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Table 1- Results of physical and chemical properties of the test soil
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Table 2- Analysis of variance (mean squares) the effect of harvest time on some morphological traits of millet cultivars
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Sources of . Number of leaves A Number of tillers

L. df Plant height Stem diameter
variation per plant per plant
Sl . a
O 2 67.5 219 ™ 0.28 ™ 16
Replication
Cls  oyle;
o 3 4306.3 ** 0.01™ 0.08™ 9.3 %
Harvest time (a)
@) ol
6 11.3 0.49 0.07 0.26
Error a
% 2 460.3 ** 18.23* 5.86 * 82.06 **
Variety (b)
o 6 1246 0.0006™ 017" 678"
axb
(b) sl
16 25.1 0.71 0.25 0.3
Error b
7.8 8.7 13.6 331
C.V (%)
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*,** and ™ show significance at 5 and 1% level and non-significance, respectively
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Figure 1- Comparison of the mean interaction between harvest time and cultivar on plant height of millet
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Table 3- Comparison of the mean of some morphological traits, dry stem yield and leaf to stem ratio in foxtail millet cultivars and

lines
) &gy S yoloay adlw ki Bl Sis o Slos Ao & Sy Cond
Variet
ety Number of leaves per plant Stem diameter (mm) Stem dry yield (kg ha™) Leave/Stem
KFM93-17 85b 85¢C 1640.8 b 0.46 a
KFM5 9.5ab 95b 1843.1 ab 043a
Bastan 11.0a 11.0a 2085.5 a 0.35b
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In each column, with at least one similar letter(s) are not significantly different at 5% probability level using Duncan's Multiple Range Test
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Figure 2- Comparison of the mean interaction between harvest time and cultivar on number of tillers per plant of millet
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Table 4- Analysis of variance (mean squares) Effect of harvest time on yield components, yield and some quality traits of millet

cultivars
di 2l a0 0 Slee Foslos  adgle 0,Sloe s 0 Sloe 0, Slos  adgle 0,Sloe S pCannd w0 S Slos
Sources of «$°‘}T a8lw Sy pow a8lw S S S a8l a Ry REr3Y
variable  gf  Stem fresh Leave fresh Freshyield Stemdry Leavesdry Dry yield Leave/ el Protein
yield yield yield yield Stem  percentof  Yield
crude
protein
sk
L 2 7374325™ 1612974.6 ™ 4430833.3"™ 64037.6 ™ 104964.7™ 321470.2"™ 0.001 " 0.24™ 5682.1™
Replication
cunls oyl
Harvest 3 112264546.°% g777756m 127032963* 16667207.7 ** *527962.5 22557660.9°* 0.247** *5153  p1g612™
time (a)
@) olixzl
E 6 1878169.8 778780.5 4659351.8 140765.7 52802.7 338216.9 0.0008 0.78 5980.2
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E b 16 1164623 1248807 3265972.2 97607.3 84931.1 252822.9 0.008 2.10 3475.6
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e
Sl yees 16.54 28.9 17.4 16.82 29.1 17.58 21.9 11.31 17.17
C.V (%)
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*, ** and ™ show significance at 5 and 1% level and non-significance, respectively
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Table 5- Comparison of the mean effect of harvest time on yield components, yield and some quality traits in foxtail millet cultivars
and lines
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In each column, with at least one similar letter(s) are not significantly different at 5% probability level using Duncan's Multiple Range Test
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Abstract

Introduction: Suitable plants for emergency feed production must have special conditions and
characteristics, the most important of which are the speed of emergence and high growth rate, as well
as the potential to produce forage with the right quantity and quality in the shortest possible time.
Millet is one of the plants that due to its short growth period and relative resistance to drought can be
used in most parts of the country that are difficult in terms of water supply or the length of the period
suitable for plant growth and development and play an important role in food production for livestock
and Poultry. Foxtail and common millets are the most important cultivars of this species in Iran.
foxtail millet (Setaria italica L.) in South Khorasan province has been known as Gavars and cultivated
since ancient times. Dehydration, optimal use of soil moisture, considerable tillering and
compensation for possible damages, as well as its dual use as green forage and seeds are its prominent
features. Harvest time and appropriate cultivar are the important factors in crop management and will
lead to access the maximum quantitative and qualitative yield. The aim of this study was to evaluate
the forage performance of millet lines and cultivars at different times in Birjand region.

Materials and Methods: This experiment was conducted in 2020 in Birjand Agricultural and Natural
Resources Research Station, located at 20 km from Birjand-Khosf road with a latitude of 32 degrees
and 53 minutes north and a longitude of 59 degrees and 13 minutes east and an altitude of 1480 meters
above the sea level. The experiment was done as a split plot based on randomized complete block
design with three replications. Treatments included harvest time as the main plot in four levels (50,
40, 60 and 70 days after emergence) and lines and cultivars including (promising lines KFM93-17,
KFM5 and Bastan cultivar) as sub-plots. Each plot consisted of four lines of wich 50 cm between
rows and 5 m long. Planting operations were carried out in early July. Harvesting was performed in
different plots based on the relevant experimental treatments at 40, 50, 60 and 70 days after
emergency. In order to determine some morphological traits of the plant, 5 plants from each subplot
were randomly selected and plant height, number of leaves per plant, stem diameter and number of
tillers per plant were measured. In order to determine the yield components including stem and leaf
weight and leaf-to-stem ratio, 5 plants were harvested from the middle parts of each plot above the
ground and transferred to the laboratory. To determine forage yield, plants were harvested from two
rows in the middle of each plot by removing 50 cm from the beginning and end of all rows and after
weighing, forage yield was calculated. In order to determine the qualitative yield, first the amount of
forage nitrogen was measured by Kjeldal method and then the amount of crude protein and the yield
of protein were calculated. After data collecting and performing some necessary calculations,
statistical analysis was done using SAS software. To compare the means, Duncan's multiple range
test at the 5% probability level was used and the required shapes were plotted by Excel software.
Results and Discussion: The results of analysis of variance showed that the effect of harvest time on
green forage yield was significant at the 1% probability level, but the effect of cultivar and the
interaction of harvest time and cultivar on this trait was not significant. Delay in harvest increased
green forage yield. The delay from 40 to 60 and 70 days after emergency increased the yield of green
forage by 2.3 and 2.5 times, respectively. Delay in harvest increased dry forage yield. The delay from
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40 to 60 and 70 days increased the yield of green fodder by 2.6 and 3.6 times, respectively. In KFM5
line, the highest percentage of protein was obtained from harvest time at 50 days after emergence
(15.4%) and there was no statistically significant difference between harvest time of 40 and 60 days
after emergence, but with delay in harvest to 70 days protein percentage Reduced.

