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Extended abstract

Introduction

Maize cultivation is rapidly expanding in the world due to its high adaptability to different weather
conditions, and it is an exceptional product that can be effectively used as feed and forage products to
meet the ever-increasing needs of livestock. Low irrigation is an approach to increase water productivity
with the view of increasing production per unit of water consumption. The research results show that
water stress has a significant effect on the quantity and quality of forage. Lack of water is one of the
important factors in reducing the level of corn, so this experiment was conducted in order to check the
possibility of saving water consumption by using low irrigation method and choosing the best hybrid in
low irrigation conditions.

Materials and methods

In order to investigate the effects of low irrigation and different maize hybrids on the quantitative and
qualitative traits of maize forage in the Gorgan region, an experiment was conducted in split plots
arranged in a randomized complete block design with three replications in the Iraqi station of the
Gorgan. Low irrigation was implemented in four levels in the main plots (100, 75, 50% and 25% of water
requirement) and subplots in four levels (including hybrids SC703, SC704, ZP548 and BK50). To
determine the amount of water consumption three days after each irrigation, the amount of moisture
was determined by sampling the soil and immediately after reaching 40 to 60% usable moisture,
irrigation was done. Irrigation was done as a drip using tapes, the distance between the nozzles was 20
cm and the amount of water output per nozzle was 2 liters per hour. Harvesting was done from the two
middle lines by removing half a meter at the beginning of the row and weighed separately (leaf, stem,
cob) in a separate laboratory, and their fresh weight was recorded and then placed in an oven with a
temperature of 65 degrees Celsius for 72 hours, Then the dry weight was calculated. The samples of dry
forage were sent to the laboratory of Forests and Ranges Organization (Tehran) and the amount of
protein, fiber and other quality attributes of forage were measured by infrared spectrometry with
PertenInformatic 8620. The data were analyzed using SAS 9.1.3 statistical software and the means were
compared with the LSD test at the 5% probability level.
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Results and discussion

The results of analysis of variance showed that low irrigation effect was significant on all studied traits.
Also, the effect of the studied hybrids on all the traits was significant except for insoluble fibers in acidic
detergent and water-soluble carbohydrates. Also, the interaction effect of hybrid x low irrigation was
significant only on forage yield (Total biomass, ear fresh weight, stem and leaf fresh weight, and total
dry weight). The results of means comparison showed that the highest biomass yield was observed in
the 100% water demand treatment, which was 7.2, 49, and 79.7% higher than the 75, 50, and 25%
irrigation treatments, respectively. However, the highest water consumption efficiency with a significant
difference compared to other levels was observed in the treatment of 75% water requirement (5.99 kg
m3). Also, with the increase of irrigation levels, the amount of crude protein, crude fiber, water-soluble
carbohydrates and insoluble fibers in the neutral environment increased significantly, and among the
studied hybrids, the SC703 hybrid had the highest forage yield (43692.4 kg ha).

Conclusion

Considering the shortage and high economic value of water, the reduction in rainfall and the occurrence
of successive droughts in recent years, optimum use of water can allocate more land to irrigated
cultivation in addition to achieving appropriate and economic performance. The results showed that the
lack of water reduces all quantitative traits. Among the studied hybrids, SC703 had the highest forage
yield per unit area. On the other hand, low irrigation treatment at the level of 75% of the total water
requirement is recommended to achieve the highest water consumption efficiency in Gorgan region.
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Tablel. Physicochemical properties of the soil at experiment location
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Table 2. Minimum and maximum temperature and total rainfall during the planting season and its comparison
with 15-year statistics in Gorgan (Source: Golestan Meteorological Department - Gorgan Airport

Meteorological Station)
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Table 3. Analysis of variance Quantitative and qualitative traits of corn forage
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Fig. 1. Comparison of the mean interaction of low irrigation x hybrid on total biomass (The columns with the
same letters are not significantly different).
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Fig. 2. Comparison of the mean interaction of low irrigation x hybrid on fresh weight of cob (The columns with
the same letters are not significantly different).
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Fig. 3. Comparison of the mean interaction of low irrigation x hybrid on fresh weight of stem and leaf (The
columns with the same letters are not significantly different).
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Fig. 4. Comparison of the mean interaction of low irrigation x hybrid on total dry weight (The columns with the

same letters are not significantly different).
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Table 4. Means comparison or quantitative and qualitative traits of forage maize

