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Table 1- The results of soil analysis at the experimental sites (soil depth 0-30 cm)

Ju olas KT L - - )
agdawl T gy hed aewly ool g9y BN e R [N B o)
Year Sl S
Ec pH oC N P K Fe Zn Mn Cu Sand Silt Clay
(dS.m™) (%) (PPM) (%)
-2019\vaA 25 752 044 0.02 134 349 72 153 1975 152 31.6 45.1 23.8
-2020\v44 3 760 046 001 134 338 71 14 19.8 1.50 33 43.2 23.8
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S 539 g Al jo als slaw (ol ailne g3 0 Sloc 4
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2 6 S olail (ol au (p595 9 Cogs am jo ails Vev e slaws
et Sl g eyl ge;] plosl 5l o Lavesls ag i

olsie 4 Jlw 28,5 515 50 b g iwlejT sllas (il (09
Al olasl o ool il lg a0 .o alodil  Bolias i
4 SAS Ver.9.1 58ls 5 5l eolax ol b s mbe (5L,
wiz ogesl 5l eall bl Sk aylin § oS50 050

A pleil as )0 B Jlesxl g j0 SSls (glaials

Aldaw jd &l dlaas

Glel Al 5l 52 4 ols (Ltd il )ls 4528 b
2 Jl 5 5ty Jpn 5o 2l Jsba Sl o8l X3 ¢
2l (sacd; iz Jolhe 50 (i Jslre 5 X8 ,% (o)L
S d—el bl (Y Jaux) 041 o sixe 48 g0 bliate ol )il
ialesT Jol Lo o alow olaas sls oLis a1 Siloe dnsliie
ool b s (F J502) 05: g0 JL | iy oo FI-
P Glocaisis 55, 09> aslllae )5 (e (S Az
Slyzl g als 5 ,Shas 59, 1) (6 losinn il (i Lol s 5
Sy alo o o adls slaey rals 5 oaal—iw ails o Slae
olS asda oo ails slass palS s au ) Sis
(Dastfal et al., 2011) slosges

Lo oo o2 0 S (don e (s 503l (sl
Pirasteh-Anoshe et al., ) als o &5 g9, 5 al> 1o
by cd5 Oyge odon gl 5 )l — asges (2017
S 0j9 eSS 2 Joeshes o ) alal sl eslai
(Bates etal., 1973) o Lo

Mmol/kgDW = (umol prolin/lit) x173/ DW(mg) (V)

g gl s oty Al o )3 02 S Jd9)lS

e 2 Vg ¥ bl oll LT D g @ 3,15 ke
(AMON, 1972) 0,05 awle 55059 p5 0 p )5 ue

a=12.7(Acs3) — 2.69(Asss) x v/1000xwW (Y)

b =22.9(Asss) — 4.69(Ass3) x v/1000xw (Y)

V= o gl il gl pn> W =diged 5050
blyl 3o 0z S ol (o 50 S0l sl
(Ahmadi Lahijani and Emam, 2013) «ls ;o 0,90
oSy alolidl 5 bl ialosl asly o 5l aiges Vo olass
b (FW) oSy ads) 5 5 9o (9 Jol5 & j5—0 &
Sl VY Sas ay Sy e ubol ()39 e jskiie 43 0y0 5
5939 G 03Nl 5l ey g i 5 ool 15 Slade OT s o
o5 ilo am s A gl 5o cels FA S 4 (TW) o]
20,5 5ol s la )T (DW) St (5 5 o Sas
0l dslee RWC (e F o los alolas 5l oolin il by g

(Hayat et al., 2005)

RWC = (FW-DW) / (TW-DW) x 100 (f)
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Table 2- Meteorological information of the place where the experiment was carried out during two years

SNk gl Los (SSlo s Caghy (Sl
Precipitation Mean temperature Mean relative humidity
(mm) (C) (%)
1YaA-44 1raa-1f.. 1¥aA-44 1Fee-1va] 1¥aA-44 VFee—1va]
2019-20 2020-21 2019-20 2020-21 2019-20 2020-21

3l 1.66 47 51 8.11 49 51
Nov.

o 6.59 5.3 8 47 50.5 28
Dec

ot 8.41 5.14 8.8 9.11 41 23
Jan.

Al 2.13 5.17 14 15 28 335
Feb.

KR 127 1.7 1.15 5.2 52 19
Mar.

i) 8.46 0 521 24 315 19.5
Apr.

ols > 1.2 0 5.28 9.29 16.5 8.5
May.

(0 Jgaz) cuslools lis sg5 51 08| Shada w0 asls slass b Sl Hob a4y
il slaw p Sbdlosnl (b Jobore cuie 56 el s 4 ez gledl jo Sl ik Jsloe
3 PR CRPH N PESR VRN -3 ) OV JE VRS DU STt P e G155 Ghalesl nl S Bellae (alis 50 202 YY)

S o alas o adls sloas Lol gan Jleus 0 o9 xS Sebdlsarnl Voo (oo V0 5V slacdile a5 o ls 592
Sl ooy Al jo ails ol o pme yiuly Sl >50

(Pakar et al., 2015)
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Table 3- Results of analysis of variance of the effect of levels irrigation, variety and time of salicylic acid foliar application on grain
yield, number of grains spike, 1000- kernel weight, harvest index, relative water content (RWC), biological yield, chlorophyll a, b
and proline of during two years of testing

o j Cagb . . ol ™
e gle 4T Ry A gagls b et sy G eshee o
Sources of (g3l Sy ChlorophyllChlorophyll Proline " 1000-Kernel Biological Grain vield s
variations pp RWC a b Grainin  yejght yield y Harvest

spike index

Y“JL‘) 1 1219.18 ** 0.1296 ** 0.368 ** 2.2735 ** 91.00 ** 0.19 ns 171760.6 ** 8957260.2 ** 735.86 **

ear

1S5
JL&R?Y))& 4 0.20 0.0005 0.0003 0.0061 0.21 0.11 45.2 197.3 22.00

(]

‘jg)“'_ 2 996059 * 3.8834 * 1.8546 ** 713.2713**3796.53** 1348.65 **10985868.3 ** 452554228.7 ** 19547.1**
Irrigation

(] [
6)"'YXIJ 2 468.01 ** 0.2037 ** 0.0093 ** 0.4360 ** 957 ** 021 ns 28797.2 ** 715622.3 ** 548.42 **

X
X JLx )|

| 8 0.18 0.0003 0.0001 0.0063 0.21 0.12 43.6 699.4 22.00

RxYx|

.”5) 2 135,53 * 0.4526 ns 0.0228 ns 252.9313** 161.28 * 123.07 * 122386.8 * 3180166.5 ** 58.55 **
Cultivar (C)

WS;X‘C'JLN 2 147 ** 0.0335 ** 0.0038 ** 0.2450 ** 471 ** 596 ** 2496.8 ** 4014153 ** 63.09 **
X

1
M’j‘sl’@' 4 21.20 * 0.1008 * 0.1098 ** 58.0469 ** 29.67 ** 15.01 ** 304545 * 1068303.0 * 13.39 **
X

x‘_g)LtijL_.J
o3, 4 2.68 ** 0.0150 ** 0.0033 ** 0.2954 ** 6.25 ** (0.63 ** 2097.0 ** 151209.3 ** 17.24 **
Yx IxC
Sl Sl
SA
><LJLA,J
dl Silowdls 3 0.39 ** 0.0047 ** 0.0002 ns 0.1745 ** 0.81 ** 0.72 ** 2130 * 7237 ** 0.12 ns
SA XY
X«S)Ltf‘
Sl Sl 6 390 ** 0.0068 * 0.0005 ns 33.1210 ** 0.42 ns 195 * 27263 ** 241933 ** 275 **
SAXI|
Xsokel X Jlo
¢ (" 6 330 ** 0.0013 ** 0.0005 ** 0.2861 ** 041 * 045 * 2676 ** 5536 ** 0.17 ns

SAX| xY
Sebidl X3,
| 6 1.69 ns 0.0027 ns 0.0004 * 21420 ** 134 ** 019 ns 1682 ns 20706 ** 142 **
SAxC
X8 X Jlo
sl SwJls 6 3.19 ** 0.0040 ** 0.0001 ns 0.0767 ** 038 * 040 ** 3149 ** 2464  ** 034 ns
SAXCxY

Xp8 % (k]

Sl Sl 12 242 ** 0.0016 ns 0.0002 ns 3.0706 ** 0.14 ns 018 ns 1383 ns 5224 ns 0.68 *
SAxC x|

g§)l-r.-,'T x Jl

3 38.63 ** 0.0182 ns 0.0072 ** 6.1836 ** 13.24 * 047 ** 174742 ** 1239667 ** 24.32 **

X 12 051 ** 0.0016 ** 0.0004 ** 0.2402 ** 020 ns 028 ** 3545 ** 2635 ** 025 ns
Sl Sl

SAXC x| xY

Error L> 132 0.08 0.0002 0.0001 0.0090 0.16 0.12 57.1 307.7 0.3
iy 15.0 8.3 6.2 11.6 12.2 10.5 18.3 15.0 8.7
CV.%

L

G (s pas g ao )0 S oy iy a0 (gl s Sl s g 4™ g
*** and "™ represent significant at of 5% and 1% probability level and not significant, respectively
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Table 4-Comparison of averages on grain yield, number of grains spike, 1000- kernel weight, relative water content (RWC),

chlorophyll a, b and proline of during two years of testing harvest index, biological yield,

Jl  omdicugby  a Judg,ls b g b5 Oday

s dlaws &loylid yjg (o) 0 S los ails o Slos L™

Year Sy Chlorophyll a Chlorophyllb Proline J° 1000-Kernel Biological Grainyield <oblo
RWC (mgg™) (mgg™) (mg/g fw') e weight yield (kg h) Harvest
(%) Grain in ® (kg ) index
spike (%)
WWAA-IYAY 3 615 0.96 a 041 a 81hb 331 a 34.06 a 9389.9 a 37296 a 358 a
2019-20
VWAV F-- 5675 b 091 b 039 b 83 a 318 b 340 b 88259 b 33223 b 3211 b
2020-21

5 gl e glis oy iy Jledl mhans 10 SGls ygesl bl akies S ie B gl a5 (5 le zalams (gt 2 40
In each column, there is no significant difference between treatments with common letters according to Duncan test.
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Iy adls o,Slee Cag bz 4 g lal Slado sloss ol
O 4 O ymal o8, i Joz ome")L.u as olo u,wl)sl
IS (St S a5 Wy (0 Jgue) aib e Sis
STy Jocnl baws )13 15k cad ) ol (Sojglse b
oS TP alox 3l goaxio Jolse 4 L;u.a O A QLmLtf
L L;)L,,J slejles a5 o (Bray, 1997) o)ls S
Gt S5y Sl 3 Sekdlwa il (b ol
Slows yo 50 0,8ee o s g sl S azails o Shee
> o Lz slend b Ao jlesd 4 Blaie Sl sl
B Jgaz) 03 s 5ke]

Canilgs il Joloe b jled 5l S e S0 (ke &
Bles Gl 1y glel g0 pals 310 o Slee rals

DS o2y 5l Sl a0 il o See o X i



Oher g glais Y.

Sy skl am dole 5o Sl sl cote 2 e Ol Jlael sl (IS ooy S o jazy Sbb )
Cely b Jslore gy jlond 4 Cons a5 iy il el Iy ool oyl Ciin ul),_,b @ 265wl ool LUl b olS
A olS ey g ails o Shee il 5l 0l Saglem 5 ails 3 Shoe 0 4 (5 sbas o Slas

1,13 (33 sl &1 Slan 1 92 o151 5 Sl dunsl (S Jlons cilisio 5l (o o5yl Cilisio (gl o GRS w2y p3T -0 Jguz
Clold Sl g (S ) 0 Slos (il o Slos
Table 5- The interaction effect of different irrigation treatments, different times of salicylic acid foliar spraying and barley cultivars
on the studied traits on number of grains spike, 1000- kernel weight, grain yield, biological yield, harvest index

Jlest gloj aloyl3 o3 " . e i
okl ) o A 381 o0 Kernel e o 25 St
L. . .. . Biological yield Grain yield Harvestindex
Irrigation  Cultivar Treatment Grain in spike weight (kg ha™) (kg ha™) %)
time (@
T: 38.10 c 35.03 hi 11191.6 g 4800 j 44.34 e
o) T2 38.90 b 35.50 h 11716.6 ef 5236 h 46.45 a
Reihan Ts 3880 b 3519 h 116166  f 5179 h 4566 b
Ta 38.63 bc 35.23 h 11341.6 g 5063 i 45.14 bcd
T, 38.70 b 37.94 de 12733.3 c 5651 e 45.06 cd
13 O T2 40.53 a 38.66 abc 13428.3 a 6246 a 46.75 a
Nosrat Ts 40.20 a 38.37 bed 13073.3 b 6031 b 47.02 a
Ta 39.13 b 38.28 cd 12861.6 bc 5808 d 45.59 bc
T 35.66 fgh 38.41 bed 11871.6 e 5355 g 42.85 fg
ol T2 36.88 d 39.24 a 12650.0 c 5919 c 44.64 de
Khatam Ts 36.70 d 38.98 ab 12293.3 d 5789 d 44.56 de
Ta 36.06 ef 38.63 abc 12128.3 d 5535 f 44.56 de
T 35.83 fg 33.76 k 9730.0 0 3875 r 39.03 n
“’1_"” T2 3683 d 3441 ik 101466 Im 4281 0o 4117 Kl
Reihan Ts 3683 d 3413 k 99766  mn 4260 o 4140 ik
Ta 36.48 de 34.32 jk 9785.0 no 4145 pq 40.66 |
T 3400 ij  34.87 hij 104650  jk 4090 q  42.00 ij
12 Oy T2 35.33 gh 35.25 h 10836.6 h 4569 | 42.86 fg
Nosrat Ts 3516 h 3544 h 10720.0  hi 4443 m 4312 f
Ts 3383 j  35.09 h 105133  ij 4256 o 4201 ij
T: 33.20 k 36.73 g 10266.6 kl 4158 p 39.78 m
o T2 3453 i 3742 ef 108466  h 4657 k 4216 hi
Khatam Ts 3426  ij  37.26 fg 10545.0  ij 4556 | 4268  fgh
Ta 3393 ] 3692 fg 10365.0  jkl 4366 n_ 4232  ghi
T 24.20 [o} 28.85 mn 4596.6 q 625 v 14.88 r
o, T2 24.76 n 28.34 n 4723.3 pq 665 uv 15.40 qr
Reihan Ts 24.60 no 28.48 n 4633.3 q 651 \% 15.46 qr
Ta 24.76 n 28.55 n 4595.0 q 636 \ 14.86 r
T 2586 m 2943 Im 47766  pq 719 tu  15.92 pq
1 & pai T2 26.83 | 28.48 n 4885.0 p 764 st 16.55 0
Nosrat Ts 26.93 | 28.73 n 4801.6 pg 750 st 16.51 op
T4 25.73 m 29.68 | 4788.3 pq 721 tu 16.13 op
T 2193  pg  30.02 | 47233 pq 761 st 1346 S
PRI T: 2243 p 2961 | 48100  pq 808 s 1384 S
Khatam Ts 22.10 pq 29.74 | 4736.6 pq 789 S 13.88 S
Ta 2183 g 30.05 [ 47116 pq 769 st 1371 S

(ol Seocdlis 08" 900l T sl Sl (234 Jslome slo 0loj - )kl Al o ez I 5 )bl al> o 90 b g ol alo o S T is )l sk
070 S o9t el Ta g a3l 70+ e e T o 35 4y sleil o Ta e
Irrigation levels: 11 one irrigation stage, 12 two irrigation stages and 13 four irrigation stages - different times of salicylic acid foliar spraying:
In each column, the means with common letters do not have a statistically significant different. T1 control (without the use of salicylic acid),
T2 tillering end, T3 50% emergence of stem and T4 flag leaf emergence leaves
W )l (e g lel IS S jiiie By > (Il sl eSile g o )0
In each column, the means with common letters do not have a statistically significant difference.
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Table 6- The interaction effect of different irrigation treatments, different times of salicylic acid foliar spraying and barley cultivars
on chlorophyll a, b, proline, relative water content (RWC)

skl o35 Slosd Jlasl o) Sy (oo by a Judg,l5 b Judg s oo
Irrigation Cultivar  Treatment time RWC(%) Chlorophyll a( mg g™*) Chlorophyll b( mg g*) Proline (mg/g fw)
T 66.36 f 0.91 | 0.50 fgh 411 qrs
ol T. 69.07 bcd  0.96 jkl 0.51 dg 7.03 kI
Reihan Ts 68.46 de 0.95 jkl 0.50 dh 6.18 m
Ta 68.03 e 0.92 kl 0.50 eh 472 opq
T 70.57 a 1.01 ghi 0.48 h 3.01 u
13 Dy T. 69.91 ab 1.08 def 0.52 def 7.55 k
Nosrat Ts 69.67 ab 1.09 cde 0.49 gh 4.96 op
Ta 69.16 bed 1.06 efg 0.49 h 3.13 tu
T 67.97 e 1.03 fgh 0.52 de 3.72 st
ol T. 69.96 ab 1.14 bc 0.57 ab 4.44 par
Khatam Ts 69.40 bc 1.10 cde 0.55 bc 4.05 rs
T4 68.50 cde 1.06 efg 0.53 cd 3.80 S
T 58.96 m 1.00 hij 0.56 ab 11.36 de
o, T 62.58 hij 0.97 ijk 0.58 a 8.20 j
Reihan Ts 61.74 jk 0.97 ijk 0.56 ab 9.40 fg
Ta 60.37 | 0.99 hij 0.55 be 11.38 de
T 61.77 jk 1.12 bed 0.39 | 12.48 c
|2 O pai T. 65.83 f 1.17 ab 0.42 jk 8.97 ghi
Nosrat Ts 64.62 [s} 1.16 ab 0.40 jkl 10.77 e
Ta 62.98 h 1.13 bc 0.40 kl 10.77 e
T: 61.60 k 1.20 a 0.40 jkl 6.91 |
ol T» 63.18 h 1.15 ab 0.45 i 511 no
Khatam Ts 62.82 hi 1.15 ab 0.42 ij 5.59 mn
Ta 61.97 ijk 1.17 ab 0.42 jk 6.18 m
T, 43.18 s 0.60 p 0.19 no 11.64 d
RESS T 44.83 r 0.65 0 0.19 n 8.40 ij
Reihan Ts 43.87 S 0.62 op 0.18 no 9.96 f
T4 43.14 S 0.61 op 0.17 0 10.95 e
T, 46.32 q 0.76 n 0.25 m 15.08 a
1 &yl T. 46.90 pq 0.82 m 0.27 m 12.79 c
Nosrat Ts 46.83 pg 0.82 m 0.27 m 14.08 b
Ta 46.29 q 0.76 n 0.26 m 14.00 b
T, 47.33 op 0.60 p 0.19 no 9.11 gh
o T. 48.69 n 0.64 op 0.20 n 7.46 Kl
Khatam Ts 48.20 no 0.61 op 0.19 no 8.45 ij
T4 47.37 op 0.59 p 0.19 no 8.68 hij

(ol Seocdlis 087 900l T sl Sl (234 Jslome slo 0loj - )kl Al o Sz I 5 )bl al> o 90 b s lal Al o S T is )l sk
070 S oot el Ta g a3l 70+ el e T o 5 4y slail 1o Ta e
Irrigation levels: 11 one irrigation stage, 12 two irrigation stages and 13 four irrigation stages - different times of salicylic acid foliar spraying:
In each column, the means with common letters do not have a statistically significant different. T1 control (without the use of salicylic acid),
T2 tillering end, T3 50% emergence of stem and T4 flag leaf emergence leaves
W55 )l de s le] BB S i By s slo (1Sl et o 50
In each column, the means with common letters do not have a statistically significant difference.
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Abstract

Introduction: In the tropical and subtropical regions of Iran, the growth and yield of cereals
decreases due to the presence of drought stress caused by the increasing decrease of water resources.
At the same time, barley is one of the most suitable crops for such conditions. Today, the use of plant
growth regulators such as salicylic acid has made plants resistant to environmental stresses such as
drought. Due to the water limitation in Iran and the widespread use of barley in animal feeding, this
research was carried out to evaluate the effects of different salicylic acid application times on some
morphological traits and grain yield of this crop under drought stress. Due to the water limitation in
Iran and the widespread use of barley in animal feeding, this research was carried out to evaluate the
effects of different salicylic acid application times on some morphological traits and grain yield of
this crop under drought stress.

