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Abstract

Introduction: Sesame (Sesamum indicum L.), an ancient drought-tolerant oilseed crop, thrives in arid
regions where other crops fail, offering one of the highest oil contents among oilseeds. In Iran’s
calcareous soils of arid/semi-arid zones, widespread zinc (Zn) and iron (Fe) deficiencies limit crop
productivity. Micronutrients critically influence plant growth, yield, and human nutrition, with foliar
application emerging as a key strategy for biofortification. Weed competition further exacerbates yield
losses, particularly during sesame’s slow establishment phase, where weed-crop leaf area ratios at
canopy closure significantly impact productivity. Despite the agroeconomic potential of sesame in the
understudied tropical Somar region (southwest Kermanshah province), no prior research exists on
integrated weed and nutrient management for this crop. This study addresses this gap by evaluating Zn
and Fe sulfate’s foliar effects on sesame yield and oil quality under weed competition, aiming to
optimize sustainable practices for this high-value crop.Sesame’s resilience to drought and high oil
content (45-55%) make it a vital crop for marginal arid lands. However, calcareous soils in Iran’s arid
zones, including Somar, exhibit severe Zn and Fe deficiencies, limiting sesame’s productivity.
Micronutrients like Zn and Fe are essential cofactors in enzymatic processes, chlorophyll synthesis,
and stress tolerance, directly influencing yield and seed quality. Foliar supplementation bypasses soil
nutrient fixation, enhancing uptake efficiency. Concurrently, weed interference during sesame’s early
growth stages reduces light and resource capture, with weed leaf area dominance at canopy closure
being a critical yield-limiting factor. Seed purity standards (99.99%) for edible oil further necessitate
rigorous weed management. The Somar region, with its tropical climate and untapped agricultural
potential, lacks evidence-based strategies for sesame cultivation. This study bridges this gap by
investigating synergistic weed control and micronutrient applications to boost yield and oil quality,

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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supporting socioeconomic development in resource-rich but underutilized regions.

Materials and Methods: A split-factorial experiment was conducted in 2023 in Somar, employing a
randomized complete block design with three replications. The main factor comprised weed
management: control (mechanical/chemical) and no control. Sub-factors included Fe sulfate (0, 150,
300 ppm) and Zn sulfate (0, 300, 500 ppm) applied as foliar sprays at 6- and 15-leaf stages. Soil
analysis confirmed baseline Zn (0.8 mg kg™') and Fe (4.2 mg kg™") deficiencies. Weed biomass, seed
yield, oil content, and nutrient uptake were measured. Data were analyzed using ANOVA, and means
compared via LSD (p < 0.05).

Results and Discussion: Weed competition reduced sesame yield by 29% compared to the controlled
treatment. The highest seed yield (1068.8 kg ha™) occurred under weed-free conditions with 300 ppm
Fe and 300 ppm Zn, highlighting micronutrients’ role in mitigating abiotic stress. Fe and Zn sulfate
significantly increased oil content: 500 ppm Zn yielded 51.9% oil, while 300 ppm Fe achieved 52.2%,
surpassing lower doses (p < 0.01). Weed interference reduced oil quality by 12-15%, likely due to
resource diversion and reduced photosynthetic efficiency. The synergistic Fe-Zn application enhanced
nutrient partitioning to seeds, improving both yield and oil synthesis. These results align with studies
linking micronutrients to ROS scavenging and lipid biosynthesis in oilseeds.

Conclusion: Integrated weed management and foliar Zn/Fe supplementation significantly enhance
sesame productivity and oil quality in calcareous soils. The optimal combination—300 ppm Fe + 300
ppm Zn under weed-free conditions—increased yield by 29% and oil content by 18-20%,
demonstrating the socioeconomic viability of sesame in Somar. This strategy addresses soil constraints
and weed pressure, offering a model for semi-arid regions. Future research should explore genotype-
specific responses and long-term soil health impacts.

Keywords: Crop management, Growth, Nutrient, Yield



g’y dJlae YYA-YAY o NF+F lasl (pg0 o)loud (piid uly [ LS 3blw jo £ly) pole Olidixy

i sladde JS1a5 g oS 65,5 hos b Sy p 2] 9 59y B pao o polic JSU o)y
T ey Al st T oils e ) g yheF allinu

ol Dl pel olStils 655l oSl (il 2ol g el 09,5 «(559)5iS59 ST ) ki IS s gal 2l -
Sl ) M oKty ¢ gjyslisS 0aSisls «bls oMol 5 sl 09,5 Y

e.zeidali@ilam.ac.ir :a5e Jotue *
VEY/V VY sl g

DOI: 10.22034/CSRAR.2025.498849.1467 VFFLYINE by fo,b

oS

5 021 09z lesiien §lealitul oS Jb 50 wisd o guime w0 )Sles (alS ol slacusgaze I (S e sladile
Tobm 3l b)) Bam b ragy onl a8 Wl Jpame ool Sujglpid o (el Sleogad sgp p (555 G WIFoe 55,
s ool m (glacile Copoe il lulpd Cov auS Sojslad 5 o)y sl SRy » sy Dlilse o ool Slilge i
o5 slaSsl g5k B 50 0nd 95 ST jgo a e pad Gl il loges Sedo allaie ;3 VY el Sl o il
9 (JrS pos bl )0 ploosd 9 (Sl J525) jpedile Cupae gl 99 Jold (ol glajloss a3 5 2] 1S5 4w b (Bolas
57 ol 20 a8 05 (el B0 5 Y0 ) 55y Sl 5 (Rl T e 5100 o0) ool Cligw s sl ol 258 o Lo
e o LS o p,SskS ) FAIA) il o Slas e VL 45 ols oLt loazil.sind Jloel il Jslme g0 4 oS Sy 10
Slosire Gl a0y Y oS 0 Jolo 55, Slidse plgr Yoo 5 ool Sl plgg Yor 25 b specile J 58 (oS5
plae Yoo 9 (ae,0 DY) g9, Slgw plo o B0 ooy jo ails (189 Qoo (1 iy (puizmen s vald jlood 4 S
OE) CodS g alls o Slee o ire 1alS Czge e slachle JS pae (S sk 4 ol ssaline (10,0 OYIY) ol Slilse
13 9 S g (5590 Gl o |y Waisiias; atte omel 5 550 slacile il Sy pas Copanl gk ol @l s S asS

A e dn b i e 3blis

Jyame «£ly5 o pae iy (5955 4,055 1 gulS (slrejlg

S Sbos Sgnge )3 (ol ez 51 (o0l Slofng Caal
ogi ol L5 )50 lié polic ai sl (Jpazme ol
25 (il G A sl 2] 5 (5 sl BpanS yolie
WS o Lil Jomame iS55 g 50, Shae 2l 8
ogdle oLS slio 4,355 (Malakouti and Tehrani, 2020)
oDl g (I8 Slge CoiS dgutr wrge oo Slos Rl
(Kihara et al., 2020) 05 o dazol>
Bblio 1o o35t olml Lo | gz 5 5 Cany
owpopﬁiwuyo@‘&bwj&b
Dashab ) s azlse (21 5 5, o5t (s diaz, pobic
deoyo Fr 5l i «ladllas ulu! 5 (and Omidi, 2019
e yoeie 4 035 (55 S9—aS Jlzs ol ) sl
Pallavi and Sudha, ) s4-5 e a0 0+ b o Slee als

Sledily ( lié polis 3l pas sbxl b gy, ssmaS (2017

Aoddo
O eesad I So(Sesamum indicum L) oS
5l 3-les Pedaliaceae oolpls 4 a5 cul el lalS
Sz s Sys 4y ale (LS Jols bose oolgls oyl
S 03]y (6 e S dors 5 (S5 Bblie 3 45 e
SVl s ,ye og Ll s & asus (Bedigian, 2011).
Cgeme (€9 Gl S alex Sl biSh (8,
Sy Shos S_isans § St alil Lyl 3 5 5 595 e
Lls Jds 4y ases” ails (Arabi et al., 2022) s s ollas
5 Oalgelims comalims Jolods e ool a1 5T s (051
Sl 519565 32 GgalannST pln 50 VL 6k 5l e Jgal e

(Wan et al., 2023)

(Shss slapey, Olsjly an ja8 Swly 4 axg5 b


https://doi.org/10.22034/csrar.2025.498849.1467

OlHed 9 5 255

YYA

et s 25 ol b5 ye sladile i) wnlf cslis
Gl 5 Loyl Sy e Sgae 50 w2l oy o el
9 3,2 sbale S15 o alayl) a5 wlools lis oledlas o)ls
J—ame 8, Shae 1 (ite 756 (b slapSTy ,o oS Line
oealS i G p slacale (ST iol58l L Lol el S
YU s slanST3 5o (Jb onl bl oo ialzél o Slos
odmline Sasl (molidl x> L sasle ol o Sles ialS
Dorpour Sorkhsarai et al., 2021; Khosravi et) sg.
(l., 2021
)_.45 3T UL»_»..J).Q(..J B CJ‘j s)l.oj_w S ddlais B
30 g sl idgh eSS (6 e )5 0Bl Ly s
oS ool aSul ay az g b el ouls ploxl aouS ciS i
AU a0, Slae 1 2l 5 (55, wile ByannS olie

2,10 &gl il pl o 5 e slacale <ol
g, 93190

oinlejl gl Yoo
6353 o2l Glagdneg, Sl o) ssliieds Sl (nl
sledile pas g j9a> Ll )l Cog oS 25 sl S
ol Copace ol o VENNFY el Jad 0500
Ol @ laga Culs )3 G el pad Gl 0ed (55588
TY 548850 g az ;0 VA oLl ae Olath b olisle,s
ELS)l (B0 4l FO g alSo YA g az 0 Ve g Lo 4l
sragehee YA+ ¥l (0)b S0k 9 Lo haws 1 0 YYD

Doy plosil

bl gk

CJB o (@M cudisl ) 0als 03 sl &) g0 &LA)'T
Jole o ol 1SS YL (Bolas JulS slaSsl 4l 25k
pas 9 S-S mhw ¥ 0 550 ladile Lol ol Lol
g ¥y el wlidge 058 als (o8 ele 5 S8
Ber g ¥er o gl ¥ 53 (55, Sy s PPM Y- 5010
LS (SR V0 g F ad>pe g0 o (b Jslone &9 PPM
gz S

| Jsmamme covaS 5 oS Loles 5 0ol 2alS 1) Ol G e
! » odle (Candan et al., 2018) aas oo 51,3 b cos
g5 e (St 2 bl 50 g (59, SLS el
Jeshni) ogs  Jaoe (slo 25 4y ol Canglie sl 38l > go
maie S, o5 (S Cogh, el Ll,s s (et al, 2017
Ay oy GRelS s a5 0ad sgasme S Jolxe )0 (59,
Cakmak and ) ol o mals olS bwg ol ois
(Kutman, 2018
Cdls gl 5 55 Gl o asidiogy; 25:a8
oy 5 Lol (SLSL sl o 5 256 Yoone 5 )18 coges
crge S 5 yolie )l 9seeS 00 (G 5l el i
Kihara et al., ) 553 oo (lals o, Sles 5 0, zals
olie el 48 s o lis sadplol Slalae (2020
Sl S5t ez ge Sl 0 (53, 5 0l el i
Wani et al., ) sgi lls o ails o Slae iul38l 5 059,00
S S35, e al 09 a8 Ll & 0 (2022
Pzl )z oS (g5 slaps
33 o 3l 0 Shoe 2l Lot ol (0l &5 Wigd oo

it Lyl )0 094 el B ae (Visconti et al., 2020)

S 5 o Gl Sl 5 oS (glaydis Jobs oy
slasls ;o (Wani et al., 2022) 05 o S5 Jgame
Sl S lyieas (5 Bl Jsbme Sl esliial (ol 51 8
Visconti et ) cwl oo dvogs ails o Slae al581 Jo S50
«(al., 2020

L ool s 0, Shee o 35,080 Jalge ;S0 5|
ol o Shes pSeiz JLalS crge a5 Sl 0 slacile
el ol (29lS (o i ad> o 390 o0 oS
D9 g0 g 5,0 glacale b <8y o Jolie o el
Ol e osls S ails (Slhes Brae s 4 rizen
Wdyame )0 5,0 sladile )4 jpa> a5 o ol YL L
30 sleaale Cy pas S oo sl A opl Ho SIS
Ol il s @ oS 0l adgl Sl 0 035
Foe IS Gl ol )92 (VL el jlelS
o g (Sl o5 sloby, Sl esliul 5,0 glacale
Zaafarian and Rezvani, ) cewl oo slga iy a.als
(2008



yvra g ol Lyl 5 53 3,8 glacile J5 105 g azS 65, 5hes s S5y 2 (BT 5 63y b pan o5 polic il oy

@l 5 (S5 sla Ty (e ¥ ST 51 ol
O Jguz) o (g 5ol S
VEY ol i V0 )l o (Jeds o8)) oS coals
8 () ity 5 S92 Oygon )lal g (s Oygon
bS5l ey S50 ol sl 5 el LG 5y, e
@l bl (29555 gy (1l 0 85 D50 50
25 gladle JuS Grsmen 8l ©j90 SB e
P9 ad>y0 g uziS (T U ez Jol al>50) al> e g0

2 plmil (wd (g Oy (g (o (sl

Sy Olles
9005 i VP Y il V0 [0 ioles] e (s
gy o YIOXD e,8 &)S yo slal s )8 oolel sl o
O wgy g0 alold g yio il O alolday cilS (a0, & ol
D8y 90 u.l.»a‘ slao s 6l)_35 @, Sy YT sl s
Yo oo e jlciiS jl Gion ol a8 F la o cuilsS
Pl S 5o (s ST aiged Galojl liz! Jome S (s el

235 3 5055 S 192 (sS) (il 03bol 5l g 5 S

(p3h S5 515 ol o dauwgd) (ol oo S (o boondd 9 (S 3ud SS9 -) Jgur
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Table 2- Variance analysis of the effect of experimental treatments on yield traits and yield components of sesame
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Figure 1- The triple interaction of weeds, iron sulfate and zinc sulfate on the number of capsules per plant
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Means followed by similar letters show non- significant difference according to LSD tests at 5% level.
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Figure 6- Triple interaction of weeds, iron sulfate and zinc sulfate on biological yield
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Means followed by similar letters show non- significant difference according to LSD tests at 5% level.
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Figure 7- Triple interaction of weeds, iron sulfate and zinc sulfate on H index
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Means followed by similar letters show non- significant difference according to LSD tests at 5% level.
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Table 3- Variance analysis of the effect of experimental treatments on qualitative traits of sesame
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Source of Variation (df) Oil seed Grain protein
s
Replication 2 121.9™ 5.4
i» sladile
Weeds 1 1169.7 126.9™
eiabojlolizsl
Error 5.4 05
ool Slidgw 2
Iron sulfate 3495™ 36.3"
ol Sl X 50 laile 2
Weeds x iron sulfate 64.5" 2.8"
S5y lidgw 2
Zinc sulfate 325.3" 42"
$9) Slig X 50 glacale
Weeds x zinc sulfate 2 13.6™ 0.01™
&9 SWgx ol iy
Iron sulfate x zinc sulfate 4 4.4 3.67
S5y SlilgX ol Sl pn slacile
Weeds x iron sulfate x zinc sulfate 4 38.3™ 1.0"
J5 sl
Total Error 32 128.9 0.1
)
- 13.7 5.1
CV%
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***and ns: respectively, indicating a statistically significant difference at the level of 1%, 5% and no significant difference
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Means followed by similar letters show non- significant difference according to LSD tests at 5% level.
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Figure 9- The effect of zinc sulfate on the percentage of sesame oil
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Means followed by similar letters show non- significant difference according to LSD tests at 5% level.
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Means followed by similar letters show non- significant difference according to LSD tests at 5% level.
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Table 4- Dominant weeds observed in the experimental field

SN) S & g yoaan oslgils ke pb
Life Cycle Photosynthetic Pathway Family Scientific Name
Allosis
. C4 Cyperaceae Cyperus rotundus
Perennial
dlosiz b Als,
. c4 Poaceae Echinochloa crus-galli
Annual to perennial
Sl Al
c4 Portulacaceae Portula oleracea
Fresh annual
FUWRVES
. C3 Fabaceae Alhagi maurorum
Perennial
oo
. C3 Convulvulaceae Convolvulus arvensis
Perennial
LSS
c4 Amaranthaceae Amaranthus retroflexus
Annual
AL
C3 Solanaceae Solanum nigrum
Annual
LSS
Cc4 Poaceae Setaria viridis
Annual
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Abstract

Introduction: Corn (Zea mays L.) is one of the oldest agricultural plants, which has a special place
among agricultural products due to its favorable characteristics, such as high adaptation to climatic
conditions, high production of dry matter, and high water use efficiency. The high production potential
of corn and its importance in feeding livestock and poultry, as well as the variety of products obtained
from corn, have caused this plant to attract the attention of many countries in the world. Management
practices can affect the growth and yield of maize. One practice used to increase yield has been to
adjust the proper planting orientation and spacing between maize rows. Proper distribution and
orientation of the corn plant during planting allows the canopy to absorb more light and thus increases
vegetative growth and grain yield.

Materials and Methods: To investigate the effect of row orientation, crop density, and row distance
on corn (Zea mays L.) growth and yield, a study was conducted at the experimental field of Birjand
University during 2021. Treatments included row orientation (north-south and east-west), corn density
(7.5, 10, and 12.5 plants per square meter), and row distance (35 and 70 cm). In order to evaluate the
effect of row orientation, this effect was considered as the effect of location in two adjacent fields, and
the two factors of density and row distance in each field were done as a factorial layout based on a
randomized complete block design in three replications. Sampling of plants was done in 5 stages of
21 days after emergence. In each of these stages, 3 plants were randomly harvested from one-third of
each plot, observing the margin effect, and characteristics such as leaf surface index and dry weight
of aerial organs were measured. To measure the morphological traits, including plant height, 5 plants
from each plot were randomly selected and marked after the plants were fully established, and their
stem length was measured every 21 days using a ruler in centimeters. It was taken; Then their average
was calculated in each plot. To determine the percentage of light interception (L1%), the amount of
photosynthetically active radiation (PAR) was measured using a radiometer between 11 a.m. and 1
p.m. In each case, 10 measurements were taken from below the canopy and in different directions (to
calculate the light transmitted through the canopy), and two measurements were taken from above the
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canopy (to measure the total radiation reaching the canopy surface). After physiological processing,
biomass and grain yield were measured.

Results and Discussion: The results showed that north-south planting orientation significantly
increased plant height and leaf area index. The increase in leaf area index in this row direction led to
an increase in the light interception (L1%). The row spacing of 35 cm led to an increase in leaf area
index, biological yield, and grain yield; in fact, this increase in yield was the result of greater L1% in
this row spacing. The effect of density was also significant on plant height, fresh forage yield, ear
length, number of grain rows, number of grains per row, total grain number, and 1000 grain weight,
and at the highest level it led to a decrease in all traits except height and fresh forage yield.
Conclusion: The north-south planting row direction in the Birjand region led to the superiority of
plant height, L1%, and leaf area index compared to the east-west planting row direction. Narrow row
spacing increased leaf area index, biological yield, grain yield, and L1% compared to conventional
row spacing. Low density significantly increased yield components, including ear length, number of
grain rows, number of grains per row, total grain number, and 1,000-grain weight. With increasing
plant density, L1% also increased; this is due to the increase in the number of leaves and leaf area per
unit area, which allows plants to utilize more light radiation. Overall, according to the results of this
study, better light conditions in the north-south planting direction led to better growth of corn plants
and increased biomass and grain yield; also, the planting system in 35 cm row spacing can be
recommended to farmers as an agricultural solution to increase corn yield.

