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	ABSTRACT	

The	�ield	experiment	was	conducted	at	Research	Farm,	Agricultural	College,	and	Research	Institute,	Madurai	district,	Tamil	Nadu,	
during	Kharif	and	Rabi	seasons	2020-2021	to	study	various	sources	and	fertilizers'	 levels	to	 in�luence	de�icit	and	excess	water	
conditions	on	soil	fertility,	growth,	yield	and	quality	parameters	like	chlorophyll	content,	proline	content	of	maize	(Zea	mays).	The	
study	 revealed	 that	 excess	 and	 de�icit	 water	 conditions	 in	moisture	 regime	 irrigations	 at	 Irrigation	water	 /	 Cumulative	 Pan	
Evaporation	(IW/CPE)	ratio	of	1.0	along	with	nutrient	management	practices	(N8)	125	%	Soil	Test	Crop	Response	(STCR)	-	NPK	soil	
application	by	1	%	foliar	spray	of	micronutrient	mixture.	Signi�icantly	higher	mean	values	of	available	nitrogen	(225	kg	ha-1),	
available	phosphorous	(20.81	kg	ha-1	),	available	potassium	(351	kg	ha-1	),	dry	matter	production	(DMP)	(16,404	kg	ha-1	),	plant	
height	(250	cm),	quality	parameters	like	chlorophyll	content	(55.24%),	proline	content	(76	µg	g-1)	and	yield	(8,530	kg	ha-1	)	and	
was	comparable	with	IW/CPE	ratio	of	0.8,	0.6	along	with	others	nutrient	management	practices	at	100	%	and	75	%	STCR	-	NPK	
followed	by	foliar	sprays	2	%	NPK	(19:19:19)	and	Pink-pigmented	facultative	methylotrophs	(PPFM)	1	%.	Hence,	under	a	normal	
water	availability	situation,	irrigation	at	an	IW/CPE	ratio	of	0.8	was	good	enough	to	produce	a	higher	yield,	while	under	de�icit	and	
excess	water	conditions,	an	IW/CPE	ratio	of	1.0	along	with	a	125	%	STCR-NPK	by	foliar	spray	of	micronutrient	mixture	of	1	%	was	
suitable	for	obtaining	optimum	nutrient	management	for	enhancing	soil	fertility,	yield,	growth	and	quality	parameters	of	maize.

Keywords:	Maize,	Excess	and	de�icit	water,	growth,	quality,	nutrient	management,	NPK	(19:19:19),	Pink-pigmented	facultative	
methylotrophs,	micronutrient	mixture,	yield	
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INTRODUCTION

Maize (Zea	 mays	 L.) growth and yield are more sensitive to 
nutrient applications under de�icit and excess water conditions. 
Fertilizers and improper water management are the two main 
factors that negatively affect the growth and productivity of 
maize in conditions of de�icit and excess water. This research 
project aimed to know the appropriate STCR - NPK combination 
and its application time to improve maize growth and maximize 
yield in conditions of de�icit and excess water. Careful use of the 
right combination of fertilizers to replenish the nutrient supply 
systems is a key factor in the system that aims to increase crop 
production for sustainable agriculture [4]. One of the causes of 
the yield gap is the reckless use of fertilizers by �illing this gap in 
maize productivity, the latest production technology package, 
which provides for the use of foliar fertilizer in conditions of 

