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Introduction

Black cumin (Nigella sativa L.) is a medicinal crop in the Ranunculaceae family, a dicotyledonous,
herbaceous and annual plant. Nigella sativa is one of the eight species of this genus that can be cultivated
naturally in different parts of Iran. Grains of nigella contains about 40% oil and 1.4% essential oil. The main
fatty acids in nigella grain are oleic acid, linoleic acid and palmitic acid. In dry and semi-dry regions, such as
west of Iran, water deficit is the most important factor that reduce the growth and production of crops. Plant's
growth depends on the adequate amount of nutrients in the rhizosphere. Among nutrients, nitrogen has a
particular importance. Because nitrogen plays a role in the formation of amino acids, proteins, nucleic acids and
other cell compounds. Using the correct methods of mineral nutrition in plants reduces the effects of drought
stress. Silicon is one of these elements. Although silicon is not an essential element for plant growth, it plays an
important role in reducing the harmful effects of drought stress. The aim of this experiment was to investigate
the effects of silicon foliar application and nitrogen fertilizer in modulating the negative impacts of drought
stress on growth, grain yield and phonologic stages of nigella.

Materials and Methods

This experiment was carried out in the research farm of Razi University during two crop years, 2020-21 and
2021-22. The research was done in the form of two separate experiments, one under non-drought conditions and
the other under drought stress conditions. Each experiment was laid out as a split plot in the form of a
randomized complete blocks design (RCBD) in three replications. The main factor was the amount of nitrogen
fertilizer in three levels (0, half, and equivalent to the recommended amount, respectively contain 0, 125 and 250
kg ha! urea) and the sub-factor including silicon foliar spraying in four concentrations (0, 3, 6 and 9 mM). The
measured traits were included grain yield, HI, biomass, capsules per plant, grains per capsule, 1000 grain weigh,
grains per plant, days to flowering, days to physiologic ripening, grain filling period and grain filling rate. To
analysis of variance of the data, the combined analysis model was used with SAS, 9.4 software. The Bartlett test
was used to confirm the homogeneity of variances. In combined analysis, year was considered as a random effect
and nitrogen and silicon as fixed effects. The means comparison was performed by LSD test at the probability
level of 5%.
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Results and Discussion

In normal moisture conditions and without silicon spraying, the application of 250 kg ha* urea was more
suitable for the investigated traits. So that the highest values of grain yield (1453 kg ha*), number of capsules
per plant (33.6 capsules), number of grains per capsule (73.8 grains), number of grains per plant (2514 grains),
days to physiological maturity (106.6 days) and grain filling rate (125.7 mg day™) were obtained at 250 kg ha
urea. In the absence of nitrogen, silicon was not effective. But with nitrogen application, 6 and 9 mM silicon
foliar spraying were effective. In general, under without drought stress conditions, the interaction effect of 250
kg ha! urea x 6 mM silicon was found as the superior treatment. Under drought stress conditions and without
silicon spraying, 125 kg ha* urea was more suitable than 250 kg ha™* urea and also the no-nitrogen treatment.
But in silicon spraying treatments, the use of 250 kg ha® nitrogen achieved better results. At 125 kg ha'
nitrogen, foliar spraying of silicon 6 mM was more suitable. But at 250 kg ha* nitrogen, foliar spraying of 9 mM
silicon was better. According to the obtained results, under drought stress conditions, the consumption of 250 kg
ha urea x silicon foliar application of 9 mM was determined as the best treatment.

Conclusion

In general, the results of this experiment showed that silicon foliar spraying was able to significantly reduce
the negative effects of water deficiency in nigella sativa. Therefore, in order to increase the yield of nigella,
along with the application of nitrogen fertilizer as much as the recommended amount, it is recommended to
foliar spraying of 6 mM silicon under normal moisture conditions and 9 mM under drought stress conditions.

Keywords: Biologic yield, Fertilizer, Grain number, Urea
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Table 3- Combined analysis of variance for the effects of year, nitrogen, silicon and their interactions in terms of grain yield,
biological yield, and harvest index under normal moisture and drought stress conditions
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Figure 1- Means comparison of nitrogenxSilicon interaction in terms of the grain yield in nigella under normal moisture
(A) and drought stress (B), (LSD 0.05)
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Figure 2- Means comparison of nitrogen concentrationsxsilicon interaction in terms of the biomass under normal moisture
(A) conditions and drought stress (B), (LSD 0.05)
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Figure 3- Means comparison of simple effects of nitrogen (A) and silicon (B) in nigella in terms of harvest index under
drought stress. (LSD 0.05)
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Figure 4- Means comparison of nitrogenxsilicon interaction in terms of the seed nitrogen percentage in nigella under normal
moisture (A) and drought stress (B), (LSD 0.05)
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Table 4- Combined analysis of variance for the effects of year, nitrogen, silicon and their interactions in terms of the number

of capsules per plant, the number of seeds per capsule, 1000-grain weight, and the number of grains per plant under normal
moisture and drought stress
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Table 5- Combined analysis of variance for the effects of year, nitrogen, silicon and their interactions in terms of days to flowering,
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Figure 10- Means comparison of nitrogenxsilicon interaction in terms of days to physiological ripening under normal
moisture (A) and drought stress (B) in nigella, (LSD 0.05)
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Figure 11- Means comparison of nitrogenxsilicon interaction in terms grain filling period in nigella under normal moisture
(A) and drought stress (B), (LSD 0.05)
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Introduction

Black cumin (Nigella sativa L.) is a medicinal crop in the Ranunculaceae family, a dicotyledonous,
herbaceous and annual plant. Nigella sativa is one of the eight species of this genus that can be cultivated
naturally in different parts of Iran. Grains of nigella contains about 40% oil and 1.4% essential oil. The main
fatty acids in nigella grain are oleic acid, linoleic acid and palmitic acid. In dry and semi-dry regions, such as
west of Iran, water deficit is the most important factor that reduce the growth and production of crops. Plant's
growth depends on the adequate amount of nutrients in the rhizosphere. Among nutrients, nitrogen has a
particular importance. Because nitrogen plays a role in the formation of amino acids, proteins, nucleic acids and
other cell compounds. Using the correct methods of mineral nutrition in plants reduces the effects of drought
stress. Silicon is one of these elements. Although silicon is not an essential element for plant growth, it plays an
important role in reducing the harmful effects of drought stress. The aim of this experiment was to investigate
the effects of silicon foliar application and nitrogen fertilizer in modulating the negative impacts of drought
stress on growth, grain yield and phonologic stages of nigella.

Materials and Methods

This experiment was carried out in the research farm of Razi University during two crop years, 2020-21 and
2021-22. The research was done in the form of two separate experiments, one under non-drought conditions and
the other under drought stress conditions. Each experiment was laid out as a split plot in the form of a
randomized complete blocks design (RCBD) in three replications. The main factor was the amount of nitrogen
fertilizer in three levels (0, half, and equivalent to the recommended amount, respectively contain 0, 125 and 250
kg ha! urea) and the sub-factor including silicon foliar spraying in four concentrations (0, 3, 6 and 9 mM). The
measured traits were included grain yield, HI, biomass, capsules per plant, grains per capsule, 1000 grain weigh,
grains per plant, days to flowering, days to physiologic ripening, grain filling period and grain filling rate. To
analysis of variance of the data, the combined analysis model was used with SAS, 9.4 software. The Bartlett test
was used to confirm the homogeneity of variances. In combined analysis, year was considered as a random effect
and nitrogen and silicon as fixed effects. The means comparison was performed by LSD test at the probability

level of 5%.
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BY Attribution 4.0 International License (CC BY 4.0).

4. https://doi.org/10.22067/jcesc.2025.90916.1360



https://jcesc.um.ac.ir/
mailto:ghobadi.m@razi.ac.ir
https://doi.org/10.22067/jcesc.2025.90916.1360
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jcesc.2025.90916.1360
https://orcid.org/0009-0000-0014-1530
https://orcid.org/0000-0002-5729-4666
https://orcid.org/0000-0001-6958-8007

Iranian Journal of Field Crops Research

Homepage: https://jcesc.um.ac.ir il

Research Article
Vol. 23, No. 4, Winter 2025, p. 399-415

Parameterization and Evaluation of the SSM-iCrop Model for Predicting
Growth, Phenological Development, and Yield of Grain Maize (Zea mays L.) in
Iran

N. Bayatian®?", A. Soltani'*, E. Zeinali!

1- Department of Agronomy, Faculty of Plant Production, Gorgan University of Agricultural Sciences and Natural
Resources, Gorgan, Iran
(*- Corresponding author's Email: afshin.soltani@gmail.com, Naeimeh.Bayatian@gmail.com)

How to cite this article:

Received: 26 November 2024 Bayatian, N., Soltani, A., & Zeinali, E. (2025). Parameterization and Evaluation of
Revised: 06 May 2025 the SSM-iCrop Model for Predicting Growth, Phenological Development, and
Accepted: 14 May 2025 Yield of Grain Maize (Zea mays L.) in Iran. lranian Journal of Field Crops

Available Online: 14 May 2025  Research, 23(4), 399-415. (In Persian with English abstract)

https://doi.org/10.22067/jcesc.2025.90531.1362

Introduction

The nation's substantial maize (Zea mays L.) requirements are currently met through imports. Given the
scarcity of arable land and water resources, enhancing yield per unit area is the only viable solution to augment
domestic production. Significant progress can be made toward this goal by optimizing production management
to narrow the yield gap. Utilizing a reliable simulation model can play a pivotal role in reducing the yield gap
and achieving optimal yields through evaluating various management practices. Effective management strategies
are essential to optimize maize production and ensure food security. While field experiments can provide
valuable insights, they can be resource-intensive, time-consuming, and even impractical due to complex
interactions between environmental and management factors. Crop simulation models offer a powerful
alternative, enabling the exploration of various scenarios and the identification of optimal management practices.
These models simulate plant growth and development in response to climate variables, soil conditions,
management inputs, and genetic traits, providing valuable information for decision-making. Accurate
parameterization is crucial for reliable crop model predictions. This study aims to parameterize and evaluate the
SSM-iCrop model for predicting grain maize yield and nitrogen dynamics in Iran.

Materials and Methods

Simple Simulation Models (SSM), were initially developed for soybean yield prediction in 1986. The model
has since been refined to simulate various crops, including maize. SSM-iCrop simulates daily plant growth and
development processes, such as phenology, leaf area development, dry matter production, yield formation, and
water and nitrogen dynamics. The model has been successfully used in various studies for different plants.
Moreover, comparisons of this model with other crop models have shown its effectiveness in simulating yield.
The SSM-iCrop model requires input data on weather parameters (minimum and maximum temperature,
precipitation, and solar radiation), soil properties, cultivar-specific parameters, and management practices
(planting date, plant density, irrigation, and nitrogen fertilization). The SSM-iCrop model was parameterized and
calibrated in this study using data from various studies conducted in Iran between 2001 and 2022. The
calibration process involved adjusting plant parameters within a reasonable range, as determined by scientific
literature, to minimize the difference between simulated and observed data. The parameters that yielded the best
fit were selected as the final estimates. Lastly, the model was evaluated using different studies.
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Results and Discussion

The SSM-iCrop model accurately simulated key maize growth stages, including emergence, tasseling,
silking, and physiological maturity (RMSE = 13.22, CV = 17.4, r = 0.97). The model also accurately predicted
leaf area index (RMSE = 0.4, CV = 6.2, r = 0.98), biological yield (RMSE = 431.3, CV = 23.9, r = 0.66), and
grain yield (RMSE = 161.9, CV = 16.9, r = 0.81). Compared to previous studies, such as Zeinali et al. (2016),
the current study demonstrated superior performance in grain yield prediction. While Zeinali et al. (2016) did not
explicitly simulate nitrogen dynamics, the current study considered nitrogen processes. Manschadi et al. (2021)
reported high accuracy in simulating grain maize yield in Austrian conditions. The difference in accuracy
between the two studies may be attributed to the quality of the observed data, as accurate parameterization is
crucial for model performance. Although this study incorporated nitrogen fertilization treatments and examined
the impact of nitrogen-related parameters on yield, dry matter production, and leaf area, specific nitrogen-related
traits were not evaluated. This is because existing research has primarily focused on the overall effects of
nitrogen fertilization on yield and yield components, often neglecting the measurement of nitrogen content in
critical plant tissues such as leaves and grains.