Materials and Methods: A field experiment was conducted as a factorial split- plot on a randomized
complete block design with three replications were carried out during two cropping years 2019-2020
and 2020-2021in Neyriz city.The experimental factors include the number of times of irrigation in
three levels of one, two and four times as the main factor, Six-Rowed barley varieties Reihan, Nosrat
and Khatam, the sub factor and the spraying of salicylic acid hormone with a concentration of one
mM, in four levels with water (cotrol), tillering end, 50% emergence of stem, and end of flag leaf
emergence leaves were as the sub-sub factor. Therefore, the experiment included 36 treatments and
the whole experiment included 108 experimental units (plots). Each experimental plot consisted of
eight rows, and the spacing of rows was 20 cm and a density of 350 grains per square meter with
dimensions of 1.6 x 4.5 (4.5 meters long and 1.6 meters wide). The interval between the primary plots
was 1.5 meters, and the subplot spacing was 0.5 meters. The soil of the experiment site had a silty
clay texture, and the water used for irrigation had pH=8.02 and EC=0.2686 dS.m-1. The parameters
measured included the number of Grain in spike, ChlorophyllA, ChlorophyliB, Proline, Relative
water content, weight of 1000 seeds, biological yield and Grain yield. Data were analyzed after
Bartlett's test, proving the homogeneity of test error variance and considering the year as a random
variable. Variance analysis of the data was done based on the mathematical expectation of change
sources using SAS Ver.9.1 software. The means were compared using Tukey's test at the five percent
probability level.

Results and Discussion: The results showed that the independent effects of low irrigation treatments,
variety and salicylic acid had a significant effect on the content of chlorophyll a and b, proline
concentration, number of seeds per spike, biological yield, seed yield and also plant height. Based on
the results Compared with normal conditions, drought stress had a negative effect on the indicators:
RWC, chlorophyll a and b, other components related to yield and grain, and also increased proline
content. The lowest response to the reduction of irrigation frequency was related to the weight of 1000
seeds with a decrease of 22.1%. Spraying salicylic acid solution in drought stress conditions did not
have a significant effect on the weight of 1000 seeds and the number of seeds per spike, but it
improved other studied traits in both stress and normal conditions. that these positive effects were
strongly correlated with the time of foliar spraying and the highest efficiency of salicylic acid
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application was related to foliar spraying at the end of tillering and results show the highest sensitivity
to lack of irrigation in Khatam variety compared to other investigated varieties.

Conclusion: Among the barley cultivars, Rehan variety had the best performance in the experimental
treatments, and in general, spraying salicylic acid solution, especially at the end of the tillering stage,
was effective in reducing the effects of drought stress, and under similar water and soil conditions, its
use in barley is recommended.

Keywords: Drought stress, Harvest index, Irrigation levels, Plant hormones, Proline
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Table 1- Analysis of variance of some morphological and physiological traits

Pl Sl EUIRE3N &30 (ilee
Cultivars Treatments df Mean Square
IS analis wsb o oigs oisls sl
Total starch Wet Gluten
Gluten Index
(%) (%)
P. (C.&D) 1 366.607 " 181.500" 1.540™
Error 4 92.212 1.00 1.025
N. (C.&D) 1 653.126" 10.667 " 87.631"
Error 4 33.746 0.667 0.985
(P.&N.)) C. 1 840.167 " 253.500 " 1897.837 *
Error 4 9.542 1 1.015
(P.&N.)) D. 1 1252.815 " 32.667 " 2933.997 "
Error 4 35.083 0.667 0.995

BT T R W A N o SIS NP TS Y CSPRUE O KA U VAL P

(. = Sas 5 o= (5 (g N = y55 3, P = 5y 3)

nsand * no significant and of significant at the 5% levels of probability respectively
(D. = Drought stress, C. = Without stress, N. =Navid cultivar, P. =Pishtaz cultivar)

559 50 9 (S 58le8 590 Sl I (B (aRilee duglie -Y Jgur

Table 2- Average comparison of some morphological and physiological traits

el e J5 i by oigls Sl e ld
Cultivars Treatments Total starch (%) Wet Gluten (%) Gluten Index
P. C. 4494 a 29b 96.54 a
P. D. 43.38b 40a 97.56 a
N. C. 42.58a 42D 60.97 a
N D 40.49 b 44.66 a 53.33b

(D. =S5 5 = (o5 (g N = y55 3, P = 5y 3)

(D. = Drought stress, C. = Without stress, N. =Navid cultivar, P. =Pishtaz cultivar)
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Table 3- Variance analysis of traits measured with NIR device

el Sl 3l a0 &0 SSlae
Cultivars Treatments df Mean Square
oen SHieew, ot e 2l sy e 23 01 o ol i
RMT Moisture
Protein (%) ZEL(%) H.I(%) F.W.A(%)
(%) (ml) (%)
P. (C.&D) 1 15.360 * 48.167" 4.167"™ 0.201™ 24* 5.415"
Error 4 0.110 0.167 489.333 0.122 15 0.028
N. (C.&D) 1 2.535" 6" 1504.167 " 0.167" 0.667"™ 2.2817"
Error 4 0.013 0.5 23.667 0.003 0.167 0.033
(P. &N)) C. 1 0.167"™ 15m™ 16748.1667 " 6.202" 204.167" 18.375"
Error 4 0.107 0.5 463.667 0.029 1.667 0.058
(P. &N)) D. 1 3.682" 32.667" 8588.1667 * 2.667 " 322.667" 26.042"
Error 4 0.0167 0.167 49.333 0.097 0.1667 0.003

A 09,10 gixe pas 5 10 mhaw j0 o e S sz oo lis s 5 4™ g *
D. = Ses ;s €= 25 e N = wsi 03, P = 5liiny 03)

nsand * no significant and of significant at the 5% levels of probability respectively
(D. = Drought stress, C. = Without stress, N. =Navid cultivar, P. =Pishtaz cultivar)
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Table 4- Comparison of average traits measured with NIR device

5 ; o e, ob o> - g™ 30 ol wis
Pyl Slosd RIT) 3,1 Cugb, . .
. . ZEL B.V. . e 3,1
Cultivars Treatment Protein (%) Moisture (%)
(%) (%o)(ml) H.L (%) F.W.A. (%)
P. C. 13.70b 28Db 462.33 a 6.23a 54 b 67.13b
P. D. 16.90a 33.66 a 460.67 a 6.60 a 58 a 69.03 a
N. C. 14.03b 27Db 568 a 8.27a 42.33a 63.63 b
N. D. 15.33a 29a 536.33 b 7.93b 43a 64.87 a

D. = S5 25 £ 15 g N = 0y95 68, P = 5l o8)

(D. = Drought stress, C. = Without stress, N. =Navid cultivar, P. =Pishtaz cultivar)

(ZEL= Zeleny Sedimentation, B.V.= Bread VVolume, H.l.= Hardness Index, F.W.A.= Water Absorption in Flour)



Yva (Triticum aestivum L.) ;b pusS 13 99 1193l S 4 dunsly lis g Suls i 51

piS s ol S e Sl 0 g 3] (S
(Haghparast et al., 2009) <l 5 Gy ez do)o
S a5 0ads 5% oS 01 (IS (g il o
Slyone dx 2 09l oe e & (re oy ke 3 O
5 il gy Lol Il i CodeS 5 iy S
CudS adl VL sae cnl 4z e e b e () ae Al
) L) o> 5 (Begh 50 Sl dale g U
W35 S poyed oS sl (S Ll s o) (6 i
s ol S 1 s amgy o Ll (Barié et al., 2006)
o) Doy omo,s YIA pals el Sas a5 wiols lis
3 ouizen (Tatar et al., 2020) o5 5 o U posS 5o
paS Al (5 gy g (SiS s F 6K o
(Barutcular et al., 2016) 1is,55 saaliv

Ob o o

2B (Sa5 (B 5 ¥ J5i2) 06 o oo i 3
Sl i gl od, o Lol cailag by o3, 0 gl s
99 ;B ;0 yuizmed Al U e o)l pixe alS Cely
Solosine sob a4 25 05, (SbS B g (A5 g bl b
3 Guto ol B 1 0e 6 5YL U e oy (glyls
M" » QL’ p:;ol; ’_i_m> > o ool UL.M.: )in) Dy
OemiedS g ol S ulisl L ol e g o)l i
s sl las _awgy o (Rekowski et al., 2021) wsg
0 paod 0,8 ke p e il o iy JLuSLis Lyl
Ui alS 1 s (Tsenov et al., 2015) el oL
(Lietal, o o)l Koo cdagh 0 ol ez p Sis
> Sl ‘5}.’..\4 d;i‘)ﬁ 009 Yu )iio P L TR 2013)

Pezeshkpour ) o #,lae oo 51 090 by g ol
(and Afkar, 2018

3,1 Cagby wo
st 08,50 (F 9 ¥ Jouz) o, Cusb, duoys iomis 5o
b S g 03, 50 bl ol 5 s e il (Sas 2
Cagb, SialS el g)ls sre jsb 4 goo)o VT Lials
Ny pd) (SIS A5 5 G5 g Ll b 90 5e 50wl als

Sl e IS L (6,30 b 5l sliiy o8, 4

b 2lde ()l 5 o ooy Sl 5l pasS giie o))
9 Sl (6500 b plaSond CudS 5 aitis Dglite oo
(Cervantes-Pahm ol e 3o, s VALY (0 5 ol
5 Jelse il cos iy als iy ol €t al., 2014)
=hy dad Jsb 5o (oyes BB cugh ) wile e Lyl b
ol e als a5 S5 Al e )5 Logase
Vgone cwl ;S5 au p3¥ azl (Belderok et al., 2000)
O &5 a5 P kS pasS oig sl (S0l
Qo 8929 (alapaiS ) WS ol (G 1) QU CodS
wolbe 2l CodeS Lol aijls (VL (g wo)d a5
Ol Gl 38l cely  Sis ad ools s Bdss 005l
—irgs o (Eivazi et al., 2006) oo oo ails (i3
Wl Gad y al> e )0 (i B WS 1S 58 K
Pierre et ) oo ails 2595 slotme uKils yiuldl ccly
S adls i ol il cde Slalllas 4o (al., 2008
Cotlsy pals p i S bl 2l (Seas s
il o Sid osle Clbloy Al b aslie jo g0
5 Ll 5o s s Gl Y 51 K (S
chale ool wlg oo )l S slo puiigy el
SebeS it Sl egn S 5 b alie )0 (g
aS Sad i asle e Olass b ols o]
S 53 S Sle an oo oo Gl iy cdale
oS CuisS el Cage oa b 415 guil (sloaiela
wols plad ameys o (Gooding et al., 2003) sy o
CtlSS 3B gl iy e il (Sis A
(Chen et al., 2021)

) Cgw) a2 Moy
PV Jgaz) () o) pn dmo)d Glomw )
28 g sald ]y Galdl 68, 50 0 0 (Sis s llb
w8y )0 93w, YY/FF 4 YA 5l s e B L sl o3,
RY LR UM RRIVIRWS & VR A5 I AP EPRE. ) L E R PR VPY
Lol ais odaline (o) gusy duo )0 (0 ()l giae B s
S b o g g S L (S pas Ll b e
Ole 4y 5liig 08, )0 (5 Cgm ) e duoyo il s o

PURYVIREARA IRV /44



dl,l&m 9 ,eLé.lf

e

(Eivazi et al., 2006) =sl

5,1 ol i woys
2l o as s sl o8 jo (Sas il bylyd o
4 3oy PYNY 5l g 2l (il s o gine )90 @ 9]
w8y 0wl ol alin (F oV Joaz) s aoy0 £4/- ¥
sy 2oy FEIAY a5 0o FYIFY 51 5 0 oanlis i dygi
) (S G g 5 g Ll b g0 58 50 (nizeen
D95 ) 4 S (6 yiton 0,1 Ol iz w0 sl sl
20 990, VIB a5 (g bl 90 p0 50 a5 5,5k w0y
s 1 5, o o Gder Lialdl aas o B1VF Siis Lyl
EA Sy (SLAS RS0 oS 0l BS 5 (degy 5o
iz o (Eivazi et al., 2006) cal iyl sais o ol
ol Cdz oo Slio pl,) 86 P> Sas s Koo
SYL cos (Guttieri et al., 2001) csls o)l Lo
ol (S (S 5 Ll b Cod aoldS @ (SlS
Lol yon yal (oot 9 995 jad 5 (kST iy plSovil el
(Rakszegi et al., 2019) ol o,1 g ol Gax ioljl
5 ol s (Si3sls) olym )T lagi O Dl a3
ORIl o ) g i )0 5 55 (55l lp ol (Ul

(Mis, 2003) ..\4[;6,0 Sgue QU P

B oA gl o 5 dwlils jLalus oo

bug B g A Jsil 5 5 JS amlas isle tagh ool 5o
PR (S 1 g G g Lalyd 50 0 FT-IR olSs
Rlei bl b iaSon n FT-IR (il ol (o) 2 08 90
rlpls 08 oo ailme olond sloog 5 suisles slaaily
Foge G YLl g a8 (o 2 sl e GBg; S )
oo 32 oS 4 po sl lis s 4 FT-IR .l atul i
olid iegs ol o FT-IR SOV ERRCH T WS L
| g Sl oo gl el g3 a4y awlis aS ol el
3 iy 0, 9B g A Jgil S S anlis gl el oy
O JBl o a5 jshailes (Sid g G5 e Tl g0
) (6 yuus 435§;,&.¢o Loald Cosxdgo S o0 oslo OL.;’;J& sV
Sl Jole jliag 08) )3 (St S ey sl s
aile (Bl el plizren (JoSdge JLSlo 5 0ads (JoSse

Cagby Gl (S e Imlpd )0 oS 55k ar g 1,5
Aoy g doo 0 WYY (S s bl 0 o Y/ ails
hr—an )] oS o JaF 3l laJale 5l o)l gl
] el e asby 535 Yo b oy Bl ol
3l g oo (gylo bl g ctlo o o Jgmaze 4 D)L
Cilop 5l sloan T slaan e (o5a> b il oo Bk
3 i Cagloy (e b pasS Ll S (g 5boay a8 50bs 1,
5 erleon b (glo STy apa 5 el oy VF LY

.d)jy‘ksn ‘J’“"L’ ‘) é)"ﬁa.:éﬂ_fﬁo..\..f: LS’l‘“o'»"'M’}“"

O ol o yd

08y 30 (F oV Jouz) (s (el oo ys i o
OF 5l o s sine DL b St s bl 5 o bty
i i g o8, jo Lol il ialidl as ;o DA 4 as o
G 5 GRS (g dml 99 8 0 Bl o gime 53
Ny p8) & o )l s Gl shls bty o3, (S
VY Gl 38l cpl (oS s Jal i j0 a5 (5 jsboay .ol
VEISV Jsles Lialidl ol St (i Lyl 5 45 5 oo
.Q}g ..\..4)0

P 9SS 50 Jalse oo yeges 5l (S oS (S
Pl 5 e 2L G @V Sl (Sa sl 06
Oeized el 00 b 0y (59lS Sl g e (So59)95)
S deol 0,10 ,)15 rnd sl 295 Jlire paS als 5
Slsguas Fpoaims olis ails Bew )b 5ol o]
b3 o 35 plp e g St plp e Caeglie wile
AV (g &S plopasS 2STa bl 58 B g Jor
JYazul ol b (Arzani, 2002) as,ls pa oYL B @il
sl Jobo o JI slaliad ils (1259 g G181 L &S
Wlse il ails o as (0 g 0dd 1S g yuwga]
59N o 3l 5 Sl S s (3w asls cis
995,00 5L o o)1 Cuz (5 S5m0 4 S slaails
O e (gl g iy wialgs (6 iy slawlis ol
Shadls s pas b adlails 5L g idn ol @ 5
a5 5055 Vb & lgi bl by g S i Si5b ole>
85 0 55 5 e 50 35 o0 518 dams 3l o

Ol e o Wil g as Ll (66 g Sl S o



\AR (Triticum aestivum L.) ;b pusS 13 99 1193l S 4 dunsly lis g Suls i 51

@ P.C.T =@ P D.T

1.2

0.8

Transmittance %

0.6
0.4

0.2

4500 4000 3500 3000 2500 2000 1500 1000 500 0

Wavenumber Cm-1

SS9 i gow byl 90 50 jliioy o8y U5 aiwlis FT-IR 0w 1 Juols 5o 1o gai duwg Lo ) ST
(D. = Kos 5 (C. = s o T. = S5 awlis P, = jLiay o8))
Figure 1- Comparison of the graphs obtained from the FT-IR device of the total starch of Pishtaz cultivar in two conditions without

stress and drought stress
(D. = Drought Stress, C. = without stress, T. = Total Starch, P. =Pishtaz cultivar)
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Figure 2- Comparison of the graphs obtained from the FT-IR device of the total starch of Navid cultivar in two conditions without

stress and drought stress
(D. = Drought Stress, C. = without stress, T. = Total Starch, N. =Navid cultivar)
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Figure 3- Comparison of the graphs obtained from the FT-IR device of the A granule of Pishtaz cultivar in two conditions without

stress and drought stress

(D. = Drought Stress, C. = without stress, A. = A granule, P. = Pishtaz cultivar)

N.C.A ==@==N.D.A

Transmittance %

4000 3500 3000 2500 2000

1.2

0.8

0.6

0.4

0.2

1500 1000 500 0

Wavenumber Cm-1

S 5 9 G s Bl 93 5 58 5 A S35 FT-IR 6l5ss 51 ol ol e dumplis —F JS
(D. =Ko i (€. = s (9 A=A Jgil )5 N. = w95 08;)
Figure 4- Comparison of the graphs obtained from the FT-IR device of the A granule of Navid cultivar in two conditions without
stress and drought stress

(D. = Drought Stress, C. = without stress, A. = A granule, N. = Navid cultivar)
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Figure 5- Comparison of the graphs obtained from the FT-IR device of the B granule of Pishtaz cultivar in two conditions without

stress and drought stress
(D. = Drought Stress, C. = without stress, B. = B granule, P. = Pishtaz cultivar)
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Figure 6- Comparison of the graphs obtained from the FT-IR device of the B granule of Navid cultivar in two conditions without
stress and drought stress
(D. = Drought Stress, C. = without stress, B. = B granule, N. = Navid cultivar)
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Abstract

Introduction: Among environmental stresses, drought stress is the most critical ecological constraint
that has could affect yield and product quality. It is important better to understand the effects of high
temperatures and drought stress because, according to the forecasts made and seasonal temperature
changes, we are facing a drought. Almost half of all human food needs, especially in Asia, are met
directly from cereals. Wheat is one of the most adaptable cereals in different climatic conditions.
Starch and proteins are the main components in wheat endosperm that affect the quality of the final
product. Starch composition in wheat has a decisive effect on seed quality, flour processing, and yield.
Physicochemical properties and final application of wheat starch are closely related to the structure
of starch granules and the distribution of amylose and amylopectin. The internal structure of A and
B-granules are somewhat different in composition, size, gelatinization temperature, and
physicochemical and functional properties that lead to changes in swelling strength, gelatinization,
and adhesion properties. Protein and starch, not only directly but also indirectly through the creation
of bonds and effects on various reactions, can have a significant impact on the quality of the bakery.
For these reasons, its recognition and investigation during drought stress as the most critical biological
structure of wheat from the point of view of agricultural economics is of particular importance.
Materials and Methods: Two bread wheat cultivars named Navid, with medium to poor baking
quality, and Pishtaz, with high baking quality, were used in this study. Two wheat cultivars were
cultivated in three replications in the research farm of Shahed University of Tehran in November
2019. Irrigation once a week was used as a normal treatment and stopped irrigation at the bolting
stage for drought treatment (The criterion of drought stress is 30% of the maximum field capacity).
Each replication consisted of two rows of cultivation with a length of 2.5 m and distances of 25 cm.
At 35 days post-anthesis, the seeds of each plant were harvested from the middle two third of the
spike. Traits such as total starch, wet gluten, gluten index, grain protein percentage, Zeleny
sedimentation volume, bread volume, flour moisture, hardness index, and water absorption in flour
were measured. Also, total starch and granules are separated was analyzed by by FT-IR. Statistical
analyses were performed with SAS software (version 9.4) and Average Comparison with t-tests at the
level of 0.05. and 0.01.

