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Article Info ABSTRACT
Article type: Background and objectives: Lentil plays a crucial role in food security,
Research Full Paper

while nitrogen fertilization is key to achieving stable yields in dryland
cropping systems. Determining the optimal nitrogen rate for sustainable
lentil production under climate variability in semi-arid regions is
therefore essential. Although lentil is considered a low-nitrogen-input
crop due to its ability to form symbiotic relationships with nitrogen-
fixing bacteria, the application of starter nitrogen fertilizer becomes
critical in soils with low organic matter content — a common
characteristic of most Iranian drylands — to ensure proper crop
establishment and yield potential realization. However, the response of
lentil to nitrogen under dryland conditions is significantly influenced by
annual rainfall fluctuations, and multi-year studies on this topic remain
limited in Iran. Accordingly, this study was designed and conducted to
evaluate the effects of different urea fertilizer levels on yield stability of
two rainfed lentil cultivars (Sana and Bilehsavar) in response to annual

Article history: climatic variability in the Maragheh region.
2025-10-01

2025-11-22 Materials and methods: The experiment was conducted as a split-plot

arrangement within a randomized complete block design with three
replications at the Maragheh Dryland Agricultural Research Station over
two growing seasons (2023-2025). Main plots were assigned to lentil
cultivars (Sana and Bilehsavar), while sub-plots consisted of nitrogen
levels (0, 25, 50, 75, and 100 kg urea ha™). Following field preparation
using minimum tillage with a composite tiller, spring planting was
carried out in 10 x 30 m plots using a three-unit ASKE seeder at a
planting depth of 5 cm with 17.5 cm row spacing. Urea fertilizer was
applied simultaneously with planting through band placement at 5-6 cm
depth beneath the seed.

Results: Combined analysis of variance revealed significant (p < 0.01)

g;wzgls 'nitrogen effects of year, cultivar, and urea levels on all studied traits except
fixation harvest index. Significant year x cultivar interactions were observed for
Drought stress grain yield and harvest index, while year x urea interactions affected
Starter fertilizer plant height and biological yield. During the first year with favorable
Sustainable yield

precipitation (381 mm), maximum grain yields of 766 kg ha™ for Sana
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and 603 kg ha™ for Bilehsavar were recorded. However, under reduced
rainfall (280 mm) in the second year, yields declined to 622 and 520 kg
ha™ for Sana and Bilehsavar, respectively. Quadratic regression models
indicated optimal urea rates ranging between 45-50 kg ha™ for Sana and
47 kg ha™! for Bilehsavar to achieve maximum grain yield. Notably,
Sana demonstrated significantly higher rain water productivity (1.93 kg
ha™ mm™) compared to Bilehsavar (1.59 kg ha™ mm™).

Conclusion: In summary, the Sana cultivar demonstrated superior
adaptation to the variable climatic conditions of the Maragheh region,
exhibiting higher yield stability, improved harvest index (44%), and
enhanced rain water productivity (1.93 kg ha™ mm™). Based on the
research findings, the application of 45-50 kg urea ha™ for the Sana
cultivar is recommended as an optimal strategy for achieving sustainable
and economic yields in dryland lentil production systems.
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Table 1- Some physical and chemical properties of the studied farm soil
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Year pH
(mgkg") %) dsm™)
2024 Clayloam 7.78 4.4 8 0.57 0.864
2025 Clayloam 7.75 4.1 9 0.63 0.816
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Figure 1- Temporal variations of monthly mean temperature, precipitation, and evapotranspiration in the
Maragheh region for the years 2023-2024 (top), 2024-2025 (middle), and the long-term period (bottom)

0355 ple Jlov Ol is 4 s 5 et ls (il
s deal s s me O o e a3
Wil sar Ll e (Sl Ll 55 o)
BRI s sl Sl 45 A ls ime
Ll (5 AR 5 e bl 5w ST
s Ll o 5 el oS e mglaw 58
5ol et ld il 5 Sas (s 5 Shas
(o=l el Ly Gl me Sl adils e O3
Ua}ucu\asj_ilwﬂvjjx dlw S
V Jleal e s 0L TS TEPTIPRCIR (e
p¢u)\ﬂ\)M:&oméﬁj\;wMﬁ
Lol ol 5 035 Sosline VL ol Ol ks

