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Introduction

Barley is the fourth most common cereal crop in the world after wheat, maize, and rice, which is used for
animal and human feed and malt production. This plant stands out among crops due to its unexpectedly wide
range of adaptation and distribution compared to other cereals, earning it recognition as a model species.
Determining the variation in the morphological and physiological traits of roots and shoots in the collection of
barley genotypes can provide the basis for breeding new cultivars with suitable traits for better adaptation to
specific environments. So in this study, some morphophysiological characteristics of roots and shoots of
commercial barley cultivars were studied to identify cultivars with a higher root-to-shoot ratio as donor parents
for breeding projects.

Materials and Methods

In this study, 21 barley cultivars were grown in a randomized complete block design with six replications in
greenhouse conditions. Morphological and physiological traits related to roots and shoots were measured during
the tillering and heading stages. Also, some traits affecting photosynthesis and yield during reproductive growth
and harvesting stages were measured. Analysis of variance, mean comparison by LSD test at 5% probability
level, and multivariate statistical analyses including principal components analysis, cluster analysis by Ward
method, correlation analysis, and path analysis were performed by JMP and R statistical software.

Results and Discussion

Significant genetic diversity was observed for most of the traits among cultivars (P<0.05). At the tillering
stage, Behrokh and Mehtab cultivars and in the heading stage, Jolgeh cultivar showed the highest dry weight of
root to shoot ratio. Reyhan variety showed the lowest dry weight of root-to-shoot ratio in both stages. The
carbohydrate content of the root in the tillering stage and leaf proline, root volume, and the ratio of chlorophyll a
to carotenoid in the heading stage had the highest significant correlation coefficients with dry weight of root to
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shoot ratio (P < 0.05). Path analysis revealed that the root carbohydrate content in the tillering stage and the ratio
of chlorophyll to carotenoids and proline in the heading stage are the most effective traits of the dry weight of
root-to-shoot ratio. Principal components analysis showed that the first and second principal components explain
33.63% and the first seven principal components explain 72.66% of the total changes. Also, the first principal
component showed a positive and significant correlation with root to root-to-shoot ratio in the heading stage, and
the second principal component showed a negative and significant correlation with this ratio (P<0.05). The
studied cultivars were classified into four groups based on cluster analysis so that the fourth and second clusters
in the tillering stage and the third and second clusters in the heading stage had the highest and the first cluster in
both stages had the lowest dry weight of root to shoot ratio.

Conclusion

Based on the results, Jolgeh and Reyhan cultivars can be used in breeding programs to improve and produce
cultivars with higher root-to-shoot ratio, optimal yield, and more adapted to specific environments. These
cultivars had the highest and the lowest dry weight of root-to-shoot ratio in both stages, respectively. Also, they
were placed in different dimensions of the biplot drawn based on the first two principal components. In addition,
these cultivars were observed in different classes based on the cluster analysis.
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Table 1- List of barley varieties used in this study

&5 PR Gy ele K1 PR Cwiy enle
Code Cultivar Growth habit Code Cultivar  Growth habit
1 Yousef Spring 12 Nosrat Facultative
2 Goharan Spring 13 Behrokh Spring
3 Reyhan-03 Spring 14 Reyhan Spring
4 Kavir Spring 15 Nowrooz Spring
5 Nik Spring 16 Dasht Spring
6 Nimrooz Spring 17 Fajre-30 Facultative
7 Zahak Spring 18 Zarjow Spring
8 Loot Spring 19 Mahtab Facultative
9 Torkman Spring 20 Jolgeh Winter
10 Sahra Spring 21 Bahman Winter
11 Oksin Spring - - -
)y 290 Sl Cund Y Jga>
Table 2- The list of traits investigated
Code Traits Unit
A (Area) gla (€M2) gye o sl
V. (Volume) po (Em3) oo s gl
H./L/W. (Height / Length / Width) s,e / Jgb / glis)) (cm) yio gl
N (Number) sluss -
F.W./D.W. (Fresh / Dry Weight) s / 5 55 (@r. plant?) g )8
T. Bio (Total Biomass) JS'  wlegs @nes
R/Sh Ratio (Root to Shoot Ratio) ,lsn plul 4 4y cas -
TKW (Thousand Kernels Weight) «ls ,l5a s ar) &5
ALA (Average Leaf Angle) 5, 4y9l; (Sl ©D) 4>
SD (Stem Diameter) L. ,laé (Mmm) e o
RWC (Relative Water Content) <5, U1 _ows (slgimo (%) 2oy
SA (Stomata Area) <, gaw (MM?) @oyo yiog,Sue
SL (Stomata Length) «3,, Jsbo (M) j209,Sen
SW (Stomata Width) <35, (5,e (M) yi09,Sen
SN (Stomatal Frequency) 4, sl (N per mm?) Sy, woye yio oo y 2e
Pro. (Proline Content) :Js,s (slgixe (Mg.grt) Sis odbo )5 p p)5 o
Carbo. (Carbohydrate Content) .3 (¢lge (Mg.grt) Kis oske )5 p p)5 o
ChLT/Chl.a/Chlb  (Chlorophyll Total, a, b, Con)b 5@ (JS Jdg,ls cdale  (MQ.grt) s osle o5 5 p,5 e
Caro (Carotenoid Con) 434,18 cbale (Mg.grt) Sis odbo )5 p p)5 o
T (Tiller) as, -
P/L (Plant / Leaf) 5,/ «s -
U-/D- (Adaxial / Abaxial Surface) S, »;/ Sy <9, -
L yiegls £5F 5 PYR Ve lazgse Jsb 3 @i ol
sobel slagulad g aajad Llgy (obuly Coles 53 b €313 ptogiby Sl olSiws ) o3litl
s oy 5 Lo puilly (31555 (slagygeil pll 5l g Al Lideis)lS s JS Judg S b g a Luds S olie (8) b (V)
P LSD () du 5:Nse acslio (il g 4o daodlsz joi A
aujo5 Jold o patosiz (gylol glajlll g dop> iy Jleis] o Chl.a = (13.36xAgq4) - (5.19%A440) (v)
Sisad 50U 5 '3l o) 4 cladss 40 (ol claadlge 4 ChLb = (27.43xAg40) - (8.12%Agg,) (v)
kg Lo S vy 9 VW a5 s IMP (gLl )l 8lp 5 Lo g Chl.Total = (5.24xA4g,) - (22.24%Ag49) (¥)
Cxto) = [(1000 x A7) - (2.132x0C9h1. a) - (97.64xChl. b)] )

1- Ward
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plasl an ady) SLis (59 Cumd Cao .05 odaliie (V4/0) a/b
o (S 9 (Sjeomy e ) adllas 3)90 pB)l e (2o
Oinlas Woals) wols olis 1y (gaus)d OY/Y 5 YO/ il s ol s
(w‘ ol odld
Cu Sy byl Qbal Gl wlaw (gl pB)l (i YL 95
2 d ol eal gl Glaw WS o wali8 1) lBa sladsl
lad oy o iS58t 5 Cgllae olg e lan opl &5 (65)l50
slrcuisl om £95 39> ((Rezaeinia et al., 2022) )l ,45 5
Slao b alie (2l g Sigde b «Suigledyse Clao Ll jl >
(Hajiagha, Nouraein, & Hossienpour, 2019; Modarresi,
ol en 9 X5 .Pourmohammad, & Sadeghzadeh, 2022)

£55 52 w95 WA LS55 £55 ol » (Wang et al., 2021)

20,8 odaliie (slon

S plool Vo)A aseus EXcel 9 .Y asis R layljale 5

oabyly aayas
adsyo g (il 0)93 )3 (s 3)90 Slino (pibly 435
Qj9) Glusgad jady Glas 4lS jlaj 5l sl & ol Lis el
2 S35 g S ausly (ke «S 2 05 &y Jsb Sy )
7 Jgia P</+0) sl sine gl JR0aSy b Sy Al 5
ddy) Suid (g lop Pl o Slas jray (gjeomy dloye
oismine ©glds pB)l e o b S5 51 S Lidg)lS (slgime
Sy e )3 uibly 4555 (P Jgae P<e/10) cudl 3924
bads) Jsb oy (uyp 2y90 Clio S jlas 1 2Bl a8 0l lis
Sl gls cpl (B Jado P<o/0) aisly Jbo sre cugley S50
1y csdms slm sl pLol &S sl L) 3590 o6yl (YL g5
Sy atsyo g (ol 4By adspe Job 53 WS (e Sl
S e Clio 3 e Sl coyd o> (il
Loyd opyiaS o (WIF) Sy Jobo o (VAIY) doxiy slaas (VY/A)
N5 03g 5 FIV) S 5 459y 0oye Slio ) Sl o pd
gyl Ao )d (i S50y Al ye j0 0D odalide (F/A) il
Ay o (YO/A) Sy 0B (glaore Slaw 4 bayye olyuss

Sl g2 Al 5o g (oalulj by 295 )3 g2 Blisee P81 45 SG5eld 90 Clho (ilyly 4520 - Jga
Table 3- Analysis of variance for morphological traits in different cultivars of barley during reproductive growth phase and
harvest phase

Block Cultivar Error
SOV af MS df MS af MS CV.
U-SA 5 42.99" 20 20.10" 100 15.27 175
U-SL 5 0.967" 20 0.743" 100 0.628 10.8
U-sw 5 0.461" 20 0.252"s 100 0.151 10.3
U-SN 5 0.157" 20 0.114ns 100 0.071 35
D-SA 5 0.285" 20 0.285" 100 0.168 8.9
D-SL 5 0.903" 20 0.695" 100 0.631 10.3
D-SW 5 0.241" 20 0.395™ 100 0.187 11.3
D-SN 5 0.171m 20 0.137" 100 0.078 3.8
sSD 9 0.195" 20 0.565™ 180 0.126 11.3
PH 9 49.99™ 20 115.8" 180 18.17 10.2
ALA 9 0.196" 20 1.300m 180 0.092 10.3
NL 5 3.05m 20 4.066™ 100 1.490 23.1
NLT - - 20 0.487"s 105 0.421 19.3
RWC 2 33.60" 20 175.1™ 40 63.35 13.7
LA 2 68.50™ 20 33.86™ 40 10.75 21.6
LL 2 72.09" 20 39.69™ 40 13.98 18.1
LW 2 0.197" 20 0.062™" 40 0.026 15.0
TKW 2 11.51™ 20 25.63" 40 1.920 2.6
NT - - 20 1.593™ 105 0.280 19.2

EIEE

oy K g gy Jless !l o j0 0 gz g )5 gmeps sy g
ns,*and ™" non-significant and significant at 5% and 1% of probability levels, respectively.
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Table 4- Analysis of variance for investigated traits in different cultivars of barley in the tillering stage

Block Cultivar Error
SOV af MS ar MS af MS CV.
FW. 6 0337 20 0374~ 120 0110 196
D.W. - - 20 0022 126 0.007 133
Shoot H. 3 1170% 20 7783 60  18.06 108
A 2 0001 20  00002° 40  0.0001 105
V. - - 20 0220 63 0087 109
FEW. 6 0196~ 20 0036~ 120 0015 146
oot D:W. 6 002" 20 0004 120 0003 194
H. - - 20 7957 63 1962 189
V. 3 0640™ 20 0205 60 0095 18.6
T. Bio 6 0004 20 0008 120  0.003 6.6
FEW. 6 005" 20 0022 120  0.008 105
RIShRatio o\ g  (os2* 20  0014™ 120 0006 180
Pro. L. 2 0004 20  0008" 40 0003 74
Pro. R. - - 20 0023™ 42 0002 53
CHO.L. 2 0006® 20 0127 40 0004 31
CHOR. - - 20 0063" 42 0015 6.3
Chl. a - ] 20  0106° 42 0.049 18.8
Chl. b - ] 20 0068™ 42 0017 162
Caro - ] 20  0008™ 42 0002 16.7
ChLT - ] 20  0340% 42 0203 108
Chl. alb - ] 20  0085™ 42 0032 121
a/Caro ) ] 20  0056° 42 0025 7.7

ns

o )d S5 g i Jlein] mdaw )3 I gize g I3 gixe s S Sy **5*‘
ns *and " non-significant and significant at 5% and 1% of probability levels, respectively.

Sy Al 50 )3 g2 liie OBl 50 (w5 3590 Sl (il jlg 4055 -0 Jo>
Table 5- Analysis of variance for investigated traits in different cultivars of barley in heading stage
Block Cultivar Error

SOV df MS df MS af MS CV.
FW. 2 0046 20 0568 42 0.119 163

D.W. - - 20 0.067* 63 0.019 14.9

Shoot H. ; ; 20 201.3* 42 92.67 19.1
A. 2 1.121% 20 0.442° 40 0.140 9.1

V. 2 0.641" 20 0.335" 40 0.152 19.6

FW. - - 20 0144”42 0.019 148

Root | DW. 3 0082 20  0259" 60 0.044 19.4
H. - - 20 2703 42 14.25 20.2

V. ; - 20 0237 42 0.047 19.6

T. Bio 6 0004 20  0.008" 63 0.023 15.3
_RW. - - 20 0.020" 42 0.002 105
RIShRatio o\ 3 0.001" 20  0.031" 60 0.001 6.0
Pro. L. - - 20 0203" 42 0.003 5.9
Pro. R. ; ; 20 003" 42 0.002 53
CHO.L. ; - 20 14912 42 500.5 17.2
CHOR. 2 0190" 20  0255% 42 0.018 8.0
chl.a ] - 22 0.062" 40 0.005 6.2
chl.b ; ; 20 0148™ 42 0.013 11.4
Caro ; - 20 0.051% 42 0.004 115
Chl.T ; ; 20 0315 42 0.028 10.6
Chl. alb ; - 20 0.044" 42 0.013 9.2
a/Caro ; - 20 0175" 42 0.053 11.0

o yd S g gy Jlein] e )3 45 xe g 5 Jre pf a4 **9*‘”5

ns,*and " non-significant and significant at 5% and 1% of probability levels, respectively.
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Figure 1- Mean comparison of dry/fresh weight root-to-shoot ratio in different cultivars of barley in the tillering stage
(Columns with at least one similar letter have no significant difference at 5% probability level on the base of the LSD Test).
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Figure 2- Mean comparison of dry/fresh weight root-to-shoot ratio in different cultivars of barley in the heading stage
(Columns with at least one similar letter have no significant difference at 5% probability level on the base of the LSD Test).
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Figure 3- Correlation between dry/ fresh weight R/Sh ratio with traits that had a significant correlation with these ratios in
the tillering stage
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Figure 4- Correlation between dry/ fresh weight R/Sh ratio with traits that had a significant correlation with these ratios in
the heading stage
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Table 6- Path analysis for dry weight root-to-shoot ratio of barley cultivars in tillering stage

“ o LS o s 5! d?.)'\’ )' W}:‘c_)"
Trait Correlation Coff Direct effect Indirect effect via
) PH LL Sh.H. CHO.R.
PH -0.470 -0.199 - -0.099 -0.076 -0.096
LL 0.450 0.363 0.054 - 0.022 0.011
Sh.H. -0.522 -0.122 -0.125 -0.065 - -0.211
CHO.R. 0.553 0.442 0.043 0.009 0.058 -
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Table 7- Path analysis for dry weight root-to-shoot ratio in different cultivars of barley in heading stage

T o B 3 i 51
Chuo (Sumod Gy b oo 53] Indirect effect via
Trait  Correlation  Directeffect , o\ ) sA U.sw NLT RWC Sh.A RV. Plio' Chl.a alb alcaro
D-SN 20492 -0.145 ~ -0.119 -0.002 0.002 -0.027 0.026 -0.074 -0.192 0.090 0.111 -0.160
U-SA 0.499 0208 0083 - 0004 -0.030 0.036 -0.018 0.064 0.200 -0.128 -0.407 0.486
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Introduction

Quinoa (Chenopodium quinoa L.) is a dicotyledonous, allotetraploid, three-carbon, annual, optional salt-
loving plant and is native to South America and the Andean highlands. The growth period of the plant varies
between 70 and 240 days depending on the cultivated area. The main product of this plant is the seed, which has
a high nutritional value in terms of protein, amino acid balance, unsaturated fat, vitamins, and minerals. Like
other plants, quinoa faces various environmental stresses during its growth period, and its growth and yield are a
function of environmental factors and their mutual effects. The occurrence of high temperatures during the
sensitive stages of plant growth, such as flowering and seed formation, may cause a significant decrease in
quinoa yield, and high temperature has been cited as one of the most important challenges for the cultivation and
expansion of quinoa in the world. Salicylic acid acts as a signal molecule and plays an important role in
regulating growth and development processes in plants under environmental stress. Salicylic acid increases the
content of relative humidity, accumulation of dry matter, and the amount of chlorophyll.

Materials and Methods

The objective of this research is to assess the physiological responses of quinoa cultivars to varying planting dates and the
impact of foliar application of salicylic acid in mitigating the adverse effects of end-of-season heat stress during the 2021-2022
crop year. The study was conducted at the research farm of the Faculty of Agriculture, Shahid Chamran University of Ahvaz,
using a split-split plot design within a randomized complete block framework, with three replications. In this experiment,
three factors a) planting date including October 12, November 11, and December 11, and b) foliar application of
salicylic acid in the two stages of budding and the beginning of flowering including non-application, 1.5 mM and
3 mM and c¢) Quinoa cultivars including Titicaca, Giza, Q12 and Redcarin were investigated.