Conclusions: The results of this study showed that delay in harvest increased the yield and yield
components of forage and forage protein yield in foxtail millet. Based on the results of this study, for
the production of emergency fodder from foxtail millet in Birjand region, the cultivar Bastan can be
used and harvested in 60 days after emergence.

Keywords: Bastan, Percentage of protein, Forage, Leaf to stem Ratio
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Table 1- Specifications of studied experimental sugar beet genotypes
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Genotype code Pedigree Genotype code Pedigree
Gl (7112 * SB36) * S1 - 960104 G11 (7112 * SB36) * S1 - 970073
G2 (7112 * SB36) * S1 - 960132 G12 (7112 * SB36) * S1 - 970092
G3 (7112 * SB36) * S1 - 960151 G13 (7112 * SB36) * S1 - 970096
G4 (7112 * SB36) * S1 - 960156 G14 (7112 * SB36) * S1 - 970118
G5 (7112 * SB36) * S1 - 960163 G15 (428-P.395 * 940171) * 920128
G6 (7112 * SB36) * S1 - 970026 G16 Sina
G7 (7112 * SB36) * S1 - 970027 G17 Dena
G8 (7112 * SB36) * S1 - 970041 G18 Novodoro
G9 (7112 * SB36) * S1 - 970063 G19 Modex
G10 (7112 * SB36) * S1 - 970067 G20 Loriquet
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Table 2- Geographical characteristics of the experimental research stations
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3
E3 i 1484 29°32'N 52°36'E
Shiraz
PRGN
E4 . 1296 36°58'N 46°05'E
Miandoab

S S5l g S pine 3o sledale Loy )l cépdy &9

288 ol s s b 3

EXEWPNCARY
bgiye loass sl Sles cud 5 el Slilas 5l
o8 lo3l )5 s 1020, 404y diged cadgi) 0 &
2 s g el Dlidod a o Sl (A5 J S
0 yuan (339 5 oAU A8 duo s sla Sy Hhai ) a8 s
KUNZ) 28,5 )18 oy 9590 42 proeliy 5 s sl s
ol 6lp sasle wsds polse 5l cales ,o 4 (et al., 2002

‘uaJB.\.:é..\_‘a)a ‘L;‘J)'LG'.\J I\ :)») o e > 6L®L;)J5

§ S s Jold ciS o) & lmoslel Slibes

m..lap‘-a_...;k}del_..‘bu,_;;;.ib)"l OS  og CdlS (s, ol
85 5 a s B0 sy i Al 5 e i Jsb
ol bl 18,5 a5 o b esS pw g5kwookel 5l e o
Alazie 9o (bogtlel sl gblis 5l S e s
Cov ddhaie oz 40 Lialeyl caS Jae Ve g us)
S5 ,» &u)’i 50 plasl o,g T olKiws 5l soli b gye
oald J13 (6 in Hd olaws ciS s, g9, bl
S (S pokz U goals e 105 od w3l e a5 0
G oadl ) (S o gy VY e 1S5 A wius F

(oyp S8 ddlate oz 5l SG e 8 i by, 4 k!



ohhes 9 bl ooljEolo

YTA

o ool F 5 ) Laly, ol

MS = 0.0343(K* + Na*) + 0.094(alpha amino N) — 0.31

WSC = SC — (MS + 0.6)
SY = RY x SC
WSY = WSC x RY

b o Sles) Ca o ol L 5l s GGE 3 AMMI
AMMI os; 4 g lasl a5 50 ploxil gl o plol (L2l
A eolatwl & adal;

Yger:quangBeJr Z XnagnYen+pge+8ge ©®
n

o et lase j0 60 sgh o, Slas Yger & alal) o

Sl i 4 Be 5 0 «alosT U5 5eSilos L el oI 1,5
slol adlie j3ma (sl o3y lake hn classms 5 cisis ol
ol adlga N 5l el semme sln osi ohus o0 Ogn
adlse Nl ple jome (sl e ofus ,l0 Yen (iSen
Uas 4y Logyye €ge 5 onilo Bl jlade pge  iiSan 5 J—o
L AMMI il s 4325 plosl L (Gauch, 1992) ol
5 weiss o Sln hol sleadlse olie R 158le 5 5l eoliz
S5 oy T slacMy gl oy b g dol s @ ame
el pl (o 005 (et o (ogas 9 (soges
gy elwlis Gl AMMI Jow 5l saslccwsa o )l VY