Conclusion

The performance of the SSM-iCrop model for simulating key maize growth stages, leaf area index, and
biological and grain yield was suitable. This model is a valuable tool for simulating maize yield and optimizing
management practices in Iran. By simulating the impact of different environmental factors and management
strategies, the model can help farmers and policymakers make informed decisions to improve maize production
and ensure food security.
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Table 1- Plants parameters for maize in SSM-iCrop

slod ol asly Slado F%)
Symbol Parameters Unit  Value References
Siglys
Phenology
TBD b sl °c 8 .Solta.ml &

Base temperature for development Sinclair 2012
TPLD _ S gl sl °c 34 Soltani &
Optimum temperature for development Sinclair 2012
TP2D _ s gllan slod °c 37 Soltani &
Optimum temperature for development Sinclair 2012
TCD 3 Cada (glod oc 45 _SO'ta_nl &
Ceiling temperature for development Sinclair 2012
31y 391 928 Soltani &
cp S 29209 h 125 S0
P Critical photoperiod Sinclair 2012
5o Cuwlus o w5 i
Ppsen &5 090 & > S _ 052 'Solta_ml &
Photoperiod sensitivity coefficient Sinclair 2012
5 a0 b Bl ) Soglse i
bdSOWEMR o o ) Seidse io) b 3 Soltani &
Biological days from sowing to emergence Sinclair 2012
S el el s bbb i i o o tadan: Current stud
bdEMREJU o SRl W5 UL T 028 e S Sl bd 9 oL
Biological days from emergence to juvenile ro
Soiduis < b o ] Kot Current stud
bdSILPM eSS b el ) Sty bd 342 s
Biological days from silking to physiological maturity re
Sy e Gy g GBS
Leaf area development and senescence
05)591“3 . . °C )..bl> aallas
Phyl Phyllochron, the accumulated thermal time required for the successive leaves’ leaf! 38.9
- : €a Current study
appearance in the main stem
PLACON A coeffici in th lationship b lant leaf d 1 sotant &
coefficient (constant) in the power relationship between plant leaf area an Sinclair 2012
mainstem node number
05 s 5 S o Ot ol Ol Current study
PLAPOW A coefficient (exponent) in the power relationship between plant leaf area and - 2.78 ol adllas
main stem node number (For 300 plants m?2)
olS S1y5 g PLAPOW o alaly 15 coli o s i
a_plapow_d . * f"f > 9 ] o S P b oo _ _ 1.0378 _Solta_m| &
A coefficient (constant) in the relationship between PLAPOW and plant density Sinclair 2012
olS w8155 9 PLAPOW (4 o) 15 ol o - Soltani &
b_plapow_d o " ) ) ) - ) A
A coefficient (constant) in the relationship between PLAPOW and plant density 0.0047  Sinclair 2012
o35 S p o m2g- Soltani &
SLA ! 0.022 Sinclair 2012

Specific leaf area



Frd o S59leid ga oy St 612 SSM-ICTOP Juo (551 9 ol sl sl ool s 502 9 Lty

FrzTh Sy plsiasy Sl gled °oC 8 Soltani &
Low temperature/freezing threshold for leaf death Sinclair 2012
ErzLDR u'-‘“—’” Lf‘)’Q LSL"J )I )"u"il" dlﬁ’t"j )° Lf)'f L"-’)""" ’-"-’)'“” m22m 0.01 Soltanl &
Fraction leaf destruction below the critical by each degree centigrade Sinclair 2012
HeatTH Vb slod G5 Sy slod oc 37 Soltani &
Heat threshold temperature for leaf senescence Sinclair 2012
HtLDR u‘;‘)"f L5L°° }l )‘\/lJ LSL“’L” 2 ‘fﬁ G50 g m2m 0.1 .Solta.lni &
Relative increase in leaf senescence rate per each degree above heat threshold : Sinclair 2012
s ools o0
Dry mass accumulation
Sid oolo w5 sl wb slod Soltani &
TBRUE : °C 6.2 . 8
Base temperature for dry matter production Sinclair 2012
TP1RUE Sais oole AJ?’ LS‘)‘f L?L"U u?‘ua" le") °C 16.5 Soltani &
Lower optimum temperature for dry matter production ' Sinclair 2012
TP2RUE Sais ool AJ?’ LSI)'f @599 u9ﬂa.n LSL“> °C 33 Soltani &
Upper optimum temperature for dry matter production Sinclair 2012
TCRUE Suid odlo wg5 (gl at slod o 44 Soltani &
Ceiling temperature for dry matter production Sinclair 2012
Extinction coefficient for photosynthetically active radiation Sinclair 2012
inds | odlizal oIS Soltani &
IRUE ’ o MJt 35 e
Radiation use efficiency under optimal growth conditions g Sinclair 2012
CO2RES S eSled 4 RUE cuwlus yps _ 0.35 Soltani &
A coefficient that describes RUE response to CO2 in a curvinial response. ' Sinclair 2012
Suid olo 2598
Dry mass partitioning
FLF1A Partitioning coefficient to leaves during the main phase of leaf area 99t 0.8 Ll adls
development at lower levels of total crop mass
FLF1B Total crop mass (g g*) FLF1A 0.6 0.6 Partitioning coefficient to leaves during 9 9™ 0.15 il adllas
the main phase of leaf area development at higher levels of total crop mass
WTOPL g s S osle ggt 210 Sotani&
Total crop mass when leaf partitioning coefficient turns from FLF1A to FLF1B Sinclair 2012
s by ST B Sy ads (L als s S Sy 4 St ol et (s Soltani &
FLF2 Partitioning coefficient to leaves from termination leaf growth on mainstemto ~ 9g* 005 o oo o000
beginning seed growth
3 Slee LS55
Yield formation
Al Ay g9y ) ddome Janl LB 2b Sid odlo yuS Soltani &
FRTRL Fraction crop mass at the beginning of seed growth which is translocatable to gg* 0.22 Sinclair 2012
grains
&by fas ups Soltani &
GCF o 1 1 Solta
Grain conversion coefficient g9 Sinclair 2012
PDHI iy asls (bl cud jlade ySlas gg? 0.014 Soltani &
The rate of linear increase in harvest index during effective grain filling period d* ' Sinclair 2012
aly oy el o Sis oole Sl oo Hlade Soltani &
WDHI1 A turning point in relationship between PDHI and crop dry mass at beginning 9 m™ 0 Sinclair 2012
grain filling
als oy 5l > Sis oole il yoo Hlade Soltani &
WDHI2 A turning point in relationship between PDHI and crop dry mass at beginning 9 m™ 0 Sinclair 2012

grain filling



aly pas 5l s Sis ool o ke

. Soltani &
WDHI3 A turning point in relationship between PDHI and crop dry mass at beginning ~ 9m? 9999 .. 0o
grain filling
4l O )'Léi 5 Sis ools ujl):x.g )l.xiin .
WDHI4 A turning point in relationship between PDHI and crop d beginning gm? 9999 Solani&
turning point in relationship between PDHI and crop dry mass at beginning Sinclair 2012
grain filling
<l g,
Water relations
. B - -
iDEPORT » OF e ) 2 R OeF mm 150 oolani&
Initial depth of roots at emergence or beginning leaf growth Sinclair 2012
- e e I -
MEED , Ay e Ges Sl . om 1100 Soltani &
Maximum effective depth of water extraction from soil Sinclair 2012
Collas byl 3 adyy Ges i3l co p iSTas mm d Soltani &
GRTDP . o . 1 33 . A
Potential daily increase (growth) in root depth Sinclair 2012
TEC o @)15 e Pa 9 Soltani &
Transpiration efficiency coefficient Sinclair 2012
Suzs odle o3 yialS (el 55 BB Ol S alin] lade Soltani &
WSSG . . - 0.25 . .
FTSW* threshold when dry matter production starts to decline Sinclair 2012
WSSL . 0.35 - .
FTSW threshold when leaf area development starts to decline Sinclair 2012
K3l Jolye 53 35 sl 35 BB O S Wbl o Soltani &
WSSD A coefficient that specifies acceleration or retardation in development in - 0 i
P . P Sinclair 2012
response to water deficit
|I% Gl slass i
FLDKL N e e S Sl _ day 50 Soltani &
Killing number of consecutive flooding Sinclair 2012
olS ) igr oy
Plant nitrogen budget
; s ey (glek Current stud
SLNG R d_“’“—fx » Ol Slgizee 9 '\2‘ 1.95 b s y
Specific leaf nitrogen in green leaves (target) m ro
(323) 7 S5 5> 39 slgioee gN Current study
SLNS . _ ) o o 0.4 )
Specific leaf nitrogen in senesced leaves (minimum) m ol adllas
s d8lus )3 45955 (slg Current stud
SNCG e s ST gg' 0033 L
Stem nitrogen concentration in green stems (target) »o
%5 8L 13 sy slyime Sl . Current study
SNCS1 Stem nitrogen concentration in senesced stems before beginning of seed growth 99 0.005 ol el
(minimum)
25 8l 2 Baye Sl Sl . Current study
SNCS2 Stem nitrogen concentration in senesced stems after beginning of seed growth 99~ 0.0025 ol el
(minimum)
. 1> 5y slgie Bl Current stud
GNC min o M‘J”’"""S’“’m_“}g» . ggl  0.009 .thumy
Grain nitrogen concentration (minimum) ro
515 59y slgime S Current stud
GNC max b oja e Sl gg! 0025 oy
Grain nitrogen concentration (maximum) ro
MXNUP 0395 Wlisy e Loy Sl m2d 045 Cur:e,n:&dy
Maximum rate of nitrogen uptake 1 re
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eSS HC27 S8 wleMbl SOL (slaosly jl aolazul b 5 Y ldo
o=l sl as el (S5 4 p5Y (Koo & Dimes, 2013) 4,5
5 il 3390 el comalil Ll )3 5ty S5 ML Sl
Nehbandani, Soltani, Nourbakhsh, & ) 5o 48,5 ), 1ol
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ol 03 B, Y Jgds 5 bl gl
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545 sl Lozl

sloasla J odlisa b Jao 3,Shae b5 ) (gt
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Soltani et al., 2013; Soltani & Sinclair, ) 545 0 48,5
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Table 2- Experiments used for parameterization and evaluation of SSM-iCrop model for Maize (SC704)

bl gl Ko (Jlw ko o
Experiment location, season Treatm;:nts Refe;'ence
and year
Shiraz (Fars), 1999 0isr T 5 o515 (Sadeghi & Bahrani, 2001)
Plant density, nitrogen rates
Shiraz (Fars), ,1999 ) gy 5 Lja e ol i (Ghadiri & Majidian, 2003)
Nitrogen levels, water regime
Cugk) 9 ey gk oS5 .
Lak, Naderi, Siyadat, Ayenehband, &
Khuzestan, 2003- 2004 Plant density, nitrogen levels, water ( Nourmohimmadiy2006)
regime '
OF9rs ol

Saveh (Markazi), 2006

Shiraz (Fars), 2007- 2008

Karaj (Alborz), 2007
Gorgan (Golestan), 2012
Kerman, 2013- 2014
Kermanshah, 2014- 2015

Kerman, 2014

Nitrogen Levels
0395 okaw 9 pS13 el )]
Planting pattern, density, nitrogen
levels
0395 ol
Nitrogen Levels
wS15 5 <dlS )b
Planting date, plant density
0395 gk
Nitrogen Levels
0395k gola 5 okl
Irrigation level, nitrogen levels
0395 ol
Nitrogen levels

(Eradatmand Asli, Farrokhi, & Usefi Rad, 2009)

(Izadi & Emam, 2009)

(Karimi, Mazaheri, Peyghambari, & Mirabzadeh
Ardakani, 2011)

(Zeinali et al., 2016)

(Madadizadeh, Kambouzia, Soufizadeh, & Panahi,
2017)

(Ghobadi et al., 2017)

(Madadizadeh & Amiri, 2022)
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Table 3- Cultivar-specific modified input parameters used for SSM-iCrop for maize (SC704)

Codls

i el saly 4l m’:

S Parameter Unit  Default M -
Acronym Modified

Biological day from emergence to end of juvenile
S Sy U (2w pl | Seislen o)
bdSILPM Biological day from silking/end of leaf growth on main-stem to physiological bd 338 33
maturity
Phyl Co5oke Cleal 339 38.9
Phyllochron
0,8 s g Sy o oy Aol ol
PLAPOWS Coefficients in power relationship between plant leaf area and main-stem node gg? 2.9 2.78

number

FLF1A Partitioning coefficient to leaves during main phase of leaf area development at gg* 0.7 0.6
lower levels of total crop mass
Sy dnwgd pgd Al ye (0 Sy 4y Siid 00be anass Co b

FLF1B Partitioning coefficient to leaves during main phase of leaf area development at

higher levels of total crop mass

SLNG (019?) o GBS )3 Sy s g )5 (5905 jlade

Specific leaf nitrogen in green leaves (target)

SLNS ()‘3‘) 2 Lﬁl'mjﬁ 2 39r )b's""

gg? 0.15 0.14
gm? 135 1.9
gm? 0.4 0.25

Specific leaf nitrogen in senesced leaves (minimum)

o Bl 3 (3 il

SNCG _ 099 ggl 00106  0.04
Stem nitrogen concentration in green stems (target)
WIS 5 E9pd B (A o Bl 53 (g5 clad
SNCS1 Stem nitrogen concentration in senesced stems from emergence to begin seed gg*  0.0025 0.005
growth
SNCS2 ‘—i")?j?")"s (;A:‘:“‘") 4 “.‘.‘3 uv\“’ R E9r }l aslo 2 39x clae g g-l 0.0025 0.0025
Stem nitrogen concentration in senesced stems from BSG to PM
. Iy e cdale (8]
GNC (min) o Wb ckle Bl ggl 0011  0.009
Grain nitrogen concentration minimum
GNC (max) o ekl e gg’ 0011  0.0025
Grain nitrogen concentration maximum
MXNUP Giad Wlisy iy cop Sl 9mt gp 0.62
Maximum uptake rate of nitrogen d
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Introduction

This study aimed to utilize unconventional water resources to cultivating the strategic oilseed crop Camelina
sativa, also investigating the effects of foliar application of L-amino acids and salicylic acid (SA) on morpho-
physiological characteristics of Camelina cultivars. Soil and water salinity are the most significant problems in
Khuzestan Province, leading to reduced agricultural productivity. High salinity in Khuzestan soils significantly
reduces the growth and productivity of many crops. However, employing foliar spraying of amino acids and
salicylic acid can serve as a magnificent method to reduce the impact of salt stress in saline soils. The current
investigation intends to explore the effect of foliar spraying of amino acids and salicylic acid on the Camelina
sativa L. under sugarcane (Saccharum officinarum) drainage water irrigation. Camelina as a low input oilseed
crop has a few positive traits that make it possible to cultivate in Iran. The main advantages of Camelina like
drought and salinity tolerance and high seed oil content make it valuable especially in less productive lands. Due
to the large volumes of drainage water produced in the sugarcane industry, recycling this water and using it to
irrigate salt-tolerant crops—other than sugarcane—can serve as a valuable source of supplemental irrigation.
With proper management, drainage water recycling can also offer additional benefits, such as conserving
conventional freshwater resources needed for expanding crop cultivation in the region.

