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Abstract: Maize being sub-tropical crop is sensitive to water deficit during the
early growth stages; particularly clay-rich soil, due to the compaction of the soil.
It is well-documented that potential sub-surface drip irrigation (SDI) (Full irriga-
tion; SDIFull (100% field capacity (FC)), Deficit irrigation; SDIDeficit (70% FC))
improves water use efficiency, which leads to increased crop productivity; since it
has a constraint that SDI excludes soil air around the root-zone during irrigation
events, which alter the root function and crop performance. Additionally, in clay-
rich soils, the root system of plants generally suffers the limitation of oxygen,
particularly the temporal hypoxia, and occasionally from root anoxia; while
SDI system accomplishes with the aerating stream of irrigation in the rhizosphere
could provide oxygen root environment. The oxygen can be introduced into the
irrigation stream of SDI through two ways: the venturi principle, or by using solu-
tions of hydrogen peroxide through the air injection system. Therefore, the appli-
cation of hydrogen peroxide (H2O2; HP) can mitigate the adverse effect of soil
compactness and also lead to improving the growth, yield and yield attributes
of maize in clay-rich soil. Considering the burning issue, a field study was con-
ducted in consecutive two seasons of 2017 and 2018; where hybrid maize was
cultivated as a second crop, to evaluate the effect of liquid-injection of H2O2

(HP) into the irrigation stream of SDI on the performance of maize in a clay-rich
soil field of Adana, Turkey. When soil water content decreased in 50% of avail-
able water, irrigation was performed. The amount of water applied to reach the
soil water content to the field capacity is SDIFull (100% FC) and 70% FC of this
water is SDIDeficit (70% FC). In the irrigation program, hydrogen peroxide (HP)
was applied at intervals of 7 days on average according to available water with
and without HP: SDIFull (100% FC) + 0 ppm HP with full SDI irrigation;
SDIFull (100% FC) + 250 ppm HP with deficit SDI irrigation; SDIDeficit
(70% FC) + 0 ppm HP, SDIDeficit (70% FC) + 250 ppm HP and SDIDeficit
(70% FC) + 500 ppm HP. Deficit irrigation (SDIDeficit (70% FC)) program
was started from tasseling stage and continued up to the physiological maturity
stage with sub-soil drip irrigation. H2O2 was applied 3 times during the growing
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season. Two years’ results revealed that the liquid-injection of H2O2 into the irri-
gation stream of SDI improved the growth and yield-related attributes and grain
yield of maize. Based on the obtained results, during the extreme climatic condi-
tion in the year 2017, SDIFull (100% FC) + 250 ppm HP was more effective than
SDIFull (100% FC) + 0 ppm HP on all traits for relative to full irrigation. While,
during the favourable climatic condition in the 2018 season, SDIFull (100% FC)
+ 250 ppm HP was more effective than full irrigation with SDIFull (100% FC) +
0 ppm HP for the grain yield, grains, and SPAD value. Accordingly, the most
effective treatment was SDIFull (100% FC) + 250 ppm HP, as it gave the highest
growth and yield-related attributes and grain yield of maize followed by
SDIDeficit (70% FC) + 250 ppm HP. Therefore, SDIFull with 250 ppm H2O2

using as liquid-injection may be recommended to mitigate the adverse effect of
soil compactness particularly water-deficit stress in clay-rich soil for the sustain-
ability of maize production.

Keywords: Sub-surface drip irrigation; water-deficit stress; H2O2; air injection;
maize

1 Introduction

Maize is an important food crop in the world [1–3]. It is a warm-season crop and grown under extremely
divergent climatic environments ranging from tropical to temperate [4,5]. Maize might be successfully grown
in locations where the night temperature does not go below 15°C as crop stops growing below this rate [6].
As a C4 plant, maize is able to grow diverse agro-climatic zones extending from sub-tropical to cooler
temperate regions. However, enough supply of soil water is essential for the growth and development of
the maize [5]. Since it can survive under various abiotic stress than other crops as a C4 crop; however,
excess or deficit soil moisture stress [5,7–9] due to erratic rainfall as well as a heavy soil texture are the
most important constraints for the sustainability of maize production in worldwide [10]. Additionally, in
clay-rich soils, due to soil compactness, or when sub-surface drainage is impeded, an inadequate oxygen
rate in the root zone could adversely impact on the biological functioning of plants including maize
[11,12]. Therefore, to ensure adequate yield and grain quality, proper irrigation management is very
essential, particularly in clay-rich soils.