water stress at the right time, should be used to increase maize 
production as well as farmers net pro�its under de�icit and 
excess water conditions. Ef�icient water management in de�icit 
and excess water conditions could enhance crop productivity in 
the coming decades. The use of modern technologies, 
particularly irrigation water management and nutrient 
application, is essential to maximize crop production and 
bene�its for farmers [15]. Water shortage during the vegetative 
stages of the development phase limits the grain yield in many 
maize production areas. In northern China, maize is the second-
most (following wheat) important cereal crop, which is 
frequently subjected to delays in irrigation or water stress 
causing a signi�icant yield reduction [14]. 
The balanced use of nitrogen (N), phosphorus (P), and 
potassium (K) fertilizers could play a fundamental role in 
increasing grain yields in cereals under de�icit and excess water 
conditions. Among the limiting factors; the proper level and 
ratio of STCR - NPK is of prime importance [8]. The foliar 
application of NPK (19:19:19) could increase the productivity of 
plants many times over under de�icit conditions. They also 
provide a considerable amount of water at the time of the de�icit 
and excess water conditions. In addition to providing a nutrient 
for plant growth, the application of N could enhance the plant's 
drought tolerance to increase the yield in times of water de�icit 
[14]. De�icit and excess water, conditions are the main  
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constraint on maize cultivation and lead to serious yield 
reductions of 40 % worldwide [16]. Irrigation water is 
becoming a critically scarce and expensive resource due to 
increasing industrial demand and urban consumption. 
Groundwater is being depleted at an alarming rate, so particular 
attention has been paid to strategy development to reduce 
irrigation water losses and enhance plant water productivity. 
Excess and de�icit irrigation is an option where water 
availability limits conventional irrigation and reduces the risk of 
yield reduction due to terminal dry spells [17]. 
Pink-pigmented facultative methylobacteria (PPFM) are 
associated with the roots, leaves, and seeds of most land plants 
and use volatile C1 compounds such as methanol, which is 
produced by growing plants during the cell division phase and 
increases the concentration of CO2 in the stomata leads to an 
accelerated rate of photosynthesis and reduced the rate of 
photorespiration in C3 plants. Grain yield was reduced by 22.6 - 
26.4 % due to a decrease in kernel number and weight [15], and 
decreased by 37 % due to a decline of 18 % in kernel weight and 
10 % in kernel number underwater excess conditions [12]. Poor 
water availability and high temperatures result in signi�icant 
stress during critical phases of maize (Zea mays L.) development 
[1]. These stress factors lead to management challenges with 
insects, diseases, and reduced nutrient availability and uptake 
by plants. Therefore, the present study was designed to assess 
the moisture regime irrigations at IW/CPE ratios of 0.6, 0.8, 1.0 
and the nutrient management practices (75 %, 100 %, and 125 
%) of STCR - NPK along with foliar applications of NPK 
(19:19:19), PPFM and micronutrient mixture combination and 
its improving maize of soil fertility, yield, growth and quality 
parameters under de�icit and excess water conditions.

using the Parshall �lume. The other practices of growing maize 
were properly taken for the management of experimental plots 
throughout the cropping season. Soil properties were analyzed 
at the critical stage (25 DAS), Plant height was measured on dry 
matter production, quality properties were analyzed at the 
roasting or milk stage and yield was computed at the harvest 
stage. The statistical analysis was carried out by AGRES 
software at a 5 % level of signi�icance. 

MATERIALS	AND	METHODS

A �ield experiment was conducted during the Kharif and Rabi 
seasons of 2020-2021 at the Research Farm of the Agricultural 
College and Research Institute, Madurai, Tamil Nadu (95o4' 
North latitude, 78o0' East longitude, and 147 m above MSL) in 
sandy clay loam soil (TypicHaplustalfs) as per the soil taxonomy, 
it was observed that the initial characterization of both 
experimental soil samples results (Table 1). The main plot 
comprises three moisture regimes viz., I1 - Irrigation at IW/CPE 
ratio of 0.6, I2 - Irrigation at IW/CPE ratio of 0.8, and I3 - 
Irrigation at IW/CPE ratio of 1.0. The subplot comprises ten 
nutrient management practices viz., N1 -Control (no foliar 
application), N2 -125 %; N3 -100 %  and N4 - 75 %  STCR - NPK 
along with foliar spray of 2 % N:P: K (19:19:19) N5 -125 %; N6 -
100 %;  N7 - 75 %  STCR - NPK along with foliar spray of 1 %  
PPFM, N8 -125 %; N9 -100 %  N10 -75 % STCR -  NPK along with 
foliar spray of 1 %  micronutrient mixture,(N2-N10 based on 
STCR - NPK). The treatments were imposed in a split-plot design 
in three replications. Each replication consisted of 30 
treatments.
Soil Test Crop Response (STCR) approach was applied in each 
plot to treatments wise in the form of urea, diammonium 
phosphate, and muriate of potash, respectively. Sowing was 
done on 11 August 2020 and 03 March 2021 the maize - COH (M) 
6 seeds the hybrid matures in 110 days. It is resistant to 
turcicum leaf blight and downy mildew. Individual plot size: 20 
m2, spacing was 60cm x 30cm; irrigation was given at the time of 
sowing followed by life irrigation on the �ifth to the seventh day. 
The subsequent irrigations were scheduled based on the 
moisture regimes of the main plot as per the IW/CPE. All the 
plots were irrigated at a depth of 50 mm and were measured 