JS wlogn HMUBIRT) Syaadluw iy 5SS o9 :
Loy Total Wet cob Wet weight of stems Tottal <l B pan (5590 54
Treatments biomass weight and leaves Dry matter WUE
kg/ha Kg/m3
100%  43692.42 13262.12 30430.32 12511.28 4.83P
Solelas 75% 40563.9° 12381.1° 28182.8° 11661.8° 5.992
Low Irrigation 50% 22300°¢ 6532° 15768° 6313.1° 4.93b
25% 89009 19319 6968.3¢ 2593.3¢ 3.94¢
Sc703  31559.28 95762 21983.22 9372.28 5.18?
& Sc704  29752.8° 8489.4° 21263.42 8452P 5.102
Hybrid Zp548 27875° 9177.82 18697.3° 7620.6° 4,962
Bk50 26269.4¢ 6863.8° 19405.6° 7634.6° 4.45P
Table 4. Continued alsl.f Jgu
o ons ey ewiagd ;o Jolmol SUI 50 Jekel S b Jelxe el yuune S
Treatments Fe o] HE ok gl pe NN
CP ADF NDF CF WSC
%
: 100%  4.87° 21.928 39.99° 20.99° 31.95°¢
oles 7506 5320 22.67° 40.942 22.26% 32.91%
'_-OW_ 50% 6.622 24.262 43.89% 22.92% 35,78
Irrigation
25% 7.27°2 27.262 44,928 24.162 38.112
Sc703  6.28% 2452 42.49% 22.50° 34.262
& SC704 5.85b¢ 23.992 42.46% 22.040 34.502
Hybrid Zp548 6.442 23.362 40.40° 21.56° 35.082
Bk50 5.51°¢ 24,252 44.392 24,232 34.832

&5,l05 02 b 70 Jleil s ;0 LSD g0l bl 11 (5,08 (sime WS g 1o 30 aslie By b ool Sileo
Mean with the same letter(s) is not significantly different using LSD multiple range tests (P < 0.05).
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Table 5. Correlation coefficients between quantitative and qualitative traits of maize forage

TB WCw WWSL  TDM WUE CP ADF NDF CF WSC
TB 1 0.982™ 0.995™ 0.994™  0.716™  -0.747" -0.498™ -0.527" -0.503"  -0.726™
WCW 1 0.961™ 0971  0.728™ -0.710™ -0.481" -0.582™ -0.533""  -0.730™
WWSL 1 0.992"°  0.700™  -0.755" -0.500" -0.493™ -0.481"  -0.715"
TDM 1 0.709™  -0.390™ -0.420™ -0.437™ -0.372"  -0.464™
WUE 1 -0.745™  -0.492 -0513" -0.493™  -0.718™
CP 1 0.474™  0.493™  0.326" 0.765™
ADF 1 0.696™  0.735™ 0.333"
NDF 1 0.625™ 0.366"
CF 1 0.367"
WSsC 1

*%

*

S g ho)d S g iy Jlekl e ) Jlo e oS 5 4 NS 5
ns, *, **: non-significant and significant at 0.05% and 0.01% of probability levels, respectively.
TB: Total biomass, WCW: Wet cob weight, WWSL: Wet weight of stems and leaves, TDM: Tottaly Dry mateer, WUE: Water
use efficiently, CP: Crude protein, ADF: Insoluble fibers in acidic detergents, NDF: Insoluble fibers in neutral detergent, CF:

Crude fiber, WSC: Water soluble carbohydrates

Ll 58 o (S ol (T Jg02) 0 YHIYY L
=Y S Gelegar ()39 ahezl gy 20550 Dlao ann
Cbls (5,ld gime g (site alasly (—+JOYYH) L 5 (59 5 (
saizgd ,0 Jolool BLI alox sl sleosiisn Slan b g
O Jsm) Sl (5l sine 5 Con (Koo (+/FYD")
e ey &l o Cagb ) 0geS ] Cllae 5 T i
Ol ©abse sloog by g lasl Cep il
Bboo ol olS ladiy) lwg oldé olge i