Keywords: Growth parameters, Leaf area index, Light interception (%), Plant arrangement, Plant
height
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Table 2- The coefficients of the logistic model fitted to the data of plant height and dry matter in square meters versus time (days

after emergence) in two planting row directions (north-south and east-west), two row distances (35 and 70 cm) and three densities
(7.5, 10 and 12.5 plants per square meter)

. L ol . .
axdllas 9,90 Wlio Jolse T O i
i Parameters
Study traits Factors Levels R?
a+SE T50+SE b+SE
s cp NS 190.59 + 6.42 35.61+1.60 -3.44 +0.44 0.99
Row direction EW 180.70 £ 7.85 37.09+2.01 -3.44+£0.55 0.99
oL il 39 oy abold 35 190.02 + 8.43 36.73+£2.06 -3.36 £ 0.54 0.99
i Row distance 70 181.34 £5.95 35.92 +1.55 -3.51+0.44 0.99
Plant height (cm)
LS o155 75 182.09 £ 7.07 36.95+1.80 -3.63+0.53 0.99
o ) densi 10 182.09 + 7.07 36.95 + 1.80 -3.53+0.53 0.99
ant density 125 189 +6.32 35.38 + 1.58 -3.36+0.41 0.99
cils NS 1673 + 515 58.62 +11.96 -3.63+0.91 0.99
— plail Kt oolo Row direction EW 1433 + 229 52.62 £ 6.03 -4.24 + 0.86 0.99
Ion lo @30y oy abold 35 1588 + 380 55.09 £ 9.27 -3.85+0.94 0.99
J, [
‘5’ Row distance 70 1517 £ 315 55.68 + 7.87 -3.97£0.84 0.99
Dry matter of
- . 75 1335+ 274 56.93 + 7.69 -3.99+0.79 0.99
shoot (gr m?) P oSy
Plant densi 10 1530 + 657 60.22 +16.91 -3.49+1.10 0.98
ant density 125 1686 + 200 50.06 + 4.50 -4.32+0.74 0.99
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Figure 2- Changes in corn plant height during the growing season in two planting row directions (north-south and east-west), two
row distance (35 and 70 cm) and three densities (7.5, 10 and 12.5 plants per square meter)
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Table 3- Coefficients related to the fitting of modified Gossin's four-parameter model to estimate the leaf area index against time
(day after emergence) in two planting row directions (north-south and east-west), two row distances (35 and 70 cm) and three
densities (7.5, 10 and 12.5 plants per square meter)
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Row direction EW 3.46 £ 0.08 38.87+1.20 453 +0.45 74.35 + 1.06 0.99
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| densi 10 3.62 +0.09 41.44 +1.77 5.13+0.65 74.89 +1.62 0.99
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Figure 3- Changes in corn Leaf area index during the growing season in two planting row directions (north-south and east-west),
two row distance (35 and 70 cm) and three densities (7.5, 10 and 12.5 plants per square meter)
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Figure 4- Changes in corn dry matter during the growing season in two planting row directions (north-south and east-west), two row
distance (35 and 70 cm) and three densities (7.5, 10 and 12.5 plants per square meter)
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Table 4- Analysis of variance of the effects of planting row direction, row distance and crop density onbiomass, grain yield, forage
yield and harvest indexof corn

Mean of squares i wo u&ileo

Ol s’ 29bo &o15T az o S 5elgw o ySlos 4o o Sloc il sl y adgle o Sloc
S.0vV df Biomass Grain yield Harvest index Forage yield
Cils cger
. . 1 17622504.3™ 18062500™ 126.10™ 59649877.7™
Row direction (a)
(Cails gy Uas
o 4 28114040.8 19586805.55 197.65 16107069.4
Error (Row direction)
Gy o alold
. 1 72782226.6™ 32585069.44™ 12.15™ 2330711.1™
Row distance (b)
3 51y
] 2 12569770.0™ 7880642.36™ 30.99™ 176978352.8™
Crop density (c)
oSl xe 0, Ry alold
oxb 2 1656575.5™ 2482204.86" 117.80" 26059586.1™
X
G0y o abolixcdls cus
bxa 1 8567816.8™ 390625.78™ 81.57™ 17556100™
ST ix S g
cxa 2 821723.1™ 1485677.08™ 11.46™ 8142886.1™
X
o abobx oS T ixculls cys
9, 2 8630316.8™ 321614.58™ 112.22" 1493880.3"™
cx b xa
s
20 6095941.8 2564930.6 41.96 9690349.4
Error
Ol gt g
- 16.41 18.87 11.68 8.58
CV%

Sosire pf gV Jleizl mhaw 10 (5l cire sdipolid i 5 4 NS §*F
** and ns: Significant at 1% probability levels respectively and not significant

@3 (o g )90 Wlao g pST g s ) abold cudlS g Ol P Gl (pSleo dunzlio =B Jgur
Table 5- Mean comparison of the effects of planting direction, row distance and density on the studied traits of corn

Lo ol b Jole ol S5l o Shos ails 5 Ko F agle 5 Slos

Treatments Levels of experiment factor Biomass (Kg.ha™) Grain yield (Kg.ha™) Forage yield (Kg.ha™)
Al cuer NS 15740* 91942 380352
Row direction EW 14340° 77777 354612
LSD (0.05) 4907.2 4095.9 3714.3
sy alolé 35cm 164622 9437° 37002°
Row distance 70 cm 13618° 7534° 364932
LSD (0.05) 1716.7 1113.6 2164.5
. 7.5 138592 7604° 32608°

IS1Y

) 10 156772 9198° 37443°
Density 125 15583° 8656% 40193
LSD (0.05) 2102.6 1363.9 2650.9

A (5,0 gire gl (51y)s PLSD (5031 /) alams 10 «iio 12 10 S e By > (gl )l (slo o Silo
Means that have common alphabetic in each trait do not significant difference at level%5 base on PLSD test.
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Table 6- Analysis of variance of the effects of planting row direction, row distance and crop density on yield components of corn

Sl po (Silee
Mean of squares
Ol yunds @aloo o3l amys M dgb  ailo cagoy dlass Gydy 4o 4ils dlasy &l S ooy &1, 39
S.0vV df Ear length Kernel rows Kernels per Total number of 1000- kernel
row Kernels weight
cils cus
o 1 0.75™ 0.53™ gne 2844.44™ 1823.29™
Row direction (a)
(Cils cq) s
4 1.93 0.37 4.13 959.59 604.11
Error (Row direction)
Gy o abold
. 1 0.11" 0.004 "™ on 2246.76 ™ 66.15"
Row distance (b)
gt Sl . - - . "
] 2 3.66 0.77 49.87 9097.61 3051.13
Crop density (c)
o1 x 0y (p alold
2 0.27™ 0.16™ 3.29™ 707.77™ 115.44"
cxb
Gudy o abolixedls cus
1 0.69™ 0.36" 9.40" 961" 331.24™
bxa
oS yix el cygs
2 0.81™ 0.27" 3.64"™ 1718.67™ 36.40™
Cxa
Gy oy aolx oS | ix el
2 5.06" 0.12™ 4.72™ 914.01™ 123.27™
cx b xa
s
20 0.93 0.06 8.73 2270.84 424.76
Error
- 6.91 1.83 11.64 13.91 7.81
CV%

G sre e g ao,0 B o) Jloiol mhau )5 (gl s onimsylis o 3 4 NSy FF X
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Table 7-Mean comparison of the effects of planting direction, row distance and density on the studied traits of corn
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Figure 5- Mean comparison of the interaction effect of planting row direction and density, the interaction effect of planting row
direction and row distance and the interaction effects of planting row direction, density and row distance on the measured traits of

corn
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Figure 6- Light interception (%) for two planting row directions (north-south and east-west), two row distance (35 and 70 cm) and
three densities (7.5, 10 and 12.5 plants per square meter)
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Abstract

Introduction: Thyme (Thymus vulgaris L.) plant is one of the most important medicinal plants with
unique medicinal properties in Iran. In arid and semi-arid regions of the world, such as Iran, the level
of soil organic matter is usually very low. Therefore, maintaining and improving soil fertility is
essential to maintain soil health and agricultural sustainability. Plant nutrition is considered one of the
practical ways to improve the production and quality of medicinal and aromatic plants, which has
largely led to the improvement of production and quality in different plants. In order to support the
production of agricultural products and achieve global food security and with the aim of reducing the
negative effects on the environment, a lot of emphasis has been placed on the identification and
exploitation of alternative nutrient sources, such as organic and biological fertilizers. Vermicompost is
one of the most important organic fertilizers that increases the growth and production of various
plants, including medicinal plants. Also, biochar is a carbon-rich solid material that affects nutrient
availability, water storage, and cation exchange capacity. On the other hand, arbuscular mycorrhizal
fungi play an important role in the growth and productivity of the host plant by improving the
acquisition of nutrients and also affect the quality of plants.

Materials and Methods: Morphological traits (biomass peoduction, plant height, root weight and
volume), chlorophyll and carotenoid content and nitrogen and phosphorus uptake of thyme were
investigated in an experiment during two growing seasons (2019-2020 and 2020-2021). In this field
experiment, the effect of different nutritional treatments including control (without fertilizer),
vermicompost (12 tons per hectare), chemical fertilizer (100 kg nitrogen and 120 kg phosphorus per
hectare), combined treatment of 50% vermicompost and 50% Chemical fertilizer (6 tons per hectare of
vermicompost + 50 kg of nitrogen and 60 kg of phosphorus per hectare), combined treatment of 50%

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).


https://cropscience.uoz.ac.ir/
https://doi.org/10.22034/csrar.2024.476283.1436
https://doi.org/10.22034/csrar.2024.476283.1436

OHop g oI5 oo Yvs

vermicompost and biochar (6 tons of vermicompost + 5 tons of biochar per hectare) and combined
treatment of 50% of chemical fertilizer and biochar (50 kg of nitrogen and 60 kg of phosphorus + 5
tons of biochar per hectare) that were applied to ploanting bed during two years were investigated. In
each fertilizer treatment, the planting bed was subjected to inoculation and non-inoculation with
arbuscular mycorrhizal fungus (Funneliformis mosseae).

Results and Discussion: the integrated treatment of vermicompost and biochar increased biomass
(57%), plant height (30%), root volume (58%), root dry weight (109%) and nitrogen uptake (65%)
compared to control. The highest amount of phosphorus uptake was obtained from the integrated
treatment of vermicompost and biochar in the second year of growth, which showed an increase of
113% compared to the control treatment of the same year. The integrated treatment of chemical
fertilizer and biochar caused an increase of 92% in the content of chlorophyll a and 64% in the content
of total chlorophyll (a + b), in both of them there was no significant difference with the treatment of
chemical fertilizer. All fertilizer treatments increased carotenoid content (10-18%) compared to the
control, but no significant difference was observed between fertilizer treatments. In general, the first
year showed higher chlorophyll a, a+b and carotenoid content than the second year. Except for
chlorophyll b and carotenoid, other studied traits were significantly affected by inoculation with
arbuscular mycorrhizal fungi.

Conclusion: All investigated traits except chlorophyll b and carotenoid were significantly affected by
inoculation with arbuscular mycorrhizal fungi. In general, fertilizer treatments were effective on
morphological characteristics, chlorophyll and carotenoid content, and nutrient uptake in thyme plants.
Among the fertilizer treatments, the integrated treatment of vermicompost and biochar had the greatest
effect on the studied traits.
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Table 3- Effects of different fertilizer treatments on Biomass, Plant height, Root volume and Root dry weight

N 009 S e, Ay S (339 Al y x>
699 b
Biomass Plant high Root dry weight Root volume
Fertilizer treatment @r/ m) (em) (@r) (em®)
sl d 16.18 108.34 + 2.62 ¢ 19.98 + d0.46 2.48 + d0.81572+
Control
)] 20.54 cd 117.94 + bc 3.47 22.78 + bc 0.58 3.45 c096.36+
Vermicompost
g+ CawgeeS (o059 a25.5169.98 + a4.3928.72+ al01519+ a9.05+1.12
biochar+Vermicompost
losd 355 b 21.01148.33 £ ab 3.08 25.91 + b 074384 bc1.037.29 +
Chemical fertilizer
s+ looed 555 c17.41131.15+ b 3.0124.84 + bc 0.68 3.67 + b 0.907.68 +
Biochar+Chemical fertilizer
oot 355+ CemgreS (a3 c18.47 126.17 + b 4.40 23.64 + c0.623.16+ c1.016.99 %
Chemical +Vermicompost
fertilizer
p-value <.0001 0.0019 <.0001 <.0001

1 0) o gme gkl glas JBlas ge3T bl lo e (6Ll B 0Bl (S i By (slyls (o lailinl glas £) sla Sl ¢ wyp S50 Lo ,o glp
2l e (LSD; P<

For each investigated trait, the averages (x standard error) with common letters have no statistically significant difference based on the
minimum statistically significant difference test (LSD; P<0.05).
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Table 4- The effect of mycorrhizal fungi on biomass production, plant height, root volume and root dry weight

13259650 229 St w) Ay ) SES (39 ala ) pxe>
XIPS
. Biomass Plant high Root dry weight Root volume
Mycorrhiza @rim?) (cm) (r) (cm?®)
cil pae 9752366125 205430%23 5860193 125164%6
Non-inoculated
ol 210.3065 *.141 239432*25 209.107 *4 4921667
Inoculated
p-value 0.0007 0.0111 <.0001 <.0001

Sglis JBlaz yge3] Lululys o cire (5 k] BT 0Bl (S jiie By y gl (0, lailinl slas £ . Sile) GloSilee (5t B 30 sy 050 Cuo Hb (glp
il se (LSD; P< +/40) o sxe

For each investigated trait, the averages (x standard error) with common letters have no statistically significant difference based on the
minimum statistically significant difference test (LSD; P<0.05).
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Table 5- Effect of different fertilizer treatments on chlorophyll and carotenoid content

&9 sl a Judg 5 ath Judy )5 Seigii g 5
Fertilizer treatment Chlorophyll a Chlorophyll a+b Carotenoid
©47.066 *1 ©63076*2 ©0.1402*1
Control
S (09 b71041%2 293064 *3 (91112
Vermicompost
> Cow
S Sz g0 b58044+2 279066 3 4021117
biochar+VVermicompost e
tlensd o5 ®76079*2 ® 02106 *4 2027118
Chemical fertilizer
>0+ oliond 055
TR T e + +
275019*3 205.153*4 a +
biochar+Chemical fertilizer 0.281.20
Leacds 095 + S
oot 355 1 SS9 b82051*2 b05169*3 4024113
chemical fertilizer+Vermicompost -
p-value <.0001 0.0004 0.0339

o glis JBlas yge3] (wlal s cme (g Lol GBS w8l (S5 jie gy (shls (0 luilinl slas E . S5he) (slanSils sy Oy50 Ciho ,o (Sl

sl s (LSD; P< +/-0)

For each investigated trait, the averages (+ standard error) with common letters have no statistically significant difference based on the

minimum statistically significant difference test (LSD; P<0.05).
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Table 6- The effect of mycorrhizal fungi on chlorophyll content

1325950 a by ks Judg 5 a+b
Mycorrhiza Chlorophyll a Chlorophyll a+b
C-°-14 5 pas
0.74b 2.36 + 0.9b 350+
Non-inoculated
s
a0.86 2.64 + all13394+
Inoculated
p-value 0.0095

o glis JBlas yge3] (ol jls cme (g Lol GBS 0Bl (S jie gy sl (0 luilinl slas F . S5he) (slanSils sy Oy50 Chho ,o (Sl

axib ge (LSD; P< +/-0)

For each investigated trait, the averages (+ standard error) with common letters have no statistically significant difference based on the

minimum statistically significant difference test (LSD; P<0.05).
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Table 7- Effect of year on chlorophyll and carotenoid content

Jue a Judg ks a+bh 35,15 Sdgidg S
Year Chlorophyll a Chlorophyll a+b Carotenoid
WWAA - vas 0.7322.90 % 0.95 a4.24+ 0.18a1.29+
2019-2020
AR B A b 0.68 2.10 + b 0.86 3.21 + b 0.150.98 +
2020-2021
p-value 0.0090 0.0210 0.0010

o glis JBlas ygej] wlol s jlo cme (g Lol M w8l oS fie gy shls (0 lailinl slas . Ske) (slanSils sy Dy50 b yo (gl

aib ge (LSD; P< -/-0)

For each investigated trait, the averages (+ standard error) with common letters have no statistically significant difference based on the

minimum statistically significant difference test (LSD; P<0.05).
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Figure 2- The effect of fertilizer treatments on nitrogen absorption. Means (mean + standard error) with common letters have no

statistically significant difference based on the minimum significant difference test (LSD; P<0.05). C: Witness; CF: chemical
fertilizer; CF+B: mixture of chemical fertilizer and biochar V: vermicompost; V+B: mixture of vermicompost and biochar
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Figure 3- The effect of mycorrhiza on nitrogen absorption. Means (mean + standard error) with common letters have no statistically

significant difference based on the minimum significant difference test (LSD; P<0.05). C: Witness; CF: chemical fertilizer; CF+B:
mixture of chemical fertilizer and biochar V: vermicompost; VV+B: mixture of vermicompost and biochar.
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Figure 4- The interaction effect of fertilizer and year treatments on phosphorus absorption. Means (mean + standard error) with
common letters have no statistically significant difference based on the minimum significant difference test (LSD; P<0.05). C:
Witness; CF: chemical fertilizer; CF+B: mixture of chemical fertilizer and biochar V: vermicompost; V+B: mixture of
vermicompost and biochar; -AM: no inoculation and +AM: inoculation with mycorrhizal fungi
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Figure 5- Interaction effect of mycorrhiza and sal on phosphorus absorption. Means (mean + standard error) with common letters

have no statistically significant difference based on the minimum significant difference test (LSD; P<0.05). -AM: no inoculation and
+AM: inoculation with mycorrhizal fungi
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Abstract

Introduction: Drought stress arises from an imbalance between soil water evaporation and the
availability of moisture, triggering a cascade of morpho-physiological and biochemical changes in
plants that impair their growth, development, and productivity. Among the most detrimental impacts
of drought is the diminished uptake of essential nutrients, which leads to deficiencies that exacerbate
plant stress and reduce agricultural yields. As global populations continue to rise, ensuring food
security under the pressures of climate change—including increasingly frequent and severe
droughts—requires innovative, sustainable, and cost-effective agricultural practices. Modern
strategies such as the application of soil amendments like zeolite and biochar have emerged as
promising tools to mitigate drought-induced stress. These amendments enhance soil water retention,
improve nutrient availability, and bolster plant resilience, offering a practical approach to sustaining
crop productivity in water-scarce environments. By improving soil health, water-holding capacity, and
nutrient uptake, these methods not only support plant growth under adverse conditions but also
contribute to long-term agricultural sustainability, addressing the urgent need to adapt to climate
variability. This study was designed and conducted to investigate the effects of biochar and zeolite
organic fertilizers on the morphophysiological characteristics of safflower under drought stress
conditions.

Materials and Methods: The study was conducted during the 2022-2023 growing season at the
Agricultural Research Institute of Zabol’s research farm, as split-factorial design within a randomized
complete block framework, replicated three times. The main factor consisted of three irrigation levels
based on field capacity (FC): 100% (well-watered), 75% (moderate stress), and 50% (severe stress).
Sub-factors included factorial combinations of zeolite and biochar, each applied at three levels: 0%
(control), 2.5%, and 5% of the soil’s bulk weight. These treatments were designed to assess their
influence on agrophysiological traits under varying water availability. Data collection encompassed a
range of parameters, including plant height, leaf area, chlorophyll content, seed yield, and oil

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
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percentage. Statistical analysis was performed using SAS software (version 9.1), with mean
comparisons conducted at a 5% significance level using the Least Significant Difference (LSD) test.

Results and Discussion: The findings revealed that drought stress significantly reduced total leaf
chlorophyll content. A triple interaction (drought stress x biochar x zeolite) significantly influenced
multiple traits, including plant height, leaf area, number of secondary branches, inflorescences per
branch, thousand-seed weight, relative leaf water content, carotenoid levels, seed yield, and oil
percentage. Mean comparisons highlighted that the highest seed yield was achieved under moderate
drought (75% FC) with a combination of 2.5% biochar and 5% zeolite, suggesting an optimal balance
of water conservation and nutrient enhancement. Conversely, the maximum oil percentage was
recorded under full irrigation (100% FC) with 5% biochar and 5% zeolite, reflecting the synergistic
effect of these amendments in well-watered conditions. The highest carotenoid content was observed
under 100% FC with 2.5% zeolite and biochar, indicating improved photosynthetic efficiency. These
results underscore the capacity of biochar and zeolite to mitigate drought-induced declines in
morphophysiological traits and yield components by enhancing soil moisture retention and nutrient
availability.

Conclusion: This study demonstrates that reduced soil moisture adversely affects safflower’s
morphophysiological characteristics and seed yield. However, the application of biochar and zeolite
effectively counteracts these negative effects, particularly under intensified drought conditions. By
improving water retention, nutrient uptake, and plant resilience, these amendments offer a viable
strategy for sustaining crop productivity in arid and semi-arid regions. The findings advocate for the
integration of biochar and zeolite into agricultural practices as a sustainable solution to enhance food
security and adapt to climate change challenges.

