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Abstract 
Drought stress is the most important limiting factor in crop plants including maize (Zea mays L.), which is the third 
important world crop after wheat and rice. To examine the quantity and quality of forage as well as energy and water 
productivity of two maize varieties to drought stress, a field experiment was carried out as a split plot based on a com-
pletely randomized block design with three replications in Isfahan, Iran, during 2017 and 2018 growing seasons. The 
main and sub-plots were three irrigation regimes (100%, 80, and 60% full irrigation) and two maize varieties (704 and 
Maxima), respectively. Data analysis showed that drought stress harmed wet and dry forage yield and energy produc-
tivity, while its effect was positive on some forage quality such as ash, neutral detergent fiber (NDF), hemicellulose free 
cell wall (ADF), and lignin (ADL). Based on results, drought stress of 60% full irrigation resulted in reduced wet and dry 
forage maize yields. In addition, drought stress affected relationships among measured traits. According to increasing 
dried fodder and decreasing output energy under stress conditions, early mature variety Maxima is more proper to be 
used under drought stress. Besides, the Maxima variety was shown to be a suitable variety due to increasing dry matter 
and crude protein as well as decrease ADF and ADL than the 704 variety.
Article Highlights  We submit an original research article entitled Effect of water stress on forage yield and quality and 
water and energy productivity in Maize (Zea mays L.). In this paper, we indicated regarding to impacts of climate change 
phenomenon throughout the world on crop production, especially in arid regions such as Iran, choosing proper variety 
can be one of the best candidates to provide for forage. The results of present paper have shown that the drought stress 
had no effect on water productivity of two maize varieties. The superiority of some forage quality traits in drought stress 
compared to the control in maize means that in drought conditions, maize forage can be used and increase the profit-
ability of livestock products.

Keywords  Crude protein · Input energy · Energy ratio · Forage yield · Correlation

Abbreviations
ADF	� Cell wall hemicellulose free
ADL	� Lignin
DM	� Dry matter

CP	� Crude protein
NDF	� Neutral detergent fiber

 *  Hosein Heidari Sharifabad, heidari_sharif_abad@yahoo.com | 1Department of Horticultural Science, Faculty of Agricultural Sciences 
and Food Industries, Science and Research Branch, Islamic Azad University, Post box: 14515‑775, Tehran, Iran. 2Department of Crop 
science – Horticulture, Isfahan Agricultural and Natural Resources Research and Education Center, AREEO, Post box: 817585‑199, Isfahan, 
Iran. 3Department of Horticultural Science, Faculty of Agricultural Sciences and Food Industries Science and Research Branch, Islamic Azad 
University, Post box: 817585‑199, Tehran, Iran. 4Agricultural Engineering Research Department, Isfahan Agricultural and Natural Resources 
Research and Education Center, AREEO, Isfahan, Iran.

http://crossmark.crossref.org/dialog/?doi=10.1007/s42452-021-04813-z&domain=pdf
http://orcid.org/0000-0003-0504-9316


Vol:.(1234567890)

Research Article	 SN Applied Sciences           (2021) 3:834  | https://doi.org/10.1007/s42452-021-04813-z

1  Introduction

Environmental stresses have been a destructive effect on 
various crops around the world. Drought is the greatest 
environmental stress in arid and semiarid regions which 
has restricted agricultural development [1, 2]. Among the 
grain, maize (Zea mays L.) is known due to multiple pur-
poses as human food, animal feed, pharmaceutical, and 
bio-energy [3]. Maize is the source of income for majority 
of people in the world which is as human diet in devel-
oped countries and also used for industrial uses [4]. Maize 
is a major grain crops in Iran that it is grown almost all 
over the country [5]. According to the FAO, in Iran, the total 
area of maize production is 204305 hectares with a total 
production of 1.4 million tones, in 2019 [6].

Iran is a country with an arid climate where low annual 
precipitation falls from October through April. Moreover, 
in most of the country, the average annual precipitation 
is 250 mm or less [5]. On the other hand, drought stress 
has been reported to have had a negative effect on agri-
cultural production, including maize [7, 8]. As a result, the 
yield decreases recorded close to 79–81% in maize due to 
drought stress [9]. Drought has disrupted the main com-
ponents of photosynthesis and reduced biomass and crop 
yield [10]. It is also responsible for plant death by increas-
ing the production of reactive oxygen species (ROS) [11]. 
However, alterations due to drought are highly complex 
and depend on stress intensity and the species studied 
[12]. Therefore, how plants respond to stress depends on 
their genetic heritage and environmental status [1].