CF)pl s
-5 ool ol jlas sl flas pls 0l il lg a0 s
o wops S gl )3 gl b e 5 65k
Mosire Cdo ol e x)laleS blite S Jg o5
o S etlsS S aSiln dlie (F i) 90
05 sloles jo gylo ge rals aS sl lis sl 4.8
2 Pl b 3oy0 0 YL a5 (6 5bas i saaline (5]
P s 2S5 09 YENE L )lol o jo YO jles
red i Bk 31(F Jgaz) 09y JelS (g )lal 4 boga o
BKS0 w00 4 bgr o (o) 23550 Sl it G o o5



v OB S 2lor g ol llyd 0 )8 cilisee glawy pus digle (aS g (oS Slio p 65loleS zobw 1 oLl i), 5en g (Loxe!

S S A
Olrl o ol 05eeS 5 (Sis 15 g585 Slgld 4 x5 L
$ilgs oo a5 el (55550 18, 5 6kl a5y Oy loled
eon ol @l il LaSal) ol )slas ol ol )
2050 Dl dad (55 » (55keleS Jale a5 ols )l
S9) 2 ey pyse sl e bl as Jbyo gl e
odingd 5o Jolmol SLII Gy sy )90 Dlao dan
Sy gme ol o Jole Glaclnmee S 5 ol
Slio p bid &pe 5 6lfeS Seay (uizes

Sy om0 S e sl oSl
syl ci 5 4 BK50 § SC703 (glawy youd ¢ ooy 123,90

Wog mhw axly o adgle o Slee o yieS g o yida
Dlio ST 5)logine 5 Coke (Siumsan absle 3 Sloc
S0y VO mhaw o 5 )leS b Gudizs opl [0 Cpioren
ool o, Slese Jg iulsdl ol B e (5,590 40 ¢ JS 6)@]
o 53 6,leS L b SCT03 oy pen Jlocnll il
asgle oy Cgm S dibie o oS o 5Ls a0 VO

Afshon, E., Moghasam, H., Jahansooz, M.R.,
Soufizadeh, S., Oveisi, M., 2021. Effect of
tillage, water stress and nitrogen fertilizer on
forage quality of maize in Karaj. Iranian
Journal of Field Crop Science. 52(3), 25-40. [In
Persian].
https://doi.org/10.22059/1JFCS.2020.295521.6
54681

Aghaei, P., Visani., V., Dyanat, M., 2021. The
effect of potassium nanosilicate on the growth
and yield of maize (Zea mays L.) under drought
stress. Environmental Stress in Crop Science,
14(2), 331-345. [In Persian].
https://doi.org/10.22077/escs.2019.2719.1715

Amerian, M., Hashemi, S.E., karami, A., 2021.
Effect of deficit drip irrigation on yield and
water use efficiency of single cross corn 704.
Journal of Water Research in Agriculture (Soil
and Water Sci.) 35(3), 247-258. [In Persian].
https://doi.org/10.22092/JWRA.2021.352290.
832

Sl cllsl aseas jo Johe o)lge s g0l
(Afshonetal., 2021) sgi co yriu ok

MWSC) 7 15 Jplno (5l puaogs S
Sl o3k 168 557 T (Sl il s 8 ol
m e 2oy Syl o O o Jslme lacljaing S 5
ol 2 e X556 hlie 515 s 31 g 052 1o
“oS Sl Sl aglie (Y Jg02) 090 o pee o
aS ols las o o Jslos slalameg S cdo L]
ol 5o Jsbme slaclyamg S i 5leleS Ll L
Lol 55 Jslone ol ammgeS (F Jyaz) il ulsd
S legn 0jy ezl ddgle o Slee Slio aen

P gy dlezl pledisn Slio Lo o e
O Jsaz) el (5l g0 g St (S (+VFO™)
aS Jsbe slaslomg,S wleo S lee o Kiagh
2 Sl slesg Joloe eole slaaid Sy 5l JSiie
s ol (Hossaini etal., 2021) s ls,95 5 oYL
Daneshvar Rad et al.,)  pdi=e plo gloausl U