Keywords: Carotenoid, Deficit irrigation, Oil percentage, Phenol, Soil amendment
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Table 1- Physical and chemical properties of soil (0-30 cm)
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Table 2- Amount of nitrogen, phosphorus, and potassium in biochar
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Table 3- Weight percentage of calcium zeolite compounds used in experiment
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Table 4-Analysis of variance (ANOVA) of some morphophysiological traits and yield of safflower under drought stress, biochar, and
zeolite treatments
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weight content
LSS . - " - " - "
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ns, *, and **: indicate no significant difference, significant difference at the 5% probability level, and significant difference at the 1%
probability level, respectively
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Table 5- Means comparison of some qualitative traits of safflower under drought stress, biochar, and zeolite treatments

L s A a5l olaxy 39 TS sl
e o y3) ylegu #EE ™ <58 Ly wls Hl3 (59
Drought ( o) Plant
T . Leaf area No. No 1000-seed
stress ) (o> height . ] .
(%FC) Biochar Zeolite (cm) (cm®.cm?) branch inflorescence per weight(g)
per plant branch

0 67.19 1295 ° 6.0¢ 11.0« 37.95°

25 79.0° 1380 ¢ 6.5° 12.1° 38.80°

796f 1400°¢ 6.5° 12.0¢ 40.422

25 0 78.1 1520°¢ 5.0¢ 11.0 37.23°

100 25 25 88.04 1720 5.6° 11.1° 39.59%

25 5 88.9¢ 1630° 6.0 15.0° 40.27 2

5 88.04 1637 ° 6.5° 12.0° 40.36 ®

5 25 105.02 19156° 9.02 15.1° 44.0°

5 5 107.17 1830 9.12 19.92 40.10%

0 0 65.09 700 f 6.0 ™ 15.1° 34.80°

0 25 85.1¢ 705 f 8.5 18.0 % 35.63 %

0 89.0¢ 799 ¢ 6.2 15.0° 37.39%

25 0 86.9 ¢ 897¢ 55¢ 11.0 36.49%

75 25 25 91.0¢ 938 % 6.1% 11.1¢ 34.80°

25 5 95.1° 1064 ¢ 6.5° 14.0% 31.59°

5 0 88.94 1080 ¢ 6.1 15.9° 33.08°

5 25 90.0°¢ 1164 « 6.4° 15.0° 37.18%

5 5 88.9¢ 1298 ¢ 7.0° 15.1° 35.41%

0 0 58.1" 5639 41° 9.5¢ 19.00f

0 25 81.0¢ 580 9 6.0 11.0« 19.89f

0 85.1¢ 5519 55¢ 12.0°¢ 20.15f

25 0 85.9¢ 5739 6.0 ™ 10.0¢ 23.11°

50 25 25 85.9¢ 590 ¢ 6.1 11.5¢ 25.74¢

25 5 87.1¢ 597 9 6.0 12.1° 27.16 ¢

0 80.0 % 603 7.0° 12.0°¢ 28.24

25 80.9% 624 7 7.0° 10.1¢ 30.17 ¢

5 5 91.1° 620 8.0¢% 13.0% 31.02°¢

35,15 w0 bl e glis ao po iy Jledl gl 10 LSD (ygel bl s aslie gy (sl (slonSilee (5w 5o 40
In each column, the averages with the same letters do not have a significant difference based on the LSD test at the five percent probability

level.
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Table 6- Means comparison some morophysiological traits and yield of safflower under drought stress, biochar, and zeolite

treatment
VT, e s . s o .
s aoyd) 0o 3) o Slos b s dudgidg,ls o ol (g 9y ey
Drought (oo (o> Yield Chlorophyll total Carotenoid Relative water Qil
stress (kg hal) (mg.gt FW) (mg.gt FW) content (%) percentage
(%FC) Biochar Zeolite

0 0 1320° 9.63¢ 0.94 66.58 “ 25.32°

25 1418¢ 10.78 ¢ 2.32° 70.55% 26.72°

0 5 1450¢ 10.52 9 2.34° 68.71° 26.48 °

25 0 1430°¢ 10.67 o 0.80% 71.38° 27.72%

100 25 25 1457 ¢ 10.93 *¢ 2642 70.52 29,542
25 5 15209 11.71%® 1.82¢% 71.43%® 25.74°

5 0 1432 ¢ 10.61 >F 1.84¢¢ 74.11° 26.52 b

5 25 1447¢ 11.30 % 2.13% 68.52° 28.82°

5 5 15984 12432 2.14% 69.74° 32.79¢

0 0 1490 % 8.26 ik 2.09 ™ 68.0°¢ 18.64

0 25 1573¢ 9.60 ¢ 1.269 66.4< 19.71
0 5 1652 9.70 ¢ 1.49f 65.1¢ 20.18%

25 0 1680 9.22 193¢ 63.02¢% 21.94°¢

75 25 25 1720 ¢ 10.14 9 1.63° 61.8¢ 23.74¢
25 5 1960° 9.54 ¢ 1.63¢ 60.7 ¢ 22.6¢

5 0 1830° 9.07 Mk 150f 60.3° 25.4°

5 25 1856° 10.80 ¢ 1.239 63.0 % 28.3%

5 5 1900 10.97 ¢ 1.18" 65.0¢ 3182

0 0 560' 4.89m™ 1.071 51.0f 10.99

0 25 581" 7.90 4 1.05° 498f 12.11

0 5 592 hi 8.74 Mk 1.007 48.37 1437

25 0 590" 8.24 i 0.98} 49.0° 15.0f

50 25 25 603" 9.42 ¢ 0.87% 50.0f 15.8f
25 5 632" 9.93 ¢ 0.85k 431" 16.5¢

0 689" 6.730" 0.734 41.8" 17.31%

25 691" 7.95 M 0.69' 42.35h 17.5¢%

5 7899 9.60 +i 0.60' 43.0" 18.79¢

35,05 w0 bl e glis ao po iy Jledl gl 0 LSD (ygel bl s aslie gy sl (slonSilee (5w 5o 40
In each column, the averages with the same letters do not have a significant difference based on the LSD test at the five percent probability

level.
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Figure 1- The interaction effect of drought stress x biochar on total phenole content
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Abstract

Introduction: Sugar beet (Beta vulgaris L.) is well-known as the second most important sugar-
producing crop after sugarcane, contributing to more than 30% of world sugar production. Water stress
is considered one of the main factors of reducing Sugar Beet yield, and therefore it is necessary to use
strategies to reduce its adverse effects. the external application of growth regulators under stress
conditions eliminates the lack of internal plant regulators and reduces the damage of stress on plant
growth. Exogenous PAs application can effectively upregulate the situation; among different types of
PAs, putrescine and spermidine were found to have the greatest significance in plants water stress.
polyamine can respond to different abiotic and biotic stresses by regulating physiological
processes. The purpose of this research is to investigate the effect of irrigatin regimes and polyamine
foliar spraying on quantitative and qualitative traits and nutritional elements of Sugar Beet.

Materials and Methods: This experiment was conducted as split plots based on a randomized
complete block design with three replications in Rokh plains of Torbat Heydarieh city Torbat
Heydarieh region of Razavi Khorasan province in 2020. The main plots were allocated to irrigation
treatments including: 100, 75 and 50% of water requirement and the sub plots were allocated to
polyamine treatment in the form of foliar spraying including: putrescine (1 and 0.5 mM), spermidine
(1 and 0.5 mM) and control (without foliar spraying) were placed in sub-plots. Drought stress was
applied on the 8-leaf of the vegetative growth stage. The foliar application was done in two stages:8
leaves and the middle stage of the growing season (18 to 20 leaves).One week after foliar feeding,
nutrients including: nitrogen, phosphorus, potassium, calcium, magnesium, iron, zinc, copper,
manganese and boron were measured in leaf samples. At the end of the growing season, quantitative
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traits including: fresh and dry weight of shoot, root weight, root yield and qualitative traits including:
percentage of sugar, harmful nitrogen, potassium and sodium were measured.

Results and Discussion: The results showed the effect of polyamine foliar spraying and irrigation on
all functional traits including biological yield, root yield, root dry weight, leaf fresh and dry weight
and sugar content, qualitative yield traits including: sugar yield, white sugar yield, extractable sugar
and coefficient extraction of sugar and leaf nutrients was significant. In the foliar application of
polyamines, 1 mM putrescine treatment had the highest quantitative, qualitative and leaf nutrients,
which has not significant difference with 1 mM spermidine. A significant difference was also observed
between irrigation levels in all functional traits. Water stress caused the reduction of nutrients in the
leaves and the highest amount of elements was obtained from the full irrigation treatment. The effects
of polyamines * irrigation on some traits such as root yield, sugar yield and white sugar yield were
significant and there was no significant difference between putrescine and spermidine treatment at
100% and 75% of field water requirement. In the mild stress treatment (75% irrigation), the amount
of root yield was lower compared to the 100% irrigation level, at the same time, a small difference in
root yield was observed between the application of two types of polyamine used at the level of 1
millimolar and the level of mild stress. Therefore, with foliar spraying of polyamines in the amount of
one millimolar at a mild stress level, the amount of root yield equivalent to the optimal irrigation level
was reached.

Conclusion: In general, foliar spray with polyamines significantly improves the morphophysiological
traits, quantitative and qualitative yield of sugar beet and reduces the negative effect of drought stress,
which is probably due to the important role of these elements in the process of osmotic regulation and
other physiological, nutritional and biochemical reactions of plants. Therefore, polyamine foliar
spraying (potrescine and spermidine) in 1 mM concentration with 75% of RW irrigation is
recommended in sugar beet cultivation, especially in drought stress conditions. These findings
collectively provide an important illustration of the use of polyamines in modulating drought tolerance
in sugar beet plants.

Keywords: Extraction coefficient of sugar, Growth regulators, Root yield, Sugar yield
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Table 1- Physical and chemical properties of soil from study site
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Synoptic Station during the sugar beet growing season Table 2- Some important meteorological components of Torbat Heydarieh

in 2020
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Table 3- ANOVA of yield traits of sugar beet under different irrigation levels and polyamine spraying
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o Root yield Root dry . Leafdry content Sugar a-amino-N
Biologic yield . weight .
weight weight
Ssb
2 219 ™ 1.68 ™ 0.1156 ™ 0.429 ™ 0.0115 ™ 0.072 ™ 0.0056 ™
Block
d)lﬁ-fi " . . - . .
o 2 2670.9 1432.5 89.58 191.98 5.473 3.51 0.0042 ™
Irrigation
shol glas
4 24.87 13.47 1.045 1.785 0.0618 0.127 0.0028
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ol by
ool ook 4 1442 ™ 86.79 6.22 ™ 7.69 ~ 0.272 ™ 17.66 ™ 0.652 ™
Polyamine
&bl # ool by -
- 8 23.77 ™ 15.73 1.07 ™ 1.745 ™ 0.0232 ™ 0223 ™ 0.002 ™
55 s
24 10.279 4.39 0.48 2.19 0.0423 0.155 0.0039
Error b
Ol ot o
8.86 9.98 13.02 11.66 7.24 8.21
C.V (%)

SIS sre b g o,y a9 S phaw (0 0 P o 5 4 NS g s e
*, ** and ns: significant at 1% and 5% level and not significant respectively
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Table 4- Mean comparison of yield traits
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Jtes weight weight o (Mmol/100g)
(t/ha) (t/ha) (t/ha) (%)
Treatments (t/ha) (t/ha)
GJ 3o oy Voo
70313 a 51967 a 14.36 a 18.17 a 294 a 17.30 b 1.93 a
100% RW
59.951 b  44.827 b 1271 b 1513 b 244 b 18.16 a 195 a
Water stress 75% RW
‘s:‘i B RS
43.678 ¢ 32.641 ¢ 955 ¢ 11.04 ¢ 174 ¢ 1735 b 196 a
50% RW
V i gy
] 62.19 a 46.60 a 13.14 a 15.58 a 258 a 18.77 a 1.78 ¢
Potrescine 1
1O Ly i 9y
. 58.73 b 4342 b 1230 b 1531 a 241 ab 18.08 b 1.84 hc
Potrescine 0.5
ol by Yy A yomint]
o0 A O S0
] o 61.34 a 4571 a 1285 ab 14.83 a 248 ab  18.56 ab 1.82 bc
Polyamine Spermidine 1
18 33,900 g
o 58.85 b 4391 b 1239 b 1494 a 2.40 ab 1761 ¢ 187 b
Spermidine 0.5
51.29 ¢ 38.08 ¢ 10.85 ¢ 1321 b 210 ¢ 15.22 d 243 a
Control
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different letters in a column have significantly difference.
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Table 5- ANOVA of qualitative yield traits of sugar beet under different irrigation levels and polyamine spraying
Olaypo (il
R ax e MS
&3] . . s RS b s o Oflos S 0 Slos
S.0V Al 5w ol 5 by S8 o 0 . ) .
df oo Jlazsw! Jlazw! L Aurdns
Root Na Root K ALC
MS WSC ECS w8 SY WSY
sl
2 0.00%1s 0.0001"™ 0.0116"™ 0.0002 "™ 0.074" 0.165"™ 0.015m 0.005™
Block
skl ” " " - - -
o 2 0.112 0.231 0.051™ 0.0035"™ 3.33 3.222 45.66 29.47
Irrigation
ol slas
4 0.0047 0.0014 0.016 0.0008 0.118 0.096 0.38 0.250
Errora
"_JJ 4 0.036 ™ 1427 3.62™ 0.0744 ™ 15.49 ™ 12.68 ™ 1091 8.24™
Polyamine
d)lﬁ-?i ® u...ni < " X
| 8 0.0025"™ 0.023™ 0.022"™ 0.0026 "™ 0.198 ™ 0.170™ 0.79 0.55
Js ‘suaa'
24 0.002 0.039 0.024 0.0049 0.172 0.465 0.22 0.165
Error b
e
7.75 7.74 6.42 7.94 9.85 8.32 10.64
C.V (%)

SIS sre b g o,y a9 S rhaw (0 0 P (o 5 4 NS g s e

*, ** and ns: significant at 1% and 5% level and not significant respectively
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Table 6- Mean comparison of qualitative yield traits

Olo
. - R S ySlos 3 ySlos
Traits Aoy o Adeyeawly  epd WBawe JlAS eyl . .
e 5L i Jlamiul P MR 5D
Root Na Root K il ok Jlazil
Sl (Mmol/100g) (Mmol/100g) ALC MS wsc  ECsas  SY WSY
(t/ha) (t/ha)
Treatments
&1 3L dwoy3 Voo
264 b 537 a 422 a 29 ab 1380 b 79.67 b 9.03 a 721 a
100% RW
)T s N FRWINS7
< « ’ 271 b 533 a 421 a 292 a 14.65 a 80.54 a 819 b 6.62 b
Water stress 75% RW
&1 3L o ys B
281 a 514 b 411 a 289D 13.87 b 79.83 b 5.68 ¢ 454 ¢
50% RW
Vo yi gy
2.64 d 561 a 463 a 297 a 15.20 a 80.95 a 8.76 a 7.09 a
Potrescine 1
Oy y gy
] 2.70 bc 538 b 440 b 292 a 1456 b 80.51 ab 784 b 631 b
Potrescine 0.5
ool (b Y (200 !
o 2.69 cd 5.45 ab 448 ab 294 a 1482 ab 80.72 a 835 ab 6.88 ab
Polyamine Spermidine 1
«[O uJM).uw‘
- 274 b 538 b 434 b 294 a 14.07 ¢ 79.89 b 775 b 6.20 b
Spermidine 0.5
by
281 a 459 ¢ 306 c 274 b 1187 d 78.01 ¢ 5.80 ¢ 452 ¢
Control

different letters in a column have significantly difference.
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Table 7- ANOVA of nutrition element traits of sugar beet under different irrigation levels and polyamine spraying in first sampling
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(J9! 610 paiged) Olay po (uSlo
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¥ il ol MS (First sampling)
5 . - . 7 e
S.0V Oy yhwd el peedS e mow o2l o e 89
df
N P K Ca Mg Na Fe Cu Mn Zn B
sl
Block 2 0.0068™ 0.00°™ 0.023™ 0.005™ 0.0014™ 0.008™ 42.78™ 0.305™ 28.24 ™ 7.47 ™ 411 ™
ocl
skl
o 2 0.116" 0.017™ 0217 0.011° 0.035™ 0.052" 713.19™ 0.241™ 128.58 ™ 203.48 ™ 198.53 ™
Irrigation
ol sl
4 0.015 0.0001 0.0069 0.0027 0.0001 0.001 59.16 0.085 441 27.97 19.82
Errora
R
. 4 0.602™ 0.0148™ 1.65™ 0.0122™ 0.0098 ™ 0.017 ™ 2653.9 ™ 18.56 ™ 476.77 " 580.58  765.76 ™
Polyamine
Sl ool Sy
| 8 0.033™ 0.0001™ 0.004™ 0.0004 ™ 0.00056"™ 0.0006"™ 37.23™ 0.157 "™ 1253 ™ 11.92 ™ 27.72 ™
JS‘_gUaa'
Error b 24 0.033  0.0009 0.02 0.0015 0.00066 0.0023 5325 0.466  25.19 20.52 22.14
rror
9.91 7.64 9.73 7.78 6.21 7.00 7.87 9.87 11.40 10.83
C.V (%)

SO sire E g ao,d a9 S e )8 I8 e S 5 4 NS g
*, ** and ns: significant at 1% and 5% level and not significant respectively
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Table 8- Mean comparison of nutrition element traits (first sampling)

Wlao
Traits Oiare yhed by S i e ol e S ) »
N P K Ca Mg Na Fe Cu Mn Zn B
e @) (%) %) () (%) (%) (mgkg) (mgkg) (mgkg) (mgkg) (mg/kg)
Treatments
RIS I
480a 0045a 402a 071a 072a 39 c 191.75a 1510a 7465a 5405a 7103 a
) 100% RW
3 [ -
3 5 aenve
- 8 464 b 0043b 376b 068b 069b 398b 18357 b 1310b 7239 b 4934 b 69.47 ab
Y § 75% RW
P REWIRY.S
465b 0039c 379b 066b 063c 407a 17227 c 1188 c 7215b 4518 b 66.02 b
50% RW
Vomwis
. 498a 048a 425a 074a 071a 397 bc 207.06 a 1514 a 8157 a 5883 a 7987 a
Potrescine 1
18 (i yigy
) 470 b 043 b 408b 0.68 bc 0.68 ab 4.06 a 18046 c 14.72 a 73.96 bc 46.62 ¢ 69.64 bc
o Potrescine 0.5
s C
b } otk o 199.33
30S o 499a 046ab 419ab 070ab 070a 396 c 1476 a 77.03 ab 55.25 ab 76.73 ab
% S Spermidine 1 ab
o1& ty. 00 !
. 473 b 041 b 403b 067 bc 067 b 401 ab 17268 d 1393 b 7048 ¢ 4401 c 6728 c
Spermidine 0.5
sl
c | 428c 037c 317c 064c 063c 404 a 16214 e 1158 c 6228 d 3823 d 5468 d
ontro

Sl Hlo gme BB Kl gt o 50 Dglate g >
different letters in a column have significantly difference.
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Table 9- ANOVA of nutrition element traits of sugar beet under different irrigation levels and polyamine spraying in second
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sampling
(95 519 piged) Glas yo (1Slse
.o . 4?)&
i @b S MS (Second sampling)
$°h P 2o . .. T e
S.0V of O35 yhwd el S e o ool o PR 89 »
N P K Ca Mg Na Fe Cu Mn Zn B
Sobs 0.015 0.0012 0.129 0.0019 0.003 0.0009 40.06 0.091 16.33 16.64 16.23
B IOCk 2 ns ns ns ns ns ns ns ns ns ns ns
&bl
5 0.437 0,008 * 0.488  0.0236 0.0389  0.035 221.09 1277 8136 173.87 158.89
Irrigation
sl
Lo 4 0.009 0.0005 0.083  0.0014 0.0014  0.009 50.16 0.54 9.10 493 571
Error a
ool Sl
4 0.684 0.00112 1.463 0.111 0.0092 0.036 2500.39 21.27 397.83 45472 972.63
Polyamine
s ool (Mo
o 0.030 0.0003 0.013 0.0012 0.0004 0.0007 25.30 0.66 8.17 15.11 25.23
‘5) 8 ns ns ns ns ns ns ns ns ns ns ns
P*1
I slbs
24 0.02 0.0008 0.056  0.0016 0.0003 0.0018 75.63 0.52 20.75 18.96 24.46
Errorb
Oyl g i 10.40 9.59 8.58 7.33 6.07 8.66 9.08 1002 1154 1077

C.V (%)

IS sire mE g oy a9 S )0 I8 g T 4 NS g
*, ** and ns: significant at 1% and 5% level and not significant respectively
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Table 10- Mean comparison of nutrition element traits (second sampling)

Ol
aits
sl

Oiar hed by el mise mow ol e EKe o) 2
N P K Ca Mg Na Fe Cu Mn Zn B
) (%) () (%) (%) (%) (mgkg) (mgkg) (mglkg) (malkg) (malkg)

Treatments
B{RRWIRLE
539a 047a 433a 075a 0738a 387a 19820a 1643 a 8551 a 5944a 7611 a
A 100% RW
L -
8 Libaesve
_ 5 533a 044b 434a 074a 0697 b 393a 18755b 1369b 7504b 5244b 7334 b
Y B 75% RW
= (T RWILY.
’ 507b 042b 402b 069b 0637c 39 a 17667 c 1445b 7055c 4711c 69.62c
50% RW
Vs
oS 5546 ab 049a 453a 077a 073a 384c 21192a 1551 a 8468a 6065a 8634 a
Potrescine 1
NI
‘”_N” 5 533b 043b 439a 072b 069b 393b 18274 c 1517ab 7558 bc 50.68 bc 73.02 ¢
.2 Potrescine 0.5
b g Y (ot s
3 S i 556 a 047 ab 445ab 074ab 071a 3.87c 19945ab 15.19ab 81.14 ab 56.67 ab 83.14ab
% S Spermidine 1
e 526b 043 b 425b 071bc 068b 395b 17649 cd1394c 7366 c 4683 c 69.23 ¢c
Spermidine 0.5
L
C‘M | 481 c 039c 353c 068c 064c 40la 16875d 11.65d 6643 d 4217d 5838d
ontrol

Sl Hlo gme BB Kl gt o 50 Dglate g >
different letters in a column have significantly difference.
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Figure 1- Means comparisons for sugar beet root yield under polyamine application and different irrigation levels.
Common letters in the columns indicate no significant difference (LSD 5 %).
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Figure 2- Means comparisons for sugar beet sugar content under polyamine application and different irrigation levels.
Common letters in the columns indicate no significant difference (LSD 5 %).
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Figure 3- Means comparisons for sugar beet white sugar content under polyamine application and different irrigation levels
Common letters in the columns indicate no significant difference (LSD 5 %).
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Abstract

Introduction: Identifying a congenially targeted production environment and understanding the
effects of genotype by environmental interactions on the adaptation of chickpea genotypes is essential
for achieving an optimal yield stability. Different models like additive main effect and multiplicative
interactions (AMMI 1, AMMZ2), weighted average absolute scores of BLUPs (WAASB), and genotype
plus genotype—environment (GGE) interactions were used to understand their suitability in the precise
estimation of variance and their interaction.