Energy has played a key role in agriculture since its 
inception. Therefore, worldwide agricultural production 
has a positive relationship with energy input [13]. Agri-
culture is both a producer and consumer of energy. But, 
general energy consumption has always increased in 
agriculture in the world, including Iran, due to increasing 
population, limited supply of arable land, and improved 
standards of living. Energy productivity has been affected 
by the lack of efficient use of energy inputs. The efficient 
use of energy has increased output, productivity, and 
sustainable competition in rural areas [14]. Maize plays a 
major role in the agricultural economy when it comes to 
grain and feed production. At the same time, its produc-
tion requires high energy inputs. Hence, research on the 
productivity of biomass production is required in terms of 
share in human energy production [15].

The quality of forage resources directly affects livestock 
production [16]. Therefore, a thorough understanding of 
productivity of important inputs such as water and energy 
is required for optimal management of forage systems 
regionally [17]. Thus, this study was conducted to evaluate 
important parameters about water and energy production 

and biochemical characteristics of maize forage under dif-
ferent irrigation managements.

2 � Materials and methods

2.1 � Field experiment

A spit-plot experiment was carried out in a randomized 
block design with three replicates in Isfahan, Iran, during 
the 2017 and 2018 crop seasons. Some climatic param-
eters during this research are given in Table 1. The treat-
ments consisted of irrigation managements with three 
levels (100% irrigation, 80 and 60% full irrigation) and 
maize variety 704 (late mature variety) and Maxima (early 
mature variety). The varieties were obtained from the Seed 
Breeding Research Center of Isfahan, Iran. Some climatic 
parameters during this research are given in Table 1. Soil 
moisture was determined by sampling of the soil surface 
daily in the laboratory basis on soil bulk density: 25%, the 
soil moisture content in the field capacity:14%, and perma-
nent wilting point:1.35 kg.m−3. These values were used to 
control the water requirement of two common cultivated 
maize varieties in Iran. Irrigation treatments are arranged 
in the main plot and varieties in the sub-plot.

After a tillage and disk lever in the field, seeds were 
sown on the ridge with a density of 90 thousand plants per 
hectare in early June (based on the common planting date 
of the region) for both years. In each plot, the length of 
every ridge was 12 m and the distance between the ridges 
was 75 cm. Before planting, based on soil analysis (Table 2) 
ammonium phosphate and potassium sulfate fertilizers 

Table 1   Monthly temperature and precipitation during the grow-
ing season in 2017–2018

Temperature (°C) Total pre-
cipitation 
(mm)Minimum Maximum

2017
May 8 35 13.7
June 15 40.2 0
July 18 41.5 0.1
Aug 15 37 0.2
Sum 56 153.7 14
Average 14 38.5 3.5
2018
May 10.4 38.6 16.8
June 19.2 41.6 8.4
July 21.3 42.5 0
Aug 20.9 41.5 0
Sum 71.8 164.2 25.2
Average 17.9 41 6.3
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were applied at 250 and 150 kg.ha−1, respectively. Urea 
fertilizer was applied as a dressing when the plants were 
40 cm in height with an irrigation system.

Irrigation was done by drip strip and the irrigation cycle 
was based on the constant cycle and water net require-
ment of the plant (evaporation pan class A). The water 
requirement was calculated based on the daily evapo-
transpiration values of the reference plant (ET0) and the 
plant coefficient (KC) from the combined model of Pen-
man- Montes-FAO. Irrigation water depth was calculated 
with 85% application efficiency, due to the requirement of 
three irrigation treatments (100, 80, and 60% full irrigation) 
in the irrigation system. The volume of water consumed 
was also measured with a calibrated meter. The amount of 
water consumption during the growing season, in 18–20 
irrigation in three treatments of 100%, 80, and 60% full 
irrigation, was 6449, 5676, and 4550 m3.ha−1 in 2017 and 
7100, 5720, and 4710 m3.ha−1 in 2018, respectively. The 
total precipitation in the region was 14 mm and 25.2 mm 
for 2017 and 2018, respectively.