2021; Rostami and Maleki Farahani; 2020;
Sl calle (Balazadeh et al., 2021

&l
Baghdadi, A., Balazadeh, M., Kashani, A.,
Golzardi, F., Gholamhoseini, M., Mehrnia, M.,
2017. Effect of pre-sowing and nitrogen
application on forage quality of silage corn.
Agronomy Research. 15, 11-23.
https://www.researchgate.net/publication/3118
00084

Balazadeh, M., Zamanian, M., Golzardi, F.,
Mohammadi Torkash vand. A., (2021). Effects
of limited irrigation on forage yield, nutritive
value and water use efficiency of persian clover
(Trifolium Resupinatum) compared to berseem
clover (TrifoliumAlexandrinum).
Communications in Soil Science and Plant
Analysis.
https://doi.org/10.1080/00103624.2021.19002
28

Bonea, D., 2020. Screening fordrough tolerance
in maize hybrids using new indices based on
resillence and production capacity. Scientific
Papers Series Management, Economic


https://doi.org/10.22059/IJFCS.2020.295521.654681
https://doi.org/10.22059/IJFCS.2020.295521.654681
https://doi.org/10.22077/escs.2019.2719.1715
https://doi.org/10.22092/JWRA.2021.352290.832
https://doi.org/10.22092/JWRA.2021.352290.832
https://www.researchgate.net/publication/311800084
https://www.researchgate.net/publication/311800084
https://doi.org/10.1080/00103624.2021.1900228
https://doi.org/10.1080/00103624.2021.1900228

VEY w0V il sl pole o awme sla i

Engineering in  Agriculture and Rural
Development. 20(3), 151-156.

Budakli Carpici, E., Kuscu, H., Karasul, A., Oz.
M., 2017. Effect of drip irrigation levels on dry
matter yield and silage quality of maize (zea
mays L.). Romanian Agricultural Research. 34,
293-299

Biglouei, M, H., Kafi Ghasemi, A,
JavaherDashti, M., Esfahani, M., 2013. Effect
of irrigation regimes on yield and quality of
forage maize (KSC 704) in Rasht region in Iran.
Iranian Journal of Crop Sciences. 15, 196-206.
[In Persian].

Buyuktas, D., Bastug, R., Ozen, N., Aydinsakir,
K., Karaca, C., Curek, M., Erda, S., 2020.
Evapotranspiration,  yield and  silage
gualitycharacteristics of three maize hybrids
grown under Mediterranean  conditions.
Archives of Agronomy and Soil Science.
https://doi.org/10.1080/03650340.2020.17951
38

Daneshvar Rad, R., Heidari Sharifabad, H.,
Torabi, M., Azizinejad, R., Salemi, H.r.,
Heidari Soltanabadi, M., 2021. Impact of
drought stress on biochemical responses,
energy, and water productivity on maize forage
(Zea mays L.). SN Applied Sciences. 3, 834.
https://doi.org/10.1007/s42452-021-04813-z

Fareghi, Sh., Saeidi, Gh., Mirlohi, A., 2021.,
Evaluation of water deficit tolerance indices in
new hybrids of maize (Zea mays L.) with
SIMMYT origin, Journal of Crop Production
and Processing. 11(2), 39-54.
https://doi.org/10.47176/jcpp.11.1.21734

Fazeli Kakhki, S.F., Goldani, M., Jolaini, M.,
2020. Investigation of changes in some
morphophysiological traits, yield and quality
indices of two kochia ecotype (kochia
scoparia) under low irrigationconditions.
Iranian Journal of Irrigation and Drainage.
6(13), 1783-1793

Ferreira, G., Martin, L, L., Teets, C, L., Corl, B,
A., Hines, S, L., Shewmaker, G, E., de Haro-
Marti, M, E., Chahine, M., 2021. Effect of
drought stress on in vitro neutral detergent fiber
digestibility of corn for silage. Animal Feed
Science and Technology, 273, 114803.
https://doi.org/10.1016/j.anifeedsci.2020.1148
03