Results and Discussion

The effect of investigated factors such as planting date, salicylic acid, and variety on different traits had
statistically significant differences. The results showed that the maximum amount of stomatal conductance and

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
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the relative content of leaf water belonged to the date of October 12. The highest biological yield and seed yield
were observed under conditions of application of 1.5 and 3 mM salicylic acid, respectively. Probably, salicylic
acid has increased the growth and accumulation of dry matter by improving carbon fixation, synthesis of
metabolites, and maintaining the water status of plant tissues. Based on the results of the comparison of the mean
of the three-way interaction, the maximum amount of biological yield and seed as the most important goals of
quinoa plant cultivation, respectively, in the treatment of not using salicylic acid in the Redcarin cultivar on the
planting date of December 11 and the application of 3 mM salicylic acid was obtained in the variety Redcarin on
the planting date of October 12. The highest rate of net assimilation and the growth rate of the product belonged
to the treatments of no application of salicylic acid in the Redcarin cultivar on December 11 and no application
of salicylic acid in the Giza cultivar on October 12, respectively. The treatment of not using salicylic acid in the
Redcarin variety on the planting date of October 12 was also able to achieve a high harvest index.

Conclusion

According to the obtained results, it seems that to achieve a high seed yield of quinoa, it is possible to benefit
from the treatment of 3 mM salicylic acid in the Redcarin variety on the planting date of October 12.

Keywords: Harvest index, Greenness index, Grain yield, Stomatal conductance
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Table 2- Analysis of variance of foliar application effect of different concentrations of salicylic acid on different planting dates
in some quinoa cultivars

Leaf . Relative Crop Net
SOV df area Spad Stomatal R\f/ﬁ[g\r/e growth  growth assimilation  Bjplogical ~ Grain  Harves
~ : index  value  conductance rate rate rate yield yield tindex
&be a5 o . content e e e o
o e das —dije, Culaa lioma S St S 3, Slos 3, Slos ol
L peves) 83! caw o & o . KW KW O Msosm! So59lem &l Cild
5)-! ' : d:.wu; Jya:u udl&
Block <'sl, 2 3.6 83.1™ 6133 57.7™ 0.0043"™ 0.2555" 0.0824 "™ 1397 5306 ™ 85.8™
Planting
date
& (A) 2 34.17 1743.8" 1110474™ 7104~ 0.0036 ™ 0.6628™ 0.5319™ 6574487 272406" 6149™
cals
Error s 4 21 183.9 17334 263 0.0022 0.0478 0.0713 98695 17252 26.4
Salicylic
acid (B) 2 4 587.3™ 1640™ 179.9™  0.0013™  0.1161™ 0.417™ 437327 32240 449.4™
S bo sl
B xA 4 55" 86" 760 ™ 513.3™  0.0008™  0.1731™ 0.1307 ™ 7138405™ 26238™ 73.7m™
Error L3 12 0.9 51.3 1609 389.7 0.0013 0.1899 0.1183 94408 5842 34.7
Cultivar (C) - - - - - - -
o 3 11.8 47.1" 21" 56" 0.0112 0.3708 0.322 2202819 164832 442.4
p)
CxA 6 16.2™ 28" 655" 146™ 0.0021™  0.1393™ 0.146" 1249312 90550™ 169.7™
CxB 6 48" 202 930™ 88.5™ 0.0021™  0.0776™ 0.0634 ™ 1343551 18878" 143™
CxBxA 12 8" 93.5™ 1080 "™ 254.8™ 0.0026" 0.1601" 0.2155™ 1577790™ 41404 94.8"
Error s 54 0.8 32.9 873 189.5 0.0017 0.07 0.06 104586 6008 43.5
C.V (%) - 28.4 13.1 17.7 18.8 24.1 27.4 26.5 25.6 26.4 24.9

il o I gime (g lal M) BB NS g doyd G g gy Jloin] gaws )3 I3 gxe (g ylol MBI (s Loy s g
*and ** are significant at 5% and 1% probability levels, respectively, and ns is non-significant difference.
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Table 3- The mean comparison (interaction effect) of foliar application effect of different concentrations of salicylic acid on
different planting dates in some quinoa cultivars

. g
X CdlS ,U) B lows oW ol sas ) =Epe &g Vo] 3 Sos ls s o ls
(08, x Sl 5, mlany pad Jg“"" LAl Sy jelam Gra’in Sl
ro ek
(P;;Let?rtlmggtti § Leaf area value grosvxﬁh Net Biological yield Harvest
Salicyligacid N index rate assimilation yield index
Cultivar) rate
- g m2day? kg hal A
October 12x 0 mM x
Titicaca , .
sl Voo + X yea ¥ 319 9 4883 °f 0.5 b-k 0.21 dg 8583 M 31337 & 3659 of
cadlV) cadd ‘
B x Sl
October 12x 0 mM x
Giza . .
8.29 a 3853 9k 082 ab 0.25 “9 12193 4 28813 M 2531 ¢

Sl Vgoido + % g V-
138 % Silogls
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Sl Y g Lo ¥ x BT Y-
W58 % Sl
December 11 x 3 mM
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1.75

1.93

0.13

1.19

1.49

2.33

3.32

0.89

1.36

4.78

3.89

k-q

n-r

p-r

m-r

b-e

e-h

331

42.72

49.35

494

63.35

50.73

36.35

46.43

522

52.45

57.75

d-g

b-e

b-e

bed

c-h

bc

be

ab

0.29

0.06

0.25

0.24

0.23

0.34

0.38

0.14

0.15

0.64

0.37

e-k

f-k

f-k

g-k

d-k

c-k

h-k

c-k

0.35

0.04

0.7

0.26

0.22

0.3

0.33

0.28

0.16

0.46

0.25

b-g

c-g

c-g

b-g

b-g

c-g

d-g

b-e

c-g

1603.1

1815.1

3930.1

3230.6

996.9

862

3036.4

1202

1433.6

1548.2

1139.2

cd

h-n

d-j

c-e

d-l

156.15

172.07

394.92

4775

58.67

63.75

325

83.77

246.3

128.9

274.55

b-f

f-k

9.16

9.46

10.13

15.12

5.84

7.18

10.7

6.82

16.83

9.18

2431

n-o

n-o

k-n

h-1

sl oo Iy xe (o ylol M 3 oy iy Jlein] daws )3 LSD g0l ol pr sl g yn (l)ls dlsel ygiasyn 5
In each column, the numbers with the same letters have no statistically significant difference based on the LSD test at the 5%

probability level.



VYV el slo S & Jomi (Ul 9 (59090 508 (sloas L 1 Sdnmulos donasl b cdleJgla 531 o)y 102 9 jLald

B gD S it (g ,U 5 Subruaoins! it GBS il Jglome basl o 43 8005 oyt Ol Kkiasod gl —€ Joua

Table 4- The correlation results of investigated traits under foliar application of different concentrations of salicylic acid on
different planting dates in some quinoa cultivars

1 2 3 4 5 6 7 8 9 10
e 3 B g
13 38 s 4_3 §8 ;9 $ g b v 33
224 98 55f 3% 3e 3,F 98 43 A
+5 4 5 38 253 33.%% ig jﬁ‘)jg 15 a2g x%
32 xE 5 375 237 s i 1§ 86 3F
8 w3 ER IS A ek £ §E 3 £
- 0O 2 7] [3)
pd [va
0 mM salicylic acid T 1 POV | WEREVOVY) [0 VS WP
1 1
2 -0.166 1
3 0.167 -0.097 1
4 -0.133 0.342" 0.464 1
5 -0.124 0.186 0.105 0.173 1
6 -0.100 0.410" 0.006 0.295 -0.017 1
7 -0.028 0.178 0.108 0.021 0.143 0.290 1
8 -0.196 0.235 -0.003 0.119 0.114 0.522 0.400" 1
9 0.335 0.351" 0.147 0.347" 0.089 0.057 0.101 -0.046 1
10 -0.468" 0.241 0.067 0.495~ 0.064 0.029 0.024 0.059 0.606™ 1
1.5 mM salicylic acid  Slamdlus dawr! Y0 Jdao V/0
1 1
2 -0.037 1
3 -0.019 -0.172 1
4 -0.043 0.194 0.349" 1
5 -0.197 0.154 -0.026 -0.028 1
6 -0.222 0.407" -0.145 -0.126 -0.160 1
7 -0.274 -0.017 -0.135 -0.042 -0.200 0.607 1
8 -0.276 0.333" -0.110 0.113 -0.328 0.738~ 0.742~ 1
9 0.566" 0.379" 0.030 0.343" 0.083 0.022 -0.234 -0.151 1
10 0.342 0.312 -0.120 0.213 0.347" 0.143 -0.059 -0.009 0.501" 1
3mM salicylic acid  Swadlwsw! Yoo Juo ¥
1 1
2 -0.092 1
3 0.182 -0.092 1
4 0.117 -0.104 0.363 1
5 -0.081 0.085 0.103 0.301 1
6 -0.165 -0.198 -0.078 0.116 0.108 1
7 -0.202 -0.252 0.090 0.132 0.095 0.818~ 1
8 -0.120 -0.164 0.205 0.251 0.166 0.782~ 0.733~ 1
9 0.289 0.186 -0.099 0.396 0.235 0.044 0.011 0.167 1
10 0.395" 0.330" -0.250 0.231 0.275 0.159 0.158 0.242 0.716~ 1
s o Jo > S g i gaw 50 b dne (sylel BMS] (s Cusys 4 s g 3
*and ** are significant at 5% and 1% probability levels, respectively
T gdew 0 Slwdlodl o ccsls 7 blae 1 cusls S s oAl

9wy 50 Somdludpnl Lilaze pl « Sl sl 31 9 oy
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Figure 2- The mean comparison for effect of different planting dates on stomatal conductance of quinoa
Means followed by similar letter are not significantly different at 5% probability level using LSD test.
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Figure 3- The mean comparison for effect of different planting dates on relative water content of quinoa leaves
Means followed by similar letter are not significantly different at 5% probability level using LSD test.
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Figure 4- The mean comparison for effect of cultivar on relative relative groeth rate of quinoa
Means followed by similar letter are not significantly different at 5% probability level using LSD test.
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Introduction

One of the important challenges in the agricultural sector is the low use efficiency of chemical fertilizers,
especially nitrogen fertilizers, as well as the competition of weeds with crops. In this regard, it is important to
use management solutions to reduce the use of chemical inputs. To increase the quality level of food used by
humans while reducing environmental pollution. One of the management solutions is the use of controlled-
release fertilizers. Considering the desire to increase the quantity and quality of the coriander plant and also to
identify the best-studied genotype, research was conducted in this field to investigate the effect of different
sources of nitrogen fertilizer and the competition of weeds in the region on the agricultural and medicinal
properties of different genotypes of coriander.

Materials and Methods

The experiment was carried out in factorial form based on a randomized complete block design with three
replications in the teaching and research farm of the Faculty of Agriculture Shahed University of Tehran in the
2019 season. An experimental treatment consisted of three factors including: 1) nitrogen fertilizer sources
(Control treatment: without nitrogen fertilizer; SCU: with rate of N, 70 kg ha'!, and urea: with rate of N, 70 kg
ha!), 2) genotypes (Nahavandi, Pishgam and, Ethiopia), and 3) weeding (weedy and weeding by hand). The
experimental plot size was 2x2 m? dimensions with a plant spacing of 25 cm x10 cm. A space of 1.5 m between
plots and 2 m between blocks were maintained. At the end of the growth period, coriander plants of 1 m? per plot
were harvested, and fruit yield per plot was measured. Also, in the plots under weed competition, the
competition index was evaluated. Sampling of weeds was done in two stages (in the growing stage of the main
plant and another in the ripening stage of the seeds) using quadrats of 30 x 30 cm and the abundance and
biomass of each plot was calculated. To evaluate the percentage of the essential oil of coriander seeds, the
Clevenger device was used with the steam distillation method to identify and determine the essential oil
compounds extracted from the gas chromatography device.

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
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Results and Discussion

Related to the competitive indices, results showed that, the Pishgam genotype had the highest ability to
withstand competition (%), and the lowest yield loss (%), and, the Nahandi genotype had the lowest ability to
withstand competition (%) and the highest yield loss (%). It seems that the Pishgam genotype was more
successful in competing with weeds due to its early maturity and higher germination rate. So, it has a higher
ability to tolerate weed competition than other genotypes. Regarding fruit yield, the findings of this experiment
revealed a significant increase in yield with the application of nitrogen fertilizer in the weeded plots.
Additionally, the Ethiopian genotype exhibited the highest fruit yield among the weeded plots. However, the
fruit yield of genotypes did not show significant differences in the un-weeded plots. This suggests that weed
competition significantly limited fruit yield compared to the inherent characteristics of the genotypes assessed in
this trial. Ethiopian genotype showed the highest percentage of essential oil in all nitrogen fertilizer sources. In
the Pishgam genotype, the most essential oil was obtained in the sulfur-coated urea treatment but, in the
Nahavandi genotype, the most essential oil belonged to the control fertilizer treatment. Due to the difference in
the genetic structure of genotypes, various results have been observed, which can be due to the difference in the
fertility of different genotypes. Also, the results of this experiment showed that the main composition of
coriander essential oil is linalool.

Conclusion

The results showed that N fertilizer and weeding significantly increased seed yield. And the Ethiopian
genotype had the highest seed yield and essential oil in weeded plots. Also, the Pishgam genotype had the
highest Ability to withstand competition (%) and the lowest Yield loss (%).

Keywords: Coriander, Essential oil, Sulfur coated urea, Urea, Weed control



Olpl =l cleipgh 4 i

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

LA

\OO—\'W U'" g\i"ﬂ QL‘..,.;'L? (.Y a)w A’T .U.::

(Coriandrum sativum  2.:3 SLCS 85 &S 9 oS 5 Ses 5 05958 el & G
Saseaile b ol byl s L)

26:|.:|J.:'- gzk.é.a gYQQSJﬁ Ly Saen ‘ru‘.‘l':"' e Rl L;?Ua‘)é L;.La o durw ‘\J)\.G b d

VEY/YIY e il fo )
VEYNY/Y 2oy go,l

daS

o el Sy slacile b <o) pac g ol bylpd )3 S (slacesn (i g (oS Glio p fess el ante ;8T gy soliatod;

A ploal ARl (o aals oKl (65,9liS” 0uSisly (Sladss asjie )0 )10 aw b dolay JolS slaSsl 7k B jo el &g
5 s> g bulpd )3 (1ald (93,555 (s L oygl copgl) (1395 365 e g (gl Py s iled) S sl Jolds (tale] olse
3ySbos Joiliy 53 pis ()5S 9 (F0/0) ey Joods (Ul 0 5VL )y pBUy caigi] o> (s @bt 350 50 Slacile (g (g
Cudlys )39y 395 L ol 405 g (VUNY) ,Sdae Jousilly 3 s 3V 5 (VF) Jood el cn Sl (sl (sigles 5 9 (OF/FA)
W (LS 3 £33 LS 0FY/ ) (g9l dacaissl e ) s Jlidl o ladile jpim pae Lulyd )3 1y olS 5 Shos (513 e 5l
Hlals bl i saalie ()b gne lds 5 lacile b <o) Lulyd ) dacais] 9 9355 loylass (g Lol 52 4l 5 Slas (2 5YL
091 395" L oddylod (5359les i) 9 oyt 0p9l 395 L oddylasd (998l g A S gime il 80> 2 eSS 3 (g 355 hlie
025 sled (§35gled i) @ (3laite ¢S uill 13 0uB plolid oS 5 (p el Blgieds JPUd doyd o VL sl 1) (il dop> (a8
S0 gomma i o 3l L |y (Jglite ol cilisee (slacips] (bl LS 5 20yd (IS jobods 290 (63,555 i L ojgl 3957 L

Aslge LS 5 ol p K5

5t ey cile 51 «53,5 55 Loy L oygl gl e il 1505 g0 g

sla Kaly 0a iS5 d)ls 0 4 axe5 b .(Incrocci et al., 2020)
51 oolaiwl .l Caodl Pl jlows olS 485 o e dlos o 2l);
sle,Kaly alos jl (Slow Release Fertilizer) s ,us™ sladgS
Slgo 015 )5S (g3ladlil bl o by il 1 Siho 5 Sgo e
a8 2ib oo oS )l 5l skl Blial dlax 51 olS L5 550 oli
lods sladgS s 3l iy Jleel ale cll ialS yeus
55 .(Min Zhang et al., 2016) 345 o )] (oLl Lial33l cogo
3 YL o ) atud] 6lodsS oy 53 (6,55 sy L ol
9 ool 319,595 yuaie a8 1y 0dby plaidl dgs 4 1) Wgs
Ol P9xie el 4 oS (3,5 > Gids car dlge (33
sbadgs (3,5 ) tde Ca (b s JMosl Jd 4 paie
8 Jie 355 S0 plpisd groped Ml e cuwlie (lond
Hamidi, Prakasita, Jayyid Zuhdan, ) cwl ly); (5,0 gl
250 o 158 Ll opl o (Widiyastuti, & Setyawan, 2018
olS Wil SlS a5 5 o5 5 Sles g9y by )uiS slrdsS Cute

