjab (India). A two-year field experiment
was conducted and treatment included two mulch rates (0 and 6 t ha?), three irrigation regimes (Irrigation water to cumulative pan
evaporation ratio 0.2, 0.3 and 0.4) and four nitrogen rates (0, 50, 100 and 150 Kg ha™) in factorial split plot design. Mulching has positive
role in minimizing the effect of stress. Leaf water potential was higher under mulched crop over no mulched crop. Crop residue mulched
canopy was 1.9-3.0, 1.7-2.3 and 1.8-3.0 °C cooler than the no mulched (stressed) canopy at |, I ,and |, irrigation regimes. There was
significantly increase in SPAD value with increasing irrigation input and in order of | > 1 .>1 , throughout the growing season. The SPAD
value with mulch plot was significantly higher than the without mulch and the improvement was 2.3, 3.8, and 3.5 at 55, 82 and 110 DAS.
Nitrogen rates significantly influenced the NDVI values at 55, 78 and 99 DAS. Nitrogen application also significantly increased SPAD value
and with increased nitrogen rates SPAD value increased.
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1. Introduction during intensive rain and controlled water erosion and runoff
by reducing the rain drop impact and suppressed weed growth
(Glab and Kulig, 2008). Plant growth has been reported to be
greatly influenced by soil temperature as it has marked effect
on their various physiological and metabolic processes viz.,
nutrient uptake, synthesis and translocation of metabolites,
respiration, formation and activity of growth regulators,
cell division and on various soil phenomena, viz., soil water
retention and movement, gaseous exchange, evaporation,
ion-movement, release and availability of plant nutrients
and microbial activity. Soil temperature is more important
for plant growth than air temperature. Numerous reports

When cotton grown during the summer (May-october),
the crop experiences high water and heat stress, unless it
is frequently irrigated. It has been reported for other crops
that sub-optimal soil water status and/or a supra-optimal
soil temperature reduce root growth, water and nutrient
uptake and grain yield. In north-western India, cotton is sown
immediately after wheat harvest and the summer season
demands frequent irrigation and cotton crop is very sensitive
to irrigation as excess irrigation in its starting period and
uncontrolled water stress at later stages may adversely affect
the cotton yield (Kashefipour et al., 2006). Mulching with straw
offers a means of moderating supra-optimal soil temperatures, revealed that residue mulch affects hydrothermal regime
conserving moisture and increasing crop yield (Khera et al., PY moderating soil temperature and reducing the soil water
1976). Where cotton crops are grown during the summer, evaporation (E) component of evapo-transpiration (ET) that
therefore, mulching treatments will improve soil moisture improves crop yields in tropical and subtropical regions
conditions and soil temperature conditions. Mulching and  (Lal, 1974; Kar and Kumar, 2007; Arora et al., 2011) and
residue retention on soil surface is a crucial factor that can  €conomized irrigation water use (Gajri et al., 1997). Surface
modify soil hydrothermal regimes, influence plant growth, Soil moisture under the residue will evaporate slower, after
and yield. It was reported that mulching conserved moisture  the wetting event; cumulative evaporation from the residue-
content in soil, increased plant growth (Fang et al., 2011), covered surface can exceed that of the bare surface. Bt cotton
moderate soil temperature, enhance water infiltration rate  being highly exhaustive crop with regard to plant nutrients,

2. © 2018 PP House 733



Joshi and Singh, 2018

fairly large quantities of nutrients are required (Rao and Setty,
2002). Nitrogen fertilization significantly affects plant growth,
lintyields and fibre quality (Bondada et al., 1996, Boquet et al.,
1993). Deficient N levels from emergence to early blooming
could lead to inadequate vegetative growth, resulting in
decreased fruiting (Gardner and Tucker, 1967, Clawson et al.,
2008). In contrast, an over-dose of N will promote excessive
vegetative development and delay maturity (Hodges, 2002).

2. Materials and Methods

The field experiment was conducted at the Punjab Agricultural
University, Ludhiana situated at 38°56’N latitude and 75°52’
E longitude at a height of 247 m above mean sea level during
summer seasons of 2015 and 2016. Monthly maximum
temperature of 39.9 °C was recorded in the month of May,
minimum temperature of 19.0 °C was recorded in the month
of October in 2015, monthly maximum temperature of 39.5 °C
was recorded in the month of May, and minimum temperature
of 19.1 °C was recorded in the month of October in 2016.
Total rainfall received during the cropping season was 542.1
and 529.9 mm with maximum rain of 256.1 and 305.5 mm
was recorded in the month of July in 2015 and 2016 cotton
growing season. The soil of the experimental site was deep
alluvial sandy loam in texture developed under hyperthermic
regimes. The experiment was laid out in a factorial split plot
design keeping combination of three irrigation regimes of
0.2, 0.3 and 0.4 (based on IW/ PAN-E ratios) and rice residue
mulch two rates (0 and 6 t ha') in main plots and four nitrogen
rates in sub plots and replicated three times. All main plot
treatments were randomized in each replication and all sub
plot treatments were randomized in each main plot treatment
and replication. The water applied in each irrigation was 70
mm for all the treatments. These irrigation schedules were
maintained in the soil profile during crop growing period of
Bt cotton. The |, received 2 irrigations; | .and |, received
1-1irrigation in both the years. The rates of rice straw mulch