Materials and Methods

The experiment was conducted during the 2022-2023 and 20232024 growing seasons using a split-split plot
test based on a randomized complete block design in four replications at the sugarcane industry of Hakim Farabi,
located in southern Khuzestan Province. Water sources as main factor included river water (control), alternate
irrigation (alternating river water and sugarcane drainage water), sugarcane drainage water irrigation. Sub-factor
was foliar applications at flowering stage included control (no application), L-amino acids at 1.5 and 3 L ha!,
salicylic acid at 1 and 2 mM, and cultivars (Soheil and Sepehr) as sub-sub-factor. The amino acids used included
alanine, arginine, aspartic acid, cysteine, glutamic acid, glutamine, glycine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine, and valine from stock solutions of 1
and 1.5 L ha'l.
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Results and Discussion

Results indicated that under river water irrigation (Karun River), the Sepehr cultivar treated with 3 L ha™ L-
amino acids exhibited a 53% higher seed yield compared to the untreated Soheil control. The lowest yield was
observed under sugarcane drainage water irrigation. However, the Soheil cultivar showed a 35% yield advantage
under sugarcane drainage water when treated with 3 L ha'L-amino acids compared to the untreated Sepehr
control. The highest seed yield over the two years was obtained from river water irrigation combined with a
foliar application of 3 L ha™! of amino acids in the Sepehr cultivar (3609 kg ha!). In contrast, the lowest seed
yield was recorded for the Sepehr cultivar under irrigation with sugarcane drain water. The best seed yield in the
Soheil cultivar was also achieved with a foliar application of 3 L ha™! of amino acids (1691 kg ha™'). The Sepehr
cultivar exhibited higher grain and biological yields under river water irrigation. Foliar applications of amino
acids and salicylic acid significantly improved seed yield, biological yield, harvest index, 1000-seed weight,
number of siliques per plant, number of seeds per silique, silique length, and plant height under both drainage
water and non-drainage water irrigation conditions. However, under drainage water irrigation, Sepehr yielded
less than the Sohail cultivar. Overall, foliar application of L-amino acids and salicylic acid appeared to function
as effective growth regulators, alleviating stress by enhancing nutrient uptake and ultimately improving seed
yield.

Conclusion

This study concluded that foliar applications of amino acids and salicylic acid enhanced the growth and
development of Camelina by improving nutrient absorption, mitigating stress effects, and increasing seed yield.
The integration of L-amino acids and SA alleviated stress under unconventional water irrigation, demonstrating
their potential for sustainable Camelina production. River water with amino acid supplementation yielded
optimal results, while sugarcane drainage water required amino acid amendments to enhance productivity.

Keywords: Irrigation management, L-amino acids, Non-conventional water resources, Oilseed, Seed yield
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Table 1- Certification of the studied cultivars
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Table 2- Meteorological information of the experiment region of Hakim Farabi sugarcane cultivation and
industry in the south of Ahvaz (2022 and 2023 years)

(51,5 5l 42 ) (51,5 5l 42 )

(°C) (°C)

2022 2023
oo Sl Sl oo Jalas Pl
olo Month Mean Min Max Mean Min Max
G5 8 April 14.9 13 38.4 13.4 14 36.4
)| May 19.2 32.1 41 18.86 33.2 42
by June 36.5 21 49.7 36.18 16.8 48.7
» July 39.4 17.2 50.5 38.24 23.3 50.6
33,0 August 39.69 25.2 51.3 40.15 29.4 50.1
292 JRe September 36.52 15.7 48.5 29.9 19.4 41.7
e October 31.6 12.2 43 28.02 15.1 42.1
obl November 24.13 11.7 353 21.41 8.8 38.6
N December 18.2 6.5 26.4 16.82 53 30.4
> January 11.65 2.4 18.2 11.8 3 18.4
ek February 14.6 -0.2 23 10.7 4 16.2
Qb March 19.2 1 30.7 19.1 2 31.8

Table 3- Physiochemical properties of experimental site soil

Jlw Gos (Soyslcala oS oS A ] 35F o Sl oy
Year Depth EC H Organic C N P K S Sand  Silt  Clay
(cm) (ds m) P (%) (%) (mgkg!) (mgkg!) (mgkg? (%) (%) (%)
2022-23 0-30 2.69 7.2 0.34 0.09 12.9 269 14.7 23 46 31
30-60 1.42 7.5 0.48 0.08 9.9 192 155 25 47 28
2023-24 0-30 2.63 7.1 0.41 0.08 13.6 256 14.1 23 47 30
30-60 1.48 7.3 0.52 0.09 10.2 229 14.6 24 49 27
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Table 4- Average of water electrical conductivity in irrigation treatments during 2022-2023
sl gie Jol okl 9% 5l P okl ek ikl el el gl Sl
- First Second Third Fourth Fifth Sixth
Irrigation source PR P P o S PR Average
irrigation irrigation irrigation irrigation irrigation irrigation
AE ey 6.27 5.3 6.76 7.1 8.13 5.42 6.49
Sugarcane water drainage
09l &g, ST L o)l
Irrigation with Karun River 31 3.03 3.28 3.05 3.7 194 3.01
water
b (AS M) jie s Guten s (polioly slie] g, S5ll sl
The unit of measurement is deciSiemens per meter (dS m-1).
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Table 5- Average of chemical properties of irrigation water during 2022-2023

Chemical properties SAR K* Mg*? Na* Ca* cL* HCO?3 CO5" pH EC
(meql?)  (megql®) (megql®) (meql?) (meql?) (meql?) (meql?) (meqgl?) (dS m)

0 Wby, O
Karun River water

S L'_Jlbé 12.9 3.7 13.7 51.8 6.4 75.6 175 0 7.2 6.49
Sugarcane drainage water

4.3 1.3 4.3 8.7 41 48.8 39 0 7 3.01
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Figure 1- Mean comparison of different water resources and foliar application effect in Camelina cultivars on plant height
during two years

SA kS i dw cbale b awlgiel (dlo)lusls 5p)5 AA 3 S, /0 cbalé b dlgiel (gloylusls 50,5 AA L5 (aals) (clo)lusli 3,8 9% :SO
(sals) ps ST b g )bl RWI (SO) Yoo duo 5 clale b Sidlostunl (gloyludli 35,8 SA 2 (Yoo loo S cdale b Siluadlodonl (gloylusls 5,8 :1

bl o (Mo pd gy (5SSI) I Gize lol s JB aulio gy (ol > (ol Sbio
S0: Control, A.A 1.5: Amino acid foliar application 1.5 L ha, A.A 3: Amino acid foliar application 3 L hal, SA 1: Salicylic acid
foliar application 1 millimolar, SA 2: Salicylic acid foliar application 2 millimolar, RWI (S0): River water irrigation (control), AL:
Alternative irrigation, SDWI: Sugarcane drainage water irrigation
Means in each column and for each treatment, followed by at least one letter in common are not significantly different at the 5%
probability level using Duncan' s Multiple Range Test.
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Figure 2- Mean comparison of different water resources and foliar applications effect in Camelina cultivars on seed yield
during two years
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S0: Control, A.A 1.5: Amino acid foliar application 1.5 L ha't, A.A 3: Amino acid foliar application 3 L hal, SA 1: Salicylic acid
foliar application 1 millimolar, SA 2: Salicylic acid foliar application 2 millimolar, RWI (S0): River water irrigation (control), AL:
Alternative irrigation, SDWI: Sugarcane drainage water irrigation
Means in each column and for each treatment, followed by at least one letter in common are not significantly different at the 5%
probability level using Duncan: s Multiple Range Test.
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Figure 3- Mean comparison of different water resources and foliar applications effect in Camelina cultivars on Biological
yields during two years
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S0: Control, A.A 1.5: Amino acid foliar application 1.5 L ha, A.A 3: Amino acid foliar application 3 L hal, SA 1: Salicylic acid
foliar application 1 millimolar, SA 2: Salicylic acid foliar application 2 millimolar, RWI (S0): River water irrigation (control), AL:
Alternative irrigation, SDWI: Sugarcane drainage water irrigation
Means in each column and for each treatment, followed by at least one letter in common are not significantly different at the 5%
probability level using Duncan' s Multiple Range Test.
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Figure 4- Mean comparison of different water resources and foliar applications effect in Camelina cultivars on harvest index
during two years
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S0: Control, A.A 1.5: Amino acid foliar application 1.5 L ha, A.A 3: Amino acid foliar application 3 L hal, SA 1: Salicylic acid
foliar application 1 millimolar, SA 2: Salicylic acid foliar application 2 millimolar, RWI (S0): River water irrigation (control), AL:
Alternative irrigation, SDWI: Sugarcane drainage water irrigation
Means in each column and for each treatment, followed by at least one letter in common are not significantly different at the 5%
probability level using Duncan' s Multiple Range Test.
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Figure 1- Mean comparison of different water resources and foliar applications effect in Camelina cultivars on number of
buds per plant during two years
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S0: Control, A.A 1.5: Amino acid foliar application 1.5 L ha, A.A 3: Amino acid foliar application 3 L hal, SA 1: Salicylic acid
foliar application 1 millimolar, SA 2: Salicylic acid foliar application 2 millimolar, RWI (S0): River water irrigation (control), AL:
Alternative irrigation, SDWI: Sugarcane drainage water irrigation
Means in each column and for each treatment, followed by at least one letter in common are not significantly different at the 5%
probability level using Duncan' s Multiple Range Test.
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Figure 5- Mean compatrison of different water resources and foliar applications effect in Camelina cultivars on 1000 Seed
weight during two years
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foliar application 1 millimolar, SA 2: Salicylic acid foliar application 2 millimolar, RWI (S0): River water irrigation (control), AL:
Alternative irrigation, SDWI: Sugarcane drainage water irrigation
Means in each column and for each treatment, followed by at least one letter in common are not significantly different at the 5%
probability level using Duncan: s Multiple Range Test.
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Figure 6- Mean comparison of different water resources and foliar applications effect in Camelina cultivars on capsules
length during two years
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S0: Control, A.A 1.5: Amino acid foliar application 1.5 L ha, A.A 3: Amino acid foliar application 3 L hal, SA 1: Salicylic acid
foliar application 1 millimolar, SA 2: Salicylic acid foliar application 2 millimolar, RWI (S0): River water irrigation (control), AL:
Alternative irrigation, SDWI: Sugarcane drainage water irrigation
Means in each column and for each treatment, followed by at least one letter in common are not significantly different at the 5%
probability level using Duncan' s Multiple Range Test.



.%20https:/doi.org/10.22077/escs.2017.302.1062
.%20https:/doi.org/10.22077/escs.2017.302.1062
https://doi.org/10.1016/j.aoas.2014.06.018.
https://doi.org/org/10.22067/IJPR.V1391I2.24708.
https://doi.org/org/10.22067/IJPR.V1391I2.24708.

22 a
b
20 b b b
¢ d
3 8 18 Cd e ¢
3 L ef ef ¢ ° ef
a3 h 9 h h
2 8 16 g ni 9 o
: i . i
a5 jk . jkl
S 14 m m m 0 K
ke
12
e ) 2 n
10
8 = - - - - - - - - - - - - - -
g 5| 5| &£|Z &|E &|E &|E &|E &|E &|E &|E &|E &|E &|E E|E &
s 215 25 5|5 515 515 2[5 5|5 515 5|5 5|5 &[5 5|5 515 |5 &
so jaAa1slAA 3] sAa1]|sAa2 ]| so aAalsAA 3| saL]sAa2 | so |aAALs|AA 3] SAL|sA2
RWI (S0) Al SDWI
Loy
Treatments
B0 13 Slaundlwdn! 9 3 5 sawlgine] (510, s Wi 350,55 5 (o &alie Jliio 31 13 JomusS ;5 aild luad (1aSilue dunns o —A JSUS
=15 Jw 95 53 Lokes'

Figure 8- Mean comparison of different water resources and foliar applications effect in Camelina cultivars on capsules
number during two years
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Means in each column and for each treatment, followed by at least one letter in common are not significantly different at the 5%
probability level using Duncan: s Multiple Range Test.
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Introduction

Cowpea (Vigna unguiculata L.) is a valuable food legume from the Fabaceae family. This crop originated
from West Africa (Nigeria) and was then transferred to the Middle East and Europe. Cowpea is suitable for
cultivation in tropical regions. In addition to its multipurpose uses (green pods, dry seeds, animal feed), it also
has high agronomic value. Despite breeding research worldwide to increase cowpea production, its yield is low
in most growing regions. Therefore, to increase yield, agronomic management practices should be studied
alongside breeding efforts. One of the key factors in farm management and improving the productivity of
legumes, including cowpea, is the application of micronutrients, particularly iron.

Materials and Methods

In the present study, the responses of 12 cowpea lines (C1 to C12) along with the Mashhad cultivar to the
application of iron nanofertilizer were investigated in four regions of Iran (Karaj, Dezful, Khomein and Shiraz).
The experiments were conducted in a strip plot based on a randomized complete block design with three
replications in 2023. Genotypes were placed in horizontal plots and treatments of using or not using iron
nanofertilizer were placed in vertical plots. Some morphological traits including yield and yield components of
genotypes were evaluated in different environments.

Results and Discussion

The results showed that the effects of location, nanofertilizer and genotype on all studied traits were
significant. The interaction effect of location and nanofertilizer was significant on all traits except biomass,
harvest index and 100-grain weight, but the interaction effect of location and genotype was significant on all
traits except the number of grains per pod. The interaction effect of genotype and nanofertilizer was significant
on all traits except plant height, biomass and grain yield. All traits, except the number of seeds per pod, were
significantly affected by the three-way effect of location, genotype and nanofertilizer. Lines C4 and C5 were the
earliest and the most late-maturing genotypes, respectively. The highest biomass yield of 3810 kg ha™! was
related to the Mashhad cultivar, and the biomass yield in all lines was lower than that of the Mashhad cultivar.
Plant height and number of branches per plant varied from 55.9-72.7 and 5.4-7.4, respectively. Only four lines,
along with the Mashhad cultivar, had a grain harvest index higher than the average. The highest grain harvest
index was related to C1 line (38.77%). All 13 genotypes studied responded positively to the use of iron
nanofertilizer and had better growth compared to the conditions of no nanofertilizer use. The highest average
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percentage increase was related to the number of seeds per plant (27.25%). The use of iron nanofertilizer
accelerated the maturity of the genotypes. In the absence of iron nanofertilizer, the number of pods per plant and
the number of seeds per pod, and consequently the number of seeds per plant, were significantly lower than
when iron nanofertilizer was applied. In line C11, although the values of these traits were lower than the average
of the genotypes in the absence of iron nanofertilizer, it showed the greatest response to iron nanofertilizer
application. Yield components (number of pods per plant, number of seeds per pod and 100-seed weight) showed
a significant increase (17.4%, 8.8% and 3.2% respectively) under the influence of iron nanofertilizer application.
Grain yield also increased by 10.8%. In accordance with our experimental results, it has been reported in various
studies that the use of nanofertilizers significantly increases the yield of crop plants compared to treatments
without the use of nanofertilizers. The main reason for this is the improvement of the growth of plant
components and metabolic processes such as photosynthesis, which causes greater accumulation of
photosynthetic products and their transport to the economic organs of the plant.

