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Abstract. Combined effects of mulch, irrigation and nitrogen application at optimum level played an
important role in influencing crop and water use efficiency. A field experiment was conducted during
main maize growing season i.e. June to October for two consecutive years i.e. 2020 and 2021 with three
N levels i.e. N; (100 kg N ha?), N» (125 kg N ha?) and N3 (150 kg N ha) in main plots, two mulch
treatments including without mulch (M1) and with mulch application at the rate of 6 t ha* (M2) in sub
plots and two irrigation regimes {IW/PAN-E ratio 0.6 (I1) and 0.9 (I2)} in sub-sub plots. The pooled data
of two years indicated that the N3112 treatment under mulch application resulted in significant increase of
plant height, hundred grain weight, crop biomass, grain yield and water use efficiency of maize by 23.1%,
14.3%, 41.3%, 46.9 %, and 31.3%, respectively, over N1I11 un-mulched treatment. The root mass density
increased with increase in nitrogen level and more so under mulch application. However, the interactive
effects of mulch, irrigation and nitrogen were found to be not significant for most of the plant parameters.
The average soil moisture content recorded at the time of maize harvesting was also observed to be higher
under mulch application by 26.6% over un-mulched plots.

Keywords: crop residue, moisture content, biomass, maize growth, root distribution, crop productivity,
water use efficiency

Introduction

In India, maize is the third most important cereal crop after wheat and rice. In
Punjab, maize occupied 144.6 thousand ha, with a production of 410.5 thousand tons
and mean yield of 3582 kg ha* during 2019-20 (Anonymous, 2021). The diversification
of rice with maize is being emphasized especially in areas with over-exploitation of
ground water resources. In the recent past, due to lowering of the water table, increasing
cost of pumping in rice and evolution of high yielding cultivars of maize, the area under
maize-wheat rotation has shown increasing trends in north-western India. Mulch
application along with irrigation and fertilization played an important role in improving
land and crop productivity. Straw mulching can improve soil organic matter, reduces
evaporation at soil surface, decreases weed growth and enhances crop and water
productivity. Mulching reduces water losses through evaporation, mulch forms a
blanket over the soil which breaks raindrop impact and reduces crusting and soil erosion
losses (Gholami et al., 2013). The application of organic mulches improves soil and
water conservation along with increasing yield by up to 50% compared to un-mulched
plots (Ranjan et al., 2017). Mulch increases the water storage efficiency of soils. Mulch
usage proved to be a significant factor in reducing the evapotranspiration rate
throughout the year leading to overall water saving while simultaneously maintaining
the same yield level (Sun et al., 2012). Meena et al. (2018), and Arora et al. (2011)
concluded that straw mulching improved water productivity. The improvement in the
yield was noted to be around 20%. The use of residue mulch also impacts plant canopy
and results in higher water status and affects several plant growth parameters such as
root proliferation, leaf area index and overall yield. Rani et al. (2019) reported that the
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use of residue mulch at the rate of 5 t ha® increased soil moisture storage by a degree of
7.7% along with a reduction in evaporative flux by 23.9%, in low rainfall years. Qamar
et al. (2015) studied the effect of mulching on crop productivity using different types of
mulches (straw, plastic, natural mulch) and concluded that the use of mulch improves
yield and yield parameters, the highest yield was seen in plastic mulch plot. Singh and
Singh (2018) reported that mulched plots showed higher soil moisture content, soil
moisture storage from period of mulch application till harvest, lower maximum soil
temperature, weed growth was nearly reduced by half, higher plant height, significantly
higher water use efficiency and better yield. Thus, mulch application gave profound
results in terms of overall plant growth, alteration of soil temperature and moisture
content. Mbagatuzinde (2020) studied the effect of mulching on weed management and
maize productivity and observed that using mulch increased maize yield by 27% and
24% in the year 2018 and 2019, respectively. Effect of mulch in combination with sub-
surface drip irrigation produced 48% higher grain yield than conventional irrigated and
un-mulched control plots.