LYRUFY

slegs wlie 03940 (655l Lise slajille 5l (S

il gla by 4 098 ol 3l ool s &S |l 59 i
BRI PP (Wi { DYV WM LI A LI PROVS |
1o oS Laugs o3lizl g i b g 0k )5 ol oo

olBisly ‘d)'”L.fS H.l.c 0aSisly ‘u_cl))' OLM; d)}J9§| d);'fj 697.“:*5‘3 -\

Al el wnls

wald ol «(g5y5liS pole 0aSiiily «bls gl g caslyj 09,5 ¢luiiils =¥

Sl ol

ol ol ¢ g5ygliS” pole 0aSLily (bl Pl g casly; 09,5 jlskiwl —Y

el el

olrl @ «5nliS e g

(Email: maleki@shahed.ac.ir 1 homs o X — )
& https://doi.org/10.22067/jcesc.2024.84994.1276


https://jcesc.um.ac.ir/
mailto:maleki@shahed.ac.ir
https://doi.org/10.22067/jcesc.2024.84994.1276
https://orcid.org/0000-0002-1678-2743

YELY Gl oF 5 lond FY Wla eyl ()5 Slanigiy 4 uid Y OA

Abdelkader, Gendy, Bardisi, & )<l byl d i
ailio gl g ailyie slo 308 olS adol Liie .(Elakkad, 2018
Ol am Bleite (ol pl )3 jpitS CtS ) daw (p pd A8l
Jamshidiyan & Talat,) asb o 8l 5 Sgles yliw joud g (Jltad
9y el Mo 2 YY B Ve ol 58 olS by (glgis (2023
Adb o (Luolol) Jly8 oy 0o VIV LS /oY e
Yeganehpoor, Zehtab Salmasi, Shafagh Kolvanagh, )
odas " JJLi) (Ghassemi Golezani, & Dastborhan, 2016
C;LJ[LMM)J9wloﬁ&]&ul)bbyy%)}w;
Shahwar ) 15l63,S" S5 JS" usll jlaoys £+ 51 i 1y o] o)lee
ol g il olie mlus > S wilul I (e al., 2012
lysl ol gy ladss aol o Jos a olglyd slaoslzuwl
Clod S o155 oLS () el oSl il g 09,5005
4, a4 L (Laribi, Kouki, M'Hamdi, & Bettaieb, 2015)
o ol (S i) 5 3058 oL (o il e bl
B b disej cpl )3 (cdingly el 3)90 CS9) (i (ol
9290 53 slacile o) 5 ()79 395 Ao @lio U (o)
il lacss) ()l 5 (o) Chogad (o) @idate

A s 508

W g, g g0

o8 slaSol 25l B o g g8 oy ool
(65318 03l gl g objgel 450 3 )85 aus L Bolas
Slows a@Bd YV 9 4o YO oldliss (oo b les sl oKl
e Vo0r gl g (Bpb d2pd Ve g 4iBd 0V (oldlyi> Job 4
LAl olo Ll 55 pe oo YYA/R GLILw (5,b 9 byd prdaws
oigs =) Jols ilojl (ola,eSs i Iyl VFe e Cutigus)|
L 0yl 395" o)1 395" 1 Jols 395" jlows =V (98] 5 pBUtin cs¥59les
¥yl plyied (s 295 Sl edlatul pas g (93,555 b
GBPS D9 g pAE g ey g 92 )3 1j)p e Lo e
G955 9 &5 i 9 Jod Sl duge Sl (g0l 5 S5l
W0 gl Lol ol o ydy Ao iy Gl €8 5 5l PRty
rolie Comdy )y Cap i g2l 5 o) silwedlel I I3
S tagls Yo Gos jl S iged S 2l i 9 S
ol oad 03l Ui Y Jodo pd o) gl 45w plocl as e

2- Linalool

b, Xolssl oLS (Echinacea purpurea L.) J5 )5y 5,5
(Ahmadi, (Saffron) I, ac; g, oL5 o (Sunflower)
Samadi, & Rahimi, 2020; Perveen ef al., 2021; Rezaian
Ldy dy gy Agy 4 dagi b .iles S a1y & Forouhar, 2004)
5 955 csio (i Ase D (s lnasS Al laaia
ey 4 e & 3l 350 365 ke gllas s 3590 (rimen
Slaal sl g3 (alond gladsS 2L YL 5 Jgare Glise
Poshtdar, Abdali Mashhadie, ) ccuwl o, Simgh g ol5yolis
(Moradi, Siadat, & Bakhshandeh, 2016

sbdile joan 5 B 6jyoliS 5w 3 K slagill |
390 @lie (53,5 39450 9 <) bl b e slacile el jyn
a5 1) g Jpraainn (S 5 oS 8lS el ol
S Sy lacids Copie 3 SLE pogge glie yole
hiee slagby) Sl edlatul b g doslia Abb e 4240050
oy JBs 4 a5 Gile 3,5 538 1,55 | 5y (slacile
L g lsSioe ol Jgmae Mg il 4 g (yous
slpad gylanl (65,5liS g aenidy Glaal Cops b
Oriren g b sladile dusly jlSle (cw)p b iy 90
Lol 2l Glajls (w9 SIS €55 9 198 33> adlllas
9 0,8es g iy 5yp slacile Copte )3 JSso slopad Glyie
Karimi, Zaferian, & Emadi, ) sl> )38l 1, (oolasdl a8,
08,5 8 5l aS b yuiS cbaagS 5l eslatwl ¢ Jlo lgicds (2019
SrS ol 5ym ladile opd 13 ()55 Vb e g 0)lSy
Oried Adl o)y g 4 2y90 Ll (pl )3 Ml g0 S
cile b ol olS <y 3 03 Jge Jelse jl sl > S
(Amini, Pejgan, & 45 ola yiolojl 1> sl o jyn cla
blLs,l 5 e ey Dabagh, 2014; Gebrehiwot et al., 2020)
a5 g (Phaseolus Vulgaris L.) Lug) slacussg) cold,y oy |
ol plol 5,0 slacale b (Eragrostis tef (Zucc.) Trotter)
039 5Cnj g oS5 talS 4 e &S polie (glacuigii 5y
s ol 3,Shae ity 53 s (15aS 5 05 50 sloile
ol 5 (S8 sy a0 IS #8ly 50 .36160,S" Al 03 )57 aloe]
Orme g gy sladale L YL ey )8 b pB)l (yme g
= Ol 5 @ b syl 5l (63, Shee g (VL Jeuily
Masoumi, ) 3,25 51,8 (o) 5 (e 350 S5 oo 45 3L
.(Asghari, Tavakoli Dinani, & Makarian, 2013

Coriandrum Sativum L. _ale pl5 U 56565 o) olS
s, b lilys cad 95 sl ale oS L yin odlgls 4 e
5 =S 9 Blad ¢ Canly Blw (glyb &5 Wb o yio Bl V- LY

1- Apiaceae



VO 5l Sloudgi (oS 5 (005 05Khas 3 (359505 (ool oo il ()00 9 BMe

SE olbowd 9 (K50 Oleogad I (S -) Jga
Table 1- Some physical and chemical properties of the soil

" ) caly P Culad el ue;is 55 g(;/;)e,-w . il
Gos s e (S sl 251, S . P K
Year Depth Sp EC 0.C Total N available  available
Texture o, ds m! pH Y ” ppm ppm
2020-2021 0-30 Loamy 36 3.36 7.94 1.76 0.15 51.8 753.9
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Table 2- Species composition and abundance of weeds in the coriander field in two stages of sampling

w8 o ole o Jol 8,12 peiged P93 (8,2 pdiged
Persian name Scientific name First sampling (%) Second sampling (%)
)l e Phalaris canariensis 46 50
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Table 3- The analysis of variance of mean square for the effect of fertilizer and genotype on competition indices

Cold,) Joou Ul

et 2alio o3l anys 3 Sos Cél
Ability to withstand . o
S.0.V df competition (%) Yield loss (%)
B;ka 2 0.603" 60.20 ™
(A) 555 2 5.65™ 566.06™
Fertilizer
G(z)o;;;fs 2 19.78% 1978.05"
AxB 4 2.49ns 24.379ns
s Error 16 1.91 191.5
Oy o o
; 25 18
CV (%)

Jopd ) 90 Jloas] pdaw )5 )by gixe iy s g %
* and ** are significant at the probability level of 5% and 1%, respectively
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Table 4- Genotype effect on competitive indices, weed density and weed biomass in two stages of sampling

o > Shos 1 o8 Jood LIy
Treatment Yield loss (%) Ability to withstand competition (%)
<35 Genotype
s¥sles Nahavandi 90.33a 9.6b
p&u, Pishgam 54.48b 45.5a
295 Etiopia 77.45a 22.5b

ol 5S9035l b sy iy Jlesn] gans 43 I cixe gl (gosimd yLis g b 53 S yidio pé gy
Non-common letters in each column indicate a significant difference with the Duncan test (0.05).
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Table 5- The analysis of variance for the effect of fertilizer, genotype weed on coriander seed yield

O pds 2alio RS 415 3 Slos
S.0.V df Seed yield (kg ha!)
4 Block 2 131527
> Fertilizer sources (A) 2 95771.62™
i3 Genotypes (B) 2 55296.22""
5,0 dile Weed (C) 1 1405197.31%
AxB 4 1524.21™
AxC 2 125109.15*
BxC 2 80274.29*"
AxBxC 4 15029.97"
Error 32 6095.35
Oy o > i ”
CV (%)
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* and ** are significant at the probability level of 5% and 1%, respectively
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Figure 1- The interaction effect of fertilizer sources and competition with weed on the grain yield of coriander
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Figure 2- The interaction effect of genotype and competition with weed on the grain yield of coriander
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Table 6- The analysis of variance for the effect of fertilizer and genotype on essential oil content (%) of seed coriander

CAJOVES I 91T &3l an o ol ao
S.0.V df Essential oil (%)
sy Block 2 0.004"s
548 Fertilizer sources (A) 0.006"s
<55 Genotypes (B) 0.03™
AxB 0.01™
L3 Error 16 0.002
&l pess oy CV (%) - 17

Jopd ) 90 Jlois] pdaw )0 )by xe i gy e g %
* and ** are significant at the probability level of 5% and 1%, respectively
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Figure 3- The interaction effect of fertilizer sources and genotype on essential oil percent of coriander
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Table 7- Essential oil components content (%) of coriander seed under different treatment

o il Ol 5
Treatment Essential oil components (%)
. ‘ A dilay -y . .
555 X Jid ly owmpll Oebbowme OB o) g, e U
- . . p- Myre a- limo Gera Deca
Fertilizer Genotype Linalool neral -terpinene Y’ cymene ene pinene 2E- nene geranyl 2E- niol nal
- dod acetate d 1
0,slU 83.5 025 7.42 140 075 138 0.68 0.25 3.22 019 029 023
S35 039 il 88.1 0.4 495 077 022 015  0.59 - 333 041 043 051
SCU Nahavandi
als C 77.87 022 5.65 155 083 383 1.64 0.18 3.47 1.4 041 139
0ys 1U 82.33 - 5.18 1.66 024 025 2.48 - 4.01 0.99 1.01  0.83
$2555 oy f S 84.07 - 6.25 143 049  1.68 2.65 - 246 - 045 028
SCU Pishgam
s C 84.26 - 7.57 210 036 033 23 - 234 - 045 025
oyl U 69.74 033 121 076 251 793 0.53 3.81 3.83 0.72 139  0.63
e y
S5 039 = 7353 022 1.14 0.37 157 496 0.47 235 5.58 0.74 198  0.64
SCU Ethiopia
s C 7756 0.3 0.86 0.63 204 536 - 2.98 3.6 - 127

- Low proportion (0.01%) or not detected

595 3pSMos Jruily 13y (268 5 <) Jood a3
L g gled gl & Blate b oy Jood (adld o cmb
lopadld 4 il slacdy] Gglite slaiSly 4 ey
Sl (i b g adlate 5ym cile jols COlS b i oo ( LB
clsal b g wilaie L o clacile 4 cond Ban (i)
Sloolaiwl ialS es yn e 4y Cond 5 et slacuis;

w‘b).:

3y s uiliol aoyd b bl s iolejl ol gl cpiomen

ol Flite slaiisTly ()59 p & S Bzt Glacaisy &
4 0)5l 355 L oadjlosd s U9led 5 (5l Guig) &S (5ysb 4 D
0ob poladl ogs a1y Juill o pd cpioml o cp Yl sy
o=l 3 iz Loy (i Jewily ©olis I Glis &5
L oo bl yd g cudS Bun 4 a5 b a0 ASL o0 die
5,5 3561 g 5ual S el elacusls wuslie g Sl
oYL b plity s o ol Gtalefl ol @l i

References

1.

Abbaszadeh, B., Sharifi Ashourabadi, A., Ardakani, M. R., Lebaschi, M. H., Safikhani, F., & Naderi Hadjibagher
Kandi, M. (2006). Effect of Application Methods of Nitrogen Fertilizer on Essential Oil Content and Composition
of Balm (Melissa officinalis L.) under Field Condition. Iranian Journal of Medicinal and Aromatic Plants, 22(3),
223-230. (in Persian with English abstract).

Abdelkader, M., Gendy, A., Bardisi, 1., & Elakkad, H. (2018). The impact of NPK fertilization level and Lithovit
concentration on productivity and active ingredients of Coriandrum sativum plants. Journal of Applied Sciences,
8(3), 827-836.

Abdolahi, F., Salehi, Sh., & Rahimi, A. (2016). Effect of different nitrogen sources on vegetative trates, grain yield
and essential oil yield of coriander (Coriandrum sativum). Journal of Cercetari Agronomice in Moldova, 1(165),
51-65. https://doi.org/10.1515/cerce-2016-0005

Ahmadi, F., Samadi, A., & Rahimi, A. (2020). Improving growth properties and phytochemical compounds of
Echinacea purpurea (L.) medicinal plant using novel nitrogen slow release fertilizer under greenhouse conditions.
Journal of Scientific Reports, 10, 1-11. https://doi.org/10.1038/s41598-020-70949-4

Ahmed, Sh., Jahangir Alam, M., Hossain, A., Mominul Islam, A. K. M., Awan, T. A., Soufan, W., Qahtan, A. A.,
Okla, M., & El Sabagh, A. (2021). Interactive Effect of Weeding Regimes, Rice Cultivars, and Seeding Rates
Influence the Rice-Weed Competition under Dry Direct-Seeded Condition. Journal of Sustainability, 13(317), 1-
15. https://doi.org/10.3390/su13010317

Akbarinia, A., Daneshian, J., & Mohmmadbiegi, F. (2006). Effect of Nitrogen Fertilizer and Plant Density on Seed


https://doi.org/10.1515/cerce-2016-0005
https://doi.org/10.1038/s41598-020-70949-4
https://doi.org/10.3390/su13010317

YELY Gl oF o lond FY Wla <ol ()5 Sloamidgiy 4 uis VPP

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Yield, Essential Oil and Oil Content of Coriandrum sativum L. Journal of Iranian Journal of Medicinal and
Aromatic Plants, 22(4), 410-418. (in Persian with English abstract).

Amini, R. A., Pejgan, H., & Dabagh, A. (2014). Investigating the competitive power of different bean genotypes
against weeds. Iranian Journal of Field Crops Research, 12(3), 491-501. (in Persian with English abstract).
Angeli, K., Delazari, F., Nick, C., Ferreria, M., & Silva, D. (2016). Yield components and water use efficiency in
coriander under irrigation and nitrogen fertilization. RevistaBrasiliar de Engenharia Agricola e Ambiantal, 20(2),
415-420. https://doi.org/10.1590/1807-1929/agriambi.v20n5p415-420

Beyzi, E., Karaman, K., Gunes, A., & Beyzi, S. B. (2017). Change in some biochemical and bioactive properties
and essential oil composition of coriander seed (Coriandrum sativum L.) varieties from Turkey. Journal of
Industrial Crop and Products, 109, 74-78. https://doi.org/10.1016/j.indcrop.2017.08.008

Ehteshami, S. M., Soleimani, S., & Pazoki, A. R. (2014). Effect of weed competition on morphophysiologic
indices, yield and yield components of rapeseed (Brassica napus L.) cv. Zarfam in Varamin. Agronomy Journal,
108, 121-131. (in Persian with English abstract).