In recent years, sub-surface drip irrigation (SDI) systems have increased substantially. The SDI is a
potential irrigation system for the sustainability of crop production systems through improving the water
use efficiency than other forms of irrigation systems; particularly in the soils where water is deficit/
limited [13]. Since, SDI has a negative impact around the crop rhizosphere (root-zone of crops) through
disregarding the soil air (oxygen in the root-zone); which is responsible to reduce root function, finally
alter the physio-biochemical process of the plant. Besides these, lack of soil oxygen content in the root-
zone leads to damage to the root tissue, altering the growth and development of vegetative and
reproductive organs, changes in plant internal cell structure [12,14–16]. Positively, oxygation in the root-
zone assures the ideal root function, also provides molecular oxygen for aerobic metabolism of
microorganisms [12,17,18] availability of nutrients and improves water use efficiency that ultimately
leads to boost the growth and development of plant process finally yield [19]. However, to ensure the
oxygen readiness in SDI system and also to improve the water use efficiency, SDI system should be
accomplished with the oxygen (aerating) in the rhizosphere of the crop.

For providing available oxygen around the crop roots under the SDI system, it is important to
accomplish the oxygen with the stream of applied SDI water which suffers from the progressive hypoxia,
and periodically from the anoxia. Earlier studies recommended that the oxygen can be introduced into the
irrigation stream of SDI through the way of the venturi principle, or by using solutions of HP through the
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air injection system [19,20]. The H2O2 (HP) has been effectively used as an oxygen source for in situ
remediations in a saturated aquifer [12,17]. Therefore, to ensure the molecular oxygen in the crop root-
zone of clay-rich soil under SDI system, a field study was conducted in a clay-rich soil field of Adana,
Turkey to evaluate the effect of liquid-injection of H2O2 (HP) into the irrigation stream of sub-surface
drip irrigation (SDI) to mitigate the adverse effect of soil compactness particularly water-deficit stress in
clay-rich soil for the sustainability of maize production.

2 Materials and Methods

2.1 Location of the Study
The present research was conducted in consecutive two years during the year 2017 and 2018 as hybrid

maize was grown as a second crop in the experimental field trial area of Cukurova University, Adana, Turkey.

2.2 The Soil of the Experimental Field
The physical and chemical properties of experimental soils are presented in Tab. 1.

2.3 Experimental Treatments and Design
Hybrid maize (‘72May80’) was sown on July 7, 2017, and on May 28, 2018, in the first and the second

year respectively. Inter-row spacing was between 70 cm (row to row) and 17 cm (plant to plant). Each plot
was established with 10 m long and 6 rows. Irrigation was performed when the soil water content was
decreased by 50% of available water in the research area. Soil water content was monitored by TDR
(Time Domain Reflectometry, Soil Moisture 6050X3K1B-MiniTrase Kit) during the growing season. The
amount of water applied to reach the soil water content to the field capacity (FC) is SDIFull (100% FC)
and 70% FC of this water is SDIDeficit (70% FC). In the irrigation program, hydrogen peroxide (H2O2;
(HP)) was applied at 7 days intervals on an average according to available water with and without HP:
with full SDI irrigation, SDIFull (100% FC) + 0 ppm HP and SDIFull (100% FC) + 250 ppm HP; with
deficit SDI irrigation, SDIDeficit (70% FC) + 0 ppm HP, SDIDeficit (70% FC) + 250 ppm HP and
SDIDeficit (70% FC) + 500 ppm HP. HP was applied 3 times during the growing season. Deficit
irrigation (SDIDeficit (70% FC)) program was started from tasseling stage and continued up to the
physiological maturity stage with sub-soil drip irrigation. All treatments were arranged in a randomized
completely block design with four replications.

2.4 Fertilizer Management
The fertilizers N-P-K were applied at 75 kg ha−1 and 45 kg N ha−1 (Urea, 45%) were applied at the

sowing time and an additional 13 kg of N (Ammonium Sulphate, 21%) was given per hectare at the
V6-growth stage.