Conclusion

Based on the environmental index, the evaluated locations differed from each other. Accordingly, Dezful
region had the highest value of environmental index. Line C1, along with lines C4 and Cl11, were the best
genotypes. Although the use of iron nanofertilizers improved the growth and development of the studied
genotypes, since there are limited reports on the biological consequences of nanofertilizer use and their
absorption by plants, and numerous questions remain about the fate and behavior of nanomaterials in plants, the
use of these types of fertilizers should be done with more caution.

Keywords: Harvest index, Line, Location, Maturity, Micronutrient, Nanomaterial
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Table 1- List of evaluated cowpea genotypes

udgij & Olnl o (25 o5 SSLss s
Genotype code IR national plant gene bank code Seed color

C1 TN-38-7013 Cream, Black-eyed
c2 TN-38-7158 Cream, Black-eyed
C3 TN-38-7162 Cream, Black-eyed
C4 TN-38-7248 Cream, Black-eyed
C5 TN-38-7265 Cream, Black-eyed
C6 TN-38-7281 Cream, Black-eyed
C7 TN-38-7284 Cream, Black-eyed
C8 TN-38-7285 Cream, Black-eyed
Cc9 TN-38-7290 Cream, Black-eyed
c10 TN-38-7292 Cream, Black-eyed
Cl1 TN-38-7296 Cream, Black-eyed
C12 TN-38-7309 Cream, Black-eyed

Mashhad Traditional variety Cream, Black-eyed
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Table 3- Analysis of variance of days to maturity, plant height, No. of branches per plant, biomass yield and harvest index
(H1) of cowpea genotypes at four locations under two Fe conditions (use and non-use)

Olapo (uibe
S b a3 Mean of squares
el X G jg, lans 3 4Ll sluss >
SO.V. ‘5;'2‘ 9 Sppls,  uEP Sl ’s"“‘ il yad L
f & ) ) Plant height Branrlzhes per PP Harvest index
Days to maturity plant Biomass yield
Q_KA 3 1515.15 ** 41482.17 ** 120.29 ** 16058090.03 ** 1754.78 **
Location (L)
(d_&n)_)l’&; 8 53.82 169.25 0.71 261280.45 12.11
Replication (L)
ol 3555
o® ;9594 1 980.15 ** 1138.51 ** 36.01 ** 2061150.26 ** 406.98 **
e
] 365 5LX 550
o Ji:: “ 3 26.33 ** 66.43 ** 0.55* 99738.62 ns 17.79 ns
e
] 365 G1X o 8a) 1S5
(0 3_959)_ o) S 8 0.35 1.54 0.08 59043.34 5.26
Replication (LxFe)
w295 12 224.56 ** 552.93 ** 6.73 ** 953790.50 * 191.46 **
Genotype (G)
Cuigr X Ko
i i)XGu 36 260.62 ** 609.49 ** 5.40 ** 1824096.00 ** 49.08 **
CiX oK) S
(s 770 ) 9% 42.66 46.23 1.06 404841.63 24.13
Replication (LxG)
g al 395
eC s 12 2.26 ** 3.17ns 0.37 * 19980.49 ns 257 *
FexG
955X oyl 298 GiX S
=9 ol 255 36 2.99 ** 3.86 * 0.27 * 27726.62 ** 1.96 *
LxFexG
b 96 0.58 2.21 0.17 12846.1 1.26
Error
Syt e 0.7 2.3 6.8 3.2 3.4
CV (%)

*k * ns

o )d S5 g duoyd gy Jein] o )3 5 xe 5 )l rept i 5 FF
ns, * and ** are: non significant and significant at the 5% and 1% levels of probability., respectively.
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Table 4- Analysis of variance of the yield and yield components of cowpea genotypes at four locations under two Fe
conditions (use and non-use)

©la e ube
S b a3 Mean of squares
o ool o> M olas o
S.0V df) i SYE 3 aild slaxi Al 40 Als Bl &l Yesr 39 &ld 3 ySlos
s Seeds per pod Seeds per plant  100-seed weight Grain yield
Pods per plant
O_lsw 3 952.05 ** 35.31 ** 126924.7 ** 1046.71 ** 6715437.67 **
Location (L)
3 S
(”, ),’ ’S" 8 60.17 1.35 6606.9 2.32 48313.82
Replication (L)
] 365 63l
o |§9§ y 1 308.01 ** 51.53 ** 63446.7 ** 28.64 ** 1096836.54 **
e
] 35 g5UX 4180
o T_g:F < 3 8.92 ** 2.70 ** 451.48 * 0.34 ns 16055.59 ns
e
] 50X ) ),SS
(oal >l i) bS5 g 0.19 0.32 94.78 0.13 12640.81
Replication (LxFe)
595 12 41.61 ** 6.47 ** 7091.53 ** 25.69 ** 451364.11 **
Genotype (G)
Cuigr X Ko
T i ; c‘; 36 48.85 ** 1.87 ns 5305.88 ** 13.17 ** 441509.39 **
ciiiX 1Sa) IS5
(s 7o ) s 96 9.36 1.82 860.51 1.22 145159.27
Replication (LXG)
g X oyl 265 5l
e 12 5.13 ** 0.84 ** 1110.32 ** 1.14 ** 3577.60 ns
FexG
g X oyl 28 X e
st ot 36 1.20 ** 0.17 ns 95.69 * 0.17* 4757.48 *
LxFexG
s 96 0.47 0.16 55.74 0.09 2657.25
Error
Ol pls
ol 5.6 4.3 6.1 16 4.3
CV (%)
o> S5 5 duoyd gy i) grdaw (3 5 xe g 3 re iy KK 5 F NS

ns,* and **: are non significant and significant at the 5% and 1% levels of probability, respectively.
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Figure 1- No. of seeds per pod in the cowpea genotypes under two fertilization conditions (-Fe, without iron nano-fertilizer;
+Fe, with iron nano-fertilizer) (A) and its increase (%) under the influence of iron nano-fertilizer application (B)
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Table 7- Changes (%) of the studied traits cowpea genotypes in all locations under two conditions of Nano-fertilization (-Fe,
without iron; +Fe, with iron)

595 9l G
Cdeo o2l Genotype
Trait Femano- ¢c; ¢ 3 c©4 © C6 C7 cC8 C9 Cl0 ci1 ciz Mashh
fertilizer ad
Sy b 39, s -Fe 1032 1015 1013 99.0 1089 106.7 1043 101.8 107.7 108.8 1009 1065 106.7
Days to +Fe 999 983 980 961 1044 1027 1014 988 1038 1043 981 102.6 1027
maturity %Change -3.22 -3.13 -321 -295 -413 -377 -271 -295 -369 -414 -282 -368 -3.68
S slis | -Fe 655 545 584 536 683 710 624 605 615 617 624 648 668
2 & +Fe 700 595 628 581 719 744 658 645 647 658 664 678  69.2
Plant height %Change 6.86 9.2 752 834 527 48 548 661 512 672 628 463 359
PRI -Fe 71 53 50 54 58 48 58 56 58 59 60 49 5.8
Branches per +Fe 77 60 59 59 68 60 64 6.0 6.4 63 65 58 6.2
plant %Change 8.42 1415 1832 7.76 1767 2462 979 7.08 1164 805 826 1809 6.87
gt 3,Shas -Fe 3415 3602 3016 3526 3597 3146 3603 3244 3217 3508 3445 3326 3715
Pt 2 +Fe 3511 3787 3246 3583 3740 3347 3691 3450 3408 3756 3601 3451 3903
Biomassyield  o4change  2.80 513 762 162 393 638 244 633 594 706 454 376 507
el sl -Fe 376 314 273 360 310 276 334 301 305 315 345 301 333
o +Fe 398 334 304 380 332 316 353 327 330 338 377 320 341
Harvestindex  opChange 591 620 1144 548 7.00 1429 553 889 810 722 934 605 255
g s -Fe 108 104 108 132 117 123 123 89 121 118 104 98 133
Bgr > A ol
+Fe 133 118 124 162 137 134 137 107 135 138 148 114 143
Podsperplant  oschange 23.84 1418 1528 2250 1723 9.35 1136 2051 1198 1758 4303 1654  7.48
S 5 <ls sl -Fe 101.0 883 984 1387 1115 1143 1223 807 1143 981 918 1176 107.0
%) +Fe 138.6 109.3 1243 1803 1360 1328 1429 1056 1359 1438 1649 1133 1341
Seedsperplant  opchange  37.24 2371 2629 30.05 2192 1620 16.86 30.76 1885 26.19 68.04 23.32  14.09
s Voo o -Fe 200 205 200 156 189 192 190 191 188 177 188 186 192
)9 +Fe 206 209 204 176 194 195 196 194 193 183 195 190 197
100-seed weight  o4change 3.5 1.82 200 1278 251 169 328 170 279 338 398 215  2.60
os 5,8kes -Fe 1294 1155 833 1296 1139 954 1224 1011 1045 1187 1258 1047 1248
e +Fe 1403 1272 983 1382 1258 1091 1308 1149 1174 1328 1404 1133 1341
Grain yield %Change 8.42 1017 17.94 6.63 1051 1432 6.86 1367 1237 1187 1160 819 741
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Table 8- Grain yield (kg ha™) and genotypic and environmental indices of cowpea genotypes in the studied locations

o
Cwigi) Location oSle  amigis gad s JOves W
Genotype S Jeép Cyuod sl Mean  Genotypicindex 9% Change
Karaj Dezful Khomein Shiraz
C1 1198 1409 1429 1362 1350 160 13.44
Cc2 1486 957 1540 887 1218 28 2.35
C3 1063 688 1038 845 909 -281 -23.61
C4 1048 1651 1567 1093 1340 150 12.61
C5 1082 1526 1266 920 1199 9 0.76
C6 744 1280 1510 559 1023 -167 -14.03
Cc7 1222 1431 1499 912 1266 76 6.39
C8 868 1472 1157 825 1081 -109 -9.16
C9 700 1596 1516 629 1110 -80 -7.26
C10 919 2080 1360 674 1258 68 5.71
Cl1 738 2205 1323 1058 1331 141 11.85
C12 797 1734 1130 700 1090 -100 -8.40
Mashhad 1057 1518 1480 1125 1295 105 8.82
0sls 994 1504 1371 892 1190
Mean
b a3l 196 314 181 -298
Environmental index
e 22 -16.47  26.39 15.21 -25.04
% Change
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Introduction

The importance of sesame (Sesamum indicum L.) as a key crop in numerous regions can be attributed to its
adaptability to dry climates, the nutritional value of its oil, and its health advantages. The necessity of improving
the sesame plant is important by its comparatively low yield. The use of improved cultivars by plant breeding
and breeding methods has resulted in a higher yield and higher quality of crops, which in the case of sesame
plants include a greater increase in the seed yield and improvement in its quality. In a breeding program,
increasing genetic diversity enhances the ability to select superior genotypes, and a more efficient selection
process contributes to greater breeding success. The use of local sesame cultivars is particularly valuable because
of their potential to generate improved genotypes. Understanding the relationships between yield and other
related traits allows these traits to be used more effectively as selection indicators for genetic improvement. The
nature of the relationship between yield and its components determines what appropriate traits should be used in
plant breeding.

Materials and Methods

To discover the correlations among seed yield and some important agricultural traits in order to determine the
direct and indirect effects of each trait on seed yield and finally to choose the ideal genotypes in terms of various
characteristics, a total of 36 local sesame cultivars were evaluated in 3 regions (Karaj, Moghan and Jiroft) by
using a randomized complete block design for two years (2017-2018). A total of 14 quantitative traits were
studied in this study, including measurements like the number of days from germination to the beginning of
flowering, the number of days from germination to the beginning of maturity, the height of the first capsule from
the plant crown, the height of the plant, the number of branches, the number of capsules in one plant, the number
of seeds in one Capsule, seed weight of one capsule, the weight of 1000 seeds, capsule length, capsule width,
capsule diameter, biological performance and seed yield.
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Results and Discussion

The calculation of simple correlation coefficients showed that the height of the first pod from the plant
crown, seed weight of a capsule, biological yield, number of seeds in a capsule and plant height have the highest
correlation coefficients with seed yield. The height of the first capsule from the plant crown, the number of seeds
in the capsule and the height of the plant were demonstrated by path analysis had the most positive direct effect
and the number of days until the start of maturity had the most negative direct effect on seed yield and it is
suggested that they be used as selection indicators for the improvement of seed yield. Five components were
identified through the results of the principal components analysis which explained 77.92% of the variations in
the data. Out of all the genotypes analyzed in terms of yield, genotypes 78-730, 78-229, and 78-570, displayed
the greatest seed yield on the biplot generated by the first and second components. All evaluated traits led to the
identification of four separate groups through cluster analysis. Overall, the results indicated that the cultivars in
the first group were late-flowering types characterized by tall plants and high yield. The second group consisted
of late-flowering cultivars with few capsules and low yield. The third group included early-flowering, early-
maturing cultivars with long capsules, while the fourth group comprised cultivars with small capsules but a high
number of seeds.

Conclusion

It was shown by cluster analysis that there was no connection between the classification of genotypes and
their geographical placement and predominantly, the genotypes were classified by their physical distinctions and
morphological differences. It can be concluded from the results that principal components analysis and cluster
analysis exhibit similarities in their ability to segregate cultivars and genotypes. Their analysis outcomes give us
a better understanding of the genetic structure and helps identifying specific genetic populations that have the
potential to improved breeding programs.