Fatholahi, S., Ehsanzadeh, P., & Karimmojeni, H. (2020). Ancient and improved wheats are discrepant in nitrogen
uptake, remobilization, and use efficiency yet comparable in nitrogen assimilating enzymes capabilities. Journal of
Field Crop Research, 249, 1-13. https://doi.org/10.1016/j.fcr.2020.107761

Ghazanfari, N., Mortazavi, S. A., Tabatabaei Yazdi, F., & Mohammadi, M. (2020). Microwave-assisted
hydrodistillation extraction of essential oil from coriander seeds and evaluation of their composition, antioxidant
and antimicrobial activity. Journal of Helion, 6, 1-9. https://doi.org/10.1016/j.heliyon.2020.e04893

Gebrehiwot, H. G., Aune, J. B., Netland. J., Eklo, O. M., Torp. T., & Brandseter, L. O. (2020). Weed-Competitive
Ability of Teff (Eragrostis tef (Zucc.) Trotter) Varieties. Journal of Agronomy, 10(108), 1-20.
https://doi.org/10.3390/agronomy10010108

Hamidi, F., Prakasita, B., Jayyid Zuhdan, M., Widiyastuti, W., & Setyawan, H. (2018). Dissolution Rate
Behaviour of Sulfur Coated Urea from Spouted Bed Coater using Box Behnken Design. Journal of Advances in
Crop Science and Technology, 6(5), 1-4. https://doi.org/10.4172/2329-8863.1000390

Incrocci, L., Maggini, R., Cei, T., Carmassi, G., Botrini, L., Filippi, F., Clemens, R., Terrones, C., & Pardossi, A.
(2020). Innovative Controlled-Release Polyurethane-Coated Urea Could Reduce N Leaching in Tomato Crop in
Comparison to Conventional and Stabilized Fertilizers. Journal of Agronomy, 10, 1-19.
https://doi.org/10.3390/agronomy10111827

Izgi, M. N. (2020). Effects of Nitrogen Fertilization on Coriander (Coriandrum sativum L.): yield and quality
characteristics. Journal of Applied Ecology and Environmental Research, 18(5), 7323-7336.
https://doi.org/10.15666/aeer/1805 73237336

Jamshidiyan, Z., & Talat, F. (2023). Study on yield and morphophysiological properties of coriander (Coriandrum
sativum L.) affected by seed priming. [ranian Journal of Medicinal and Aromatic Plants Research, 39(1), 138-
151. https://doi.org/10.22092/1IJMAPR.2023.359120.3191

Kacaniova, M., Galovicova, L., Ivanisova, E., Vukovic, N., Stefanikova, J., Valkova, V., Borotova, P., Ziarovska,
J., Terentjeva, M., Felsociva, S., & Tvrda, E. (2020). Antioxidant, Antimicrobial and Antibiofilm Activity of
Coriander (Coriandrum sativum L.) Essential Oil for Its Application in Foods. Journal of Foods, 9(282), 1-19.
https://doi.org/10.3390/foods9030282

Karimi, H., Zaferian, F., & Emadi, M. (2019). Response of sesame (Sesamum indicum L.) to different nitrogen
fertilizer sources in competition with weeds. Journal of Plant Production Research, 26(4), 61-77. (In Persian with
English abstract).

Laribi, B., Kouki, K., M'Hamdi, M., & Bettaieb, T. (2015). Coriander (Coriandrum sativum L.) and its bioactive
constituents. Journal of Fitoterapia, 103, 9-26. https://doi.org/10.1016/j.fitote.2015.03.012

Little, N. G., DiTommaso, A. W., Anna, S., Ketterings, Q. M., & Mohler, Ch. (2021). Effects of Fertility
Amendments on Weed Growth and Weed—Crop Competition: A Review. Journal of Weed Science, 69(2), 132-
146. https://doi.org/10.1017/wsc.2021.1

Masoumi, A., Asghari, H. R., Tavakoli Dinani, E., & Makarian, H. (2013). Effect of Nitrogen Sources on Density
and Dry Matter of Weeds and Yield of Two Coriander (Coriandrum sativum L.) Landrace. Journal of Sustainable
Agriculture and Production Science, 23(2), 113-127. (in Persian with English abstract).

Mennan, H., & Zandstra, B. (2005). Influence of Wheat Seeding Rate and Cultivars on Competitive Ability of
Bifra (Bifora radians). Journal of Weed Technology, 19, 128-136. https://doi.org/10.1614/WT-03-280R

Min Zhang, W. Z., Liu, Z., Zhou, H., Lu, H., Zhang, W., Yang, Y., Li, C., & Chen, B. (2016). Combining
controlled-release urea and normal urea to improve the nitrogen use efficiency and yield under wheat-maize
double cropping system. Journal of Field Crop Research, 1-11. https://doi.org/10.1016/j.fcr.2016.08.004

Momin, A. H., Acharya, S., & Gajjar, A. (2012). Coriandrum sativum- Review of advances in
phytopharmacology. International Journal Pharmaceutical Sciences and Research, 3(5), 1233-1239.

Moradi Talebbeigi, R., Kazemeini, S. A., & Ghadiri, H. (2018). Impact of Split Application of Different N-
Fertilizer Sources on Weed Growth, Safflower Yield, and Nitrogen Use Efficiency. Journal of Agriculture Science


https://doi.org/10.1590/1807-1929/agriambi.v20n5p415-420
https://doi.org/10.1016/j.indcrop.2017.08.008
https://doi.org/10.1016/j.fcr.2020.107761
https://doi.org/10.1016/j.heliyon.2020.e04893
https://doi.org/10.3390/agronomy10010108
https://doi.org/10.4172/2329-8863.1000390
https://doi.org/10.3390/agronomy10111827
https://doi.org/10.15666/aeer/1805_73237336
https://doi.org/10.22092/IJMAPR.2023.359120.3191
https://doi.org/10.3390/foods9030282
https://doi.org/10.1016/j.fitote.2015.03.012
https://doi.org/10.1017/wsc.2021.1
https://doi.org/10.1614/WT-03-280R
https://doi.org/10.1016/j.fcr.2016.08.004

\FPY

o eSS 35 (RS 9 (o0 0 ySLe 3 (359 yid (ol g U (510 g (SN

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Technology, 20, 1455-1466. DOR: 20.1001.1.16807073.2018.20.7.5.9

Nagar, R. K., & Kumar Jain, D. (2017). Studies on Weed Cover and Diversity in Coriander (Coriandrum Sativum
L.) as Influenced by Weed Management and Balanced Fertilization Techniques. Journal of Current Agriculture
Research, 5(3), 387-395. https://doi.org/10.12944/CARJ.5.3.19

Omidi Mirzaei, M., Hojjati, M., Alizadeh Behbahani, B., & Noshad, M. (2020). Determination of chemical
composition, antioxidant properties and antimicrobial activity of coriander seed essential oil on a number of
pathogenic microorganisms. Iranian Food Science and Technology Research Journal, 16(2), 221-233. (in Persian
with English abstract).

Poshtdar, A., Abdali Mashhadie, A. R., Moradi, F., Siadat, S. A., & Bakhshandeh, A. M. (2016). Effect of source
and rate of nitrogen fertilizer on yield and water and nitrogen use efficiency of peppermint (Mentha piperita L.).
Iranian Journal of Crop Sciences, 18(1), 13-31. (in Persian with English abstract).

Perveen, S., Ahmad, S., Skalicky, M., Hussain, 1., Habibur-Rahman, M., Ghaffar, A., Shafqat Bashir, M., Batool,
M., Hassan, M., Brestic, M., Fahad, S., & Sabagh, A. (2021). Assessing the potential of polymer coated urea and
sulphur fertilization on growth, physiology, yield, oil contents and nitrogen use efficiency of sunflower crop under
arid environment. Agronomy, 11, 1-11. https://doi.org/10.3390/agronomy11020269

Rahni, M., Nasri, M., Filizadeh, Y., Kasraei, P., & Azadi, P. (2022). Evaluation of growth, yield, and
physiological responses of Valeriana officinalis L. to the application of urea, nitroxin, and phosphate Barvar-2
fertilizer. Eco-phytochemical Journal of Medicinal Plants, 36(4), 73-92. (in Persian with English abstract).
Rezaian, S., & Forouhar, M. (2004). The Effect of Nitrogen Fertilizers (Urea, Sulfur Coated Urea) with Manure on
the Saffron Yield. Acta Horticulturae, 650(21), 201-205. https://doi.org/10.17660/ActaHortic.2004.650.21
Shahwar, M. K., ElI-Ghorab, A. H., Anjum, F. M, Butt, M. S., Hussain, S., & Nadeem, M. (2012). Characterization
of Coriander (Coriandrum sativum L.) Seeds and Leaves: Volatile and Non Volatile Extracts. International
Journal of Food Properties, 15, 736-747. https://doi.org/10.1080/10942912.2010.500068

Sweeney, A. E., Karen, A., Laboski, C., & Davis, A. (2008). Effect of Fertilizer Nitrogen on Weed Emergence and
Growth. Journal of Weed Science, 56, 714-721. https://doi.org/10.1614/WS-07-096.1

Yeganchpoor, F., Zehtab Salmasi, S., Shafagh Kolvanagh, J., Ghassemi Golezani, K., & Dastborhan, S. (2016).
Changes in growth, chlorophyll content and grain yield of Coriander (Coriandrum sativum L.) in response to water
stress, chemical and biological fertilizers and salicylic acid. International Journal of Advanced Biological and
Biomedical Research, 4(3), 229-237.

Zare, M., Bazrafshan, F., & Mostafavi, K. (2012). Competition of rapeseed (Brassica napus L.) cultivars with
weeds. African Journal of Biotechnology, 11(6), 1378-1385. https://doi.org/10.5897/AJB11.1909


https://jast.modares.ac.ir/article-23-15701-en.pdf
https://doi.org/10.12944/CARJ.5.3.19
https://doi.org/10.3390/agronomy11020269
https://doi.org/10.17660/ActaHortic.2004.650.21
https://doi.org/10.1080/10942912.2010.500068
https://doi.org/10.1614/WS-07-096.1
https://doi.org/10.5897/AJB11.1909




Iranian Journal of Field Crops Research
Homepage: https://jcesc.um.ac.ir R

Research Article
Vol. 22, No. 2, Summer 2024, p. 169-195

Effect of Planting Date and Moisture Levels on Some Physiological and
Biochemical Traits of Quinoa Cultivars (Chenopodium quinoa Willd.) in Birjand
and Sarbisheh Regions

F. Golestanifar®!, S. Mahmoodi®23*, H. R. Fallahi%3, A. Shahidi*

1- PhD Students, Department of Plant Production and Genetics, Faculty of Agriculture, University of Birjand, Birjand,
Iran

2- Associate Professor, Department of Plant Production and Genetics, Faculty of Agriculture, University of Birjand,
Birjand, Iran

3- Plant and Environmental Stresses Research Group, Faculty of Agriculture, University of Birjand, Birjand, Iran

4- Associate Professor, Department of Water Engineering, University of Birjand, Birjand, Iran

(*- Corresponding Author Email: smahmoodi@birjand.ac.ir)

How to cite this article:
Received: 12 November 2023 Golestanifar, F., Mahmoodi, S., Fallahi, H. R., & Shahidi, A. (2024). Effect of Planting
Revised: 29 January 2024 Date and Moisture Levels on Some Physiological and Biochemical Traits of Quinoa
Accepted: 03 February 2024 Cultivars (Chenopodium quinoa Willd.) in Birjand and Sarbisheh Regions. Iranian Journal
Available Online: 14 May 2024 of Field Crops Research, 22(2), 169-195. (in Persian with English abstract).
https://doi.org/10.22067/jcesc.2024.85306.1279

Introduction

The economic importance of quinoa is not only due to the possibility of using the seeds as a food product
characterized by a similar composition and use as consumer cereals but the species can also be managed as a
leafy vegetable with high nutritional value and similar uses, such as, for example, spinach. Drought is another
environmental stressor for plants subjected to severe water stress, especially in semi-arid and arid environments.
Water scarcity poses a considerable challenge to crop production, leading to a notable reduction in crop yield.
Quinoa, however, boasts low water requirements and demonstrates resilience in drought conditions. Even during
dry periods, quinoa can effectively sustain leaf area and regulate photosynthetic activity. This resilience is
facilitated by structural characteristics such as small, thin-walled cells, tissue flexibility, low osmotic potential,
and controlled leaf area reduction through dehiscence. Other quinoa features for sustaining turgor pressure
through osmotic adjustment during drought stress include inorganic ion buildup (e.g., Ca, K, and Na) and
improved organic element synthesis (carotenoids and proline). Quinoa genotypes have several drought-resistance
mechanisms, enabling this crop to grow and develop under severe drought conditions.

Materials and Methods

To evaluate the effect of moisture levels on some quinoa cultivars biochemical traits, four separate
experiments were conducted in a factorial layout based on randomized complete block design with three
replications in two regions (Birjand and Sarbisheh) and two planting dates (March and July/August) in 2018-
2019. The experimental factors included five moisture levels (25, 50, 75, 100, and 125% of crop water
requirement) and three quinoa cultivars (Titicaca, Gizal, and Redcarina). Some quinoa physiological and
biochemical traits were evaluated by composite analysis at the 50% flowering stage and the effects of planting
date and location were considered fixed.

Results and Discussion

The results showed that in August/July cultivation, the characteristics of RWC, electrolyte leakage, sodium
percentage, potassium percentage, chlorophyll a, carotenoids, proline content, and total soluble carbohydrate of
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leaves were increased by 17.10, 74.62, 95.51, 31.9, 3.53, 38.65, 94.19 and 9.30% respectively and chlorophyll b
content decreased by 13.15% compared to March culture. Also, in Sarbisheh, RWC, electrolyte leakage,
potassium percentage, and leaf carotenoids are respectively 3.53, 38.65, 94.19 and 9.30% more than Birjand, but
sodium percentage, chlorophyll a, chlorophyll b, proline and total soluble carbohydrates of leaves were 4, 1.88,
15.67, 51.02 and 30.41% less than Birjand, respectively. In most of the studied traits, the Gizal cultivar had
higher quality traits. Severe water scarcity resulted in an elevation of certain biochemical traits in quinoa leaves.
Specifically, as moisture levels decreased from 125% to 25% of the water requirement, there was a significant
increase in electrolyte leakage, sodium and potassium percentages, chlorophyll a and b, carotenoids, proline, and
total leaf soluble carbohydrates by 24.50%, 37.84%, 35.89%, 24.83%, 59.12%, 48.75%, 51.58%, and 36.71%,
respectively. However, the relative water content (RWC) decreased by 17.70%. Notably, there were no
significant differences observed between the 125% and 100% levels of water requirement for most of the
analyzed traits.

Conclusion

In general, with the significance of the triple interaction of planting date x location x cultivar, as a result, the
reaction of each variety depends on the planting date and location of its planting. But in general, most of the
quinoa leaf physiological and biochemical traits increased in August/July cultivation. In Birjand, due to the
higher average temperature and other climatic parameters compared to Sarbisheh, and probably understanding
the heat stress, traits such as photosynthetic pigments, proline, and soluble carbohydrates had higher values. In
this research, the Gizal was superior to the other two cultivars, and moisture stress caused a significant decrease
in the water content of the leaves and a significant increase in quinoa leaves quality traits.

