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Background. The aggravation of the water shortage problem caused by climate change in drought-prone areas emphasizes the
use of climate-smart plants and climate-smart agriculture practices. Thus, the management of nitrogen fertilizers and control-
ling the amount of water consumed by crops seem very important issues.

Materials and methods. A field trial was aimed to evaluate chickpea phenology, morphology, and yield under different doses
of nitrogen (0, 20, and 40 kg ha!) and irrigation regimes (I,: well-watered, L: rainfed, I,: supplemental irrigation during the
flowering, I,: supplemental irrigation during the flowering and seed setting) in chickpea drylands of Kermanshah, Western Iran.
Results. Although N application slightly delayed the phenological stages, soil moisture deficiency significantly accelerated flow-
ering and maturity. The highest rooting depth was recorded for I, + N, , and the lack of soil moisture increased the longitudinal
root growth. However, the number of root nodules (created by symbiotic relationship) under rainfed (I,) and one-time supple-
mental irrigation (I,) showed the lowest values of 7.30 and 6.70, respectively. Supplemental irrigation (SI) improved the grain
yield components compared to the rainfed condition, but the difference in grain yield between SI and I, was still evident. The
highest amounts of vegetative growth and yield were recorded under I, + N, and I, + N, . The highest values of water-use effi-
ciency for grain yield (WUE ) resulted under [, + N, .

Conclusion. WUE  under rainfed conditions was 41%, 17% and 24% higher than I, I,, and I, respectively. The highest bio-
mass-based water use efficiency (WUE,) was obtained under I, + N, and [, + N, or N, . Although I, produced a lower grain yield
than well-watered conditions (ca. 400 kg ha™), due to the water scarcity in the semi-arid regions, I, with the N application of 20
or 40 kg ha! is still recommended for small-scale farmers as an efficient smart-agriculture practice.
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AKTya/ILHOCTB. YcyTryGieHre Mpo6JieMbl HEXBATKH BOZbl, BHI3BAHHOE M3MeHEeHHEeM KJIMMaTa B 3aCyLIJIUBBIX palioHax, MOJA-
YyepKUBaeT HeOOXOAMMOCTb UCI0JIb30BAHUS KJIMMaTHIeCKH YMHBIX PACTEHUN M KJIMMaTUYeCKH YMHOH arpoTeXHUKH. B aToM
KOHTEKCTe BaXKHO PETyJIMPOBAaTh HOPMBI a30THBIX YI0OPEHUH U KOHTPOJIUPOBATH KOJIMYECTBO BOJIbI, TOTPE6IsIEMON Ceb-
CKOXO3SIICTBEHHBIMHU KYJIbTYPaMHU.

MartepuaJjibl ¥ MeToAbl. OLleHUBaMN PpeHosoTHIecKre, MOpPOJOTUIECKHe TTOKA3aTe 1, POCT KOPHEH U YPOXKaWHOCTb HyTa
TPH Pa3JMYHBIX Jl03ax a3oTa (0, 20 u 40 kr/ra) u pexxumax opomenus (I, - 06UIbHBIN M0OJUB, |, - 6orapHbIH, I, — gOMOIHH-
TeJIbHOE OpOIIeHHe BO BpeMs LBETeHHs, [, — OTOJHNUTe/IbHOE OPOLIeHHe BO BpPeMs [BETEHHsl ¥ 3aBA3bIBaHMA CEMAH) Ha
MJIAHTALUAX HyTa Ha 3aCYyLUTUBBIX 3eMJisax KepmaHiuaxa B 3anasHoM Hpane.

Pe3ynbraThl. X0TSl BHECEHHE a30Ta HEMHOTI'O 33/[epKasio GeHOJIOrHnIecKre CTaJUH, JePUIUT TOYBEHHOH BJIark 3HAYUTETbHO
YCKOPHJI IBeTEHHE U co3peBanKe. HanGosbmas riny6ruHa KopHed sapuKkcupoBaHa B ycnoBusx I, + N, , a He/[ocTaTOK MOYBEH-
HOH BJIaTH yBEJWYUJ JI/IMHY KOpHeH. OJHaKO KOJIMYEeCTBO KOPHEBBIX KIyOGeHbKOB NPH HU3KOH MOYBEHHOH BjaxkHOCTH (I,
u I,) mokasaso HauMeHbIKe 3Ha4YeHus: 7,30 u 6,70 cOOTBETCTBEHHO. /loNOIHUTE/IbHOE opoiueHue (SI) yly4Immao KoMIOHeH-
ThI ypOKasl 3epHa MO CPaBHEHWIO C 60rapoi; pasHMIA B yPOXKaWHOCTH Mexay pexxumamu Sl u |, 6buta gocrosepHa. Ham-
6OJIbIIMH BereTaTUBHBIA POCT M ypOXKalHOCTh 3apUKCUpoBaHbl B ycnoBusax I + N, u 1, + N, . CamMble BbICOKHe 3HaUEHHUSA 3-
$EeKTHBHOCTH MCMO/Ib30BaHUA BOAbI [/1s1 ypoxkaiHocTH 3epHa (WUE ) oTmevasnu B yciosusax I, + N, .