Results and Discussion: In both wheat cultivars, drought stress showed a significant decrease in total
starch content. Also, between the two cultivars under normal and drought stress conditions, the
amount of starch in the Navid cultivar decreased significantly. Under drought stress, loss of AGPase
activity leads to premature cessation of starch accumulation. In both cultivars, drought stress caused
a significant increase in wet gluten compared to the normal. The results showed that the shorter the
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time between flowering and seed ripening, the smaller the seeds and the higher the gluten content.
Drought had no effect on the Pishtaz cultivar but was influential on the Navid cultivar and caused a
significant decrease in gluten index. Also, in both normal and drought stress, the gluten index was
significantly higher in the Pishtaz cultivar. some researchers have shown that high-quality wheat
cultivars have a higher gluten index. Drought stress in both cultivars significantly increased seed
protein. It has been proven that reducing starch under stress conditions disturbs the protein ratio to
starch and increases the amount of protein per unit volume. In both cultivars, we saw an increase in
the percentage of Zeleny sedimentation volume. The higher the gluten content and the better the
gluten quality, the slower the deposition and the increased the Zeleny sedimentation volume. in
measuring the percentage of bread volume, the drought did not have a significant effect in the Pishtaz
cultivar. But, in the Navid cultivar, drought stress caused a significant decrease. Drought stress in the
Pishtaz cultivar had no significant effect on wheat seed moisture. However, in the Navid cultivar,
drought stress with a decrease significantly reduced the grain moisture. Low or high humidity can
increase crop damage during harvesting and storage, increasing the cost of post-harvest processes to
some extent. The Percentage of hardness index in the Pishtaz cultivar in drought stress conditions
with a significant difference increased. But in the Navid cultivar, drought stress had no significant
effect on the hardness index. A very strong correlation has been observed between the hardness index
and the rheological properties of the dough, and the quality of gluten. Both wheat cultivars, drought
stress significantly increased the water uptake percentage of flour. Higher Glutenin to Gliadin ratio
under drought stress conditions may make gluten and dough more robust, and This is accompanied
by an increase in water absorption by flour. Drought stress in the Pishtaz cultivar did not cause
molecular changes, and the molecular structure remained constant. In the Navid cultivar, for total
starch, A-granules, and B-granules in both normal and drought stress in the positions of the peaks did
not change. However, the intensity of one of the peaks in the range of O-H bond tension showed a
decrease in the condition of drought stress.

Conclusion: Investigating the mechanisms that enable plants to adapt to drought stress and maintain
their growth in these conditions ultimately helps select stress-resistant plants for cultivation in dry
and semi-arid soil. In general, drought stress reduced the yield and baking quality of both wheat
cultivars; of course, it was more in the Navid cultivar with medium to poor baking quality, which
indicated that this cultivar is more vulnerable to drought stress than the Pishtaz cultivar. The results
of this research can provide insight into the impact of potential mechanisms through drought on the
ultrastructures and physicochemical properties of wheat starch and its relationship with baking
quality.

Keywords: Bread volume, Gluten, Granules, Wheat starch
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Table 2- Results of analysis of variance of morphological traits and performance components of caraway
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Figure 1- Interaction of salinity stress and manganese and iron micronutrient fertilizers on plant height of caraway
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Figure 2- The effect of salinity stress on the number of branches per plantof caraway
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Figure 3- The interaction of salinity stress and manganese iron micronutrient fertilizers on the number of umbrellas per plant of
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Figure 4- The interaction of salinity stress and manganese-iron micronutrient fertilizers on the number of seeds in the umbrella of
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Figure 5- Interaction of salinity stress and manganese-iron micronutrient fertilizers on the number of seeds per plant of caraway



Yfa olealy byl 4o (Carum carvi) sbuw oy 29,10 oL 8,5 loc 9 (S 59l99 590 Wlho p ‘_,AT 9 P olie g (5 5 (g ).Ji.’

3
25 T
i)
2 2
v
o
o 2
=
5215 -
A
3%
=)
G 1 -
=
0.5 A
O 4
lrens s s T ]
s A Normal water Relatively salty water Salty water
Salinity stress
ol 023 413 5138 (339 5t o9 e Sl -5 S
Figure 6- The effect of salinity stress on the weight of a 1000 seeds of caraway
obow 025 uiliol 9 (68 ,5dos Wlio (il lg 4 joxi gl -F Jgux
Table 3- Results of variance analysis of functional traits and caraway essential oil
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Abstract

Introduction: Caraway is a plant from the umbelliferae, whose cultivation in arid and semi-arid
regions has a high economic justification compared to other crops. The importance of using medicinal
plants is the presence of effective substances in them, and the quality of medicinal plants is more
important than agricultural plants. Iran is located in an arid and semi-arid region, and salinity is one
of the environmental stresses that cause temporary or permanent damage. Salinity stress can change
the amount of element absorption by the plant by changing the potential difference and affecting the
absorption power of water and solutes by the roots. Nutrients necessary for the growth of agricultural
plants are divided into two categories: high-consumption and low-consumption nutrients. By
supplementing the consumption of low consumption nutrients, it is possible to improve the condition
of plant growth in stressful conditions. Based on the studies conducted on agricultural plants, it has
been determined that the use of micronutrient fertilizers in stressful situations can lead to an increase
in the growth and yield of these plants, but this has not been well established in the case of medicinal
plants, including caraway. . In this regard, this experiment was conducted to investigate the effect of
salinity stress and the low consumption elements of manganese and iron on the morphological
characteristics, yield, yield components and the amount of caraway essential oil.

Materials and Methods: This experiment was carried out in the split plots basis of randomized
complete blocks in Zahedan region of Iran. The experimental factors include salinity stress as the
main factor in three levels (Irrigation with normal or control water (1.2 deciSiemens/m), irrigation
with relatively salty water (3 deciSiemens/m) and irrigation with salty water (5 deciSiemens/m)) and
low consumption elements as secondary factors in four levels (no fertilizer consumption, consumption
of manganese, iron, manganese + iron) were. Plant height, number of sub-branches, number of
umbrella per plant, number of seeds per umbrella, number of seeds per plant, weight of 1000 seeds,
seed yield, biomass, harvest index, essential oil percentage and essential oil yield were measured and
weighed. At the end, after ensuring the normality of the data, their analysis was done using SAS
statistical software, comparison of averages was done by Duncan's multi-range test and at the
probability level of 5%. Graphs and figures were also drawn by Excel software.

Results and Discussion: The results showed that salinity had a significant effect at the probability
level of one percent on plant height, number of umbrella per plant, number of seeds per umbrella,
seed yield and biomass, and had a significant effect at the probability level of five percent on the
number of branches per plant, number seeds per plant, weight of 1000 seeds and essential oil yield,
but it had no effect on harvest index and essential oil percentage. According to the results, irrigation
with relatively salty and salty water led to a decrease of 29.9 and 18.4 percent of grain yield,
respectively, compared to irrigation with normal water. Nevertheless, the application of manganese
and iron micronutrient fertilizers in the conditions of salinity stress to some extent led to the mitigation
of the effects of salinity stress, so that the increase in grain yield due to the use of iron fertilizer in
irrigation treatment with saline water was about 25.5% compared to the absence of fertilizer use. The
highest yield of essential oil was achieved with 7.49 liters per hectare under favorable conditions. In
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this study, manganese and iron micronutrient fertilizers had a significant effect at the one percent
probability level on plant height, number of umerellaper plant, seed yield and biomass, and a
significant effect at the five percent probability level on the essential oil yield of caraway. Iron
consumption with an average of 345.70 kg per hectare had more grain yield. Despite the lack of
significant effect of micronutrient fertilizers on grain yield components, the application of these
fertilizers increased them. Considering the increase in seed yield and the yield of caraway essential
oil under conditions of application of manganese and iron, the use of these fertilizers in caraway
cultivation is recommended.

Conclusion: In this experiment, salinity stress had a significant effect on all the morphological traits,
yield components, seed yield and essential oil yield of caraway, except for the traits of harvest index
and percentage of essential oil, and led to their reduction. The negative effect of salinity stress on the
weight of 1000 seeds, number of umbrella per plant, number of seeds per umbrella and number of
seeds per plant can be considered the most important factor in reducing seed yield under these
conditions. Based on the results, it can be concluded that manganese and iron and their combined use
causes an increase in the morphological traits, seed yield and yield components and the yield of the
essential oil in this medicinal plant. In general, considering the increase in seed yield and the yield of
caraway essential oil under the conditions of application of manganese and iron, the use of these
fertilizers in the cultivation of caraway can be justified.

Keywords: Biomass, Essential oil, Irrigation, Micronutrients, Yield components
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Table 1- Information of prepared cumin ecotypes of the national plant gene-bank of Iran
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Number Code Source Number Code Source Number Code Source
. Khorasan-
1 TN-2 Yazd -Bafgh 23 TN-92 Khorasan-Birjand 45 TN-173 L
Birjand
2 TN-4 Yazd -Taft 24 TN-103 Khorasan-Kashmar 46 TN-166 IPK1
3 TN-6 Yazd -Ardakan 25 TN-107 Boshehr-Kangan 47 TN-172 IPK2
4 TN-8 Yazd -Mehriz 26 TN-108 Yazd -Ardakan 48 TN-22  Khorasan-Ferdos
5 TN-11 Khorasan 27 TN-115 Isfahan 49 TN-28  Khorasan-Taibad
6 TN-15 Yazd -Mehriz 28 TN-118 Khorasan-Jovein 50 TN-45  Khorasan-Ferdos
7 TN-16 Yazd -Abarkooh 29 TN-119  Khorasan-TorbateJam5 51 TN-47 Yazd-Tabas
8 TN-17 Isfahan-Naein 30 TN-123  Khorasan-TorbateJam1 52 TN-61  Khorasan-Ferdos
. Khorasan-
9 TN-21 Khorasan-Ferdos 31 TN-124 Tabriz-Khosroshahr 53 TN-81 .
Ghaienat
. Khorasan-
10 TN-25  Khorasan-Gonabad 32 TN-126 Khorasan-Birjand 54 TN-91 Birjand
11 TN-29 Khorasan-Taibad 33 TN-127 Kerman 55 TN-113  Khorasan-Taibad
. Khorasan-
12 TN-33 Khorasan-Ferdos 34 TN-131 Khorasan-Firoozeh 56 TN-125 .
Esfaraien
Khorasan-
13 TN-35 Khorasan-Tabas 35 TN-135 Khorasan-Khaf 57 TN-132
TorbateJam5
. Khorasan-
14 TN-37 Khorasan-Tabas 36 TN-136 Khorasan-Jovein 58 TN-148
TorbateJam3
. Khorasan-
15 TN-51 Yazd -Taft 37 TN-137 Khorasan-Jovein 59 TN-149 .
Neishabour
. Khorasan-
16 TN-53  Khorasan-Sabzevar 38 TN-139 Khorasan-Boshroieh 60 TN-150 Birjand
Khorasan-
17 TN-55 Khorasan-Torbat 39 TN-140 Khorasan-Khaf 61 TN-178
Bardascan
. Khorasan-
18 TN-67  Khorasan-Gonabad 40 TN-141 Khorasan-Neishabour 62 TN-180
Sabzevar
19 TN-78 Yazd -Ardakan 41 TN-142 Khorasan-Khaf 63 TN-181 Sistanl
20 TN-87 Khorasan-Torbat 42 TN-143 Khorasan-Khaf 64 TN-182 Sistan2
21 TN-88  Khorasan-Birjand 43 TN-145 Fars-Marvdasht
. TN-146
22 TN-90  Khorasan-Birjand 44 Khorasan-TorbateJam2
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Figure 1- A view of the field in the vegetative phase (A) and in the grain filling stage (B)

Jo 5lam alple 0 o S 550 4 Lol
Y oaal) Oyguot R o ile dD s 5le) adsl slaols joges

g o0 o
i1 T2 Fim
1 T2 Iy
R = : . :m )

ni Tnz - I'nm

(hend) Jlowal ol s 5 Jlow) caigiy 0355 I =¥
G585 Ot Bl jsbay cd o e 6l Gixe L
Jle olgieas omis Sl (Jloas) ué) o pchas 5 (Jloosl)
Sadie gy SO o Sles Jlaie Sl o Slas 0590 0
Jlosilyed iy plyieas o Slas Jlado on iimly 5 Jlooy!
L 59, oload 850 50 yuizped 0 428 T LA o (o)
Jlossl e il v bagaisiy (o5 a8z (T,
2l oo logeisiy sl » DMA

@locesss 5 (A7) Jlol (slacaiss 5l alols e -f
L s i (A7) s slacusssy o (A7) Jlow! slacass)
Glp Ko ojleas o b awlxe 0 5 ¥ Ly, 5l oola il
F by 4 az g b (0 Jloss) slagasss; 5l alold arlxe
Iy (Ge3935) ¥ S o (oad Jlo ) Slaco plad polie lacyl
oAt LB Al e 0 45) ci o o gl Jles] polis
|) LQA—‘ wLQ) )Oso&u) Y 0‘53 L9 o»)}o.; wS(M‘ 00—
(O alal)) ws plosl (Y e gl (07) s g3

9 (5"5 Slhws 6‘*‘49" Lnga)Lo—‘ laws &5_».3 ‘541.»))‘ (5‘]"
(JBlas ol Blssl (Sl awloe bl 5 25
Bblin o oigd Olysd oo g Olyoss adals iSlas
2 lepl iy Slio Ll oyl jsliteas 040,50 ys0
sloailge 4 438 g Sla o S ed LT 5l g4 e
SAS 13310 5 b 5l sslel laas s o solaiwl Lol
Al plel (AF) asens

—5890 Slao pleol 5 (S5 555 (o p Hohitedn
u)‘ 4_.»[.7:.9 09.7:.] aS ol ool SHIG &)“5) )‘ &4)9.‘3.»3
«(Zali et al., 2015) wib oo 13 70 4 asls

g L aigi slasy drdzgy Lileooly o sl JuS a5 -)
\ 4.]4:|) O Hyg0ds eosls wao ()P D)0 i oo o

D G o) w3 oz
X112 X1z Xim

X21 X2 Xom
D= . . .

Q)
Xn1  Xn2 ' Xpm
wA=1,2, .. n)pll gy laie Xij G yle ol jo
ks, Koo S)lea 0e G=1,2, ..m) o Céws b alal,
aisly Sy Olas 1) o ygiw 5 aeaisss |
a4 D L) adyl sloosls o ilo Juis =Y
oSl ln R adal; SHR G sle) Jley o ile
1 oolaiwl (osls 40,5 axly yga0) Wools
M)

Xij

T T

i=1Xijj

dop 0 Olas lade dosls oges Jloy gl ¥ alaly jo
o> e g ol ¥ lei 4 ) Ci o j0 (6l bocuisss
SESE Cali 50 9 S e 9t 4T )3 5 00ges



Y&

‘sﬂ.J 9 ‘snf Olao }‘ solaw! b w0y Py duwgﬂ ulauu‘ 9 Lsglg.)'ﬂ

VO + a5gs o ,50ligS (Faravani et al., 2018) o sosline
bl glayl e g8l YEIO - adigs o paily 5 e sl
VAUVD Cdyum dalato j0 0,5 slodiged jo aigs glayl 1.k
e Yo IV JINE oLy aig jo o olaws 0gy yie il
OrnS &S 0 J o plasls JEVYAY L wsie b
o3e VAY Sz j0 ddls slass o YIVY > 0 Sz olows
23 O+ g ONVY cs g ala o ol lie (5 w09
e iz ) adls olasl o S 9 (RS e oS
FYV/AY 5 PAIR . S5 as aigs o als olaws g Vo /B+ g A/-Y
S Oliee (G 9 G2 S A0l (9 Sl 5l eg sae
adhis ;0 0 S Y/OA lawgio b S YIOD o VAY (ol iy oads
S AIVA Lassgin jobs 4y cails o Sloc a5l 0g 8 >
aS eleewody cd > adlae )0 0y diges ,o 5l & e yie
e Garioha 9 apesto 50 08 YR Gl Gy
ra)fvf/YY OQ}JM) U")"PS Sy éa)n)ln ) r:)f \YA/- ¥
L ayerie 3o 05 FAIFY O Gl i 9 oo 5
Oliee 2SS Sud @ payie o 0,5 VAVOY g
PO 9 9wo,0 YAV Cd e dilain o Cidloy sl
3009 duo 0 T /FO bwgio b aus,o FADY caw opl o)l
3,90 0,05 sBAgel 1o Luilwl as )8 (1 ipS Cd e dalais
YIEYY oo 2l el Gl o yiion 5 9oy V/OAY asdllas
5 S Calyd 10090 a0 VIOFO ko wge ooy
5 *IYYP iy 4 Gy adhaie [ uill o Sles o 5 i
& gyeye o p S VY lawgio b mpe o j0 0,5 VYO
Sl Slao (gl Ol pusianals e 5 i el o
Sade bl an 00t g adly 0, Slos gy (o adls
asels 109 YU el Cowsds ails YY /Y g VAN YO/
SSosladl gleoosls ym olyy BT soims l—is &l s
A s 00D o)L.u| Slaw ULA 90 95 ‘J.;‘}.;L.J "\""L’u"" 03D
Ll 5l lgs sed aiil g0 Dglain 508G b o6 505l
Sl onlplo 0,8 anslie KoaSG b 1) calie Slas woylol (4l
Sl eslaiwl 4y 5Ls e e Bl 5l Glas s aci o
Ol liee Blod 1) Calisee Slaws aglie Sl 5 ol

~°)9L" N

&t = [Iry(ry—r) i=1.,n )
di = Zj“;l(rij - r]-_)z i=1,..,n )
1=1,2,) pli oosgsy oa Jloy e M 398 Lalg, ;o
e G=1,2, ..m) plf (Cdo) asli Lakal, o (... n
5 Jloasl sloassy so b Jlojp polie s 1517
I= 12,00l (i) ozl o ol cnis slacassi
Ll (M
10 :(SHG) Jlows) cusgsy ol ozl o a s -0
Jloasl sy bl pas i el 6l al> 1o ()5

b osliiul 7 alal) 5l codes b Y 2 ln

SIG; = —9— i=1,2..,n,0 <SG < 1 ¢)

T dtdf
W3S Az 0 g 0 e il SO U jao 0 SIIGH Hlads
4 ol SIG jluie 0L 5 Sho Jlowsl casgiy 4 )l 3596
95 e OBy ol vl g weleS S n Sy
3 ersne g Jlean! slacisiy 4 cdgiy (o5 Sy
(Zalietal., 2015) cosl chns slocussss