Keywords: Chlorophyll a and b, Low irrigation, Proline, RWC, Sodium and potassium percentage
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Table 1- The results of soil and water tests in the studied areas

Water ol
Location 3ble
Birjand & Sarbisheh aiuw
Cwils g ,b March August March July
Planting date odws 313 50 b 313 50
pH 8.1 8.1 75 75
(dsSm?) EC 2.64 3.32 2.88 2.78
(meq L1)°® SAR 1.69 7.15 1.97 9.51
(meq L) Na 4.64 21.21 4.44 19.67
(meq L) Mg 0.16 0.19 0.23 0.24
(meg L) Ca 3.70 4.46 4.69 4.30
meq L) K 11.90 12.78 4.62 4.33
(meq L) Cos* 1.14 0.58 0.00 0.00
HCos%( meq L) 3.93 3.71 2.50 1.59
(meq LY CI- 15.84 20.53 19.10 17.91
Soil SW
Location 3blo
Birjand W ,w  Sarbisheh avius pw
Soil pattern S cél Sandy loam Sandy loam

S ) o Slglyd Clay 4 12

Relative abundance of soil particles (%) ~ St 28 20

elative abundance of soil particles (%) sand 68 63

pH 8.1 7.7
(dSm?t) EC 2.08 10.31
(meg L1)%5 SAR 0.40 23.86
(meqg L) Na 1.22 84.23

(meq L) Mg 15 10

(meq L) Ca 3.75 15

K available (mg kg?) 280 320

P available (mg kg) 2.4 39.4

Organic carbon (%) 0.23 0.18

Organic matter (%) 0.40 0.32

Nitrogen (meq L) 0.015 0.012
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Figure 1- Some important climate parameters of Birjand and Sarbisheh meteorological stations
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Table 4- Mean comparison of double and triple interaction effects on RWC (%)

@)XMG@)U @)XO&XMK@)U
Planting date x Cultivar Planting date x Location x Cultivar
Cultivar Cultivar

Planting date Gizal Redcarina Titicaca

Location Planting date

Gizal Redcarina Titicaca

oledls o March 77.67 a 73.32b 72.71b
oloazawl July/August  59.60 d 62.87 d 68.57 ¢

Birjand

oledly,s March 75,94 ab 7349 Db 71.39Db
olotiawl August  61.58cd  60.36 cd 64.78 c

oleslb,e March  79.41a 73.15b 74.03b
olozawl July 57.62d 65.38 ¢ 72.35b
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Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 5- Mean comparison of double interaction effects on leaf electrolyte leakage (%)
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Planting date x Cultivar Planting date x Location
Cultivar Location

Planting date

Gizal Redcarina Titicaca
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Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 6- Mean comparison of double interaction effects (Moisture levels x Planting Date) on sodium ion leaves (%)

Planting Date JUIy/AUgUSt March

Moisture levels slosidw! alodl> o
125% 0.297d 0.525¢

Water requirement 100% 0.331d 0.583 ¢
KEIEER 75% 0.339d 0.669 b
T 50% 0.333d 0.722 ab
25% 0.369d 0.764 a
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Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 7- Mean comparison of double interaction effects on potassium ion leaves (%)

o) x o O x Cwils &,
Location x Cultivar Planting date x Location
Cultivar Location
Location Gizal Redcarina  Titicaca Planting date Birjand  Sarbisheh
Birjand 6.34¢C 6.04¢c 5.92¢ sledls o March 4.82d 1559 a
Sarbisheh 12.88 a 12.25a 1041b olozawl July/August 7.38¢ 8.10b
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Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 8- Mean comparison of double interaction effects on chlorophyll a (mg g FW)

wdy % Sl & ,U O x Culils & ,U
Planting date x Cultivar Planting date x Location
Cultivar Location

Planting date

Gizal Redcarina Titicaca

Planting date Birjand  Sarbisheh

sledls ;o March 16.21 ab 16.57 a

16.42 ab
olosiawl July/August  15.29 b 1400 c 13.14 ¢

olels o March 16.78 a 16.01b
oloiawl July/August 1347 d 14.82 ¢

Al e FLSD Q}.o)’-l ool do s gy Jleis] o 53 )y e BB pac onimd lis ciliie gy ()l (sl Slo
Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 9- Mean comparison of double and triple interaction effects on chlorophyll b (mg gt FW)

oy x CuldlS U O x il U
Planting date x Cultivar Planting date x Location
) Cultivar ] Location
Planting date Gizal Redcarina Titicaca Planting date Birjand Sarbisheh
sleals o March 496 a 3.77h 2.72¢ oleal> .o March 3.94b 3.69b
slezawl July/August 4743 483a 3.62b oleaiiul July/August 497 a 3.82b
sk golaw X o8, wd) X ol x CllS )5
Cultivar x Moisture levels Planting date x Location x Cultivar
Cultivar Cultivar ) ) Location
Moisture levels Gizal  Redcarina  Titicaca Planting date Cultivar~Birjand  sarbisheh
125%  S/L 278defg  3.18fg Gizal  573a  4.19cd
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Titicaca  4.54 bc 2.69e
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Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 10- Mean comparison of double and triple interaction effects on carotenoids (mg g'FW)

g x Gl & U O x Cuils & U
Planting date x Cultivar Planting date x Location
) Cultivar ) Location
Planting date Gizal  Redcarina Titicaca Planting date Birjand Sarbisheh
sladly e March 0.548 bc 0.569 b 0.641a sladl> e March 0.598 a 0.573 ab
slaxiawl July/August  0.495 cd 0.471 de 0.426 ¢ sloaial July/August 0.405 ¢ 0.523 b
shasby sl X Cidls ) wd) X e x culS )6
Planting date x Moisture levels Planting date x Location x Cultivar
Planting date Planting date Location
. Planting date Cultivar - .
slodls ;o March  slosiawl July/August Birjand
Moisture levels o el YLD ) Sarbisheh
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25% 0.722a 0.529 hc olesiil UIY/AUQUSL o carina 0,40 0.54 bc
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Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 11- Mean comparison of double and triple interaction effects on leaf proline content (mmol g*FW)

Ol X Cudls g ,\b
Planting Date x Location

pdy X ol X Cuil & U
Planting Date x Location x Cultivar

Planting Date  July/August ~ March

Cultivar

Location oloiil oloals e Location Planting Date Gizal Redcarina Titicaca
Birjand 15.47 ¢ 42.72 a sleals ;o March 448la  4255a 40.80 a
. Birjand July/August 15.58
Sarbisheh 18.38b 10.12d losa cd 1583 ¢ 14.98 cd
slesl>,e March 944e 10.79de  10.1le
Sarbisheh July/August 13.94
otia 22.89b 18.31hbc cde
b gl X ol sk gl X S )
Moisture levels x Location Moisture levels x Planting Date
Location Planting Date  5,1v/Auqust March
Birjand Sarbisheh yl‘ .\;33\ Lsls
. . ) 0 )ﬁ
Moisture levels Moisture levels
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V\_/ater 100% 24.24 be 13.70 de Water 100% 15.90 de 22.04 be
requirement 75% 27.76 b 13.20 de requirement 75% 16.15de 24.82b
oS ks 50% 33.48a 17.28d oS ol 5L 50% 18.81 cde 31.95a
25% 37.13a 15.33 de 25% 19.03 cde 33.43a

b o FLSD (9051 (bl duop> ety Jloss] prdaws )3 o size (i3] pie oo L5 cslite Ggy> (gl (slopuSilio
Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 12- Mean comparison of double and triple interaction effects total leaf soluble carbohydrate content (mg g* FW)

oo X Cuils g U
Planting Date x Location

Planting Date x Location x Cultivar

Planting Date

Planting Date  3,1y/August March
yimig Location  Cultivar ~ July/August  March
. olositw! 8lod!> yo .
Location LIPRVEINY alodld o
Birjand 1752 ¢c 4747 a Gizal 17.50d 4991 a
Sarbisheh 30.14 b 15.09 ¢ Birjand Redcarina 18.41d 47.05a
ok, zoku X 450 Titicaca 16.64 d 45.44 a
Moisture levels x Location Gizal 35.09b 15.15d
Location - ; Sarbisheh i
Moisture levels Birjand Sarbisheh Redcarina 29.12 ¢ 14.25d
125% 27.16 cd 2030 f Titicaca 29.19¢ 15.86d
Water requirement 100% 29.11¢ 22.70 ef
R 75% 30.38¢ 23.28 def
ok (2 )%
50% 35.50b 22.22 ef
25% 40.31a 24.56 de
b o FLSD (9051 (bl duop> ety Jloss] prdaws )3 o size i3] pie oo L5 cslite Ggy> (gl (sl puSilio
Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
S jelom 2,5es 2 dilamw il Ol (Sl Ao 3T Jous>
Table 13- Mean comparison of triple interaction effects on biological yield (kg ha)
sHob s ok x (e x CudlS U pdy X O x Gl U
Planting date x Location x Moisture levels Planting date x Location x Cultivar
Location Planting Moisture levels Location  Flanting Cultivar
date 125%  100% 75% 50% 25% date Gizal  Redcarina Titicaca
'\ﬂa'mh 114031 103855  grg594e  7220.3gh  5432.9jk March 101020 915590 732116
.. oladld ye bc d .. olodls o b
Birjand Birjand
August ) . August 6216.2
osii 79709fg  7047.4gh  6682.0hi  5649.4jk  4787.5kI orii g 7415.2¢ 5650.4 g
March . March 8786.4
sl 10356.7d  9290.9e 8296.7f  5834.4if  3483.1m sLosls od 7184.0e 6387.7 fg
. 2 i o
Sarbisheh Sarbisheh
July 13609.8 July 9385.2
sosii 8a  12075.1b  10511.9cd  7914.8fg  4465.11 i 8591.4d  11169.0a b

Sl o FLSD (yg0)] oluolp duoyd gy Jloso] grdaw 53 I size B3 pite oimd L casliie g (sl (slan Sl
Means followed by the similar letters are not significantly different at the 5% probability level using FLSD.
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Table 14- Correlation between quinoa biological yield and quinoa leaf physiological and biochemical traits in two planting dates and location

o s . . Ol g S
: Planting % el O90SR ddeD e K
Location o O s g I * Chlorophyll  Chlorophyll . o oo
ate =] (ot * Na K b Carotenoids  Proline Total
RWC EL a
carbohydrate
March
. . 0.431%* -0.512 ** -0.421*  -0.355* -0.350 * -0.216 ™ -0.524 ** -0.441 *=* -0.609 **
Birjand Lol
Xz y July/August w o o . i o o **
oo 0.582 -0.507 -0.458 -0.475 -0.464 0.002 ™ -0.476 -0.517 -0.408
March 0.216 ™ -0.332 * -0.176 ™ -0.597 ** 0.514** -0.292 ™ -0.185 ™ -0.238 ™ -0.196 ™
Sarbisheh Lol ' ' ' ' ' ' ' ' '
W)M’ JUIy/AugLISt e £ #* #® W i el i i
Sy 0.717 -0.452 -0.311 -0.344 -0.552 -0.514 -0.602 -0.574 -0.383
G e pis g Mo yd S g gy Jloin ] prdaws )3 (gl me i Ay S g FF K
*, ™", and ™ represent significant at of 5% and 1% probability level and not significant, respectively
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Introduction

Among abiotic stress factors, drought is one of the most detrimental factors in arid and semiarid regions,
causing a significant decrease in plant growth and yield in most species, including crops. Under drought
conditions, morphological, physiological, and biochemical characteristics are negatively affected. The
detrimental impact of water scarcity may be mitigated through the utilization of plant growth-promoting
rhizobacteria (PGPR) and nanoparticles (NPs) like nano iron-silicon oxide. PGPR species such as Azospirillum
and Pseudomonas have been found to enhance hormonal balance, maintain nutrient levels, improve plant growth
characteristics, and ultimately boost yield. Additionally, the application of NPs aids in enhancing plant growth
under stressful conditions by facilitating water retention, fortifying membrane integrity, and enhancing nutrient
and water uptake. Consequently, it is plausible that the combined application of PGPR and NPs could enhance
triticale yield even in conditions of water limitation.

Materials and Methods

An experiment as factorial split-plot was conducted based on randomized complete block design with three
replications at the research farm of the Faculty of Agriculture and Natural Resources, University of Mohaghegh
Ardabili in 2021. Different irrigation regimes in three levels (full irrigation as control, irrigation withholding at
50% of booting and heading stages as severe and moderate water limitation respectively (BBCH 43 and 55 codes
respectively) were assigned to the main plots and the combination of bio fertilizers application in four levels (no
application as control, application of Azospirilum, Pseudomonas, both application Azospirilum and
Pseudomonas) and nanoparticles foliar application at four levels (foliar application with water as control, nano
iron oxide foliar application (1 g.L?), nano silicon oxide (50 mg.L™), both application nano iron-silicon oxide)
were assigned to the subplots. Psedomunas and Azospirilum were isolated from the rhizospheres of wheat by the
Research Institute of Soil and Water, Tehran, Iran. For inoculation seeds were coated with gum Arabic as an
adhesive and rolled into the suspension of bacteria until uniformly coated. The strains and cell densities of
microorganisms used as PGPR in this experiment were 1x108 colony forming units (CFU). In each plot, there
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were five rows with two m long. In each experimental plot, two beside rows and 0.5 m from the beginning and
end of planting lines were removed as margin, and measurements were done on three rows in the middle lines.
The used nano silicon-iron oxide had an average particle size of less than 30 nm and the special surface of
particles was more than 30 m2.g*. They were product of Nanomaterial US Research which was provided by
Pishgaman Nanomaterials Company of Iran. Nano silicon oxide and nano silicon oxide powder added to
deionized water and was placed on ultrasonic equipment (100 W and 40 kHz) on a shaker for better solution.
Foliar application of nano silicon-iron oxide was done in two stages of period growth BBCH 21 and 30 codes
respectively. In this study, dry matter remobilization, volume and root dry weight, leaf area index (LAI), and
grain yield of triticale were investigated. Analysis of variance and mean comparisons were performed using SAS
ver 9.1. The main effects and interactions were tested using the least significant difference (LSD) test at the 0.05
probability level.

Results and Discussion

The results showed that remobilization from the stem (22.75%) and total dry matter remobilization (21.36%)
and contribution of these processes in grain yield (58.29 and 56.24% respectively) decreased in both application
of PGPR and nano iron-silicon oxide foliar application under irrigation withholding at booting stage in compared
to no application of bio-fertilizers and nanoparticles. Also, the application of PGPR and nanoparticles under
irrigation withholding in the booting stage increased the root volume (44.68%), current photosynthesis (48.63),
the contribution of photosynthesis contribution in grain yield (15.63%), LAl (32.82%), and grain yield in
compared to no application of PGPR and nanoparticles under irrigation withholding at booting stage.

Conclusion

Based on the results of this study, it seems that the application of both PGPR and nanoparticles can be a
suitable management factor to increase the grain yield of triticale under water-limited conditions.

Keywords: Dry matter remobilization, Full irrigation, Nano iron oxide, Nano silicon, Root volume
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1- Dry Matter Translocation

2- Dry Matter at Anthesis

3- Dry Matter at Maturity

4- Contribution of Dry Matter Assimilates to Grain
5- Grain Yield

6- Stem Dry Matter Translocation

7- Stem Dry Matter at Anthesis

8- Stem Dry Matter at Maturity

9- Contribution of Stem Assimilates to Grain
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Liuetal., ) sy o alspo ool jo Sis ool Jlaml ol58l
13 St oole Jiml Liyl3sl 5] i dwy oo ka3 4 (2020
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Ol )3 gste Ul e Jd> @ (arlpd (et ) 030 (B Jgo2)
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Table 4- Analysis of variance of the effects of PGPR and nanoparticles on dry matter remobilization of triticale under
different levels of irrigation

(Mean Square) el o pSibo
i aslie 425 G w3 B3 Fanw g2
©lyt glio T oale JUl ST 152 e JUS! 41500 IO g e T e
Source of &33! . 3 Slos ;3 daoxe i 3 Slos (> aBlw 3 Sles )3 55l
variation 85 sws a8lw 31 dazxe &l
d.f 4l &y &ld
DMT SDMT CP
CDMAG CSAG SSPG
(R)_ )I’S_J 3856.57™ 113.44™ 445.96™ 34.99™ 12725.12™ 170.69™
Replication
. ‘5)_@" 2 2462.12™ 511" 1508.82" 356.79™ 144292** 154.84™
Irrigation (1)
Error a
ol llas 4 127.55 6.55 37.91 4.15 1909.15 45.17
i) SloagS
Bio 3 542.02" 104.31™ 273.39™ 61.28"™ 24136.41™ 70.28™
fertilizers (B)
oyl
nanoparticles 3 51121 75.63" 424.88"™ 64.1" 18896.53™ 57.16™
(N)
IxB 6 68.23" 477" 46.46" 3.89™ 485.87" 21.87"
IXN 6 45.78™ 3.14m 36.02™ 2.09m 392.41™ 24.85"
BxN 9 122.9™ 6" 105.19™ 467 602.76" 16.1"
IXBxN 18 64.87" 413" 53.38™ 271 538.89" 28.77
oo o 90 30.67 1.95 18.92 1.09 304.88 10.28
Error b
CV (%) &l yis sy 5.0 6.5 4.8 5.9 4.2 4.1

o)) S5 g gy Jlein] e 3 > gime g 0 Sxe yuE iy i g % NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 5- Means comparison of the effects of PGPR and nanoparticles on dry matter remobilization of triticale under different
levels of irrigation

KU JLpNIe o e

shos sy CTUT O g Pe SOl S s st s
Treatments sz&wc-(g.m > 3 ,Shos 43 Sl 5l s e et CP (g.m?) 4> 3 Slos
) DMT (9.m?2) SDMT CSAG