Al oolatwl VY B £ Lalgy 184 50 Sl

N
SIPC;= )" 1 25%]

n=1

N
n=1

Nl

ASTAB = Z v,

n=1

4- Sugar yield
5- Root yield
6- White sugar yield

i Al a3 5 Shes ol 53 5 AL 03 5 Shes
(Cook and Scott, 1993) (V)
(Reinfeld et al., 1974) (V)
Ay
(Cook and Scott, 1993) (f)

Wﬁwlﬁ: K+$UA>LOJ..;§M)J\MS Ja)"j)o.g.l)é

alpha amino N iy, oz 0,5 V00 0 Yy ST Lo
s oS Ve 0 Yy (ST e o 0y (5958
(AL w8 on,0 TSC . alls wib oo, "WSC cai,
0,5Lee *RY (iSa 0 15 oy (L ot o Slee TSY
oA wb o Slee PWSY 5 LS 0 o o p i

S bl Jaos g 4y 35
St el g an i aseS e plasl I Gy
3 i ool eyl 9031 b (—tolojT (slallas uily
ol Qe slaiolesl jo Uas il ly 519y Sl
Slao 5l G je sleosls (59 S pe uilyly anies
oSy Al wid o Slas a5 il s S oy o
2l s e (s I ooy anlllas 550 Sl L ol
Joe bl 2 slouly asa ol by 0098 oo gnms

Sneller et al., 1997) ¢¢)
Sneller et al., 1997) (V)

(Zobel, 1994) (A)

(Annicchiarico, 1997) (1)

(Rao and Prabhakaran, 2005) (\ -)

1- Molasses sugar
2- White sugar content
3- Sugar content



Yfa (Beta vulgaris L.) abyacis oag pud 93 8 ,Shos b —caigh) (iiSod p pili anllhao

Nl

|/1n]/in6jn|
1

n=

MASV = SSIPGy X (PC,)? + (PCy1)?
= 1(SSIPCHH) (PCp)?* + (PCyr)

n=

83 0 pitodiz (6l Lasli MTSI; sl ] jo
Jlossl Gaigis 003 Vi el Jole o pli iy Ll ¥y ol
&l o ele 4 ay555 bl s loslotel oil o ol Jole jo

A Al Olas g lbcuies

S g0 il ylg 4 o
c—inlojl slallas il )ly (109 (Sod (a2 yolaiens
SIS dge psasl nl A o plal el ge]
a0 g it slagilesl o Uas (i)l
Sz il glatalas] o Uas Guilyly pog c3lsssy
5 dole loosls (59 p farore —cigif (iiSan (sl
(AL 0B vs 0 (allBL 0B o Slas iy, o Slee Claw
039755 sl pais (AIlE 080 Slas (allB B 0
S plonil 8 e il )y 42525 (e WB 003 9 0,0

e ol ola o oled gly laswe STV Jgoz)

Soles iolej] slacaigy og o e ao e S Jloi
Jiol a0 aallae 090 Slaw lod a5l (g lo sixe
—aei) GiSas 4y by pe gl adsls i oo s SO
5 S Jlesxl ol jo S el ogs Jlo gine 5l S laoes

xéu)o}.?@ axJlas Sy90 Sl o r°L°56|ﬁ S0 )0 =

(Zalietal., 2012) (\ 1)

(Zhang et al., 1998) (\Y)

(Ajay etal., 2018) (\Y)

(Zalietal., 2012) (\f)

(Zali et al., 2012) (\o)
WJambhulkar et al., 2014) (\#)

(Raju, 2002) (\V)

@ 4y bl Sl GBE g, b (K315 a5
b ool VA alal) 3k 3jie yolie

(Yan and Kang, 2002) (\A)

Yj — 1= By = L&imjn + 1:6i2m52 + &

ol bame o pll gy (oSilee Yig VA a0
solie h g A epl] dame (ol I B dacaisiy IS nSile
55 ohs Ll n Giz g Git adlie (uesd 5 ulsl sl 0%s
Slde B g pgs g Jol adlie (ame slajlon Miz 5 Min
e sl i ol Lo o pll iy (sl oailaiil
e ool 2 RO 5 5T dl sl (SIS s s Leosls
sl gonad, Vel (o Laly) oy ) issS)
¥ oo 2 5 o8y ey oo ¥ < JTonsl Lase ol
B 5 65lnk g0 Shes xSk ul—ul p lacas Gomas,
b oolitul gl elel 2 e (gaas,

5 9, 5es :Sils aslne 6l MTSI (g sy ol
(AL a5 Slos caiy; o Sles Slio lojen Ik
Al 03B 0o alls b o Shae (5l 0 oo
ol oo a8 0,8 5 0 mhe (39 S el (i

23,5 5,415 (Olivoto et al., 2019) V4 ala,
f 0.5

Z (yii - Vi)z v

j=1

MTSI,



ohhes 9 bl ooljEolo

Al oo el (ced 4, ;0 Ol s 5

9 sy 990 Slame o locuies) ol Oless Jdo 4

o3l 08 e cuigi] jo anlllao 8 90 Cilids Glio S o il ylg 41 325 -F Jgum

Table 3- Combined analysis of variance of studied traits in experimental sugar beet genotypes
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Environment Error 1 Genotype Genotypex Environment Interaction Error 2
(df: 3) (df: 12) (df: 19) (df: 57) (df: 228)
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Figure 1- A: Scatter plot for genotypes and environments derived from yield mean and first principal component axes based AMMI1

model. B: Scatter plot for genotypes and environments derived from first two interaction principal component axes based AMMI2
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Table 5- White sugar yield mean and AMMI stability differences parameters in sugar beet experimental genotypes