Coy g b
el (5eSilee ( (Mol Slaal sy (oTgd S o
Bayat ) acee 55,1l sl ol )by Sl s o b g Dl s
9,0~ ;! (et al., 2018; Alavi-Siney and Saba, 2021
il lams st Sl Jol 5 e o sloo ol
Slao sl omied Ol o b Dl s asls GiSTas
5 oS ol plias mls .l odal ¥ Jgaz 0 anllas 8,90
D92 55, VIO 9 VA i Sy iz j5eds L 5o, slowed o S
C P e (S a3 B0 B g, SlaaS (n S i 9 (0 S
59 MIVI0 5 AF s b 4y (aals L g 55, V) 5 AT
VWY a5l o s 5 odin (0 5 ) 29 9 (995 092
OIS g i als (Soielssed (S B 59, VYOO 4
P25 Seisd Slio (pgas ;5 a5 ws)S IS 58 6
Sl slosglise /0 gl )3 s 0y slap—dly
“AF) S 559, (FAPY) aalS al> 0 U 55, Slaws L
onl dilizes slacassS] ley S 355 Las)ls 59, (AD
sy 2l Jole 5 ez Sy olo 511 locidkes]
(SS38l8t508 T 0l 5 lonraisS] o (5 5 gl



GBS 9 G sole 131

us)o 6“*13‘ byl G w00 ) GG 65T 50 arlllan 0590 Wlao (o gd ‘SUM)LJ =Y Joos

Table 2- Descriptive statistics of studied traits in cumin ecotype under Jiroft condition

oliw S ey Ol ki deld uilee Slaro Gl ! ENCHCURCH O SOV
Traits Minimum Maximum Range Mean Standard deviation PCV (%)
DUM (day) 79.00 97.50 18.50 85.08 4.98 5.85
DFL (day) 83.00 101.00 18.00 89.30 4.78 5.36
DEF (day) 94.00 113.50 19.50 100.16 3.32 331
DMA (day) 123.00 135.50 12.50 127.86 2.54 1.98
HEI (cm) 15.00 26.50 11.50 19.25 251 13.02
NUP 8.40 20.70 12.30 13.98 3.27 23.42
NUU 2.37 5.00 2.63 3.96 0.49 12.41
NGUB 1.83 517 3.35 3.88 0.60 15.40
NGU 8.03 20.50 12.47 15.29 2.95 19.32
NGP 68.91 422.98 354.07 220.20 82.16 37.31
W1000 (g) 1.82 3.55 1.74 2.59 0.30 11.66
YG (g/m?) 29.90 178.04 148.14 80.79 34.75 43.01
YB (g/m?) 76.23 406.43 330.20 199.58 80.47 40.32
HI (%) 29.80 48.53 18.73 40.45 4.32 10.69
EO (%) 1.59 3.42 1.83 2.57 0.38 14.97
EQY (g/m?) 0.35 231 1.96 1.20 0.47 39.22

War 53y ol NUP gy elis )| HED «Su395 58 S oy B 59, DMA £(aul8 (Ll B39, DEF calS” (loj U3, DFL ¢z 00 oo b 59, :-DUM
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DUM: Day to Umbel appearance, DFL: Day to flowering, DEF: Day to end of flowering, DMA: Day to physiological maturity, HEI: Plant
height, NUP: Number umbel per plant, NUU: Number of umbellets per umbel, NGUB: Number of grain per umbellets, NGU: Number of grain
per umbel, NGP: Number of grain per plant, W1000: Thousand grain weight, YG: Grain yield, YB: Biomass yield, HI: Harvest index, EO%:
Essential oil percent, EOY: Essential oil yield
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Table 3- ANOVA of the studied traits in cumin ecotypes under Jiroft condition

azy MSstas o (reSilio
o e of5T
[Chds)
S.0.v o DUM DFL DEF DMA HEI NUP NUU NGUB
NS
o 1 6.13 5.28 11.88 4.50 569.53 218.93 0.32 0.24
Replication
IS5 S slacs sl
14 0.53 0.49 1.72 1.31 0.15 8.69 0.16 0.50
Blocks within Replications
(o0l i) o . . - " " " " -
63 49.58" 45.76" 21.99 12.88 12.57 21.47 0.48 0.72
Treatments (Unadj.)
Seb Jslo
49 0.26 0.24 1.28 0.92 0.09 8.01 0.11 0.30
Intrablock
c sbSel b
rror R
Bolai Jols 63 0.32 0.29 1.38 1.01 0.10 8.16 0.12 0.35
RCB Design
RCBD 4y Comd (g0 g
Efficiency Relative to - 110.95 110.89 101.91 102.64 105.09 100.15 102.42 105.56
RCBD
(1) &y s i
- 0.63 0.58 1.16 0.78 1.62 20.42 8.65 14.71
CV (%)

foN Jlossl mhaw jo (g)lo gine s
**: Significant at 0.01 of probability level
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Table 3 Continued.

, 4z MSlasyo (ruilso
¥ gl -
sol3l
S.0vV o NGU NGP W1000 YG YB HI EO EOY
NS
o 1 0.42 60152 021 5185 4802 384.96 2.88 521
Replication
FICNEPNEN
14 4.35 3741 0.08 156 2159 42.93 0 0.13

Blocks within Replications

(o o) loss
63 17.41**  13501**  0.18**  2415** 12951**  37.39* 0.29** 0.44**

Treatments (Unadj.)
Seby J5lo
49 435 3515 0.09 276 1794 23.58 0 0.166
. Intrablock
s
_ SlcSsl 2,k
rror .
sHolai Jols' 63 435 3450 0.09 311 1690 18.05 0 0.175
RCB Design
RCBD 4 camd (g0 g
- 100 100.14 100 100 101.28 115.72 100 95
Efficiency Relative to RCBD
(1) &l s sy 96
- 13.64 26.91 1191 20.59 21.09 11.16 0 33.91

CV (%)
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* and **: Significant at 0.05 and 0.01 of probability levels respectively
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DUM: Day to Umbel appearance, DFL: Day to flowering, DEF: Day to end of flowering, DMA: Day to physiological maturity, HEI: Plant

height, NUP: Number umbel per plant, NUU: Number of umbellets per umbel, NGUB: Number of grain per umbellets, NGU: Number of grain

per umbel, NGP: Number of grain per plant, W1000: Thousand grain weight, YG: Grain yield, YB: Biomass yield, HI: Harvest index, EO%:

Essential oil percent, EOY: Essential oil yield
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Table 4- Mean comparison of the studied traits in cumin ecotypes under Jiroft condition

i DUM DFL DEF DMA HEI(cm) NUP NUU NGUB NGU NGP W1000 (g) YG(g/m?) YB(g/m?) HI% EQ% EOY(g/m?)
Ecotype code
TN2 91 95 104 127 2250 117 37 30 111 1296 2.28 68.40 213.61 32.13 235 0.57
TN4 81 86 99 129 21.00 100 32 40 122 1237 240 4457 14511 30.76 3.03 0.73
TN6 80 84 104 128 18.00 108 31 33 98 1058 222 42.33 136.31 31.14 2.92 0.55
TN8 81 86 97 128 15.00 122 38 34 128 1564 2.70 63.24 19343 3254 1.80 0.60
TN11 81 8 98 128 21.00 112 3.8 52 19.7 2208 1.98 76.32 189.38 40.29 2.87 1.25
TN15 83 88 99 127 20.00 20.7 41 45 186 3852 238 137.48 334.01 41.24 259 1.90
TN16 81 86 98 128 16.00 19.0 39 47 184 3499 266 139.35 358.90 38.94 3.00 224
TN17 82 87 104 129 16.00 143 38 47 176 2536 2.69 13499 351.10 38.15 244 147
TN21 90 93 101 128 18.00 99 38 45 170 1685 297 84.93 229.93 36.88 2.66 1.09
TN25 84 86 100 128 19.00 98 24 43 102 100.1 255 38.23 107.61 3554 254 0.52
TN29 80 85 98 128 18.00 98 35 42 148 1450 2.63 57.03 136.37 42.36 2.23 0.68
TN33 81 86 103 129 16.00 164 34 35 11.7 1911 252 53.12 12029 4416 211 0.81
TN35 80 85 98 130 15.00 132 3.7 47 172 2273 242 7471 187.40 39.80 3.28 1.44
TN37 83 87 99 128 17.00 140 41 39 16.1 2259 283 90.84 239.72 36.97 2.84 1.52
TN51 81 86 103 130 18.00 17.3 40 48 189 3295 248 98.52 229.88 43.63 2.82 1.90
TN53 83 86 99 125 21.00 137 33 38 124 1699 254 54.66 139.26 40.88 2.48 0.85
TN55 90 96 104 129 17.00 108 3.7 28 100 1080 292 52.18 136.24 38.27 211 0.53
TN67 90 94 101 127 17.00 138 50 4.0 198 2765 3.08 63.66 155.03 41.03 2.67 181
TN78 84 87 99 128 17.00 10.7 3.8 3.7 138 1504 243 37.08 111.14 33.37 3.32 0.97
TN87 82 86 97 127 18.00 130 3.6 3.7 129 1646 258 4832 111.33 4234 2.36 0.80
TN88 81 86 97 132 18.00 144 34 45 151 2198 234 64.44 168.41 38.78 244 1.01
TN90 89 94 100 129 21.00 146 39 43 165 239.7 252 56.59  127.17 4451 2.38 121
TN92 82 86 99 130 20.00 134 3.7 46 168 2229 260 4850 109.77 44.15 2.65 1.26
TN103 89 95 100 125 18.00 16.0 39 33 129 2099 2.62 51.81 137.07 37.37 2.08 0.97
TN107 89 95 101 129 17.00 17.2 44 43 186 3219 233 55.79  152.03 37.61 2093 1.73
TN108 83 87 99 130 17.00 114 34 39 133 1473 258 62.03 184.26 3359 1.84 0.55
TN115 91 96 102 128 16.00 145 30 41 121 1741 264 5444  151.19 37.39 3.12 114
TN118 83 87 98 130 19.00 119 41 42 175 2246 3.16 58.12  127.97 4420 2.83 1.74
TN119 82 86 98 127 17.00 141 45 3.7 16.6 2343 250 52.32 12542 4152 278 1.72
TN123 91 95 102 132 19.00 154 42 41 16.6 255.7 2.82 112,76 27156 42.77 2.29 131
TN124 95 97 104 132 2100 153 39 47 181 2768 2.78 120.56 329.00 36.74 1.59 0.99
TN126 90 94 102 127 2650 84 44 28 126 1350 2.62 88.83 198.78 44.26 2.28 0.73
TN127 91 95 100 126 18.00 147 3.8 39 149 2184 251 91.04 23325 39.29 257 112
TN131 91 94 100 124 17.00 10.7 42 35 147 1523 250 53.20 125.67 42.27 2.15 0.82
TN135 81 86 94 123 2000 105 42 39 163 1713 235 5145 126.62 40.60 3.34 1.36
TN136 82 86 98 124 1550 102 4.0 36 143 1465 255 56.18 132.19 4246 258 0.92
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Table 4 Continued.

i DUM DFL DEF DMA HEI(cm) NUP NUU NGUB NGU NGP W1000 (2)YG(g/m?)YB(g/m?) HI% EO% EQY(g/m?
Ecotype code
TN137 81 8 97 125 1700 117 38 44 169 1978 239 60.77 14549 4218 2.82 1.06
TN139 82 8 99 130 2150 176 44 35 154 2705 285 89.85 211.76 4358 2.47 1.55
TN140 91 95 101 127 20.00 175 42 41 174 3045 250 9427 201.16 46.84 242 1.47
TN141 94 98 104 132 18.00 179 46 43 196 3504 3.18 165.78 406.43 40.98 1.74 1.54
TN142 81 86 98 130 19.00 110 40 27 108 1193 258 57.77 151.23 3836 2.59 0.65
TN143 87 90 97 124 18.00 16.0 41 36 147 2351 261 60.61 14327 4186 241 1.19
TN145 83 87 97 128 2150 160 34 35 118 1831 276 79.76  204.63 39.29 2.60 1.10
TN146 82 87 99 128 20.00 120 38 36 137 1661 252 84.90 189.30 45.60 2.80 0.95
TN173 83 87 104 128 19.00 93 41 37 149 1391 355 120.39 302.15 40.49 2.62 112
TN166 95 98 111 135 2150 141 39 36 136 1896 235 7851 178.03 44.04 2.60 0.77
TN172 98 101 114 136 2150 16.7 40 39 155 2600 2.08 86.44 29043 29.80 2.75 1.17
TN22 97 100 104 130 2450 153 44 32 141 2177 246 82.46  196.27 4245 2.33 1.00
TN28 84 83 99 126 2250 138 38 36 135 1865 238 59.25 136.91 44.09 2.59 0.91
TN45 89 93 101 130 2150 124 40 29 118 1458 247 59.24 132.71 4463 3.42 1.06
TN47 88 92 104 125 2150 92 32 34 108 990 231 3482 7623 4575 251 0.56
TN61 85 89 101 125 20.00 158 38 44 166 2635 283 111.88 236.83 47.30 2.73 1.64
TN81 89 93 99 128 2250 169 39 49 191 3282 275 12750 262.68 4853 2.60 1.93
TN91 90 94 104 130 20.00 183 40 39 155 2847 243 101.09 22597 44.78 2.62 1.44
TN113 89 94 101 126 20.00 176 42 42 176 3106 258 12519 28519 4392 2.35 1.48
TN125 80 84 97 128 18.00 173 46 41 186 3235 266 116.29 304.83 40.23 2.51 1.69
TN132 79 83 98 124 1800 86 44 18 80 689 258 29.90 89.72 3323 241 0.35
TN148 81 8 97 124 2350 87 42 39 165 1439 230 8453 220.35 3837 3.24 0.87
TN149 81 86 98 128 17.00 116 46 36 16.7 1936 243 59.69 150.83 39.58 2.92 1.10
TN150 79 84 96 124 2350 179 50 38 192 3434 281 14495 308.79 46.76 2.48 1.93
TN178 80 84 99 127 1800 206 45 46 205 4230 3.36 178.04 387.42 46.01 2.01 231
TN180 81 86 100 128 2150 201 48 38 184 3708 3.22 165.24 381.43 43.14 2.20 2.14
TN181 80 84 97 128 18.00 19.7 48 39 186 3672 182 84.05 20197 39.44 234 1.64
TN182 82 86 100 130 2450 160 44 38 16.9 2700 236 89.14 22454 39.75 2.83 1.45
LSD0.05 1.07 1.04 233 199 063 574 069 115 417 119 0.62 3326 8458 9.07 0.0001 0.81
LSD0.01 143 139 311 266 084 7.65 092 153 554 158 0.82 4420 112.80 12.09 0.0001  1.08

igy )0 iz olasd NUP g glis )| HE ¢S5 50) g5 508 (S,
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DUM: Day to Umbel appearance, DFL: Day to flowering, DEF: Day to end of flowering, DMA: Day to physiological maturity, HEI: Plant
height, NUP: Number umbel per plant, NUU: Number of umbellets per umbel, NGUB: Number of grain per umbellets, NGU: Number of grain
per umbel, NGP: Number of grain per plant, W1000: Thousand grain weight, YG: Grain yield, YB: Biomass yield, HI: Harvest index, EO/.:

Essential oil percent, EOY: Essential oil yield
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Table 5- Correlation coefficient of studied traits in cumin ecotypes under Jiroft condition
Traits slee pUuM DFL DEF DMA HEI NUP NUU NGUB NGU NGP WI1000 YG YB HI EO% EOY
DUM 1
DFL 0.98™ 1
DEF 0.69™ 0.70™ 1
DMA 036" 0.36" 059" 1
HEI 0.26" 0.23 0.8 0.06 1
NUP 0.11 013 0.09 0.22 0.02 1
NUU 005 005 -011 -0.06 0.15 0.40" 1
NGUB  -0.07 -0.08 -0.07 0.7 -0.16 0.38" -0.08 1
NGU -0.02 -0.02 -0.12 0.0 -0.03 058" 0.60™ 0.75™ 1
NGP 004 006 -001 017 0.02 091 057" 058" 085~ 1
W1000 0.02 002 -001 0.02 -013 011 023 005 020 019 1
YG 0.08 008 013 0.7 017 0.66™ 0.48" 043" 0.66™ 077" 047" 1
YB 011 011 021 025 012 0.617 042" 040" 0.617 0717 042" 097" 1
HI 003 004 -010 -0.15 027" 032" 030" 024 038 039" 024 033 0.09 1
EO% -0.24 -0.22 -0.16 -0.10 0.03 -0.22 -0.10 010 0.02 -0.15 -0.33" -0.27" -0.27" -0.05 1
EQY -0.10 -0.08 -0.14 0.05 -0.03 0.76™ 0.57° 050" 0.85~ 0.90™ 0.31° 0.70™ 0.62™ 043" 014 1
I gl Jloil s jo o e o Ay g %

* and **: Significant at 0.05 and 0.01 of probability levels respectively
igy ;o sz olaws INUP wigy gl ) (HEI « 059050 508 (S, B 59, DMA ¢ 20l8 LU U 59, DEF ¢ 2ulS lo; b 59, DFL ¢ iz 505 olo; b 55, DUM
YB sails o, Sloe (YG sails lya 59 WIL000 casgy jo als slaws :NGP ¢z jo ails slass NGU o5 i (o als slaws NGUB ¢z o S 2 slaws :NUU
ol 8 Slas EOY ¢ juill s )0 EO scils yy aslis HI oogicuny
DUM: Day to Umbel appearance, DFL: Day to flowering, DEF: Day to end of flowering, DMA: Day to physiological maturity, HEI: Plant
height, NUP: Number umbel per plant, NUU: Number of umbellets per umbel, NGUB: Number of grain per umbellets, NGU: Number of grain
per umbel, NGP: Number of grain per plant, W1000: Thousand grain weight, YG: Grain yield, YB: Biomass yield, HI: Harvest index, EO%:
Essential oil percent, EOY: Essential oil yield
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Table 6- Eigen value, variance and cumulative percent of principal components and studied traits coefficient in the first three
principal components

Traits <las F1 2 F3
DUM 0.01 0.94 -0.06
DFL 0.02 0.92 -0.06
DEF -0.02 0.82 0.05
DMA 0.14 051 0.22
HEI 0.05 0.23 -0.19
NUP 0.77 0.13 0.03
NUU 0.57 -0.05 -0.39
NGUB 0.59 -0.06 0.65
NGU 0.88 -0.09 0.24
NGP 0.96 0.04 0.09
W1000 0.34 0.01 -0.33
YG 0.89 0.13 -0.25
YB 0.82 0.20 -0.18
HI 0.40 -0.06 -0.14
EO% -0.14 -0.25 0.34
EOY 0.92 -0.16 0.13
aasie slaasy, Eigenvalue 5.60 2.90 1.07
ol )ly s o Variability (%) 34.98 18.13 6.67
oills smezs a0 ,s Cumulative % 34.98 53.11 59.78

s 5o yiz slad NUP sy elas )| HED e300 508 Sy U 55, DMA cpanls” Lk U5, DEF ¢ 00l5 ()lo; bjg, DFL ¢ jels Lo b 59, DUM

YB sails 0,8les (YG cails lym 55 WI1000 a5gs 50 ails slaws :NGP ¢ > jo ails slass NGU 5 i o ails slaws NGUB ¢ 2> 0 S i slaws NUU
bl 8 Slae EOY ¢ juill ssjo EO scils yy a3l HI oogicuny

DUM: Day to Umbel appearance, DFL: Day to flowering, DEF: Day to end of flowering, DMA: Day to physiological maturity, HEI: Plant

height, NUP: Number umbel per plant, NUU: Number of umbellets per umbel, NGUB: Number of grain per umbellets, NGU: Number of grain
per umbel, NGP: Number of grain per plant, W1000: Thousand grain weight, YG: Grain yield, YB: Biomass yield, HI: Harvest index, EO7.:

Essential oil percent, EOY: Essential oil yield

Factor loadings (axes D1 and D2: 52.97 %)
after Varimax rotation
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Figure 2- Biplot figure of studied traits in cumin based on first and second principal components
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DUM: Day to Umbel appearance, DFL: Day to flowering, DEF: Day to end of flowering, DMA: Day to physiological maturity, HEI: Plant

height, NUP: Number umbel per plant, NUU: Number of umbellets per umbel, NGUB: Number of grain per umbellets, NGU: Number of grain

per umbel, NGP: Number of grain per plant, W1000: Thousand grain weight, YG: Grain yield, YB: Biomass yield, HI: Harvest index, EQ%:

Essential oil percent, EOY: Essential oil yield
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Observations (axes D1 and D2: 52.97 %)
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Figure 3- Biplot figure of studied cumin ecotypes based on first and second principal components at Jiroft
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Figure 4- Dendrogram of cluster analysis based on heatmap.