Nitrogen (N) is a key nutrient in the production of cereal crops. It is a component in
many biological compounds playing a noteworthy part in photosynthetic activity and
crop yield. Its inadequacy constitutes one of the real yield constraining factors in cereal
crops. Irrigation is another most essential agricultural input to achieve the optimum crop
yield. Irrigation is a very important agricultural practice in achieving optimum
productivity. Water deficit induces a reduction in water potential, leaf elongation, leaf
photosynthesis and N metabolism and hence leads to significant influence on plant
height, leaf area index (LAI), relative leaf water content (RLWC), chlorophyll content
as well as nutrient uptake and hence indirectly affects the crop yield significantly.
Motazedian et al. (2019) studied the effect of irrigation on sweet corn growth and grain
yield as influenced by irrigation and suggested that when maize was irrigated at 70%
(moderate stress) of the water requirement the yield was highest with improved water
productivity as compared to 50 (severe stress) and 100% normal irrigation levels, the
protein content and sugar content also show similar results. There is a lack of
information regarding the interactive effects of N, irrigation regimes and mulching on
maize productivity under Punjab conditions. Keeping the above facts in view, a study
was conducted to investigate the interactive effect of N, irrigation and mulch on water
use efficiency and maize productivity.

Materials and methods
Experimental site and treatment details

The study was conducted during main maize growing season locally named as kharif
season i.e. from June to October during two consecutive years i.e. 2020 and 2021 in a
sandy loam soil (basic properties mentioned in Table 1) at an experimental station
(30°56° N and 75° 52° E, latitude and longitudes and 247 meter above the mean sea
level) of Punjab Agricultural University, Ludhiana, India. The climate of Ludhiana is
semi-arid sub-tropical, with hot-dry summers from April to June, with humid and hot
monsoon from July to September, and cold winters from November to January. The
average summer and winter temperature undergoes a drastic change. Temperature
varied from 40 °C in summer and as low as 0.5 °C during winters and thus, crops
suffers from a hot dry spell during summers and frost during winters. The average
annual rainfall received in the region is about 759 mm (Kaur et al., 2021). The climatic
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data of crop growing period for both the year is presented in Table 2. The research
experiment design was a split-split design with three treatments (2 mulch, 2 irrigation
and 3 N levels) and three replications, thus forming a total of 36 plots. In main plot
treatments: three N levels (N1:100 kg N ha!; N2:120 kg N ha?; N3:150 kg N ha®); in
sub plot treatments: two mulch levels i.e. without mulch (M1) and with mulch at the
rate of 6tha' (M2) and in sub-sub plot treatments: two irrigation levels based on
irrigation water to open pan evaporation ratio (l:: IW/PAN-E ratio 0.6; I>: IW/PAN-E
ratio 0.9) were studied. The maize was sown on June 10, 2020 and June 7, 2021, while
the crop was harvested on September 29, 2020 and September 25, 2021, respectively,
for two years. The row to row spacing was maintained at 60 cm, while the plant to plant
spacing was maintained at 20 cm. The plot size was 32 m2. Whole of the phosphorus
was applied as basal dose and N was applied as per the treatment. The N was applied in
three splits (i.e. at sowing, knee high stage and at pre-tasseling stage). Gravimetric
method was used to determine the surface soil moisture content. These samples were
oven dried (at 105 °C) till constant weight was obtained and water content was
calculated on mass basis. The difference between wet and dry weights of the soil sample
is expressed as soil water content on dry weight basis. The volumetric water content can
be calculated by multiplying the mass water content with bulk density.

Table 1. Soil characteristics of experimental site

Depth EC ocC Sand Silt Clay FC PWP
(cm) P @sm?) | (%) (%0) (%0) (%0) (%0) (%0)
0-15 7.6 0.25 0.42 62.3 215 16.1 21.7 113
15-30 7.3 0.26 0.36 62.7 18.3 19.0 18.4 104
30-45 75 0.21 0.23 60.4 19.4 20.2 19.7 12.8
45-60 74 0.22 0.18 58.6 20.1 213 20.6 135
60-75 74 0.20 0.08 58.0 193 22.7 215 143
75-90 7.1 0.18 0.06 56.4 19.6 24.0 22.9 13.8