16 2015
(a)
-15
-14 -

-13

Leaf water potential (MPa)

w
2. © 2018 PP House

included: no mulch (M) and 6 t (M,) rice straw ha™ Four
nitrogen rates (0, 50, 100 and 150 kg ha?) were randomized
as sub treatments.

3. Results and Discussion

3.1. Leaf water potential

Figure 1 (a) indicated leaf water potential at | , irrigation
regimes at different days after sowing. Leaf water potential
was higher under mulched crop (-11.1, -10.0 and -9.2 MPa)
over no mulched crop (-13.5, -12.8 and -10.0 MPa) at 28, 45
and 55 DAS in 2015 and under mulched crop (-11.1, -10.5
and -9.0 MPa) over no mulched crop (-14.3, -13.9 and -11.7
MPa) at 23, 43 and 58 DAS, respectively in 2016. Nitrogen
application enhanced leaf water potential over N treatment
in both the year and it was 0.6, 0.5 and 0.8 MPa higherin N__|
over N, in 2015 at 28,45 and 55 DASand 0.6, 0.7 and 0.5 MPa
at 23, 43 and 58 DAS, respectively in 2016. Fig 1 (b) indicated
leaf water potential at | , irrigation regimes at different days
after sowing. Same trend as in case of l,,irrigation regimes
was observed under |, irrigation regimes. Higher leaf water
potentialin|_,irrigation regimes at 28 and 23 DAS was mainly
due to better soil moisture status. With advancement of
growing days differences in leaf water potential diminishes.

3.2. Canopy temperature

Figure 2 shows that crop residue mulched canopy was 1.9-3.0,
1.7-2.3 and 1.8-3.0 °C cooler than the no mulched (stressed)
canopy at | ,, I ,and I ,irrigation regimes. Soil moisture
changes as a result of different irrigation ratios appeared to
have more pronounced effect on canopy temperature. At 35
DAS, mean canopy temperature was 35.7, 34.7 and 33.8 °C
inl ., 1,,andl .irrigation regimes and lowest temperature at
l,;irrigation regimes was mainly due to availability of water
due to irrigation prior to canopy temperature measurement
and at |, few days before measurement and no irrigation at
l,, irrigation regimes till the measurement. At 52 DAS, mean
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Figure 1: Effect of mulch and nitrogen on leaf water potential of Bt cotton crop at different irrigation regimes (a) IW/Pan-E=0.4
(b) IW/Pan-E=0.2 during 2015 and 2016

canopy temperature was equalin|l_ ,(27.9°C)and | ,(27.5°C) equalunderl , | ,and| ,irrigation regimes.

irrigation regimes and highestat | ,(28.2 °C) irrigation regimes  Figyre 2 revealed that crop residue mulched canopy was 2.0-
becauseat| ,and| ,availability of water due toiirrigation prior 2.8 1.9-2.3 and 1.5-2.9 °C cooler than the no mulched canopy

to measurement. At 79 DAS, mean canopy temperature was  at | , | .and | ,irrigation regimes. The difference in canopy
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Figure 2: Canopy temperature as affected by mulch application during Bt Cotton growing season at different irrigation regimes
(a) IW/Pan-E-0.4 (b) IW/Pan-E-0.3 and (c) IW/Pan-E-0.2

w
2. © 2018 PP House 733



Joshi and Singh, 2018

temperature in mulched and unmulched canopy was more
at 30 DAS and decreased with the growing season at 50 and
63 DAS. It may be due to that sufficient amount of rainfall at
later stages minimized the deficit conditions.

