%,
‘L
¥

oMV SO0,
P
“onouet

S

‘1955 "

~

Indian Journal of Agronomy 61 (3): 360—365 (September 2016)

Research Paper

Influence of irrigation and nitrogen levels on growth, yield attributes and
yield of maize (Zea mays)

K. RAMACHANDIRAN' AND S. PAZHANIVELAN?

Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu 641 003

Received : January 2016; Revised accepted : July 2016

ABSTRACT

A field experiment was conducted at the Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu, during
the winter (rabi) seasons of 2013 and 2014, to investigate the effect of nitrogen and water-management practices
on potential yield of maize. The crop was subjected to 2 irrigation levels (cumulative pan evaporation: 0.80 and
0.50) and 5 staggered nitrogen levels (0, 50, 75, 100 and 125% of recommended dose of nitrogen (RDN). The ex-
periment was laid out in a factorial randomized block design with 10 treatments and replicated thrice. Irrigation at
IW : CPE ratio of 0.80 along with 250 kg N/ha (100% RDN) favourably increased the higher growth parameters,
nutrient uptake, yield attributes and higher grain yield (7.31 t/ha) of maize. The crop did not respond significantly
to further increase in nitrogen level up to 125% RDN (312 kg N/ha) over the 100% of recommended dose of nitro-
gen (250 kg N/ha). Better correlation coefficient of r2 = > 0.95 was obtained with significant at P = 0.01 levels be-
tween growth parameters and yield attributes of maize. The same set of treatment resulted in higher net returns

(64.3 x 10%F/ha) and benefit: cost ratio (2.89) than others.

Key words : Crop production, Growth parameters, Maize, Nitrogen, Water, Yield

Maize, a miracle crop is grown over a wide range of
climatic conditionsin semi-arid and sub-tropics on Indian
continent. Water and nitrogen are the most important fac-
tors which play amajor role in better growth and yield of
maize (Hammad et al., 2011). Formulation of water and
nitrogen management practices is needed to ensure food
productivity for the increasing world population and to
address the growing concerns regarding the adverse envi-
ronmental impacts of agricultural activities (Hammad ez
al., 2012).

Water and nitrogen are 2 of the most critical inputs re-
quired to achieve the high yield potential of modern corn
varieties. Under most agricultural settings, however, they
are often scarce and costly. Large gaps remain between
our empirical knowledge of the physiological changes
observed in the field in response to nitrogen and water
stresses (Humbert et al., 2013).

In spite of increased production and productivity of
maize in recent years, there is a continued increase in
maize demand both normal maize and specialty corn from
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poultry-and food-processing industries respectively. To
cope up with these challenges, there is need to supply suf-
ficient quantity of quality hybrid seed and application of
novel tools and techniques to further enhance the maize
productivity. Owing to burgeoning growth rate of poultry,
livestock, fish, and wet and dry milling industries, maize
demand is expected to increase from current level of 16.72
to 45 mt by 2030 and its production is growing at afaster
pace of about 6% against consumption growth rate of
4.7% (Kumar er al., 2012). Therefore, optimization of
these 2 inputs provides a favourable condition for better
crop growth and higher productivity. Keeping thisin view,
an experiment was conducted to study the impact of vari-
able water and nitrogen supply on growth and yield and
economics of maize.

MATERIALS AND METHODS

Thefield experiment was conducted at the Tamil Nadu
Agricultural University, Coimbatore, India during the win-
ter (rabi) season of 2013 and 2014. The site (N’ 11°0'
33.4" E76° 56' 25.7" and 430.5 mean sea-level) of the ex-
periment is located in a subtropical belt. The soil was
sandy clay loam and akaline with pH 8.41. The soil was
medium in organic carbon (0.62%), low in available nitro-
gen (186 kg/ha), medium in available phosphorus (13 kg/
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ha) and high available potassium (367 kg/ha). The soil-
moisture retention is 24.3% at 0.33 bars and 10.2% at 15
bars. The farm experiences the mean annual 6 decades
rainfall of 657 mm in 47 rainy days and the mean annual
maximum and minimum temperatures of 31.5 and 21.4°C
respectively. Therelative humidity ranged from 61 to 91%
in the forenoon and 14 to 68% in the afternoon.

The weather condition prevailed during the experimen-
tal periods. The rainfall received 17.6 mmin 1 rainy day
and 10.5 mmin 1 rainy day, the mean maximum and mini-
mum temperature were 33.4°C and 21.8°C and 31.6°'C and
20.6°C, the relative humidity ranged from 78.7 to 38.4%
and 83.1 (7.22 hr) to 42.2% (14.22 hr) during the winter
(rabi) season of 2013 and 2014 respectively.