RESULTS	AND	DISCUSSIONS

In�luence	 of	 de�icit	 and	 excess	 water	 conditions	 on	 soil	
available	nutrient	status	of	maize

Moisture regimes and nutrient management practices 
signi�icantly pooled data showed (Table 2) the available 
nitrogen, available phosphorous, and available potassium 
status.

Soil	available	nitrogen	status

The application of moisture regimes and nutrient management 
practices signi�icantly in�luenced the available nitrogen status 
of the soil. Among the moisture regimes, the IW/CPE ratio of 1.0 
signi�icantly recorded the maximum mean values, available 
nitrogen status (219 kg ha-¹) followed by an IW/CPE ratio of 0.8 
(208 kg ha-¹) compared to IW/CPE ratio of 0.6 (206 kg ha-¹). 
Among the nutrient management practices, maximum mean 
values availability of nitrogen (225 kg ha-¹) was recorded in the 
nutrient management practices (N8) that received 125 % STCR - 
NPK by foliar spray of micronutrient mixture at 1 %; NPK 
(19:19:19) at 2 % (222 kg ha-¹)  (N2); Pink-pigmented 
facultative methylotrophs at 1 % (218 kg ha-1) (N5) followed by 
100 % and 75 % STCR - NPK compared to control (N1) (199 kg 
ha-1) under de�icit and excess water conditions. Integration of 
moisture regimes and nutrient management practices 
signi�icantly in�luenced the available nitrogen status, the 
maximum being with the application of IW/CPE ratio of 1.0 
along with 125 % STCR - NPK by foliar spray of micronutrient 
mixture at 1 % under de�icit and excess water conditions. 
Among the stages, a slight increase in available nitrogen status 
(225 kg ha-¹) was recorded in critical stage (25 DAS) soils 
compared to that preplanning soils (200 kg ha-¹). Similarly [4] 
found an increase in different forms of nitrogen levels, and its 
time of application in�luences leaf area, height, and biomass of 
maize planted at low and high densities. Nitrogen response of 
maize under temporary �looding [17]. [13] increase the effect of 
plant population, N application, and irrigation on the yield of 
synthetic maize.

Soil	available	phosphorous	status

The application of moisture regimes signi�icantly in�luenced the 
available phosphorous status of the soil compared to nutrient 
management practices. The maximum phosphorous status 
availability (19.94 kg ha-¹) was registered in the soils that 
received an IW/CPE ratio of 1.0 followed by that an IW/CPE 
ratio of 0.6 (19.66 kg ha-1) compared to IW/CPE ratio of 0.8 
(18.90 kg ha-¹). 
In the case of nutrient management practices, those values 
ranged from 20.81 in 125 % STCR - NPK by foliar spray of 
micronutrient mixture at 1 % to 18.80 kg ha-1 in control plots. 
The higher status of available phosphorous status in the 
moisture regimes treatments may be attributed to the better 
conservation of phosphorous applied through nutrient 
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under a lower moisture regime is because of reduced water 
availability which led to water de�icit conditions for most of the 
crop growing period. Biomass accumulation is sensitive to 
water stress and the degree of reduction of biomass 
accumulation depended on the severity of water stress. Similar 
results are in line with the [9] allocation of nitrogen and dry 
matter for two soybean genotypes in response to water stress 
during reproductive growth.  Another report by [7] on the 
response of wheat to foliar application of nutrients.