Table 2. Climatic data of the crop growing period

2020 2021 Normal value*

Month| Max | Min Evaporation Rain- | Max. | Min. Evanoration Rain- | Max | Min | Evapo | Rain-
temp |temp. (Fr)nm) Fall |temp.|temp. (Fr)nm) Fall |temp.|temp.| ration | Fall
(C) | (O (mm)| (C) | (C) (mm) | (C) | (C) | (mm) |(mm)

May |36.9 | 22.3 213.0 49.6 | 36.3 | 22.6 235.0 37.3 | 38.7 | 227 | 3104 | 232

Jun | 37.6 | 26.5 220.4 9.6 | 36.3 | 25.3 208.4 84.8 | 38.1 | 25.9 | 289.7 | 84.2
July [34.4 1269 1576 |232.0| 343 | 27.8 158.6 271.2 | 36.3 | 25.3 | 208.4 | 84.8

Aug | 335 26.8 1359 |145.6| 33.7 | 27.2 135.6 107.6 | 33.7 | 27.2 | 135.6 |107.6

Sep | 345|249 1234 |136.0| 31.7 | 25.3 86.7 295.8 | 31.7 | 25.3 | 86.7 |295.8

*Normal values are average of 40 years
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Agronomic data and observations

For plant height measurements, ten plants per plot were randomly selected and their
height was measured from ground surface to the tip of the plant at 80 days after sowing
(DAS). The soil plant analysis development (SPAD value) /chlorophyll content of the
leaves were measured at 60 DAS with the SPAD meter. Chlorophyll content in leaves
of the intact plants was measured with Minolta- SPAD 502 chlorophyll Meter. The
SPAD 502 Chlorophyll Meter is a handheld, a convenient and non-destructive
lightweight device developed by the Minolta Camera Co., Japan for calculating the
amount of chlorophyll present in the leaves. For each observation third fully opened leaf
from apex was selected from ten plants for each treatment by taking the precaution that
midrib should not come under the sample area/sensor of the instrument. The mean value
of 10 readings was recorded as SPAD value.

The relative leaf water content (RLWC) was measured using the method by Barrs
and Weatherley (1962), modified later by Esparza-Rivera et al. (2006) at 70 DAS in
maize. Three randomly selected plants were sampled per plot to calculate RLWC. The
determination of RLWC was accomplished by cutting two discs leaf?, from the lower,
medium and uppermost leaves, making 6 discs plant™® and 18 discs plot™. The leaf discs
were put in plastic vials and immediately weighed, providing the value of fresh weight
(FW). Then the discs were made to soak in de-ionized water for four hours and weighed
to achieve the turgid weight (TW). At last, the discs were oven dried at 60 °C until a
constant weight is reached (dry weight i.e. DW). The RLWC was determined using
following equation:

FW-DW
TW-DW

Relative leaf water content (%) =

x100 (Eq.1)

The root sampling was done at 90 DAS from 0-15, 15-30, 30-45 and 45-60 cm
depths by core sampler with 5 cm diameter. Sampling was done amid the plant rows,
nearly 5 cm away from the plant base. The soil-root mass in the core was then collected
in plastic nets and washed under running water, carefully separating the roots from soil.
The washed roots were retained on the sieves and were cleaned more to eliminate any
remaining organic debris, weed roots etc. with the help of forceps. After the roots were
thoroughly cleaned, they were gently pressed between filter papers to soak the excess
moisture. The root mass density (RMD) was calculated by weighing the oven dried
roots on a precision balance.

One hundred grains per plot were manually counted and weighed precisely and
presented in grams. The crop biomass was determined at harvesting and the above
ground parts of the plants were dried and weighed from net area per plot. Grain yield
was recorded in kg from 9 m? area per plot and presented in t ha™’. The total water use
(TWU) was calculated by adding the irrigation water applied (IW), amount of rainfall
(RF) and profile water use (PWU) as given in Equation 2. The water use efficiency
(kg ha*mm™) was measured by dividing the grain yield by the total water use for each
treatment as mentioned in Equation 3.

TWU = IW + RF + PWU (Eq.2)
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where, TWU = total water use (mm), IW = total irrigation water applied (mm),
RF = total rainfall received (mm), PWU = profile water use (mm).

Grain yield (t ha-1)
Total water use (mm) (Eq3)

Water use efficiency =

The data was statistically analyzed using CPCS-I software according to Cochran and
Cox (1957) and adapted by Cheema and Singh (1991) and it was compared at
significance level of 5%.