S8 o o Shos 1S3l

. . AMGE ASI ASTAB AVAMGE DA DZ EV FA MASI MASV SIPC ZA
Genotype White sugar yield mean (t. ha™)

Gl 10.65 -1.11E-16 0.11 0.19 1.48 0.84 0.22 0.02 070 0.11 045 047 0.06
G2 9.94 111E-16 023 0.12 151 0.86 0.13 0.01 0.74 023 098 0.35 0.09
G3 9.97 -4.44E-16 046 051 3.12 175 029 004 3.07 046 192 092 021
G4 9.52 1.39E-16 0.32 0.23 2.08 120 0.19 002 144 032 136 050 0.13
G5 8.94 -1.11E-16 041 0.37 2.61 153 024 003 233 041 173 068 0.17
G6 9.07 8.33E-16 0.28 1.30 3.92 222 059 0.17 492 028 117 123 0.16
G7 9.22 -4.44E-16 052 0.63 3.22 197 032 0.05 389 052 220 0.98 0.23
G8 7.97 3.89E-16 0.18 0.8 2.38 136 0.36 0.06 185 0.18 0.76 0.80 0.12
G9 10.18 -2.22E-16 053 0.60 3.40 1.95 031 0.05 382 053 222 081 021
G10 10.40 -1.94E-16 0.37 0.30 231 138 022 0.02 189 037 155 0.65 0.16
G11 9.53 -3.47E-16 020 0.36 2.00 122 030 0.05 149 020 0.83 0.78 0.13
G12 9.11 3.89E-16 0.83 1.48 5.26 3.07 048 012 940 083 347 135 0.34
G13 9.29 8.33E-17 0.24 0.15 1.52 094 016 001 088 024 101 052 0.12
G14 10.00 1.39E-16 0.20 0.43 2.08 130 033 0.05 1.70 0.20 0.84 0.82 0.13
G15 9.01 -9.44E-16 069 1.14 4.70 264 044 010 695 069 290 137 0.32
G16 9.28 0.00E+00 0.26  0.56 2.48 153 0.38 0.07 234 026 1.08 0.98 0.16
G17 9.94 111E-16 023 0.22 1.80 1.04 022 0.02 108 0.23 097 0.66 0.13
G18 10.41 3.05E-16 0.36 0.27 2.29 132 021 0.02 1.75 036 150 056 0.15
G19 9.94 3.05E-16 045 0.55 311 178 032 0.05 316 045 189 1.01 0.22
G20 11.79 555E-17 0.31 0.25 1.97 121 021 0.02 147 031 130 0.68 0.15

AMGE: Sum Across Environments of GEI Modelled by AMMI, ASI: AMMI Stability Index, AMMI Stability Value, ASTAB: AMMI Based
Stability Parameter, AVAMGE: Sum Across Environments of Absolute Value of GEI Modelled by AMMI, DA: Annicchiarico’s D Parameter,
DZ: Zhang’s D Parameter, EV: Averages of the Squared Eigenvector Values, FA: Stability Measure Based on Fitted AMMI Model, MASI:
Modified AMMI Stability Index, MASV: Modified AMMI Stability Value, SIPC: Sums of the Absolute Value of the IPC Scores, Za: Absolute

Value of the Relative Contribution of IPCASs to the Interaction.
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Table 6- Eigenvalues, relative and cumulative variance as well as factor coefficients after varimax rotation in factor analysis based
on principal component analysis
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selected genotypes as the ratio of each factor in the calculated MTSI index
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Abstract

Introduction: Genotype-environment interaction is one of the most important limiting factors in
breeding programs. A comprehensive study of genotype-environment interaction requires powerful
statistical methods. Different methods for evaluating the interaction effect of genotype-environment
have been proposed by different researchers. Therefore, in the present study, the role of this
phenomenon on the sugar yield of sugar beet hybrids and the identification of stable hybrids were
studied based on the AMMI, GGE bi-plot, and MTSI stability index methods.

Materials and Methods: For this study, a total of 20 sugar beet genotypes were utilized, comprising
15 recently developed hybrids and five control cultivars (Sina, Dena, Novodora, Modex and
Loriquet). Phenotypic assessments of experimental genotypes were conducted in 2021 crop year at
four agricultural research stations located in Karaj, Mashhad, Shiraz and Miandoab. These selected
sites differed in terms of altitude, latitude and longitude, atmospheric temperature and precipitation,
and physical and chemical characteristics of soil. The experiments at each research station were
carried out using a randomized complete block design with four replications. Each genotype was
planted in a separate plot, consisting of three cultivation rows with a length of eight m and a distance
of 50 cm interrow. Throughout the growing season, weed control, irrigation, fertilizer application,
and other field management activities were performed based on the recommendations of experts.
Additionally, regular monitoring and prevention of pests and diseases specific to sugar beet were
conducted at each research station. Stability analysis methods of AMMI, GGE bi-plot, and MTSI
stability index were used to analyze the genotype-environment interaction.

Results and Discussion: The results of a combined analysis of variance confirmed the significant
effects of environment and genotype on all traits at a one percent probability level. The interaction
between them was significant at one and five percent probability levels for all traits except the sugar
content and white sugar content. Analysis of the multiplicative effect of the AMMI model showed
that the first two components are significant at the one and five percent probability levels,
respectively, and together explain 92.20 percent of the interaction variations. The bi-plot of mean
yield and the first principal component of the interaction confirmed the superiority of genotype no.
20 due to its high sugar yield and stability. The results obtained from the GGE bi-plot method showed
that the first and second components together explain 84.16% of the variations in total sugar yield.
According to the GGE bi-plot, Karaj, Shiraz, and Miandoab had a relatively similar reaction in terms
of genotype yield rank and in these environments, genotype no. 20 was stable. The reaction of the
Mashhad environment was different from the other three environments and in that genotype no. 9 had
suitable stability. Based on the results of the MTSI index, four genotypes of 18, 2, 20, and 17 were
identified as stable genotypes. In general, the selected genotypes based on the MTSI caused a
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favorable selection differential in all traits. Among the traits, except root yield, other traits had good
selection differential and selection gain. On the other hand, genotype no. 15 had the highest value of
MTSI stability index and was unfavorable genotype in terms of studied traits.