2.2 � Measurement of traits

The total of energy required to produce maize forage was 
divided into the six main groups measured as input energy 
for instance: energy equivalent to machine, fuel consump-
tion [18, 19], irrigation [20, 21], manpower [22, 23], seed 
[23, 24], pesticides and fertilizer [25]. We used these input 
energies to produce the system output energy, i.e., forage 
performance. Finally, energy intensity, energy productivity, 
net energy [21, 26], and energy ratio [27] were calculated 
with standard equations.

Energy intensity =
Total consumption energy

(

Mjha−1
)

Maize yield
(

kg.ha−1
)

Net energy = Output energy
(

Mjha−1
)

− Input energy
(

Mjha−1
)

Energy ratio =

Input energy
(

Mjha−1
)

Total input energy
(

Mjha−1
)
.

Irrigation water productivity was determined by the 
following formula:

where IWP is the irrigation water productivity, D: mass of 
dry matter or yield, and W: the amount of water consumed 
by the plant (m3).

To evaluate the biochemical properties of forage, sam-
ples of plants were harvested and after drying in the oven 
at 75 °C for 24 h, grounded and passed through a 2-mm 
sieve and applied for forage quality traits including ash 
and crude protein (CP) [28], neutral detergent fiber (NDF) 
and cell wall hemicellulose free (ADF) [29].

2.3 � Statistical analysis

Data were subjected to analysis of variance; mean com-
parison, correlation coefficient, and principal component 
analysis (PCA) were conducted by Agricola library in R sta-
tistical software (4.3.19).

3 � Results

The analysis of variance of related-yield traits (Table 3) indi-
cated that irrigation levels significantly affected wet for-
age yield, dried fodder yield, input energy, output energy, 
energy ratio, energy intensity, net energy, and energy 
productivity of wet forage and dried fodder. There was no 
significant difference in water productivity of wet forage 
and dried fodder yields, while the results (Table 4) showed 
significant differences between varieties in all traits except 
input energy. The interaction between the stress and the 
variety was statistically significant for wet forage and dried 
fodder yields (Table 3). According to the results of the 
analysis of variance, experimental years affect significantly 
on all wet and dry forage yield traits and energy indices 
(p < 0.01), while the effect of year on all biochemical and 

Energy productivity =
Maize yield

(

Kgha−1
)

Input energy
(

Mjha−1
)
.

IWP =

D

W

Table 2   Physical and chemical properties of the soil

ppm part per million, dsm−1 deci siemens/meter

Total 
nitrogen 
(%)

Absorbable 
phosphorus 
(ppm)

Absorbable 
potassium 
(ppm)

pH Organic 
carbon 
(%)

Electrical 
conductivity 
(dSm-1)

Copper Zinc Manganese Iron Sand Silt Clay

(ppm) (%)
0.1 40.5 700 7.2 0.9 1.2 0.3 1.04 1.1 0.6 70 12 18
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water productivity traits did not show statistical signifi-
cance except an amount of Ash and NDF (Tables 3 and 4).  

The mean comparison for forage yield, energy, and 
water productivity of maize varieties under different water 
levels is represented in Table 3. Both varieties had the high-
est forage yield, input and output energy, energy ratio, 
net energy, and energy productivity of wet and dry for-
age under control conditions (no water stress). The differ-
ent regime of irrigation was no difference one another for 
water productivity of wet forage and dried fodder yields. 
Energy productivity of dried fodder under 80% full irriga-
tion was no different from 100% irrigation. However, the 
mean value of 80% was statistically similar to 60% irriga-
tion. Water stress of 60% full irrigation showed the high-
est mean value for energy intensity than the two other 
irrigation treatments. The lowest mean values output 
energy, energy ratio, net energy, and energy productivity 
of wet and dry forage were recorded for 60% full irrigation. 
The variety Maxima had higher dried fodder yield, water, 
energy productivity of dried fodder, and energy intensity 
than the variety 704. However, the variety 704 had higher 
wet forage yield, output energy, energy ratio, water energy 
productivity of wet forage and net energy. Besides, both 
varieties of Maxima and 704 showed same mean values 
for input energy.