Results and Discussion
Plant height

The data pertaining to the impact of mulch, N levels and irrigation regimes on maize
plant height is presented in Table 3. The maximum plant height (m) in maize was
observed in N3I12 (2.92 and 2.95) under mulched condition while the lowest was
recorded in N111 (2.21 and 2.32) under un-mulched conditions during 2020 and 2021,
respectively. Irrespective of nitrogen and irrigation regimes, the mean plant height (m)
was observed to be 2.47 and 2.53 at M1 and 2.53 and 2.66 at M2 during 2020 and 2021,
respectively. Higher plant height under mulch in comparison to un-mulched condition
might be due to greater moisture and nutrient availability in mulched than un-mulched
treatment. Mulching improved plant height at all stages in maize, this is because mulch
improved the soil ecological environment, decreased soil temperature and increased
moisture contents, promoted the growth of maize. Irrespective of N and irrigation
regimes, 26.6% more soil moisture was recorded under mulching than control treatment
as depicted in Figure 1. Maize plant height (m) was significantly increased with N
addition and value at N3 (2.76 and 2.74) was found to be significantly higher than that
at N1 (2.30 and 2.44) during 2020 and 2021, respectively. However, the effect of N at
N3 and N2 levels were at par during both the years. Higher N applications increase the
cell division, cell elongation, number and length of internodes, maintains higher auxin
and protein level in plants and therefore encourages the shoot growth. Also, higher N
levels increased the chlorophyll content which increased the photosynthetic rate and
plant height. Irrigation regimes had no significant effect on maize plant height.
Irrespective of N level and mulch conditions, maize plant height (m) at 12 (2.61 and
2.71) was higher than under 11 (2.50 and 2.57) during 2020 and 2021, respectively.

SPAD value

The data on SPAD value at 60 days after sowing (DAS) is presented in Table 3. The
irrigation alone and the interactive effects of mulch, irrigation and nitrogen were found
to be non-significant for both the years. However, the maximum SPAD was observed in
N3I2 (54.0 and 55.4) under mulched condition which was significantly higher than that
of N1I1 (43.2 and 41.7) under un-mulched conditions during 2020 and 2021,
respectively. Irrespective of nitrogen and irrigation regimes, the mean SPAD value was
observed to be 47.3 and 46.6 at M1 and 50.5 and 52.0 at M2 during 2020 and 2021,
respectively. Higher SPAD value under mulch in comparison to un-mulched condition
might be due to better utilization of applied N under mulched than un-mulched
conditions.
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Table 3. Effect of mulch, N levels and irrigation regimes on plant height and SPAD value

N and Irrigation levels
Mulch rate N1 N2 N3 N1 N2 N3
11 12 Mean 11 12 Mean 11 12 Mean 11 12 Mean 11 12 Mean 11 12 Mean
2020 (Plant height, m) 2020 (SPAD value)
M1 221 | 225 | 223 | 246 | 257 | 251 | 260 | 275 | 2.68 | 432 | 448 | 440 | 459 | 49.1 | 475 | 49.4 | 51.6 | 505
M2 232 | 241 | 237 | 265 | 276 | 271 | 275 | 292 | 283 | 46.1 | 483 | 472 | 499 | 523 | 51.1 | 523 | 54.0 | 53.2
Mean 2.27 | 2.33 2.55 | 2.67 2.67 | 2.84 44.7 | 46.6 479 | 50.7 50.9 | 52.8
Treatment M1=2.47; M2=2.53; N1 = 2.30; N2 = 2.61; N3 = 2.76; M1=47.3; M2=50.5; N1 =45.7; N2 = 49.3; N3 =51.9;
means 11=2.50;12=2.61 11=47.8;12 =50.0
LSD (0.05) M= 0.12; I=NS; N = 0.24; MxIXN = NS M= 3.1; I=NS; N=3.1; MxIxN = NS
2021 (Plant height, m) 2021 (SPAD value)
M1 232 | 244 | 238 | 253 | 267 | 255 | 263 | 283 | 2.65 | 417 | 446 | 432 | 456 | 475 | 466 | 488 | 52.8 | 50.0
M2 246 | 254 | 250 | 272 | 282 | 271 | 275 | 295 | 277 | 474 | 503 | 489 | 51.0 | 539 | 525 | 53.7 | 55.4 | 54.6
Mean 239 | 249 2.63 | 2.74 2.68 | 2.89 446 | 475 48.3 | 50.7 51.3 | 54.1
Treatment M1=2.53; M2=2.66; N1 =2.44; N2 = 2.68; N3 = 2.74; M1=46.6; M2=52.0; N1 =46.1; N2 =49.5; N3 =52.7;
means 11=257;12=271 11=48.1;12=50.8
LSD (0.05) M= 0.15;1=NS; N=0.16; MxIxN =NS M = 3.7; I =NS; N =4.2; MxIXN = NS