Rows are clustered using correlation distance and average linkage. Columns are clustered using maximum distance and McQuitty

linkage
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Table 7- Grouping of cumin ecotypes based on S11G index

SIIG  0.8<SIIG<0.9 0.7<SIIG<0.8 0.6<SIIG<0.7 0.5<SIIG<0.6 0.4<SIIG<0.5 0.3<SIIG<0.4 0.2<SIIG<0.3 0.1<SI1G<0.2
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Abstract

Introduction: Due to the decrease in rainfall and the need for low-water plants in cultivation patterns,
cumin is considered a potential candidate for this purpose. Cumin (Cuminum cyminum L.) is one of
the oldest and most economical plants, are cultivated due to its high tolerance to drought in
Mediterranean climates. It is currently the second most commonly used spice in the world, after
pepper (Pepper nigrum), making its cultivation important. This research was conducted to determine
the superior ecotypes of cumin in terms of earliness, quality traits, and yield in southern Kerman.
Materials and Methods: To evaluate cumin ecotypes in the collection of the National Plant Gene
Bank of Iran, 64 ecotypes were selected and planted. These ecotypes were evaluated during the 2021-
2022 season based on a statistical design of a simple lattice (8x8) with two replications at the Southern
Kerman Agricultural and Natural Resources Research and Education Center. The study recorded traits
such as date of umbel appearance, date of flowering, date of end of flowering, date of physiological
maturity, number of umbels per plant, number of umbellets per umbel, number of grains per
umbellets, number of grains per umbel, number of grains per plant, thousand-grain weight, biomass,
grain yield, essential oil percentage, and essential oil yield.

Results and Discussion: Descriptive statistics showed that the traits with the highest coefficient of
variation were grain yield, biomass, essential oil yield, and number of grains per plant, with values of
43.01, 40.32, 39.22, and 31.31, respectively. These traits have a high potential for use in cumin
selection programs. The ANOVA results indicated that the effect of cumin ecotypes was significant
in all studied traits, indicating a high diversity among the ecotypes. The study of the days to maturity
trait showed that the earliest ecotypes, with an average of 123, 124, and 125 days, were TN 135,
TN143, TN150, TN131, TN136, TN132, TN148, and TN53. These ecotypes have a shorter growth
period and can avoid stress at the end of the growing season. TN178, TN141, TN180, TN150, TN16,
TN15, TN17, TN81, TN113, and TN124 were found to have the highest grain yield per square meter,
with an average of 178, 165, 165, 145, 139, 137, 135, 127, 125, and 120 g/m2, respectively, exceeding
the control treatments. These ecotypes have a high potential for use in breeding programs. There was
a positive and significant correlation between grain yield and all components of grain yield, indicating
that improving each yield component results in an increase in grain yield. A negative and significant
relationship was found between essential oil percentage and grain yield and biomass. This suggests
that ecotypes with high grain yield have a lower essential oil percentage. However, because there was
a positive and significant correlation between essential oil yield and grain yield, ecotypes with high
grain yield also had a higher essential oil yield. To group and select the superior ecotypes, it is
necessary to use multivariate methods, such as factor analysis and SIIG method, which were used in
this research. In the factor analysis method, the top group consists of five ecotypes (TN141, TN15,
TN16, TN17, and TN51). Based on the SIIG index, six cumin ecotypes (TN-178, TN-180, TN-16,
TN-150, TN-15, and TN-141) were placed in the top group. A comparison of the two methods
revealed that three cumin ecotypes were common, indicating their high efficiency in selecting the best
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ones. However, the SIIG method was found to be superior as it groups the genotypes according to
desirable traits (such as low values for day to umbel appearance and days to maturity), whereas these
traits are not considered in multivariate analysis methods like factor analysis.

Conclusion: Based on the results and the observed diversity of traits, it is recommended to introduce
grain yield, biomass, grains number per plant, and essential oil yield as suitable traits for selecting
superior cumin ecotypes. It can be concluded that TN-178, TN-180, TN-16, TN-150, TN-15, and TN-
141 ecotypes are superior and have potential for breeding programs, considering both desirable and
undesirable traits.

Keywords: Essential oil percentage, Essential oil yield, Factor analysis, Grain yield, SIIG
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Figure 1- Monthly cumulative rainfall, maximum, and minimum temperatures of 5 studied stations
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Table 1- Soil characteristics, elevation, and area under wheat cultivation in the study stations
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Figure 2- Relative change in temperature and precipitation under all GCMs with respect to baseline during mid-century period

RCP8.5. Each triangle is colored by its categoroy and represents one of the 29 GCM:s. Selected representative GCMs are denoted
with a gray outline.
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Table 2- The changes in cumulative precipitation (mm) and mean temperature ("C) in five general circulation models (IPSL-CM5B-
LR, HadGEM2-AO, CESM1-BGC, GFDL-ESM2G, and MIROC-ESM) compared with the baseline during the rainfed wheat
growing season in the studied stations
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Table 3- The genetic coefficients of wheat (Azar-2 cultivar) in APSIM-Wheat (Rahimi-Moghaddam et al., 2021a)
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Figure 3- Long-term simulated wheat grain yield for different supplementry irrigation regiems and planting dates at baseline for
1980-2010 (boxplots) and its change in the future of 20402070 (columns; average of the five GCMs) in all study sites. Scales are
given in the top-left box.
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Table 4- Cumulative radiation, days to maturity, mean temperature during the growing season and grain filling period of wheat on

three planting dates at baseline and climate change conditions in Kurdistan provinces (on average across locations and irrigation

regimes)
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. . Cumulative radiation Days to Mean temperature during Mean temperature
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(MJ m*) maturity the growing period (°C) during the grain filling
period (CC)
e 9
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Baseline A TY
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Table 5- Rainfall amount (mm) of studied locations on three planting dates (1, 15, and 30-Oct) at baseline and future (average of the
five GCMs) periods
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Abstract

Introduction: Global climate change has caused extensive changes in climatic parameters such as
rainfall and temperature, ultimately affecting field crop productions. Considering continuous climate
change and its effects on the agricultural sector, especially in arid and semi-arid regions, it seems
inevitable to provide adaptation strategies to reduce climate change's negative effects and increase
agricultural production. Accordingly, the present study aimed to investigate the effect of planting date
and supplementary irrigation (SI) at important growth stages on wheat yield and growth in rainfed
agro-ecosystems under baseline and future climate change conditions using the APSIM-Wheat model.
Materials and Methods: The current study focused on five locations (Bijar, Marivan, Saqqez,
Qorveh, and Sanandaj) in Kurdistan province, Iran. The study locations were chosen based on being
a cultivated rainfed wheat area, their climatic diversity, and the availability of long-term climate data
(rainfall, sunshine duration, and minimum and maximum temperatures). The WeatherMan (Weather
Data Manager) program embedded in Decision Support System for Agro-technology Transfer
(DSSAT) package was used to restore and modify missing and outliers data in the study locations.
The APSIM-Wheat model was applied to predict the wheat development and growth (Azar-2
cultivar). The performance of the crop model was evaluated based on the comparison of field-
measured and simulated values for study traits. To do this, the Willmott index of agreement (d-index),
normalized root mean squared error (NRMSE), mean bias error (MBE), determination coefficient (R?),
and 1:1 line indicators were considered. The five GCMs under RCP8.5 scenario were singled out
based on five possible climate characteristics, including cool wet (IPSL-CM5B-LR), hot wet
(HadGEM2-AO0), cool dry (GFDL-ESM2G), hot dry (MIROC-ESM), and middle (CESM1-BGC).
Simulation experimental treatments in five locations were three irrigation regimes of (i) rainfed, (ii)
Sl at flowering stage, (iii) and Sl at grain filling stage, and three planting dates of 1, 15, and 30 October
at baseline period (1980-2010) and five GCMs under the RCP8.5 scenario for 2040-2070 period.
Results and Discussion: Large variability was detected in rainfed wheat grain yield depending upon
planting date and irrigation regime in five studied locations. wheat plants differently responded to
planting dates and irrigation regimes in the Kurdistan province, Iran and varied from 1.81 t ha*!
(rainfed x 30-Oct in Qorveh) to 5.76 t ha (Sl at flowering stage x 15-Oct and Sl at grain filling stage
x 15-Oct in Qorveh). The average grain yield of the entire wheat agro-ecosystems was 4.63 t ha*. An
increase of 6.9% was simulated for wheat grain yield entire Kurdistan province, Iran (as a semi-arid
and cold agro-climatic zone) under future climate change conditions compared with the baseline. At
the baseline period, the maximum wheat grain yield produced at an early planting date (1-Oct) in all
locations except for Sanandaj, in which a mid-planting date (15-Oct) had the highest simulated grain
yield. The simulated grain yields were maximized at a mid-planting date in studied locations except
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for Sanandaj, in which a late planting date (30-Oct) had the highest grain yield under future climate
change conditions. The Sl at flowering and grain filling stages had a similar effect on the wheat grain
yield. Averaged by planting dates and locations, the wheat grain yield was increased by 8.7% when
Sl regimes were used compared with the rainfed treatment under climate change conditions.
Conclusion: The current findings showed that a mid planting date x Sl at flowering/grain filling
stages was identified as the best management practice under future climate conditions and can be
suggested in semi-arid and cold agro-climatic zone for the autumn wheat in the Kurdistan province,
Iran.

Keywords: Daily mean temperature, Modeling, Reproductive stages, Seasonal rainfall
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Table 1- Soil properties of the research site

s ™ el gyl g0 e o ol ol S Gos
Sodium Magnesium Calcium Totalanions  SulphateSOZ  ChlorineCl HCO*(megfl)  Carbonate Soil depth
Na'(megh  Mo™(med)  ca?(megl) (meg/) (meg/l) (meg/l) COZ (meg/l) (cm)
16 52 89 31 6.1 19 59 02 0-30
16 54 92 32 64 19 62 03 30-60
Ghe oty Cial s il gl ANl Dl Cand gl Egeme ey SL Gos
Absorb_able Absorbable 7. (N) pH S gluilojlac oW Total cations Potassium Soil depth
potassium phosphorus Saturated soil Sodium (meg/l) K-+(meg/l (cm)
(bpm) (ppm) extract electrical  absorption
conductivity ratio
(dsim)
214 54 0.03 81 32 6.3 32 11 0-30
196 43 0.02 8 33 6.1 32 09 30-60

Ay sl g s als o s Oglis wo o S Jlis | e
O g Jlmw o bilae 150505 jlo gime Ol ol Olas
gl )0 Sl o, 8es g als 3o 59 i3] sl 5
e Jleixl e 5o ails o Sloe Hlaisl g oo 0 S Loz
Alopl olaw ady laisl g alls o sxe & bel glas ooy
(Y Jguz) 8,55 ls gme
S5l am 0 Sl a5l a5 aao oo lis (Kl Ao
5 et ) W bl 5 e L 15 s Jsano 5 el
Fyore 5kl jlews cadls o Shae il a5 18 oo &
Sl eanlllas 5550 sbacadsis Gm yo (V Jouz) w85 1,8
aslo 1y ails o Sloe (i KGFS13 gy ails o ,Sles
3 KGFS17 KGFS13 (KGFS30 slac s «Soj5e)gu

sy LS =20 KGFS5

Slactsi) 5 Olis 0=
S5lges 9 Khos 1 y2aS 1 s s s MGS2 KGS29
(Y Jguz) wols plasl sgza |
5 asls slaw Lmals 5l —aU o Shee alS gdlg o
Sl adls 3 Shos sli! ploreay adils i 059 5 JoSsly
L a8 ailesges 0,155 oiize (Maman et al., 2004)
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E55 097y ()t y3biiody SLedbl (g pslanz 5l g
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Mgie do s mhy Jlatl e )3 Sujslgn o ,Sles 5 4l
g Jlaine alls Jf3a 39 5 Sty pabLs il g S
9 i S 5 55 o 55 5 J bl
039 9 4l 3 Shes Slail aslllaes 5o slocais) 99 o sine
Sy 3 Soe i 5 am s o JLainl a5 s
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Liels (Liang et al., 2002) slas;g, culon ials 2003)
5 (Rodriguez et al., 2007) Jglowo slacpntiy, clale
s (Yang and Zang, 2006) i wgs o, 2als Lyl
adgs ol « (Martinez et al., 2003) o5 (5 g0 s
Ol 4zl aes o 13 5l cou 1) adls o, Sles o (ologe
Suaglie (pizen g 25 Jlesl (lejiae  Guda o)l
S 315 13 ] o oS 4S5 go ) als e g oS

(Thomas Robertson et al., 2004) s,ls

Ali ) sos oo 2al5 | (Al jngid oo 50 o0 o
ails 5,Sloe g loge uals cely am,s 4 al., 2009
o palie a1 el sl calin (5 bene e logms 355 sa
OB adizne 5l (an Sl (G5 90) Sl Ll 5
@ oaBs)ly 039 050d Glie AL LY 51 (Ko als 5
Khalili et al., ) sslos )5 oylo asls yai s 0,90 zalS g asls
ielS 3k sl aly ad als ey Sas a5 (2008
(Gan and Amasino, 1997; Galle et al., b5, o,

(Brevedan and Egli, J 34,15 < bl zals 2010)

SIS 095 s (SLigis 0 )Soe sl32 9 9 5hos 1 ol (i 1 (Slas po (Sileo) o yo il g 422 @l =Y Jsu
Table 2- Combined analysis of variance (Mean squares) of drought stress on yield and yield component in different grain sorghum

genotypes
ydi @b Wl jodild o Slos 0 Slae  plh Hlia 39 dildolaxi U gy olued gl Culbrs  olawi axgolaxi Job S p el
SOV L5l G_ré:in Sojglon colley 4l 2 Gladles,F olS e Sn o Tiller g, ey
df yield Biologic Harvest 1000 ;L Daysto Plant Stem Leaf Number Panicle Flag Leaf
yield Index grain © 7 Anthesis height Diameter number length Area
- Grains
weight
per
panicle
[
J 1 3956940 ™ 11043457 ™0.0059 ™ 5024 186953 "™ 213 1626 049 2.85 006 2374 19515
Year(y)
JeX S 44.1 440 009 1898 0.28 18.78 4047
Replication 4 2109121 39073289 0.0079 1102 82843 ' ’ ’ ’ ‘
xy
]
[CANG paad o o
Water 2 26291981 351168418° 0027™ 490~ 137gor~ o4 370 003233 194 210 4021
stress(S)
G5 X e .
] 2 1211342™27664900™ 0.005™ 64.3™ 2301™ 002 1172 022 058 0001 50 250
YX S
Uas-
8 489619 67186589 0.021  84.2 9194 145 208 007 193 084 902 2119
Error
S5 - - - - - - .
Genotype 9 101194657182206565° 0.031" 728" 496223 1004 842 056" 3988 602 233 65451
©)
g X e ™
5 e g i7ig7set G1a63635 001 eon 116001 002 99T 0051750004 226 6543
Y X G
T oeos
@ oS - “ -
gy X 18 3351248™ 48665898 ™ 0.027 68"  49586™ 52 21 005 094 1.30 1319 1279
SXG
G X Jle
wsy; Xl 18 5988017 43193804° 0.007™ 877  43031*  0.02 291" 0.07 176  0.0008 226 920
Y XSXG
Uas-
£ 108 342458 20376004 0.005 228 32928 14.7 122 0.05 150 0.46 7.20 1656
rror
Oy
SN 25 16.3 42 11.6 44 5.46 13.07 128 10.3 9 14.09 26.3
CV%

*, **: Significant at the 5 and 1 percent probability levels, respectively

AR N U PV
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Table 3- Mean comparison of the effect of water stress on yield and its components in grain sorghum genotypes

SR

PERHERINEY ) ) e . .
e iy e D s st s 5 S as
Treatments  Grain number 1000 grain Harvest Biologic yield Grain yield
weight (gr) (Kg/ ha) (Kg/ ha)
per panicle Index
Water stress S S
S1 1 467 a 442 a 0.19a 17649 a 2979 a
S2 2 377b 385a 0.15a 12825 b 1657 b
S3 3 392b 408 a 0.18a 15562 ab 2384 ab
Genotypes YOS
KGS29 1 274d 43a 0.24a 12155 b 2492 be
MGS2 2 306 cd 417 a 0.19 ab 11265 b 1802 ¢
KGS33 3 241d 40.1a 0.14b 13824 ab 1682 ¢
Sepideh 4 307 cd 40.7 a 0.17 ab 12446 b 1848 ¢
KGFSs27 5 746 a 238b 0.18 ab 13712 ab 2075 be
MGS5 6 326 b-d 448 a 0.13b 14583 ab 1965 ¢
KGFS5 7 341 b-d 44.7 a 0.12b 18450 a 2199 be
KGFS17 8 559 a-c 423a 0.17 ab 18484 a 2960 b
KGFS13 9 582 ab 453 a 0.24a 19143 a 4193 a
KGFS30 10 447 b-d 449a 0.12b 19394 a 2183 bc

i = el Al e 50 (5Ll adad a3l V0 e )0 (gl sme glas LSD yge3l ulul p aril oo S pie B> S JBlam glls a5 g o

2 lSile

YV Sad mas = ley okl F (Sias i = g, al e jo gLl alad S Sis

Means in each column, followed by at least one letter in common are not significantly different at the 5% probability LSD Test.
Irrigation, S2=Irrigation cut off in vegetative stage S3= Irrigation cut off in generative stage.