Feyzbakhsh, M, T., Kamkar, B., Mokhtarpour,
H., Esmaeil Asadi, M., 2015. Effect of soil
water management and different sowing dates
on maize yield and water use efficiency under

YoF

drip irrigation system. Archives of Agronomy
and Soil Science.
https://doi.org/10.1080/03650340.2015.10193
45

Hassan, A., Durrani, L, A., 2021. Exogenous
application of gibberellic acid and selenium to
endorse quality and yield of fodder maize under
rainfed conditions. World Journal of Advanced
Research and Reviews. 12, 291-305.
https://doi.org/10.30574/wjarr.2021.12.2.0567

Hayati, M., Maleki, A., Mozaffari, A., Babaei, F.,
2020. Simultaneous effects of deficit irrigation
and transpiration reducer on yield and yield
components of corn (Zea mays L.) Single Cross
704. Journal of Agroecology, 12(3), 389-411-.
[in Persian].
https://doi.org/10.22067/jag.v12i3.74753

Hosseini, S.N., Jalilian, J., Gholinezhad, E.,
2021. Impact of some stress modulators on
morphological characteristics, quantitative and
qualitative traits of quinoa (Chenopodium
quinoa Willd.) forage under water-deficit
stress. Journal of Agricultural Knowledge and
Sustainable Production. 31(2), 111-128. [In
Persian].

Jafari, A., Connolly, V., Frolich, A., Walsh, E,
K., 2003. A note on estimation of quality in
perennial  ryegrass by near infrared
spectroscopy. Irish journal of agricultural and
food research, 42(2), 293-299.

Jahansouz, M. R., Keshavarz Afshar, R., Heidari,
H., Hashemi, M., 2014. Evaluation of yield and
quality of sorghum and millet as alternative
forage crops to corn under normal and deficit
irrigation  regimes. Jordan Journal of
Agricultural  Sciences. 10(4), 699-715.
https://www.researchgate.net/publication/2746
98120

Khalili, F., Aghayari, F., Ardakani, M. R., 2021.
Simultaneous impact of deficit irrigation
methods and superabsorbent polymer on
morphological, physiological and vyield
characteristics of corn. Journal of Soil and
Water Knowledge. 31(3), 15-29. [In Persian].
https://doi.org/10.22034/WS.2021.12198

Mirshekarnezhad, B., Paknejad, F., Amiri, E.,
Ardakani, M, R., llkaee, M, N., 2020. The
effect of planting date and different irrigation
regimes on yield and irrigation efficiency in
grain maize Enviornment stress in crop
scinces.13(2), 547-557.
https://doi.org/10.22077/escs.2020.2156.1540


https://doi.org/10.1080/03650340.2020.1795138
https://doi.org/10.1080/03650340.2020.1795138
https://doi.org/10.1007/s42452-021-04813-z
https://doi.org/10.1007/s42452-021-04813-z
https://doi.org/10.47176/jcpp.11.1.21734
https://doi.org/10.1016/j.anifeedsci.2020.114803
https://doi.org/10.1016/j.anifeedsci.2020.114803
https://doi.org/10.1080/03650340.2015.1019345
https://doi.org/10.1080/03650340.2015.1019345
https://doi.org/10.30574/wjarr.2021.12.2.0567
https://doi.org/10.22067/jag.v12i3.74753
https://www.researchgate.net/publication/274698120
https://www.researchgate.net/publication/274698120
https://doi.org/10.22034/WS.2021.12198
https://doi.org/10.22077/escs.2020.2156.1540

vy OB S 2lor g ol llyd 0 )8 cilisee glawy pus digle (aS g (oS Slio p 65loleS zobw 1 oLl i), 5en g (Loxe!