Keywords: Biplot, Geographic distribution, Relationships between traits, Selection indices, Yield
improvement



Ol =l cleipgh 4yl

Homepage: https://jcesc.um.ac.ir

LA i

EVV—ELVA uﬁ AEXY3 bl:vw‘} & GJLQ.»: Yy Jq.l?'

Sesamum ) axS o s pY £l Sl pbiz 5 ails 5 Shae o alail ) o)
ol slaad i 4 e g Cude i B, 5l eslaxal L (indicum L.

Y‘_;}:.al i gl J o) del ‘\JML)F Soses F! (63 4Amnr ("4’"’
VESF/N 4100 13 55

CRVCLS

IS egm o8y V5 olaw ccalisie Slaw Yo 5l sl oy pins LSl 5 2l)5 wiee Slas (S b b 5 Sles o balgy (93,5 jasuie Cas

i) oS o VF L5l e 95 Gy (Bolas JalS slacSsl gyl B )3 e g lis iz dilaie 4w ,> (SeSAmum indicum L.)
5 JowsS 5y aily slias (gl 5,Slos ¢ JounS G sladily 59 olS dBgls 5l BME gl gl 48 ol )l Ktasen ol s ol S0
5 JomsS 50 al ol olS a8l JguaS ool g5, a8 0l L cule a i b0g Ty &l 5)Slas L) Stiod ol s 5 YL &g glis)
48 39 oo Saindiy 9 2y 4l 3, Shos (g9, 1) (ke i S (e (S £900 U Jgy s g Cuto i I piy gy LS|
T =y 50 slacaigs o as ol i Lol sbadie 4 4350 gl g, 5 4 by 5 Slas Cd iy gl Ol gla et laisa
oYL bl YA-OY - g YASYYA YASVY s slacuie) e iy 5 Slas blod 510008 an g5 1) bodls clyuss 51 duo s Y/AY 500 p> adlho
(i)l 29 Slio &l lads a5 ulslp 9 pg3 5 Jgl adlhe 51 Jols @M (5h )3 ey 3y90 sS4l 3 Shos
Laguigs 8T g ailys (bloyl bewss) (obdlse mje b baadss) (cdidiwd &8 3l (LS (dladsd ajo0 guls b ooy Lasedd 0g)5 ks
)] Py M)f )I)B «_1: b)lm.:} M? )0 U_ilatb ‘.\5.)9.3 d)))., dl)l.} J)ﬂo& bl )‘ &S PP Plﬁ)l AW d.\ubg)f L52‘>L.mu.’>0) L;Lmu9ln; uuL.ul)J

3905 03litl (555,93 (sloojyy (sl (g o]

Sl gla et s wlas (o blgy ¢ oldlis w5 o Sloe bty « My b1 g0lS” sWojlg

oo ‘_’j 09y b= odlaidl bld | asly S o coles olde
9 355 0 plosl bewl jd a5s8 RWAPIRWSLR 2 L.:)m S oYL
3 sy g in glayeiS (s BB Cy)ly olpl H5aS
Davoodi Zanjani, Ghasemi Afshar, & Adeli Milani, )
Ay g ol Golus Hlaws (olgngl Lol yd a4 cons s5u8 (2020
9 Lo)S .l 3,8 Sl dn > YO U YD o (slod diojls ‘_'ﬂ llas
4253 00 5l 58S L oS (sl an )3 ¥e 5l 5VL) s slojes
= OABa gy lgtie GEalS g 035 asde Jdoay (315 ole
Ol 5 platels (S95,b slagSl ol pogMe 3,135 o il 5 ,Shee
aS o3l & e g 2 ISy ke 58T Ly 2 Wl e > e
2w blyd cov ouS iy (Ranganatha et al., 2010) ss.
o=l e o CuiS s Cupde ogud b glaubls (ol o)
3,8 0es slacadgiome iy (6559l ST ¢ baodlys yluas
Ranganatha et al., 2010; Langham, ) .S a0 a5,

LYRUFY

4SS cul Sl Jaaxe S (Sesamum indicum L.) aous

O 5w izmen 5 ol 29y )k 5 (oM (sLlje Jibsey
el 3l aias a5 S cal oad anlis Sis clgagol b

@ 5 Obigel (Ol Glojlo oy g Sl 4w 5 gol Slidod s -

olrl @S «sjplis

5 SigltS bjgel (Bl 30 ks 5 Jlog s 9 ol Slisios i —Y

gt gy g Dhigelliid Glojlus oloS il Gigir b glie

olnl by

&lie 5 hygldS Sl 5550 oy g Job s g el Clisios (i -F

)l «65gliS gy g Ubigel lasig ol o) Syl bl (onelo

ol

(Email: bmasoudi@gmail.com e ki g — )
https://doi.org/10.22067/jcesc.2025.91336.1368


https://jcesc.um.ac.ir/
mailto:bmasoudi@gmail.com
https://doi.org/10.22067/jcesc.2025.91336.1368
https://orcid.org/0000-0003-4236-9669
https://orcid.org/0000-0001-8611-7012

ke (oo oSy a2 o WS e pasetie o il g 0 Skes
S (Sed Slalllas 65,5 5148 eolaiwl 3)50 il Ml )
$)9=5 Lo Sy plow g cilisee (03 8hoe sy Shy o Lally)
b ysite S35 bLI e B djlo o 2B ) i § ol
9 peiiwo i3l 350 3 1) Sla yidn 5 AiS (S0l 1y calise
G50 Sl g 4 jo (LSl el po id )] euitane yos
o e 3 osiane Sl &) o] S5 b |y (Ko ol
SIS 3)Shee 53 o 2 wrew e Sl 55 ol S (oo o],
@5 odlitul 3)00 s by, S K00 (S sl o Yl
) Aot e (pdin ST il ol Lol sloadle 4
s s Lol adlse laicds aS dunod pe sla pxio jl (ldegoze
o dupd da ol 4 dn o M 1 A8 e j5 g
Soanly ol 5 osdied dele pisys Jols (ol slaaille
03> degorme S il Jatue (sl yas bl Slulid (gly ool 3,55,
Iy Laoaly calisee (slaain 0ilg o ol (sladdlie 05 0 Jas
Slas (69, U o o ) LSl 4] laioee & 9 0S8 ditwe p
(Manly, 2004) 18" 55 505 ba Sisors cdBd 98 ol
L ash oy Sles Cio wouS )0 o Cuwl ol )l cladss
Wang et ) oL glas)l cls Jlia 59 bS50 JgunS dliw ciliwo
Kante, Wadikar, Sargar, & ) JswsS ;3 b ol (al., 2024

Patil, 2022; Kalaiyarasi, Rajasekar, Lokeshkumar,
Kante ) JouwS Jsb 4 (Priyadharshini, & Mohanraj, 2019

gy g g5 Ky )b (gl sime g Cute  Siunen (et al., 2022
angi b asuS 18, Y ). b (Yingzhong & Yishou, 2002)
Lyl oS glas,l o 20 J5 1o yd B+ U g, i Cupoguas & &
S 2 S oo ol > JpmS A g il
ol oS 50 4l 5y Slos 5 &by 3o 155 (JomaS 53 &by olaw
sme Cute  Siuson olS elasyl g olS )0 JouuS dlawy a8 Lal
O e jglaiady 1S cadei} FY 04l olS 40 il 5 Sas |
OgolegS dluwgds 3)Slas oimd ST Cpogad b 9 ,Sles
)8 sy 3,90 (Kumaresan & Nadarajan, 2003) l,\Sea 4
s o9y (lje 9 (BT 203 B b g dlas I piey ai)S
ash o ySlae b (g)b gme g Custo  Siuwads sadadlae Glusgas
W, p L (Fazal et al., 2015) -, Se2 o Lol .00l lis
O 45 S5 4l 3,Shes o 23,8 (5 pSn 2068 (i
Ol Cde 325 315 0l ) JguaS 2 L 1) St (St
g 4 5y Slos g9y (o pudiwe yil gl)ly olS glasyl oS ol
2 JomsS i 55k 5l Cute patuns e Sl 31 glyls oS Jbsyo
JousS 2laai Dy JounS 0 il olaws 5 £,8 (sloasls slaw olS
sl ashy 5 Slas (go; 1y Cute paiine 3l i g SOy
Wiy Sy 33 JpraS S0 ot i 1 35 03 s

(Riney, Smith, & Wiemers, 2008
(Lo 53 S5k $34) olal 53 455 ol aminy 3,SLs
ohzgd |y olS ol gl gyl o Canl corn LY I (S0
5l eslazwl (Yol, Karaman, Furat, & Uzun, 2010) cuwl 63405
Oljen 33,5 308 6l 1 (g S g o8 LIl Alex I )
90 4 (Siuwn wlsuwl sladely g (oolpa doliy S 40 Cuddse

3l Gy lhe clacuiys po oLl 5 (K55 £58 329 Jols
o594 e slayi ol cuwd I (Falconer & Mackey, 1996)
P GdsS (gl sl 0aiS 1SS (55y5liS” ladisej 5
O3 S A aie & Wlodd (il Jpazey o8) w2 L
sloasby sladn 5 (ol ool .l ord (S5 £95 d2g S
L Loyl g b8l ol 0 cooglio 5gupp Baa by oMol
Sl e sladisS S (o 29300 lm gl Sl b )5
Ll pd b Gl g died (69955 (55)5kiS Glapias 5y Sllas
Cnglio Lo gylow 9 LT ol )3 5 351 (60 6y 5be adlaio
AouS e plByl (Winstead & Jacobson, 2024) 4 S’
3 5 slacuie; dnwgs y> Lagl i oslarwl LSl Jdsa
sty JB (S57 g5 olnl 12 81 Coeal (Mol gladel
)9—“5 A o s &S ol 0a sdalive douS scws; e
S £ g ol Jgmazme ol gl £95 0l o8 Sy Lo
Py ey camas ol (o slacss » YL
&l g5 oyl 2959 (Tabatabaei et al., 2011) s 0 oanli
@d9ld a il slaglow g uS_m> & Jooo wile Slao deus
Copual ciliin s Ll o Jpaima 3 Slas L 5 20
Gharib-) suS' o e p 1y LB, o) (65)5LiS g (i3l dps
Eshghi, Mozafari, & Azizov, 2016; Salehi, Esmailzadeh
Olglisg> 5l ealanwl .(Hosseini, Salehi, & Bertaccini, 2017
Wl (sdpio Olio Wlgi oo gl yud slp 1S (o0 9 (g
el el an ) olon ;lp 53 Caaglio § (St 4 oo
lemgol bl s ply j5 1y mas pB) g ibllasl g esly
(Yadav et al., 2022; Ranganatha et al., 2010) 2> 5158l
S oS 5> 5= a Jooio pB)l 4 ol pogMle

L as o3 3, Slas Liol3 8l aouS )5 sl dlaal o 5 Lol
g 50 JounS Sl b g yidy o8 a8ls ghb oy ol
Cwd B ol & (e S )0 4 2l a8l 5 i
A Jaztio g dgdone (40D Cul pecren J(Baydar, 2005) c.al,
(Ashri, 1998) cuwl a8Me 590 sl 050180 il slp (o3,
oS a3l i il Sl e Slej el gla a5 oslil Lol
il Al 059 ol lial g 0y Slos p dlaly 51 LS Sy
o dayly coale (Mohammadi, Prasanna, & Singh, 2003)



YPO o oS oog ey (15 o oy iz g 410 0 ,Sos oy abuly oy 9 oy IS0 g (6O g%umo

B > (g 5 5 Jlad S < Jainn i ailed i)
5 P as S Jluw 90 Gdody Bola S slaSsl 7 )b
sl 05 LY gt 3 aslllas 3,90 clacaisis 5l plaS m cliie
Bblio sja «Sid 5oy VA- LNy iy Jdoas 7,8 ailais
9 0y o) (3o Ly g Sis 5 2y S gl olgmoc]
Cgane Sid Gngb) mf) s St g 25 Ll 9 Coboye
leMbl olwly ccaol 5o VWYY Lo pdaws 51 o) glas)) 5 095 0
2 ptoislo YEY ailate (S0l Lt S wlidlon dllu Yo
s g el g bojo 5 p) S (dlomgl (dlb (lae sl Jlo
il slod (lines ) 015 iyl b)d a5 20 ¥O Lawgie
Uil 381 o)S 5lis a0 Fr U Lod Ll )3 5 duy o 42 pd yoo
claseto ol yiahs Voo Ly aldlo (S05b olise S oo
L gt cpio SVY o o 5 gli5) ) ol Slie Cbyn casl
a2 pSle o FO L0 (s Cugb) cplo e Ve (S5L
a2 Sq o any sy pugade a2 FA Ol
FE e ;i a2 P U S 4 bl jl pan ) &5 Gogmd
)50
@)lee 5 05l poed ol oy Slilas plol b iylojl (e
3ol olslyy (23955 5 JPIuI b ubans o poges Sagd 93
obse p palls igsts eSS Ver ©jgon (V o) S
k> o ) (o 5o 93 )3 0ablacdl )50 0yl 395 gite
sl laciys) U )IS Gl @yt ilo g e (siloodlsl
O3oris pSeLS A g S g cdp 3blio 1o (a3 5 5l S8
Fud p)SohS B (pimen B 03 )5 4 Glie 3 LS 53 alls
PSS 00 5 L liad g 35S o JiSa o alls
2 sl I8 Olilgw malt 395 gste 1) ) alls el
sogsbos £o Jolgh 4 aidy 5 o> 435 odlil addate 4w y»
Gy g g0 Aol b (gy20 V/D b3 dus (D Cuigif b D duS
Sl 5 ) blie )3 sl gyl 0,8 cutS e 5l VoA Las
Wy Jad (b yd g oleys bawlgl )3 cd s 13 g 0lb,s slol o
sladile 3 ©LT L oj)ke o)l alon 51 p5Y (2ly5 slacudlye
ol K6 gy Cutin o S ddlais )3 (gylol Hg3 iy plosl e
Cdpdy Copgo sk o ey Ve g Glie ) g s pp Sy
LS o lawg jl dolal €y gy 5l eslaiwl b wlaw (4 557051]
o g0 35 ol 3 & Slae . pdy plodl 4l Bl
M (23S £9y8 U (Sl 5l g, sl jl e s S )1,8
LS €5 ) g o) £ Sty 9,5 5 sl 3oy
Al dlawy Wigy S slo JouunS dlami (o3 adli dlas iy glas)|
B Ld b wg 4l jl oS Ve dlis il :50ke) JounS” S5 50
Veoaih (s 0sSbe) JseS S glaaly s (89 i 5> el
s s 3 {4532 g2 > ol 4515 Loy 4520 5| Sy