Gl 055 5 0 Shas lizl 5 0,Shes 2 Gudgis 5 (SiS (55 sl F GeSike auylie =¥ Jsu
Table 4- Mean comparison of the effect of water stress on yield and its components in grain sorghum genotypes

S1=Normal

L . L .
SIS gy SR d”b > é’%m O gy SRR ok “pb - °‘§L°£
Water T 1000 grain weight e Gram Water el 1000 grain weight o G_ram
stress Genotypes @ Harvest yield stress Genotypes @ Harvest yield

Index (Kg/ha) Index (Kg/ha)
S1 KGS29 48.4 a-d 0.35a 3664 bc S2 MGS5 40.6 f-i 0.09 c-f 1239 f-h
S1 MGS2 43.6 d-g 0.15b-f 1609 e-h S2 KGFS5 39.6 g-i 0.05 f 690 h
S1 KGS33 40.5 f-i 0.19b-e 2266 d-f S2 KGFS17 40.4 f-i 0.2 b-e 2006 d-g
S1 Sepideh 426 f-i 0.19b-e 2244 d-f S2 KGFS13 38.6 hi 0.19b-e  2622c-e
S1 KGFS27 25.2j 0.19b-e 2405 c-f S2 KGFS30 43.7 d-g 0.09c-f  1682e-h
S1 MGS5 50.6 ab 0.16 b-f 2644 c-e S3 KGS29 429 f-h 0.21b-d 2187d-g
S1 KGFS5 451 c-f 0.13cf 2704 c-e S3 MGS2 41.1 f-i 0.22a-c 1966 d-h
S1 KGFS17 43.3e-h 0.21 b-d 4748 ab S3 KGS33 40.5 f-i 0.15b-f 1856 e-h
S1 KGFS13 49 a-c 0.18 b-f 4683 ab S3 Sepideh 38.6 hi 0.17 b-f  1985d-g
S1 KGFS30 53.2a 0.12cf  2815c-e S3 KGFS27 23j 0.08d-f 1177 f-h
S2 KGS29 37.8i 0.14cf 1622 e-h S3 MGS5 43.3e-h 0.15b-f  2010d-g
S2 MGS2 40.5 f-i 0.19b-e  1828e-h S3 KGFS5 49.4 a-c 0.19 b-e 3203 cd
S2 KGS33 39.2 g-i 0.07 ef 922 gh S3 KGFS17 43.2 f-h 0.11cf 2124d-g
S2 Sepideh 41 f-i 0.17 b-f 1314 f-h S3 KGFS13 48.2 b-e 0.35a 5272 a
S2 KGFS27 23.3]j 0.28 ab 2643 c-e S3 KGFS30 37.9i 0.15b-f 2052 d-g

Ui = il Al e 50 (5Ll adad a5l V0 e j0 (g,ls sme gl LSD yge3T bl aril o S iie B> o JBlas slls a5 g o

5o Sl

VY Sis wi=Jleg okl F (Sids i = cdug, al e 40 g Lol adad S

Means in each column, followed by at least one letter in common are not significantly different at the 5% probability LSD Test.
Irrigation, S2=Irrigation cut off in vegetative stage S3= Irrigation cut off in generative stage

S1=Normal
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Table 5- Correlation coefficient among agronomical traits in different grain sorghum genotypes in normal condition

Olao
1 2 3 4 5 6 7 8 9 10 11 12
Traits
V-ails o Slas
1
1- Grain yield
Vel Jf5m 033
0.383 1
2- 1000 grain weight
Y-Sl 5o ails olaws
. . 0.480 -0.462 1
3- Grain per panicle
ool el
4- Harvest Index 0.201 -0.066  0.15 1
O-Su3slgnr 9o
o 0.86™ 0448 0.363 -0.286 1
5- Biologic yield
Fo Sladlos S 35, olaws
. 0.656" 0211 0481 -0.467 0.899” 1
6- Days to Anthesis
V—aL_S ﬁl.bﬁ)l
. 0.651" -0.187 0.707° -0.170 0.699™ 0.797" 1
7- Plant height
Al Canlseis
. 0.385 0242 0397 -0462 0.605 0.695™ 0.360 1
8- Stem Diameter
-3y olass
0.531 0.167 049 -0.512 0.789™ 0.958™ 0.798™ 0.727™ 1
9- Leaf number
\ e —aze olass
_ -0.455 -0.006 -0214 0.023 -0.545 -0.665™-0.661 -0455 -0.657" 1
10- Tiller Number
N-JsSel Jobo
. 0.301 -0.107 0276 0559 -0.087 -0.331 0.057 -0549 -0393 0475 1
11- Panicle length
0.729" 0.227 0.464 -0.070 0.755™ 0.752" 0.497 0.590 0.604 -0505-0112 1

12- Flag Leaf Area

Sl (oo o )d Sy g o0 gy e o I (e patde e 4 M 0T
* and **: Significant at the 5 and 1 percent probability levels, respectively

e pBapls e )T, @S peyn b WSS Ay,
50 JsSl jo aile slawi g wils e 5e 0lS gl )| Glaw
Lalys po als jlie o35 9 ol sl lio (25 (g Ll
balys 5o plesa JsSil po aibs slasd cho 5 hagie 25
Sriar ood Soal L Slae ple 4 S gad A
b S5y oole (SKwmr mls b @mls cnul wog ls)95
e ¢ JsS3ly 5o alls olasd Cubo a5 (g sboay 0l cllas

(A Jgaz) ols las ails o Slae b (5,10 sixo

PRl Gom )5 5 425295
9 0% JSA5 50 ke Slav (n ke lulid jslaied
Obyy 3wl o Skee o lagl (1E 5 Coeal (e e
G5 g dagie S 5 G kil )0 el (g
3, 8lee 5o Slao 44z L (A Jouz) ol solatnl suus
o9 luld o Slae ) A Ses g s
3 9 dwoy0 WVF dawgie 55 a0 weeje AV ias

alo 0,8las 4y bgy o Ol pess jlas 0 Ve cwpads s byl i



ol 9 abi)m G)ST

vov

ol Zbls y as Ll g myeyie jo alls slasd b ails o Slee
i by qryorie 53 JsSaly ol b psSy5e 3 Shos glis
Sl Lo pe &l (339 9 JoSSb o Al slas g p3 JoSb

(Maman et al., 2004)

Jy Luls 0 pBapls Sew,S, 438 mls @ axg b
EFS A g8 5O e (2 i 0)Lild 90 Slho a5 S g5 o

Slides (A Joaz) witws Lo 1) aslllaes 50 (slacaisss ;o

S S (i Sde 9 Vb (Ko 3929 51 S (5L

bogin (T (5 by 50 14318 p o5 yom Cilidie Geui 93] (o815 Gloogas (o (Shuwmod ol pb —F Jgua

Table 6- Correlation coefficient among agronomical traits in different grain sorghum genotypes in medium stress condition

Ol
1 2 3 4 6 7 8 9 10 11 12
Traits
V-ails o ,Slos
1
1- Grain yield
V-ailolia 0539
. . 0.607 1
2- 1000 grain weight
Y-JsSsl jo als slass
. . 0.458 -0.265 1
3- Grain per panicle
Fcslsyy jasls
. 0.640" 0501 0.125 1
4- Harvest index
0-Sy3dgm o Slos
. o 0514 0310 0326 -0.281
5- Biologic yield
7o Sladlos S U 34, olasy
. 0496 0.095 0.693" -0.226 0.855™ 1
6- Days to Anthesis
VfoLtf &LaJ)‘
0.685" 0.003 0.708" 0.233 0.573 1

7- Plant height
M-8l Cwles

0.159 0.249 -0.133 -0.401

8- Stem Diameter
-5 s olaws

0.339 -0.045 0420 -0.415

9- Leaf number
Ve -y slass
10- Tiller Number
N-JsSaily Job
11- Panicle length
Voo S ool

12- Flag Leaf Area

0.127 0275 -0.387 0.603

0298 0316 0.026 0.754

0372 0344 0242 -0.211

0.690" 0.367  0.093 1

0.843™ 0.716" 0590 0.777 1

-0.520 -0.733" -0.079 -0.217 -0.437 1

-0.440 -0.4 0230 -0.492 -0.476 0.733" 1

0.789™ 0.784™ 0.323 0454 049 -0.606 -0.261 1

*, **: Significant at the 5 and 1 percent probability levels, respectively
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Table 7- Correlation coefficient among agronomical traits in different grain sorghum genotypes in sever stress condition

1 2 3 4 5 6 7 8 9 10 11 12
Traits

als o ,Slas
1- Grain yield
aloyl ()39
2- 1000 grain weight
JoSly jo ails slass
3- Grain per panicle
Sls el
4- Harvest index
Sslem o Shee
5- Biologic yield
Sladlos S 39, olows

-0.544 1

0.740" -0.97 1

0.865™ -0.737" 0.867" 1

-0.002  0.420 -0.352  -0.459 1

. 0.459 -0.453 0.571 0.292 0.124 1
6- Days to Anthesis

asz el_é.)‘)l

7- Plant height
aBlo Cwles

0519 -0.804™ 0.689" 0.656° -0.176 0.121 1

. 0.089 -0.183 -0.005 -0093 0.486 0.134 0.330 1
8- Stem Diameter

S oolass
0.219 -0.400 0.387 -0.029 0.248 0.886™ 0.081 0.304 1
9- Leaf number

Aoy olass
10- Tiller Number
JsSsb Job
11- Panicle length
B TR G SRS WY

12- Flag Leaf Area

-0.027 0.357 -0.317 -0.143 0.117 -0.437 -0.266 -0.418 -0.254 1

0.244  -0.163 0.084 0381 -0.289 -0.597 0421 0.006 -0.383 0.516 1

0.215 0.097 0.011 -0.073 0.348 0.748" -0.195 0.193 0.610 -0.414 -0.665" 1

#*

23l o dyo Sy 5 20,0 iy b o )l ghas pigie & S 4 7
*, **: Significant at the 5 and 1 percent probability levels, respectively

GRS S (g Bl 53 (11D 0 Hgu it Lo gi] Ho b Sig plw b (atuly o) 4l o Shos pBasplS Jgmw )5y 4355 A Jgur
s g gl
Table 8- Stepwise regression analysis of grain yield (dependent variable) with other characteristics in different genotypes of grain

sorghum under normal conditions, medium stress and sever stress

b Lo Jowo 0 0ulid;lg b o
R R? B t Beta
Treatments Variables entered in model
LS elis)|
. 0.707 0.501 31.948 3.357 0.375
Plant height
) als i 59
Normal Jle 5 Ll il 0.838 0.702 98.176 6.985 0.669
1000 grain Weight
JsSSl o ails slass
. . 0.910 0.828 3.496 4.353 0.533
grain per panicle
ol,j &L:u)‘
. . 0.685 0.469 99.981 4.463 0.683
Medium Lo 25 Plant height
stress als,le 035
. . 0.914 0.836 98.636 3.954 0.605
1000 grain Weight
KRVt JoSsl o ails slass
. . 0.704 0.548 1.867 3.114 0.740
Sever stress grain per panicle
039 @b 3l oSl 5o als slasy a5 Jlo o (- /74Y) cils 039 Jbey sl i jo wcede ay e ulwl s plol oS

il o Slos i shine g i puf ),.)L Oy il l5m ails o Slae 1) Caiin 5 o ).a.tL\.qua_u.u G alls e
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Table 9- Path analysis coefficients of correlation between grain yield and some characteristics in grain sorghum under normal

conditions
G 3 s ol 51
ol posdiimso 531 Indirect effect via
Traits Direct effect ald,058 ¢39 Jossly 5o ails olusi ol glas
1000 grain weight Grain per panicle Plant height
JoSly yo ails slass
. . 0.496 -0.32 - 0.303
Grain per panicle
SLTUCINT)
. . 0.692 - -0.23 -0.081
1000 grain weight
alff &L&J)l
. 0.429 -0.13 0.35 -
Plant height
(Dlas g9 Slae s (Kwod) oz
Sum (correlation between grain yield 0.382 0.479 0.651
and traits)
sasledl,

Residual Effect = 0.465

bungio Sis giod byl 10 5141 pg5 gm0 50 Wlho (B 0 b Hd 0,5 loe (Ktwood Code @305 ol s -V Jauo

Table 10- Path analysis coefficients of correlation between grain yield and some characteristics in grain sorghum under medium

drought stress conditions

&b 3 e e 51

Indirect effect via

Traits Direct effect

&)l ¢y 59

1000 grain weight

Olﬁf eL&.:)
Plant height

wlayli o359
1000 grain weight
AL:f &L&'ﬁ)‘

0.604

. 0.683
Plant height

(Olao 9 \))S-LQ.; O ‘5{.........0&) g
Sum (correlation between grain yield
and traits)

- 0.002

0.001 -

0.606 0.685

Residual Effect = 0.405
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Abstract

Introduction: Drought stress is a major problem in the productivity of crops around the world.
Growth of sorghum in dry and semi-arid regions is affected by water stress at the late stages of growth,
such as anthesis, which has negative effects on yield. Information about the significant correlation
between traits is important for starting a breeding program. Because it allows the selection of desired
genotypes with desirable traits simultaneously. Due to the increasing spread of livestock and the
development of the cultivated area of this plant, which is a relatively drought-tolerant plant, it is very
important to carry out breeding and agronomic research in the South Khorasan region, especially
in Birjand. The objectives of this research were to: a) determine the grain yield relationships with its
components using the stepwise regression method; b) investigate the relationships between traits
using path analysis.

Materials and Methods: A field experiment was carried out using a split plot design with 3
replications. Main plots include drought stress treatments while the sub-plots consisted of 10
genotypes of sorghum including KGS29, MGS2, Sepideh, KGFS27, MGS5, KGFS5, KGFS17,
KGFS13 and KGFS30.

Each plot consisted of four lines with length of 6 meters and a distance between the lines of 60 cm
and the area of each plot was 14 square meters. Plant spacing on the row was considered as 10 cm.
To determine grain yield and biological yield and harvest index after removing two lines of margin
and half a meter of the beginning and the end of each plot were harvested from a surface of three
square meters. After drying in a ventilated oven at 72 ° C for 72 Hours, total dry weight and
biological yield were determined and then the samples were weighed and the seeds were weighed and
the harvest index was calculated. After data collecting, the data were analysed , using SAS software
to investigate the diversity of traits among the cultivars and  lines. Calculation of correlation
coefficient between traits and stepwise regression was performed using SPSS software. To
distinguish the direct and indirect effects of important traits, path analysis was used .

Results and Discussion: Results from combined analysis showed that cultivars and lines were
significantly different at %21 level for all traits that is from variation between studied lines and
cultivars. Comparison of interaction between genotype and stress about grain yield indicated that
genotype KGFS13 in medium and normal drought stress, commonly with genotype KGFS17 in
normal condition had the highest level and genotype KGFS5 in sever stress condition had the lowest
grain yield respectively. In drought stress condition, Based on path analysis, Thousand Kernel weight
had the highest direct effect on grain yield in normal condition. While number of seeds per panicle,
had indirect effect via 1000-seeds weight on grain yield. The plant height had the highest direct effect
on grain yield in medium dry condition. While the plant height, had indirect effect via 1000-seeds
weight on grain yield.
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Conclusion: According to the results of the correlations between the studied traits, under normal (no
stress) conditions, plant height, number of seeds per panicle and 1000-seed weight can be used to
improve grain yield. Under moderate water stress conditions, plant height and 1000-seed weight had
the largest contribution in determination of the genotypes diversity.Based on path analysis, Thousand
Kernel weight had the highest direct effect on grain yield in normal condition. While number of seeds
per panicle, had indirect effect via 1000-seeds weight on grain yield. The plant height had the highest
direct effect on grain yield in medium dry condition. While the plant height, had indirect effect via
1000-seeds weight on grain yield.

Keywords: Irrigation cut off, Thousand kernel weight, Vegetative stage
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Table 1- Meteorological statistics related to the crop year 2018-2019 of the studied area

obl 530 8 RE] ! RIS it 3 |
Nov. Dec. Jan. Feb. Mar. Apr. May.
Los Jola>
. 5.00 -1.000 -4.000 -4.000 -2.000 3.00 3.00
Minimum temperature (C°)
Lo siSlas
) 20.0 19.0 -15 16.0 27.0 27.0 22.0
Maximum temperature (C°)
Los (Ske
12.0 9.00 5.00 8.00 10.0 17.0 15.2
Average temperature (C°)
g2 Cuysb; (5 Siles
. o 50.0 65.0 61.0 57.0 39.8 473 35.1
Average air humidity (%)
SHb
. 0.000 11.2 28.2 21.8 10.2 72.6 0.000
(mm) Precipitation
as 30 S (o beoaldh 9 (S b o b Y Jgu
Table 2- Physicochemical analysis of farm soil
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Table 3- Analysis of the variance of quantitative and qualitative traits of (L. iberica) and (L. royleana) Species in autumn and spring

sowing dates in dryland condition

el UL
Olpais galbo 420 ) Plowgo o yd .
- ails 8 Slos S5l gm o Sl ol wgo 8 Slos of & pan
Sources of ol L. . . Mucilage . .
. Grain yield Biological yield Harvest Mucilage yield Water use
variations df percentage
index efficiency
sk
2 3658"™ 23529™ 7.55™ 0.224™ 14.3™ 0.0031ns
Block
cols &6
Sowing date 1 806564 2050430™ 284™ 0.00040™ 7327 0.732™
(SD)
w5
. 1 21594 82807™ 6.60™ 105™ 2737 0.02"
Species (S)
SxSb 1 21.8™ 36524™ 59.6" 0.378 456" 0.00003™
Uas
6 9282 18837 5.83 0.312 43.6 0.0085
Error
14.3 9.82 5.18 5.80 10.4 14.4
C.V. (%)

o, S s g Jloiml w50 I e g lo pime e Sl oS gy T

# NS
‘

", *and ™ non-significant and significant at 5 and 1% probability level, respectively.

Y Jogus aolol

Table 3 Continued.

S o S5 a5 o ol PR ERVERIRES) L Sl 37
Oy @alio 2 _,f o B Sz g gyl i &lo,l58
L sl ’ Number of Number of Plant 1000-
Sources of variations Leaf . Number of
df inflorescence achene per height seed
greenness . sub-branches .
per plant inflorescence weight
Sk
Block 2 4.84™ 18.8™ 0.083™ 18.1™ 4.08™ 0.657™
oc
csls )b
. 1 5.33™ 368™ 3.00™ 6745 30.07 0.129™
Sowing date (SD)
X
. 1 28.2™ 82.6™ 1.33™ 38.5™ 168™ 3.68"
Species (S)
CxSD 1 31.2" 20.0 0.000" 1.02" 14.0 1.20
Uas
6 11.8 66.6 2.19 70.8 3.97 0.606
Error
11.0 6.60 21.2 21.6 15.5 20.0 26.5
C.V. (%)

Aoy S iy Jleiml e )0 ls gine g o pire e Dglis s 5y

# NS
‘

ms,*and ™ non-significant and significant at 5 and 1% probability level, respectively.
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Table 4- The interaction effect of plant species and sowing date on the quantitative and qualitative characteristics of (L. iberica) and

(L royleana L.) species in autumn and spring sowing dates in dryland condition

e o s - e bls g sl Plwge o ,Slos . <.
chls & ,6 LS sbaigs S (S
. . Harvest Mucilage yield (kg
Sowing date Plant species . Leaf greenness
index (%) ha™)
o
L
. - 44.6° 29.49 47.8°
rin
Pring L. iberica
ok
49.9° 66.7° 59.4°
Autumn
o5k
. 38.7° 47.2° 46.0°
Spring
] L. royleana
ok
52.9° 109° 55.0°
Autumn

A5l K0S b gl cme Dolas wusys O Jlessl mdas jo ls e Sglas Pl 1 Sikes avslie g3l ulal p ailie By > b slaygi
Columns with similar letters are not significantly different from each other based on the mean comparison test of the minimum significant

difference at the 5% probability level.
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Table 5- Simple effects of plant species and sowing date on quantitative and qualitative characteristics of (L. iberica) and (L.

royleana) species in autumn and spring sowing dates in dryland condition

Lo olass 5 ,Slos s s ‘“”" <l
. . . DRt ) o,y -,
oo wep Gnel) whesle Sy T PTG
4 o ucilage  1000-
Number of Plant Grain yield Biologic 8 Water use
Treatments A 1 percentage seed
sub- height (cm) (kg ha™) yield %) ioht efficiency
° wei
branches (kg ha™) & (kgha™)
®
b sl
L. iberi 6.16° - - - 6.68° 3.48° -
. iberica
&l 5l
L | 13.6% - - - 12.60? 2.38° -
. royleana
o5l
- 77.8° 929.52 18107 - 0.8842
Autumn
o
L
g ; 30.40 411.0° 983" ; 0.390°
Spring

A K0S b gl sire Dglis wsy0 8 Jleis] mhaw jo e pixe Dglas Blas ke dlie (el ulal y asline B9y b sl
Columns with similar letters are not significantly different from each other based on the mean comparison test of the minimum significant

difference at the 5% probability level.
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Abstract

Introduction: The dragon's head, with the scientific name Lallemantia sp, is one of the medicinal
plants of the mint family (Lamiaceae). Dragon's head is a plant that has various uses due to its
medicinal and industrial properties as well as its use in agriculture. This plant is used in sustainable
agriculture in arid and semi-arid regions of Iran. Drought is one of the most important issues in the
cultivation of medicinal plants in arid and semi-arid conditions. Because one of the factors that may
have a significant adverse effect on plant growth is water scarcity. In contrast, the ability of plant
species to tolerate water deficit and wet conditions varies, and this characteristic is usually used to
identify drought-tolerant species. Dragon’s head ability to produce in dry conditions shows the
flexibility and adaptability of this plant in drought stress conditions. In summary, weather conditions
greatly impact the production and effectiveness of medicinal plants by affecting the levels of active
substances. Changes in sowing dates influence plant density and water availability during growth.
Effective irrigation planning, considering factors like water use efficiency, seed yield, and overall
water utilization, is crucial for maximizing plant growth and economic performance. By considering
weather conditions, adjusting sowing dates, and implementing efficient water management strategies,
farmers can enhance water use efficiency, economic performance, and the overall quality of medicinal
plant production. Considering the lack of information about the response of different dragon head
species in autumn and spring sowing under arid and semi-arid conditions, the present study was
conducted to investigate the effect of sowing date on yield and quantitative and qualitative traits of
dragon's head (L. iberica) and lady's mantle (L. royleana) in dry and semi-dry conditions.