3akuoyenue. WUE B 6orapHbIX yc/10BUAX 6bl1a Ha 41%, 17% u 24% Bblle, 4eM IpU pexuMax opomenus I, [, u [, cootseT-
cTBeHHO. HauBpiciias 3pGeKTUBHOCTb MCIOJIb30BaHUSA BOJBI 10 ypoxaiHocTu 6uomaccel (WUE,) mosyyena nmpu I, + N,
ul, + N wmm N, . XoTa ypoxail 3epHa IpH [, 6171 HIYe, 4eM B XOPOLIO OpOIIaeMbIX yCJI0BHsAX (0koJso 400 Kr/ra), u3-3a HexBaT-
KM BOJIbI B MOJIy3aCyIIUIMBBIX PETMOHAX [/ MeJKUX pepMepoB pekoMengyeTca I, ¢ BHecenneM 20 niun 40 Kr/ra asota Kak
3¢ deKTHBHAS MPAKTHUKA YMHOTO CETbCKOTO X035HCTBA.

Kaloueswvle ca06a: 6orapHbIH, peNpOLYKTUBHBIA POCT, JOTIOJHUTEIbHOE OpolLIeHHe, eQULUT BOJbl, YPOXKAHHOCTD 3epHa
1 6roMacchl, 3 PeKTHBHOCTD HCI0JIb30BAHUS BOJIbl PACTEHUSIMU

baazodapHocmu: ipeicTaB/leHHbIE PE3Y/IbTAThI SBJISIOTCS YacThblo fuccepTanuy Ne 1918228. ABTOopbI IpHU3HATEIbHBI YHU-
BepcuTeTy Mapare 3a GHHAHCOBYIO MOJJIEPKKY, a TaKKe /lemapTaMeHTy MOCJeBY30BCKOro o6pa3oBaHus U [lemapTamMeHTy
HCC/IeIOBAaHUHN U TEXHOJIOTHH BbIIIEHA3BaHHOTO YHUBEPCUTETA 3a COTPYAHUYECTBO M MOMOIb. MbI 6/1arolapuM MeCTHBIX
3KCIIEPTOB 32 COTPYAHUYECTBO B CO0pe CebCKOX03HCTBEHHBIX JAHHBIX U MPOBEEHUH T10JIEBOI'0 OPOLIEHHU .

ABTOpBI 6/1ar0AAPAT PEereH3eHTOB 3a UX BKJIAJ, B 9KCIEPTHYIO OLEHKY 3TOH PaGoThI.

Jaa yumupoeanus: Anb-Anno X.X.B., [bkaumoxammaau M., Xefipxa M., Cabaraus H. BiusiHue Haya/lbHOM J103bI a30Ta MPH
Pa3/IMYHBIX PEKMMax OpOIIeHHs Ha YpoKaHHOCTb HyTa coprotuna Kabysnu. Tpydsl no npukaadHoll 6omaHuke, 2eHemuke u ce-
sexyuu. 2025;186(3):57-67. DOI: 10.30901/2227-8834-2025-3-57-67
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Introduction

Chickpea is one of the cold-season food legumes with the
scientific name Cicer arietinum L., which is also known as
gram, garbanzo, and chana (Sharma et al., 2013). Archaeolog-
ical studies indicate that the development of chickpeas took
place in the Mediterranean regions of Asia, such as Syria, and
the records of planting this crop go back to 8000 BC (Zhang
etal,, 2024). Due to its relatively high compatibility with such
environmental stresses as heat stress and drought, its ability
to biologically fix atmospheric nitrogen and the high percent-
age of seed protein, this plant has been the focus of research-
ers’ attention in Mediterranean areas and developing coun-
tries (Karalija et al,, 2022). In recent decades, with the inten-
sification of climate change, such as decreasing rainfall and
increasing temperature in semi-arid regions, the necessity of
using climate-smart plant species and efficient and cli-
mate-compatible agricultural practices has become more evi-
dent (Benitez-Alfonso et al., 2023).

However, one of the major chickpea-producing areas is
the semi-arid regions in the West Asia to North Africa, gravely
affected by climate change, and the implementation of smart
climate management in these areas should be followed seri-
ously (Mohammed et al., 2016). Winter cereals are the pre-
dominant crops in the semi-arid regions, and the low variety
of plant species in crop rotations has caused these agroeco-
systems to be fragile and highly vulnerable (Ryan et al., 2008).
Therefore, replacing drought-resistant plant species in crop
rotations that have an ideal growth form and reasonable eco-
nomic production in drought-prone areas can be a solution.
At first glance, the focus should be directed toward the selec-
tion and investigation of new plants or underutilized or for-
gotten plants. The former plants have been discarded due to
incomplete breeding processes and low performance under
the intensive farming conditions. However, the adverse condi-
tions caused by climate change in the mentioned areas have
created a necessity for a return to these plants. Cool-season
food legumes have unique features that can place them among
climate-smart plants. Relatively short growth period, suitable
for planting in areas with moderate winters and exploitation
of winter rains, appropriate rooting depth, and ability to
adapt phenological and morphophysiological characteristics
to water shortage conditions are among the efficient cli-
mate-compatible strategies (Andrews, Hodge, 2010).

However, semi-arid rainfed areas have poor soils, exhibit-
ing very low organic matter, high pH, coarse-grained texture,
nutrient deficiency in the rhizosphere environment, low wa-
ter holding capacity, low cation-exchange capacity, shallow
soil depth, high soil compaction, and low permeability, unde-
sirably impact performance of cold-season food legumes,
such as chickpeas (Ayangbenro, Babalola, 2021). In such soils,
careful nutritional management, such as nitrogen application,
is important. Starter fertilizer refers to the use of small
amounts of nutrients in the soil during planting to meet the
plant’s nutritional needs until the complete seedling estab-
lishment, root development in the soil, and the formation of
nitrogen-fixing nodules (Galpottage Dona et al., 2020).