Soil	available	potassium	status

The application of moisture regimes and nutrient management 
practices signi�icantly in�luenced the available potassium status 
of the soil under de�icit and excess water conditions. Like 
available nitrogen and phosphorus, the highest available K 
content was recorded in the moisture regimes IW/CPE ratio of 
1.0 signi�icantly recorded the maximum mean values, and 
available potassium status (337 kg ha-1) was followed by that of 
IW/CPE ratio of 0.8 (333 kg ha-1) compared to IW/CPE ratio of 
0.6 (327 kg ha-1). Among the nutrient management practices, 
maximum mean values availability of potassium (351 kg ha-1) 
was recorded in the nutrient management practices (N8) that 
received 125 % STCR - NPK by foliar spray of micronutrient 
mixture at 1%; NPK (19:19:19) at 2 % (348 kg ha-1)  (N2); Pink-
pigmented facultative methylotrophs at 1 % (345 kg ha-1) (N5) 
followed by 100 % and 75 % STCR - NPK compared to control 
(N1) (317 kg ha-1) under de�icit and excess water conditions. 
Integration of moisture regimes and nutrient management 
practices signi�icantly in�luenced the available potassium 
status, the maximum being with the application of IW/CPE ratio 
of 1.0 along with 125 % STCR - NPK by foliar spray of 
micronutrient mixture at 1 % under de�icit and excess water 
conditions. Among the stages, a slight increase in available 
potassium status (337 kg ha-1) was recorded in critical stage 
(25 DAS) soils compared to that of preplanning soils (317 kg ha-
1). [6] to foliar application of potassium under water de�icit 
conditions improved the growth and yield of wheat. Similarly, 
report that [2] increase the effects of soil water content and 
foliar fertilization with nitrogen and phosphorus in the late 
season on the yield and composition of wheat.

management practices and moisture regimes under de�icit and 
excess water conditions in these treatments. The maximum 
availability of phosphorous status (21.88 kg ha-¹) was recorded 
in the treatment that received an IW/CPE ratio of 1.0 along with 
125 % STCR - NPK by foliar spray of micronutrient mixture at 1 
% and was on par with IW/CPE ratio of 0.6 under excess water 
conditions. In water de�icit irrigation IW/CPE ratio of 0.6 along 
with (N8) 125 % STCR - NPK by foliar spray of micronutrient 
mixture at 1 % available phosphorous (19.76 kg ha-1) was 
recorded in an IW/CPE ratio of 0.8 along with 100 % and 75 % 
STCR - NPK at 2 % NPK (19:19:19) and 1 % Pink-pigmented 
facultative methylotrophs and was signi�icantly higher than the 
control (N1) under de�icit and excess water conditions. A slight 
increase in the soil available phosphorous status was registered 
in critical stage (25 DAS) soils (20.81 kg ha-¹) compared to that 
of the pre-planting soils (18.80 kg ha-¹). 

In�luence	 of	 de�icit	 and	 excess	 water	 conditions	 on	 dry	
matter	production	and	plant	height	of	maize

Moisture regimes and nutrient management practices 
signi�icantly in�luenced the crop dry matter production and 
plant height of maize (Table 3). 
Pooled data in two years IW/CPE ratio of 1.0 along with 125 % 
STCR - NPK by foliar spray of 1 % micronutrient mixture 
recorded signi�icantly higher dry matter production (16,404 kg 
ha-1) was on par with IW/CPE ratio of 0.8 over 0.6. Lower dry 
matter production (15,097 kg ha-1) and IW/CPE ratio of 1.0 
along with 125 % STCR - NPK by foliar spray of 2 % NPK 
(19:19:19)  recorded signi�icantly higher plant height (250 cm) 
and was recorded in IW/CPE ratio of 0.8 and 0.6 along with 100 
% and 75 % STCR - NPK. Reduction in dry matter accumulation  