2.5 Data Collection and Procedure
Data on the plant biomass (g m−2), grain weight (mg), grains m−2 (no.) and test weight and harvest index

(HI %), were recorded randomly for each plot. Harvested grain samples were cleaned to record grain weight

Table 1: Some characteristics of the study area soil at 0–30 cm depth

Sand Silt Clay pH EC
(µmhos.cm−1)

CaCO3

(g kg−1)
Organic
Matter

Field
Capacity

Permanent
Wilting
Point

g kg−1 %

363 267 370 7.6 144 359 1.2 33.4 23.3
EC: Electrical conductivity, CaCO3: Lime
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(mg), grains m−2 (no.), single grain weight (GW; mg) and grain yield (GY; t ha−1). The biological yield (BY)
was estimated as the total ground dry matter of each plot and converted into t ha−1. Harvest index (HI%) was
determined as a ratio of grain yield to biological yield and was expressed in the percentage. At the time of
harvesting, the parameters were determined after the separation of kernels and measuring the humidity
content of grains by grain moisture meter (Model: Dicky John). The grain weight includes a moisture
content of 12%.

The chlorophyll content, hereafter referred to as SPAD value, was measured on 10 randomly selected
plants in each plot, using a portable chlorophyll meter (Minolta SPAD-502, Osaka, Japan). Grain yield
was determined based on the harvested plot in all trials. Grain yields were obtained after physiological
ripening from one square meter in the two middle rows of each plot.

2.6 Statistical Analysis
Data were analyzed by using ‘analysis of variance’ (ANOVA) with the help of computer package

MSTAT-C and the mean differences among the treatments were adjusted with the Least Significant Test
(LSD0.05) [21].

3 Results and Discussion

The results indicated that application of sub-soil irrigation with injecting HP increased the yield-related
properties and grain yield of maize (Tab. 2). The positive effect of the addition of HP to the irrigation water,
even if under full irrigation was performed in maize, was caused by an increased in the number of seeds. The
most effective treatments were SDIFull (100% FC%) + 250 ppm HP and SDIFull (100% FC%) + 0 ppm HP
as these treatments gave the highest and statistically similar growth parameters followed by SDIDeficit (70%
FC) + 250 ppm HP in both years (Tab. 2). The findings indicated that the growth of plants could be improved
by the application of HP at the injury level. The study also depicted that the application of HP, improved the
SPAD and yield-related characteristics of maize which was visible through improved chlorophyll contents,
increased grain weight, more grain number and increased yield.

The results of the present study also supported by the findings of Logan et al. [22] and Neill et al. [23],
who also found that application of HP improved the seedling growth, morphology, biochemical and yield-
related traits and grain yield of maize under stress condition (low-temperature stress), due to the amelioration
of the chilling injury. Neill et al. [23] revealed that HP at low rate as a signal molecule in cells in plants.

Data presented in Fig. 1, demonstrated that SDIfull irrigation with 250 ppm HP treatments caused a
significant increase in yield of crop relative to control plants. Under adverse climatic condition (in 2017
season) 250 ppm HP was more effected to recover to water stress reduction on all traits for relative to
SDIfull irrigation. At the same time, 250 ppm HP was positively influenced by full irrigation. While,
under normal climate condition (in 2018 season), only SDIfull irrigation with 250 ppm HP was positively
recovered all traits than deficit irrigation with HP application for relative to full irrigation. It is due to the
increasing the oxygen content through the injection of HP in the SDI system improved the root
metabolism which leads to increase the most of traits. The assumption is also supported by earlier
findings, since for different crops: Goorahoo et al. [24] injecting air into SDI system improved the
oxygen concentration in the rhizosphere of pepper, and also increased the N-fixation, which lead to
increase fruit weight about 39%. Similarly, Bhattarai et al. [19] found that injecting air into SDI system
under clay-rich soils improved the growth, fruit weight and also water productivity of several field crops
such as soybean (Glycine max (L.) Merr.), cotton (Gossypium hirsutum L.) and zucchini (Cucurbita pepo
L. subsp. pepo).