Although legumes are atmospheric nitrogen fixers, it
seems that providing nutrients through fertilizers is essential
until the plant is fully established and provided there are suit-
able and compatible symbiotic diazotrophic bacteria strains.
This means that the production of chickpeas in semi-arid ar-
eas has many limitations, such as the insufficient population
of indigenous soil rhizobia, unsuitable temperature condi-
tions and low soil moisture, soil with low fertility, insufficient
and unscientific fertilizer utilization, and asymmetrical distri-

bution of rainfall and other similar restrictions (Gopalakrish-
nan et al,, 2018). Therefore, under the mentioned conditions,
the initial application of N fertilizers will help to improve the
seedling growth and accelerate the establishment process.
However, identifying the appropriate doses of N for starter
fertilizer in each agroclimatic zone will need to be investi-
gated. In the western regions of Iran, which are the main pro-
duction areas of rainfed chickpeas, due to the irregular distri-
bution of rainfall and the concentration of rainfall during the
cold months, the plant faces a soil water deficit during the
reproductive stages (Kheiri etal., 2021). This situation has
become more complicated during the last decades with cli-
mate changes. Due to the limitation of available water sources
for irrigation, the irrigation scheduling should be considered
carefully under irrigated conditions.

Studies show that using one- or two-time irrigation dur-
ing the sensitive stages of chickpeas under rainfed conditions
can mitigate the effect of terminal drought stress (Shamsi
etal, 2010; Ouji et al,, 2016; Janmohammadi et al., 2024). The
mentioned technique is called supplementary irrigation (SI).
However, the amount of water used and the growth stage of
the plant, the environmental and edaphic conditions, and the
genotype of the plant can affect the efficiency of SI (Chauhan
etal, 2019). The present experiment was conducted to evalu-
ate the use of different doses of nitrogen starter and supple-
mentary irrigation during different stages on the growth and
performance of chickpeas in Western Iran.

Material and methods

This experiment was conducted during the 2023/2024
crop season on a farm in the Sararood-Kermanshah (34°33’N,
47°32’E; 1356 m above sea level) in the west of Iran. Long-
term meteorological data in the tested area indicate that the
average rainfall was 485 mm. The mean annual air tempera-
ture was 13.85°C. The maximum temperature was 39°C. The
minimum air temperature was -19°C, the number of rainy
days was 78 days, the number of days with sub-zero tempera-
tures was 88 days, and the number of sunny hours was 1618.
Temperature conditions and monthly rainfall during the
growing season are shown in Fig. 1. According to the FAO clas-
sification, the soils in the studied area were the Lixisols, and
the soil moisture and temperature regimes in this area were
dry xeric and mesic, respectively. Based on the soil analysis
and the data available at the station, the soil texture was silty
loam up to 40 cm deep and included 22% of sand, 47% of silt,
and 31% of clay. The chemical characteristics of the soil were
as follows: electrical conductivity: 0.56 ds m; total N: 0.13%;
K: 256 mgkg?; organic matter: 0.82 gkg?; available P:
11.39 mg kg, pH: 7.2. Soil moisture content during different
periods of the growing season was evaluated using methods
based on the time-domain reflectometry (TDR).

The initial tillage including plowing was done by a mold-
board plow during October 2023. Farmyard manure was dis-
tributed over the soil at the rate of 20 t ha* after initial tillage.
In the third decade of March 2024, the second tillage includ-
ing crushing of clods through disk plows and a rotary cultiva-
tor was completed. After determining the area of the main
plots, the range of the main and secondary plots was deter-
mined through the border disc. Harrows and trowels were
used to soften the soil surface before planting seeds. The soil
was formed as ridge-furrow configuration through a fur-
rower. Phosphorus was provided by triple superphosphate
through furrow digging in the ridge area at the rate of
80 kg ha™'. N starter fertilizers were also used in sub-plots at
the rate of 0, 20, and 40 kg ha! of nitrogen through urea fer-

TPY/IbI 110 TPUKJIA/THOM BOTAHUKE, TEHETUKE U CEJIEKLIWH /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2025;186(3):57-67



. 186 (3),2025 o

Anb-Anno X.X.B., lxkaumoxammau M., Xeiipxa M., Ca6araus H.

120

100

80

60

40

20

Precipitation (mm)

&
g
o

BT 35
B Precipitation
(mm) 30
25
—
20 9
N~
15 £
2
10 g
(]
2.
s 2
=
0
I 5
W - .0
@o@ YS'O\ KR

Fig. 1. Distribution of temperatures and precipitation amounts during the 2023/2024 cropping season

Puc. 1. PacipesesieHue TeMnepaTyphbl U KOJIMYEeCTBa 0CaJKOB B nepuoA Beretauuu 2023/2024 r.