In general, in all three irrigation levels, the variety 704 
had the higher wet forage yield than the Maxima variety; 
however, it was the opposite about dry forage yield (Figs. 1 
and 2).

The results of statistical variance analysis of biochemical 
traits (Table 4) showed that the different levels of irrigation 
had a significant effect on all studied traits. Also, according 
to the results, the two varieties showed significant differ-
ences in terms of all biochemical traits, except lignin con-
tent. Similarly, there was a significant interaction between 
the irrigation levels and the variety for all biochemical 
traits except lignin (Table 5). 

Based on the results of interaction between the water 
levels and the variety (Table 6) the highest mean values of 
CP, DM, and NDF of maize forage were observed in Maxima 
var. under 100% irrigation. The crude protein content of 
Maxima var. under 100% and 80% full irrigation was higher 
than 704 var, while the two varieties showed no signifi-
cant differences under 60% full irrigation. Dry matter of 
Maxima var. had the highest value under control irriga-
tion. However, decreasing water level led to reduction DM 
in Maxima var, but its mean value of dry matter was not 
different under 80% treatment from 60% full irrigation. In 
general, under all levels of irrigation, Maxima var. obtained 
more dry matter compared to 704 var. The lowest mean 
value of dry matter shared statistically equal under 80 and 
60% full irrigation of 704 var.
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According to the results presented in Table 6, both 
varieties increased ash content with decreasing in water 

irrigation level. The highest and lowest mean value was 
recorded in the 704 variety under 60% full irrigation and 
control treatment, respectively. Comparing used varieties 
showed that drought stress led to a decrease in NDF, which 
under all three levels of irrigation regimes, NDF content 
of 704 variety was less than Maxima variety. However, 
no difference was detectable between 704 and Maxima 
variety regarding neutral detergent fiber under 60% full 
irrigation. Similarly, drought stress decreased ADF content 
among these two varieties. Although the highest mean 
value was related to the 704 variety under control irriga-
tion, under 80% full irrigation no statistical difference was 
found among the two varieties. Under 60% full irrigation, 
ADF content in the Maxima variety was lower than the 704 
variety. The 704 and Maxima varieties showed the highest 
value but no significantly different mean for lignin (ADL) 
under 100 irrigation levels, while no statistically significant 
difference between 704 and Maxima varieties was detect-
able for its lowest content under 60% full irrigation.

Due to the significant difference of some traits between 
control and stress treatments, evaluation of relationships 
related to measured traits was separately carried out for 
these three irrigation treatments.

Figures 3, 4, and 5 show the correlation plots among 
traits under control, 80%, and 60% of full irrigations, 
respectively. The correlation values between traits were 
observed differently, and in addition, in some cases, the 
sign of the correlation was changed.

There were completely different relationships in the cor-
relation of research parameters with each other at different 
levels of irrigation. Wet forage yield was significantly posi-
tive with all measured parameters except energy inten-
sity, water content, dry matter, NDF, and lignin at all irri-
gation levels in all three irrigation regimes. Yield of forage 

Table 4   Variance analysis of 
some biochemical and water 
productivity traits in maize 
varieties under irrigation levels

**, *, ns, respectively, significant at level of 1 and 5% and no significant. SOV: source of variance and 
df: degree of freedom. DM: dry matter, CP: crude protein, NDF: neutral detergent fiber, ADF: cell wall 
hemicellulose free, ADL: lignin, W.P.W: water productivity of wet forage yield, W.P.D: water productivity 
of dried fodder yield

S.O.V Mean square

df DM CP Ash NDF ADF ADL

Year 1 2 ns 0.06 ns 0.56** 0.11** 0.29 ns 0.24 ns
Replication 2 3.4 ns 0.06 ns 0.35 ns 16.8 ns 0.19 ns 1.03 ns
Irrigation 2 30.2** 3.2** 5.08** 663.6** 177.5** 6.4**
Year × Irrigation 2 0.43 ns 0.29** 0.02 ns 5.5 ns 0.21 ns 1.3**
Error (a) 8 1.62 0.16 0.046 2 0.58 0.36
Variety 1 404.2** 0.77** 2** 356.8** 82* 0.06 ns
Year × Variety 1 0.68 ns 0.03 ns 0.63** 46.4** 0.14 ns 0.14 ns
Irrigation × Variety 2 1.75* 0.82* 0.35* 57.5** 35.6** 0.32 ns
Year × Irrigation × Variety 2 0.9 ns 0.012 ns 0.44** 29.3** 0.6 ns 0.06ns
Error (b) 12 1.41 0.02 0.045 3 0. 9 0.07