Kavitha & ) sy o)Ll asg S5 ahy s, Slos (49,
Sethupathi-Ramalingam, 2000; Arulmozhi, Santha, &
.(Mohammed, 2001; Sankar & Kumar, 2003

elolis (PCS) (ol il o Lol (sloailze 25 Lo
ailge 5 00 e LS |y g5 JS 51 doyd SAIS Ly o8 s
459k | JgnsS ool )] (235 203 00 B g, lio
sy liwo pgd adlie 53 .35 culpd cp YL iy il 5 Sae
5 Ji—esS Jsb shol L (g9, S ygme i 0l ) JguS
Slio pgw adlge )3 039 culpd cp VL Gl (29, syxe
slaas i ol (a3 |5 LL b jgy ol o 5ailes U gy dlass
Pt ilhe 15 gl oY sl g Job 5 5
Mukhthambica, Bisen, & Ramya, ) 154 colyis o5V
dyg0 o VO 13 3l 1y uoaS Y A (6,500 adllas (2023
Laoyd £F dgds oS dg0d (glwlid Lol adlho gy 5 010 JI)8 )y
olS el Claw ol adlie jd aiad o JuSis 1y @lypuss IS5
2 9k lddli slass (il (slaadli slus dgl sladsli slaw
5y Slos 5 ool 8L 3 JomS dlaad 0lS 3 JomuS 3w ol
i je Olas ped adlse ;3 Mde culps (p YL b wg S
905 U 59y St Slico pgw adlie )3 idgy clpd o 5L
Sldas ‘Lil) le.bda-l.w iy cbtzf &L&D)I s(;..\ﬁ.».u) [t} )9) Sy s‘ﬁbﬁ
059y Sloe 5 JouS )y il ol ¢ ol 3Ld g9 53 JguS
U 5y sl la 55 p ke adlge )3 39 calpd cn 5VL (il
M52 039 9 JoaS Job ol 3L5 (59 JpuS 2105 ¢ Spms)
U 59y 3o poviy adlle 50 adg colis o sV (glyls il
Hemanth ) assgs colpd cp 3V b 0,5 b Job g (S,

(etal., 2024
3 93y Sas 7ol cuslie pB)] (s 5 (85 Sl I (S
Lmo.ﬁf L')_ﬂ L;J_;.go5)§ 9 u)/l_; <L )|J9_4.3 )'| ol b cilaw
aw yd 45 Cowl (odlfan claaslp y3 Lagl 5l eslatul jolaioa,
CiS (WA= Lo 90 Gieds Cdpun g oylao )8 ddlaio

W)

395 9 319
Ao o 5 STl eascdl ) bouS i) Y8 ol
Cbyz g Lo @S adilale dw ) (i 9 Jlod atd 5 O



b oy Slae 5 Soiglan 0y Slos (Wgy gy 0 ool a5l lawg
3o ((Soign s (Sl e 9 455 0993 Lk 5> 39
Wb 155 U8 53 p S oS el g 0)90 0 g 2 iy

T > kol L3 by 4l ) Jous Ve Job (:ke) JgueS
L5 by 4Ll JouS Ve 0850 650ks) JouS’ 02)= (S92
a2l JomnS Ve a8 (S0Lo) JouS Jlad (g2 s 5> (Lo

o35 2590 SBeaisi T 5 pU-Y Jgoa

Table 1- Name and origen of the studied genotypes
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Genotype No.  Genotype name Origin Genotype No.  Genotype name Origen
o p55ke 15
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.o . A . L.;w lé
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(dy2) ol () o8
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Table 2- Physical and chemical characteristics of the soil where the experiment was carried out

_ I e . _ JCYIRVY
Bble s ST 3190 oy .. w1 Saud S9) ol A S| oxin
039y E=Res]]
. Depth Organic o K P Zn Fe EC (dSm"
Locations (cm) matherials % Total N % (ppm) (ppm) (opm) (ppm) pH 1) Texture
s 0-30 0.40 0.09 198 115 0.38 2.12 75 1.1 Clay loam
Karaj 30-60 0.55 0.07 160 10.9 0.30 2.01 7.0 1.1 Clay loam
Sandy
i 0-30 0.31 0.05 205 12.7 1.07 2.3 8.2 2.3 loam
Jiroft 30-60 0.34 0.06 212 12.2 1.02 221 7.8 21 Slﬁgﬂqy
Olas 0-30 0.53 0.12 242 11.8 0.83 2.2 7.7 1.6 Loam clay
Moghan 30-60 0.58 0.14 251 111 0.78 2.12 7.2 15 Loam clay
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Table 3- Results of simple correlation between traits

NCP CL CwW CD PH FCH SWC TSW NSC NB PW DF DM SY
NCP  1.00
CL 0.07 1.00
CW 021 057" 1.00
CD 034" 056" 056" 1.00
PH -0.05 -0.22 -020 -0.06 1.00
FCH -0.06 0.11 0.14 -0.23 0.07 1.00
SwWC -0.02 -0.01 0.06 -0.11 0.09 0.16 1.00
TSW 0.18 0.15 050" 0.39" 0.25 0.00 0.08 1.00
NSC  0.08 -0.20 -0.15 -0.30 0.16 0.06 077" -0.06 1.00
NB 049" -026 -0.07 0.05 022 -005 009 020 021 1.00
PW 0.00 0.28 0.36" 025 052" 031 021 039" -0.00 011 1.00
DF -0.09 -0.30 -0.29 -0.47" 0.07 044™ -024 -0.06 -005 -0.11 -0.18 1.00
DM 0.24 -0.46™ -0.29 -046™ 0.23 0.07 -017 011 024 025 -0.29 0.64™ 1.00
SY -0.05 0.01 0.08 -0.11  0.40° 0.59™ 0.50™ 0.11 0.46™ 0.16 049 0.06 -0.05 1.00

*and **: significant at the five and one percent levels, respectively.
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NCP: number of capsules per plant, CL: capsule length, CW: capsule width, CD: capsule diameter, PH: plant height, FCH: first
capsule height from crown, SWC: seeds weight in one capsule, TSW: 1000 seeds weight, NSC: number of seeds in one capsule, NB:
number of branches in one plant, PW: plant weight (biological performance), DF: number of days to flowering, DM: number of days
to maturity, SY: seed yield
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Table 4- Results of path analysis for grain yield

s

NCP CL CW CD PH FCH SWC TSW NSC NB PW DF DM
Direct effect

NCP -0.04 ... -0.01 0.01 0.01 -002 -0.03 000 0.01 0.04 005 0.00 -0.01 -0.08
CL -0.06 0.00 ... 0.02 0.02 -0.06 0.06 0.00 0.01 -0.10 -0.03 0.02 -0.02 0.14
CW 0.04 -0.01 -0.03 ... 0.02 -0.06 0.07 0.00 0.02 -0.07r -0.01 0.03 -0.02 0.09
CD 0.03 -0.01 -0.03 0.02 ... -0.02 -0.12 0.01 0.02 -0.15 0.01 0.02 -0.02 0.14
PH 0.27 0.00 0.01 -0.01 o0.00 ... 0.04 -001 0.01 0.08 0.02 0.04 0.00 -0.07
FCH 0.53 0.00 -0.010 001 -001 0.02 ... -0.01 000 003 -0.01 0.03 0.02 -0.02
SWC -0.06 0.00 0.00 000 0.00 0.03 008 ... 0.00 038 001 0.02 -0.01 0.05
TSW 0.05 -0.01 -001 0.02 001 007 000 -001 ... -0.03 0.02 0.03 0.00 -0.03
NSC 0.50 0.00 0.01 -001 -001 0.04 003 -005 0.00 ... 0.02 0.00 0.00 -0.07
NB 0.10 -0.02 0.02 0.00 0.00 0.06 -0.03 -001 0.01 011 ... 0.01 -0.01 -0.08
PW 0.09 0.00 -0.02 002 001 0214 017 -001 0.02 -0.010 o0.01 ... -0.01 0.09
DF 0.05 0.00 0.02 -0.01 -0.01 0.02 0.23 0.01 0.00 -0.03 -0.01 -0.02 ... -0.20

DM -0.31 -0.01 0.03 -0.01 -0.01 0.06 0.04 0.01 0.01 0.12 0.02 -0.03 0.03 ...

o.\SLoLr‘él.g )31 0.55

Residual effect
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NCP: number of capsules per plant, CL: capsule length, CW: capsule width, CD: capsule diameter, PH: plant height, FCH: first
capsule height from crown, SWC: seeds weight in one capsule, TSW: 1000 seeds weight, NSC: number of seeds in one capsule, NB:
number of branches in one plant, PW: plant weight (biological performance), DF: number of days to flowering, DM: number of days
to maturity, SY: seed yield
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Table 5- The results of principal components analysis for all the traits measured in the studied native lines

lio Jol adlye P9 Az Py adlio Pl e oy Ao
Traits First principal Second principal Third principal Fourth principal  Fifth principal
15 5, Sles
e 0.49* 0.08 0.16 -0.05 -0.06
Seed yield
. ‘ .
Az 2 g S 0.08 -0.32* -0.30* 0.17 -0.40%
Number of capsules/plant
et Job -0.08 -0.34* 0.27 -0.25 -0.20
Capsule length
e 2 0.04 -0.45* 0.18 0.23 -0.17
Capsule width
g ) -0.11 -0.50% -0.05 -0.04 0.05
Capsule diameter
5o £lis))
©9 8% 0.34* -0.04 0.01 0.19 0.57*
Plant height
oS 5 Jl JgmeS 0yl 15 0.28* 0.07 0.46* 0.02 -0.30%
First capsule height from crown
als o
S 0.36* 0.12 -0.17 -0.48* -0.09
Seeds weight in one capsule
CRUTILY
“R ol 0.17 -0.43* 0.05 -0.04 0.22
1000 seeds weight
JounsS 5> aily olasws
Number of seeds in one 0.35* 0.15 -0.28 -0.42* -0.14
capsule
u‘)ﬁ as L oluey
Number of branches in one 0.24* -0.13 -0.40* 0.33 -0.12
plant
| 6l Sis o5
g sl oS 0.38* -0.20 0.23 0.12 0.31*
Plant weight
g - L; .
G2 Esrd Blsy 0.06 0.17 0.46% 0.31* -0.27
Number of days to flowering
F & U .
S Ers i 0.25* -0.05 -0.17 0.44* -0.31*
Number of days to maturity
0%
SR R 3.09 2.77 2.07 1.62 1.36
Eigen value
Ly
it 2211 19.80 14.76 1156 9.70
Percentage of variance
obly (e 223 2211 41.90 56.66 68.22 77.92

Cumulative percentage of variance
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Figure 1- The biplot of the first and second component resulting from the principal components analysis for the studied local
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Figure 2- Dendrogram resulting from the cluster analysis of studied local sesame lines
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Figure 3- Deviation of each cluster from the total mean for different traits in the groups resulting from cluster analysis
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Introduction

Sunflower (Helianthus annuus L.) is one of the most significant oilseed crops, valued for its high content of
unsaturated fatty acids, which contributes to the production of high-quality oil. Although this plant exhibits
relative adaptability to Iran's climatic conditions, it demonstrates moderate sensitivity to drought stress. Drought
stress poses a major challenge to crop production by directly affecting plant growth and yield. While sunflowers
can tolerate mild drought conditions, severe drought significantly disrupts their physiological responses.
Reduced regulation of transpiration and limited leaf expansion are key factors contributing to the plant's
vulnerability to severe drought. This stress condition results in excessive production of reactive oxygen species
(ROS), intensifying oxidative stress. Consequently, oxidative stress leads to chloroplast degradation, decreased
photosynthetic capacity, leaf shrinkage and thickening, reduced leaf area, and morphological alterations such as
impaired stomatal movement. Brassinolides, which belong to the class of plant steroid hormones, play a crucial
role in regulating plant growth and development, including cell division and elongation, organogenesis, delayed
leaf senescence, and enhanced resistance to environmental stress. By modulating plant responses to drought,
brassinolides can mitigate the adverse effects of oxidative stress and improve overall plant performance.

Materials and Methods

To investigate the effect of brassinolide under water deficit conditions on antioxidant enzyme activity and
certain agronomic traits of the sunflower cultivar Oscar, an experiment was conducted in a split-plot design
based on a randomized complete block design (RCBD) with three replications. The main factor consisted of
irrigation regimes at three levels (full irrigation at 100% field capacity, moderate drought at 75% field capacity,
and severe drought at 50% field capacity based on Class A pan evaporation). The sub-factor included
brassinolide foliar application at three concentrations (0 (distilled water), 0.1 and 0.5 mg L"). In this study, traits
such as relative water content (RWC) of leaves, antioxidant enzyme activities (catalase, peroxidase, and
superoxide dismutase), leaf area index (LAI), filled and unfilled capitulum weight, seed yield, and oil yield were
evaluated.

Results and Discussion

The results indicated that drought stress and brassinolide foliar application significantly affected the
morphophysiological indices and agronomic performance of sunflower. Severe stress led to a reduction in
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relative leaf water content (by 18.79%) and an increase in antioxidant enzyme activity. At this stress level, leaf
area index, grain yield, and oil yield decreased by 57.48%, 61.56%, and 70.01%, respectively, compared to full
irrigation. This reduction highlights disruptions in water uptake and retention as well as diminished grain-filling
capacity under drought conditions. On the other hand, the simple effect of foliar application of 0.5 mg/L
brassinolide increased catalase and peroxidase activities by 18.58% and 36.40%, respectively. This increase
highlights the role of brassinolide in alleviating oxidative stress and enhancing the plant’s physiological
condition. Furthermore, the highest leaf area index was recorded under full irrigation combined with a 0.5 mg/L
brassinolide foliar application. Under severe stress conditions, grain yield and oil yield at the highest level of
brassinolide application increased by 83.57% and 66.66%, respectively, compared to the treatment without foliar
application.