tilizer. The ‘Arman’ chickpea cultivar (FLIP 90-96 C) was pro-
vided by the Dryland Agricultural Research Institute (DARI).
Cv. Arman’ has a higher yield compared to other local culti-
vated varieties and is also resistant to blight disease. This cul-
tivar is relatively tall, suitable for mechanized harvesting, and
well adapted to the northern and western regions of Iran. The
cultivar can be grown in autumn in subtropical regions. Seed
planting was done manually and with aridge and furrow
planting pattern on top of the ridges with a depth of 10 cm.
Inter- and intra-row spacing was 25 and 5 cm, respectively.
Seeds were sown in rows in March. Each experimental plot
had an area of 16 m? (4 x 4). The weeds were controlled by
hand weeding during different periods. Water was supplied
to the plots through polyethylene pipes equipped with vol-
ume-measuring meters. Field trial designed as a split-plot
based on the arbitrary complete blocks design with 5 replica-
tions. Experimental treatments included different irrigation
regimes at 4 levels and the utilization of starter nitrogen fer-
tilizer at 3 doses. Irrigation regimes were as follows: I, -
well-irrigated; I, - rainfed (without irrigation); I, - supple-
mentary irrigation in the flowering stage (150 mm); I, - sup-
plementary irrigation in the flowering and seed setting stages
(250 mm). Irrigation levels were assigned to the main plots.
The sub-plots contained different doses of nitrogen starter
fertilizer (0, 20, and 40 N kg ha™'). The field was periodically
and regularly monitored and the phenological stages, such as
the number of days to germination, the number of days from
planting to reaching 50% flowering, and the number of days
from planting to reaching physiological maturity, were
recorded.

The chlorophyll content of the leaf was measured through
a chlorophyll meter (SPAD-502, Minolta, Japan) at the full
flowering stage. At the end of the flowering stage, by digging
pits, the maximum amount of root penetration into the soil
depth was checked and measured. In the maturity stage, the
entire shoots above the soil surface were cut from the ground
and after drying at 70 C for 72 hours, their weight was mea-
sured and reported as dry biomass. Using a quadrat, plants
were randomly harvested in an area of 1 m? and grain yield
components were measured. Water use efficiency was calcu-
lated from the ratio of grain yield to water used and reported
as grain yield-level water use efficiency (WUE ). Biomass-wa-
ter use efficiency (WUE,) was calculated as the ratio of total
dry matter produced above the soil surface to the amount of
water consumed. Canopy spread was obtained by measuring
the canopy diameter from left to right at the seed filling stage,
assuming that the canopy was elliptical. Evapotranspiration

(EVP) from soil was measured by Time Domain Reflectome-
try techniques (TDR-420, USA). The number of root nodules
per plant (RNN) was determined by digging out the soil next
to the plant and gently pulling the roots out of the soil. LSD
mean comparison was done through SPSS Statistics. Compo-
nent analysis (PCA) and clustering of treatments were made
with the SAS and Genstat software. The matrix of means of
traits x treatment combinations were used for multivariate
analysis, such as cluster analysis, PCA, and TT biplot. Ward'’s
method was used for clustering, with considering Euclidean
distances between clusters.

Results and discussion

The evaluation of plant vegetative growth characteristics,
such as plant height, canopy width, and dry biomass, indi-
cated significant interaction effects of N x I (Table 1). The tall-
est plants were recorded under the conditions of I, + N,/
(43.7 cm), and the shortest plants were observed under rain-
fed conditions without nitrogen application (25.6 cm). Plant
height increased with increasing nitrogen consumption at all
irrigation levels. A similar tendency was observed for canopy
width (plant lateral growth). Application of twofold supple-
mental irrigation could produce a canopy width similar to
plants grown under full irrigation. I, I,, and I, increased can-
opy height by 48%, 24%, and 50% versus the rain conditions.
The dry biomass produced in the grown plants with the appli-
cation of 20 and 40 kg ha of nitrogen had no significant dif-
ferences (see Table 1).

However, the highest amount of biomass was observed
under I, +N, conditions (6068 kg ha™) and the lowest amount
was related to rainfed conditions (2525 kg ha™). The evalua-
tion of root characteristics showed that, regardless of the ap-
plication rate, nitrogen utilization increased the rooting depth
significantly (12%). The comparison of rooting depth be-
tween irrigation regimes indicated that L, I,, and I, increased
the rooting depth by 39%, 37%, and 36% compared to full
irrigation conditions (see Table 1).

Utilization of 20 and 40 kg ha™ increased the number of
root nodules by 4% and 13% compared to the control. The
highest number of root nodules was recorded under full irri-
gation conditions with the N application of 20 or 40 kg ha!
(16.62, and 18.04). Fertilizer application under I, conditions
decreased the number of nodules by 22% and 26%, while the
application of N,; under rainfed conditions increased the
number of root nodules by 36% (see Table 1). Plant pheno-
logy monitoring showed that the numbers of days to flower-
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Table 1. The effects of nitrogen doses and irrigation regimes on vegetative growth characteristics of chickpea

Ta6auua 1. BiusHue 103 a30Ta U PEeXKHMMOB OpPOLIEHHUA HAa BereTaTUBHbIE XapaKTepPHUCTUKHU pOCTa HyTa

Effect PE RD RNN LCH cs DFL
Nitrogen
N, 31.92c 47.8b 9.50b 49.95¢ 26.78¢ 66.78¢
20 34.59b 52.3a 9.83ab 55.18a 33.54b 71.11b
N,, 37.09a 54.35a 10.68a 52.21b 35.85a 74.12a
Irrigation
L, 41.04a 40.13b 15.95a 60.83a 36.30a 74.71a
L 27.26d 55.73a 7.30c 41.78d 24.49c 63.21d
I 33.94c 55.33a 6.70c 52.27c 30.49b 71.54c
I 35.90b 54.73a 10.05b 54.90b 36.96a 73.21a
Combined
IN, 37.64bc 38.6f 13.2b 57.41c 0.90e 369.9de
[N, 39.62a 41.2f 16.62a 64.07a 3491c 73.82bc
IN,, 45.88a 40.6f 18.04a 61.02b 43.10a 80.424a
LN, 25.23h 49e 6.31f 39.31g 20.88h 59.208h
LN, 27.33gh 56.4abcd 6.28f 44.67f 26.83f 64.38g
LN, 29.24g 61.8a 9.34de 41.38g 25.75fg 66.06fg
LN, 32.12f 52.8cde 6.444f 48.74e 23.932g 68.34ef
LN, 34.48def 54bcde 6.4f 54.16d 33.94cd 72.3cd
LN, 35.22cde 59.2ab 7.28ef 53.91d 33.62cde 74bc
N, 32.70ef 50.8de 12.06bc 54.37d 31.44de 69.68de
N, 36.96bcd 57.60abc 10.04cd 57.83c 38.5b 73.94bc
N, 38.06bc 55.80bcd 8.07def 52.53d 40.95ab 76.02b
Significance level
I . *k *k *k *k -
N *k *k Ns ok ok -
IxN *k Ns ok ok ok Ns