Fig. 1   Radar plot comparing wet forage yield of two maize varieties 
under different irrigation levels (LI: light irrigation (60% full irriga-
tion), MI: moderate irrigation (80% full irrigation), and HI: high irri-
gation (100%))

Fig. 2   Radar plot comparing dried fodder yield of two maize vari-
eties under different irrigation levels (LI: light irrigation (60% full 
irrigation), MI: moderate irrigation (80% full irrigation), and HI: high 
irrigation (100%))
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negatively correlated with energy intensity, water content, 
ash, ADF, lignin, and NDF under non-stress conditions.

The correlation of input and output energy with the 
amounts of lignin, dry matter, and crude protein at the 
level of 100% and 80% of complete irrigation negatively 
correlated with the application of 60% of irrigation stress, 
and it changed to positive. The correlation of energy ratio 
with NDF and crude protein also showed a similar relation-
ship, while it was the opposite with ADL value. The energy 
intensity and lignin content positively correlated in 100% 
irrigation and 60% full irrigation stress and negatively in 
80% full irrigation treatments. The relationship between 
energy intensity and crude protein in the control treat-
ment was positive and positively correlated by chang-
ing the irrigation system to stress, which was completely 
reversed in the amount of NDF.

Under control conditions and 80% of full irrigation, the 
correlation of pure energy with crude protein and NDF was 
significantly negative, while their sign positively correlated 
in 60% of full irrigation.

Wet forage energy efficiency in all irrigation treatments 
had a positive correlation with other parameters except CP, 
ADF, and ADL with full irrigation regime.

Consumption of water with lignin and crude protein 
and productivity of fresh forage water with ash were 
negatively correlated in 60% of complete irrigation stress 
and positively correlated in two other irrigation adminis-
trations, while with crude protein showed the opposite 
correlation.

4 � Discussion

According to the results, wet and dry forage yields of maize 
varieties were sensitive to drought stress, as the photosyn-
thetic system is affected by water stress. Therefore, CO2 
assimilation is severely reduced, and leaf metabolism and 
crop growth are restricted [30–32]. So that, water stress 
of 60% full irrigation resulted in the greatest reduction in 
forage yield because of a decrease in plant growth. These 
results showed that water stress has a significant effect 
on the growth and yield component of maize forage; 

Table 5   Mean comparison of irrigation levels and variety of maize for yield and energy traits

Mean with the same letter(s) is not significantly different using Duncan’s multiple range tests (P ≤ 0.05)

WFY: wet forage yield, DFY: dried fodder yield, E.In: input energy, E. Out: output energy, E.ratio: energy ratio, E.I: energy intensity, E.N.G: net 
energy gain, E.P.W: energy productivity of wet forage yield, E.P.D: energy productivity of dried fodder yield, W.P.W: water productivity of wet 
forage yield, W.P.D: water productivity of dried fodder yield

Factors Treatment WFY
(kg 
ha−1)

DFY
(kg 
ha−1)

E.In
(Mj ha−1)

E.Out
(Mj ha−1)

E.ratio 
(%)

E.I
(Mj 
kg−1)

N.E.G
(Mj ha−1)

E.P.W
(kg 
Mj−1)

E.P.D
(kg 
Mj−1)

W.P.W
(kg 
m−3)

W.P.D
(kg 
m−3)

Irrigation 100% 66.6a 21a 92,023.5a 1176640a 12.8a 1.3c 1084616a 0.72a 0.23a 9.7a 3a