M1 = Un-mulched; M2 = Mulched; 11 = IW/PAN-E = 0.6; 12 = IW/PAN-E = 0.9; N1 = 100 kg N ha* N, = 125 kg N ha; N3 (150 kg N hal)

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 20(2):1793-1806.
http://www.aloki.hu @ ISSN 1589 1623 (Print) ® ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/2002_17931806
© 2022, ALOKI Kft., Budapest, Hungary



Kahlon: Interactive effects of mulch, irrigation and nitrogen on maize (Zea mays L.) productivity
- 1799 -

@ With Mulch % Without Mulch

N312 |5

- | — ’.

N2|2 e X EEEE] !

N211

N1I2

Nitrogen and Irrigation levels

N1l |5

0 5 10 15
Soil moisture content (v/v, %)

Figure 1. Soil moisture variation at 0-15 cm depth as affected by nitrogen and irrigation
regimes under mulched and un-mulch conditions

SPAD value was found to be significantly increased with N addition and value at N3
(51.9 and 52.7) was found to be significantly higher than that at N1 (45.7 and 46.1)
during 2020 and 2021, respectively. However, the effect of N at N3 and N2 levels were
at par during both the years. Higher N levels increased the chlorophyll content which
increased the photosynthetic rate. Irrigation regimes had no significant effect on SPAD
value. Irrespective of N level and mulch conditions, maize SPAD value at 12 (50.0 and
50.8) was not significantly higher than under 11 (47.8 and 48.1) during 2020 and 2021,
respectively. The higher dose of N might have produced greater values of leaf SPAD as
N is considered an essential constituent of chlorophyll as reported by Schlemmer et al.
(2005), Singh (2010) and Parija (2011) in maize. Munne-Bosch and Alegre (2000)
observed that the SPAD value decreased with decreasing irrigation level and this
decrease was correlated with relative water content in leaves. Chlorophyll decline is a
negative outcome of water stress.

Relative leaf water content (RLWC)

The data regarding the effect of mulch practice and irrigation regimes on relative leaf
water content (RLWC) is presented in Table 4. Maize RLWC (%) was found to be
statistically at par under mulched (86.5 and 85.6) and un-mulched (84.4 and 83.1)
treatments during 2020 and 2021, respectively. Irrespective of irrigation and mulch
conditions, the RLWC increases with increase in N level and found to be 87.9% and
86.0% at N3 which was significantly higher than that under N1 82.3% and 82.2%
during 2020 and 2021, respectively. The interaction effects of mulch, N and irrigation
regimes were found to be non-significant. Increase in RLWC under mulching may be
due to greater water extraction and uptake by plants owing to deeper and extensive
rooting. Relatively more RLWC was reported under mulching may be due to greater
moisture availability (Martorano et al., 2009).
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Table 4. Effect of mulch, N levels and irrigation regimes on relative leaf water content (RLWC) and hundred grain weight