Note: N, N, and N.: application of 0, 20 and 40 kg ha! as starter fertilizers, respectively. L: full irrigation; L: rainfed; L,: one-time irriga-
tion in the flowering stage (150 mm), I,: two-time irrigation in the flowering and seed setting stages (250 mm). PE: plant height; RD: root-
ing depth; RNN: number of root nodules per plant; LCH: Chlorophyll content in leaves; CS: canopy spread; DFL: number of days from seed
planting to 50% flowering. Ns: statistically insignificant; ** and *: significant at the 1% and 5% level, respectively

llpumeyanue: N, N,, N, - crapTepHble y06penus B o3uposKax 0, 20 u 40 Kr/ra cooTBeTCTBEHHO. [, - noJiHOe opolueHue; [, - 6orapa;
I, - oHOKpaTHbIH No/MB B pase npetenus (150 Mm); I, - AByKpaTHbIH N0MB B hase [iBeTEHUs U 3aBsA3bIBaHusA ceMsH (250 mm). PE - BbI-
coTta pactenuid; RD - riy6uHa ykopeHenusi;; RNN - unc/io KopHeBbIX K1y6eHbKOB Ha 0/iHO pacteHue; LCH - copeprkaHue xiopodusiia B Iu-
cTbax; CS - pacnpocTpaneHnue nosora; DFL - kosimdecTBo AHel oT noceBa A0 50-NpoLeHTHOrO LiBeTeHusl. NS — CTaTUCTHYeCKU He[0CTO-

BepHO; ** u * - nocToBepHO Npu ypoBHSX 1% 1 5% COOTBETCTBEHHO

ing (DF) and maturity (DM) were influenced by the main ef-
fects of irrigation and nitrogen. Consumption of 20 and
40 kg ha! of N delayed DF by 4.33 days and 7.34 days. In-
creasing the volume and frequency of irrigation also caused
a significant increase in DF. [, I,, and I, delayed DF by 18%,
13%, and 15%, respectively, compared to the rainfed condi-
tions. The maximum length of the development period (DM)
with the application of 40 and 20 kg of nitrogen under full ir-
rigation conditions was recorded as 118 days (Table 2). Re-

sults showed that soil water deficit under rainfed conditions
accelerated the maturity, and the lowest DM was recorded
under [, + N conditions (91 days). Applying supplemental ir-
rigation I, and I, delayed DM by 10 and 13 days compared to
rainfed conditions.

With the increase in the frequency of irrigation and the
nitrogen dose, yield components, such as the number of
grains per plant and the number of pods, increased. The high-
est grain yield was obtained by the application of N, or N,
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Table 2. Yield and water use efficiency in chickpea under different nitrogen doses
and irrigation regimes in Western Iran

Ta6smua 2. YpoxkaitHocTb 1 3¢ PEeKTUBHOCTb MCIIO/Ib30BaHUs BOAbI B IOCEBAX HYTa NPH Pa3HbIX J03aX a30Ta
U pexKUMax opolleHHs Ha 3anaje Upana

Effect DM PPL ABG GY WUE_ WUE,
Nitrogen
N, 103.97b 24.97c 3754.61b 1203.17b 2.43b 7.50b
N,, 107.00a 27.54b 4127.74a 1377.4a 2.79a 8.37a
N, 109.08a 28.89a 4226.41a 1413.40a 2.86a 8.37a
Irrigation
L, 117.47a 33.90a 5584.22a 1807.09a 2.27c 7.04c
I 95.06d 20.86d 2525.88d 878.40d 3.27a 9.40a
I, 105.37c 25.50c 3564.75¢ 1213.40c 2.70b 7.93b
I, 28.26b 4470.14b 1426.42b 2.53b 7.94b
Combined
IN, 115.35ab 29.6¢ 4870.4c 1627.07b 2.00g 6.00g
N, 118.32a 34.8b 5796b 1903.41a 2.40ef 7.31ef
N, 118.75a 37.32a 6086.3a 1890.8a 2.42ef 7.81de
LN, 90.89f 19.16h 2517.8h 872.6e 3.19ab 9.21ab
LN, 96.36e 22.24g 2596.80h 856e 3.21ab 9.71a
LN, 97.94e 21.19¢g 2463h 906.6e 3.41a 9.28a
LN, 103.41d 24.4f 3250.4¢g 1061.8d 2.35ef 7.19f
LN, 104.99d 24.8f 3532.8f 1237.4c 2.77cd 7.92d
LN, 107.72cd 27.32de 3911e 1341c 2.98bc 8.69bc
N, 106.25d 26.72e 4379.8d 1251.2¢ 2.17fg 7.60def
N, 108.35cd 28.32cd 4585.3d 1512.8b 2.81cd 8.52¢
LN, 111.93bc 29.76¢ 4445.30d 1515.2b 2.62de 7.69def
Significance level
I - *x - *x - *x
N - *x - *x ok *x
IxN Ns *k - * * *k