Materials and Methods: To investigate the effect of planting date on the yield, quantitative and
qualitative traits of the dragon’s head (L. royleana and L. iberica) under dryland condition, a factorial
experiment was conducted in the form of a randomized complete block design in three replications.
The first factor was two types of Lallemantia (L. royleana and L. iberica), and the second factor was
the planting date (November 29 and March 8, respectively, as autumn and spring sowing).

Results and Discussion: The results showed that the simple effect of species on the thousand seed
weight at the 5% probability level, number of sub-branches was significant, mucilage percentage and
mucilage yield at the 1% probability level. So, the number of sub-branches and mucilage percentage
in L. royleana increased by 121.7% and 88.6%, respectively, compared to L. iberica. Also, by
examining the simple effect of sowing date (autumn and spring), the number of sub-branches
increased at the 5% probability level. Plant height, seed yield, biological yield, harvest index,
mucilage yield, and water use efficiency increased at the 1% probability level at the autumn sowing
date compared to the spring sowing date. In this regard, grain yield and water use efficiency on the
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autumn sowing date showed an increase of 125.8% and 126.6%, respectively, compared to the spring
sowing date. In addition, the mucilage yield and harvest index in the autumn sowing of L. royleana
were 271.3% and 36.6% higher, respectively, than the spring sowing of L. iberica.

Conclusions: In general, the sowing date of 29 November (autumn sowing) due to the length of the
season, favorable temperature, humidity, and sufficient rainfall compared to 8 March (spring sowing)
can be considered suitable for both (L. royleana and L. iberica) dragon's head species under dryland
condition. In addition, considering the soil salinity conditions in this study and the increase in
mucilage of L. royleana species compared to the L. iberica species, it is necessary to carry out
additional research in field condition.

Keywords: Drought stress, Medicinal plant, Mucilage, Spring sowing, Water use efficiency
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Table 1- Physical and chemical properties of soil at the test site (2021-2021)
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Table 2- Mean squares obtained from combined analysis of variance the effect of experimental factors on functional traits
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Table 3- Comparison of the average interaction effect of herbicide and nitrogen fertilizer on some characteristics of beans
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Table 4- Comparison of the average main effect of herbicide and nitrogen fertilizer on some characteristics of beans
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Columns with common letters do not have a statistically significant difference by LSD test at the level of 5.
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Table 5- Comparison of the average interaction effect of herbicide and nitrogen fertilizer on some characteristics of beans
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Columns with common letters do not have a statistically significant difference by LSD test at the level of 5.
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Abstract

Introduction: Beans are known as an important plant in agriculture and are cultivated in many
tropical and temperate regions. The presence of weeds reduces the performance of this valuable plant,
which can be compensated by the use of herbicides, but excessive use of herbicides causes damage
to the environment, which shows the need to identify the appropriate dose. Nitrogen fertilizer also
increases the yield of beans and weeds.

Materials and Methods: Therefore, the present study examines the mutual effect of herbicide and
nitrogen fertilizer on the performance characteristics of broad beans and weeds in heavy and sandy
soils of two regions of Dareh Shahr and Malekshahi during the crop year of 2020-2021 in llam
province (Iran). The experiment was performed as a split plot in the form of a basic design of
randomized complete blocks with three replications. The first factor includes 5 levels of Treflan
herbicide with EC 48% (no use, 0.5, 1, 1.5 and 1 liter per hectare) and 5 levels of haloxyfop armetyl
herbicide with EC 10.8% (no use, 0.3, 0.6, 0.9 and 1.2 l.ha). The second factor included nitrogen
fertilizer at 3 levels: 0, 50 kg.ha* and 100 kg/ha.

Results and Discussion: The results of the average comparison showed that the highest seed yield
was obtained in the treatment of 50 kg of nitrogen per hectare and the consumption of 0.9 liters per
hectare of haloxyfop in the amount of 2506.3 kg per hectare, which is compared to the lowest amount
in the treatment of no nitrogen consumption and no consumption. Herbicide increased by 68%. There
was no significant difference between 50 kg of nitrogen per hectare and the use of 0.9 liters per hectare
of haloxyfop with the treatment of 50 kg of nitrogen per hectare and the use of 1.5 or 2 liters per
hectare of treflan. There was no significant difference between the superior treatment with the
treatment of 50 kg of nitrogen per hectare and the consumption of 0.6 liters per hectare of haloxyfop.
Also, at all levels of nitrogen fertilizer use, increasing the use of haloxyfop or treflan by 1.2 and 2
liters per hectare, respectively, caused a decrease in this index. Increasing consumption from 50 to
100 kg per hectare caused a decrease in grain yield, which was significant in some treatments. The
highest wet weight of weeds was obtained in the treatment of maximum nitrogen fertilizer application
and no use of haloxyfop in the amount of 283.7 grams per square meter, which is compared to the
lowest value in the treatment of no nitrogen application and the use of 1.5 liters per hectare of Treflan.
It increased about 1/4 times. Also, at all levels of nitrogen fertilizer use, increasing the use of
haloxyfop or treflan up to 0.9 and 1.5 liters per hectare, respectively, caused a decrease in this index,
but in the case of maximum herbicide use; Weed fresh weight decreased. Also, increasing the
consumption from 0 to 100 kg per hectare increased the wet weight of weeds.
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Conclusion: In general, the results of this study showed that with the consumption of 50 kg of
nitrogen, the yield can be produced almost equal to the consumption of 100 kg of nitrogen per hectare.
Therefore, by reducing the consumption of nitrogen, the harmful environmental effects of this type
of fertilizer are also reduced and help to maintain the sustainability of the environment. Also, with
regard to the two herbicides, Treflan and Haloxyfop, it is possible to produce a good yield and reduce
the weight and density of weeds by consuming 1.5 and 0.9 liters per hectare, respectively. Because
there was no significant difference with the treatments of 2 and 1.2 liters per hectare of treflan and
haloxyfop. On the other hand, this event also reduces the environmental risks of using herbicides.

Keywords: Grain yield, Haloxyphop, Treflan, Urea, Weed density
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Table 2- Group analysis variance (mean square) of foliar application of common and nano-particle forms of iron and zinc fertilizers

on yield and some related traits in seed corn
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s and ™" are respectively insignificant and significant at the probability level of one percent
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Table 3- Analysis of variance (mean square) of foliar application of common and nano-particle forms of iron and zinc fertilizers on

yield and some related traits in seed corn
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Table 4- Group means comparison of foliar application of common and nano-particle forms of iron and zinc fertilizers on some traits

related to yield in seed corn
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In each column, the averages with the same letters do not have a significant difference based on the LSD test at the five percent probability
level.
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Figure 1- Group means comparison of foliar application of common and nano-particle forms of iron and zinc fertilizers on grain
yield in seed Corn. In each column, the averages with the same letters do not have a significant difference based on the LSD test at

the five percent probability level.
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Table 5- Means comparison of foliar application of different concentrations of common and nano-particle forms of iron and zinc
fertilizers on some traits that related to yield in seed corn
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In each column, the averages with the same letters do not have a significant difference based on the LSD test at the five percent probability
level.
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Table 6- Analysis of variance (mean square) of common and nano-particle forms of iron and zinc fertilizers on some characteristics
related to yield in seed corn
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Table 7- Analysis of variance (mean square) of different concentrations of common and nano-particle forms of iron and zinc
fertilizers on some traits that related to yield in seed Corn
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Figure 2- Means comparison of foliar application of different concentrations of common and nano-particle forms of iron and zinc

fertilizers on grain yield of seed Corn. In each column, the averages with the same letters do not have a significant difference based
on the LSD test at the five percent probability level.
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Table 8 - Mean comparison of the effect of fertilizer groups on the number of grains in cob (A) and mean comparison of the impact

of various concentrations of iron and zinc nanoparticles and common form on the number of grains in cob and the plant height seed
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Table 9- Correlation coefficients of grain yield with some agronomic traits in corn under the effect of foliar application common and

nanoparticle forms of iron and zinc
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Abstract

Introduction: Despite the high importance of corn seeds in various uses like green cobs, baby cobs,
sweet corn, and popcorn, the production of oil, starch, dextrose, and syrup, less than ten percent of
corn grains consumed in the country is supplied through domestic production. Deficiencies in the
absorbable form of iron (Fe) and zinc (Zn) exist in most agricultural lands worldwide. This deficiency
severely reduces the quantity and quality of crop yields such as maize. Lack of micronutrients in most
agricultural soils of arid and semi-arid regions, such as most farming regions of Iran, is due to low
absorbable form of micronutrients, imbalance with NPK fertilizers, high pH and low percentage of
organic matters in soil and high bicarbonate content in irrigation water. By eliminating the lack of
micronutrients through foliar spraying, it is possible to increase the grain yield of agricultural plants.
Therefore, this study aimed to investigate the effect of traditional and nanoparticle forms of iron and
zinc on some single cross-600 popcorn agronomic traits.

Materials and Methods: This research was conducted as a completely randomized block design with
three replications in the research farm of Razi University, located in Kermanshah city at 1319 meters
above sea level in the crop year 2019-2020. This research investigated popcorn (single cross 600)
with maternal line K1533 and paternal line ZK4722AA. In each block, there are 13 foliar treatments,
including traditional and nanoparticle forms of iron and zinc (zero, 4, and 8 g lit-1) and combined
nanoparticle treatments of iron4 x zinc4, iron4 x zinc8, iron8 x zinc4, and iron8x zinc8. The foliar
spraying treatments were applied twice at the beginning of vegetative growth and the beginning of
flowering. The data were subjected to analysis of variance by SAS, and means Fisher’s Protected
method (LSD 5%) was used for mean separation.

Results and Discussion: The results showed that all fertilizer concentrations and fertilizer groups
(traditional iron, nanoparticle iron, traditional zinc, nanoparticle zinc, and combined forms) caused a
significant increase in grain yield, dry forage yield, harvest index, the number of cobs per plant, the
number of seeds in cobs and the number of rows in cob compared to the control treatment. However,
they had no significant effect on the weight of 1000 seeds. The highest increase in grain yield
compared to the control treatment (3590 kg hat) was related to the two treatment groups of traditional
iron and nanoparticle ironxnanoparticle zinc with 81%. The treatment of iron nanoparticle8xzinc
nanoparticle4 caused the most significant increase in grain yield (132%) compared to the control
treatment. The number of seeds per plant was affected by fertilizer treatments more than the trait of
the 1000 seed weight. The 1000 seed weight is probably controlled under the influence of genetic
factors. It seems that the foliar application of micronutrients by eliminating their deficiency and their
nutritional effect probably increases the balance in the growth and regulation of plant development
processes and ultimately causes a significant increase in grain yield. Different concentrations of iron
and zinc nanoparticle fertilizers were significantly more effective in increasing grain yield than
different concentrations of iron and zinc common fertilizers. This result may be due to the
characteristics of shape, size, distribution, and nanoparticle fertilizers compared to common
fertilizers.
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Conclusion: The significant increase in grain yield under the influence of foliar spraying treatments
indicated a significant lack of absorbable forms of iron and zinc elements and their critical role in the
formation of corn grain yield in similar areas (arid and semiarid regions). Nanoparticle forms of iron
and zinc fertilizers increase grain yield more effectively than traditional forms.

Keywords: Dry forage yield, Plant height, Single-cross, Stem diameter, The 1000 seed weight, The
number of seeds in row
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Figure 1- Average monthly temperature of 2018 (triangle) and monthly temperature of 2019 (square), rainfall of 2018 (dark column)

and rainfall of 2019 (light column) in the study area
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Figure 2- The relationship between the observed and predicted yield. Dashed lines represent the top and bottom 20 percent
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Table 2- The contribution of each investigated factor in the creation of soybean yield gap
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Figure 3- The contribution of different factors in the gap of soybean yield in the studied area
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Abstract

Introduction: Soybean (Glycine max) is one of the important food crops, which is rich in protein and
vegetable oil. Soybean is the only legume with ample amount of essential omega-3 fatty acid and
alpha-linolenic acid. One of the primary challenges in soybean production in the central region of
Mazandaran province, Iran, is the substantial difference between actual and attainable yields, referred
to as the yield gap. In recent years, this gap has been noteworthy. Closing the disparity between actual
and potential yield, achievable through proper management, necessitates a detailed investigation and
analysis of its underlying causes. Thus, identifying soybean yield-limiting factors is crucial. This
study was conducted in Babolsar, located in the central region of Mazandaran province, Iran, to
simultaneously recognize the best management practices, assess the percentage of affected fields, and
estimate soybean yield potential and gaps using the Comparative Performance Analysis (CPA)
method.

Materials and Methods: This study aimed to evaluate the factors limiting wheat yield in Babolsar
County using the CPA method during the 2019-2020 period. Information collection, including
planting dates, cultivation and harvesting activities, and soil physicochemical properties, was carried
out through fieldwork and personal interviews with farmers. A total of 120 soybean fields within the
geographical scope of the study area were monitored each crop year. Information related to soil
characteristics, including EC, pH, percentage of organic carbon, absorbable phosphorus, absorbable
potassium, percentage of clay, percentage of silt, percentage of sand, and soil texture class was
obtained using soil tests and digital maps available in the agriculture organization of Babolsar. In the
Comparative Performance Analysis method, stepwise regression was employed to examine the
relationship between variables and yield. The yield gap rate, its causal factors, and the contribution
of each factor to the yield gap creation were estimated.

Results and Discussion: Among the investigated variables, a model with seven independent variables
(farmer experience, plant density, frequency of nitrogen fertilization use, starter fertilizer, frequency
of pesticides, and herbicides) was selected as the final regression equation. The results of the yield
model indicated a difference of 1736 kg/ha between attainable (4059 kg/ha) and actual yield (2323
kg/ha). Notably, farmer experience, plant density, frequency of nitrogen fertilization use, starter
fertilizer, frequency of pesticides, and herbicides use had the most significant influence on soybean
yield gap in the study area, contributing 15.6% (261.71 kg/ha), 24.6% (426.58 kg/ha), 8.3% (143.4
kg/ha), 3.3% (57.97 kg/ha), 16.7% (288.79 kg/ha), and 31.5% (545.79 kg/ha) respectively. Every
plant needs the right time for fertilization for more yield. If the best fertilization time is not chosen
for the plant, later or earlier fertilization will cause harmful effects in the plant. Weed control emerged
as a crucial factor for increasing crop yield, emphasizing the importance of selecting optimal plant
density based on regional climatic and soil conditions. Pesticide use played a vital role in pest control,
contributing to a considerable reduction in pest damage and increased yield. Although farmers'
experience had a significant role in the yield gap (15.6%), it was underscored that experience alone,
without scientific knowledge, might be insufficient. The study emphasized the need for farmers to
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adopt scientific principles to enhance productivity. Additionally, the proper use of fertilizers at the
plant's critical stages was highlighted to increase soil nutrient levels and improve nutrient efficiency.
Conclusion: This study employed the Comparative Performance Analysis to determine optimal
requirements for various management factors in soybean cultivation, aiming to achieve the highest
yield. Through proper agricultural management and modification of influencing factors, the study
suggests that it is possible to reduce the disparity between attainable and actual yields, ultimately
achieving desired results.

Keywords: Attainable yield, Actual yield, Crop management, Plant density, Yield gap
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Table 1- Soil physical and chemical properties
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Table 2- Analysis of variance for some morphophysiological traits of saffron under the influence of first irrigation time and
application of chelate and Nano iron and zinc fertilizers
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3! Number Stigma o ) i Chlorophyll Chlorophyll
Sov Number Flower Safranal Crocin Picrocrocin Proline Leaf
df  ofleaf dry . a b
of flower dry . protein
per plant weight
per m?  weight
s
o 2 3.82 1433 0.003 1001.94 35.40 3.11 0.68 7.43  0.045 4.40 10.95
Replication
sl ol
Js!
First 2 20.11" 62.90™ 0.02° 1637.60" 4.11™ 77.78" 72977 31.00™ 0.033™  27.50™ 44.09
irrigation
time(l)
a glas
£ 4 3.85 1859 0.004 160.19 234 14.42 3.61 12.14  0.027 1.29 4.42
a
55
. 27.76™ 142.44™ 0.05™ 1958.83™ 38.66" 35277  32.28™  53.767 0.044"  47.85" 57.37"
Fertilizer(F)
I<F 12 1.35™ 257" 0.004™ 126.15° 373" 231" 5.52" 2.85™ 0.004™ 2.39™ 3.07™
b slas
Eb 36 0.86 366  0.003 59.70 0.81 1.26 0.86 459  0.004 157 3.16
7.12 8.96 11.97 3.87 2.52 0.67 1.28 0.22 5.18 0.24 1.21
CV(%)
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*and ** are significant at the 5 and 1% probability levels, respective and ns, not significant
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Table 3- Mean Comparison for some morphophysiological traits of saffron under the influence of first irrigation time
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Js G0 @ Fe 0 F g S R Sy a Judg,ls b Jubg L5
Number Number Flower Crocin Proline Leaf Chlorophylla  Chlorophyll b
First d 0
L ll'S. of leaf per  of flower ‘ry (E™ 440nm) (mg.kg™) protein (ng.gh (ng.gh
irrigation 5 weight .
N plant per m" 5 (g.100g™)
time (g.m%)
11 13.95% 23.24° 0.48° 169.95% 961.24% 1.26% 518.37% 148.28%
12 12.00° 20.90° 0.46% 168.52% 962.38% 1.25% 517.73% 147.84%
13 13.09® 19.86% 0.42° 166.14° 963.67% 1.19% 516.15° 145.58°
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*Means in each column having at least a common letter are not significantly different by the Duncan test at 5 % probability level.
okl olsl )b e s34 12 01

11, 12 and 13 of first irrigation time, respectively.
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Table 4- Mean Comparison for some morphophysiological traits of saffron under the influence of application of chelate and Nano
iron and zinc fertilizers

Y WS polaai e S5 ol LS 539 oeweS oHan I a Judg ks b Judg,ls
Fertilizer &g X0 yo 5 Proline Sy Chlorophyll  Chlorophyll
(kg-ha™)  Number of Number of Flowerdry  (E®omm)  (Mmg.kg' Leaf a b
leaf flower weight Y protein (ngg?) (ng-g™)
per plant per m2 (g.m?) (9.100gh
FO 10.78¢ 15.89¢ 0.34¢ 165.22¢ 964.22% 1.10° 513.16¢ 143.31¢
F1 10.67¢ 17.119 0.40¢ 166.44° 965.892 1.19° 516.00¢ 144.49¢
F2 12.33¢ 20.33° 0.43b° 167.67¢ 962.00° 1.20° 517.37° 147.31¢
F3 13.89° 23.56° 0.46° 168.89° 964.112 1.272 518.842 148.43%
F4 14.11% 20.78° 0.46° 168.56 961.78° 1.272 517.37° 147.40¢
F5 14.44% 26.442 0.542 171.228 959.33° 1.272 519.232 149.40%
F6 14.89° 25.22% 0.54° 169.44° 959.67°¢ 1.312 519.942 150.24°
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Means in each column having at least a common letter are not significantly different by the Duncan test at 5 % probability level.
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FO, control, F1, F2 and F3: 4, 8 and 12 kg.ha* of iron and zinc chelate fertilizer, F4, F5 and F6: 4, 8 and 12 kg.ha* of Nano-chelate iron and

zinc fertilizer, respectively.
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Table 5- Mean square of interaction of irrigation time x application of chelate and Nano fertilizer in some morphophysiological

traits of saffron
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First Number Flower Stigma Safranal Crocin Picrocrocin Proline  Leaf
.. Df  of leaf . a b
irrigation of flower  dry dry protein
.. per plant
timing per m? weight weight
11 6 1049™ 51.86™ 0.025™ 836.67" 30.02" 15.82"  20.41™  17.63" 0.012" 13.84™ 19.98™
12 6 14.78™ 51.86™ 0.014™ 432.20™ 11.49™ 16.43" 13.76™  20.82™ 0.014™  18.94™ 28.66™
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5.19™  43.87" 0.016™ 942.24™ 459 7.65™ 3.16™ 21.00" 0.026™ 19.85™ 14.86™
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*and ** are significant at the 5 and 1% probability levels, respective

11,12 and I3 of first irrigation time, respectively.
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Table 6- Mean comparison interaction of irrigation time x chelate and Nano iron and zinc fertilizer application in some
morphophysiological traits of saffron

. e L 039 039
ol a‘“\f S ol S S w‘:”f 5 ;
Jslgstel  °% ” J ro 5 s JUISle gy g9 ude g Sro 20l bdats
First ~Fertilizer N 4,5; N é’,: Flower Stigma Safranal Crocin Picrocrocin Proline pf(ftifn Chlor:phyllChlorl())phyll
irr.ig?ﬁon oufl:]ea‘;r oflill:wz dry dry - (E%mn) (o) (Em) - (k) (g.100g  (ng.gh) (ng.g™
timing , Weight weight 1
per plant per m )
(g.m’) (mg.m?)