Nasralehzadeh  Asl, V., Shiri, M.r.,
Moharmenjad, S., Yousefi, M., Baghbani,
F.2016. The effect of drought stress on crop
characteristics and Biochemistry of three maize
hybrids. Scientific Research Quarterly Journal
of Crop Physiology. Islamic Azad University
of Ahvaz. 8(32), 45-60

Nematpour, A., Eshghizadeh, H. R., Zahedi, M.,
2021. Comparing the corn, millet and sorghum
as silage crops under different irrigation regime
and nitrogen fertilizer levels. International
Journal of Plant Production, 15, 351-361
https://doi.org/10.1007/s42106-021-00142-8

Oner, F., Giines, A., 2019. Determination of
silage yield and quality characteristics of some
maize (Zea mays L.) varieties. Journal of
Tekirdag Agricultural Faculty. 16, 42-50.
https://doi.org/10.33462/jotaf.516865

Palash, M., Bafkar, A., Farhadi Bansouleh, B.,
Ghobadi, M., 2021. Effects of deficit
irrigationon, quantity, quality characteristics
and water productivity in grain maize (KSC
706) in Kermanshah, Advanced Technologies
in Water Efficiency. 1. 68-88. [In Persian].
https://doi.org/10.22126/ATWE.2021.6686.10
03

Parhizkari, A., mozaffari, m. M., khaki, M.,
Taghizade Ranjbari, H., 2015. Optimal
allocation of water and lands resources in the
Roudbar Alamout region using the FGFP
model. Journal of water and soil resources
protection. 4(4), 11-24. [In Persian].

Piri, H., Ansari, H., Parsa, M., 2018. The
interaction effect of salinity, drought and
harvesting dates on yield, quality and efficiency
of forage sorghum in subsurface drip irrigation.
irrigation sciences and engineering. 41(1), 99-
114. [In Persian].
https://doi.org/10.22055/JISE.2018.13454.

Rostami, T., Maleki Farahani, S., 2020. The
impact of applying mycorrhiza and surfactant
on forage characteristics of maize under deficit
irrigation. Journal of crops improvement.
22(3), 333-344 [In Persian].
https://doi.org/10.22059/jci.2020.289928.2277

Rozbahani, A., Besaki, T., Kerami, S., Azizi, F.,
2018. Evaluation of commercial and promising
forage maize hybrids under Markazi province
climatic condition. Journal of Agricultural
Applied Research, 31(1), 79-92

Sarshad, A., Talei, D., Torabi, M., Rafiei, F.,
Nejatkhah, P., 2021. Morphological and
biochemical responses of Sorghum bicolor L.
Moench under drought stress. SN Applied
Sciences. 3, 81.
https://doi.org/10.1007/s42452-020-03977-4

Seif, F., Azizi, F., Pakenjad, F., Kashani, A.,
Shahabifar, M., 2019. Evaluation of the effect
of drought stress and clinoptilolite on yield and
quality of silage maize hybrids. Scientific
Journal of Crop Physiology. Islamic Azad
University. Ahvaz Branch. 42, 127-146. [In
Persian].

Solymanpour, S., Sam Deliri, M., Moballeghi,
M., Mousavi Mirkalaei, A, A., 2021. The effect
of drought stress management by hormones and
zinc on forage vyield of Zea mays L. 704 in
Isfahan  Province. Journal of  Plant
Environmental Physiology, 61, 106-118. [In
Persian].
https://doi.org/10.30495/iper.2021.679534

Wasaya, A., Affan, M., Ahmad Yasir, T., Atique-
ur.R., Mubeen, K., Rehman, H.u., Ali, M.,
Nawaz, F., Galal, A., Igbal, M.A., 2021.Foliar
potassium sulfate application improved
photosynthetic characteristics water relations
and seedling growth of dought-stressed maize.,
Atmosphere (Mdpi). 12(6),663.
https://doi.org/10.3390/atmos12060663


https://doi.org/10.1007/s42106-021-00142-8
https://doi.org/10.33462/jotaf.516865
https://doi.org/10.22126/ATWE.2021.6686.1003
https://doi.org/10.22126/ATWE.2021.6686.1003
https://doi.org/10.22055/JISE.2018.13454
https://doi.org/10.22059/jci.2020.289928.2277
https://doi.org/10.1007/s42452-020-03977-4
https://doi.org/10.30495/iper.2021.679534
https://doi.org/10.3390/atmos12060663

