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1. Introduction

Drought damages agric
of the most important gra
production is frequent

distribution. Improving_crop € through appropriate
planting system_is co g\red ctive management strategy to enhance crop adaptation
unde ralnfed c&j i ies, furrow irrigation stands out as a

regions, where rainfed
nd irregular rainfall

nvironments (Memon et al., 2020).
FRH) systems are specifically employed in arid and
water availability, crop yield, and water use efficiency
ography to capture and store rainwater (Zhang et al., 2024).
ted that establishing chickpea using a furrow-and-ridge system,
improved plant growth and significantly increased grain yield and
Similarly, a study by Patel et al. (2016) demonstrated that furrow-
s opposed to flat planting, enhanced growth and increased both
grain yield and crop resi in chickpeas. Planting system influences soil water conservation,
aeration, root developmeRt) and nutrient availability, thereby affecting crop growth and
physiological performance. In addition, chickpea cultivars may differ in their response to
various planting systems due to genetic variability. Therefore, identifying the most suitable
combination of cultivar and planting system is essential for improving chickpea growth under
rainfed farming systems. The present study was conducted to evaluate the effects of different
planting systems on the morphophysiological characteristics and grain yield of chickpea
cultivars and to identify suitable combinations of cultivar and planting system for improving
chickpea performance under rainfed conditions.

2. Materials and Methods

The experiment was carried out during the 2023-2024 growing season at the Research Farm
of the Campus of Agriculture and Natural Resources, Razi University, Kermanshah, Iran. The
experiment was arranged as a factorial based on a randomized complete block design (RCBD)
with four replications. Experimental treatments consisted of three chickpea cultivars

semi-arid regi
(WUE) by modi
Chourasiya et a
compared to flat
production productivi
based planting methods
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(Mansour, Ana, and Ata) and three planting systems including conventional flat planting,
planting in 0.5-m furrows, and planting in 1-m furrows. The crop was grown under rainfed
conditions, and all agronomic practices were uniformly applied throughout the growing
season. Morphophysiological traits including relative water content (RWC), leaf area index
(LAI), fresh plant weight, dry plant weight, number of leaflets, stem diameter, plant height,
and number of secondary branches were measured at the appropriate growth stage. Data were
analyzed using SAS software, and mean comparisons were performed using the Least
Significant Difference (LSD) test at the 5% probability level.

3. Results and Discussion

The results indicated that planting system and cultivar significantly affected most of the
evaluated morphophysiological traits and grain yield. Significant interactions between cultivar
and planting system were also observed for several traits. Compared with conventional flat
planting, both 0.5-m and 1-m furrow planting systems improved vegetative growth, resulting
in greater plant height, higher leaflet number, an@gimproved lea a development. The
highest leaf area index was recorded in the Mansour?var under the’d-m furrow planting
system, representing approximately an 80% increase comparedywitithe lowest value
observed in the Ana cultivar grown in the 0.5-m furrow treatme e tested cultivars,
Mansour consistently exhibited s 'ﬁms of plant
height, leaf area index, and leaflet n Io‘st values
across most planting systems.
Grain yield also respended signifi
system. The highest gr
planting system, which w.
cultivar under conventio
cultivars to furrow planting was
m furrow syste may&soc'
conditions for \rbt \%

en cultivar and planting
under the 1-m furrow
ecorded for the same
response of chickpea
esponse of Ata to the 1-
il water availability and more favorable
ccumulation under rainfed conditions.
ur across different planting systems
. Overall, the results demonstrate that
traits under furrow planting can contribute to enhanced
itude of this response depends on cultivar characteristics.

grain productio
4. Conclusions
The findings
improving morp ogical characteristics and grain yield of chickpea under rainfed
conditions. Furrow planting, particularly the 1-m furrow system, promoted better vegetative
growth than conventionahflat planting. Among the evaluated cultivars, Mansour showed the
greatest adaptability to \@ifferent planting systems and consistently produced superior
morphophysiological chara€teristics. However, the highest grain yield was obtained from Ata
under the 1-m furrow planting system, highlighting the importance of cultivar-specific
responses to planting system. Therefore, the 1-m furrow planting system, combined with a
suitable cultivar such as Ata for grain production or Mansour for stable vegetative
performance, can be considered a promising management option for improving chickpea
production under rainfed conditions similar to those of the present study.