Note: N, N, and N,: application of 0, 20 and 40 kg ha™ as starter fertilizers, respectively; I : full irrigation; : rainfed; I,: one-time irrigation
in the flowering stage (150 mm); I,: two-time irrigation in the flowering and seed setting stages (250 mm); DM: number of days from plant-
ing to maturity. PPL: number of pods per plant; ABG: aboveground biomass; GY: grain yield; WUE : grain-water use efficiency; WUE_: bio-
mass-water use efficiency. Ns: statistically insignificant; ** and * are significant at 1 and 5% level, respectively

lpumevanue: N, N,, N, - crapTepHbie y0o6penus B o3upoBkax 0, 20 u 40 Kr/ra COOTBETCTBEHHO. |, - mosiHOe opoulenue; I, - 6orapa;
I, - onHOKpaTHBIN MOMKUB B pase upetenus (150 Mm); [, - AByKpaTHBIA N0JIMB B ase IBETEHUS U 3aBA3bIBaHUA ceMAH (250 MM);
DM - kosin4ecTBO AHeH oT noceBa /10 co3peBaHus. PPL - kosmuecTBo 60608 Ha pacteHuy; ABG - 3esieHast Macca; GY - yporkalHOCTb 3epHa;
WUE; - 3¢ peKTuBHOCTD Hcnob30BaHusA Bo/ibl 110 3epHy; WUE, - 3G GeKTUBHOCTb MCMIO/Ib30BaHHsl BO/IbI 110 3e/1€HON Macce. Ns - cTaTu-
CTHYEeCKH HeJJ0OCTOBepHO; ** 1 * - nocToBepHO Npu ypoBHAX 1% 1 5% COOTBETCTBEHHO
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under I, conditions (1890 and 1903 kg ha™). The lowest seed
yield was recorded under rainfed conditions (878.2 kg ha™).
Under I, and I, conditions, nitrogen application had no signifi-
cant effect on yield. Under I, conditions, using 20 and
40 kg ha! of N increased grain yield by 20% and 22% com-
pared to the control condition (see Table 2). WUE increased
with nitrogen application. However, no significant difference
was observed between N,  and N, . Examining this compo-
nent between irrigation regimes showed that it significantly
decreased with an increasing irrigation volume (Fig. 2). The
highest value of WUE_ was recorded under rainfed condi-
tions (3.27 kg mm™ ha!) and the lowest value was recorded
under full irrigation conditions (2.27 kg mm~" ha™). Itis inter-
esting to note that one- and two-time supplemental irrigation
increased the WUE by 19% and 11% compared to I,. The low-
est value of WUE; was recorded under I, + N/ conditions
(2.27 kg mm ha™).

A biplot analysis was used to explain the effect of treat-
ment combinations and how traits are influenced by treat-
ments (Fig. 5). The findings showed that the first component
separated the optimal soil moisture conditions from other
soil moisture regimes. In this analysis, the closeness of com-
bined treatments to traits indicated their high effectiveness
on mentioned traits. I, + N, and [, + N, caused the highest
values of root nodule number, chlorophyll, pod number, seed
number, biomass, days to flowering, days to maturity, and
seed yield.

In the studied area, in addition to unfavorable soil condi-
tions, the amount of monthly rainfall decreased significantly
after April. However, it seems that in addition to the stress of
nutrient deficiencies, the plants also faced the water shortage
and heat stress at the end of the season. Nitrogen application
significantly increased the characteristics related to vegeta-
tive growth. Consumption of 20 or 40 kg ha™ of N increased
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Fig. 2. Water use efficiency of chickpea plants under different doses of starter nitrogen (0, 20, and 40 kg ha™)
and various soil moisture regimes in the semi-arid region

Puc. 2. 3¢ peKTUBHOCTD HCNOIb30BAHMSA BOABI HYTOM B NOCEBAX B M0JIy3acylIIMBOM perHoHe B 3aBUCUMOCTH
OT pa3JIMYHBIX 403 cTapToBOro a3ota (0, 20 u 40 kr/ra) npu pa3HbIX peKUMax MoJauBa

The correlation between traits is shown in Figure 3. At-
tributes that are close to each other and have sharp angles
demonstrated a positive and significant correlation. The re-
sults indicated that dry biomass, chlorophyll, number of days
to maturity, number of pods, number of grains per plant, and
plant height positively correlated with grain yield. However,
water consumption efficiency showed a significant correla-
tion with rooting depth.

The clustering of treatment compounds in terms of simi-
larity in affecting the assessed traits is shown in Figure 4. This
clustering indicated that the effect of irrigation regimes was
much stronger than nitrogen application. Cluster 1 included
full irrigation treatments and different levels of nitrogen ap-
plication. The highest vegetative growth and grain yield were
obtained under the conditions of full irrigation and applica-
tion of nitrogen fertilizers. Cluster 2 included supplemental
irrigation treatments and different doses of nitrogen, which
had average performance for most of the examined traits.
Cluster 3 included the application of different doses of nitro-
gen under rainfed conditions, which showed the lowest val-
ues except WUE.

the longitudinal and lateral growth of the chickpea canopy
compared to the control. This was associated with an increase
in chlorophyll content. From the physiological point of view of
source-sink relationships, such an expansion means increas-
ing the photosynthetic area and supplying more photoassim-
ilates to the growing or filling sink organs. This is while sink
strength is defined as the ability of the sink organ to receive
and transport photoassimilates produced in the process of
photosynthesis (current photosynthesis) or photosynthetic
products temporarily stored in the stem (remobilization).
The sink strength depends on the photoassimilate pool sizes
in sink cells and the physiological circumstances of the plant
(Smith et al.,, 2018). In this study, it was found that the use of
the supplemental irrigation during the flowering stage can
have a positive and stimulating effect on the size and number
of grain yield components. On the other hand, it seems that
the use of nitrogen increased the sink strength to receive pho-
toassimilates by affecting the physiological state of the plant
and the ratio of phytohormones (Mu, Chen, 2021).