The crop was subjected to 2 irrigation levels and 5 stag-
gered nitrogen levels. The experiment was laid out in a
factorial randomized block design, with a gross plot size
of 7m x 6 mwith 10 treatments, replicated thrice. Their-
rigation regimes were W, irrigation water: cumul ative pan
evaporation (IW : CPE) of 0.80 and W,,, IW: CPE of 0.50
(IW =5 cm) and the nitrogen levels were N, no nitrogen;
N,, 50% recommended dose of nitrogen (RDN); N,, 75%
RDN; N, 100% RDN and N,, 125% RDN.

The general recommended dose of fertilizersfor hybrid
maize is 250, 75, 75 kg N, P, K/ha as per the package of
practice suggested by the Department of Agriculture, Gov-
ernment of Tamil Nadu. ‘TNAU Maize hybrid CO 6’
seeds were used for this study. A seed rate of 20 kg/hawas
adopted with a spacing 60 cm x 25 cm. Seeds were
dibbled on one side of the ridges @ 1 seed/hill. The field
was irrigated immediately after sowing and life irrigation
was given on the third day after sowing. Thereafter irriga-
tion was given as per the treatment schedule based on IW
. CPE ratio. As per the treatment schedule, nitrogen was
applied in 3 splits, viz. 25% as basal, 50% at 25 days af-
ter sowing (DAS) and 25% at 45 DAS respectively. The
entire dose of phosphorus was applied basal. The potas-
sium was applied in 2 equal split doses, viz. basal and at
45 DAS. The N, P and K fertilizers were applied in the
form of urea (46% N), single superphosphate (16% P,0,)
and muriate of potash (60% K,O) respectively. Applica-
tion of atrazine @ 0.5 kg/ha as a pre-emergence herbicide
on the third day after sowing followed by 2,4-D @ 1.0 kg/
ha as post-emergence herbicide was followed on 20 DAS.

In each treatment plot, 5 random plants were tagged for
recording biometric observations. Growth components
were recorded at 30, 60 and 90 DAS. The height of the
plant was measured from the ground level to thetip of the
topmost leaf and mean of observations on 5 plants were
arrived and expressed in cm. Leaf-area index was com-
puted from the selected 5 plants by measuring the |leaf
length, breadth of the third open leaf from top and number
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of leaves/plant using the standard formula. Chlorophyll
content of leaves was recorded by using the chlorophyll
meter (SPAD-502). The readings were recorded on the
uppermost fully expanded leavesin the 5 randomly chosen
plants. The mean values were worked out and expressed
as SPAD readings. Five plants at random were cut closeto
the ground level from the sampling row. The samples were
initially air-dried in shade and then oven-dried at 65°C +
5°C till the samples attained a constant weight and then
weighed. The dry-matter production (DMP) was ex-
pressed in t/ha

Yield attributes of maize were recorded at harvesting
from the net plot area. The mean length of the cob from
the bottom to top was measured expressed in cm. The
mean girth of cob at its maximum girth was measured ex-
pressed in cm/cob. The mean number of grain rows/cob
and atotal number of grainsin each row of the cobs were
counted from the cobs obtained from sample plants. The
weight of individual cob was recorded after drying and the
mean weight was arrived at and expressed in g/cob. Five
cobs were randomly selected from each plot and shelled.
A sample of 100 grains was taken from each cob and
weighed by using an electrical top pan balance and the
mean weight was expressed in g. The cobs from net plot
were harvested separately. The cobs were sundried,
shelled, cleaned and grain yield was recorded for indi-
vidual treatment at 14% seed moisture and expressed in t/
ha. After harvesting of cobs, the stover in the net plot area
was cut close to the ground level and left in the field for 3
days for sun drying. After drying, the weight of stover
from each plot was recorded and expressed in t/ha.

Water-use efficiency (WUE) in kg/ha-mm was calcu-
lated by dividing the kernel yield with respective total con-
sumptive water use for the crop yield. Nutrient uptake by
plant and available in soil was analyzed as per the standard
procedure. The expenditure incurred from sowing to har-
vest was worked out and expressed in /ha. Total income
obtained from grain and stalk yields were calculated for
individual treatments. Gross and net returns, benefit: cost
ratio were worked out based on total variable cost and re-
turns. The experimental data were statistically analyzed for
the differential effect of treatmentsin maize and correla-
tion studies were done by using SPSS (16.0).

RESULTS AND DISCUSSION

Growth parameters

Irrigation scheduled at IW : CPE ratio of 0.80 along
with 125% of RDN resulted in significantly higher plant
height and leaf-area index of maize (Table 1). This was
followed by irrigation at IW : CPE of 0.80 ratio with
100% of RDN. Dry matter production was recorded
higher under irrigation at an IW : CPE of 0.80 with 125%
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RDN. This was comparable to same irrigation with 100% ®
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the application of 125% of RDN. This was followed by
100% of RDN. A similar trend was observed for nitrogen
balance in the soil.