(%/)CDMAG (71)SSPG
loxBoxNo 114.64%m 21.67"n 93.07% 17.61" 414.16%° 78.32
loxB1xNo 108.64 19.23%v 86.95'" 15.39°" 455,98 80.76%«
loxB2xNo 101.71° 18.85%" 83.37"4 15.46°7 437.64Mk 81.14¢1
loxB3xNo 116.1%* 20.38%s 95.64°9 16.79-° 45421 79.619°
loxBoxN1 110.83¢° 20.13's 90.2™ 16.39k° 439.429* 79.869"
loxB1xN1 99.894 17.03*y 82.25M 14.03™ 486.1%¢ 82.96%¢
loxB2xN1 99.69" 17.21%y 814 13.99™ 478.95%f 82.79%¢
loxB3xN1 97.58™ 16.56"Y 78.88 13.39¢ 491.23%¢ 83.43%¢
loxBoxN2 104.89"* 20.41k" 84.88k? 16.53%° 414.15%° 79.58%¢
loxB1xNz2 96.7¢ 17.05%Y 79.07P 13.95™ 470.07%¢ 82.94%¢
loxB2xN2 115.43¢ 19.81m= 96.27"9 16.52k° 467.72¢N 80.199m
loxB3xN2 96.14* 16.18% 78.09rd 13.14% 497.62%¢ 83.81%®
loxBoxNs 103.5°1 18.04™ 83.27"4 14.52p% 469.79°9 81.950"
loxB1xNs 95.78% 16.03% 77.6¢ 12.99¢ 501.18% 83.96%
loxB2xNs 97.49™ 18.035* 79.51°4 13.46% 484.02%¢ 81.96%®
loxB3xNs 94.64! 16.64¥ 76.349 12.62 510.09? 84.352
11xBoxNo 123.23%d 26.23° 99.65%¢ 21.24%¢ 347.5% 73.76%
11xB1xNo 118.21%1 24.089 95.44¢9 19.47¢h 373.190t 75.915%
11xB2xNo 115.71¢ 23.09% 94.07¢ 18.8f" 385.59°7 76.97V
11xB3xNo 106.91%4 21.06' 86.69° 17.08™° 400.89™ 78.934
11xBoxN1 120.78f 24.77>¢ 97.52%¢ 20.02¢F 367.529¢ 75.224%
11xB1xN1 113.615" 21.56M° 93.02¢ 17.67Mm 413.07k° 78.43K
11xB2xN1 116.19¢k 22.35M 95.88%9 18.47% 403.83"° 77.64M
11xB3xN1 106.38' 19.177v 89.65¢" 16.16' 448.47H 80.83
11xBoxN2 116.89% 23.62¢N 91.09%* 18.36" 379.27°" 76.38™"
11xB1xN2 113.61°" 22.55%k 94.55¢h 18.47% 398.18™4 77.44%0
11xB2xN2 111.86"° 20.99' 89.88" 16.86/° 4211100 79+
11xB3xN2 113.31%" 20.75/ 91.36% 16.731 432.99™ 79.24"
11xBoxN3 116.77¢7 22.69% 92.6% 17.989« 398.31™4 77.3%Y
11xB1xN3 111.149° 19.73mt 89.249m 15.84™4 451.98f 80.26Fm
11xB2xN3 104.9m 19.57m 85.27kP 15.92™4 430.87m 80.42¢m
11xB3xN3 100.284 17.4% 81.6™ 14.1691 47570 82.59%*¢
12xBoxNo 127.72 30.282 104.51° 24.822 294.34% 69.71Y
12xB1xNo 124.79%¢ 25.590¢ 101.23%*¢ 22.54b¢ 334.85"" T74.41%
12xB2xNo 110.93¢9P 23.62¢h 87.94hn 18.71F 368.45% 76.37™V
12xB3xNo 118.69%" 26.15° 95.47%9 21.06%¢ 336.09"" 73.84%
12xBoxN1 126.55% 28.822 103.29% 23.58% 312.86"* 7117
12xB1xN1 118.07% 24,520 100.36*° 20.95%¢ 362.02"Y 75.47%
12xB2xN1 121.015F 26.19° 97.07°f 21.03%¢ 342.06% 73.8%
12xB3xN1 114.17¢n 23.18% 91.92¢ 18.67% 379.16P7 76.819
12xBoxN2 108.84i4 24.37°f 87.231 19.56¢9 335.84"W 75.62%
12xB1xN2 122.65%¢ 26.35° 99.74%d 21.46% 343.63%W 73.64%
12xB2xN2 120.23%9 25.320d 99.26%¢ 20.97¢¢ 355.15™ 74.67V%
12xB3XxN2 110.11h 21.52Mp 91.6%% 17.93¢91 401.27mP 78.471
12xBoxN3 118.52%" 25.83% 95.41¢9 20.8%¢ 339.744w 74.16"*
12xB1xN3 115.29¢! 23.61°N 90.46° 18.5M 374.26"* 76.38™
12xB2xN3 114.06%" 21.779m 90.94¢k 17.67™ 402.15"° 78.22™%
12xB3xN3 105.22™m* 19.38™v 85.14kn 15.68°" 437.49Mk 80.61¢
LSD 0.05 9.56 2.38 7.2 1.79 31.31 2.38

9 pol g3, oligogdgw 373)S s so3sS 3,) pae s yiay Ba 9 B2 B1 Bo . il g (vl s yo )3 g )lol abed ( JolS g,ll s sy 12 5 11 do
2 alie By b (gl Silbo . pSelsslh (Sl Jglme 5 (2] 28156 2L Jsloee (il Jglxe pas 5o Na g N2 N1 N0 ogls s T g lipogipus plgs )8
5 ot b oy gy Jlesn] prdaw ;3 LSD (905l bl 1 (13 ixe (ylol BMiS] g0 s
lo, 11, and I2: full irrigation, irrigation withholding at heading and booting stages respectively. Bo, B1, B2, and Bs are no application of
biofertilizers, application of pseudomonas, azosprilium, application azosprilium + pseudomonas. No, N1, and N are no foliar
application, nano iron oxide foliar application, nano silicon, nano iron-silicon foliar application.

Means with similar letters in each column are not significantly different based on the LSD test at the 0.05 probability level.
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Table 6- Analysis of variance of the effects of PGPR and nanoparticles on volume and root dry weight, leaf area index (LAI),
and grain yield of triticale under different levels of irrigation

(Mean Square) wla po S5ko

Ol pd qlio @33l 4y — = G RNCT
Source of variation d.f s et iy 2 S gl g2t ® "_b -
Root dry weigh Root volume LAI Grain yield
(R)_ "’S_: 2 82149.18™ 332751.46™ 1.095™ 9294.9
Replication
. ‘S{L'HI 2 70298.18™ 232025.18™ 4.488™ 52308.47™
Irrigation (1)
kol slsError a 2757.31 1410.15 0.04 5032.62
) SeS 3 49457.03" 109152.5™ 1.804™ 5558.4™
Bio fertilizers (B)
ul’f’j . 3 14223.76™ 45081.75™ 0.968™ 8358.02"
nanoparticles (N)
IxB 6 1027.76" 2807.92" 0.293™ 2324.67™
IxN 6 1281.96™ 2569.18" 0.144™ 1610.9"
BxN 9 2328.18™ 4883.44™ 0.16™ 2495.99™
IxBxN 18 1132.85™ 5250.22™ 0.173" 2383.89™
= slsError b 90 953.54 2078.39 0.04 574.28
CV (%) oy copi - 8.1 7.0 6.0 4.5

oy S g gy Jlein e 40 55 e g 5 gime e a5y g % NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 7- Means comparison of the effects of PGPR and nanoparticles on volume root, LAI, and grain yield of triticale under
different levels of irrigation

Treatments (g ,low wuS (cm3.m?) Root volume awiyy a2z S ghe pasls Grain yield (g.m?)  al> 3,Slos

LAI

loxBoxNo 648.33"m 3.36™ 528.8m"
loxB1xNo 630.5° 3.68%" 564.58¢"
loxB2xNo 642.33"" 2.96°" 539.35k°
loxB3xNo 7622d 3.92d 570.1&"
loxBoxN1 562.33% 3.44%k 550.25"
loxB1xN1 7604 3.9%¢ 586°¢
loxB2xN1 733%9 2.72%% 578.55%9
loxB3xN1 793.5% 4.06® 588.812¢
loxBoxN2 673.67%« 3.497k 562.5697
loxB1xN2 763.17%¢ 3.92¢ 566.76"
loxB2xN2 762.17%¢ 3.92d 583.150
loxB3xN2 787.33% 4.03%¢ 593.76%°¢
loxBoxN3 693% 3.58¢1 573.3%9
loxB1xN3 764.33%¢ 3.92¢ 596.962
loxB2xN3 782.67%¢ 4ac 590.432¢
loxB3xN3 805.332 4.142 604.73%
11xBoxNo 536.5™ 2.82P¢ 470.732¢
11xB1xNo 558.83P 2.950% 491.4w*
11xB2xNo 558.5°¢ 2.98"M 501.34%
11xB3xNo 647.17+m 3.35Mm 507.8%W
11xBoxN1 564.83°t 2.98" 488.3%2
11xB1xN1 649.17Mm 3.37 526.68™
11xB2xN1 680.83¢k 3.487k 520.01P1
11xB3xN1 733.5%f 3.750F 554.85Mk
11xBoxN2 570.83"t 3.03™a 496.16YY
11xB1xN2 6805k 3.46%k 523.48°
11xB2xN2 633.831° 3.3 532.96"4
11XB3xN2 729.50 3.73%9 546.31m
11xBoxN3 581.33m% 3.07"° 515.084
11xB1xN3 678.33 3.46%k 563.1197
11xB2xN3 671" 3.674 535.76!°
11XB3xN3 753.33%¢ 3.85%¢ 575.98%9
12xBoxNo 491.17¢ 2.62° 422.05'
12xB1xNo 506.5% 2.697 450.71¢h
12xB2xNo 659.33M 3.38M 435.86M
12xB3xNo 562.17°¢ 2.96°7 454.78%9
12xBoxN1 512.67%¢ 3.420k 439.4191
12xB1xN1 570.5M 3.01n 480.1y°
12xB2xN1 547.33%¢ 2.87° 463.06"¢
12xB3xN1 6609 3.39M 493.33v*
12xBoxN2 617.67% 3.01™" 444.68™
12xB1xN2 566.17°t 2.99™" 466.28"¢
12xB2xN2 548.179¢ 2.99% 475.38%¢
12xB3xN2 657 3.37™ 511.38™Y
12xBoxN3 534.17™¢ 2.81ps 458.26%*
12xB1xN3 599.17" 3.09' 489.55%
12xB2xN3 612.33% 3.22k0 504.51%x
12xB3xNs 710.67 3.48%k 542.71kn
LSD 0.05 734 0.326 18.15

9 pol g 13,8 (oligogdpw 373)S s sB3sS 3,) pie i iay Ba 9 B2 B1 Bo . il g (vl s yo )3 g bl abed ( JolS g,ll s sy 12 5 11 o
2 alie By b (gl Silbo . pSelsglh (Bl Jglme 5 (2] 2815l 2L Jslowe (il Jglxe pas 5o Na g N2 N1 N0 ogls s T g lipogopus plgs )8
05 ot b oy gy Jless] grdaw ;3 LSD (yg0j] Lulul 1 (gl gixe (Lol B3] g s
lo, 11, and I2: full irrigation, irrigation withholding at heading and booting stages respectively. Bo, B1, B2, and Bs are no application of
biofertilizers, application of pseudomonas, azosprilium, application azosprilium + pseudomonas. No, N1, and N are no foliar

application, nano iron oxide foliar application, nano silicon, nano iron-silicon foliar application.
Means with similar letters in each column are not significantly different based on the LSD test at the 0.05 probability level.
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Table 8- Means comparison of the effects of PGPR and nanoparticles on Root dry weigh of triticale
Treatments W Lo, Nanoparticles <1,345U

PGPR i, oS oo sl g 55 (9.m?) auiy, S (439 Root dry weigh

No N1 N2 N3
Bo 319.19" 323.42h 353.68¢h 349.31%h
B1 329.229h 384.56¢f 382.49¢f 411.012¢
B2 383.24¢f 367.4249 399.890-d 406.95bd
Bs 395.680-¢ 435,252 422.55%¢ 451.642
LSD 43.32

pi5 s Na g N2 N1 No sl g oligosdp I 2308 5 ol g il 338 golipogapus 30,8« gimas sW355 3,8 pas o yiay B3 s B2 B1 Bo
0sSebsgl 5 (] 2SI B Jolomo o155 3,085 ¢35t (o3l Jotons 5 ol 1Sl 3L Jslomo (S Jslone
L) e b dod gy Jlein] adaw )3 LSD (y0jl ol p (6l sine (bl GBS 520 o 5 alie gy b (sl il
Bo, B1, B2, and Bs are no application of biofertilizers, application of pseudomonas, azosprilium, application azosprilium +
pseudomonas. No, N1, and N2 are no foliar application, nano iron oxide foliar application, nano silicon, nano iron-silicon foliar
application. Means with similar letters in each column are not significantly different based on the LSD test at the 0.05 probability
level.
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Introduction

The great importance of identifying, studying, evaluating, and protecting native ecotypes of medicinal plants
as human heritage, collecting agricultural medicinal plants and ecological evaluation of their native ecotypes,
and introducing their compatible ecotypes is a necessity for farmers. Considering the few studies in the field of
the agricultural role of non-native plants such as Dragon's head in Iran to meet the country's nutritional needs,
the present research aims to study and evaluate the performance of local medicinal and multi-purpose plant
stands of urban sycamore and also to obtain new scientific materials in the case of these local masses has been
done in the research farm of University of Tabriz Faculty of Agriculture. It is necessary to explain that in recent
years, due to the crisis of water shortage and drought, this plant is in line with changing the cultivation pattern of
the region from plants with high water requirement to plants with low water requirement or dry land has been
added to the official cultivation pattern of East Azerbaijan province and is being promoted among the farmers of
the region.

Materials and Methods

To evaluate and investigate the agronomic characteristics and performance of 49 selected Dragon’s head
stands from different regions of the country, an experiment was carried out in the form of a simple 7*7 square
lattice design with three replications. A field experiment was carried out at the research station of the Faculty of
Agriculture of University of Tabriz, located in building number 2 of the Faculty of Agriculture in Basmanj.
According to meteorological maps, the climate of this region is among the steppe and semi-arid climates of the
world. In this area, although rain sometimes occurs in the summer season, it generally has a dry season in the
summer. The area is located at an altitude of 1360 meters above sea level, with a latitude of 38 degrees and five
minutes north and a longitude of 46 degrees and 17 minutes east, and its annual rainfall is 285 millimeters. The
average annual temperature is 10 degrees Celsius, the average annual maximum temperature is 16.6 degrees
Celsius, and the average annual minimum temperature is 4.2 degrees Celsius.
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Results and Discussion

In the comparison of the average traits, the best ecotypes in terms of yield were the ecotypes of Kolvang local
population 10 and 15, Tabriz local population 3 and 4 and Ahar local population 1 respectively, simple
correlation analysis, stepwise regression, and causality showed that biomass traits, number of seeds per plant,
number of seeds in capsule and weight of 1000 seeds are the most important factors affecting the increase of
seed yield. By analyzing it into components, the first four components explained 80.44% of the changes related
to primary traits. Ecotypes Kolvang 10, Tabriz 3, and number Tabriz 4 yield 1661, 1464, and 1404 kg ha®
respectively, and 3848, 4119, and 3848 kg ha* respectively. They produced 4581 kg ha* of biomass and were
superior in most traits related to economic performance.

Conclusion

Taking into account the crisis of Lake Urmia and the lack of water in most regions, especially the Azerbaijan
region, the medicinal plant Dragon’s head is one of the few plants that can be placed in the spring cycle in most
areas of rainfed and irrigated cultivation and in improving the water balance. Lake Urmia and agriculture in the
region can play a positive role. Therefore, the ecotypes of Tabriz native population 3, Kolvanagh native
population 10, and Tabriz native population 4, which had more grain yield and were superior in most of the traits
related to yield, can be considered the most suitable ecotypes of Dragon’s head for use in water conditions and
the air of the region advised the farmers for the next crops.
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Table 1- Some physical and chemical properties of the tested soil
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Table 2- Characteristics of the 49 ecotypes studied in the field experiment