Chickpea (Cicer arietinum L.) is a cool-season grain legume traditionally important in the human diet
of Mediterranean and Asian countries that has been increasingly adopted as food globally. GEI can be
studied by a number of methods, such as AMMI (additive main effect and multiplicative interaction)
analysis or GGE biplot (genotype plus genotype-by environment). However, as long as these methods
assume genotypes as random variables, they are not appropriate for analyzing the structure of the
linear mixed-effect model (LMM). WAASB (weighted average of absolute scores) has been proposed
to better characterize ideal genotypes and a superiority index, WAASBY, to select genotypes based
on both yield performance and the WAASB stability score. One of the multivariate methods is AMMI
analysis. The BLUP provides reliable estimates, but new insights to deal graphically with a random
GEl structure are needed. using LMM, and proposes a new quantitative genotypic stability measure
called WAASB, which is the Weighted Average of Absolute Scores from the singular value
decomposition of the matrix of BLUPs for the GEI effects generated by an LMM.measure called

| @ Cey ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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WAASB, which is the eighted Average of Absolute Scores from the singular value decomposition of
the matrix of BLUPs for the GEI effects generated by an LMM. The aim of this study was to evaluate
the efficiency of yield stability analysis models and to assess genotype x environment interaction
effect on seed yield of 18 chickpea genotypes for identifying high-yielding and adapted genotypes by
BLUP and AMMI models.

Materials and Methods: Seventeen selective advanced genotypes of chickpea from ICARDA with
one check variety (Azad) were evaluated across four locations (Gachsaran, Ilam, Gonbad, and
Khoramabad) at two growing seasons (2014-2016), in a completely randomized block design with
three replications. The data, the analysis of data was performed on 8 environments. Eighteen chickpea
genotypes for identifying high-yielding and adapted genotypes by BLUP and AMMI models.
Statistical analyses, including simple analysis of variance, combined analysis of variance, and stability
analysis carried out by the metan (Multi-environment trial analysis) R package. Five AMMI stability
indices, including ASV (AMMI stability value), SIPC (Sum of IPCs scores), EV (Eigenvalue stability
parameter of AMMI), Za (Absolute value of the relative contribution of IPCs to the interaction),
WASS (Weighted average of absolute scores), and simultaneous selection index (ssi) of these
parameters, were used for stability evaluation of genotypes.

Results and Discussion: The results of Likelihood ratio test (LRT) showed that the effect of genotype
and genotype x environment interaction on seed yield was significant. Therefore, the best linear
unbiased predictors (BLUPS) analysis was considered appropriate for these data. According to AMMI
stability value (ASV) index, genotypes 13, 16, 11, 4 and 6 had more yield stability. Simultaneous
selection index (SSIASV) based on ASV identified genotypes 6, 16, 2,5 and 11 in terms of seed yield
and yield stability as superior genotypes. Given that by using these simultaneous selection indices,
genotypes with different patterns for multivariate trials can be considered similar, the results can be
misleading. Based on the first two main components, AMMI2 biplot diagram identified genotypes
18, 12, 6 and 15 as genotypes with yield stability. The results of the mosaic diagram showed that the
contribution of genotype and genotype x environment interaction were 15.45% and 84.55% of the
total variation, respectively. Based on weighted average of absolute scores (WAASBY) index using
BLUP analysis, genotypes 5, 12, 14, 15 and 18 were identified as high yielding with yield stability.
Conclusion: In general, us in mixed models as well as all the components in calculating the WAASBY
index, it can be concluded that this index is superior to other indices. Genotypes 5, 12, 14, and 15 had
high yield in most environments, and in most methods had good stability and could be candidates for
the introduction of new cultivars.

Keywords: Heatmap plot, Mosaic plot, Single Value Decomposition (SVD), Simultaneous Selection,
Weighted average of absolute scores



g’y dJlae YYV-YFY o AFF lawal pg0 o )lods pidd als [ SLis 3blno jo 21y pole wlidixs

Joeo p (oo oLl 3l oolasiwl b 0950 (slrcuiel§ jo tuxo — G gl (piSod 9 4 i
BLUP s AMMI

B e sy domo ol e yaol 035 cou 58 Al Coon y T SIS 3915 M08 51 ol

(85918 oy g Lhjgel Wlidod (lojl b bl b wlie g 65)sliS” Shjgel 9 Clikins 3 e (£L g (2] pole Clisios yisw -
olyl bl

Olrl (s 95 pla oty e MbT (6)5L8 5 yigeols” (uudizen 09,5 =Y

@95 5 bigel Ol plojls anlgr g 4skSeS rb @lie 5 £5gltS (3590l 9 Sliiod (S 50 988 0 (6559l Dl duusge —F
ol (bl «g5y5lis

@) e55,9L88 g 9 hjgal «linios lojluw Ml amb @lia 5 (63,9l (bigal g Cliios 3 5e ((EL g (25 ple Clados sy —F

-y
ol
A5 (655918 gy 9 bigel «liuis lojls (lilS b qlio g (65)sliS Shjgal g Sl 3 1e ¢ £L g (25 pole Cliddos isk —0
-y
ol

papezeshkpour@yaho0.com :45lKe Jotue *

DOI: 10.22034/CSRAR.2025.429311.1382 VXL AIND : oy Fo,b VEeY/A/NY bl s fo)l

2

25 5 Ol @bl wolp > bl 1o (WWAT-A0) (ol Jlo 50 ke @y bl salis ol jam 4 0958 i WV ey ool 5o
Sl S ) 55 ool 45 (SVD) e polie 43575 455 18 ol 80 55 3 oLy oIS slacSyl b 3
14 ol Lt (LRT) e ;8 o gmlis b ool alols il (555 52 el (AMMI) iy Blito ST g oy gor
&l sl BLUPS) Colb (s oy ot 20525 inlpl o2 sl alls 0 Shos b )3 (o9i) iSen 5 o9l
Logr olaul 0 ,Slee GLIs VY 5 F AT AP slacuiss (ASV) ol gl (o5 pasli Gelal ol ools auseis cuslie aools
Hlae 4 Slhae 5l 5 asls o, Slee Ll 51 VY oY 8 N F F slacussss ASV bl » (SSIASV) ljen ol asls
sboceis Glym 1,10 57 AT A Glacasss (ol ol adlge 99 sl n AMMIZ S3L 6L Jlages 355 olalids 5 slacassis
VOIFD i o faoms 50 gl (iSed p g gl e 45 010 (i (Slige Jloged @l 0,5 plalid o Shes (gl il
Jsaze p V0 g VF OV b slocwsgy BLUP a0 5 coue WAASBY oz li ol 509 JS 805 5l 0o j0 AFIOD g ao )0
s AMMI sl Jow 3.0 « Lol slradlie plos 5l oolaiwl cdalizes Jaw 5l oolaiwl ) az g5 b cfgamma jo iads bl Jlaol o Slee b
2l 3l 5n a3ls () o ssyoo i 4 WAASBY (asls aulone s lajed job @ 55l 4 5 3 Shee ) oslizl BLUP
il b asls

STz fogmdrealesS oges e Sy s eSion legon 3T o iie polie a5 sl (slosly

Mazid et al., 2013; ) 543 o axilS jlg5aly p,5 &)l Aoddo

;_)L:P 09; )| 4 oLﬁ.f a0 g 095:5 (S'ngh et al., 2022
3556 &S oy g el il o L] e 5 Ol 5
aldlos s ol 5l aS el [LSe e FYQ sgas a0
(FAO, 2021) sg—is so cislo yy 0550 5 )50 VPA sg0>
Yl o Slae a5 adjls 5Lo L)l an jLS 0g5 oyl 5l aS
Zali ) oules ba> calise lo Jlo Job ;o o o Lyl

ook aS el ailin j5ls g adl o adlaie (cog 3559

5 st 31 Ly 0555 slaals 50,5 o C S (glos i S
Ssd dml 5 hnd 2l 5l 9% qie 5 W (g
®25) 90 S 5k 4 0935 (Britannica, 2021) v
ok oIy coge 25 bl g Sl o slayeiS plas
23 D30 4 Ygane 5 035 on )8 ooliiwl 390 (slonnlsh
95 S8 2 Solem oy S jles 2alS by Sl Lyl 5


https://doi.org/10.22034/csrar.2025.429311.1382

O g 59l

YF.

SN ke &8 Jpazmapy Bl (Byxe glite (Jarms Ll o
3655 slocaisis o, Sles .l ool Sl ailily alils awg
b cadgi S Hsboa o)l (K bamo 4y g0l 0 b
Ly oy 8y So oSes e jo cdgly GiiSen il g
&by 5 6,55 (Farshadfar, 2008) oS o Gt
=y OlS sl laasliy ;5 mae pstde 93 3, Slos
Ulss (Cooper et al., 1994; José et al., 2008) sl o
Sl plp 5o GiSenn Blas (39 Llo oy S
Sl ooty 25 gy 0 Shes (5)lwk plgre Cod ¢ asme
Eberhart and Russell, 1966; Falconer and Mackey, )
05l 5,5 lac s WS e Jaloe 5l S (1996
il 3 Skos IS (5l pae gadly o ,Shas 5 (i)
30 Sl Son lreasssy cusgid (Messina et al., 2011)
a5 ghle e Dglad Gliss sloalaxs
plod jo ae u,iege (Bocianowski et al., 2019)
5 Sl 8 Shoe (a3l sl)5 @Y gmame ol slaaali
&ly aellS (g kel (sla by 5l ealitl atejls o Shas 050
(Kang, 2020) cusl 5y cadgsy s

2 g Sy g e iy il s 3 Slas
Magad ol (5w Conle  drgi b g 055 o0 )18 Lo
e 8 sy Sy el o Jaolse il oo
3l g b 5o o alise gy 4 a5 Cl (loay
bz )0 gl GuiSen iz ;e 05l o)L il Lalas
Sharifi, ) g aales 5 S i loeaiss) (iss ;5 il yiios
)08 092 Jlly saisiy alwliod 4 ooy 513 (2020
35505 515 ool 350 Mol sboaali o alys s a5
(Singh et al., 2016)

s mnlial gladazs o 55 slaosgs olwlis
SiSat il Mol slaasl y ys bl LS i
cilizee slocassi; a5 adl oo BT (Sloj Lane )3 Cbgi)
2 Sllwgi b s Jlo )0 gladarms 4y Jglite sla 25T
il slr (Sslite slaghy, s o plas Jpazme 8 Slos
4l chlizes (piims aliwg 4 lazme 0 iyl (RiSen y il
S sy ol 05,5 50 0 (IS jeb a4y aS Cwlon s
laghy) plee 5o digd g0 (im0 y0dle Wiz g 0 il

R po GSe 5 ndy gez hol SIS Jas oy wix

(et al., 2009

45 0555 Wz el ay i Sl e regh pladl
i 3 8es Jilty (618 S92 g0 L)) L aolis o
Sorenl et 6590 o0 Shes 5 lky 5 oS (5 55l
S laeme 3 Galgy (Sen  ooaay el Jl0 93 5 g0l
Ol (solas 5 SG pale Glaceils 035 slogag 25
SaS 1y (LS oFol5a o5l (T 5 ceul Jlsj55 5 o
g osle plaxil g iy o L) lacasgs bl b aaS o
(Sharifi et al., 2017) o5 Slols | lacaiss o e

oo e ;bbu (limae; g 53l 50 0950 Bl (Gl
3 Sl 5l e ool wl jsd Giadlsr ao)s il
Wil Jy—ame sbml ol B yae leaily Gl gl
a5l eeils g ety (sl oo (ydged 05uilSe Sl
6L L (Fmyen Bosk Sl (59 (Siglom S
Glzaly oS Ol 4 Cond pB)] Cuaglie Giolidl pgas,
5 saly 9 0599 SRl pem 558 (SO slem 105
099 P09 (s—g) slepladl 5l olge yge sazee Jlauil
o Culo g g p lime 39 b c0)lee SA ) S
oo B Gl )slaS adgs (55l (Al o)l ctS 4 s
Ol (Rl g 588 0l polaS (sl (i slaco b slm
Ol s o O wiile sy )3 (g Jgmaze oy
Iliadis, 2001; Rubiales et ) s ls 0455 « S (¢ pusilol>
S Sid day g SiS 3blie s bues 5550 @l 2022
Gl ol (o g (Sl Jolre )3 BBlge jlivs 9995 o
Krishnamurthy ) s 5 o ag>lge YU slos 25 L bl
(etal., 2011

GSen p b orine LUl codgy S0 Shes sk
9 9,5kes 9als 3390 aieiy S g ATl Lare ;5 ol
b sl asee bayly s 5l gxsg asls jo oYL 55l0L
SiiSek 099 Oy5—o o (Becker and Leon, 1988)
B 5 ,Shoe b by slocassis col p3¥ cassma o codsis
5 &Ml e gt olwlid blaors i glaals o ool
ool ai8 51,8 addllae 590 liine Lo ooaisis 5,550
((Hussein et al., 2000; Katsura et al., 2016)

Luly s 95 w033 S S mhw (38,5 s
lizee s8] Jasdll uSe g iS5 90 Bblis ol - (ool



vE BLUP g AMMI Juo p e sboas L 1 oolicias! b 3556 sbocusisn] 5o bammo — caigh} (iiSod s &1 55

(etal., 2008

595 2lolid ( sages ()55l sl Sl ] Goa
Aol asls 29 ojim o loy>o Aot )0 L_,)m aS Sl
0,8dos i i (lgiedn laone 0 g iSen
Olgieds a5 Cwl oads iy o5 alisee gladaore (o bcuigs)
Sl 5 99— oo Ca—e Gl SNNBA Gl sS4
oty el Sl g aslw JSia ) 5 slacess
o9y on i slaze (Cattivelli et al., 1994) o5& o S35
SHIES 2 e Sl wiz slaghlagl an s
Ll Lol el o3l 590 (sl las asn jo Uas Wil )l
ol )0 lacaisi o Slee OS] e au ¢ slaioles]
obly 9 00,8 pedi lams )5 gy iSen il
S b bl b 0 Oglas cde 4 blaoe )ov o35leusls
s glokhow o ozl Gldes uizon g (92 g ol
(Hussein et al., 2000) &S’ o yuuis

Sl slagsg, 5l oMyl GGE s AMMI (sla s
i 0d— ols slo iy, poogdle a0 e Ol
) sl 5 e BLUP) o U (hs sla s i
Oyt el 00 Slgiin  ase diz sl sl slassls
283 b1, slas Sl il ol st (sla i
b Ll 3 ale dalisee la o ;5 oy 4 YU
&il—wJae (Smith et al., 2005) ui; o Gyuoss (LMM)
P AMME w525 L las )0 gl GiiSen n sl
Funga et ) caul sais plosl g0l o), Sir gy alwg 45 0950
al., 2017; Erdemci et al., 2018; Pezeshkpour et al.,
(2021; Mohammed et al., 2022

4 BLUP s AMMI g, 50 sblse 5l 3l la Jlow jo
s_i.{ ‘UT B aS Gl oo oola_wl @L.ALJ 9 uLc).oA Q)j_.o
b bl Joao b b )5 gy S Lo
Se b g ple cnl 432 5l g Wl oo cwsy BLUP 5, e

S5 WSVD) sjame oy, aaes LAMMI - a5 i,

6 - Weighted average of WAASB and response variable
(WAASBY)

7 - Residual
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Table 1- Meteorological and geographical information of experimental locations (2014-2016)
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. Average Average
. Height .
Longitude and temperature oftemperature of Evaporation .
. above sea Cropyear Code Rainfall(mm)
latitude the hottest the coldest (mm)
level (m)
month month
sty
37°28'N 1170  2014-2015 El 40.4 -5.2 1224 326.3
Khoramabad
able >
48°21'E 1170  2015-2016 E2 39 5.4 1068 743.4
Khoramabad
!
" 33°38'N 970 2014-2015 E3 41 -4.6 1102.2 325.8
am
ek
" 46°24'E 970 2015-2016 E4 46.5 -2.6 936.6 738.8
am
Olylezs
30°21'N 722 2014-2015 E5 47 -1.2 1324 351.6
Gachsaran
bl
50°48'E 722 2015-2016 E6 43.2 -1.8 1214 390.1
Gachsaran
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37°17'N 52 2014-2015 E7 47.2 -0.9 638.7 2794
Gonbad
KWty
55°18'E 52 2015-2016 E8 453 -0.8 613 5215
Gonbad
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Table 2- Name, origin and code of the chickpea genotypes
gl el o
Name Genotype Code
FLIP03-63C Gl
FLIP03-87C G2
FLIP05-16C G3
FLIP03-123C G4
FLIP03-145C G5
FLIP01-24C G6
FLIP05-183C G7
FLIP05-19C G8
FLIP05-18C G9
FLIPO7-21C G10
FLIPO7-31C Gl1
FLIPO7-32C G12
FLIP0O7-91C G13
FLIP08-12C Gl14
FLIP08-23C G15
FLIP01-52C G16
FLIP88-85C G17
Azad G18
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Table 3- Stability analysis indices
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Code Index

o)
References

Jge b
Furmula

o sl 6Bl
AMMI stability value (ASV)

M

eailie sl jgoue (sloo ol £gae
Sum of IPCs scores (SIPC)

$))

AMMI g ,lul jialil o5g ylaie
P Eigenvalue (EV) stability
parameter of AMMI
DS
Absolute value of the relative
contribution of IPCs to the
interaction (Za)
QLA)'.o.b sglp'd:.il ua>LM:

$9)

©® Simultaneous selection index

(ssi)
Bllas Slyed 9 Sl
Weighted average of absolute
scores (WASSB)

*)

ASV =\/[ SSIPCl (IPCl)} +(IPC2)°

SSI = R(AMM I stability Indices) + RY

WAASB, = =L

Purchase et al., 2000
SSIPC2

Sneller et al., 1997

N
SIPC = Zzﬁ-Sym

n=1

EV:i}/ii/n

n=1

Zobel et al., 1988

N
Za; = Z|9n7in| Zali et al., 2012
n=1

Farshadfar, 2008

i\IPCAk xEPk\
- % Olivoto et al., 2019 b

M=
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WAAS e (58 b gy ol IPCA oK Lo
(Olivoto et al., 2019 b) 04 & 0 ax3 5 a5 o Jlasls
IPCA1 vs grain) Js gs oMol slajloy o
L AMMI; (IPCA;1 vs IPCA?) #40 ¢4 s AMMIL (yield

O 5 oy lawgi ool ools o5 8 il g,

4 -Absolute value of the relative contribution of IPCs to the
interaction, Za
5 - Simultaneous selection index, SSI