Also, the use of irrigation under rainfed conditions had
a significant effect on the effectiveness of nitrogen, and the
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A small angle indicates that the traits are positively correlated. 100-SM: 100-seed weight, SPL: seed number per plant; RNN:
number of root nodules per plant; LCH: chlorophyll content in leaves; DM: number of days from planting to maturity; EY: grain
yield; PPL: number of pods per plant; PE: plant height; DF: number of days from seed planting to 50% flowering; CS: canopy
spread; RD: rooting depth; HI: harvest index; WUE: grain-water use efficiency; WUE,: biomass-water use efficiency /
He6osib110o¥ yroJ yka3blBaeT Ha MOJIOXKUTENbHY0 KOppessanuio npusHakoB. 100-SM - macca 100 cemsiH; SPL - KosinyecTBO
ceMsiH Ha pacteHue; RNN - 4ncio KopHeBbIX KJIYO6eHbKOB Ha ofiHO pacteHue; LCH - comepikaHre x/0poduia B IUCThSX;
DM - kosinyecTBO JHeH OT moceBa J0 co3peBaHus; EY - ypokaliHocTb 3epHa; PPL - kosimyecTBO 6060OB Ha pacTEHUE;
PE - BbicoTa pacteHus;; DF - kosnnyecTBO AHEN OT moceBa /0 50-mponeHTHOTO I[BeTeHHs; CS - pacrnpocTpaHeHUe 1M0JIoTa;
RD - riy6una kopuel; HI - unpekc ypoxas; WUE, - sdpdexkTuBHOCTD Hco/Ib30BaHKA BOAbI 110 3epHY; WUE, —abdekTuBHOCTD
HCI0JIb30BAaHUS BOJIbI 110 3eJIeHOH Macce

Fig. 3. Monoplot principal component analysis (PCA) for understanding the relationships between agronomic and
morphophysiological variables of chickpea cultivated under different N fertilizer doses and irrigation regimes

Puc. 3. l'lpnmeHeHue aAHaJ/In3a IVIaBHbIX KOMIIOHEHT AJ1d IOHUMaHUA B3aHUMOCBsA3eH MeXAYy arpOHOMHUY€CKHUMHU

u MOp(l)O(l)I/lISHOJIOl'H‘leCKI/lMI/l NMPpU3HAKAMHA HYTA4, BbIpAlllUBA€MOI'0 IPU PA3/IMYHBIX J03aX A30THBIX y/:[o6pe1{m‘«'l
U peXKuMax OpolIeHUusa
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N, N, and N, - 0, 20, and 40 kg ha™. [, - full irrigation; I, - rainfed; I, - supplemental irrigation in the flowering stage;
I, - supplemental irrigation in the flowering and seed setting stages / N, N,, N, - 0, 20 u 40 kr/ra. I, - moJiHoe opolleHHe;

IZ - 6orapa; 13 — AOIIOJIHUTEJIbHOE OpOILlIeHNE B (1)338 LBETEHUA; I4 — AOIIOJIHUTEJIbHOE OpOoLIeHuEe B (13336 LIBEeTEeHHWA U 3aBA3bI-
BaHHA CeMAH

Fig. 4. Classification of nitrogen doses x irrigation regimes combined treatments in terms of similarity in influencing
the evaluated agronomic traits of chickpea grown in Western Iran

Puc. 4. KJIaCCﬂ(l)PlKaI.lP[H KOM6l/ll{a].ll/lﬁ A03 a30Ta X pe’XKHMMa OPOIIEHHUA IO CXOACTBY UX BJIMAHUA HA OLl€eHUBAaeMble
ATrPOHOMUYECKHE NIPU3HAKHU HYTA, BbIpAllIUBA€MOTI'0 Ha 3anaje l/lpaHa
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Traits close to treatment compounds were most affected by those treatments. 100-SM: 100-seed weight; SPL: seed number per
plant; RNN: number of root nodules per plant; LCH: chlorophyll content in upper leaves; DM: number of days from planting to
maturity; EY: grain yield; PPL: number of pods per plant; PE: plant height; DF: number of days from seed planting to 50% flow-
ering; CS: canopy spread; RD: rooting depth; HI: harvest index; WUE : grain-water use efficiency; WUE: biomass-water use
efficiency. N, N,, and N,: 0, 20, and 40 kg ha™. I.: full irrigation; L,: rainfed; I,: supplemental irrigation in the flowering stage
(150 mm); I,: supplementary irrigation in the flowering and seed setting stages (250 mm) / [IpusHaky, 6/1M3KHe K cioco6am
BbIpALIMBAHUSA NOCEBOB, O6bLIM Haubosiee CUJIBHO 3aTPOHYTHI NPOBeJeHHBIMU o6paboTkamMu. 100-SM - macca 100 cemsn;
SPL - xosinyecTBO ceMsiH Ha pacTeHre; RNN - yncio kopHeBBIX K1y6eHbKOB Ha ofjHO pacTeHue; LCH - cogepkanue xaopo-
¢duia B BepXHUX JUCTbSX; DM - KosimdecTBO JHeH OT moceBa 1o co3peBaHus; EY - ypoxkaliHocTh 3epHa; PPL - kosnuecTBo
6060B Ha pacteHue; PE - BbicoTa pactenus;; DF - KosinyecTBO AHEN OT MOCaKU ceMsH 0 50-poneHTHOro 1BeTeHus; CS -
pacnpocTpaHeHnue noJiora; RD - ry6una kopHe#; HI - ungexc ypoxas; WUE, - 3GpeKTHBHOCTb MCMIOIb30BaHUA BOJBI 1O
3epHy; WUE, - a¢pbexTUBHOCTD HCIO/Ib30BaHMs BOABI 110 3esieHor Macce. N, N, N, - 0, 20 u 40 kr/ra. [, - mosiHoe opomeHwue;
I, - 6orapa; I, - ;on0ONHUTEIbHOE OPOIIEHHE B (pase [BETEHHs; |, — IONONHUTEIbHOE OpOoIleHHe B $pa3e LBETEHHs U 3aBA3bI-
BAaHUS CEMSH