Conclusion: In general, among breeding hybrids, in the first the hybrid obtained from crossing of
(7112 x SB36) x S1- 960132 (genotype no. 2) and then the hybrid obtained from crossing of (7112
x SB36) x S1- 970063 (genotype no. 9) can be used as promising hybrids in final evaluation programs
until the introduction of new hybrids. The studied sites were not very closely correlated to be
suggested that a site be abandoned to reduce costs for future research; In contrast, most of the tested
environments had a high differentiation capability and could make a good distinction among
genotypes in terms of sugar yield in genotype-environment interaction studies of sugar beet cultivars.

Keywords: AMMI, Component, GGE biplot, MTSI, Stability
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Figure 2- Changes in different internodes weight (mg) of wheat grown under irrigation (left-hand) and drought stress (right-hand)

conditions. Each point represents the mean value of 81 cultivars across 2 years. Means followed by the same letter do not differ at
0.05 probability level. Data taken from Joudi (2009).
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Figure 3- Amount of dry matter remobilization (mg) in main stem of 81 wheat cultivars grown under irrigation and drought stress

conditions. Each point represents the mean value of one

cultivar across 2 years. Data taken from Joudi (2009). LSD: Least

Significant differences at 5% probability level.
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Table 1- Contribution (%) of stem reserves to grain yield of wheat measured by different researchers
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teste S S PR Al
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Irrigation Drought Rained Greenhouse
Ehdaie and Waines, 1996 8 4-65 - 9-18
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46 13
Mean
Shakiba et al., 1996 2 3.8-4.7 - -
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4.2
Mean
Inoue et al., 2004 2 - 56-109 -
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82
Mean
Uzik and Zofajova, 2007 10 - - -
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Mean
Ehdaie et al., 2008 11 11.4-47.2 28.6-53.5 - -
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Joudi, 2010 81 16-78 - -
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Bahraini et al., 2010 18 61-153 - -
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Abstract

Introduction: Wheat is the most important source of carbohydrates in a majority of countries. It
provides more nourishment for people than any other food source. Limited rainfall and drought stress
occur frequently during the grain filling stage of wheat in many areas. Accumulation of
photoasimilates in the stem of wheat and remobilization of theses storages could be considered as
important adaptive traits to environmental stresses and are important in breeding cultivars with
improved grain yield.

Materials and Methods: Previous published researches on carbohydrates accumulation and
remobilization in wheat were studied. The results of these articles were summarized systematically
and then critically analyzed. Approaches for future works in terms of carbon accumulation and
remobilization were also presented.

Results and Discussion: Water-soluble carbohydrates (glucose, fructose, sucrose, and fructans)
accumulate in the stem of wheat plants. The accumulation of reserves in the different internodes
started near the end of extension growth. That is to say, the accumulation of reserves in the lower
internodes takes place over long periods of time compared to the upper internodes. Accumulation of
stem reserves, depend on environmental conditions and cultivars, continues until 10-25 days after
anthesis when maximal amounts are reached. Wheat cultivars with optimum stem length and stem
specific weight (stem dry weight per unit stem length) have higher potential for stem storages. Under
optimal conditions, where photosynthesis takes place over long periods of time, storage of assimilates
is high. In contrast, stress conditions such as drought reduce the amount of accumulated
carbohydrates. Typically, remobilizations of stem reserves are started at the second half of linear grain
growth when the current photosynthesis is declined. Physiological bases for remobilization initiation
have not been understood well. It is probable that sucrose level as well as abscisic acid (ABA)
concentration in the stem are involved in this process. The amount of remobilization in each cultivar
is determined by stem reserves and remobilization efficiency. The later factor is affected, in turn, by
grain number and grain weight (sink strength). That is to say, cultivars with higher stem storage do
not necessarily show higher carbohydrates remobilization. Abiotic stresses (such as drought, salinity
and heat stress) have pronounced effects on the amount and initiation of carbohydrate remaobilization.
However, wheat cultivars respond to such conditions differently. Researches on 81 Iranian wheat
cultivars showed that drought stress increased stem dry matter remobilization from 2 to 45% whereas
this trait was decreased from 1 to 72 percent in the remaining cultivars. Interestingly, the response of
each stem segment (internode) to imposed stress conditions may be different with respect to
remobilization amount. The flow of carbon (carbohydrates) to the grain from stored stem materials
has been classified to pre- (All the carbon in the grain which is derived from photosynthesis prior to
anthesis) and post-anthesis (All the carbon in the grain which is derived from photosynthesis after
anthesis) remobilization. The contribution of stem dry matter to grain growth is not consistent and
varies depends on the cultivar, environmental conditions, and grain weight changes. Clear association
is not found between grain yield and remobilization. No clear relation was found between stem reserve
mobilization and year of cultivar release.
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Conclusion: Weather conditions have pronounced effects on carbohydrates accumulation and its
subsequent remobilization in wheat stem. Therefore, when breeding for these traits are considered,
special attention should be paid to the environmental conditions. Typically, the lower internodes of
wheat stem have higher potential for carbohydrates accumulation and remobilization when compared
with the upper internodes (peduncle and penultimate). Clear relations were not found between grain
yield and remobilization. This suggests that manipulating of this trait (remobilization) in wheat
breeding program is a challenging task.