80% 51b 15.4b 83509b 898980b 11b 1.6b 815473b 0.62b 0.19ab 9a 2.7a

60% 34.4c 11.5c 75210c 695710c 9.3c 2a 620501c 0.53c 0.15b 8.5a 2.5a

Variety 704 55.3a 14b 83,580.5a 95910a 11.3a 1.6b 875588a 0.64a 0.16b 9.7a 2.4b

Maxima 54.3b 17.8a 83581a 888390b 10.7b 1.7a 804805b 0.61b 0.2a 9.4b 3a

Year 2017 56a 17.3a 96233a 987700a 10b 1.8a 891466a 0.75b 0.17b 9.8a 3a

2018 48.7b 14.7b 70,928.7b 859860b 12a 1.5b 788926b 0.68a 0.2a 8.3b 2.5a

Table 6   Mean comparison of 
interaction between irrigation 
levels and variety of maize for 
some biochemical traits

Mean with the same letter (s) is not significantly different using Duncan’s multiple range tests (P ≤ 0.05)

DM: dry matter, CP: crude protein, NDF: neutral detergent fiber, ADF: cell wall hemicellulose free, ADL: 
lignin

Biochemical traits 100% 80% 60%

704 Maxima 704 Maxima 704 Maxima

DM (%) 26.8c 32.7a 23.8d 31b 23.3d 30b

CP (%) 8.2c 8.7a 8.2c 8.5b 7.4d 7.6d

Ash (%) 6.4d 5.6e 7bc 6.8c 7.4a 7b

NDF (%) 63.5c 72.6a 58.4d 67b 52.7e 54e

ADF (%) 34a 32.7b 31.3c 30.7c 29.4d 22.4e

ADL (%) 7.6a 7.7a 6.3bc 6.7b 6.4bc 6c
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therefore, farmers should be able to manage water sources 
to achieve maximum yield.

The results showed that the highest output energy was 
related to control treatment. The lowest value was under 
60% full irrigation treatment. The existence of a significant 
correlation between forage yield and output energy under 
full irrigation conditions confirms this relationship (Fig. 5). 
Similarly, the highest input energy was obtained under a 
100% irrigation regime. The lowest average input energy 
value under 60% completes irrigation because of the 
increase in energy to pump water from the land. Energy 
ratio, energy productivity of wet forage and dried fodder, 
and net energy decreased with the decreasing irrigation 
water level. In contrast, the energy intensity increased 
under stress treatments than control. This indicates that 
by reducing water availability, energy consumption has 
increased in corn forage production, resulting in lower 
energy efficiency and productivity. Moreover, evaluating 
the influence of drought stress by examining of associa-
tion between traits under different treatments showed 
that drought stress, in addition to reduction in yield and 
energy-related traits in maize, can change the relationship 
between these traits as well, and this issue was confirmed 
by correlation plots and principal component analysis.

In our study, the net irrigation requirement of maize was 
calculated as 608.21 mm in the area of the experiment. The 

Fig. 3   Correlation plot for measuring association between meas-
ured traits of maize under full irrigation (100%). W Use: water use, 
E.ratio: energy ratio, E.P.W: energy productivity of wet forage yield, 
ADF: cell wall hemicellulose free, E.I: energy intensity, ADL: lignin, 
NDF: neutral detergent fiber, DM: dry matter, CP: crude protein, 
E.P.D: energy productivity of dried fodder yield, DFY: dried fodder 
yield, WPD: wet forage yield, E.In: input energy, WP.W: water pro-
ductivity of wet forage, N.E.G: net energy gain, WFY: wet forage 
yield, E.Out: output energy

Fig. 4   Correlation plot for measuring association between meas-
ured traits of maize 80% under full irrigation. W Use: water use, 
E.ratio: energy ratio, E.PW.: energy productivity of wet forage yield, 
ADF: cell wall hemicellulose free, E.I: energy intensity, ADL: lignin, 
NDF: neutral detergent fiber, DM: dry matter, CP: crude protein, 
E.P.D: energy productivity of dried fodder yield, DFY: dried fodder 
yield, W.P.D: wet forage yield, E.In: input energy, WP.W: water pro-
ductivity of wet forage, N.E.G: net energy gain, WFY: wet forage 
yield, E.Out: output energy