N and Irrigation levels

Mulch rate N1 N2 N3 N1 N2 N3
11 12 Mean 11 12 Mean 11 12 Mean 11 12 Mean 11 12 Mean 11 12 Mean
2020 (RLWC, %) 2020 (Hundred grain weight, g)
M1 793 | 824 | 814 | 846 | 853 | 850 | 8.5 | 871 | 86.8 | 370 | 37.8 | 374 | 395 | 402 | 39.8 | 40.2 | 41.1 | 40.7
M2 826 | 847 | 839 | 8.7 |89 | 8.8 | 82|86 | 889 | 376|381 | 378 | 405 | 41.1 | 410 | 41.6 | 431 | 424
Mean 80.9 | 83.6 85.2 | 86.6 87.4 | 884 373 | 37.9 40.0 | 40.9 40.9 | 421
Treatment M1=84.4; M2=86.5; N1 = 82.3; N2 = 85.9; N3 =87.9; M1=39.3; M2=40.4; N1 = 37.6; N2 = 40.5; N3 = 41.5;
means 11=84.5;12=86.2 11=39.4;12=40.3
LSD (0.05) M= 2.4;1=NS; N =2.7; MxIxN = NS M= 0.7; 1 =NS; N = 1.8; MxIxN = NS
2021 (RLWC, %) 2021 (Hundred grain weight, g )
M1 80.7 | 81.9 | 813 | 825|838 | 832 | 841|856 | 849 | 375|391 | 382 | 391|420 | 405 | 395 | 429 | 412
M2 826 | 835 | 831 | 856 | 874 | 865 | 867 | 874 | 87.1 | 389 | 405 | 39.7 | 413 | 429 | 421 | 431 | 438 | 434
Mean 81.7 | 82.7 84.1 | 85.6 85.4 | 86.5 38.2 | 39.8 40.2 | 424 41.3 | 433
Treatment M1=83.1; M2=85.6; N1 =82.2; N2 =84.9; N3 = 86.0; M1=40.0; M2=41.7; N1 = 39.0; N2 =41.3; N3 =42.3;
means 11=83.7;12=84.9 11=39.9;12=418
LSD (0.05) M= 2.1; 1 =NS; N=2.9; MxIxN = NS M= 1.4;1=NS; N=1.7; MxIxN = NS

M1 = Un-mulched; M2 = Mulched; 11 = IW/PAN-E = 0.6; 12 = IW/PAN-E = 0.9; N1 = 100 kg N ha'; N, = 125 kg N ha?; N3 (150 kg N ha?)
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With increase in irrigation level RLWC increased. Irrespective of N level and mulch
conditions, the RLWC (%) at 12 (86.2 and 84.9) was not significantly higher as
compared to 11 (84.5 and 83.7) during 2020 and 2021, respectively. Jayasankar and
Ramakrishnyya (1993) in rice and Kumar (2005) in maize also reported increased
RLWC with increase in irrigation, owing to higher uptake of water.

Hundred grain weight (HGW)

The data presented in Table 4 represents the effect of mulch practice, N levels and
irrigation regimes on maize HGW. The HGW increased with increase in N levels. The
HGW (g) at N3 (41.5 and 42.3) was found to be significantly higher than that at N1
(37.6 and 39.0) during 2020 and 2021, respectively. This might be attributed to proper
physiological functioning of N in tissue development, cell division, enhanced plant
growth and thereby increased HGW. Low N supply decreases maize HGW due to
decreased supply of carbohydrates and amino compounds to the grain. The mulching
practice significantly affected HGW. Irrespective of irrigation and nitrogen levels, the
HGW (g) under un-mulch treatment was 39.3 and 40.0, while the same was 40.4 and
41.7 under mulch during 2020 and 2021, respectively. Irrigation regimes did not
significantly affect HGW, however, higher HGW (g) was observed in 12 (40.3 and 41.8)
than in 11 (39.4 and 39.9) during 2020 and 2021, respectively. Increased translocation of
photosynthates to the grain under 12 might be responsible for increasing the grain mass.

Root mass density (RMD)

The Figure 2 depicts the effect of mulch, irrigation and N on RMD of maize. The
RMD sharply declined with increase in the soil depth. Mulching increased root
proliferation as well as the depth to which roots penetrated and also increased the
biomass of deeper root. Higher RMD may also be because of reduction in soil strength
and soil bulk density under mulching and also due to improved soil moisture storage.
The pooled data of two years showed that RMD (ug cm?) at 0-15, 15-30, 30-45 and
45-60 cm depths was 1.38, 0.43 0.20 and 0.07 under un mulched treatment and 1.52,
0.55, 0.32 and 0.09 under mulched conditions. Martinez et al. (2008) reported higher
RMD under mulch as compared to un-mulched conditions because of improved soil
structure, greater availability of water and increased soil organic carbon content due to
continuous crop residlues addition. The Figure 2 presents data on effect of N levels on
RMD in maize. Irrespective of much, irrigation and depth, higher value of RMD
(ng cm3) was found under N3 (0.71), followed by N2 (0.55) and least under N1 (0.46).
Increase in maize RMD with increase in N levels might be the result of favourable
effect of N on plant biomass that also encouraged root growth (Singh, 2010).