Keywords: Drought stress, Grain yield, Internodes, Water soluble carbohydrates
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Table 1- Forty melon accessions studied in the eastern and central regions of Iran
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Table 2- Assess the genetic diversity of Iranian indigenous melon using the indices of SSR primers

Jlast slos
oylect &5 ol (8- 1) by Jys (¥'-0") cis y Sy Annealing
No Locus Forward sequence Reverse sequence temperature
©)
1 CMGAL15 CGGCAAGACGATTGGCAGC ATCACCGTAGCGAAGCACC 59.8
2 CMCT44 TCAACTGTCCATTTCTCGCTG CCGTAAAGACGAAAACCCTTC 59.8
3 CMGAL104 TTACTGGGTTTTGCCGATTT AATTCCGTATTCAACTCTCC 51
4 CMACC146 CAACCACCGACTACTAAGTC CGACCAAACCCATCCGATAA 55.1
5 CMCTT144 CAAAAGGTTTCGATTGGTGGG AAATGGTGGGGGTTGAATAGG 55.8
6 CMTC47 GCATAAAAGAATTTGCAGAC AGAATTGAGAAGAGATAGAG 50
7 CMAT141 AAGCACACCACCACCCGTAA GTGAATGGTATGTTATCCTTG 58.3
8 CMCCA145 GAGGGAAGGCAGAAACCAAAG GCTACTTTTGTGGTGGTGG 57.9
9 CMTC168 ATCATTGGATGTGGGATTCTC ACAGATGGATGAAACCTTAGG 55
10 CMGAL172 CAATCGCAGATACTTCCACG TGCTTGTCCCAACGGTGTCAT 57.5
11 CMGT108 CTCCTTCAAACATTGTGTGTG GAGATAGGTATAGTATAGGGG -
12 CMTAL170a TTAAATCCCAAAGACATGGCG AGACGAAGGACGGTTAGCTTT -
13 CMTAL34a ACGTGCTTCAGTAAACATG CCGACATTGAAAACCAACTTC 53.7
14 CMCT134b GCTCCTCCTTAACTCTATAC GCATTATTACCCATGTACGAG 54.4
15 CMTC160a+h GTCTCTCTCCCTTATCTTCCA GATGGTGCCTTAGTTGTTCCG 58.7




YAY o)lgnlos 5 Sl Sl 3 oolistwl b ol 03233 Dy )5 51 (oiedey (St (5, B0t
g3 30 ooliswl 5330 U ,SHET 51 ool Cawddy Sledbl -F Jaux
Table 3- Information obtained from the primers used in the research
ol & ol I sl = Qtji‘s"m e ‘fu:j’w S PEEVRER SN
No Locus Allele number . Polymorphic Expected. Observed'
information content heterozygosity heterozygosity
1 CMGA15 2 0.27 0.18 0.2
2 CMCT44 1 0 0 0
3 CMGA104 2 0.27 0.21 0.175
4 CMACC146 2 0.19 0.23 0.165
5 CMCTT144 2 0.22 0.17 0.185
6 CMTC47 2 0.18 0.28 0.17
7 CMAT141 2 0.14 0.17 0.18
8 CMCCA145 2 0.53 0.44 0.185
9 CMTC168 2 0.22 0.16 0.155
10 CMGAL172 2 0.43 0.41 0.17
11 CMGT108 - - - -
12 CMTAL70a - - - -
13 CMTAL34a 2 0.18 0.15 0.145
14 CMCT134b 2 0.36 0.39 0.10
15 CMTC160a+b 2 0.33 0.24 0.245
oSl
Mean 1.92 0.24 0.23 0.16

Sl sl e W g oot sanlice PT slaws . Sils

T sla Slsls a8 alKin 090 VFY 5 VAY (s 4 55
oals odalive slaws 4 jige sl PT olows jlaie cwaiws Oy
ol om ol sleasgley o Gl oo Sy 86 S e o 1
s esdlige T 51 sms s Ssd oaimo Lt el
Ol plis cails oz ol 8151 oS slaes b g G o Lais Loyl
Darvishzadeh ) siwe abe GlwS slo JT slwlis jo
18 03 esaline sla PT slows il .@nd Azizi, 2016
sleslainl b (2, 5 Sl nl obe 0395 OF (59, 2 &5 (o) 2
(Raghami et al., ) 55 JTF/V) (o plxil SSR St
G35 VO oy 5l WTVIE e aliie i )0 2014
«(LOpez-Sesé et al., 2002) o 5,155 Lil—wl 51 sl
390 Obg 3l oshe <y VF &5 (6,503 (o p 53 iz
Tzitzikas ) oo 5 esalice JTY/TY jlaie b 5 )18 ;)
sus ouslive sla T SV slaws S o3 e (€L AL, 2009
S glte glaaisS 15 oy )1 4 5l (G4 55 e Sl IS 5o

el Cucumis melo «¢%

ples yo Kl is Hlly easmo s 55 955 ol

9 oYL (Matus and Hayes, 2002) ¢ _wlac sy
A N0 5 +/FF) Ll o )50 (F550590 slade (n S
CMTA1L34a  CMCCA145 slo S s 4 by o 55
Slsly3 g slass 5l eoliul b S sair Sledbl glgize g
WS e oo | )] LS &8 ¢ 55 oSl e 0 T
aledbl glgims 35l .(Anderson et al., 1993)
azals yo o polis A = 005 /Y (PIC) JS_toss
o151 w9 (¢10Y) CMCCAL4S 55Lel an slae loie
55 CMCT134b 3 CMGAL72 3 sleolSile au slae
sl oYL (IS8 wie Sledbl gl a5 ol Sl
Sl (Simmmas onio i a8 a il 50 oYL S5 g0
Lo, Sl a5 ol ol 35 g955 9 PIC l5ie oo
a5l 0 (CMCT134b  CMGAL72 CMCCAL45 )
g5 isn e 53l ST 1 lacudgsy (S alold auilys
a0 gleaesoms 5JUT 6l G5 sloglSe onl 5l (55 4o