ALK

4S ol QLS Waesls LS 5 ilsly 450 CLU

\ JL;.;;—\C]L.‘); s i G5 5 asls 5 Slas
0 JL&J}\CE_.‘)JQ\J_E g_.)Td))ejg_gﬂija):
).J‘l_':' CA_&\JJ.: u..a;-l_.«'l)_:l_,d\ mﬁ)\;u;u Loy
31 2l Yz S (Y Jpds) Gl s —ine
5,8 g adly 5, Shae ilidl s wlin Ol s
S mlasasg bocul o bdle gy seg)
5 ,Ses il s S cold (il 5 el
)JJ_AQYL.AQ|J_3:L’J§\LMDL;¢OL.:~;\)&:M%)'
Wm@,&:(wp;m,a\;;;g;)m



oS 5 03 j0is usly [ 3, Slat (52l 1 0591 355 ilitis Zgbans i )

e))\X VBJJJL&A;\LJB-J‘LM)\D&“M M)J

ﬂdﬁ&@)\}q—ge)}\x v}))( JL-NAJKMJ:\}

oJ;AJQL:JASHLQ)\:&M B R ST Y \:)LMJ-’LA.AI

o o5 sdle Jsb 53 05550 555 e

R

Aoy ) dw}‘cla.u)bdﬁ gLl epsl X Jl

355 s 4ol ol il Ky & 45 s s
ooslx o8y it Il Cilie gladle 5o oyl
a5 dsys) dw}‘ch‘d‘)bdﬁ gLl
0 Jl_;.:a-\cla.ﬂj_sdﬁcw)\ﬁeu\x PR Jl

jé)éﬁéw”vj)jéé;&;d‘k‘}éjﬁéﬁﬁOJ"‘-};MCP;‘(Q‘J{f&ﬁLﬁ)?ﬁf&EJ‘} & 20 Y J g

Vel 518 Jlu

Table 2. Combined analysis of variance (mean squares) of the effect of different urea fertilizer levels on
yield and yield components of two rainfed lentil cultivars in two years (2024, 2025)
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s 35 K R
e PRI Eff?ﬁf e 28 sy U ok
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S.0.V Plant : %d Grainyield  Harvest 1000 Rain water
Dt height e index kernel roductivit
& weight P y
Ju.Year 1 14.66** 828140.01** 128066.40** 1.31 60.56** 0.084*
S
(o) 55k 237 1115473 2220.43 683 020 0.016
Block (Year)
pﬁ:) 1 79.45%*% 1954454.01** 305877.60** 0.01 7.70% 2.274%*
Variety
08, x Jlo
. 2.03 5703.75 21660.00%* 77 48** 0.10 0.100**
Varietyx Year
(JW) Sl x o3,
. 1. 24246. 2.1 2.34 . .04
VarietyxBlock(Year) >3 6.33 597 3 307 0.049
o g
Uﬁ 4  14.72*%* 279845.72**  70556.33** 134.00*%* 9 .68** 0.533**
rea
oy5x Jluw
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UreaxYear
o l X 3
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UreaxVariety
o l X 3 X LMJ
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UreaxVarietyxYear
s
32 1.60 6259.68 1697.98 4.37 1.61 0.012
Error
ekl o
J:V e 10.06 11.58 9.52 5.14 8.03 8.58

* and ** indicate significance at the 0.05 and 0.01 probability levels, respectively
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Figure 2. Fitted quadratic regression relationships between different urea fertilizer levels and grain yield
(a), biomass (b), harvest index (c), and plant height (d) of Sana and Bilehsavar lentil cultivars cultivated
during the 2024-2025 and 2025-2026 growing seasons in Maragheh
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Figure 3. Fitted quadratic regression relationships between different urea fertilizer levels and 1000-kernel
weight (a)and rain water productivity (b) of Sana and Bilehsavar lentil cultivars cultivated during the
2024-2025 and 2025-2026 growing seasons in Maragheh
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Table 3. Quadratic polynomial regression coefficients and statistical parameters of fitted models
between urea fertilizer levels and morpho-physiological traits of lentil varieties in 2024