Yield attributes

Theyield attributes such as cob length (cm), cob girth
(cm), rows/cob, grains/row, cob weight (g) and 100-grain
weight (g) were influenced by irrigation regimes and nitro-
gen levels (Table 2). The yield attributing characters of
maize were recorded higher under irrigation scheduled at
an IW : CPE ratio of 0.80 along with 100% of RDN treat-
ment and this was on par with 125% of RDN, because
higher availability of nutrients and frequent irrigation re-
sulted in better trand ocation of assimilates from source to
sink. Better crop growth and higher nutrient uptake in-
creased the leaf gas exchange parameters like photosyn-
thetic rate, stomatal conductance and better transpiration
rate might have influenced the yield attributes favorably.
Hammad et al. (2011) made similar observations. Yield
attributes were significantly reduced by irrigation when
scheduled at an IW : CPE ratio of 0.5 along with no-nitro-
gen application. The lower LAI, DMP, less nutrient uptake
and decreased photosynthetic rate due to the water stress
and insufficient nitrogen status resulted in the poor conver-
sion of the source to sink and thereby reduced yield at-
tributes of maize.

The Pearson correlation coefficients between growth
parameters and yield attributes at different plant growth
stages of 60 and 90 DAS were significantly influenced by
irrigation regimes and nitrogen levels (Table 3). The rela-
tionship between growth parameters, viz. plant height,
LAI, SPAD value and dry-matter production had better
correlated with yield attributes. Especially all the growth
parameters expressed high or positive correlation with sig-
nificance at the P=0.01 level with yield attributes with a
correlation coefficient of r? = > 0.95 both at 60 and 90
DAS.

Yield

The grain and stover yields of hybrid maize wereinflu-
enced by irrigation regimes and nitrogen levels (Table 2).
Irrigation scheduled at an IW : CPE ratio of 0.80 with
100% RDN (250 kg N/ha) resulted in the highest grain
yield, and this was on a par with application nitrogen
125% RDN. Grain yield did not respond significantly fur-
ther to applied nitrogen when the level was increased to
312 kg/ha (125% RDN). Higher grain yield of hybrid
maize with higher nitrogen levels responding in line with
the law of diminishing returns. Our results confirm the
findings of Rehman et al. (2010), who recorded the high-
est maize grain yield with application of 250 kg N/ha. This
might be owing to comparatively higher LAl, DMP and

Table 2. Effect of irrigation and nitrogen levels on yield attributes and yield, water use, water-use efficiency (WUE) and economics of maize (pooled data of 2 years)

Benefit
cost ratio

N
returns

(x 10°z/ha)

Gross
returns

Grain  Graind 100- ob Grain Stover Harvest  Water WUE Tota
rows/ row grain weight yield yield index use (kglhaamm) cost
cob weight (9) (t/ha) (t/ha) (mm)

Cob
girth
(cm)

Cob
length
(cm)

Treatment

(9)
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124
2.07
242
2.89
275

7.3
34.6
47.2
64.3
61.0

384
67.2
80.5
98.3
95.8

75 311
13.2 32.6
15.8 333
194 341
18.8 34.8

377
377
377
377
377

0.32
0.36
0.38
0.41
0.39

6.01
8.84
9.66
11.26
5.09

10.8 11.8 20.5 26.7 124 2.82
12.4 134 285 322 184 4.96
13.6 13.8 315 34.0 210 5.96
154 154 35.8 38.1 258 31 10.51
14.8 15.0 34.6 37.8 243 7.10

111
14.7
16.5
19.0
18.1

HHHHH

0.99
1.50
1.79

10.2 11.0 18.7 24.4 114 218 0.30 252 8.6 30.1 29.8 0.4
148 3.47 0.33
172 4.27 0.36

11.0

15.6
255

47.2
57.9

13.8 31.6
17.0 323

252
252

711
7.65
8.87
9.10

114 12.6 24.1 28.3
118 12.8 26.9 30.7

127
141

217
2.08

252 21.0 331 71.6 38.6
252 20.6 338 70.1 36.3

0.37
0.36

135 13.8 315 343 213 5.30
13.0 13.6 29.8 334 201 5.18

16.4
15.6

841
0.29
0.82

13.3 28.2 32.0 187 4.85
0.25
0.71

12.7

14.9

0.8
24

0.8
24

0.3
0.9

0.3

0.9

0.4

20

11

CD (P=0.05)
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W,, IW : CPE ratio 0.80; W,, IW : CPE ratio 0.50; N, no nitrogen; N, 50% recommended dose of nitrogen (RDN); N, 75% RDN; N,, 100% RDN; N,, 125% RDN
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Table 3. Pearson correlation coefficient between growth parameters and yield attributes and yield of maize