Conclusion

The findings of this study demonstrate that brassinolide foliar application, particularly under drought stress
conditions, can be an effective strategy for enhancing both the quantitative and qualitative performance of
sunflower. Brassinolide enhances antioxidant enzyme activities, mitigates the negative effects of oxidative stress,
and improves plant physiological traits, thereby preserving photosynthetic potential and promoting vegetative
and reproductive growth. Based on the results, foliar application of brassinolide at 0.5 mg L' yielded the most
significant improvements in leaf area index, seed yield, and oil yield, underscoring its effectiveness in
optimizing plant growth even under limited water availability. Therefore, the application of brassinolide under
optimal irrigation regimes, particularly during moderate to severe drought stress, is recommended as a viable
approach to enhancing sunflower productivity and sustainability.

Keywords: Catalase, Drought stress, Leaf area index, Relative water content of leaves
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Table 1- Physicochemical properties of the soil at the test site
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Table 2- Water consumption volume at different irrigation treatment levels
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Table 3- Analysis of variance of the effect of irrigation and brassinolide for some physiological traits of sunflower
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ns, ** and *: indicate nonsignificant and significant at the 1 and 5 percent error probability levels, respectively.
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Figure 1- Mean comparison of the foliar application of brassinolide under irrigation regime levels for relative leaf water
content in sunflower
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At each irrigation regime level, at least one common letter indicates no statistical difference between the means at the 5% probability
level based on the LSD test and L.S. Means procedure.
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Table 4- Comparison of mean main effects of irrigation and brassinolide for catalase and peroxidase in sunflower
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* Similar letters in each column are not significantly different from each other based on the LSD test at the 5% error
probability level.
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Figure 2- Mean comparison of the foliar application of brassinolide under irrigation regime levels for superoxide dismutase
in sunflower

At each irrigation regime level, at least one common letter indicates no statistical difference between the means at the 5% probability
level based on the LSD test and L.S. Means procedure.
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Table 5- Analysis of variance of the effect of irrigation and brassinolide on agronomic characteristics sunflower
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ns, ** and *: indicate nonsignificant and significant at the 1 and 5 percent error probability levels, respectively.
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Figure 3- Mean comparison of the foliar application of brassinolide under irrigation regime levels for leaf area index in
sunflower
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At each irrigation regime level, at least one common letter indicates no statistical difference between the means at the 5% probability
level based on the LSD test and L.S. Means procedure.
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Table 6- Comparison of mean main effects of irrigation and brassinolide for seedless and seeded head weight in sunflower
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Introduction

Potato (Solanum tuberosum L.) is a globally significant crop whose productivity is substantially influenced
by seed tuber quality and nutrient management. The Sante variety, prized for its disease resistance and
processing qualities, shows particular sensitivity to these factors. Recent studies highlight that seed tuber size is a
critical determinant of early growth vigor, influencing both carbohydrate reserves and meristematic potential.
Larger tubers (>20 mm in diameter) generally exhibit 30-40% higher initial growth rates due to their greater
sprouting capacity and faster establishment of photosynthetic activity. Concurrently, phosphate biofertilizers
containing Pseudomonas and Bacillus strains have shown remarkable efficacy in potato systems, improving
phosphorus availability by 50-70% through organic acid secretion and phosphatase activity. The interaction
between tuber size and biofertilization remains underexplored, particularly regarding source-sink relationships
during tuber initiation. Preliminary evidence suggests synergistic effects, where larger tubers' inherent
advantages are amplified by biofertilizer-induced nutrient mobilization. This study investigates these dynamics
in Sante potatoes, hypothesizing that optimal tuber size combined with dual-phase biofertilizer application will
maximize yield components through: (1) enhanced canopy development, (2) improved phosphorus use
efficiency, and (3) superior photoassimilate partitioning. The findings will advance precision management
strategies for seed potato production systems.

Materials and Methods

A field experiment using the Sante potato cultivar was conducted in a factorial design in a randomized
complete block design with three replications in the 1401 crop year. The microtubers were produced in the
previous year through tissue culture and potting in greenhouse cultivation. The treatments included tuber size at
three levels up to 20, 20-25 and 25-30 mm and application of Barvar 2 phosphate biofertilizer at three levels
without phosphate biofertilizer (control), one application of phosphate biofertilizer (at the time of planting by
dipping the tubers with biofertilizer) and two applications of phosphate biofertilizer at the time of planting and 4-
6 leaves. Land preparation operations included semi-deep ploughing in spring and two stages of vertical disking.
The seeds were sown in rows and ridges with row spacing of 75 cm and plant spacing of 20 cm. Each plot
consisted of 6 rows, each 5 m in length. Irrigation was carried out regularly and according to the plant's water
requirements during the growth period. Weed control was carried out manually. During the growth period,
sampling of experimental plots was carried out every 10 days by randomly picking 5 plants from the assigned
rows, and leaf area, leaf dry matter and total dry matter were measured to evaluate growth indices. At the time of
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harvest, the number of stems, number of tubers, tuber dry matter, and total tuber yield were measured for each
plot, and the harvest index was calculated. SAS version 9.4 software was used to analyse the data, and Microsoft
Excel software was used to create graphs.

Result and Discussion

The results indicated that larger microtubers (25—-30 mm) significantly (p < 0.01) enhanced growth and yield
parameters. Total biomass (6,201 kg ha™), number of tubers per plant (4.8), and tuber yield (28,337 kg ha™)
increased by 41%, 23%, and 63%, respectively, compared to smaller microtubers (15-20 mm). Two applications
of phosphate biofertilizer also increased leaf area index (27.58%), tuber dry matter (33.19%), and harvest index
(5.69%) compared to the control. The interaction of these two factors showed that the combination of 25-30 mm
microtubers with two applications of biofertilizer produced the highest tuber yield (31524 kg ha™') and harvest
index (89.03%).

Conclusion

This study investigated the effect of potato tuber size and phosphate biofertilizer application on the growth
and yield of the new potato variety Sante. The results showed that tuber size and phosphate biofertilizer
application had a significant effect on potato growth and yield indices. Larger tubers (25 to 30 mm) provided
more energy for germination and early growth due to greater nutrient storage, which led to faster leaf formation
and increased leaf area index (LAI). Also, applying phosphate biofertilizer twice had a greater effect on leaf area,
stem number, tuber number, tuber yield, tuber dry matter, and total biomass compared to applying phosphate
biofertilizer once and without fertilizer. The interaction between tuber size and phosphate biofertilizer was also
significant for all measured traits. The highest yield and plant growth were observed in the combined treatment
of 25-30 mm microtubers and two applications of phosphate biofertilizer. These results indicate that the use of
larger microtubers, along with optimal use of phosphate biofertilizer can be used as an effective strategy to
improve potato growth and yield under field conditions. Finally, this study emphasizes that choosing the
appropriate size of microtubers and properly managing the use of phosphate biofertilizer can help increase
productivity and sustainability in potato production. These findings can be used as a guide for farmers and
researchers to optimize cultivation conditions and increase potato yield.

Keywords: Biological yield, Harvest index, Leaf area, Seed tuber
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Figure 1- Trend of changes in leaf area index (LAI) on mini tubers 15-20 mm and phosphorus biofertilizer
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Figure 2- Trend of changes in leaf area index (LAI) on mini tubers 20-25 mm and phosphorus biofertilizer
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Figure 3- Trend of changes in leaf area index (LAI) on mini tubers 25-30 mm and phosphorus biofertilizer
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Table 3- Comparison of the average effect of tuber size and biofertilizer on yield and yield components of potato
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* For each experimental factor, different letters within the same columns indicate significant differences between treatments at p <
0.05, according to the Duncan test.
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Table 4- Mean comparison of the interaction of minituber size and phosphorus biofertilizer on yield and yield components of

potato
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* Different letters within the same columns indicate significant differences between treatments at p < 0.05, according to the Duncan
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Introduction

This study undertook a detailed comparison of two supervised machine-learning algorithms—Random Forest
(RF) and eXtreme Gradient Boosting (XGBoost)—to predict irrigated wheat (7riticum aestivum L.) yield across
20 counties in Razavi Khorasan Province. Both models were trained on 70 % of the dataset (years 1383—1402)
and tested on the remaining 30 %. Hyperparameter tuning was performed via a grid search coupled with five-
fold cross-validation.

Materials and Methods

The two algorithms were initially trained and optimized using 70% of the data (approximately 14 years per
county) and subsequently tested on the remaining 30% (approximately 6 years). Hyperparameter tuning was
performed through a grid search combined with five-fold cross-validation. Hyperparameter Tuning was
performed using Gridsearch over key parameters (e.g., number of trees n_estimators, maximum depth
max_depth, learning rate for XGBoost) with 5-fold cross-validation. Afterwards, both models were evaluated
and validated using RMSE (Root Mean Squared Error), R? (Coefficient of Determination), MAE (Mean
Absolute Error), Willmott’s d (Index of Agreement). Two machine learning algorithms, Random Forest and
XGBoost, were developed to predict wheat performance at the district level. The performance values were
initially predicted numerically using regression and then divided into three distinct classes using statistical
percentiles: Low: Oth to 33rd percentile; Medium: 33rd to 66th percentile; High: 66th to 100th percentile. This
classification was based on both the actual and predicted values for each district. The results of this classification
are presented in the form of a confusion matrix for each model. Using three indices—Aridity Index, Seasonal
Intensity of Temperature, and Growing Degree Days—districts in the province were clustered into three climatic
zones. Then, wheat performance in these zones was analyzed based on two models. In this study, the machine
learning algorithms Random Forest and XGBoost were implemented in Python 3.3 using the Scikit-learn library.
DataFrame preparation and the clustering of the province’s counties into climatic zones were carried out using R
4.3.2 and ArcGIS 10.8.2.

Results and Discussion

Alghoritms Performance: On average, RF reduced prediction error by ~19 % (395 vs. 492 kg ha™! RMSE)
and achieved a slightly higher agreement with observed yields (d=0.467 vs. 0.419). Random forest showed Best

Authors retain the copyright. This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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RF Performance for Khalilabad (RMSE = 141.19 kg ha!, MAE = 125.68 kg ha!, d = 0.37) and Bardeskan
(RMSE = 187.69 kg ha™!, d = 0.80); Worst RF Performance was obtained for Quchan (RMSE = 667.65 kg ha™!, d
= 0.36) and Torbat-¢ Heydarich (RMSE = 581.33 kg ha!, d = 0.47). Best XGBoost Performance was obtained
for Torbat-e Jam (RMSE = 269.36 kg ha’!, d = 0.77), Neyshabur (RMSE = 377.91, d = 0.78). Worst XGBoost
Performance resulted for Quchan (RMSE = 943.99 kg ha™!, d = 0.25) and Torbat-e Heydariech (RMSE = 786.20
kg ha'!, d = 0.39). In 6 out of 20 counties (Khaf, Mahvelat, Kalat-e Nader, Kashmar, Chenaran, Fariman) both
RF and XGBoost performed nearly identical errors (ARMSE < 15 kg ha!), indicating similar predictive power
under those local conditions.

Feature Importance: Daily Minimum Temperature (Tmin): Ranked #1 in RF’s importance list; ranked #3 in
XGBoost. Seasonal Tmin (TminGS): Consistently #3 in both models. Other Key Predictors: Precipitation over
the growing season (Prec, PGS), Growing Degree Days (GDDGS), and Evapotranspiration (ETGS) all
contributed substantially, though with 4th—8th ranks markedly lower in RF than in XGB.

Classifiction of Yield into Three Performance Classes: Using percentile thresholds—Low (0-33rd),
Medium (34-66th), High (67—100th)—the models were also evaluated as classifiers. Low-Performing Counties
Needing Intervention Seven counties (35 % of the sample)- Quchan, Torbat-e Heydarieh, Sarakhs, Kalat-e
Nader, Gonabad, Neyshabur, Taybad- fell in the Low performance class across both models. These areas should
be prioritized for targeted agronomic management and resource allocation.

Cluster-Based Insights: Counties were grouped into three agro-climatic clusters: Very Dry & Hot (4
counties): RF outperformed XGB in all (e.g., Bardeskan, Khalilabad, Mahvelat, Sarakhs). Semi-humid Cooler (6
counties): Mixed results-RF won in 4 (Chenaran, Kalat-e Nader, Mashhad, Nishapur); XGB was slightly better
in 2 (Fariman, Quchan). Warm Semi-arid (10 counties): RF superior in 7; equivalence in Taybad & Torbat-e
Heydarieh; XGB edged ahead only in no counties here.

Conclusion

Overall, the Random Forest model showed better results for predicting wheat yield in Razavi Khorasan
province, especially in most counties. Although the XGBoost model has higher potential for modeling complex
patterns, Random Forest performed more accurately in conditions of greater data dispersion. In conclusion, the
results of this study emphasize that by utilizing climatic and agricultural data, machine learning algorithms can
be optimized not only to achieve high accuracy but also to provide a clear interpretation of the contribution of
each variable in wheat yield using the SHAP tool.