This study also predicted that SDIDeficit (70% FC) + 250 ppm HP, improved grain yield in maize (Fig. 2).
In the 2017, under extreme climatic condition, SDIDeficit (70% FC) + 250 ppm HP ppm was more effective
than SDIDeficit (75% FC) + 500 ppm HP on all traits for relative to deficit irrigation (SDIDeficit (70% FC) +
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0 ppm HP). While, under normal climatic condition (in 2018 season), SDIDeficit (70% FC) + 500 ppm HP was
more effective than SDIDeficit (70% FC) + 250 ppm HP on the biomass, grain yield, grains and SPAD value
for relative to deficit irrigation (SDIDeficit (70% FC) + 0 ppm HP).

Earlier, it is stated that activities of antioxidant enzymes increase with application of HP [25], in several
cereal crops. Several new reports also stated that antioxidant activity was improved with the application of
HP at a low rate under stressful environment [26]. Hybrid maize was irrigated with added HP was improved
to grain yield. These positive effects were similar to seed priming or foliar sprayed with HP [27]. The
injecting HP through the irrigation system into a clay-rich soil, which was saturated or at field capacity,
improved the biomass and yield of several crops after treatments of 1, 3, and 4 months, respectively [19].

Table 2: Yield attributes of maize are influenced by the application of H2O2 with sub-surface drip irrigation
stream in clay-rich soil in Adana, Turkey

SDI × HP Biomass
(gm−2)

Grain
yield (gm−2)

Harvest
index (%)

Grain
weight (mg)

Grains
(no. m−2)

Test weight
(kg hL−1)

SPAD
value

In the year 2017

SDIDeficit (70% FC) +
0 ppm HP

1386c 644c 45.0b 237b 2708b 68.3 50.7

SDIDeficit (70% FC) +
500 ppm HP

1710b 973b 56.9a 266a 3667a 69.5 52.7

SDIDeficit (70% FC) +
250 ppm HP

1894ab 1127ab 59.5a 268a 4234a 67.8 54.5

SDIFull (100% FC) +
250 ppm HP

2043a 1200a 58.8a 277a 4328a 65.6 54.4

SDIFull (100% FC) +
0 ppm HP

1991a 1115ab 56.0a 272a 4105a 66.5 52.5

LSD0.05 243.6 200.1 7.51 23.9 911.1 NS NS

In the year 2018

SDIDeficit (70% FC) +
0 ppm HP

2106a 631e 30.0bc 221e 2871c 68.9 39.7d

SDIDeficit (70% FC) +
500 ppm HP

2506a 677c 27.1c 231d 2933c 69.1 48.8b

SDIDeficit (70% FC) +
250 ppm HP

2040a 653d 32.1b 236c 2774c 68.1 44.3c

SDIFull (100% FC) +
250 ppm HP

2611b 1035a 39.7a 253b 4115a 71.3 55.2a

SDIFull (100% FC) +
0 ppm HP

2603b 974b 37.4a 274a 3554b 70.1 54.1a

LSD0.05 206.0 6.5 3.29 4.09 421.3 NS 1.36
SDI, Sub-surface drip irrigation; SDIDeficit, Deficit irrigation under sub-surface drip irrigation system; SDIFull, Full irrigation under sub-surface drip
irrigation system; HP, H2O2; NS, non-significant.
SDIFull irrigation (100% FC) + 0 ppmHP with full SDI irrigation; SDIFull irrigation (100% FC) + 250 ppm HP with deficit SDI irrigation; SDIDeficit irrigation
(70% FC) + 0 ppm HP, SDIDeficit irrigation (70% FC) + 250 ppm HP and SDIDeficit irrigation (70% FC) + 500 ppm HP.
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Moreover, maximum grain yield and grain m2 were recorded when SDIFull (100% FC) + 250 ppm HP
were applied as, while it was minimum in grain weight (Fig. 3). It is well documented that applied HP
improved yield attributes under stressful conditions. Under drastic climatic condition (in 2017 season)
SDIFull (100% FC) + 250 ppm HP was more effective than SDIFull (100% FC) + 0 ppm HP on all traits
for relative to full irrigation (SDIFull (100% FC) + 0 ppm HP). While, under normal climatic condition (in
2018 season) SDIFull (100% FC) + 250 ppm HP was more effective than SDIFull (100% FC) + 0 ppm HP
on the grain yield, grains and SPAD value for relative to full irrigation (SDIFull (100% FC) + 0 ppm HP).