Crop biomass

The data pertaining to the effect of mulching, N levels and irrigation regimes on
maize biomass is presented in Table 5. Mulching showed significant impact on maize
biomass yield. Irrespective of N and irrigation regimes, the increase in maize biomass
yield was 7.5% and 11.4% during 2020 and 2021, respectively over un-mulched plots.
The reason for higher value of plant biomass under mulching could be improved soil
physical environment and reduced soil mechanical resistance to root penetration,
because above ground biomass of plants is enhanced by a well-developed root system.
More biomass under mulching might also be ascribed to taller plants and greater dry
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matter production. The greater values of plant biomass were also reported by Imran et
al. (2015) in maize because of efficient utilization of the water and nutrients by plants
under mulching. Similarly, the N level showed significant impact on biomass yield with
increase in yield up to 29.5% and 28.6% in N3 over N1 during 2020 and 2021,
respectively. Irrespective of mulch treatment, the maximum maize biomass yield (t ha)
was recorded under N312 (13.5) while the minimum was recorded under N1I1 i.e. 9.1
for pooled data of two years. Irrespective of irrigation treatments, the maize biomass (t
ha!) was significantly higher under N3 (13.3) than N1 (9.4) but at par with N2 (11.8)
for pooled data of two years. The increment in N levels lead to greater biomass
accumulation, owing to greater photosynthesis, contributed by higher leaf area and
greater N uptake resulting in the accumulation of significantly higher dry matter.
However, irrigation regimes did not show significant influence on biomass yield of
maize. Over pooled data of two years, there was only 4.2% increase in maize biomass
yield under 12 as compared to I1 irrigation regime. In general, increase in irrigation
level increased the biomass yield (Saren et al., 2004).

N3I12 M3I1 SNN2I2 3N2I1 =N112 ®EN11

| 4560 |

30-45

1530 |

0-15

M1

Soil depth (cm) and mulch condition (M1: without
mulch and M2 with mulch)

Root Mass Density (pug cm-3)

Figure 2. Root mass density («g cm™) as affected by nitrogen and irrigation regimes under
mulched (M1) and un-mulched (M2) conditions

Grain yield and water productivity

The Table 5 illustrates the effect of N levels, mulch practice and irrigation regimes
on maize grain yield. Significantly higher maize grain yield (t ha™) was observed under
mulching in N312 (6.4 and 6.6) as compared to un-mulched N1I1 (3.4 and 3.5)
treatment during 2020 and 2021, respectively. The reason behind higher yield under
mulch was improved root proliferation in deeper layers and greater water and nutrient
uptake. Irrigation regimes did not show significant effect on maize grain yield.
However, higher grain yield (t ha) was observed in 12 (5.4 and 5.6) and lower value
under 11 (5.0 and 5.1) during 2020 and 2021, respectively.
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Table 5. Effect of mulch, N levels and irrigation regimes on biomass yield and maize grain yield