Keywords: Cross-validation, Grid search, Random Forest, XGBoost, Yield class
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Table 2- Climatic and agronomic variables used in wheat yield prediction algorithms in Khorasan Razavi province
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The growing season was considered to extend from November 6 to June 5 of the following year.
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1- Coefficient of determonation (R2)
2- Root Mean Square Error (RMSE)

3- Mean Absolute Error (MAE)

4- Willmott’s Agreement Index (d)

5- GridSearch Cross Validation

6- RandomizedSearch Cross Validation
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Table 3- Comparison of two optimization approaches for machine learning algorithms in wheat yield prediction
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Table 4- Evaluation and validation metrics for random forest and XGBoost algorithms in predicting irrigated wheat yield in
Khorasan Razavi province, before and after optimization
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Figure 1- Violin plots of SHAP value distributions (feature importance) in the Random Forest algorithm for predicting

wheat yield in Khorasan Razavi province. (A complete description of the features is provided in Table 2 in the materials and
methods section)
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Figure 2— Violin plots of SHAP value distributions (feature importance) in the XGBoost algorithm for predicting wheat yield
in Khorasan Razavi province. (A complete description of the features is provided in Table 2 in the Materials and Methods
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Figure 3— Correlation coefficients, p-values, density distributions, and clustering of the top ten most influential features on

wheat yield in Khorasan Razavi province using the Random Forest algorithm (left) and XGBoost algorithm (right). (A
complete description of the features is provided in table 2 in the materials and methods section)
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Figure 4— Relative importance of features influencing wheat yield prediction in each county using the Random Forest model
(based on standardized data). (A complete description of the features is provided in Table 2 in the Materials and Methods
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Figure 5- Relative importance of features influencing wheat yield prediction in each county using the XGBoost model (based
on standardized data). (A complete description of the features is provided in Table 2 in the Materials and Methods section)
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Figure 6A- The final decision tree generated by the Random Forest model for Mashhad County
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Figure 6B— The first tree structure generated by the XGBoost model for Mashhad County
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Tmin: Daily minimum temperature, Tmean: average daily temperature, and GSL: growing season length
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Figure 7— SHAP (violin) plots of the relative importance of features in the optimized Random Forest model (left) and
XGBoost model (right) for predicting wheat yield in Mashhad County. (A complete description of the features is provided in
Table 2 in the Materials and Methods section)

Jslos oS s (B Wi oo g 2w 3o 3 (S5L
Oyle a8 el dlless 1) Jae 90 2 0 Side ol
a8l Ly (Bly bl b gl g Lo Jo 5 3290 Comad pis S0
a8 Cdh 4y g 39-d 4B S > Db e B8 495 ) &
gliie Mol pygin 93 (Seiolsm Siaime 5 o)l (s ibasine
ks o) S ol 3 oyl el Jae g3 pn 50 Sk
2 ol sl 09 s b dusing 2 S ble S e,
Sl G y)Bpadsy Jde I i Conl (S Cang WSSl Jde

elod cunle b (slapusio ¢ Jio 90y j0 4S5l da gy B8 &S

G sl Shg ledd 0l (asis e Cuenl oy i Pl
Sy Cpotl c)lb 5y Jho &y Capns (o222 U 023 45 )
o=l b et g Jdog o aslesly oladl sgs o ) (g uS
Sdag 9 3)900 (85 L agd B a0l (i
Jice 2 Sy Joale Cmtl ol slyy 30,5 faby il
e 53 ite (e sl 005 (sl g 45) ) Camgr 2 S
O e ypolie J1S) ol 4B S )15 it 4y )3 Cuw)lbpg
ol yy ds il iy AT (Cnil (LSS Ly Jide 93y



OFY L o puiS o Slos 385 (i 1 bl (6 750l ks 59501 90 (omims Liie! 3 (63 ludinte e

bd o o) Silod 3,8lee il cel (S5, 1) ailjg, dieS
a0y 518 S 0 p Sl Y Gl Hlade b o Sles bawgio
oS el (im 0dg (e b el cud 50> Ol
s oleS Colus ;L &S0 Jio (1 0ke ) o 0 Slos
sl Ay planl oo 3 ol slales

sgbd S &l Jdos (g5 go aliie joboas o Shg pole sl
Sl psie (i Slodzmg ataly couilyy o )lipg ) Juo oS
B e s oy a5 1S 5l pS 5,Sla 5 ol
Wl dnyd a0 (dad Gud wiljy) dieS (slod a8 amd o
b Sk 5 ailie) 0ele lod iy Jad (b (pKie glod
oo gl 3y Sloe (a3 3 ) OB (ke My Juab
15 10055 oo IS ol 5 lyaltS (el el oyl
15 o Jlgai 5l S5e (6Ll 5 il G (gjloatn
03l L A S Canly Cons ) Mgl Cuwgy > 1w i 565!
ol 04

Bgd e guite cud sla2g S (rFeml S S8
9 iy 51 AS )1 6 (03 (2 2 L (S (Siadly Jloges
ol &S by a0 inled ) puiS 5 Sloe o (Shg b allis
)50 (59 g cpl HLdle yo Wlesd ausl &5 ol b S
b Sl slos alis) (ke slod Slio) (g e 81
oA sy sl «(§3g08 )30 99y 9 (o Ly Ay Juad
Jso ool iz ofoges gl 15,5 o 5 (Jao L) 5,50
Comylbpgliy Jie )3 dmd e LIS 1) (Shy po Ol 4 Cond
We WY 5l (Sl o8y lads slass (a8l b o oYL JSKs)
5 biee (LI 6oL cund b dgede )3 pAiS 5 Sl jlade e
O3k G5l Gy (g oo S0 )3 £ SS Y50 e 290
Ay g cdl ials dulisl cud ol VY. dgae B S coleds
AU s oml st Gl i) 1l gl b s s
NG5 5l sy aineS slod iulidl (5,16 5,Slas p (wguimo
gy o) b paiS 0 Sles B lgsy oo 38 cuw 31,8 il 4>y
@ Cond pAS oo lgmal Laulyd )3 o5 s o (LS (ol
2 &S zsg ol byl Cute guol o3l ol B aneS slod il 58
aS cib dgng S Sllug ol 5 ols 40 YO LY sdgae
ol basyo 03y 3095 b ld S o Joled oduzey @l 5l 4 Yiaas

o 3l VB 29 s LMD o5 o (Sid jasls ool58l
3 g Ll 290 o iy (S8 2,Skae 25 > )l Sy
Ol pasls i (I8l b g odd SLSL s B9y Ve /0 dgus
Yoo dga paiS 3 Shas MV 5l i & Oylys dn g gy liad
ol Sy Sl ahis S opl & A8 o cdl o 13 p S olS
s ol 3,8kas 4y (pgucmo jglody (StS a4y o jl &S

Jio (3 (Stly 9 ol i (5L 13905 Jdod
Mo (3l et (812 Sy 094

Jioe el G palie (e el 3900 o A S8
45 Cal (Gl Coms) Camgr 2 (Sl 5 (2 Cows) oy lipgs,
3 0dlatl 3)90 g Gl s 53 P53 Shes (it sl
IS 5 0955 5 (sl sis )5 ) e ppdlie sl 4t S
Ol prgmad ol 3 s Juo e 2 G909 SRe
odiges )3 (Shy ol yalie 4 s (Shy 1o sl G polie
e [ SUled 88 yomo ylaged () 50 D9 o odmlie Caliseo
s 3,Shes Gt 2 1) Sy g 8 Clie & el o
Lo Shy s330s yme (3,Skes (1ol L (133l Mio) dmd o
lad ad aslie) deS (glod k) Cawl 03)S Cuwypd |y Jdo
bis o fopd g ad) Juad (b (1:Sbe slod )l a3 (392
Sy 3 paiS 3 Ses jglate bl 53 e Jlu) w905 S Sl
5 slakas ol S ja el (el sgein 3 ol o
L oo Cuamy o(aljg) aieS’ slod Mio) (Shy S 5l yous plSin
0391 (shie s (Jm D9 0o Crowdy ST kgl o0 By Cunl,
Syoie ol bt cl) ooy kS STl o iRl 5 Slas
2 Sl azsly ioli ol Slae 5 035 Coto Cudd (my g
Lacél ol (il oYL Simspesys @08 & b Shs
P JB Opgot (Shy oy bolad ST atian 10 0L
=9 2 b 3 Shy ol w895 L) gl b o 5]
Sy ol sler (B bwlyen b Bl by i bglas 513,05 Jus
L (s adion (S So Pl cwl ausls Jue > gls
Slanty atvon oy (S o i e oy S SIS,
Ol 4 b Sl sl S 4l s 390 50 b i
Sadse ) oy (ul 9b uSep (> b 4Bl Ly JEaE (S
9 29550 013 T9d9d Cuwgr 2 Sl b Caw)Bpgiy Jio oy
D9 Al maewal Gyldges b curd Jlou )3 Wl e

sLod 9o odnlitio (o Caous) A JS5 3 &S jobolon
5503 Sylae an ol 5 She s Shy ) 5 Hligy dieS
bl )3 Cun)lpgssy Jio (gim sl Jio )3 025983)lg (Shg (ol
JSS assei oy ailjy) aeS glod jlade oluly 1) 355 mranal
somss aligy daS glod (Shg jl 45 alalas A S5 53 e s
Culy dn je,8) o B ywie Cunly b oy ddidy S o
5y Shas Lilidl el YU ailjs, diaS (glos i (YU 5,Ske)
omly i) ainaS glod (im0l 25kes) G & ol tosd
sled s polis dadses 5l (gyloms Llosds 5, Sleas il cely

1- Year-location



VE+ € liune o€ 0ylans FY sl oyl pal o615 Slopbdafy dpis  OYY

2800 HARREFISion Blpt - Maghhadsg o,

SHAP Decision Plot - Mashhad

2400 2600 3800 4000 250 2500 2750 3000 3250 3500 3750 4000 4250
Tonin NDO30
TS TS
TmeanGS Prec
TminGS Tmean
PGS ETGS
NPGS Tmin
GDD GDD
Prec TmeanGSs
Tmean NPGS
NDO30 TminGS
Tmax Tmax
ETGS ET
Al GSL
TmaxGS PGS
ET Al
GDDGS
oL Tizzzz (S 52 p)SkS) puiS il 2 Sflas i
2400 2600 2800 3000 3200 3400 3600 3800 4000 2250 2500 2750 3000 3250 3500 3750 4000 4250

Model output value

Model output value

Cowgr Syl 9 (o Cuom) oy B9y Joro bawgd gt oyl ;o 53 P 2 Shos (day iy (S5 ool s (51 13905 —A JSUS

(ol y Cuonw)

Figure 8- Decision SHAP plots for predicting wheat yield in Mashhad county by the Random Forest model (left) and

XGBoost model (right)
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Figure 9— SHAP Partial Dependence (DPD) plots for the Random Forest model (top) and XGBoost model (bottom) in
predicting wheat yield in Mashhad
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Table 5- Four evaluation metrics of the Random Forest and XGBoost algorithms in predicting wheat yield in Khorasan
Razavi province, broken down by county

Ol o R? R? RMSE RMSE MAE MAE d d
County (XGB) (RF) (XGB) (RF) (XGB) (RF) (XGB)  (RF)
P e 0.13 0.34 269.36 312.61 211.48 308.78 0.77 0.71

Torbat-E-Jam

25l

§ 0 0.33 377.91 343.82 298.37 232.39 0.78 0.59
Neyshabur
0 0.16 481 344.22 441.6 329.94 0.71 0.69
Mahvelat
Ql_“*”s 0 0.07 205.41 314.79 175.52 253.8 0.62 0.75
Fariman
oS 0 0.05 387.03 187.69 341.11 149.23 0.6 0.8
Bardeskan
o‘)te
0 0.05 410.79 281.64 317.07 202.42 0.59 0.62
Chenaran
3l 0 0 472.61 217.93 424.28 164.5 0.51 0.56
Kashmar
SLLs
i 0 0 683.93 444,72 579.88 372.6 0.46 0.55
Gonabad
sl
0 0 455.4 521.03 380.93 473.99 0.44 0.52
Taybad
et 0 0 223.05 454 167.03 350.58 0.43 0.51
Mashhad
Ayl Coy
Torbat-E 0 0 786.2 581.33 685.32 505.85 0.39 0.47
Heydariyeh
B 0 0 678.69 432.65 484.36 388.38 0.38 0.44
Daregaz
S 0 0 465.75 345.44 311.6 234.95 0.35 0.44
Sabzevar
JU_J"B 0 0 247.96 141.19 221.54 125.68 0.33 0.37
Khalil Abad
oles? 0 0 943.99 667.65 797.74 622.39 0.25 0.36
Quchan
S 0 0 515.13 352.85 415.8 285.01 0.2 0.18
Roshtkhar
o 0 0 663.58 622.78 551.74 532.25 0.08 0.11

Sarakhs
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0 0 464.9
Kalat-E-Nader
Sk 0 0 619.28
Khaf
ooke 0.0068 0.0526 492.21
Mean

609.82 413.58 450.16 0.06 0.1
331.28 534.82 315.66 0.02 0.1
395.13 408.09 3315 0.4194 0.4668
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Note: The comparison of both models in the counties is based on the evaluation metrics of R2 and d for the Random Forest model
(the index values are ordered in ascending order, and the counties are arranged in descending order of importance)
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Table 6— Ranking of counties based on the accuracy and performance of the optimized model according to evaluation metrics
and validation in the two models, Random Forest, XGBoost, and their average (rank listed on the left side of the county)
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Figure 10— Confusion matrix of the Random Forest algorithm (right) and XGBoost algorithm (left) in classifying wheat yield
in Khorasan Razavi province
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Table 7- Summary of accuracy, precision, recall, and F1 score for the two algorithms in classifying wheat yield in Khorasan
Razavi province
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Model Accuracy (%) Precision (%) Recall (%) (%)
e ipg; 68.9 78.0 68.9 67.7
Random Forest
Cw |
oS 69.8 738 69.8 66.8
XGBoost
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Figure 11— Actual and predicted wheat yield values by Random Forest and XGBoost in Khorasan Razavi province, along
with the F1 score for each model and county
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Table 8- Error analysis of the two algorithms, Random Forest and XGBoost, in predicting wheat yield classification in
Khorasan Razavi province
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Table 9- The best model for predicting wheat yield in Khorasan Razavi province based on the clustering of counties in the
three climatic regions
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1: Hyper-arid climate with high temperature variations and a very hot and long growing season.

2: Semi-arid to semi-humid climate with low temperature variations and a cooler and shorter growing season.
3: Warm semi-arid climate with moderate temperature variations and a relatively warm and long growing season.
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