5. Keywords

Chickpea cultivar; Furrow planting; Leaf area index; Morphophysiological traits; Rainfed
agriculture; Relative water content
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Table 1. Main characteristi the chickpea cultivars used in the experiment.

S 39 Characteristic U1 Ata Ul Ana sypaie Mansour
wdp, 358 a6 Germplasm X03TH148 FLIP 98-130C FLIP 95-55C
oy JuwYear of release 2018 2017 2011

Lz Origin ICARDA ICARDA ICARDA
b i Seed type Ka(kj:ﬁ)(ﬁ\)iite) Ka(tjjﬁ)(L\;b\)iite) Kam)ou/tl:]ite)
©y ¢lis,l Plant height (cm) 36 36 52
als Y-+ 555 100-seed weight (g) 37 36 36
5 gl 2,8oe 1300 1399 1068

Average seed yield (kg ha™)
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A Mi humidity rainfall in one (mm)
g€ In (%) day (mm)
TV e 19.2 106 39.0 5.2 8.8
October 2023
A\
20.6 131 5.7 60.1 15.9 39.0
November 2023
vl 15.6 8.0 0.4 61.1 103 181
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Fo¥ sl 33.4 232 13.0 36.1 42 5.4
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ol asls sl

ol do s Number of Number of Spghe g3l Sy N
Sources of variatio primary bsecorr:dary Lga{;j area Spemflchleaf
branches rancI est per index weight
plan
B“I'Z’::‘k 2.31" 0.18"™ 12.81" 0.03" 2.05"
“”“S bl 1.06™ 0.19m 13.08™ 0.13m 1.44m
Planting system
"l?’l 0.89" 0.52m 10.58 0.02"s 3.52m
Cultivars
P8l x cuiS wlolus
P|anting Sys’[em X 4 057* 0.11ns 2641** 0.33** 4.98ns
Cultivars
s Error 24 0.16 0.22 3.93 0.05 5.97
(303) Sl yass g o> 10.27 16.17 17.01 13.46 8.00
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ns, * and ** indicate non-significant, significant at the 5% probability level, and significant at the 1% probability level,
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Figure 3. Mean comparison of the interactive effects of planting system and chickpea cultivar on Leaf Area Index
(LAI). Means were compared using the LSD test at the 5% probability level. Means sharing at least one common
letter were not significantly different.
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Table 4. Analysis of‘ianc&NOVA) i stem, chickpea cultivars, and their interaction on
the stu
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Sources of Number of Relative Plant fresh Grain
variation leaflets per water weight Plant ?nl;y yield
plant content Welg
Sl . .
23.59m 144808 6.73" 43.55" 3.88 306.37™
Block
cuzS wlelu
Planting 8.87" 178616 18.37™ 65.65" 47.15™ 831.60™
system
*l?’l 20.55" 318084™ 0.64" 210.34™ 15.20" 1046.28"
Cultivars
P8l x i wlolus
Planting 4 68.86™ 16.75" 129333 10.64" 241.11" 9.26™ 825.64"
system x
Cultivars
s Error 24 13.28 15.22 36351 3.33 24.29 1.06 268.20
(30 3) Sl ysis g o> 9.21 6.06 18.98 3.76 18.04 13.05 15.45
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ns, * and ** indicate non-significant, significant at the 5% probability level, and significant at the 1% probability level,
respectively.
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Figure 4. Mean comparison of the interactive effects of planting system and chickpea cultivar on plant height. Means
were compared using the LSD test at the 5% probability level. Means sharing at least one common letter were not
significantly different.