N and Irrigation levels
Mulch rate N1 N2 N3 N1 N2 N3
11 12 Mean 11 12 Mean 11 12 Mean 11 12 Mean 11 12 Mean 11 12 Mean
2020 (Biomass yield, t/ha) 2020 (Grain yield, t/ha)
M1 8.5 8.8 8.7 116 | 122 | 119 | 125 | 129 | 127 3.4 3.9 3.7 5.0 5.1 5.1 55 5.8 5.7
M2 9.4 10.0 9.7 12.0 | 129 125 13.2 | 14.1 13.7 4.0 4.6 4.4 5.6 5.8 5.7 6.1 6.4 6.3
Mean 9.0 9.5 118 | 124 129 | 135 3.7 4.3 5.3 54 5.8 6.1
Treatment M1=11.1; M2=12.0; N1 =9.3; N2 =12.1; N3 =13.2; M1=4.8; M2=5.5; N1 =4.0; N2=5.3; N3=6.0;
means 11=11.2;12=11.8 11=50;12=54
LSD (0.05) M= 0.7; I=NS; N=2.3; MxIXN =NS M= 0.3; I=NS; N =0.8; MxIxN = 0.07
2021 (Biomass yield, t/ha) 2021 (Grain yield, t/ha)
M1 8.4 8.9 9.7 104 | 106 | 105 | 122 | 125 | 124 35 4.2 3.7 5.2 5.6 5.3 5.7 6.1 59
M2 99 | 107 | 103 | 11.7 | 132 | 125 | 138 | 146 | 142 4.3 5.0 4.5 5.6 6.0 5.7 6.2 6.6 6.4
Mean 9.2 9.8 111 | 11.9 13.0 | 136 3.9 4.6 5.4 5.8 6.1 6.4
Treatment M1=10.9; M2=12.3; N1 =9.5; N2=11.5; N3 =13.3; M1=5.0; M2=5.5; N1 =4.2; N2=5.6; N3=6.2;
means 11=114;12=118 11=51;12=5..6
LSD (0.05) M= 0.6; I=NS; N=2.1; MxIxN =NS M = 0.3; I =NS; N =0.6; MXIXN = NS

M1 = Un-mulched; M2= Mulched; 11= IW/PAN-E =0.6; 12= IW/PAN-E =0.9; N1 = 100 kg N ha!; N,=125 kg N ha!; N3 (150 kg N ha™)
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The grain yield significantly increased with increase in N levels. Maize grain yield (t
ha!) at N3 (6.0 and 6.2) was significantly higher in comparison to N1 (4.0 and 4.2)
during 2020 and 2021, respectively. Higher yield with increase in N doses was due to
higher dry matter accumulation in N3. There was a strong synergistic effect of irrigation
and N on grain yields. Better root growth and better moisture extraction under mulch
helped the crop to first develop adequate source (as reflected by high above-ground
biomass accumulation) and then development of better sink size and capacity (higher
grain mass as compared to un-mulched conditions). The effect of N and irrigation levels
under mulch conditions on maize water use efficiency (WUE) is depicted in Figure 3.
The N levels had a significant effect on maize WUE and it increased with increase in N
levels, due to increased grain yield at higher N level. In case of mulching practice N312
had the maximum WUE and least under N111 un-mulched conditions. The WUE (t/ha-
mm) was 10.5 under 12 irrigation regime, while it was 9.8 under I1 regime. Irrespective
of N and irrigation levels the WUE (t/ ha-mm) varied significantly with mulching and
was 9.8 under un-mulched condition and 10.6 under mulch application. Similarly, N
showed significant effect as the pooled data for two years indicate WUE (t/ha-mm) of
11.4, 9.9 and 9.2 under N3, N2 and N1 levels, respectively. Halvorson et al. (2006) also
reported that the WUE can be increased by N application.

% Without mulch  ®With mulch

14 -

Water use efficiency (t/ha-mm)

i .
N1l1 N1I2 N2I1 N212 N3I1 N312

Nitrogen and irrigation regimes

Figure 3. Water use efficiency of maize (pooled data of 2 year) as affected by nitrogen and
irrigation regimes under mulch and un-mulched conditions. (Bars showed standard error
values)

Conclusion

It is thus, concluded from the study that under mulch conditions even with lesser
application of N i.e. @ 125 kg N ha* equal yield could be achieved to that with higher
application of N @ 150 kg N ha* under un-mulched condition. Mulching thus, helped
in saving nearly 20% of the nitrogen. All other plant parameters including height, root
mass density, hundred grain weight and crop biomass also responded significantly more
under mulching. For attaining maximum maize productivity of maize, the mulching
practice along with nitrogen level of 125 kg N ha* and irrigation regime of IW/CPE
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ratio 0.9 needs to be practised in northwest India. However, there is need to conduct
future studies on interactive effects of mulch, irrigation and nitrogen application under
different soil textures and surface and sub-surface fertigation systems.
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