Sana L.
< oo
$lis 03 ' jj *
<y ot als 2 Sae Sty el S Rain W.ater
Plant Biomass (kg  Grain yield Harvest 1000- productivity
height ha™) (kg ha™) index (%)~ kemel T eed
(cm) weight hal!
(® mm( ")
Jusslamll @ 22,048 1400.80 586.14 41.921 44.494 1.5268
Model b 0.1055 11.35 6.8872 0.1173 0.0838 0.0179
Coeficients ¢ g 0008 -0.07 -0.0658 -0.0019 -0.0009 -0.0002
R’ 0.903 0.907 0.902 0.989 0.953 0.902
RMSE 0.428 50.51 22.96 0.346 0.213 0.06
Xmax' 66 76 52 31 47 45
Ymax' 26 1833 766 44 46 1.93
Bilehsavar )l swaly
Jusslaly @ 2413 1000.1 408.64 40.21 43.53 1.0644
Model b 0.09 18.818 7.8956 0.0575 0.0995 0.0206
Coeficients ¢ 0.00 -0.1687 -0.0801 -0.0013 -0.001 -0.0002
R’ 0.909 0.906 0.948 0.882 0.988 0.948
RMSE 0.4 61.07 19.55 0.998 0.115 0.051
Xmax 85 56 49 22 50 52
Ymax 28 1525 603 41 46 1.59

Kinax B e L S oy 5 3550 oo i 0o s2is Yinax 3 o2 2030 oo Sldis o 2y &0 ol 6l 5L 3550 255 ldis Xipay Y 5 )
Hlodd drnloes 4Bl 5315 g S5 alaly Sl eslid b ldde 55 8 558 e ol

1, 2: Xax: Fertilizer amount to reach maximum trait value; Y ,,: Maximum trait value obtained with X,,.« (calculated
from the fitted regression).
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Table 4. Quadratic polynomial regression coefficients and statistical parameters of fitted models
between urea fertilizer levels and morpho-physiological traits of lentil varieties in 2025

Sana L.
<5 gl » als s Shes oL “la,lm 03 ot %‘ Sk
Plant iy = Grain s 1000- Rain water
height ~ DOM3 Gl (ke Harvest | kemel  productivity
(cm) (kgha™) ha™) index (%) weight (¢) (kg seed hall
° mm/(]!)
Jde sla el )L a 21.494 1229.90 498.5 40.33 42.829 1.4636
Model b 0.1028 9.54 5.2063 0.1036 0.0457 0.0153
Coeficients c -0.0009 -0.07 -0.0547 -0.0018 -0.0005 -0.00016
R? 0.869 0.914 0.955 0.925 0.804 0.955
RMSE 0.401 34.02 12.58 0.963 0.236 0.037
Xmax' 57 66 48 29 46 48
Ymax' 24 1543 622 42 44 1.83
Bilehsavar )l swaly
Jde sla el )L a 25.44 924.97 385.76 41.604 42.257 1.1325
Model b 0.08 10.61 5.5137 0.1078 0.0554 0.0162
Coeficients ¢ 0.00 -0.10 -0.0567 -0.0016 -0.0006 -0.00017
R? 0.893 0.956 0.949 0.86 0.953 0.95
RMSE 0.41 22.77 13.74 1.02 0.17 0.4
Xmax 40 55 49 34 46 48
Ymax 27 1216 520 43 44 1.52

Kinax b yan b &S oy 350 S s o 2is Yimax 5 oo p 2090 Cdo e op 2 &0 olies gl p 5L 5550 555 e Xipax ¥ 5 )

lods apnlome 4l 55l S S5 daly Sl esliad b ldde 53 8 558 o ol

1, 2: Xax: Fertilizer amount to reach maximum trait value; Y ,,: Maximum trait value obtained with X« (calculated

from the fitted regression).
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