Fig. 5. Principle component analysis for treatment compounds and cultivar traits evaluated in chickpea

Puc. 5. I‘paq)m( AdHaJ/In3a OCHOBHBIX KOMIIOHEHTOB, HOCTpOEHHBIi;l JAJISI COBMECTHOT0 UCC/IeJOBaHUs B3aUMOCBsI3el
MeXAay pa3JiIndHbIMHA cnoco6amMmu BbIpalllUBaHUA NIOCEBOB U OLl€HEHHbIMHU NIPU3HAKaAMH COPTOB HyTa

greatest effect of nitrogen was recorded under full irrigated
conditions or supplementary irrigation. These results indi-
cate that in the studied area, in addition to the sharp drop in
rainfall at the end of the growing season, the soil moisture re-
serves were not enough to support the growth and produc-
tion of economic and reasonable chickpeas. Previous studies
also indicated that supplementary irrigation in the flowering
stage greatly improved the efficiency of nitrogen used in
wheat (Liu et al., 2022).

The amount of rainfall during the chickpea growing pe-
riod was 210 mm and the annual precipitation was 473 mm.
However, the amount of evapotranspiration during March-
September in the region is estimated to be around 690 mm
(Varvani etal., 2019). The mentioned data point to the fact
that in the regional conditions under study, rainfed cultivation
cannot be considered a suitable option for spring chickpeas.
In the mentioned circumstances, irrigation regimes I, or I,
with one- or two-time supplemental irrigations during the
sensitive stages of reproduction could alleviate the effects of
drought stress. This study confirmed our previous findings
regarding the effectiveness of supplemental irrigation during
the reproductive stages of chickpeas in the semi-arid region
of Hamadan (Janmohammadi et al., 2024). In this experiment,

by measuring the amount of water consumed, the soil mois-
ture, and the amount of evapotranspiration, WUE was calcu-
lated based on seeds or biomass.

The use of nitrogen through the improvement of plant
processes, such as the increase of pigments and the rate of
photosynthesis, and the greater effect on the production of
dry matter caused an increase in WUE. Those results were
consistent with the reports of other researchers. In this re-
gard, Bouras et al. (2023) reported that under low application
of N fertilizer, WUE and nitrogen use efficiency increased in
chickpea in a semi-arid region. However, the highest WUE was
recorded under rainfed conditions. This is partially due to the
activation of adaptive systems in the plant to prevent water
wastage through transpiration and more optimal use of ab-
sorbed water. Under rainfed conditions, half-closing of the
stomata, increasing the rooting depth, reducing the hydraulic
resistance of the roots, increasing the facility of water trans-
portin the vessels, better and more efficient absorption of the
roots developed in the deep soil can improve WUE (Fernan-
dez-Garcia et al.,, 2013).

The insignificant difference between the effects of 20 and
40 kg ha! of N on some evaluated agronomic traits can be at-
tributed to the deficiency of other nutrients, such as sulfur,
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phosphorus, or micronutrients, which prevented the full
emergence of the effects of nitrogen. The main effects of a pri-
mary nutrient appear more in balanced nutritional environ-
ments and with optimal availability of secondary nutrients
(Grzebisz et al,, 2022). This refers to the existence of synergis-
tic relationships among some nutrients. Therefore, the appli-
cation of 20 kg ha™! of starter nitrogen along with providing
the minimum required soil moisture, especially during the
reproductive period, can produce an acceptable economic
performance.

Conclusion

Evaluations showed that the application of a nitrogen
starter improved the rooting depth, increased the number of
root nodules, enhanced the chlorophyll content, elongated
vegetative growth period, and finally improved the seed yield
and water consumption efficiency. However, in many cases,
no significant difference was observed between the doses of
20 and 40 kg ha™'. On the other hand, the effectiveness of ni-
trogen was strongly affected by soil moisture status. The high-
est positive and improving effect of nitrogen on the evaluated
agronomic characteristics was recorded under the full irriga-
tion conditions and two supplemental irrigations during the
reproductive period. Our findings suggest that in order to
achieve a reasonable economic performance of chickpeas, at
least two supplemental irrigations and the use of starter ni-
trogenous fertilizers with amounts of 20 or 40 kg ha should
be included in dryland chickpea production systems.
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