Nitrogen is one of the factors that directly influence canopy
growth and dry matter production. Figure 3 depicted that
the crop canopy with N, (150 kg N ha™) treatment was cooler
than the N,. Crop canopy N, treatment termed as stressed
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and N, treatment crop canopy termed as unstressed canopy.
Same trend of nitrogen effect on canopy temperature was
observed in allirrigation regimes. The unstressed crop canopy
was 0.7-1.2, 0.8-1.6 and 1.3-1.5 °C cooler than the stressed
crop canopy at |, I,,and | ,irrigation regimes. This might
be due to the reason that availability of more nutrient in N,
treatment and better growth of plant as compared to control
treatment. Same trend was observed in 2016 crop growing
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Figure 3: Canopy temperature as affected by nitrogen application during Bt Cotton growing season at different irrigation
regimes (a) IW/Pan-E-0.4 (b) IW/Pan-E-0.3 and (c) IW/Pan-E-0.2

season. Garden et al. (1981) reported a difference of 2 to
8 °C in the canopy temperature between the stresses and
unstressed leaves of crop.

3.3. Leaf chlorophyll content (SPAD value)

Periodic chlorophyll content (SPAD) value of 3™ leaf from
top of cotton affected by residue mulch, different level of
irrigation and nitrogen rates is given in Table 1. There was
significantly increase in SPAD value with increasing irrigation

w
2. © 2018 PP House

input and in order of I > .> 1 , throughout the growing
season. Table 1 depicts that the increase in SPAD value in
l,, Was 5.5, 4.5 and 4.3 at 55, 82 and 110 DAS, respectively
over the restricted irrigation | .. The corresponding increase
inl,,was 3.7, 1.9 and 2.5, respectively. The SPAD value with
mulch plot was significantly higher than the without mulch
and the improvement was 2.3, 3.8, and 3.5 at 55, 82 and 110
DAS. Nitrogen application also significantly increased SPAD
value and with increased nitrogen rates SPAD value increased.
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Table 1: Effect of mulching, irrigation and nitrogen on SPAD values

Nitrogen 55 DAS 80 DAS
(rE;eha’l) MO MG MO MG
|0,4 |0,3 IOAZ Mean |0,4 IOS |0,2 Mean IOA |0,3 |0,2 Mean IOA IOS IOAZ Mean

Pooled data of 2015 and 2016
N, 36.0 33.8 33.0 343 385 37.6 357 373 344 325 309 326 378 348 338 355
N, 40.5 36.2 34.4 371 4277 405 37.7 403 358 334 32.2 33.8 40.2 37.2 357 37.7
N,oo 435 41.0 37.8 40.8 456 434 384 425 365 345 332 347 423 387 36.6 39.2
N, 445 41.7 39.0 41.7 46.4 439 410 43.8 369 352 333 351 423 394 359 39.2
Mean 41.2 38.2 36.1 385 433 413 382 409 359 339 324 341 406 37,5 355 379
LSD (p=0.05) I=1.6, M=1.3, N=1.5 I=1.4, M=1.1, N=1.3
Table 1: Continue..

increase in NDVI values with increase in irrigation frequency,
N 110 DAS . .

maximum values was observedin|_, plots followed by |, and
rate M, M l,, at 55 and 78 DAS but at later stages (99 DAS), the values
(kg e 1, 1, Mean I, I, 1, Mean did not differ significantly (Table 2). It may be due to that
ha™) ' ' ' ' ' ' sufficient amount of rainfall at later stages minimized the
Pooled data of 2015 and 2016 effect of irrigation regime. The increase in NDVI of |, over| ,
N, 322 304 27.7 301 358 348 333 34.7 was 0.13 (26.5%) and 0.04 (5.63%) at 55 and 78DAS and there

is no increment of NDVI value of |, over | , was observed at
Ny, 352 322 294 322 377 355 344 359 99 DAS. Application of straw mulch also significantly increased
N0 36.6 35.6 299 340 383 36.1 352 36.5 the NDVI values 0.06 (11.5%), 0.03 (4.2%) and 0.03 (3.6%)
N 36.3 354 319 345 385 369 359 37.1 at 55, 78 and 99 DAS, respectively over no mulch. Nitrogen

150 . . . . . . . . /el :

rates significantly influenced the NDVI values at 55, 78 and 99
Mean 351 334 297 327 376 359 347 360 DAS. Highest NDVI value was recorded at N, treatment. The
LSD (p=0.05) =12, M=13, N=1.2 increment of NDVI value was 0.06, 0.09 and 0.07 in N over

Higher SPAD value was observed in N . at 55, 82 and 110
DAS and increase was 19.6, 8.2 and 9.8 per cent at 55, 82 and
110 DAS over N, treatment. As nitrogen availability to plant
increase the chlorophyll content in plant leaves also increased
that reflect in higher SPAD value in mulch plot, higher
irrigation regimes and higher nitrogen rates. Application of
straw mulching, frequent irrigation and optimum nitrogen to
crop maintained optimum soil moisture status in the root zone
that accelerated the nitrogen uptake by plant. Similar results
were observed during 2016 (Table 1). SPAD value increased
with increase in irrigation ratio and it was 4.5, 4.2 and 4.0
with l,,at62,85 and 120 DAS, respectively over the restricted
irrigation | .. Due to mulch SPAD value was higher by 2.7, 3.9
and 3.2 at 62, 85 and 120 DAS, respectively over no mulch.
With increase in nitrogen rates, SPAD value increased by 7.0,
3.4and3.5in N, at 62, 85 and 120 DAS over N treatment.