ol s bl Job ol o,e
(State) (Ecotypes) Longitude (E) Latitude (N)
(East Azarbaijan) 3,5 ol )3 Local (Kolvanagh 1) (\ silslS) e 46.99 38.10
(East Azarbaijan) 3,5 ol )3 Local (Kolvanagh 2)(Y lsls) Joxe 46.99 38.10
(East Azarbaijan) 3,5 -bob )3 Local (Kolvanagh 3) (v &lsls) e 46.99 38.10
(East Azarbaijan) 3,5 -bob )3 Local (Kolvanagh 4) (¥ &slsls) oo 46.99 38.10
(East Azarbaijan) 3,5 -bob )3 (Ahar) ,al 47 38
(East Azarbaijan) 3,5 ol )3 Local (Kolvanagh 5)(& lsls) Joxe 46.99 38.10
(East Azarbaijan) 3,5 ol )3 Local (Kolvanagh 6) (¢ lls) e 46.99 38.10
(East Azarbaijan) 3,5 ool )3 Local (Kolvanagh 7) (v lls) e 46.99 38.10
(Ardabil) o)l Local (Sarab 1) (V o) oo 4754 37.92
(East Azarbaijan) 3,5 -bob )3 Local (Kolvanagh 8) (A &slsls) e 46.99 38.10
(East Azarbaijan) 3,5 -bob )3 Local (Kolvanagh 9) (& &slsls) loxe 46.99 38.10
(East Azarbaijan) 3,5 -bob )3 (Tabriz 2) ¥ j,5 46.33 38.08
(East Azarbaijan) 3,5 ol )3 (Tabriz 5) & 5,5 46.33 38.08
(East Azarbaijan) 3,5 ol )3 (Tabriz 3) ¥ 5,5 46.33 38.08
(East Azarbaijan) 3,5 ol )3 (Tabriz 1) \ 5,5 46.33 38.08
(East Azarbaijan) 3,5 ol )3 (Tabriz7) v 5,5 46.33 38.08
(East Azarbaijan) 3,5 -bob )3 (Tabriz 6) # j,5 46.33 38.08
(East Azarbaijan) 3,5 -bob )3 (Tabriz 8) A j,5 46.33 38.08
(East Azarbaijan) 3,5 -bob )3 Local (Kolvanagh 10) (V+ @slsls) loxe 46.99 38.10
(East Azarbaijan) 3,5 ol )3 Local (Kolvanagh 11) (\\ llS) e 46.99 38.10
(East Azarbaijan) 3,5 ol )3 Local (Kolvanagh 12) (\Y silsls) e 46.99 38.10
(East Azarbaijan) 3,5 ol )3 Local (Kolvanagh 13) (VY ilslS) e 46.99 38.10
(East Azarbaijan) 3,5 ol )3 (Tabriz 4) ¥ 5,5 46.33 38.08
(East Azarbaijan) 3,5 bl Local (Kolvanagh 14) (V¥ slsls) Jloxe 46.99 38.10
(East Azarbaijan) 3,5 ;leb 3 local (Tazekand 1) (V &S ob) (oo 47 38
(East Azarbaijan) 3,5 4l Local (Kolvanagh 15) (& slsls) (Jloxe 46.99 38.10
(East Azarbaijan) 3,5 -bob )3 (Param 1) \ ¢l L 46 38
(East Azarbaijan) 3,5 ol )3 (Zarak) )5 50 36.16
(East Azarbaijan) 3,5 ol )3 (Warzghan 1) \ 5;,, 47 38.44
(East Azarbaijan) 3,5 ol )3 (Ahar 1) \ ,al 47 38
(East Azarbaijan) 3,5 bl (Tazekand 2) Y .S o1 47 38
(East Azarbaijan) 3,5 ;leb > (Malekan) .\l 46.10 37.14
(Mashhad) e (Mashhad) i 0395 59 36
(East Azarbaijan) 3,5 ol )3 (Warzghan 2) Y 5;,, 47 38.34
(East Azarbaijan) 3,5 ol )3 (Param 2) ¥ ¢l,L 46 38
(East Azarbaijan) 3,5 ol )3 (Pigam Kalibar village) ,.IS' sl (sliws, 47 30
(East Azarbaijan) 3,5 ol )3 (Alwar Bostan-Abad village) sbl ;i gl b, 46.83 37.84
(East Azarbaijan) 3,5 4l (Dehlan Hashtroud village) g uia o Mad gl 47 37
(East Azarbaijan) 3,5 4l (Komarsefli Jolfa village) lal>  Jlaw,leS sliwg, 46 38
(East Azarbaijan) 3,5 4l (Gundak village) Sxs5 (gliws, 47.52 35.87
(Urmia) 4., (Orumieh0 aceg,l gy jy0 44.64 37.72
(East Azarbaijan) 3,5 ol )3 (Arlan Marand village) 5,0 Y,| sk, 45 38
(Ardabil) ) (Majra Khalkhal village) Jbds o oxe (sliwg, 48 37
(East Azarbaijan) 3,5 4l (Lilab Varzghan village) 18;,5 oM slwg, 46 38
(East Azarbaijan) 3,5 4l (Kharwana) Ul 46.17 38.68
(Kurdistan) ks, (Kurdistan 2) ¥ -buws,S 46.99 3531
(Urmia) 4.9, (Tekab) oI5 47.11 36.40
(Zanjan) yls; (Zanjan) yls; 48.48 36.66
(East Azarbaijan) 5,5 bxb,dl J ey 5 S by, 45 38

(Nazirlu and Dervish Bakhal village)
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Table 3- Variance analysis of traits in 49 ecotypes of Dragon’s head

(Mean square) <la o uSibe
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weight er plant P P
capsule perp area area
(Repetition) ,|,ss 2 363" 0.09** 0.95™ 0.709m 2078.3** 15276.3*
(Treatment) ,los 48 17.9* 0.2** 0.16** 0.049* 120.7** 7250.*
(Block) b, 18 48.4 0.054 0.09 0.063 458.8 9187
(Error) Uas 78 11.9 0.048 0.08 0.030 450.5 4438.2
G)CV Slyis oy - 118 12.49 5.61 28.16 21.33 20.13
I greysl 5 A0 LN Jlain] o jd (g3 dxe oS 5ay ™ g *
ms, **and *: non-significant, significant at p<0.01 and p<0.05, respectively
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Table 4- Comparison of the average studied traits for 49 ecotypes of Dragon's head

gws,l e s &l 5 .S 30 4> 3 Slas 3 0395 Sy 3
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WS A " 1,000 grain Qg ST chw o1y g o1y
Ecotypes Plant Number of seeds weight Seed vield per  Oain vield per  Biomass per
height per capsule © plgnt (g)p unit area unit area
(cm) (gm?) (g m?)
Lofi'ol(\)af;;‘; ) S"“ 70 2.7%¢ 5.0 0.4925 97.6% 312.4b+
Local (¥ 5155) Joxe 30.3%¢ 2.7%d 4.94% 0.68% 101.9¢ 377.7%¢
(Kolvanagh 2)
Local (¥ 5f5) (lxe 5 g 2.6%9 5.02% 0.614% 98.9¢ 379,22
(Kolvanagh 3)
Local (f 5lst) oo o 2ce 2,20 4,78 0.389% 71501 275,751
(Kolvanagh 4)
(Ahar) ) 34.72 2,30k 5,042 0.624% 121.4b+ 378 54
Local (6 5155) Joxe 30,75 2,30k 5,32 0.767¢ 99.2¢ 308 4%
(Kolvanagh 5)
Local (# 5155) Joxe 27.4b 2 5% 4770 0.523%¢ gge 296.45
(Kolvanagh 6)
Local (v 5155) Joxe 29,34 2,75 5,27 0.7074¢ 99.6° 32717
(Kolvanagh 7)
Local (1 ol) (e 32.6%° 2 45 5,03 0.71124 109,50 348 42
(Sarab 1)
Local (A 5155) v 28.1%¢ 2 47k 5.03% 0.5060 92,6t 290.10*
(Kolvanagh 8)
Local (3 5155) (v 28.4% 2.6% 4,83 0.567> 91 5¢ 283.8"
(Kolvanagh 9)
(Tabriz 2) ¥ s 2750 2.3¢ 4.97% 0.609% 74 8 261.8¢1
(Tabriz 5) & 5,5 29,08 2.5% 5.10% 0.285¢f 116.6>f 366.4%¢
(Tabriz 3) ¥ 5,5 31,12 2.6% 4.86% 0.8622 146.42 411.9%
(Tabriz 1) \ 3,5 26.8°¢ 2.8 5,20 0.587% 111,569 310.8b+
(Tabriz 7) ¥ 3,5 28.75¢ 2.6% 5,372 0.636%¢ 67.8" 356.8%¢
(Tabriz 6) 5 3,5 31,28 2,30 5,15 0.6524¢ 92 5¢+ 3275
(Tabriz 8) A 5,5 31.7%¢ 2.5% 5,04 0.67%d 122104 375.3%¢
Local (1 3lss) e 55 g0 2,30k 5 0.684¢ 166.1° 384.8%
(Kolvanagh 10)
Local (W 3lsls) (e 59 ac 2,45 5.13% 0.699%¢ 93.7¢ 330.8%¢
(Kolvanagh 11)
Local (\W ) e g 1 2.8a 5 0.4915 81.5¢ 3030
(Kolvanagh 12)
Local (\¥ 3l58) oo 7 2 2.2hk 4.97% 0.585%¢ 112.8%9 377.08¢
(Kolvanagh 13)
(Tabriz 4) ¥ 5,5 30.6%¢ 2.6% 4.97% 0.716%¢ 140 42 458.1
Local (1 3lst) (oo 57 3 2.8%¢ 5 0.615° 11575 355.6%¢
(Kolvanagh 14)
local (1 5" e3b) (e 27 67 2.4bk 4.9% 0.76%¢ 110,50 349.7%¢
(Tazekand 1)
Local (1 5ls) (e 30%d 2k 5,33 0.701%¢ 105,15 399.8%¢
(Kolvanagh 15)
(Param 1) ) 4l 30.5%¢ 2.5% 4,83 0.615%¢ 110.16 367.3+¢
(Zarnak) s,; 32.6%¢ 2,30k 5,042 0.628% 122,80 371.7%¢
(Warzghan 1)\ ol&5,,  27.7%¢ 2.6% 5.1 0.55%¢ 78.22¢-i 317.8b+
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(Ahar 1) y 31.8%¢ 2.3%k
(Tazekand 2) ¥ .S o} 32.5e¢ 2.3%k
(Malekan) 5L 29.3%d 2.3dk
(Mashhad) seie o355 24,5 2.1
(Warzghan 2) ¥ 15,4 28.724d 2.4%K
(Param 2) v 4l 29.6%d 2.3k
(Pigam .15 pliy (sl 28 5 2 52

Kalibar village)

5.04% 0.589¢ 1248 383.42d

5® 0.7312d 98.3% 351.1%¢
5.19% 0.666%¢ 97.5% 304.75¢
5.28% 0.501¢ 104,95 342.4%¢
5.16% 0.6972d 74.62% 299,10
5.17% 0.656%4 89.6% 269.4°
5.03% 0.7072d 88.3¢ 309.6"¢

WL doyd S el pdaw jd (g5 gime BB S e By S JBlas gl slaylas
Treatments with at least one letter in common do not have a significant difference at the one percent probability level.

-£ Jgu ald!
Continued table 4-

gws,yl 3 413 daws Sl gz I | PabaSles 0345w
[EYSRILY NEE N ad 1,000 grain g S G‘M’ A."’ ¢ s
Ecotypes rIIDEI%nhtt l\;l;g]j t;epre?f weight Seed yield p(é;rrilrrw]i%/frlga B:Jor?iwta;iep;er
(em) capsule (9) per plant (g) (@m?) (@m?
(AW LT ol 5l sl 32.15¢ 2.20% 5.34¢ 0.655% 106.2> 357.15¢
Bostan-Abad village)
(Dehlan oy yzin (Mo (slis, 26.9% 230k 5.07% 0.431c 104.9% 338.2%¢
Hashtroud village)
(Komarsefli Ll Jaw oS sliwg, 7 e 2.1 4.9% 0.667%4 64.3' 241.2¢F
Jolfa village)
(Gundak village) S5 sliwg,  27.9%¢ 2.8 4.96% 0.616%¢ 88.7¢ 280.4
(Orumieh) azss) gy ;o 31.7%¢ 2.4% 5.1 0.733%d 105,24 321.9%¢
(Arlan Mari?ﬁa;))" oVl sbwsy 5 ge 1.21 3.84 0.137f 23.4 158.8'
(Majra JUds o xe (sl 25 80 247k 4.84% 0.54%¢ 95,80+ 310.40¢
Khalkhal village)
(Lilab o555 o (sliuss, 33.9% 2.5 5.1 0.839% 111.6%9 358.9%¢
Varzghan village)
(Kharwana) bl s 27.10% 2 5% 5,012 0,662 92.4¢ 319.4b<
(Kurdistan 2) ¥ s 29 5 2.5 5,27 0.629%¢ 95.9¢ 295,50
(Tekab) Uiss 31.5%d 2.6% 5.0 0.656% 100,51 303.40¢
(Zanjan) .los; 28,05 2.0 4.82% 0.603%¢ 99.4¢1 313.3%¢
J (g g Pnlas (sliwg) _
(Nazirlu and Dervish Bakhal ~ 29.7%¢ 2.7 5.1% 0.511%¢ 91.6% 334.2%°
village)

L6 o pd S Jlein] e 53 (g5 iz BN S yde By G s gl slales
Treatments with at least one letter in common do not have a significant difference at the one percent probability level.
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Table 5- Correlation between evaluated traits

ails 3 Slos 53 ls slaas s fim P03 Cum;  yd il 3 Sles
Cho SpEi) e o ©079 019 s s s s
) . PV Number of 1,000 grain ( I =
Traits Plant height  Seed yield seeds per weight Biomass per  Grain yield
per plant capSler unit area per unit area
(Plant height) &4 glis) 1
(Seed wg < o aily 5,Ses . 1
yield per plant)
(Number JguS y 4ils slass g7 51 1
of seeds per capsule)
(1,000 grain aly,lse 5 . 46% e 1
weight)
gl 2215 )2 0255 594** 44 372%* 4217 1
(Biomass per unit area)
gl 2215 2 > 2,ae 562%* 349+ 357* 339* 823% 1

(Grain yield per unit area)

4> 2, Sos (g1 P 4 0I5 (g, 4 AN (ygam 55 41 by iyl 45205 -1 Jg>
Table 6- Variance analysis related to stepwise multiple regression for seed yield

(Sources of variation) <l s &abe

(d.f) a1 4,3 (Mean square) iz po (puibe

(Regression) (ygms ), 3 1.728**
(Deviation from regression) :ygms,s, ;| <l il 142 0.003
(Total) Js 146
(Uncorrected coefficient of explanation) sisizusuas cuws <o po - 0.951
(Corrected coefficient of explanation) saspswas cyws o pd - 0.949

o) S Jlois ! prdans 50 I cixe s
Significant at the 1% probability level s

WEX o 5y Jde 50 0ilo Bl Wlho wlw b (diusly suiio) dild 3 yShas yguw y5 y cul s —Y Joi>

Table 7- Regression coefficients of grain yield (dependent variable) with other traits remaining in the multiple regression
model

(Standardized regression coefficient) suuis Juibiw! Cygaw 5y o o

O o 8 53 il slax
Wsly oo LW IS JgunsS a8lu yhad &Iy, oy 39 Ags yd &ld dluws
Dependent variable Corrected coefficient Number of Diameter of Weight of Number of
of explanation seeds per the stem thousand grains  seeds per plant
capsule
(Grain yield) s 3,Sles 0.949 -0.063 0.08 0.12 0.94
(CUMUIAEVE (a3 0.949 0.946 0.94 0.932

coefficient of explanation)

Sy Ghil ool Lt sl (N JS) 258,515 09,5 93 5
) Sopp x5l Gyl s s g lio B lnasss
) Sapp x5 Syl s g lio Bl nasss
O glageiss] Jols Jgl adgs b gl S 5:5ke Sl oaigs
D o FAFY FY SV FASTY FALIV IV MO AV XY
13 0l St i (el o Adgs ol (5ile 51 Gyl s

als bl j3 (o p39 90 SLAGS 98] (laci ga da jad
hihyse olie
)l ol l_’ Olo 4_»1; u»l_wl = d..v.ma.ob)yc Lgl.hp‘.:.ssfl
d.\_uoa)j Ward U"’f) ¢L_w54_: 9 DMJ)L\.’LM»‘ dl.bbb‘.) ‘)«i’Lﬁ
oo gl Gimen 9 455 (ol @l olul (A Jgia) 545
SR oSl g ¥R g b bl o pleal Aol o it



Yyy .. Gt 6850 ilizo godgi & Slos g £ly) Wluogas 255l ()] )Kad g axlgs ool A3

Cso 0365 g FHAICUNS Alo?)'l Olaw ).SI d‘).g Adg> O:{]
oL ol sl slaasly 3 Glgioe |y pgs 095 culplis 29
2l 1,8 eslatwlyyge

Pl 5l ed 05,5 ol clacuisS] Dg Cute JounS
iy oSt U 0Sbe S (550 cnpoml 4k > oS
c\A ‘\V c\; c\\‘ c\‘“ c\Y c\' cﬂ c; ‘a ‘Y‘ duw;‘ ‘139.) d...u}?&
c‘“ﬂ cYIF ‘\"0 cvf cYIY ‘\"\ ‘\"~ £YA cYF cYA cY\c cYY cYY £Y’ c\i

Olio a8 (:0ke (wlwl 52 gWard (g, 51 03wl b (slaigs @500 51 ol 01,519,055 (02 et 12 andedd iU & 3o -A Jgor
Table 8- Analysis of the detection function to determine the cut of the dendrogram resulting from the cluster analysis using
the ward method and based on the average of all traits

(Group) 09,5 (Probability level) Jlis! mbww  Wilks lambda  Chi-square

2 5.78 x 10°®
3 0.00114
4 0.142

5 0.373

6 0.423

0.263 50.763
0.341 40.385
0.551 22.027
0.643 16.141
0.671 14.367
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Figure 1- Dendrogram resulting from cluster analysis using the ward method and based on the average of all traits
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Bl ao)ys g wi oanlie S (:Sle 5l 6 5VL (55)) s )l50
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Table 9- Breakdown of the detection function to determine the cut of the dendrogram resulting from the cluster analysis
based on performance and related traits

(Group) 09,5 (Probability level) Jlis! mbww  Wilks lambda  Chi-square

2 7.14 x 10! 0.262 59.013
3 9.6 x 107 0.438 35.96
4 0.373 0.906 4.254
5 0.304 0.918 3.631
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Figure 2- Dendrogram resulting from cluster analysis based on performance and related traits
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Table 10- Special vectors of the main components for the studied traits

Slio Jol e P93 alge o 4l Pl Az
Traits First Second Third Fourth
component component component component
(Plant height) «5 ¢lis)| 0.741 0.338 0.006 -0.038
(Single plant seed yield) x4 5 als 5,Sdes 0.887 0.174 -0.178 0.281
(Number of seeds per JouwuS ;> als sluws 0.218 0.546 0.492 0432
capsule)
(1,000 grain weight) «ls,l;a 39 0.49 0.214 0.36 0.432
(Biomass per unit area) glaw ssly 13 0395 ; 0.718 0.445 0.302 -0.34
L . ]
(Grain yield per unit gaw asly ) 4ils 3,Slas 0.637 0.451 0.389 -0.184
area)
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Introduction

The agricultural systems are facing numerous challenges in maintaining and providing food security.
Achieving this goal, considering the growing global population is possible through the application of sustainable
agricultural principles to increase crop yield and reduce environmental costs. The widespread use of chemical
inputs, particularly nitrogen fertilizers, by farmers globally to enhance yields has resulted in numerous
environmental hazards, including soil and groundwater pollution. Intercropping systems emerge as a viable
strategy to augment yield, curtail reliance on chemical fertilizers, and safeguard the environment. Enhancing the
yield and quality of forage has become a paramount concern in the agricultural sector in recent times. Various
approaches exist to achieve this objective, among which intercropping cereals and legumes stands out as a
promising solution. One of the most sustainable farming methods in saline and arid lands is drying livestock
products using salt-tolerant plants, which can also be beneficial for farmers.