In�luence	 of	 de�icit	 and	 excess	 water	 conditions	 on	
chlorophyll	and	proline	content	of	maize

Moisture	regime	

The pooled chlorophyll and proline content increased 
signi�icantly when irrigation was scheduled at a 0.6 IW/CPE 
ratio compared with 0.8 and 1.0 during both years (Table 4). The 
yield increased signi�icantly with an increase in moisture 
regime (1.0 IW/CPE ratio) during both the years and in pooled 
data. As regards quality parameters viz., chlorophyll and proline 
content at roasting or milk stage was numerically higher with 
scheduling of irrigation at 0.6 IW/CPE ratio but did not reach the 
level of signi�icance during both the year of the experiment. 

Nutrient	management	practices

All the quality was signi�icantly increased with an increase in 
nutrient management levels. The application of 100 % STCR-
NPK + 1% Micronutrient mixture recorded the highest 
chlorophyll and proline content of maize and was signi�icantly 
superior to its lower levels, because of the greater availability of 
nutrients. The results con�irm the �indings of [10] and [11]. 
The quality parameters like chlorophyll and proline content in 
maize grain at the roasting or milk stage were signi�icantly 
increased with increasing nutrient management practices 
(Table 3). The highest values of chlorophyll, proline content and 
yield were recorded with the application of 100 % STCR-NPK + 
1% Micronutrient mixture.

Yield

Moisture regimes and nutrient management practices 
signi�icantly in�luenced the yield of the crop pooled data in two 
years (Table 5). IW/CPE ratio of 1.0 and 0.8 along with 125 % 
STCR - NPK by foliar spray of 1 % micronutrient mixture 
recorded signi�icantly higher yield (7188 and 7142 kg ha-1) and 
signi�icantly lower yield was recorded in IW/CPE ratio of 0.6. 
The increase in yield could be attributed to greater and more 
consistent available soil moisture due to an increased level of 
irrigation that resulted in better crop growth and yield 
components. The lower yield in irrigation at IW/CPE of 0.6 along 
with 100 % and 75 % STCR - NPK at 2 % NPK (19:19:19) and 1 % 
Pink-pigmented facultative methylotrophs was signi�icantly 
higher than the control (N1) might be attributed to the decrease 
in the synthesis of metabolites and reduction in absorption and 
translocation of nutrients from soil to plant under de�icit and 
excess water conditions supply. According to [3] increasing the 
foliar application of nitrogen at different growth stages 
in�luences the phenology, growth, and yield of maize. [5] to 
effects of plant density and N on phenology and yield of maize. 
Similar �indings were reported by [16] to improve the yield of 
winter maize as in�luenced by plant density and N levels. 
Pearson Correlations study on DMP, Plant height, Yield, and 
available nutrients of maize (Table 6).
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Table	1:		Physicochemical	and	biological	properties	of	initial	soil	characters

Table	2:		In�luence	of	de�icit	and	excess	water	conditions	on	soil	available	nutrient	status	at	a	critical	stage	(25	DAS)	of	maize	

(Pooled data in two years)
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(Pooled data in two years)

Table	3:	In�luence	of	de�icit	and	excess	water	conditions	on	dry	matter	production	(kg	ha-1)	and	plant	height	(cm)	at	harvest	
stages	of	maize		

(Pooled data in two years)

Table	4:	Effect	of	de�icit	and	excess	water	on	chlorophyll	content,	proline	content	(µg	g-1)	at	roasting	or	milk	stage	of	maize
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(Pooled data in two years)Table	5:	EEffect	of	de�icit	and	excess	water	on	yield	(kg	ha-1)	of	maize

(Pooled data in two years)

Table	6:	Pearson	Correlations	study	on	DMP,	Plant	height,	
Yield,	and	available	nutrients	of	maize	
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