Fig. 5   Correlation plot for measuring association between meas-
ured traits of maize 60% under full irrigation. WUse: water use, 
E.ratio: energy ratio, E.PW.: energy productivity of wet forage yield, 
ADF: cell wall hemicellulose free, E.I: energy intensity, ADL: lignin, 
NDF: neutral detergent fiber, DM: dry matter, CP: crude protein, 
E.P.D: energy productivity of dried fodder yield, DFY: dried fodder 
yield, W.P.D: wet forage yield, E.In: input energy, WP.W: water pro-
ductivity of wet forage, N.E.G: net energy gain, WFY: wet forage 
yield, E.Out: output energy
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volume of water consumption during the growing season, 
in three irrigation treatments and 18 to 20 irrigations, in 
the first year was 6449, 5676, and 4550 m3.ha−1 and in the 
second year 7100, 5720, and 4710 m3.ha−1, respectively. 
The mean comparison of treatments showed that there 
was no significant difference between the water produc-
tivity of wet and dry forage in all three irrigation treat-
ments. Yazar et al. [32] showed that water management 
by changing water quantity during maize growth reduced 
evaporation and increased water productivity. Fung and 
Su [17] reported that different irrigation treatments have 
a slight effect on the water productivity of maize, and 
medium and low irrigation treatments had little effect on 
maize water productivity compared to full irrigation.

Based on the results, biochemical traits of forage maize 
were changed under stress treatments due to the plant 
response mechanism. For example, a change in crude pro-
tein production for cellular osmotic regulation and balance 
could be one of these mechanisms. In the current research, 
the highest mean value of DM was related to control treat-
ment. The study by Mohammed and Mohammed [33] 
showed that DM of maize reduced under drought stress. 
One of the reasons for a decrease in CP under stress is their 
destruction by reactive oxygen species [34]. Antioxidant 
enzymatic activities increase under environmental stresses 
in plant cells and lead to reducing ROS damage. Among 
the antioxidant enzymatic, superoxide dismutase (SOD), 
catalase (CAT), and glutathione peroxidase (GPX) are vital 
to preventing oxidative stress damage [35]. Under 60% full 
irrigation stress, ash content increased which indicates the 
physiological response of the plant to drought stress. So 
that, under stress accumulation of minerals in cells leads 
to concentration of its environment which there is a nega-
tive slope from roots to stem to continue absorption water 
[36]. In the present study, drought stress led to a decrease 
in NDF, ADF, and ADL. Crasta, Cox [37] documented the 
strong relationship between fiber contents in maize for-
age with water availability. Jiang, Yao [38] reported decline 
in hemicellulose concentrations, as a part of NDF, under 
drought. As well, some reports indicate decreased levels 
of ADF and ADL contents due to drought stress [39, 40]. 
One physiological reason for the reduction in cellulose 
during drought stress may be the formation of osmolytes 
(soluble sugars and proline). Osmolytes aid in the mainte-
nance of osmotic equilibrium in the cell [41]. Since these 
traits lead to the reduction of forage quality, a decrease in 
these traits showed that forage intake could increase dur-
ing drought years. Osmolytics contribute to maintaining 
osmotic balance in the cell [41]. As these characteristics 
lead to a reduction in feed quality, drought stress could 
increase feed quality by decrease these characteristics.

The variety 704 had higher wet forage yield compared 
to Maxima var, whereas Maxima var. showed higher dried 

fodder yield. But, decreasing water level led to decrease 
wet forage and dried fodder yields in both varieties. The 
early mature variety of Maxima had more dry matter yield 
than the late mature variety of 704 underwater stress, so 
varieties with shorter growth periods completed their 
growth cycle in a shorter time and provided high assimi-
lation of dry matter under water stress conditions.

According to the results, a decrease in water level led 
decline in input and output energy for two varieties. The 
highest output energy was related to the variety 704 for 
fully plants irrigated, while input energy and energy ratio 
were not significantly different for the 704 and Maxima 
varieties. In all irrigation levels, the highest energy pro-
ductivity of wet and dry forage was observed in 704 and 
Maxima, respectively. Water levels were not statistically 
different on energy intensity for the two varieties, but net 
energy of 704 var. was higher than Maxima var. under all 
levels of irrigation. The variety Maxima had a higher con-
tent of energy productivity than variety 704 although both 
varieties had equal mean value for input energy, due to 
reduction of the mean value of output energy. Therefore 
it seems the variety Maxima produces more forage and in 
terms of energy and environment is remarkably justified 
and sustainable. In evaluating water and energy produc-
tivity among barley varieties affected by drought stress, 
energy indices were different for different varieties [42].