&l o o35 o3 <) alasl, 5 SSIPCY/SSIPCy s

Slryyo Egazxe a5 4 ol (IPCy) s Lol adfie
Sy (pgo ol adlge j90) IPCo Silryjo g90me 3 IPCy
570 el o IPC aaseiis 4y, dhn oF abal, o .coul ookl
olass 5V L plp o554 SIPCF 4 SIPCy (gl a5 il
8 o ¥ sleakal, jo .l Jaw ;o cailendl Lol slaadlie
slass «(F alal, o NN 5 jgoe el dase o 4, ofin
LAMMI b ls ay500 30 00 o sme (J—ol (sloadlie
00 A9 Sl e gemme duoys F alaly o il B ygejl
ples o el oat ools HLas BN L IPC jgoee oyl alissgas
Ol polie G yieS hls gl o slaaly dealal) ol
1 -AMMI stability value, ASV

2 - Sum of IPCs scores, SIPC
% - Eigenvalue stability parameter of AMMI
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Figure 4 - Estimated values of weighted average of the stability (WAASB) and mean performance(Y)(WAASBY) for 18 chickpea
Genotypes considering the weights of 50 and 50 for yielding and stability, respectively
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Figure 5- Diagrams for analysis the grain yield of chickpea genotypes evaluated in eight environments. AMMI; biplot(a), AMMI,
biplot (b), Nomina; seed yield vs the first environmental interaction principal component axis(IPCA,) plot (c) and biplot of the seed

yield vs weighted average of absolute scores for the best linear unbiased predictions of the genotypes- environment interaction
(WAASB)(d).
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Table 4- Evaluation of significance of factors by LRT (32 and estimation of variance components by REML in durum wheat
genotypes
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Figure 6- Heatmap shows the genotype ranking depending on the number of principal component axes used for estimating the
WAASB index. An euclidean distance-based dendrogram is used for grouping the genotype ranking for both genotypes and
principal component axes. Ranks of chickpea genotypes considering different weights for stability and yielding. The most-left ranks
were obtained considering the stability only. The most right-ranks were obtained considering the grain yield only. Between the
extremes, the ranks were obtained different weights for stability and yielding. The four clusters represent four classes of genotypes:
(1) Poorly productive and unstable genotypes(green color); (2) productive but unstable genotypes(Red color); (3) stable but poorly
productive genotypes(blue color); and (4), highly productive and stable genotypes(black color)
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Figure 7- Biplot (PC1 vs. PC2) of stability procedures based on the rank correlation matrix with yield in 18 chickpea genotypes
in eight environments
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Table 5- Stability indices, rank of genotypes and simultaneous selection index (SSI) for chickpea genotypes

eyielc(;j:li;r;ha) ASV SIPC EV ZA WAASB rGY TrASV rSIPC rEV rZA rWAASBSSIASVSSISIPC SSIEV SSIZA
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G2 1510 33 14 0.029 0.151 861 1 12 9 9 11 11 13 10 10 12
G3 1315 248 152 0.038 0.136 7.38 17 7 10 11 8 8 24 27 28 25
G4 1338 142 834 0011 0076 4.16 15 4 19 20 19 19
G5 1419 275 113 0019 0124 7.1 6 8 7 7 7 7 14 13 13 13
G6 1434 189 6.6 0008 0079 4.62 5 9 7 6 9
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Abstract

Introduction: Among different abiotic stresses, drought is one of the main inhibiting factors that
affects all growth and metabolic processes and ultimately reduces crop productivity. As a plant that is
sensitive to drought stress, the performance of potato reduced due to the decrease in the efficiency of
photosynthesis, loss of tubers, and reduction in tubers. With the increase of global warming and
climate changes, some models show that by 2069, if drought-adapted cultivars are not used in Iran,
we will see a 48.3% drop in yields. In a research, two stress sensitivity indices (SSI) and stress
tolerance index (STI) were used to determine the drought tolerance of 20 potato genotypes and two
genotypes with higher yield were isolated. In a study in Turkey, stress sensitivity index (SSI), stress
tolerance index (STI) and yield stability index (YSI) were used to compare the yield of four potato
cultivars and the results showed that Atlas and Maranka cultivars had values of 0.61 and 0.67
respectively, had the lowest stress sensitivity index.

Materials and Methods: This research was conducted in the year 2021 at the agricultural and natural
resources research station of Rozveh, Chadegan city (longitude 50 degrees 34 minutes east and latitude
32 degrees 50 minutes north) at an altitude of 2230 meters above sea level. To conduct the research,
the experiment of split plots used in the form of a randomized complete block design with three
replications. The main factor included two levels of irrigation (full irrigation at field capacity humidity
as control and irrigation at 75% of field capacity humidity as stress treatment) and the secondary factor
included four varieties (Agria, Marfona, Atosa and Anusha). Each plot consisted of four rows of four
meters long, in which the distance between and on the row considered 75 and 25 cm, respectively.
The aerial organs pruned to thicken the skin of the tuber and prevent injuries during harvesting. The
indicators of drought tolerance used in this research were stress sensitivity indices (SSI), stress
tolerance index (STI), yield stability index (YSI), mean productivity index (MPI) and geometric mean
productivity (GMP). In order to estimate yield and yield components, two meters taken from the
middle rows of each plot. SAS software (version 9.1) used to analyze the data, and Duncan's multiple
range mean comparison test used to compare the means (at a 5% probability level).

Results and Discussion: The interaction of irrigation factors and variety on yield (total, salable and
non-salable) and stress sensitivity indices, stress tolerance index and yield stability index were

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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significant at the 5% probability level and on the average productivity and geometric mean indices at
the 1% probability level. By producing 36.20 tons of salable yield per hectare, Atosa cultivar produced
37 and 31% more yield than Marfona and Agria cultivars, respectively, but there was no significant
yield difference with Anusha cultivar. The stress tolerance index ranged from 0.48 (Marfona cultivar)
to 1.03 (Atosa cultivar) and the average productivity index ranged from 26.67 in Marfona cultivar to
38.82 in Atosa cultivar. Among the four cultivars studied in this research, three cultivars, Atousa,
Anousha and Agria, with a yield stability index of 76.90, 78.52 and 78.56% in a statistical group and
Marfona cultivar with a yield stability index of 72.87% in a statistical group placed. Usually, cultivars
that have higher tolerance to stress (due to morphological and physiological characteristics) also show
more stability of performance under stress conditions. The water use efficiency of Agria, Atosa and
Anusha cultivars under water stress conditions increased by 20, 18 and 16%, respectively. The results
of this research showed that in the range of stresses applied in this study; two new cultivars of Atosa
and Anusha have acceptable tolerance to moisture stress and can be included in the cultivation pattern
of different regions in Isfahan province.

Conclusion: In all four cultivars tested in this study, moisture stress decreased tuber yield, but the
amount of yield loss was different in these cultivars. Two relatively new potato cultivars, Atosa and
Anusha, were superior to Agria and Marfona by producing 31.5 and 30 tons of salable yield,
respectively. Performance evaluation using stress evaluation indicators shows that the two cultivars
of Atosa and Anusha can have a suitable position in the conditions of conventional drought stress (in
this study, irrigation of 75% of moisture to the extent of field capacity) in the crop rotations of Isfahan
province. Based on the results observed between yield under stress conditions and stress-free
conditions with stress tolerance indices, average productivity and geometric mean of these three
indices were more suitable for evaluating cultivars than the stress sensitivity index.

Keywords: Geometric mean productivity, Mean productivity index, Salable yield, Stress tolerance
index



g’y dJlae YEY-YVY o AFeF lusl (pgo o lods (pianr uls [ SCiS 3blv jo <l)) pole Oliding

o0 Jams 15 ) 50 O B pan 5 g SiS G @ Jod s sl (S b))l
(Solanum tuberosum L.)

T2 55 9 owee deal ) (Ve Silga ol

($5918S gy 9 Ubjeel Ol lojle (lediol (bl (b @lie 9 (55,9LaS Bigel 9 Slikios 3 pe (£l g (25 psle lisios Jisw -
olrl lege!

Olrl @S 5529188 gy g el «lising lajlu ds g Joo 4ns g ol Cliios dumwo no g (5o liios ise -V
jalali51@yahoo.com :asle Jstme *

DOI: 10.22034/CSRAR.2024.433833.1391 VE/ YN by gl VYNNI sl s ol

oS

0 So S ialejl Sl o3linul b fSaly i e sog smeeds et 5 (655lS i oSl 51+ JLu o g, o
30 S gl 0 33 S (6 al) 5l e 59 ol Lol e s ol 1S5 e L ot LS slanSsl o B o
B3 5T (ramgim o8, oz Jols o, ol 5 (G5 Jloss lyiens e m bl sl woyo V0 5o (s el 5 wald olsie
YV o VY iy 4 L)81 5 Usd Lo o8 50 4y Cond LS 10 0 Sloe (5 YOIV 0gi b Lugil o3, a5 ols lias gl .aiog (Lasil 5 Lugsl
O Jaot (a3l 05 jlo gtme Ll 08, L ()] (B8 BB 0 ,Shes gl Jg 10508 adgi (g s 9 Shos (gl (ixs y3b 4 wo o
Logil n8, ;o YAJAY b Ugd,lo o3, ;0 YPIFY 51 glacols (5,90 o (reilin ol g (Lugsl 08,) V=Y 1 (Lgd Lo 03,) < /FA 5l slasals
S 0 Fe o 4y aS 39y 0o )0 YAIDF g YAIOY YEIe il oS5 & ST g LagsT clwgs] 08, dw 0 0,Sles Bl arls Lanzils
Feowy 4 Sad 5 blyd o gl g Lugl 5T 66,1 O Grae L5 05 i (003 YYIAY) Ugd Lo o3, ;5 jasls cnl 4
Joii Lagil g LogsT asoz o3, 50 alllas ol 50 0ol Jlas!l sla s asals jo a8 ols (ylid Gidgh onl gl .8l Liljbl oo ,e V8 51A
25 )13 ddhaie el slacgls o ailgioe cnlply g wsls plas 093 5l (usb) a5 4 (Jgd JL

i xSlke 9,8 B o Shos 5550 0 eSlee (L (5 Joodi (a3l i gaulS’ slaojlg

Jalali et ) el boss o i pume L2als 5 po0as il
5 ol Ol g e Liwle 5 il 4w az g L@l 2020
s Yo 5 L b5 a5 ains o s b s 50 alse
FloS—i Lassly il Bl 51l s a5 (G50 5o
Sy (§0 Slas (gauo )0 FAIY il vals sgis oolaiul
(Hijmans, 2003) s4; cuols>
S G5 4 pglie (LS B Sl Jgene 55k 4
(AL o35y ags asle iz o5 Slis oLl
el (235 4y Jod lize gl el 5 5 Sles sla S
sl » (Fernandez, 1992) ;o558 Jlie olore an
L ol 09,5 )z A5 g s A5 j5—a> b slodaxe
O9s Lz )3 Laid Vi o Shoe larzeo 93 y2 )0 Vb o Shee
35boe L ol 5 o Ll 5 5 Yo Shae L pli| o s
Ot Sl sty 5o ol (A | il 90 pe 00 by
B B BIP S SR SARNE S N

doddo

Sk oeiS 5 man 6 Yo Jlo Lol ol
JiSe oyl YA/Y (Solanum tuberosum L.) cojcow
Mg (S jon 008 (5 (gekes YVPIY s ) 5l g 009
toags Jlo s (slayiS @ bgye o o S L5 5 00
s b Jlo ol 5o ol el (ol sl 25 50 Baee)
PR LS 5 Oaelee VIF 0l g LS e AN S ST 5
el ools pl_aizl oz asl) e ady IS 5la—o)0
(FAO, 2023)

S Jlosias walide (s pé slais ol 5o
5o, slaan] s als e el ol o sl Jelse
G902 Sols el cale s ¢ 9,08 o 5l olS S glis
4 ey o Slae (Ali et al., 2020) sg-& oo Jsame
o5 Larlye 1 53 (St (15 4 b oLS S e

iwgid oS el s a4y el cpl g 0o ylais Lo


https://doi.org/10.22034/csrar.2024.433833.1391

=5 29 ewge g S

\Ed4

S d> Glr Wlg e oz pB) sl Ll 4 4z g

SR ol el il LSl (S 25 Jed 5 o
99 9 (soa8 08 93) (ejaw o8, Jloz o)l s Sl
S & Jox by asll Sy ool L) (Ao o8,

wled b))

99, 9 3190

Lg))jLMS ULQM oli';....i‘ Be \F. . JL...: ) L’M.bs)) Q"‘
Job) Ol sly b e el il g3 (ol wlie
VY bl (oye g (Fd aido TF g azj0 00 oLl i
Lo s 31 e YYY. el b ((Jlo—d 430 00 5 a0
olginol Sl s s 3blie 5 (ol dilaie o sl
Lglﬁ_;)_mJWUw\ouW@_;,ﬁ&ljaoy
bl 5l g )by b anlin jo idlaie ol )0 i) o
el gl ail S sl jo ) o IS g ZiS
Sl ol B s oo 5 sloe T Ghalesl 5l ey
9 oLty ol ol o oalitl 1S5 as b _dolaas LolS
Olyeds as )50 Cud )b Cugh ) jo JalS 5Ll )bl e
Slareas aei0 b b Cogby a0 VO 4o g Lol g sal i
(ooon) ST o8 ez ol (o8 Jole 5 (5 jlad
() bsgie) Lisgil 5 () L) LusgiT o((o05093) Ugd Lo
A S olesls > ol o load Lasog

S oy e e Joo v S L e ol 55 0
3 Fasils YO 5 VO (] 5o sy 555 9 o dbold o @
o kb s L S S (6l skl Lo o a8 5 L
ool ok s e s 18 8 L plsalyd L s
elw ;o i VO oo b (g e il YO alold jo jlocsdl
sl o Bae Of Gl 388 s gl 0d plxl
Sl 550 2 58 (Brmae o lie 5 i 515 S5 Ssls
9 TAPO nlp ooy 4 55 slajles s Jgore slojlass sl
TS UAJL’> u—| )L»SJI: Be g/.a.io - YOAD

5o 9ald 5 15 glojless o O ot ) 65l
lordsSd sla Sy ol (F s S ek Sl o,
ax g5 b ol sai oolo yLis V Jeo 0 Linleyl Jore S

5 s b gloosS ool wl ar 55l (S gl s s

STD s a0 Joos jasli 9 (SSI) i a0 ol
S gllaz YL o Shee Ll caSgi) 99 5 ool
oalb 4S5 o slasllas 4o (Hossain et al., 2017)
s o ST 25 Joos jaslis «SSI) o5 a0 comlus
oy ez oSlee 4 lis 5l (YSI) o Slee i
5 ol o, 50 45 ols )Lt s g o ooliial teejn
a8 yaS IPY 5 I8) ppolie Ly oy 4y LSO L
,o (Rodriguez et al., 2016) sxisls 1y (35 4 ol
2 St & Joos sloasli (5 N 53 slealllas
ol a8 ol las @l g 0b (pw) 2 (e ire o) VP
Silee (aSLis gAY B JFY 51 Sl anls 25 Jeos
Al Mahmud et ) csls <NY B /2 51 glaels —wain
4 Jozt gla ol | it gl yeiS o .(al., 2021
O A Jee slacaisy 5 plE)l a5 6l A
SLOlS 5l (B S 5 ,5iS 50 Deb e osliiwl shsb,
O Bl o (e (el 3550 Lasgi oud wg
@ 5 pialel (s Joos slaaz L sl esliiwl 5 (Jogh,
CIP- CIP-398180.612 slaislsS s, 5l Sl
(Beyene et al., 2019) s CIP-304371.67 4397069.5
9 5 & Sl slagas s sl esliiwl b (BN )
CIP g Jy wdlai |y 25 oo (Ul (omjims
Lol )5 o8 5 Jyene Cugh, Lul,—5 55 o0 306244.12

Al Mahmud ) sges adgs 1) 0, Shae o yidion g, i
(etal., 2021

Ol glyy ol 5l LS Sl VE 5 s aildl
S 5o el sl oo plaB ]l s i coiS @ laal
6LDOL> g_j uLMjJ J.JO 4.4) 6;).9 d.jol.a.ﬂ 3O R aS Cul
a bl o8 Gblie ;3 o8 g (39 j00nl; allssy, 5l sl
9 UJ‘ )‘ el 00 JJ»\»J J.’..\.’L\ul.u.’>| L‘;)"‘ D (G
Ayl ks 5l e o wlisebigr Ll St ol al
VY AF N BAYYE Jlo 5l 90,10 0925 1ot 10 (cosjrus
Cd d Jld g o (Rl 5 S g )0 00l Dol o,
(SPCRI, 2024) cel o0,



\ka4 (Solanum tuberosum L.) cwejommw pdy sk 50 ©F & pae o)1 g Suind Lidd 49 Joxi s aslis (B 25

JA[S) ous B J._M:) 41.>)45(449) Lgl" ‘smésjb ‘alidb)

D a8La ey 4y (g Sby

£5 30 S 355 p SIS 100 BN s ooy

S 2 O U gy e o ccciilS 51 L8 Cagl as 40 (0,50 055

ool Jxe S (o buons 9 (Su5d SS9 - Jauz
Table 1- Soil physical and chemical properties of experimental field
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Table 2- Drought tolerance indices used in this research

Index name a5l ob

Symbols s Lais| cwdle

Formula Jge,8

O 4 Cawles as Ll

(SSh
Stress Susceptibility Index
(STI)
Stress Tolerance Index
i . (Ys1)
Yield Stability Index
$290 0 OeSSles (a0
. (MPI)
Mean Productivity Index
(GMP)

Geometric Mean productivity

SSI=[(1-(Ys/Yp)/1-( ¥s /Yp)]
STI= (YpxYs) (Yp)2
YSI =(Ys/Yp) x 100

GMP= (Yp+Ys)/ 2

GMP=V(YpxYs))
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Table 3- Analysis of variance (mean square) of irrigation levels and cultivars effects on yield, stress susceptibility index(SSl), stress
tolerance index(ST1), yield stability index(YSI), mean productivity index (MPI), and geometric mean productivity (GMP) of potato
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Mean squares
| w 5 Slos £9) oa’tm " ua’bu ua:l.[» file gsl')ls
. TR PENN . . .
Ol &9 s e, e il RN & il :-f"’ el il o <l O pan
Source of &l ) Non- e o e W \Water use
o Total yield Marketable s ofdes (59002 -
variation df . marketable STI GMP  efficiency
yield . SSi YSI MPI
yield
Sl
2 0.61" 0.18" 0.18" 115" 1.10"s 1.34"s 2110 1.05"¢ 0.85"°
Block
&bl
o 1 13.23™ 23.65™ 6.80 ™ 157" 3577 467" 412" 3.69™ 2.99”
Irrigation (I)
a ks
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) . . . . R . R R .
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w5y x5 k! N . . . . . - - -
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b U
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Error b
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CV(%)

oy S g Jliol maw (ol cire S gl e BB pae saies lis oS5 a4y ¥y

ns

", * and** No significant difference and significant difference at the probability level of five and one percent, respectively
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Table 4- Mean comparison of total yield, marketable yield and non-marketable yield in irrigation and cultivar interaction
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Drought stress e
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For each irrigation level, the means with the same letters in columns are not significantly different according to Duncan test (five percent

probability)

aslllas )90 08, Loz ;o A5 &Sm0 oy Cul
S sixe jeboany aS (SSI=1.20) oy Ligd)le o8, 4y bgsye
2L (B Jgaz) Zdls ggh) (i 4 (6 i Sl
S Jo slaarld S (S BSD) a5 4 coilne
&0 Canglie bl oS T e 42y 45 Eel ol Lo

gk y T Jood g et Ll b5,
i ¥y 53 aaolr sl Jpa b 51 o5 4% e
G By G Jerd slaat b gl el
) olS Sl sloanld g5l o5 Sujelesd cloaxl




=5 29 ewge g S

Yy.

Hassanpanah, ) wleos cgwmme (25 & ol Sl
2l (g% 9 S9z9e 68, ez 8 el () L (2010
i (SiS (5 4 el (B (Ugd)le 03 032 94)

w05 sl dmmlie (b o gy o Cul gk (Sus
4 S 0L 5 udbol 08 90 45 0 paseiion (S ji
Sl (@l <[PV g ¢ /7Y polie b ool 5 4 ;500 03 90
& o (Rodriguez et al., 2016) susls (5,68 i &

VY= VY o5 Sl ozl glls a1, Lo iogy 5l

i 185 )l 5 i Jood sl sl (B g sl -0 Jgua
Table 5- Comparison of some indices of stress tolerance in four potato cultivars
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Figure 1- The frequency and amount of irrigation water in the usual irrigation treatments and water stress condition
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Table 6- Water use efficiency in conventional and water stress conditions
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Agria Marfona Atousa Anousha
O o9
5.60 b 542a 7.44b 719 b
No water stress
by
6.72 a 5.60 a 8.78 a 8.36 a
Water stress
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Based on interaction cross-section method, for each cultivar, the means with the same letters in columns are not significantly different according
to Duncan test (five percent probability)
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Abstract

Introduction: Agriculture, especially cereals, plays a very important role in food security. Among
cereals, wheat is one of the most important crops in terms of cultivated area and production rate in the
world, and plays an important role in providing the food needs of human societies. Among the
environmental factors, salinity stress has been the subject of much global research for more than 100
years as one of the most important factors in reducing the production of agricultural products, and for
about 50 years, it has received serious attention from researchers in our country. Many different
solutions have been proposed to increase the performance of agricultural plants under different stress
conditions, one of which is the use of plant growth regulators and their effect on the plant's hormonal
balance.