Similar results were also identified for maize, where a significant improvement of biomass was found
due to HP treatment to soil exhibiting excellent structure and adequate the levels of irrigation [28,29].
Whereas the fine-textured soils have a greater water retention capacity which leads to continuous
anaerobic conditions in the root zone [11,29].

Figure 1: Increased/decreased of different parameters of maize (%) due to both full and deficit SDI irrigation
in combination with different levels of HP as compared to control treatment (SDI Full (100% FC) + 0 ppm
HP). SDI, Sub-surface drip irrigation; SDIDeficit, Deficit irrigation under sub-surface drip irrigation system;
SDIFull, Full irrigation under sub-surface drip irrigation system; HP, H2O2; SDIFull irrigation (100% FC) +
0 ppm HP with full SDI irrigation; SDIFull irrigation (100% FC) + 250 ppm HP with deficit SDI irrigation;
SDIDeficit irrigation (70% FC) + 0 ppm HP, SDIDeficit irrigation (70% FC) + 250 ppm HP and SDIDeficit irrigation
(70% FC) + 500 ppm HP
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Several researchers [12,30] revealed that injecting HP into the soil through irrigation system,
significantly increased the water use efficiency, finally growth and development of plants; whereas, plants
in low-oxygen soils exhibit a decrease in the xylem/phloem ratio which ultimately alters the physiological
process of the plant [12,16,31] found that soil injection HP through SDI system increased the oxygen
content in the crop rhizosphere which leads to increase xylem/phloem ratio in plants.

4 Conclusion

Of special interest in the potential application of this injection of HP trough the SDI system, mitigated
the adversities of water deficit stress of maize by improving growth. These positive changes eventually
resulted in improved maize yield. Injecting different levels of HP through the SDI system into the
experimental soil (clay-rich soil) with low air content, significantly improved the yield and yield
attributes and also water use efficiency of maize under clay-rich soil. During the adverse condition

Figure 2: Increased/decreased of different parameters of maize (%) due to Deficit SDI in combination with
different levels of HP as compared with control (SDIDeficit (70% FC) + 250 ppm HP). SDI, Sub-surface drip
irrigation; SDIDeficit, Deficit irrigation under sub-surface drip irrigation system; SDIFull, Full irrigation under
sub-surface drip irrigation system; HP, H2O2; NS, non-significant. SDIFull irrigation (100% FC) + 0 ppm HP
with full SDI irrigation; SDIFull irrigation (100% FC) + 250 ppm HP with deficit SDI irrigation; SDIDeficit
irrigation (70% FC) + 0 ppm HP, SDIDeficit irrigation (70% FC) + 250 ppm HP and SDIDeficit irrigation (70%
FC) + 500 ppm HP
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(in 2017 season) SDIFull (100% FC) + 250 ppm HP was more effective than SDIFull (100% FC) + 0 ppm HP
on all traits for relative to full irrigation (SDIFull (100% FC) + 0 ppm HP). While, during the normal climatic
condition (in 2018 season) SDIFull (100% FC) + 250 ppm HP was more effective than SDIFull (100% FC) + 0
ppmHP on the grain yield, grains and SPAD value for relative to full irrigation (SDIFull (100% FC) + 0 ppmHP).
Thus, the improvement in growth and productivity of crop through injecting HP through the SDI system into
clay-rich soils might have great potential as a method for improving soil oxygen content in clay-rich soil.
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Figure 3: Increased/decreased of different parameters of maize (%) due to the application of full SDI in
combination with 250 ppm HP. SDI, Sub-surface drip irrigation; SDIDeficit, Deficit irrigation under sub-
surface drip irrigation system; SDIFull, Full irrigation under sub-surface drip irrigation system; HP, H2O2.
SDIFull irrigation (100% FC) + 0 ppm HP with full SDI irrigation; SDIFull irrigation (100% FC) + 250 ppm
HP with deficit SDI irrigation; SDIDeficit irrigation (70% FC) + 0 ppm HP, SDIDeficit irrigation (70% FC) +
250 ppm HP and SDIDeficit irrigation (70% FC) + 500 ppm HP
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