3.4. Normalized differential vegetative index (NDVI)

Measurement of NDVI is a common approach to monitoring
plant growth and biomass non-destructively. From the Table
2itis clear that mean NDVIvalues recorded higher in frequent
irrigation (IM) as compared to |, and |, irrigation regimes
and higher nitrogen rates recorded higher NDVI value. In
2015, mean comparison shows that there was a significant

w
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100

N, treatment at 55, 78 and 99 DAS irrespective of irrigation
and mulch.

In 2016, there was a significant increase in NDVI values
with increase in irrigation frequency, maximum values was
observed in |, plots followed by |, and |, at 62 DAS but at
later stages (92 DAS), the values d|d not dlf'fer significantly
(Table 2). The increase in NDVI of |, over |, was 0.04 (6.0%)
at 62 DAS and there is 0.01 (1. 0%) decrement of NDVI value

Table 2: Effect of mulching, irrigation and nitrogen on NDVI
values

N 55 DAS

rate M, M,

L';g_l) l, 1, 1, Mean I, 1, I, Mean

Pooled data of 2015 and 2016

N, 0.55 0.49 0.41 0.49 0.61 052 050 0.54

N, 0.57 0.51 0.43 0.51 0.65 0.57 0.53 0.58

N,, 062 052 047 053 067 059 055 0.60
s 0.60 0.50 0.47 0.52 0.66 0.60 0.51 0.59

Mean 0.58 0.51 045 0.52 0.65 0.57 0.53 0.58

LSD (p=0.05) 1=0.03, M= 0.02, N=0.02
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Table 2: Continue

Nitrogen 80 DAS 110 DAS

rate

(kg ha™) | | Mol Mean | | MGl Mean | | M0| Mean | | MGl Mean
0.4 0.3 0.2 0.4 0.3 0.2 0.4 0.3 0.2 0.4 0.3 0.2

Pooled data of 2015 and 2016

N, 0.65 0.63 0.62 064 071 0.68 065 0.68 0.81 0.80 079 0.80 0.84 0.81 0.81 0.82

N,, 0.71 0.69 0.67 0.69 074 0.72 0.69 0.72 0.82 0.83 0.85 0.83 0.85 0.83 0.85 0.84

N, 0.74 0.72 069 072 077 074 072 0.74 0.83 0.85 0.86 0.84 0.87 0.87 0.87 0.87

N, 0.73 071 071 072 075 0.73 072 0.73 0.84 0.85 0.85 0.85 0.86 0.86 0.86 0.86

Mean 0.71 0.69 0.68 069 074 072 0.70 0.72 0.83 0.83 0.84 0.83 0.86 0.85 0.85 0.84

LSD (p=0.05) 1=0.03, M=0.02, N=0.03 I=NS, M=0.02, N=0.02

of I, over | , was observed at 99 DAS. Application of straw
mulch also significantly increased the NDVI values 0.02
(3.0 per cent) at 62 DAS over no mulch and there was no
increment at 92 DAS. With increase in nitrogen rates, there
was significantly increase in NDVI values at 62 and 92 DAS.
Nitrogen rates significantly influenced the NDVI values at 62
and 92 DAS. The increment of NDVI value was 0.06 and 0.03
in N, over N, treatment at 62 and 92 DAS irrespective of
irrigation and mulch.

3.5. NDVI and seed cotton yield relationship

Regression equation was developed with NDVI to seed cotton

yield of Bt. The mean NDVI Values in different irrigation,
nitrogen and crop residue mulch was recorded at 55, 78 and
99 days after sowing and correlated with seed cotton yield
(Table 3). The NDVI value recorded at different stages explain
65 to 80% of variation in seed cotton yield.

Table 3: Regression relating NDVI value with seed cotton
yield

DAS Dependent Independent Regression R?
variable (Y)  variable (X) equation

55  Seed cotton NDVI Y=45.3X-3.7 0.65
yield

78 do do Y=54.4X-8.9 0.80

99 do do Y¥=250.7X-200.0 0.71

4. Conclusion

Mulching can minimize the stressed conditions in cotton,
economize water by providing better hydrothermal regime
and improved leaf water potential, SPAD value, canopy
temperature, NDVI values, and ultimately seed cotton yield
of crop. The interactive effects of irrigation, mulching and
nitrogen were also meaningful.
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