Materials and Methods: To investigate the effect of foliar application of growth regulators of
gibberellic acid, salicylic acid and cytokinin on physiological traits of wheat under salinity and water
stress conditions, a split plots experiment based on randomized complete block design with tree
replications was conducted in two agricultural research Station and farms in the northern plain of
Golpayegan city during the 2022-2023 cropping seasons. The first treatment of salinity stress includes:
a. Irrigation with EC: 1.5 ds / m™ (first farm) and b. Salinity stress with irrigation water EC: 10 ds /
m? (second farm) as an environmental factor, the second treatment of water stress with 2 irrigation
levels: a. After 90 mm of cumulative evaporation from the Class A evaporation pan, b. After 120 mm
of cumulative evaporation from the Class A evaporation pan as the main factor, the third treatment
was the application of growth regulators of salicylic acid, gibberellic acid, and cytokinin at the level
of 100 ppm, and the control treatment (no use of growth regulators) as a secondary factor. The

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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examined traits included leaf area index, total dry matter, net assimilation rate, relative growth rate,
crop growth rate, chlorophyll a, b, and grain yield.

Results and Discussion: The non-saline environment and the irrigation level of 90 mm evaporation

from the class A pan, compared to the saline environment and the irrigation level of 120 mm
evaporation, increased the index of leaf area, total dry matter, net assimilation rate, relative growth
rate, product growth rate and chlorophyll a, b. The interaction effect of environment x irrigation level
x growth regulators showed the highest grain yield in non-saline environments at the irrigation level
of 90 mm, evaporation from the class A pan in the gibberellic acid +cytokinin treatment at the rate of
8979.00 kg/ha and at the irrigation level of 120 mm, Evaporation from class A pan was observed at
the rate of 7557.33 kg/ha in gibberellic acid +cytokinin treatment. The highest grain yield under
salinity stress conditions at the irrigation level of 90 mm evaporation from class A pan in gibberellic
acid x salicylic acid Treatment at the rate of 6737.33 kg/ha, and at the irrigation level of 120 mm
evaporation from class A pan in gibberellic acid +salicylic acid +cytokinin treatment was observed at
the rate of 5138.33 kg/ha.
Conclusion: The leaf area index and the production of more photosynthetic substances increased the
growth rate of the plant. With the increase in plant growth in the final stages due to the decrease in the
ratio of photosynthesizing organs to non-photosynthesizing organs, and by shading the upper organs
on the lower organs and reducing the photosynthetic power per unit area, the amount of leaf area, dry
weight, and the growth rate of the product and the relative growth rate of the product decreased. The
decrease in the dry weight of the aerial organs and the leaf area index at the end of the growing season
is probably due to the fall of the leaves and the negative net assimilation. The relative growth rate
changes with changes in the state of photosynthesis and respiration of the plant, and for this reason,
with the passage of time, the growth of the plant becomes negative with an increase in the amount of
respiration at the end of the growth period.

Keywords: Class A evaporation pan, Grain yield, Leaf area index, Total dry matter
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Table 1- Climate characteristics of the region in the cropping seasons 2021-2022
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Table 2-Physicochemical characteristics of the soil of non-saline and saline fields in golpayegan in the cropping seasons 2021-2022

)50 B ! Sl J5 0l r o by oot sl et
. Soil depth Organic carbon Total nitrogen Phosphorus Potassium Clay Sand . .
Field p Silt (%) Soil texture
(cm) (%) (%) (mg/kg)  (mglkg) (%) (%)
Sog pus
) e (o09)
Non-saline 0-30 7.19 0.62 0.06 16.36 175 19 27 54
Loami silt
29 s (g09)
o 0-30 7.62 0.55 0.04 11 216 20 29 51 .
Salinity Loami silt

5 Jlomi cio g)l50 9 (5 y0skS VAL Aol o LS
pexlans 818 e ol Gl wl 35 e o ,eslS VFe Al ol
Ol s od8l (Koppen,1936) oddl sosails Ll
Ky S is ans o8l S0l BS) BSK sles L o 5LIS
e Gl los e 5o o cul slop il L5
(o8 il ax )0 VA 55 oyl AVl (uSleo (slos g 05,ls,) 8

OV J992) 09 g0 ols ol

Sis oolo ‘S)Jc.'a‘aua}b J.AL...» SN S)ee Slhws

O.‘s“).) 09 ails O)S.Lo.CSb ca JJB)'ISQ‘)M‘JB—M ».\_u)
Gy el 0,3 g olw 55 s pglie cwSgh! S 18, opl ok
dJaL.n )bu._.w.fd‘); g'a_.»l_l.njody 4.\.9.1 ‘;M‘PSAJJQ
gf‘b f5l.c 9 6))5L..5 u.;LQ..A?u oliu..ul J....:la‘so )9..‘..5 JJ...LA



RULSEPISIRE

YA

e Lyl 2l G )l 0 5, FO OS] e oS 0 5
Sz 09 (Jlod ©b) H5-5 as 50 40 il Sl )55 5
PS589 O lez o sleled i 1l csilos
b azd )5k 5o e 3 Lo S5 e aloli g e 1l
ol 8 sl g ol el cnl 58 iz
g Sdo ptin 5 )l (Jo cBLS bolas 5 stepe
D ool wl (510 paiges plonl Cga oaile Bl sl B
2 )0 piges Jol al> o0 plonil al> pa B 50 (6l paiges
VO j5 as 50 33 9 G seaw 5l 59, VYO )5 1o as )5
395 V0 2 sam Sl Zdpds Oy ah s 5l am 5,
Sl paiges al> o S 55 ol Cts g al e 5 LSy
B e VXY SlolsS ol s (I paiges o plasl
Sl o g b 3l lacshy ) ladiges 5 <85 &)50
0950 LS (Olao (5 pSoslal 5l am ald A LI08 S ye
Logy g araldd celis VY Soe a0l 5 il az 50 YO s
Bl 5 55 e I o Sy el b Jlims 553155
Vo2l Bl o doren il Al dgs ool Csd 4y
il Sl Bde b oS e Sl slacis) 5l @yt
A 6 S ol LA 8 50 Dlae g cuils y S e

s Sl oz 2l g Slgiore (e Sl
9 (s 08 S Al Gordlienid S o 5 s
ooliisl B o F LY Y ) Ly, 5l a5 Jgmammo Oy s
(Ahmadi et al., 2011 ) o

RWC= (FW- DW) / (TW- DW) W)
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CGR= (W2- W1) / (T2- T1) )
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Figure 1- The trend of leaf area index changes (LAI) in day after emergence in:
(a) Non-saline environment and irrigation with 90 mm evaporation level
(b) Non-saline environment and irrigation with 120 mm evaporation level
(c) saline environment and irrigation with 90 mm evaporation level
(d) saline environment and irrigation with 120 mm evaporation level
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Table 3- Composite analysis of physiological traits in two saline and non-saline environments under water stress and foliar

application of growth regulators

Ol yo (2Kileo
Mean squares

Ol gt @0 salji‘\q,a Sy o LS I s ooblo a Judg s b Judq,ls &ils o ySlos
S.0.V df Leaf area index Total dry mater Chlorophyll a Chlorophyll b Grain yield
oo
. 1 9.93™ 5051755.04™ 453" 3.53™ 132713957.04™
Environment
buzo o S5
Repeat in 4 0.08 0.01 0.06 485758.46
Environment
LS)Lﬁ‘.T
o 1 2.46™ 471" 412" 45460290.04"
Irrigation
G)L,,.J x oo
Environment x 1 0.96™ 25807.04" 0.01"™ 0.00™ 15050.04"
Irrigation
Wi glas
4 0.00 0.00 0.00 729954.17
Error a
oS il
7 0.38" 456398.71" 0.80" 0.74" 3810329.99™
Regulator
0SS pulidd x oo
Environment x 7 0.04™ 35176.85™ 0.02™ 0.04™ 73156.47™
Regulator
0ulSS pudidd x LS)lﬂ'?T
o 7 0.00"™ 0.02" 0.03™ 80284.47™
Irrigationx Regulator
x‘s)l,gixhpu
S s
° N 7 0.03” 27553.42"™ 0.00™ 0.00™ 88379.85™
Environment x
IrrigationxRegulator
[ ‘SUQ}
56 0.01 0.00 0.00 188996.45
Errorb
(1) @l i’ gy
4.44 4.68 4,57 6.58
C.V (%)
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* **and ns represent significant at of 5% and 1% probability level and not significant, respectively
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Table 4- The results of Mean comparisons physiological traits in two saline and non-saline environments, water stress and foliar
application of growth regulators

s P s 5 s ool a Judg s b Judy 5 ails o Shos
Pl g
Treatment Leaf ind Total dry mater Chlorophyll a Chlorophyll b Grain yield
reatmen eaf area index (g/m?) (mglg) (mg/g) (kg/ha)
oo
Environment
5 e 7781.08%
Sog pus buxo
’ 2.39° 1367.58° 1.26° 1.10°
Non-saline
)9‘“ - b b b b b
Sali 1.57 908.79 0.82 0.71 5429.54
aline
d)lﬁ-fi Tobw
Irrigation Levels
(mm)
90 2232 1172.17% 1.26% 1.112 7293.46%
120 1.912 1104.212 0.82° 0.70° 5917.17°
o..\..\..fmh.u
Regulator
Control 1.71° 891.00¢ 0.72° 0.59° 5349.33°
GA 1.97° 927.5% 0.81° 0.67% 6760.42"
CY 2.03° 999.00% 0.97° 0.86° 6539.17%
SA 2.04%® 1133.33% 0.81° 0.73% 6331.754
GACY 2.16%® 1113.5°d 1.28% 1.15% 7040.83%
GASA 2.242 1268.17% 1.03° 0.83° 6921.42%
CYSA 2.17%® 1370.33° 1.322 117 6863.17%
GACYSA 2.242 1402.67° 1.38° 1.23° 7036.42%
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In each column, there is no significant difference between treatments with common letters according to Duncan test.
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Table 5- The results of mean comparisons interaction effect of environment x irrigation levels on physiological traits

i oobo a Jud b Jué
o ey sl Js 00 b s Judo s
Total dry mater Chlorophyll a Chlorophyll b
Treatment Index Leaf Area @) (mglg) (mg/g)
S pas buxo
90 mm 2,65 1385.17° 1470 1.29°
Non salty 120 mm 213° 1350.00 1.04° 0.89°
environment
39 Lo
B 90 mm 1.81° 959.17° 1.08° 0.93°
Salinity 120 mm 1.69° 858.42° 0.59° 0.49°

environment
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In each column, there is no significant difference between treatments with common letters according to Duncan test.
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Table 6- The results of Mean comparisons interaction effect of environment x growth regulators on physiological traits in two
saline and non-saline environments Foliar application of growth regulators

i B " J5 s ool a Judg s b Judg b5
slows S w2l
Treat X Leaf ind Total dry mater Chlorophyll a Chlorophyll b

reatmen eaf area index (@) (mg/g) (mglg)
Control 1.97¢ 1067.00% 0.87" 0.709

GA 2.30« 1116.00¢ 0.98¢9 0.82f

CY 2.25¢ 1210.33% 1.214 1.08¢

. . SA 2.4%¢ 1369.00° 1.007 0.91¢

Non-saline environment

GACY 2.46° 1300.67* 1.52° 1.38°

GASA 2.65° 1612.33% 1.31¢ 0.97¢

CYSA 2.49° 1624.00* 1.54° 1.41°

GACYSA 2.60° 1641.33% 1.622 152

Control 1.45" 715.00" 0.57¢ 0.481

GA 1.63¢ 739.009" 0.65 0.53

CYy 1.80 787.67%" 0.74! 0.64"

o . SA 1.68¢ 897.677 0.61i 0.55'

Salinity environment

GACY 1.85f 926.33¢f 1.03f 0.92¢%

GASA 1.83f 924.00°%f 0.75 0.699"

CYSA 1.84 1116.67¢ 1.10¢ 0.93%

GACYSA 1.88°f 1164.00% 1.14¢ 0.96¢
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In each column, there is no significant difference between treatments with common letters according to Duncan test.
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Table 7- The results of mean comparisons interaction effect of irrigation levels x growth regulators on physiological traits

s o e s J s 059 a Jedg s b gl
Treatment Leaf area index Total dry mater Chlorophyll a Chlorophyll b

(9/m2) (mg/g) (mg/g)

Control 1.87% 916.67¢ 0.869 0.75

GA 2.15%e 955.67¢ 1.00f 0.85°

cY 2.16"® 1010.33¢%f 1.19¢ 1.09°

90 mm SA 2.272bcde 1206.00%¢ 1.04f 0.94%
GACY 2,29 1138.33%¢® 1.52° 1.412

GASA 241 1324.67%° 1.29° 0.96

CYSA 2.320c 1388.67° 1.57° 1.422

GACYSA 243 1437.00° 1.64° 1.48

Control 1.55" 865.33f 0.58 0.43

GA 1.799 899.33f 0.63' 0.5M

cY 1.89% 987.674% 0.76" 0.63°

120mm SA 1.871 1060.67¢%f 0.58' 0.52"
GACY 2.03°7 1088.67°%f 1.04f 0.89d°

GASA 2.08°cf 1211.67% 0.77" 0.69%
CYSA 2.01°% 1352.00%® 1.07¢f 0.92%¢

GACYSA 2.06% 1368.33* 1.12% 0.99¢
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In each column, there is no significant difference between treatments with common letters according to Duncan test.
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Figure 2- The trend of Total dry mater changes (TDM) in day after emergence in:
(a) Non-saline environment and irrigation with 90 mm evaporation level
(b) Non-saline environment and irrigation with 120 mm evaporation level
(c) saline environment and irrigation with 90 mm evaporation level
(d) saline environment and irrigation with 120 mm evaporation level
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Figure 3- The trend of Net assimilation rate changes (NAR) in day after emergence in:
(a) Non-saline environment and irrigation with 90 mm evaporation level
(b) Non-saline environment and irrigation with 120 mm evaporation level
(c) saline environment and irrigation with 90 mm evaporation level
(d) saline environment and irrigation with 120 mm evaporation level
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Figure 4- The trend of Relative growth rate changes (RGR) in day after emergence in:
(a) Non-saline environment and irrigation with 90 mm evaporation level

(b) Non-saline environment and irrigation with 120 mm evaporation level

(c) saline environment and irrigation with 90 mm evaporation level

(d) saline environment and irrigation with 120 mm evaporation level
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Figure 5- The trend of Crop growth rate changes (CGR) in day after emergence in:
(a) Non-saline environment and irrigation with 90 mm evaporation level
(b) Non-saline environment and irrigation with 120 mm evaporation level
(c) saline environment and irrigation with 90 mm evaporation level
(d) saline environment and irrigation with 120 mm evaporation level

o) P (alidl carge o) (slaoanSpalas 5k Jolos
3 el Sl (b Jolowe o578 L35S ol
loopSS, cbale ol &bl (S—is s bls
Slappl cdlad (e D 5@ Jody IS a S g
il aa oV BV Y i | SYBLS 5 ST,
10 oS o Shee L ke bLS ) il el 45 ol ool

(Rezabeigi et al., 2021) el axsls Sas 25 Lol

Vel g b5 38 B850 Gliee (5t

c—dslme 9 A (S et 5l et e lee
+ S g + Sl S e a0 gleonssS g das
oS 0s Jolo a5 5 e S ke VEF (e ol LIl
Al s e o ea VYo ()l gl o] ks
D e (Bl sle pae g (Bl sle slo Lo
x5kl gabw Jlite Jlas coul (151 S mlis (Y Jga2)

S99 58 Ol 1 oy G oS il x (g3l gt x aao e 1 (5aSileo dunnlio gl -A Jguzr



¥4y

sl Joloo 15T s (Triticum aestivum) puss olS iy p 5o (Su5eler b s as s 5| (5 p b))

Table 8- The results of mean comparisons interaction effect of environment x irrigation levels x growth regulators on physiological

traits
Sl g Lo S eobe & Judg s b Jdg 5 ails o Shos
Treatment Sy Total dry mater ~ Chlorophylla  Chlorophyllb  Grain yield
Leaf area index (g/m?) (mg/g) (mg/g) (kg/ha)
Control 2.32f 1090.00¢%f 0.98i 0.84 7258.33¢f
GA 2.55% 1130.67%f 1.18" 1.00" 8743
CY 2.49% 1230.67°% 1.42% 1.30° 83162
SA 2,620 1336.67% 1.249% 1.11% 8154°0cd
90 GACY 2.67% 1390.00™ 1.76° 1.64° 8979°
GASA 2.96% 1624.67% 1.57¢ 1.06% 88252
CYSA 2.71° 1627.33% 1.78® 1.66° 8653.33%
GACYSA 2% 1651.33° 1.85° 1.76% 8925.33%
Non salty Control 1.61m 1044.00¢f 0.76™ 0.57™ 5715Km
environment
GA 2.06" 1101.33%f 0.78Km 0.63I" 7304¢°f
CcYy 2,021 1190.00% 1.007 0.85' 7056.67¢%
SA 2.189 1401.33%¢ 0.774m 0.70K 6865¢fn
120 GACY 2.26 1211.33% 1.29% 1.13¢f0 7557.33%
GASA 2.35¢ 1600.00% 1.06' 0.52" 7049.33¢%
CYSA 2.28 1620.67% 1.31 0.674 7550°d
GACYSA 2.29M 1631.33%® 1.39% 0.73K 7546
Control 1.41° 743.331 0.73™ 0.664 4685.67"
GA 1.75™" 780.67" 0.824 0.7 5964k
CcY 1.84Km 790.00" 0.96 0.87 6172.33"k
SA 1.8Km 1075.33%f 0.844 0.76 5866.677
90 GACY 1.971kim 886.677Ni 1.29% 1.19¢%f 6536.33 9"
GASA 1.86KIm 1024.67¢f%h 1.001 0.86' 6737.33¢fhi
CYSA 1.93iK 1150.00% 1.35° 1.18%f 6343¢hiik
GACYSA 1.954 1222.67%% 1.43¢ 1.20% 65369ni
29 oo
Salinity Control 1.49% 686.671 0.41° 0.30° 3738.33°
environment
GA 1.52% 697.33 0.48" 0.36% 5030.67™
CYy 1.77™m 785.33" 0.52" 0.42° 4611.67"
SA 1.56% 720.001 0.39° 0.34° 4441.33™
120 GACY 1.8Km 966.00°f" 0.78Km 0.65% 5090.67™
GASA 1.8Km 823.339ni 0.49" 0.52" 5074™"
CYSA 1.75m" 1083.33%f 0.844 0.674 4906.33"
GACYSA 1.824m 1105.33%f 0.85¢ 0.73k 5138.33'™"
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In each column, there is no significant difference between treatments with common letters according to Duncan test.
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Figure 6- The interaction effect of environment and irrigation levels on grain yield
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Figure 7- The interaction effect of environment and growth regulators on grain yield
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Abstract

Introduction: The occurrence of continuous drought and water crises in arid and semi-arid regions of
Iran, including the Lake Urmia catchment area, has necessitated changes in the agricultural system to
cope with the water scarcity. Any modification in the agricultural system can impact all the ecosystem
components, including weeds. Weeds grow at the same time as sugar beet and accompany it during
its growth period. Sugar beet is one of the crops that suffer the most damage from the presence of
weeds in the fields. Weeds can significantly reduce sugar beet yield and efficiency. Nitrogen fertilizer
can be an effective way to decompose plant residues. Therefore, the aim of this study is to investigate
the effects of cultivation arrangement, planting method, irrigation regime, and nitrogen fertilizer with
and without mulch in tape irrigation on weed populations and different elements of sugar beet roots
in the catchment area of Lake Urmia, which has the largest area under sugar beet cultivation in Iran.
Materials and Methods: The study area is located 7 km south of Bukan city, which is part of the
catchment area of Lake Urmia. The experiment was conducted during the 2018-2019 cropping seasons
as a factorial design based on a randomized complete block with three replicates. The first factor was
the use or non-use of mulch, and the second factor included different types of tape arrangements and
cultivation rows (50x50, 40x50, 40x60, 50x50x50), different cultivation techniques (seedling planting
and an arrangement of direct seeding (50x50x50)), irrigation regimes (75% and 100% full coverage
irrigation in the 40x50 arrangement), and the use of nitrogen fertilizer (at three levels in the 40x50
arrangement). At the end of the growth period, the crops from each plot were harvested and screened.
After washing, 150 grams of root pulp were prepared, frozen, and sent to the laboratory to determine
some quality characteristics. Weed control in seed cultivation was carried out in two stages during the
growth period and in both years, with the first stage taking place 45 days after planting, simultaneously
with planting, and the second stage 30 days after planting by hand weeding. The first round of manual
weeding of weeds in the plantation was done at the same time.