The highest mean value of water productivity of wet 
forage was related to the variety 704 under full irrigation. 
In all irrigation levels, water productivity of wet forage of 
variety 704 increased compared to Maxima var. This issue 
could be because of higher wet forage in variety 704 than 
Maxima var. Conversely, in all three irrigation levels, water 
productivity of dried fodder increased in Maxima var. Thus, 
according to dried fodder yield and energy productivity 
of dried fodder Maxima might be more proper for forage 
production under water stress. Zwart and Bastiaansen 
[43] found that the range of water productivity of maize 
is 1.1–2.7 kg.m3, which is close to the values of water pro-
ductivity in the present study. Our study also showed that 
water wet and dry forage of productivity of maize under 
stress conditions were not different from the control treat-
ment. The results of many researchers have shown that 
drought stress improves the water productivity index [32, 
44, 45]. Drought stress improves water productivity by 
increasing stomatal resistance. Under these conditions, 
water losses due to transpiration reduced further photo-
synthesis and water productivity increased [46].

Two varieties showed different responses to different 
irrigation treatments in some measured traits related to 
maize forage quality consisting of dry matter, crude pro-
tein, ash, ADF, NDF, and ADL. Dry matter and crude protein 
were decreased as water irrigation levels were reduced in 
two varieties, which indicates that drought led to reduce 
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production of these traits. However, in all irrigation 
regimes, both traits were higher in Maxima var. than vari-
ety 704. The increase of dry matter in Maxima var. under 
drought stress could be attributed to the lower sensitivity 
of this variety to drought. The reasons for the decrease 
in protein content under drought stress are related to 
inhibition of the activity of nitrate reductase, glutamine 
synthase, and glutamate synthetase enzymes under stress 
conditions in sensitive varieties [47]. Since the percentage 
of ash is the amount of minerals present in plant tissues, 
absorption of these substances by roots is reduced under 
drought stress; therefore, there is the possibility of reduc-
ing the percentage of ash in these conditions [48]. High 
concentrations of traits that led to reduced forage qual-
ity, such as NDF, ADF, and ADL, under drought stress have 
been reported [49]. In contrast, some studies reported a 
reduction in these traits under drought stress [50]. In the 
present study, in two varieties NDF, ADF, and ADL showed 
a decrease in stress conditions. Besides, the results of 
Weichenthal, Baltensperger [51] showed that ADF con-
tent in forage sorghum decreased under drought stress 
compared to normal irrigation. Hence, stress treatments 
of 80% and 60% full irrigation had no negative effect on 
the quality of the maize. However, crude protein content 
that increases forage quality also decreased under drought 
stress conditions. Since both quality and quantity of forage 
are important under drought conditions, maize varieties 
that tolerate not severe levels of drought stress show all 
characteristics. Therefore, based on the results of the cur-
rent research, inducing mild drought stress could slightly 
decrease the yield of maize, which indicates the resistance 
of it to this level of stress. Under limited water conditions, 
this case could use for managing water consumption in 
maize. In addition, assessment of influences of severe 
drought stress (60% full irrigation) showed that affects the 
quantity and quality-related traits as well as the relation-
ships among these traits. Xu, Zhou [12] reported increased 
antioxidant activity of maize under drought stress, which 
indicates that maize is suitable as a forage crop according 
to high antioxidant activity.

5 � Conclusions

According to the market preferences such as grants and 
subsidies for agriculture production, the researches in the 
case of water and energy productivity have huge impor-
tance. Since production of forage maize requires a lot of 
energy, analysis about the reduced energy input is essen-
tial for sustainable development and reduces the nega-
tive impact on the environment. Overall results showed 
that drought stress negatively affected wet and dry forage 
yields and energy-related indices. But, its effect on some 

quality traits such as NDF, ADF, and ADL contents was 
positive, which led to an increase in forage quality under 
drought stress, while it did not affect water productivity 
of wet and dry forage. Also, considering forage yield and 
productivity energy-related traits, Maxima variety due to 
early maturity was able to more dried fodder yield with 
less output energy under water stress conditions and is 
introduced as more proper variety compared to 704 varie-
ties. Additionally, the Maxima variety is suitable in terms 
of forage quality because of having increased DM and CP, 
as well as less ADF and ADL.
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