Materials and Methods

This experiment was conducted at the Agricultural Research Institute of Zabol University using a randomized
complete block design with three replications. The experimental treatments include different patterns of
intercropping kochia and cowpea, namely: 100% Kochia (K100), 50% kochia: 50% cowpea (K50:C50), 75%
kochia: 25% cowpea (K75:C25), 25% kochia: 75% cowpea (K25:C75), 100% kochia: 50% cowpea (K100:C50),
50% kochia: 100% cowpea (K50:C100), 100% kochia:100% cowpea (K100:C100), and 100% cowpea (C100).
Dry forage vyield, yield components, percentage of crude protein (CP), ash, acid detergent fiber (ADF), and dry
matter digestibility (DMD) were measured in Kochia plants. Additionally, in cowpea, economic and biological
yield, the number of pods per plant, and the 1000-grain weight were measured. To assess the profitability of
intercropping, the land equivalent ratio (LER) was utilized.

Results and Discussion

According to the obtained results, the planting pattern had a significant effect on the yield of kochia and
cowpea, as well as the morphological characteristics of cowpea, including height, lateral branch, stem weight,
and leaf weight. Additionally, the planting pattern had a significant effect on the quality parameters of forage,
including the percentage of protein, ash, ADF, and DMD of Kochia. The highest yield was obtained for kochia
(22,788 kg.hal) in the cropping pattern of K100:C100, and for cowpea (3590.3 kg.ha) in pure cowpea. The

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
Y reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
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highest percentages of protein (19.90) and ash (14.83) were achieved in the additive intercropping pattern of
K100:C100. It also achieved the highest and lowest percentage of DMD (41%) and, ADF (41.30%),
respectively, in the pattern of K100:C50. The research results indicated that the highest LER (1.80) was achieved
from the treatment of K50:C50.

Conclusion

The yield and quality of forage in dry areas have significant importance, considering the prevailing climatic
conditions. Therefore, intercropping is considered a practical solution to achieve the mentioned goals. or Despite
the numerous benefits of intercropping, the selection of compatible forage and companion plants that are suitable
for specific regional conditions, combined with the design of an appropriate cropping pattern, can greatly
enhance the yield and efficiency of this cultivation system. According to the results, intercropping demonstrates
higher forage quality compared to the sole crop of Kochia. High-quality forage has higher percentages of CP,
ash, and DMD while having lower levels of ADF. Based on these findings, the additive patterns K100:C100 and
K100:C50 are recommended. The research results indicate an increase in the quantitative and qualitative
characteristics of both kochia and cowpea in intercropping. The LER in all replacement patterns was greater than
one, indicating an increase in land efficiency compared to the sole crop. As a result, the natural potential of
Kochia, a salt-tolerant plant, can be used as a suitable strategy for using saline soil and water resources and
feeding livestock in the Zabol region.

Keywords: Ash, Crude protein, Dry mater digestibility, Land equivalent ratio
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Table 2- Variance analysis (mean square) of yield and yield components of Kochia in different cropping patterns
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ns, *, **: Non-significant and significant at 5 and 1% probability levels, respectively
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Table 3- Mean comparisons of yield and yield components of Kochia in different cropping patterns
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Cropping patterns (cm) Lateral branches per m (g.m?) weight (g.m2) (kg.ha'l)
K100 78.33¢ 255.14 884.44 592.5¢ 13289¢
K50:C50 82.66¢ 706.6° 2132.2° 1575.3% 14911b°
K25:C75 91.66" 1545.12 1226.7¢ 1161.4° 111894
K75:C25 90.33b¢ 626.4b¢ 2265.5° 1658.1° 17716°
K100:C100 100.112 331.6% 5066.72 3792.48 227882
K50:C100 88.33¢ 344.9«d 906.7¢ 598.4¢ 19066°
K100:C50 94.66° 306.1¢ 1453° 695.2¢ 21644°
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The means, in each column, similar letters show that there is no significant difference according to Duncan's test at the level of 5%
probability

40 s 45 2l Crasy K100:C100 by loke i 555l
a2y bV o) o olis (l8l a0 VY Ludgs' i85SS5
CiS )3 plamgS] Olasd Sl (S0 glgieds 3)Sles Jl3al &5 0yl
EW)l 5 gy 38y b LdsS olS duwy o0 jlai 4y el gylae bgle

Suid ddgle o Slac
U s LS it abgle oy Slas oS ol i gl
Oy (Y Jodn) (P +/+Y) 20yl pixe S calises (glagS]
S (LS )3 p)S e LSYYVAA) LioS Sid adgle 5 Sloe jlado



VELY Ll o o)l FY alo oyl (815 Slowidais apnis  TFF

il gl 4 s YL g bslsre cuiS o8l
O3 3o 0 sosiions 556 )39y oy & el izl
Cusl San balore CuiS )3 gy iuli8l )ls LbgS adgle sls
2L OJrs Gpae QLI GRIE ey ol (RIS
Gk ol S Slgiee g9mdge (il Bl Pl g0 0 3)9 9
3 byl Luly s 3 oo Lgh 5 LS o 43L 4 b8
S (ed EnBy (g oA lp GlSe plej by e
el sl 4 i olyen sladisS (Golaid 5 adu Hlslo plpln
DRl cage Colad 3yl cpl g Cosl 0l (595 il > JeSta
AlLS S ay i Lgbe €3S )3 able g g e
V om i) 5 daome ulid 4 do g5 L LideS gy o)d
pla g > Sles (Kafi et al., 2011) cul yuxio 2o > YF U
0 oyl e85y Sy 5 abgle 039iCasj i oo
Ot 4y s o il e dmd ilol 1) e jasls ol & Lol
(Javanmard, Machiani, 55 pL 3 piigpy 5 Slas
Lithourgidis, Morshedloo, & Ostadi, 2020; Lithourgidis,
.(Vasilakoglou, Dhima, Dordas, & Yiakoulaki, 2006)
39290 598 Oliwe o sldole GlalS ) plb (g (Slgie
bse Gl pais ool (92 oyt 53 GRIPEIL g Cusl atly
CitS slagSll > Pl (g 2)Slos &5 sy 0 a5 4y 95001 5]
il Lo 5 (3350 42 s ytaod iz Gl o 4 bgle
» (Belel et al., 2014) cowl pYL Yoty bawgs (459 5 Cans
OB doyd btz lagl g aldid g b 03 bglsee cuis
o) (n i 9 092 pite Sy il Jalye ) )3 el
(402 VF) (ibpia Lugl 5 ©)5 bobsee cuiS 3 ol (559
o=l 0 pls g Jlde 09 Vbt oo Hlai dy el Cusday
23l oo Logd lawgs i 055y Sl & byse Jlad
Nazari, Zaefrian, Farahmandfar, Zand, & Azimi )
(Sooran, 2014
OsS9m 220 (il 6253 0j)) 9 LS bolie cuiS )
O3 03 Br g LdeS oyd O S sl pgd (g2 3 P
dly Gl ol 9> (ST ) Cand o5 05 1S 5,m50
P cciby sl ioli 8l g lo 4 ST a8 dg (ol Kby ol
Oas balswe cis bl w)ls ddgle pbb gy 3o p (il
Farajain, ) o5 o adsle CuaS S cage 03,5 oS 1y b
Ol idgt pluw bwg alds s (Kafi, & Nezami, 2013
byl S sl jd ddgle pbb piigp 3, Sdas aS ol L
(Waldron, ZoBell, Olson, ¢l jiliél oS SS b awlde 4o

Jensen, & Snyder, 2006; Stoltz & Nadeau, 2014;
.Yilmaz, Ozel, Atak, & Erayman, 2015)

2 29290 YL (Sfgd @inds GAS I 65 P90 920 4 yidn
PSYL 0 Sles g 4 yomie Colps 50 oS Gl 035" odlditnl adlais
O3S e Casl 00 (alld CliS 4y Cad bl cuiS
s al a8 55y K25:C75 (4ol 4 gy po adgle 5 Slas jlado
Los) i s GMssS e €l 38l 5 L3S o815 ials
Sharafi, ) 8,5 «sios ol ol db o b o Jdpuis
Sorghum ) ps5 )5 Sis adgle 3 Slas a5 5,5 3,155 (2022
—9i dmig pgS g Vo) e S 9Nl > (bicolor
L wbd o 5L laylews plos s (Medicago scutellata L.)
aS wsly Hledsl gyl 51l atily i8] 58 e el cuis
@l Cul aily ddgle CudsS d9m0 )3 soke GBB (Sojl> w0y
Panicum ) s,e5sLs (555 5 bt byl et 5l Jols
Gy Hlals balse cis a5 o Lis (antidotale Retz
9 5 Ll > ddgle 5 Shos il sl )l Wl
cuiS o ol Rawgy (Farajian, Kafi, & Nezami, 2013) il
LS oS b 45 455,815 50 9 LS Lgbiee
IS bydsee ciS glaailel )3 (glisS o <oy & Cons
abgle 5, Slos o dne il (g bolbs CuiS g Cusl pgS g0
Sl 03y ialS” (g B Heban 1) (5)9-0 T (e Il
Hedayati Firoozabadi, Kazemeini & Pirasteh Anooshe, )
S dbgle coiS g3y Slas oy j Sl ls (2017
~3, 93 9 (Phaseolus acutifolus L. Gray) (s,Ls Lol byl
(cv. Pishahang) aliy () 5 (Cv. Bastan) slwl ;)
Sl Sis adgle S5 Slas (liae cp YL oS 0l L
L it ol 03l 5 3l L 0ide byl cis
5 syl Loy iSO a4y Cund o pd AV/AYA 4 VV/0R ]3]
Iy QLS cpl bole S (55 xS (pl & 48 Jols ()]
Aad o Ll iS4 Caus Suid adgle IS5 Slas blxd
Badakhshan, ~ Amiri-Nejad, ~ Tohidi-Nejad, & )

.(Parsamotlagh, 2021

Li oS adgle S Blas guad
Wole pla uidg

Sx90 e » 8 Cunl ddgle oS ol Jelgs 5l (S oo

(Tang, Yang, Chen, Ameen, & Xie, 5)is o U pls
s sl as ol L ol .2018; Iptas & Yavus, 2008)
(P /1) 39yl me LS dbgle pls gy o) cuiS
S 98 any byye abgle LS (ngp cpyide (¥ Jgi2)
A Coud (gm0 YA ]38l 457 5 (1o )> 14/1) K100:C100
lasSll a8 ol (Lt s (B Jyis) o olis LS 2SS



YYD . LS balso S jo adgle CadnS 9 8 ,Sdos 61501 0 ySlos oy 1 3]y KD § Coamno (o

ZuiS ilidee (§LoR1 yd LuisS ddgle A8 Oluoguad (Wlaspe (1wiile) (wil,ly 1500 —£ Jgua
Table 4- Analysis of variance (mean square) of the quality characteristics of Kochia forage in different cropping patterns
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Table 5- Mean comparisons of qualitative characteristics of forage Kochia in different cropping patterns
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Cropping patterns  Protein (%) Ash (%) ADF (%) DMD (%)
K100 13.44¢ 11.96° 48.262 31.33¢
K50:C50 16.74¢ 13.33« 45¢ 350
K25:C75 14.82¢ 12.33d® 47° 31.66"
K75:C25 14.58¢ 12.50%¢ 45.96° 34.66"
K100:C100 19.90? 14,832 42.16% 35.662
K50:C100 18.94° 13.46b¢ 42.83¢ 39.332
K100:C50 17.64° 14.20% 41.30° 412

85 I3 st IS daoyd iy Jlainl e )3 (S5 yg0jl ol p Abl oo S yite G S JBlis (gl 45 gt b 3 olaSibe
The means, in each column, similar letters show that there is no significant difference according to Duncan's test at the level of 5%
probability
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Table 6- Variance analysis (mean square) of cowpea yield and yield components in different cropping patterns

Ol s 2alio &l as old daxi Pl 45 &ld dlaxs Wb a,Slos  Sujglam d,Slos
S.0vV d.f Number of pods  Number of seed  Grainyield  Biological yield
’l_'&; . 2 5256.15 169.16 69844.33 430644.62
Replication
w{ stasS) 6 1594177.58™ 46456.30™" 2427412.83™ 8244397.44™
Cropping patterns
> 12 212.55 6.19 57323.28 41417.56
Error
et - 11 1.0 102 3.6
C.V (%)

o )d K5 g doyd iy Jlein] zolaw )3 (610 dxe g (50 Gxe pis iy i g % NS
ns, *, **: Non-significant and significant at 5 and 1% probability levels, respectively

Hamzei & )osgs0 —1308 by low cis > (& Stan, 2013
Faramarzi, ) glaisss |5 Sile —g» 4 (Davoudian, 2019
(Hosseini, Mansory, Fangueiro, & Alizadeh, 2023
ylasg 5 Sile g 5559 Lalls culS by slaws oy i
ol Cowdds
il 9 Sl gas 9 Slas

cov bpds Loy 4l 5 S5elan 3 Slas a8 2l LS pls
O (5 Jgiz) (PS +/01) 35 )b gine ullS (slagSdl 156
YO /Y) aily 5 (LS 10 £S5 LS VITA) S o5d)an 3, Slos
2 Loyl 3, Sdos 390 Log (ST & by (S 53 p)SokS
3y Slas 2 piaS 45 55ty 2l ialS bglse 3lS (slagS)

alas Hyu dils lass
Log pls 5o il slass y casS” (ol 5 as b )lis ol
2 A ol o i (8 Jgs) (PS +/+Y) 290 )by gine (Jibipsts
W15 alS b el Coanddy (ryeyie > ¥FA8) Lug) iSSS 5l pls
2 40 olas oy jieS K75:C25 cuiS (5051 50 dio pd YO & Lyo)
ol s 4 Wl o a8 A odaliie (ppe o )3 VWWY/YY) plo
5 (Y Jgin) il LdeS o 4 g o <ilB) @548
rge byl ] sLmgS 3 LS o ol by o
e dlye g 590 ol a1 1y (gldTSS e By i3l
oo @lio 29008 Gl 0as pls 50 by slawy il gy yiwd B
Dusa ) 1 sals o 5l g b 5 gl o )3 S (5305 G2l



VELY Ll o o)l FY alo oyl (815 Slhwidais dpnis  TYA

Sy ) (gillle (alS g ieS elal a4y aS 0g Vo) Wy y0n
3y Slos aS 00,8 oyl laioe e ioren Ab 03 Comd Y0 )
oM (gl g g glas)] Jdo 4y balswe culs (5 Y aiy
Sgd o olals miwsd jialsS g e gly colby sbul 4 e
(Ross, King, O'Donovan, & Spaner, 2005; Xie &
odalin 2iSSS ) 5,Slee oy iy 4> ST .Kristensen, 2017)
L babe ceis glagsl ;o o, Sloe iulj8l Sl gols Ll us

Dy Sl (5 Lol culS s 38

PSS V81 ) ool (S 55 p,S5S YAYY) Sl
Cyt S yse k5 4y a5 odnlie K100:C50 (¢s81 )5 (LS 5
Sl celio sl 15155 S 4 bog) (a5 ST )3 3 8o
Jds 4 balowe (ilidl oo Sl o5, Sloe yial S S5 (gouw
LoseS o an €l a8 (I3l g yide li)l STy )l
Javanmard et al., ) 4,LSan 5 3 y0ilg Liwly e 53 LSl oo
A4S 40,8 byliS @Y Ly o) a6yl belse cuiS 5 (2020
Cyd 3l S, eSS VY A pee Gy b bgbke cusS (o Y ey 5 Sles

CulS il agSl )3 (g Lug) 3 Sdos (sl 9 3,50 (10le dusliio -V oo
Table 7- Mean Comparison of yield and yield components of cowpea in different cropping patterns
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Table 8- Partial and total land equivalent ratio in the replacement patterns of kochia and cowpea intercropping
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Replacement Partial land equivalent ratio of Partial land equivalent ratio of Total Land Equivalent
patterns Kochia cowpea ratio
K50:C50 1.12 0.68 1.80
K25:C75 0.84 0.80 1.64

K75:C25 1.33 0.26 1.59
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