FO 11.009 16.67¢ 0.34° 185.82° 31.94° 166.67° 69.33° 963.67% 1.13° 514.30¢ 144.43°

F1 12.00% 19.00° 0.42° 190.85° 32.51° 168.00° 71.67¢ 964.67¢  1.24° 517.00° 145.33°

11 F2 13.33¢ 22.67° 0.47° 205.87° 34.94° 170.00° 73.009¢  959.33%¢ 1.25* 518.77%  148.57%®
F3 15.00° 26.00® 0.48° 213.02° 38.63* 170.33" 74.00°  962.67% 1.31°  519.30® 149.10®

F4 15.00° 23.67 0.47° 208.08"° 36.04° 170.00° 73.009  960.67° 1.29* 51847 148.33°

F5 15.67?2 28.00° 0.59* 236.96° 39.58* 174.00° 77.33° 959.00¢ 1.31° 520.17® 151.00®

F6 15672 26.67° 0.6la 21244 39.26° 170.67° 75.67° 958.67¢ 1.30° 520.60% 151.172

FO 10.00% 16.33¢ 0.40° 177.80° 32.81° 165.67° 69.33° 964.33* 1.12° 512.40° 143.63¢

F1 867¢ 16.33¢ 0.38° 192.88° 33.07° 165.67° 71.33¢ 964.67° 1.21*  517.70° 144.10¢

F2 10.67¢ 20.00° 0.39° 201.47® 33.93¢ 167.33° 74.00° 963.67° 1.22%c  518.30% 146.63%

12 F3 12.67° 23.00° 0.44° 208.40° 37.20° 170.33® 73.00% 964.67° 1.30% 518.67® 149.20®
F4 14.00® 19.00¢ 0.50® 210.79*° 35.87° 169.33" 72.33%  961.67% 1.31% 517.57° 149.23®

F5 13.67%® 27.33* 056° 210.50° 37.43* 171.67° 76.007 958.67° 1.30%  519.40® 151.07%

F6 14333  24.33* 0.52% 205.39° 36.52® 169.67° 74.00° 959.00° 1.28%  520.07% 151.00*

FO 11.33¢ 1467" 0.27° 160.59° 34.01° 163.33° 68.33° 964.67 1.06° 512.77¢ 141.87¢

F1 11.33¢ 16.00°" 0.39° 168.61° 35.04* 165.67° 69.33 968.33° 1.13*  513.30% 144.02¢

F2 13.00° 18.33% 0.44® 196.07° 35.72° 165.67° 69.67  963.00°¢ 1.12° 51503 = 146.73%°

13 F3 14,00 21.67° 0.47® 202.38% 36.19% 166.00° 70.33®  965.00® 1.21° 518.57% 147.00®
F4 13.33% 19.67% 0.42% 202.32° 35.26* 166.33® 70.00°  963.00°¢ 1.20° 516.07° 144,63

F5 14,00 24.00® 0.48 202.02° 37.48 168.00° 71.67% 960.33¢ 1.21° 518.13% 146.20%°

F6 14.67° 24.67° 0.48* 198.70*° 37.26°  168.00* 70.33%  961.33% 1.35% 519.172 148.57%

Al ls e g5kl B o j0 B Jleizl ghans Sils (glarals siz ge3] Gelul p diies S pde Bgy S p0 JBlas a5 ol Lo (gt o 50

*Means in each column having at least a common letter are not significantly different by the Duncan test at 5 % probability level.
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59,5 ool S
FO, control, F1, F2 and F3: 4, 8 and 12 kg.ha* of iron and zinc chelate fertilizer, F4, F5 and F6: 4, 8 and 12 kg.ha® of nano-chelate iron and
zinc fertilizer, respectively.

11, 12 and 13 of first irrigation time, respectively.
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Abstract

Introduction: Numerous factors influence the quantity and quality of saffron. Climate and
temperature are important factors in determining the time of the initial irrigation Applying the initial
irrigation at the appropriate time in each area enables the management of flowers in terms of earlier
emergence than leaves, while also increasing the quantity and quality of the product and lowering
harvest costs. The timing of the initial irrigation was critical for the corms to awaken. Nutrient
availability, particularly microelements such as iron and zinc, is another critical factor in saffron
cultivation. Iron is required for chlorophyll synthesis, while zinc is required for chlorophyll,
carbohydrates, and tryptophan synthesis. Chelate micronutrients, according to researchers, are more
effective than conventional compounds. The purpose of this study was to determine the response of
saffron's morphophysiological characteristics to the first date of irrigation and the application of iron
and zinc fertilizers in chelate and Nano-chelate forms.

Materials and Methods: This experiment was conducted in Faraman Dorod village of Kermanshah
province in 2016-2017 to determine the effect of first irrigation time and chelate and Nano-chelate
forms of iron and zinc fertilizers on the morpho-physiological characteristics of saffron. Split plots
were used in a randomized complete block design with three replications. The first irrigation time was
on November 31 Oct, 10 and 20 Nov as main plots, and chelate and Nano-chelate fertilizers were
included as subplots in levels (F1, F2, and F3 at 4, 8, and 12 kg.ha* from iron and zinc chelate
fertilizers, respectively, as well as F4, F5, and F6 at rates of 4, 8, and 12 kg.ha* from iron and zinc
Nano-chelate fertilizers, respectively, and control (FO, without fertilizer)). SAS software, version 9.1,
was used to conduct analysis of variance on the data. The Duncan test indicates that the means in each
column that has at least one letter are not significantly different at the 5% probability level.

Results and Discussion: The results revealed that the first irrigation date and fertilizer had a
significant impact on the number of leaves per plant, flower dry weight, stigma dry weight, crocin,
picrocrocin, and chlorophylls a and b. The application of the first irrigation on 10 October resulted in
the highest dry weight of flowers (0.48 g.m™) by approximately 14.29 percent compared to the
application of the first irrigation on 30 October. Under the influence of fertilizer, the application of
12 kg.ha? of iron and zinc Nano-chelates produced the highest flower dry weight. The application of
fertilizer decreased the amount of proline, with 12 kg/ha of nano-iron and nano-zinc chelates
producing the lowest levels. Under the influence of the interaction between the date of the first
irrigation and the type of fertilizer, significant differences were observed between the examined
treatments. According to the results, the dry weight of stigma and safranal increased with earlier
irrigation dates, and the highest dry weight of stigma (236.96 mg.m2) was obtained by applying 8
kg.ha of nano-iron chelate and zinc with the first irrigation on 10 November. The highest dry weight
of stigma increased by 47.56 percent when compared to the initial irrigation treatment on 30
November and no fertilizer application (160.59 mg.m).

Conclusion: The results showed that to obtain maximum stigma yield, 1st of November for first
irrigation and the application of 12 kg.ha* of chelate or 8 kg.ha* of Nano-chelate is suitable.

Keywords: Crocin, Picrocrocin, Proline, Stigma weight
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Table 3- Mean comparisons of interaction of intercropping and nitrogen fertilizer on shoot dry weight of guar (g/plant)
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Intercropping arrangement
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Three row of guar + two row of roselle
)l 508 LLSD yge3] ulusl 3 auoyo gty rlaes 5o (5l e BT oS e By (gl sl Sile
Means with the same letter, have not significantly different at 5% based on LSD test.

S1gS g 50 M Slani (439,55 995 9 balso weliS’ Jliiio 5l (12Sileo Wl lio -F Jur
Table 4- Mean comparisons of interaction of intercropping and nitrogen fertilizer on no. of pods per plant of guar

03955 095
balie cuiaS il Nitrogen fertilizer
. 03954 B pan pus 6385 ko o yo b ©985 3l w0y Ve
Intercropping arrangement ) - N
Non-nitrogen 50% of fertilizer 100% of fertilizer
fertilizer requirement requirement
g5 Lalls s
oo 30.1f 328¢c 345a
Sole cultivation of guar
Gl CiS s, Sy lsS caS s, Sy
217 I-n 27.9i 30.0fg
One row of guar + one row of roselle
ShF Slr S @, S+ leS CliS iy 90
22.21 27.7i 30.2 ef
Two row of guar + one row of roselle
Ol Sl SIS S iy d
29.3h 31.8d 335b
Three row of guar + one row of roselle
PP Sl S sy 9+ IS SuiS hs, S
21.5mn 21.8Im 23.0k
One row of guar + two row of roselle
OvF sl S @) r I ciS o, SO
21.1n 22.11Im 26.6 ]
One row of guar + three row of roselle
OO Sy S i, s+ T CaS (w90
22.0Im 30.0 fg 30.8 ef
Two row of guar + three row of roselle
O lr S i, 9o+ T S e
29.4gh 30.2 ef 31.8d

Three row of guar + two row of roselle
5,105 5085 LLSD (9031 olusl 1 ausy0 gty b 50 (gl me DS oS e By (gl sl Silea
Means with the same letter, have not significantly different at 5% based on LSD test.
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Table 5- Mean comparisons of interaction of intercropping and nitrogen fertilizer on no. of seeds per pods of guar

(395 085

Nitrogen fertilizer

bglio S ol

Intercropping arrangement

0395 B pan pas

Non-nitrogen

995 L oy B 6995 b doyo Ve

50% of fertilizer 100% of fertilizer

fertilizer requirement requirement
s LAl s
L 7.36¢C 8.10b 8.40a
Sole cultivation of guar
SO Gl ST oy S+ leS csS sy S
6.06 e 7.10d 7.36¢
One row of guar + one row of roselle
OO Sl S o) o+ leS S iy g0
6.06 e 7.06d 7.06d
Two row of guar + one row of roselle
OV sl Sl @y, o+ leS S @) aw
7.06d 8.06 b 8.06 b
Three row of guar + one row of roselle
ShF Sl ST i, 9o+ lT S s, S
5.93¢ 6.00 f 6.06 e
One row of guar + two row of roselle
O lr S s s r IS canS e, SO
5.96 fg 6.06 e 7.10e
One row of guar + three row of roselle
OO Sy S i, s T CaS iy, g0
6.06 e 7.06d 7.36¢
Two row of guar + three row of roselle
O slr S sy g+ IS CllS o
7.06d 7.10d 740c

Three row of guar + two row of roselle

5105 55085 LLSD fya03] ulusl 1 ausyo gty mlans 4o (5l e BV oS e By (g ls sla g Sile
Means with the same letter, have not significantly different at 5% based on LSD test.
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Table 6- Mean comparisons of interaction of intercropping and nitrogen fertilizer on 100 seeds weight of guar (g)

O3k 995

Nitrogen fertilizer

bglio el ol

Intercropping arrangement

0395 by pors

Non-nitrogen

995 L oy B 995 b doyo Vee

50% of fertilizer 100% of fertilizer

fertilizer requirement requirement
55 Al s
. 5.46d 597c 6.16 b
Sole cultivation of guar
OOF Sl ST sy S+ leS csS sy Sy
3.97m 5.06 h 5.46 d
One row of guar + one row of roselle
O Glr S a0, S+l iS00
4.06 | 4.90i 5.16¢9
Two row of guar + one row of roselle
Ol S e, S+l tS iy aw
51649 597c 6.33a
Three row of guar + one row of roselle
OO Sl S o, 9o+ lT s (s, S
3.86n 3.97m 4.26 k
One row of guar + two row of roselle
O lr S syt IS S e, S
3.760 3.97m 4.76]
One row of guar + three row of roselle
OO Sy ST o, s + T S (o, g0
3.97m 5169 5.36e
Two row of guar + three row of roselle
O lr S s,y 9o+ IS s (e d
4.96 i 526 f 5.40 de

Three row of guar + two row of roselle

55 %0050 LLSD (yge)T ol oy iy gelans 3 (60 cre BOST oS jiie B> (ol slonuSilis
Means with the same letter, have not significantly different at 5% based on LSD test.
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Table 7- Mean comparisons of interaction of intercropping and nitrogen fertilizer on pod length of guar (cm)

0395 095
Nitrogen fertilizer

bglke colS il
Intercropping arrangement

039558 B pas pus
Non-nitrogen

6995 b duoyo B¢ 995 HLd oy Ver

50% of fertilizer 100% of fertilizer

fertilizer requirement requirement
IS oalls s
o 6.16 d 6.70¢c 6.83 bc
Sole cultivation of guar
P sl S sy SO+ IS citS sy SO
4.80] 5.60 h 6.00 de
One row of guar + one row of roselle
OO Sl ST @, S+ leS CuiS iy 90
5.10i 5.90 ef 5.93 ef
Two row of guar + one row of roselle
OV sl Sl @y, o+ leS S @) aw
5.80 fg 6.90 b 740a
Three row of guar + one row of roselle
OhF Sl ST i, 9o+ lT S (o, S
473 jk 4.80]j 490]j
One row of guar + two row of roselle
v sl S @)+l ciS o) SO
4.60 k 4.80] 5.70 gh
One row of guar + three row of roselle
O sl S sy s + )l cliS o, g0
4.80] 6.00 de 6.70c
Two row of guar + three row of roselle
OO Sy S i, 9o+ T S o)
570 gh 5.90 ef 6.16d

Three row of guar + two row of roselle

5105 5008, LLSD 5031 olesl 1 auoyo gty b 50 (gl cme DS oS e By (gl sl Silee
Means with the same letter, have not significantly different at 5% based on LSD test.
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Table 8- Mean comparisons of interaction of intercropping and nitrogen fertilizer on seed yield of guar (g/m?)

O3k 995

Nitrogen fertilizer

bylis e gl

Intercropping arrangement

03958 B pan pas

Non-nitrogen

995 L oy B

50% of fertilizer

$995 Sl wey Ve
100% of fertilizer

fertilizer requirement requirement
55 s s
. 315 d-f 342b 357a
Sole cultivation of guar
OOF Sl ST sy S+ leS CsS sy Sy
248 k 296 g 320 de
One row of guar + one row of roselle
OOF Sl ST @, S+ leS CutS iy 90
264 h-j 295 g 316 d-f
Two row of guar + one row of roselle
Ol S e, S+l tS iy aw
311 ef 333 bc 355a
Three row of guar + one row of roselle
OhF Sl S o, 9o+ lT S s, S5
261 h-j 264 h-j 265 h
One row of guar + two row of roselle
O lr Sl st IS S e, SO
255 i-k 265 hi 2864
One row of guar + three row of roselle
OO Sy ST o, s T S (w90
254 jk 312 ef 325cd
Two row of guar + three row of roselle
O lr S s,y 9o+ IS s (e d
309 f 314 d-f 323cd

Three row of guar + two row of roselle

5105 5008, LLSD 5031 elusl 1 oo y0 gty grbans (o (gl cme DT oS e By (gl (sl Sl
Means with the same letter, have not significantly different at 5% based on LSD test.
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Abstract

Introduction: Guar is an annual plant that tolerates salinity and drought from the legume family,
which can be used as an alternative product in low water plains. Considering the characteristics of the
guar, such as having the ability to biologically nitrogen fixation and a relatively deep root system,
high adaptability to drought and poor soils, high competitive power and favorable morphology, it
seems that placing it in intercropping cultivation, it can increase the efficiency of final yield of
intercropping crops. Utilizing the intercropping system for plants, is an effective measure to improve
soil fertility, increase the absorption of nutrients and improve the efficiency of water consumption,
and it is considered one of the most important scientific methods to help maintain the stability and
balance of the living system of the soil. Therefore, this research was carried out with the aim of
comparing different patterns of intercropping cultivation of guar next to the roselle with its pure
cultivation at different levels of nitrogen fertilizer in field of Toos Planting Manager Company in
Taybad city, located in Polband plain.

Materials and Methods: The experiment was performed as a split plot in the form of a randomized
complete block design with two factors and in three replications. The first factor included eight ratios
of mixed crops, which were implemented as follows: sole cultivation of guar, one row of guar + one
row of roselle, two row of guar + one row of roselle, three row of guar + one row of roselle, one row
of guar + two row of roselle, one row of guar + three row of roselle, two row of guar + three row of
roselle and Three row of guar + two row of roselle. The second factor included nitrogen fertilizer,
based on recommendation of the soil laboratory, at three levels: without giving nitrogen fertilizer
(zero kg per hectare) and 50 and 100 percent of guar’s requirement for nitrogen, one half at the time
of planting and the other at the time of pod formation.

Results and Discussion: The results indicated a significant superiority of sole cultivation of guar
treatment in 100 percent of guar's requirement for nitrogen fertilizer in terms of the number of pods
per plant and the number of seeds per pod. Nevertheless, in attributes of pod length and weight of 100
seeds, significant superiority changed in favor of treatment of three row of guar + one row of roselle
under conditions of 100 percent of guar's requirement for nitrogen fertilizer. In attributes of shoot dry
weight and seed yield, the two treatments of sole cultivation of guar and three row of guar + one row
of roselle in condition of providing 100 percent of nitrogen fertilizer requirement have a significant
advantage and were placed in a statistical group.

Conclusion: Based on the results of this research, in terms of shoot dry weight, yield components and
seed yield, the only treatment that was in the same statistical group with sole cultivation of guar or
had a small statistical difference with it, is the treatment of three row of guar + one row of roselle in
the condition of supplying 100 percent of nitrogen fertilizer requirement. Therefore, it seems that this
intercropping combination is recommendable for farmers who like this type of planting system.
Because doing intercropping for species with different phenology can increase the productivity of
agricultural lands while creating biodiversity and guaranteeing production. Also, according to the
findings of present research, the reduction of nitrogen fertilizer consumption to less than requirement
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of guar was effective in reducing the yield and its yield components. Therefore, it is recommended to
use full nitrogen fertilizer based on recommendations of the soil laboratory.

Keywords: Fertilizer requirement, Intercropping arrangement, 100 seeds weight
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