Loz 0y 0325 o))



Oles 9 (5 e

YAA

r ﬂ

Conthioaes

o3> o9 0998 P 51 UPGMA (g, 9 0,651 o b o 2 (S £ 954 5l0 905 -) S5
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Abstract

Introduction: Awareness of the extent of genetic diversity based on molecular markers is a rapid
method that plays an important role in breeding programs. Cucumis melo L. is the scientific name for
a melon that belongs to the Cucurbitaceae family (Kirkbride, 1993). This plant is a popular garden
crop in warm and temperate climates across the globe, and Iran ranks fourth in the world in terms of
output (FAOSTAT, 2019). Although several studies were conducted on the genetic structure of
Iranian melons using various molecular markers including RAPD molecular markers (Feizian, 2004),
ISSR (Maleki et al., 2018) and SSR microsatellite markers (Moayedi Nejad et al., 2010; Raghami et
al., 2014) in recent years, due to the history of planting and the presence of huge genetic resources of
melon, which makes Iran as one of the main centers of diversity of this crop in the world, research is
inadequate.

Materials and Methods: Forty native melon stands used in this research were prepared from the
melon germplasm of Iran Gene Bank. 4-5 leaves from each plant at the two- to three-leaf stage were
collected and kept in a freezer at -80°C until DNA extraction. Their genomic DNA was extracted
using the ZandBio plant kit. The markers used in this research were selected based on previous studies
that were suggested by different researchers. Gradient PCR Vapo Protect thermocycler was used for
polymerase chain reaction. PCR products were electrophoresed on 1.8% agarose gel in 1X TBE buffer
and at 85 V for one hour. Observation and photographing of the gel was done with the help of UV-
2100 geldoc device. Bands were scored as zero (not seeing a band) and one (observing a band).
Evaluation of cluster analysis and genetic parameters such as observed heterozygosity, expected
heterozygosity and number of effective alleles were obtained through Ntsys 2.1 and Popgene 1.32
software. To estimate the number of subpopulations (K) and distinguish pure and mixed genotypes,
it was done using Structure software version 2.3 and using the Bayesian method (Pritchard et al.,
2000).

Results and Discussion: All gene loci except CMCT44 primer were polymorphic. A total of 25
alleles with an average of 1.93 alleles per microsatellite gene locus were observed. The highest
amount of polymorphic sites (84.62%) belonged to KC-357009 genotype.. The high amount of
polymorphic sites confirms the effectiveness of SSR molecular markers in the genetic analysis of the
investigated indigenous populations. The average content of polymorphism and expected
heterozygosity information was obtained as 0.24 and 0.23, respectively. The observed high
homozygosity values with an average of 0.84 indicate the low diversity within the investigated
populations, which is a proof of the low level of variation between the populations and the high level
of inbreeding. In the investigation of the genetic structure of the populations, the investigated
populations were divided into two groups (sub-populations). The results of population structure
analysis based on Bayesian method and UPGMA clustering showed that the classification of studied
genotypes is independent of their geographical origin.



Conclusion: According to the values obtained from the above parameters, among the studied primers,
gene locations CMCCA145, CMGAL72 and CMCT134b are recommended for the analysis of melon
germplasm collections in future research.

The results of this study can be used in hybridization programs. Crossing between the figures that
have the least similarity will lead to the best results in achieving hybrids or achieving maximum
separation in the generations after F1. Although genetic distance is not the only effective factor in
identifying suitable parents for hybrid production and factors such as compatibility and genetic
distance based on morphological traits should also be considered.

Keywords: Genetic structure, Heterozygosity, Local accessions, Molecular markers
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Figure 1- Emergy flow diagram of potato production systems in Fariman region
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Table 1- Specifications and formulae of the emergy-based indices used in the evaluation production systems
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Indices Formula Specifications
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Renewable environmental inputs Renewable flows from free local resources
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Non-renewable environmental inputs Local potentially renewable flows from free local resources that are being

used in a non-renewable manner
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Renewable purchased inputs Renewable flows from purchased resources
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Non-renewable purchased inputs Non-renewable flows from purchased resources
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Economic yield Tuber yield.

5l 53958 S U = R+ N+Fa+Fy 35 s 3l Colo> gl 5ls 2550 53 e ST

Total emergy input Total emergy resources required to support the production system
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Total emergy output Total emergy of system products
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Unit emergy value for economic yield Amount of emergy required to produce an economic output in joules, a

measure of system efficiency.
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Specific emergy Amount of emergy required to produce an output unit measured in grams. W

is the accessible weight of the product.
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Emergy renewability Percentage of renewable emergy used by the system

plie a5 Sloy asaos BB 8 5 piinsasd o mlie jleslannl gl a3 G oUlg

Shrel 0 Shos Cups EYR=U/Frt+Fy g8 0 (6,5 o p piao 50 Ao ju (539,9 (Ylsisds z,5 5l golail