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion: The results indicate that mulch did not have a significant effect on weed
populations at a 5% level of significance. However, the planting method, either direct sowing or
seedling transplantation, had a significant effect on weed populations at a 5% level of significance in
both years. The average number of weeds in seed cultivation was 55% higher in the first year and 54%
higher in the second year compared to seedling cultivation, even though seed cultivation was
performed 45 days later than the area cultivation time. The amount of Alpha-Amino-Nitrogen and
sodium in sugar beet roots was 2.1 and 2.5 times higher in seed culture in the first year, and 2.1 and 3
times higher in the second year, respectively. In the case of 25% reduced irrigation, the average Alpha-
Amino-Nitrogen and sodium in sugar beet roots increased by 8.6% and 39% in the first year and 8.5%
and 35% in the second year, respectively, compared to full irrigation.

Conclusion: Considering the environmental and economic benefits of reducing weeds in sugar beet
cultivation, using the two-row arrangement method (40x50, 40x60, and 50x50) is recommended as an
effective alternative to direct sowing. This method was found to significantly reduce weed populations
compared to direct sowing, leading to reduced use of harmful pesticides and lower labor costs in
organic production. Additionally, the two-row arrangement method may offer other benefits such as
improved water and nutrient management, although it may require more precise planting and irrigation
practices. Further research could investigate the potential drawbacks and benefits of this method in
different soil and climate conditions.

Keywords: Alpha-Amino-Nitrogen, Direct sowing, Plant residues, Seedling transplantation
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Table 1- Soil physical and chemical properties of the experiment field

. ELl woyd i 8 by i B s . Pyae
T ] g5 ol RGN .
sl gaturation  Absorbable  Absorbable . i ! sl
Depth  EC H  Percentage otassium hosphorous Total nitrogen Clay - Silt - Sand Texture Soil bulk i
cm) (ds/m) p ; g p pnosp (T.N) % %) (%) (%) Soil bulk density
(SP)% (ppm) (ppm) (g/cm”3)
0-30 0.731 7.68 47 189 5.2 0.08 25 39 36  Loam 142
30-60 0.474 7.74 48 111 2.8 0.05 25 41 34  Loam 141
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Table 2- Chemical analysis of well water in the experiment field
Sola Slgo S5 . Qe G
Jslno ©ligw 3o & oo mow o iy s -
PHamaml 5042 EC cL Heo® C S ~
ass
DS (mg/l) (dS/m) (mg/l) (mg)  (mgly  (mgh) SAR
(mg/l) (mg/l)
341 7.31 3 0.57 1.8 3.7 0.3 14 C2S1 14
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Table 3- Analysis of variance for the effects of mulching and planting method on weed populations
Ol @3lio bl axy0 @l po (uSileo ©lapo (Sl
Source of variation df Mean Squares-2018 Mean Squares-2019
(A) &b s 5 &l
ook & 1 3 133"
No Mulch-Mulch (A)
(B) slas cesS 5 5,0 s . .
. ) . . 1 21.33 16.33
Direct sowing- Seedling transplantation (B)
A*B 1 0.01"™ 0.01™
Uas-
6 0.36 0.3
Error
Ot oo 2oy
9.74 10.05

Coeff. Var

oy ) 50 Jliol o o lo pme ol pae b oS Ay s
"% non- significant, significant at probability levels 5% and 1%, respectively.
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Table 4- Mean comparison of weed populations for different planting methods

B le Silae duny lo ORileo dun Lo
Treatments Mean comparisons-2018 (plants/m?) Mean comparisons-2019 (plants/m?)
b o
5.67a 5.167a
No Mulch
ls gllo
’ 6.67a 5.83a
Mulch
50*50*50 _zl,T L Jlis cals
. . 4.83b 4.33b
Seedling transplantation of 50*50*50
50*50*50 _zul,l b (5,5 cusls
7.5a 6.67a

Direct sowing of 50*50*50
L5,05 (gl e M dsyo gy Jleiol mhans ;0 LSD 9031 ol i o 50 S e g > (sl (laSile™
*Means within a column followed by the same letters are not significantly different based on the LSD test at a 0.05 probability level.
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Table 5- Analysis of variance for the effects of mulching and sowing pattern on weed populations in the seedling transplantation

Ol s @3lio bl azy0 Wiz po uSileo @l po (Sileo
Source of variation df Mean Squares-2018 Mean Squares-2019
Al o5 5 o
1 0.667" 0.167"™
No Mulch-Mulch (A)
(B) Slis cusS o cusS sla ol
Sowing patterns in seedling transplantation 3 7.89™ 8.83™
(B
AxB 3 0.56™ 05m™
Uas
14 0.34 0.148
Error
Olyes o8 2oy
18.39 13.2
Coeff. Var

% o NS

aoy ) 50 Jleiml mhaw ;o ls e ¢ )lo pixe e ol S

""" non- significant, significant at probability levels 5% and 1%, respectively.
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Table 6- Mean comparison of weed populations for different sowing in seedling transplantation

L)l eSSl dans Lo OeSleo Ay o
Treatments Mean comparisons-2018 (plants/m?) Mean comparisons-2019 (plants/m?)
@b g
° 3 2.83a
No Mulch
s zlle
’ 3.33a 3a
Mulch
Foxde caaS il
. 2.3b 2.83b
Sowing pattern 40*50
Foxge cuas il
) 2.5b 2.33b
Sowing pattern 40*60
Bexde eSSl
. 3b 2.167b
Sowing pattern 50*50
BexBoxB+ cias uua\j
4.83a 4.33a

Sowing pattern 50*50*50

L5, (5,0 e BN duoys iy Jledil mhaes 50 (5SSl yge3T bl s cygin 12 30 S e gy gl (sla p Sils™

" Means within a column followed by the same letters are not significantly different based on the Duncan’s test at a 0.05 probability level.
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Figure 1- Wetted area after two hours of irrigation in sowing pattern 50*50 (a) and 50*50*50 (b)
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Table 7- Analysis of variance for effects of sowing pattern, planting method, irrigation regime and nitrogen fertilizer on different
elements of sugar beet roots

oy glin olsT a0 . Mean Squares-2018 Mean Squares-2019
o e T 6 W P I
Source of variation df AI}:D ‘:”fﬁ o e oLy Alr:“ “:”_*ﬁ o by
P .a- mine- Sodium  Potassium P .a- mine- Sodium Potassium
Nitrogen Nitrogen
A)zls g0 g zlle
Mg o35 ¢! 1 00063™  0119™  0.708™ 0.02" 0.002" 0.703™
No Mulch-Mulch (A)
Uas-
30 0.08 0.17 0.40 0.23 0.28 0.36
Error
Ol oS g o duo
T TS 155 1762 1234 18.19 22 107
Coeff. Var
Slas cas ol
Sowing patterns (40*50), (40*60), (50*50), (50*50*50)
(B) weas )]
) 3 0.599" 0.027" 0.080"™ 0.76"™ 91.51"™ 0.987"
Sowing pattern(B)
AxB 3 0.074" 0.059"™ 0.18" 0.121" 0.26™ 0.159"™
Uas
14 0.11 0.22 0.43 0.26 0.33 0.49
Error
s gy A0 )
T T T 17.8 1765  13.07 17.09 225 12.19
Coeff. Var
Planting method (Direct sowing, Seedling transplantation)

(B)ewsS s, 1 1.84" 8.2" 0.13™ 1.16" 10.36" 0.512"
AxB 1 0.006"™ 0.35" 0.031"™ 0.047" 0.31™ 0.0481"
Uas

6 0.04 0.14 0.49 0.025 0.17 0.186
Error
Sy gy A0 )
SR T 155 19.29 13.97 12.89 20.92 8.22
Coeff. Var
Sl @35
Irrigation regime (1100, 175)

Sl o2, 1 0.080"™ 1.78™ 0.147™ 0.088"™ 2.23™ 0.114™
AxB 1 0.246" 0.35" 1.44" 0.273"™ 0.403" 16m™
Uas

6 0.021 0.027 0.28 0.175 0.268 0.25
Error
Ol oS g o duoy
T TS 7.47 7.04 1035 20.38 193 9.15
Coeff. Var
0395 23
Nitrogen regime (N188, N150, N112)

0397 0255 2 0.387"™ 0.122" 0.77" 0.689"™ 0.180" 1.32"
AxB 2 0.199" 0.384" 0.067" 0.180"™ 0.58"™ 0.13™
Uas-

10 0.024 0.028 0.287 0.35 0.30 0.28
Error
Ol oS g o duoy
T TS 7.87 6.43 10.39 18.04 19.09 9.6

Coeff. Var

oy ) 50 Jlaial mhav jo s s gl gire puf oF gay FEES
s, *, %

not significant, significant at probability levels 5% and 1%, respectively.
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Table 8- The mean comparison of Alpha-Amino-Nitrogen, sodium and potassium in sugar beet roots

L)l CeSSlen duns Lo OeSilne do Lo
Treatments Mean comparisons -2018 (meg.100 g polp™) Mean comparisons -2019 (meq.100 g polp™)
(@N) &0 (39,5 (@N)o o (33 5
Al hﬂ; "_’”M (Na) g (K) iy Al :a;\of”“ (Na)paow (K ooy
P _a- mino- Sodium  Potassium P _a- mino- Sodium Potassium
Nitrogen Nitrogen
ole
Js! Js!
Factor
el g
el os 1.84a 2.4a 4.98a 1.9a 2.52a 5.48a
No Mulch
S e
1.75a 2.3a 5.22a 1.87a 2.40a 5.72a
Mulch
Jele
£9° £9°
Factor
e gl — i s
Seedling transplantation- Sowing pattern 1.87ab 2.74a 4.96a 1.97a 3.01a 5.32a
40*50
e gl - olas cas
Seedling transplantation- Sowing pattern 2.352 2.6a 5.1a 237a 2.08a 6.18a
40*60
=0 xO u:;;iljf Sl cans
Seedling transplantation- Sowing pattern 1.69ab 2.66a 5.13a 1.74a 2.22a 5.94a
50*50
exhexde Gl — olis cs
Seedling transplantation- Sowing pattern 1.66ab 2.74a 4.88a 1.54a 291a 5.452a
50*50*50
EDexdexde ui‘i\jf L;L..; CainS
Seedling transplantation- Sowing pattern 1.66a 2.74a 4.88a 1.54a 2.91a 5.45a
50*50*50
#0ex0ex0 il T— 6,0 cus
, _ oE e 0.88b 1.08b 5.09 0.923b 1.05b 5.04a
Direct sowing - Sowing pattern 50*50*50
/100 (_g)l,,gi Fexde ui;.:\j — GiL..; CS
Seedling transplantation- Sowing pattern 1.87a 2.74a 4.96a 1.97a 3.01a 5.32a
40*50
IO oyl = Foxde iyl — olis cass
Seedling transplantation- Sowing pattern 2.03a 1.97a 5.18a 2.14a 2.23a 5.51a

40*50- Irrigation level of 175

VAA) Giams = Foxde ral)] — Jlas css

Seedling transplantation- Sowing pattern 2.25a 2.54a 5.56a 2.5a 2.81a 6.1a
40*50 - Nitrogen(188)

(150) 59,08 — Fexde Ll — slis caas

Seedling transplantation- Sowing pattern 1.87ab 2.74a 4.96a 1.97a 3.01a 5.32a
40*50 - Nitrogen(150)

ONY) Giams — Foxde rol)]— Jlas css

Seedling transplantation- Sowing pattern 1.78ab 2.47a 4.93a 1.88a 2.80a 5.27a
40*50 - Nitrogen(112)

GESe 2 )8 5hS) VO (55958 el 5 JalS” () L1"
* Full irrigation and N=150 (kg.ha*)
35,5 (5 ls e M oy gty Jletiz | mha 8 (S0 yge3l bl eygim y0 50 S e Bg > sl (slanu il
**: Means within a column followed by the same letters are not significantly different based on the Duncan’s test at a 0.05 probability level.
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Abstract

Introduction: Among the environmental stresses, drought is one of the most important factors
affecting the growth and development of plants, and due to the simultaneous effect on the
morphological, physiological and biochemical characteristics of plant tissues and cells, it ultimately
leads to plant growth decay and yield reduction. This stress induces various physiological, biochemical
and molecular responses in plants as a survival mechanism. Also, this stress can reduce the chlorophyll
content, relative water content, stomatal conductance and ultimately grain yield. The results of some
studies show that increasing the concentration of CO: in the leaves leads to a reduction of the negative
effects caused by drought stress in plants. One of the important strategies to increase the concentration
of CO: in plants is the use of compounds such as methanol, which can increase the concentration of
CO: in plants and help photosynthesis and growth under drought stress conditions. In this case,
methanol can act as an additional carbon source, and in environmental conditions where the plant is
limited by CO: (such as drought stress), methanol as a precursor can help the plant absorb more carbon
and turn it into the final product of photosynthesis. Therefore, the aim of this study was to investigate
the effect of methanol foliar spraying on some physiological reactions of cowpea plants in the face of
drought stress.

Materials and Methods: The research was conducted as a split plot experiment based on randomized
complete block design with three replications during the summer of 2021 in the Dezful region.
Drought stress was applied based on irrigation intervals at four levels (80, 110, 140, and 170 mm of
evaporation from a Class A evaporation pan) as the main factor. Foliar spraying was performed at four
levels (0, 10, 20, and 30% volumetric methanol solution with 2 grams per liter of glycine) as the sub-
factor. The evaluated traits included stomatal conductance, transpiration, sub-stomatal CO;
concentration, photosynthesis, relative water content, chlorophyll index, proline content, electrolytes
leakage, anthocyanin and flavonoid. Analysis of variance was performed using statistical analysis
system (SAS version: 9.3). The means were compared using the Duncan's multiple range test at 5%
probability level.

Results and Discussion: The results of the experiment showed that under drought stress conditions,
stomatal conductance, transpiration rate, sub-stomatal CO, concentration, photosynthetic rate, relative
water content, and chlorophyll index decreased. In contrast, the content of proline, electrolyte leakage,

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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anthocyanins, and flavonoids increased. Methanol foliar application also had a significant effect on
all the studied traits, with the maximum effect observed in the treatment with 30% volumetric
methanol solution, particularly on transpiration rate and anthocyanin content. Under irrigation
conditions after 170 mm of evaporation, foliar application with 30% volumetric methanol resulted in
a significant increase in stomatal conductance (89%), sub-stomatal CO. concentration (20%),
photosynthetic rate (67%), and chlorophyll index (31%), anthocyanin content (12%) as well as a 27%
reduction in the amount of electrolytes leakage compared to the treatment of no foliar application
(control) was observed in these conditions.

Conclusion: Based on the results of this study, the use of methanol, especially the foliar spraying of
30% volumetric of methanol, improved some physiological traits such as stomatal conductance,
relative water content, chlorophyll index, sub-stomatal CO, concentration, and photosynthesis rate,
cell membrane stability, proline content and secondary metabolites like anthocyanins and flavonoids
which can improve the cowpea ability to increase drought stress tolerance.

Keywords: Anthocyanin, Electrolytes leakage, Methanol, Photosynthesis, Proline
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Table 1- Physical and chemical properties of soil experimental field
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Table 2- Some meteorological parameters during the growing season
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o9 2 s Ve o g gt Jlaiie STl (S olabad
YE 5l e o jolis ol 5 il ax 0 YO (slos o s
e 90,5 2l (ECy) Jslore adgl (SO STl Colan el
Sae 4y ol)8 il az 090 o b g 5le (o y0 Sy lalad
EC2) Loy asgili S xSl cgli 5 0z 5 18 casl s 5o
Joko b oy s8Il ects (e Suled)s o Eud 5
«(Lutts et al., 1996) 6o ,5 acwl (¥) alal, 5l oolazwl b

s oSl coti = (ECL+ ECo) x V- + )

Ver. ) Jlsila 3 5l oolizal b Luily s 50T 5 o L] Slikes
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Jlozl s 50 5 58I (05T ol el )l 9,90 Slao
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A= Aszo — (0.25A¢57) )
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(Aghaei et al., 2021) wib o Jsilie 5,15 )il g Sy 0 eaiady Sljaiee S e il el gl
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Table 3- Analysis of variance (mean of squares) of physiological traits of Cowpea under drought stress

- . Sl39) Calun . CO, cals o _—
et 2l ol az 0 By® N ) i g Gl (oo Glgixo
- Stomatal L 1639y 23 i
Source of variation df Transpiration Photosynthesis RWC
conductance Sub stomatal CO,
A
o 2 0.07995 0.02316 1964.77080 0.50521 85.56250
Replication
3 20.52823 82.84223 34552.85423 184.95695 1375.57639
Drought stress
@ sl
0.02634 0.12589 75.18754 0.24798 25.36806
Error (a)
Jsilee - - - "
3 1.08508 0.07582 " 1760.57640 6.52139 398.74305
Methanol
O % gl . - .
9 0.05009 0.04933 ™ 133.87273 0.19454 15.87269 ™
Stress X Methanol
b) sl
24 0.01930 0.04841 22.2778 0.08313 12.27778
Error (b)
6.30 6.38 2.65 4.42 5.35
CV (%)

*% % g

Aoy ) 5o, 0 Jleixl mhaw jo ls pixe g 0 g pf 4 *F
ns, “and ™ Non-Significant, Significant at 5% and 1% probability level, respectively

S i o elieinr Lugd (S als b Ol (Sl yo aSileo) (il g 4125 =¥ Jga aolol
Continue the table 3- Analysis of variance (mean of squares) of physiological traits of Cowpea under drought stress

i gobo o3l a0 oo il dgighs
e . Chlorophyll Electrolytes . .
Source of variation df Proline . Anthocyanin Flavonoid
index leakage
A
L 2 3.64583 40.68750 17.77083 0.000003 0.00672
Replication
3 178.79862 985.58334 1461.18750 0.000401 3.34868
Drought stress
@) s>
16.34028 5.68751 9.60417 0.000004 0.02679
Error (a)
Jsite - - - "
3 33.24306 266.36112 491.35418 0.000053 ™ 0.23963
Methanol
EEENIS . . .
7.15046 ™ 10.15741 14.09491 0.000045 0.04656 ™
Stress X Methanol
) sl
24 4.19445 1.85417 4.78472 0.000019 0.02190
Error (b)
6.88 3.23 454 11.83 7.40
CV (%)

*k Kk

Aoy ) a0 0 Jleixl mhaa (o s pixe g 0 g pf i 4 FF g NS
ns, “and ™ Non-Significant, Significant at 5% and 1% probability level, respectively
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Table 4- Meam comparison of the simple effect of drought stress and methanol foliar application on physiological traits of Cowpea

oo % O (o slgizmo odon Sgigdls
Treatm;ents Transpiration RwWC Proline Flavonoid
(mmol H,0. m?2s?h (%) (mg.g* fw) (mg.g* fw)

Stress levels i zghaw

S ke Ar 5l G )L

O . 6.70 a 79.83a 25.92d 1.49d
Irrigation after 80 mm of evaporation
e VY. ol L.»T
S Ao N Sl sl ) 4250 70.25b ¢ 28.00 168¢
Irrigation after 110 mm of evaporation
NESCE VEe ) Lol
ke T Slom slel 223¢ 59.92 ¢ b 30.25 214b
Irrigation after 140 mm of evaporation
C e . VY. ol L..;T
e W o sl 0.62 d 51.75d 234.93 269a
Irrigation after 170 mm of evaporation
Methanol levels Jsilie gl
(anls) b 59
_ st o9 337a 59.00 d 2758 ¢ 187¢
Without foliar spraying (Control)
s> o, Vo 5L
ST e e ) 341a 63.01c 29.42b 1.92 be
Foliar spraying 10% volumetric
KVEIR S
orm e T sl 347a 67.33b 30.75 ab 202b
Foliar spraying 20% volumetric
doyo Ve Lok
o7 202 T sty 3552 72.41a 31.35a 2.19a

Foliar spraying 30% volumetric
55 00l (5 I ine ST w0 iy JLatl s 55 oSS (a3l bl i B b sl Sileo (gt 0
Means followed by the same letters in each column are not significantly different at 5% probability level, according to Duncan's test.