Wgr 5> 45 p dlaal

391 )1y gime (P<0.05) do > s o > gy 50 45y dliad py plB)l 5 S wilobis iiSlamyy 31 &S Dby L il g 4 jo s
sl cusS Sl cpa culs cglite slaial)]l Cliseo pB)l ancSyp sluws a5 ol LS by p Sl dunlie gols (F Jous)
oS g VYoV Slado b jguaie 08, ) bgyye 4> Sy oliw oy iy ‘clam\u.‘.;ylﬂ (0 SIS 5 513 b cou ey

) v’”i\\ﬂ“‘ LUl 63,

o 2590 P8yl lee a8y 2lass jlas |l

5 b VYOV Ik b jpais o8 s ytoms 1250 b slacsn (190 Bl Salyl )3 o YAY

ol aw ) (i G

a8 ol Glyus L) duglie

535 )18 cusls il (B osS o oniobl blps 5 o8y (K55 o S 48l Cov Wlg e o 93 ol usly 5 255 e

S bl 5 o 55 SIS ot S 4 Ol b el il slagie] 9 3555 plif) 5 a5 ol
3o Yhoin cg yioms oose b cloisss (190 CodlS il 1 0394y gaie o) ) dxcSyy i Lislihl 3l Capms cudlS i)
Cogli 1) 28 Mg g (olug) 48) & Sl S 339290 2l polic g S pede Cugbs) I S50 il 0 00 53 05) cnl SYL Ol
Wilo oo (slacudgiome 4 o8, cpl yidar Comlus oaimd )l Liol)] lan 5 Ul 68, ;5 458 i il ¢ blie )3 .l 03
claces sl ial)] o BT o8, (65 sl osd ding)y drwgi (b dgdme & e 45 ol B 20S dig05 9 gby Sblugs

o5 ol Gl S W g adugy 4y & Wil Gal)l cpl ) SB ases 5 ol S blie Lulyd 86 Sl e j8 6y

b 58 (sagy 13y Sl o) &5 29 0 Juol> Gloj s Sy alasi iy &S sl ol 5l (S gl (IS jsboay sl o 5

\Vd



‘5‘): cusls d}iﬂ 9 W‘g) pu.ff WLA ulx.ul ml o..\...m.)ul.m) 9 .)9..» g,of); u;].\c .)‘9.0 9 u] dlm)‘.u L» WL.Z.A wlf d}ﬁ‘
ool olS dygy dmwes i) s8l

S5 (V+YY) o), Sen ¢ Liao (Alhosseini et al., 2014) cusls ¢ yls gxo pl cppmd )3 Wby slo Sty (S0 p owiomed
29 Spghaw alS (odog) 15 (Il cage S )l g Susk) lulyd dgm b dly 5 (s wlol 3 g CulS oS 008

A aine CusS A s il 5,Slos iol38l coles

1400

1200 ab ab

1000
800
600
400
200

Qg gD A g dlaas
Number of leaflets per plant

B R R L L
B B L L R

laws S IR Sre Vs
Flat seedbed furrow-0.5m furrow-1m

(Planting system) cuits” aibolw

2o \e&,.s :lw,\d,ﬁ,, CudlS Wl il le duanglio O S5

N, ~
5 Jlaia/ R 5 LSD &‘u W eysilen

Figure 5. Mean compaki ctive effects of planting system and chickpea cultivar on number of leaflets
per plant. Means wi sing the LSD test at the 5% probability level. Means sharing at least one common
letter were not signific
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Figure 6. Mean comparison of interactive effects of planting system and chickpea cultivar on relative water

content (RWC). Means were compared using the LSD test at the 5% probability level. Means sharing at least one
common letter were not significantly different.
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Figure 7. Mean comparison of the interactive effects of planting system and chickpea cultivar on plant fresh weight.
Means were compared using the LSD test at the 5% probability level. Means sharing at least one common letter were

not significantly different.
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Means were compared using the LSD test at the 5% probability level. Means sharing at least one common letter were

not significantly different.
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