RAMACHANDIRAN AND PAZHANIVELAN

[Val. 61, No. 3

Yield attributes/ 60 DAS 90 DAS

growth parameters Plant height LAI SPAD value DMP Plant height LAI SPAD value DMP
Cob length 0.953" 0.955™ 0.959™ 0.976™ 0.956" 0.957" 0.958™ 0.974"
Cob girth 0.950™ 0.950™ 0.950™ 0.970™ 0.952" 0.953" 0.947" 0.967"
Grains rows/cob 0.958™ 0.957" 0.964" 0.973" 0.961" 0.958™ 0.962" 0.974"
Grains/row 0.956" 0.958™ 0.970™ 0.978™ 0.961" 0.960" 0.968™ 0.980™
100 grain weight 0.970” 0.969™ 0.976™ 0.983" 0.973" 0.972" 0.973" 0.986™
Cob weight 0.957" 0.958™ 0.964" 0.977" 0.960" 0.960" 0.962" 0.976"
Grainyield 0.976™ 0.976™ 0.977" 0.992™ 0.978™ 0.978™ 0.976" 0.991"
Stover yield 0.991" 0.991" 0.995™ 0.995™ 0.992" 0.992" 0.995™ 0.997"

**Correlation is significant P=0.01 level; LAI, leaf-area index; DMP, dry matter production

the highest values for yield attributes resulted from higher
nitrogen application. Significantly higher grain yield under
sufficiently irrigated regime could be attributed to the ad-
equate turgidity which must have prevailed inside the
plant and thereby helped in significantly better growth and
development of the crop. During the reproductive stage,
the plants under IW : CPE ratio of 0.80 must have been
able to tranglocate the photosynthates efficiently from the
source to sink, as also reported by Aulakh et al. (2012).
Under moisture-and nitrogen-stressed condition when ir-
rigation was scheduled at an IW : CPE ratio of 0.5 along
with no-nitrogen application the maize grain yield signifi-
cantly reduced 70% as compared to irrigation scheduled at
an IW : CPE ratio of 0.80 along with 100% of recom-
mended dose of nitrogen

Higher stover yield of maize was recorded under irriga
tion scheduled at an IW : CPE ratio of 0.80 along with
125% of recommended dose of nitrogen to that compa-
rable at 100% RDN at sameirrigation level (Table 2). In-
creased aerial growth parameters like plant height, LA,
leaf chlorophyll content (SPAD reading), DMP and in-
creased photosynthetic rate owing to the adequate soil
moisture and higher nitrogen availability would have re-
sulted in enhanced stover yield. Significantly reduced sto-
ver yield of maize by irrigation at an IW : CPE ratio of
0.50 with no-nitrogen application.

Higher harvest index (HI) was recorded under irriga-
tion at an IW : CPE ratio of 0.80 along with 100% of
RDN was recorded higher harvest index (Table 2). Since
the optimum or sufficient plant water status and higher
nitrogen application were conducive for maximum trans-
location of photosynthates to the kernel and increased har-
vest index.

Irrigation data on different irrigation regimes revealed
that the total water applied under the furrow irrigation at
an IW : CPE ratio of 0.80 was 377 mm and 252 mm/ha
water was applied at irrigation at an IW : CPE ratio of
0.50. The water-use efficiency generally lowers under ir-

rigation at an IW : CPE ratio of 0.80 compared to irriga-
tion scheduled at an IW : CPE ratio of 0.50. Withinirriga-
tion regimes, among the nitrogen levels application of ni-
trogen 100% RDN (250 kg N/ha) had higher water-use
efficiency compared to the other nitrogen levels. Thisre-
sult also supported the findings of Mallareddy and
Padmaja (2014).

Economics

Economic viahility of crop management is the foremost
criteria in transforming new investigations to farmers’
field. The results revealed that the highest gross returns
(%), net returns () and benefit: cost ratios were recorded
higher under irrigation at an IW : CPE ratio of 0.80 along
with application of 100% RDN. This might be owing to
improvement in growth parameters, yield attributes and
yield recorded under this treatment (Table 2).

The following conclusions were drawn from the results
obtained in the present investigation. Thus, irrigation at an
IW : CPE ratio of 0.80 along with application of 250 kg N/
ha (100% RDN) favourably increased the higher growth
parameters, nutrient uptake and yield attributes and higher
grain yield. The maize crop did not respond significantly
to further increase the fertilizer level up to 125% RDN
(312 kg N/ha) over the 100% of recommended dose of
nitrogen (250 kg N/ha). This treatment also had higher
water use and lesser water-use efficiency compared to ir-
rigation at an IW : CPE ratio of 0.50. The better correla-
tion coefficient of r’=>0.95 obtained with significant at
P=0.01 levels between growth parameters and yield at-
tributes of maize. The same set of treatment gave higher
net returns and benefit: cost ratio aso.
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