el Lugd (9 5gle b Olio p Jeilio (al Jalono 9 (Slis i il 5 (nuRle dumglio -0 Jgur
Table 5- Comparison of the mean interaction of drought stress and methanol foliar application on physiological traits of Cowpea

1439, s €O, cbile s gib Jedo s (asls Lol sl ol
Sas g Jyile Stomatal 439 23 Photosynthesis ~ Chlorophyll Electrolytes il
Drought stress Methanol  conductance  Sub stomatal CO, (umol CO,. m? s’ index leakage Anthocyanin
(mol CO,. m2s?h (umol. mol ) h (SPAD) (%) (mg.g* fw)

Mo 354c¢ 220.67d 10.60 ¢ 46.05¢ 43.01 fg 0.0301

I M; 3.63 bc 228.51c 10.77 ¢ 48.74 ¢ 37.02j 0.0311
M, 3.79ab 235.00 b 11.50 b b 53.00 34.33 hi 0.033 kl
M3 3.95a 258.02 a 12.94 a a62.32 31.65] 0.034 k
Mo 252d 196.31 f 720 f e41.34 47.00ef 0.037j

L M; 2.58d 202.63 f 747 f d 44.00 43.66 fg 0.039 ij
M, 2.62d 214.35¢ 8.14¢e 49.05¢ 40.34 gh 0.041i
Ms 3.44c¢ 237.14 b 8.70d 52.67b 35.02 il 0.043"
Mo 1.30 fg 138.00 j 3.241j 34.00 hi 63.35a 0.054 g

I M; 1.35fg 145.01i 3.60i 36.02 gh 59.32b 0.057 f
M, 143f 153.32 gh 4.20h 39.00 f 52.41c 0.060 ef
Ms 2.05¢e 158.05¢g 4709 41.69 e 45.05 ef 0.062 ¢
Mo 0.62 h 110.66 | 2141 28.34 k 67.00 a 0.070d

) M; 0.66 h 117.03 1 271k 30.66 j 64.31a 0.073¢c
M, 0.69 h 126.72 k 3.04 jk 33.59i 59.25b 0.075b
Ms 1179 132.04 jk 357i 37.04 fg 48.94cd 0.078 a

235505 0ol (gl e B aoyd iy Jled gl j0 Sls (yge3T bl s alie By, L sla i SKilo g 2 50
Yo g Yo Gho (bl sl cos s 4 Ms s Mz My Mo A (IS s S5 ) s e lea Vo gV F OV A Sl el s g lada s
Jolie (goz> w0y
Means followed by the same letters in each column are not significantly different at 5% probability level, according to Duncan's test.
I3, I, I3 and l4: Irrigation after 80, 110, 140 and 170 mm evaporation from Class A evaporation pan, respectively; Mo, M1, M, and M3: 0, 10,
20 and 30 volume percent methanol spraying, respectively.
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Abstract

Introduction: Pea cultivation is vital to the agricultural systems of the Mediterranean region. In
addition to providing important nutrition for both humans and livestock, peas help maintain soil
fertility, especially in arid areas worldwide. Weeds pose a significant challenge to agriculture because
they compete with crops for essential resources like water, nutrients, light, and space. In developing
countries, grass interference greatly reduces crop yields, leading to substantial losses. The herbicide
Imazethapyr can be used either as a pre-sowing soil treatment or both before and after legume
emergence to effectively control this problem. In Iran, which is characterized by arid and semi-arid
climates with limited rainfall, careful planning and strategic resource management are crucial to
minimize production losses during dry periods. To address these challenges, improving seed
germination and early seedling establishment while optimizing soil moisture use is essential. Seed
priming is an effective technique that enhances germination rates, ensures uniform emergence,
supports seedling growth, and promotes key developmental stages such as vegetative growth,
flowering, seed filling, and tillering in various crops.

Materials and Methods: A field experiment was conducted from 2014 to 2015 to examine the effects
of chickpea seed priming and imazetapyr herbicide on weed control, yield, and its components in
chickpeas, arranged factorially within a randomized complete block design with three replications.
The main factor was seed priming (primed and non-primed), while the secondary factor involved
applying imazetapyr herbicide at doses of 250, 500, 750, and 1000 cc, combined with two weeding
treatments. Each plot measured 3 x 8 meters, with row spacing of 60 cm and a planting density of 45
seeds per square meter. To assess weed density and relative abundance across the entire field, each
plot was split lengthwise into two sections: the upper section, serving as an unsprayed control, and the
lower section, which received the treatment. Weed density and relative abundance were evaluated by
placing two 5 cm x 5 cm squares in the unsprayed part of each plot. Spraying was done with a
MATABI model backpack sprayer fitted with a calibrated nozzle, applying 300 liters of water per
hectare. Pre-planting herbicides were incorporated into the soil using a sander, and pre-emergent
treatments were applied immediately after planting Arman chickpeas. Weed density and dry weight
were measured fifteen and thirty days after the last spraying by sampling from two 0.5 x 0.5-meter
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boxes in each plot. The data were analyzed using SAS (9.1) software via analysis of variance. Means
were compared using Duncan's multiple range test at a significance level of 5%.

Results and Discussion: The highest herbicide efficacy at 15 days after spraying (DAS) on weed dry
weight (67.14%) and weed density (71.37%) was related to treatments (Imazethapyr 1000 cc + non-
priming and Imazethapyr 250 cc non-priming). In addition, the highest herbicide efficacy at 30 DAS
on weed dry weight (87.37%) and weed density (91.8%) belonged to treatments (Imazethapyr 500 cc
+ priming and Imazethapyr 750 cc + non-priming). The results indicated that the tallest (27.5 cm) and
the shortest (12.9 cm) chickpea plant height were associated with the priming + weeding and non-
priming +1000 cc herbicide treatments, respectively. The highest yield (873 kg. ha') and 100-seed
weight (26.8 g) were attributed to the weeding priming treatment. In this experiment, Imazethapyr
effectively controlled weeds; however, its adverse effects caused slow growth, severe phytotoxicity,
and a reduction in chickpea seed yield. Therefore, it is recommended not to use this herbicide under
rainfed conditions.

Conclusion: Studies have shown that the use of the herbicide imazethapyr is highly effective in
controlling weeds in chickpea fields. Specifically, increasing the concentration of this herbicide leads
to a significant reduction in weed density, especially 15 and 30 days after spraying. One of the notable
findings of this research was the positive effect of seed priming combined with the application of 1000
cc of imazethapyr. This combination resulted in a 94% reduction of annual weeds. In terms of yield,
the treatment of seed priming along with hand weeding produced the best results in seed production,
and the highest 100-seed weight was also observed in this treatment. This indicates that hand weeding,
as a complementary method, can help improve chickpea yield. However, the use of high doses of
imazethapyr alone, due to phytotoxic effects, caused a decrease in yield and yield components of
chickpea. Therefore, it is recommended to use a dose of 500 cc per hectare as the optimal dose for this
herbicide.

Keywords: Arman cultivar, Dry weight of weeds, Plant toxicity, Rainfed farming, Yield chickpea
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Table 1- Meteorological data in the 2015-2016 crop season

olo Lo SSlos Lo Plos Swyb
Months Maximum temperature(°C) Minimum temperature(°C) Total precipitation(mm)
WWAY o e
289 10.9 70.3
2014-September
Ay Jlo bl
18.7 4.3 27.2
2014-October
IFAY o 3
14.4 2.6 9.6
2014-November
war gl o
12.2 -0.5 9.6
2014- December
WWAY s e
15.6 2.7 33.6
2015-January
¥AY Jlo asaul
16.4 2.4 52.9
2015-February
WA Jlo (p9,5,8
21.2 6.1 51.4
2015-March
WA Lo cutgs)|
. 29.6 10.5 12.6
2015-April
IYAF Jlo ols >
37.3 15.6 0.2
2015-May
=hy b 5o (Sl 216 5.8 22.7
s=hy Jad o S S 204.4
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Table 2- Physicochemical properties of the soil of the experimental site (depth of 0-30 cm)

S céb ST olaS 5 w0
Soil texture (Ppm) T.D.S OM (%) ayoawl  ECe (SO sl cylon
o e ey ] o (Mg Li-") 039 5% o (PH) (ds.m)
Sand Silt Clay  Potassium  Phosphorus Nitrogen Carbon

18 44 39 355 10.8 231

0.059 0.61 8 0.57
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Table 3- Weeds based on dominance in chickpea field

ole b ol pb oslgils i Sl e Sl
Scientific name Persian name Family Density Frequency Relative
(Plant. m?) Freguency (%)

Galium tricornutum Dandy. R e Rubiaceae 28.53 0.19 19.08
Carthamus oxycantha M.B. sy S8 Asteraceae 26.82 0.18 17.93
Vicia villosa Boiss. sl adem 5 Sl Fabaceae 18.29 0.12 12.23
Vicia dasycarpa L. Syore SIb Fabaceae 13.94 0.09 9.32
Conringia perfoliata L. P A S Brassicaceae 13.41 0.09 8.97
Goldbachia laevigata L. SFHS di Brassicaceae 12.47 0.08 8.34
Convolvulus arvensis L. stlmo S Convolvulaceae 10.29 0.07 6.88
Cephalaria juncia (L.) 8D Dipsaceae 9.41 0.06 6.29
Sinapis arvensis L. =y S0 Brassicaceae 6.76 0.05 452
Polygonum avicular L. ) Polygonaceae 5.23 0.03 3.50
Avena fatua L. Y5 Poaceae 3.02 0.02 2.02
Hordeum spontaneum 009 Poaceae 0.59 0.00 0.39
Chenopodium album L. o5 aale Chenopodiaceae 0.41 0.00 0.27
Anthemis lorestanica L. S aigls Asteraceae 0.39 0.00 0.26

99 8 50 5 slodile o515 mmlislesl (2Scile ool i1
dwoy0 ) Jleisl mans o (cileaws 51 g 55, T 5 V0 el
2 Sl n g mlislesl blie J1enl ogdle 09 lo s
g1 s i (SBlons Sl e 59, V0 50 5,0 slacile (S5

(F Jgoz)
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9 =lom 5l 395 V0 3 5 sladale (ST Sieeal
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oo 3 g 595
Table 4- Variance analysis of priming efficiency and different concentrations of Imazethapyr herbicide on density and dry weight of
weeds based on sampling 15 and 30 DAS

30 e oS5 i ke LS 39
- weed density Weed dry weight
Ol st o oljl a0 ; . . . . .
. . w59, Y Slom 59518 SEESITA
S.0.V Df  solpow 31 o 39510 ) .
15 DAS
30 DAS 15 DAS 30 DAS
ASs
Rep 2 0.732" 3.222™ 8.537" 0.491"™
Priming 1 186.505™ 1.044"™ 17.447 2.460™
~Sale . . . .
Herbicide - - - -
SAleX Sral 5 7238.267 13331.414 9486.423 11027.444
Priming x Herbicide " -
s 5 27.437 0.754™ 36.077 1.815™
Error 22 1.786 1.456 2.309 1.53
STy eyt ' ' ' '
Coefficient of Variation (%) - 3.14 1.98 2.99 2.18

o s BB pas g 0o yd B oy ) e 40 o e (5le] B Kl i NS 5

* kk

** *and ns: respectively, indicating a statistically significant difference at the level of 1%, 5% and no significant differenc
Abbreviations: S.0.V: Sources of variance; DF: Degrees of freedom; DAS: Day after spraying herbicide.
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Table 5- Comparison of the average efficiency of priming and different concentrations of Imazethapyr herbicide, weed density, and
dry weight
o515 Gl duo S (539 GhlS doyo
Lo Density reduction (%) Dry weight reduction (%0)

Treatments ol 31 g 39510 lsoww 31 o 39, Yo b 3 gy 39510 (bl 31 e 39, Y
15 DAS 30 DAS 15 DAS 30 DAS

P R X eyl
P, x H(1000%) 81.21a 93.90a 83.80a 86.47a
e VO XSl
P1x H(750%)
e XSl 71.83b 92.14ab 78.29b 83.22bc
P;x H(500cc)
V0 X Sl 67.44c 90.85bcd 73.90c 81.36cd
P;x H(250cc)
X Simerl 48.27e 89.12d 72.82c 79.05e
P;+ weeding
g paeX Sl Og Oe Oe of
P;+ weedy 0Og Oe Oe of
Spenln poe
OiSale s ) v e X
P,+H(1000cc)
VO XSl pos 72.70 92.3ab 85.6a 85.4ab
P,+H(750cc)
e XSipmly pae 69.7bc 91.8abc 82.7a 85.1ab
P,+H(500cc)
YO XSyl pos 59.1d 90.4bcd 67.3d 82.7¢
P,+H(250cc)
ey X Kianly pac 39.1f 89.6¢cd 64.7d 80.1de
P,+ weeding
pae XSl pae 0g Oe 0e of
o9
P+ weedy Og Oe Oe of
35,l5 LSD 9051 bl g a0 0 Jleial o jo (gl s Dglis St B G JBlas lls sl Kils (gt o 50
In each column, means with at least one letter in common are not significantly different at the 5% probability level based on the LSD test.
Abbreviations: P1 and P2: Priming and Non-priming, respectively; H: Herbicide at (250, 500, 750, and 1000cc), respectively; DAS: Day after

spraying.
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aF ol o3 W oasl o slass azg B il o
ST (90599 008 Jlae S (i 4 ylijlanl (iS5 le
3 daxe axgill gloadl b adgs 4 jblg 1) olS g 00,5 Jas

5o axld slows o e a0l 4 az gl b asS po Iyl oyl

(559 g O ySloe (Cllild  as L (aild Slami (ML Slani (£ 58 ALl Slani (£ laT ] p S ale 9 Soowsl y Ol T il g 4 35 —F Jeus
Dg digy 50 Aild Ver (39 9 Aild O Slos
Table 6- VVariance analysis the effects of Priming and herbicide on the pod number, number of seeds, harvest index, biological yield,
seed yield, and weight of 100 seeds per chickpea plant

a0 ALl olawi o BN olawy &ild sluws L™ S Slos o (39
Ol i 2o el ails o ,Shos
sl A 50 A A 50 il S 5elgw 4l
S.0.V PH GY
DF NBP NPP NSPP HI BY 100GW
B - . " .
o 2 0.912™ 0514 3202.564 2977 16.485™ 31.456.799 4098.135™ 0.371™
Replication
. 1 15.734™  0.467" 2166.902™  0.899™ 12.733™  15.231.674™  4777.115™ 0.014™
Priming
. 5 154.217 8.310 39671.830" 24.372 1377.114 39668.485 345069.637 77.769
Herbicide
OeSaleX S asl
. . 0.942" 0.403™ 6845.979"  4.282™ 90.159™  341625.827™  49458.772" 2.224™
Priming xHerbicide
5 gl
22 1.082 0.072 685.136 0.255 5.373 68.19.215 1796.125 4.426
Total Error
SSy oo
- 4.95 7.38 18.56 15.22 8.20 8.17 13.79 9.83
CV%

Abbreviations: S.0. V: Sources of variance; DF: Degrees of freedom; PH: Plant height; NBP: Number of branches plant-1; NPP: Number of
pods plant-1; NSPP: Number. of seeds of plant-1; HI: harvest index; BY: Biological yield; GY: Grain yield; 100W: 100-grain weight; Ns:

Non-significant, * Significant at P <0.05, and ** Significant at P <0.01.
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Table 7- Comparison of the average interaction effect of pea seed priming in different concentrations of Imazethapyr herbicide on

PH, NBP, NPP, NSPP, HI, BY, GY, and W100S per chickpea plant
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In each column, means with at least one letter in common are not significantly different at the 5% probability level based on the LSD test.
Abbreviations: P; and P,: Priming and Non-priming, respectively; H: Herbicide at (250, 500, 750, and 1000), respectively; PH: Plant height;
NBP: Number of branches plant-1; NPP: Number of pods per plant; NSPP: Number of seeds per plant; HI: Harvest index; BY: Biological
yield; GY: Grain yield; W100S: 100-seed.
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Abstract

Introduction: One of the increasing methods of water consumption efficiency, is evaluation of
irrigation systems especially surface irrigation systems as the most widely uses irrigation method.
Organic materials also because of their benefical effects that have on physical, chemical, biological
and fertility traits of soil, are considered one of the important aspects of soil fertility.in order to
evaluate the consumption of organic fertilizers and their integration on economic yeild (leaf) of lemon
verbena and some combination on leaf yield to lemon verbena (Lippia citrodora L.) and some physical
and chemical characteristics of soil under different irrigation methods,

Materials and Methods: an experiment was performed as split plots based on a randomized complete
block design was carried out at the Agricultural Research Institute of Zabol University (Chah Nimeh)
with three replications in two cropping years 2017 and 2018. The main factor included three irrigation
methods: flood irrigation, furrow irrigation and drip irrigation and the secondary factor included the
use of organic fertilizers and their combination in 5 levels: no Consumption of fertilizer (control),
cattle manure (30 tons per hectare), poultry manure (5 tons per hectare), vermicompost (5 tons per
hectare), combination (15 tons per hectare of cattle manure + 2.5 tons per hectare of poultry manure).
data related to evaluated traits were analized using SAS software (version 9.1). tables were drawn
using word and excel software. Comparison of means treatment was done using Duncan's multiple
range test at the 5% Probability level.

Results and Discussion: result showed that the highest economic yield (leaf) to lemon verbena was
obtained by flooding irrigation method and lowest by drip irrigation method. In other words leaf yield
decreased in the dripping method by 12.1% compared to the flooding method that this reduction can
be attributed to soil salinity and high air temperature during the plant growth period and lack of
sufficient leaching of saline solutions in the drip irrigation method, among organic fertilizers
treatments the highest economic yield was obtained from 30 tons per hectare of cow manure treatment,
and the lowest by control treatment. cow manure improves plant growth and yield by increasing the
water holding capacity of the soil, incrasing soil microbial diversity, improving part of the nutrients

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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needed by plant. using organic fertilizer was increased soil nitrogen, potassium and sodium content
and decreased soil bulk density. The highest amount of soil organic matter, soil phosphorous were
obtained from interaction drip irrigation treatment and consumption of 30 tons of cow manure. There
was no statistically significant difference between drip irrigation and half cow manure +half poultry
manure treatment. Increasing amount of soil organic matter in these treatments can be because of
increasing carbon input from cow manure. interaction between effect of cow manure and drip
irrigation increases soil organic matter by increasing the availability of soil nutrients along with ability
to hold soil moisture because of creating a favourable environment for activity of soil microorganisms.
Conclusion: Therefore, it can be said to substitude organic fertilizers instead of chemical fertilizers
in lemon verbena improves physical and chemical properties of soil and reduces environmental effects
of chemical fertilizer, also use of drip irrigation greatly reduces water consumption in lemon
cultivation compared to traditional irrigation methods.

Keywords: Drip irrigation, Economic yield, High consumption elements, Organic matter percentage
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Table 1- Physical and chemical properties of the soil at the site of the project before planting
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Table 3- Combined analysis of variance of the effect of irrigation methods and levels of organic fertilizers and their combination on
economic performance and some physical and chemical properties of soil
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Table 4- Mean Comparison of economic yield, nitrogen, potassium, sodium and bulk density of soil to lemon verbena under the
influence of different levels of organic fertilizers and theircombination and irrigation methods
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Table 5- Mean Comparison of interaction of irrigation methods in organic fertilizers and their combination on some physical and
chemical properties of soil

ikl oy, ST os5 g Sk JT ook i
Irrigation . - :
Type of organic fertilizer (1)SOM P(mg/k
methods yp g (mg/kg)
aals
0.77h 7.64h
Control
5
Saled 0.82b 8.32d
Cow manure
8¢ Lot =
@S S eiad 0.78g 764e
Flood irrigation Poultry manure
et 09 078g 7.70e
vermicompost
o 995 ai+ 595 8055 el 3.l
Combination half of cow manure+half of 081d 7.17e
poultry manure
0.76i 767e
Control
5
Saied 0.83b 9.34bc
Cow manure
e S i 0.79f 779
Furrow irrigation Poultry manure
Syt 09 0.78g 8.34d
vermicompost
0 395 aai + G35 055 aal 3.2l
Combination half of cow manure+half of 0.c82 8.58d
poultry manure
0.76h 792e
Control
i3
SSaed 083a 1033a
Cow manure
lo ,Lad LT ¢
sl sl e 0.80e 7.92¢
Drip irrigation Poultry manure
et 09 079f 9.10¢

vermicompost
o085 hait 555 055 hal G4l
Combination half of cow manure+half of 082c 9.54b
poultry manure
il ge Sl (glanals auz aesl el a1 B s jo o gme S sue LS e 0 alie g >
Similar letters in each column indicate no significant difference at the 5% level based on Duncan's multiple range test.
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