Emergy yield ratio Ability of a process to use local renewable and non-renewable resources when
economic resources from outside are invested in the system as a capital input.
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Environmental loading ratio The ratio of purchased and non-renewable emergy used to the renewable
inputs from an equivalent production area in the local environment. This index

is a measure of production loading on the local environment.
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Modified environmental loading ratio (R+Fz) The ratio of non-renewable emergy to renewable emergy used by the system.
ELR* is an inverse measure of the sustainability of the system.
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Emergy sustainability ratio - The ratio of system yield per unit of purchased input to the total loading on

the local system. Systems with higher yields and lower loadings are more

sustainable.
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Modified emergy sustainability ratio This index shows the system yield in relation to an inverse measure of system

sustainability, ELR*. A system with a higher ESI* is more sustainable.
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Emergy investment ratio (Fn+Fr) / (R+N)  The ratio of purchased to free emergy indicates the intensity of economic
investment and its matching to the free renewable and non-renewable

resources of the local environment.
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Modified emergy investment ratio The ratio of purchased resources to renewable environmental resources, alone.
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5- Environmental Loading Ratio
6- Emergy Sustainability Index
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Table 2- Natural and economic flows of the potato at different production systems (units ha™). The unit and the renewability factor
(fraction renewable energy) and the symbols keying the values in this table to Figure 1 are also given.
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ol o5 9 0 1.00E+05 2.25E+05 2.25E+05
Potash fertilizer
Pk gorLi 0 1.00E+04 4.00E+04 5.00E+04
Micro fertilizer
s gorLi 0 3.00E+03 4.50E+03 8.00E+03
Pesticide
Sl gorLi 0 2.00E+03 1.00E+03 3.00E+03
Herbicide
Sr J 0.01 5.70E+03 5.00E+03 5.10E+03
Electricity
s IRR 0.43 2.50E+07 2.00E+07 2.00E+07
Seed
Lol o as
S e IRR 0 0.00E+00 5.00E+06 5.00E+06
Installation of irrigation system
250l 5 honed S5 g 0 9.34E+09 3.83E+09 1.87E+10
Fossil fuel and lubricant
ST
Output
l 0]
olasdlosil gr 2.95E+07 2.99E+07 4.8TE+07
Economic yield
olatileasl J 7.77E+12 7.89E+12 1.29E+13

Economic yield
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Table 3- Emergy synthesis and input structure of the potato at different production systems (sej ha™)
asly b g S2s8 wlio Lo yoludio Sy obde
Unit Syl Small-scale medium-scale Large-scale
Transformity - % - % - %
Renewable 2959
Environmental —(sbuocu )
Input JYRVRVRC S
Solarenergy &by @Al g 1.00E+00 4.41E+13  0.10% 441E+13  0.08% 441E+13  0.08%
Wind, kinetic .. .l
energy ez sl 1.25E+03 6.11E+13  0.15% 5.10E+13  0.10% 5.10E+13  0.09%
Rain, chemical b Ok J 2.25E+04 5.55E+14 1.32% 5.55E+14  1.05% 5.55E+14  0.96%
Rain, geopotential J=tusss <ot J 1.34E+04 7.24E+11  0.00% 7.24E+11  0.00% 7.24E+11  0.00%
Subtotal =B e 5.99E+14 1.42% 5.99E+14  1.13% 5.99E+14  1.04%
Non-renewable ~ $¥&°99
Environmental — buocu j
Input PYRYI VAT
Irrigation 3 1.92E+05 7.43E+15 17.64% 0.00E+00  0.00% 551E+15 9.53%
Sl osle Lzals
SOM reduction Sl J 9.36E+04 5.29E+15 12.55% 6.22E+15 11.73% 7.16E+15 12.39%
Soil erosion ~ S& smle) g 1.27E+09 2.99E+15  7.09% 2.99E+15 5.63% 2.99E+15 5.16%
Subtotal P e 1.57E+16 37.27% 9.21E+15 17.35% 157E+16 27.08%
Purchased W09
inputs ol 5yl >
Human labour Skl J 2.22E+06 1.06E+15  2.51% 9.63E+14  1.81% 852E+14  1.47%
Machinery oo g 1.01E+10 416E+13  0.10% 5.26E+13  0.10% 5.77E+13  0.10%
Orhanic Fertilizer <51 255 g 2.96E+08 1.26E+16  29.97% 253E+16  47.58% 2.02E+16  34.95%
Nitrogen fertilizer 0395 o5S g 3.09E+10 2.16E+15 5.12% 3.13E+15  5.90% 4.17E+15  7.22%
Phosphorus -
fertilizer Shd 355 g 2.82E+10 4.23E+15 10.04% 423E+15  7.97% 494E+15  8.54%
1z
Potash fertilizer o=l os5 g 2.23E+09 2.82E+15  6.69% 6.35E+15 11.96% 6.35E+15  10.98%
Micro fertilizer 9,50 355 gorlLi 2.96E+08 2.82E+14  0.67% 1.13E+15  2.13% 141E+15  2.44%
Pesticide AR gorlLi 1.90E+10 8.46E+13  0.20% 1.27E+14  0.24% 2.26E+14  0.39%
Herbicide S ile gorLi  1.90E+10 3.80E+13  0.09% 1.90E+13  0.04% 5.70E+13  0.10%
Electricity ér J 2.31E+05 1.32E+09  0.00% 1.16E+09  0.00% 1.18E+09  0.00%
Seed Y IRR 6.76E+07 1.69E+15 4.01% 1.35E+15  2.55% 1.35E+15  2.34%
Installation of o a2l
. . IRR 2.50E+08 0.00E+00  0.00% 3.38E+14  0.64% 3.38E+14  0.58%
irrigation system skt
Fossil fueland 3 skewd SS9
. g 8.60E+04 8.03E+14 1.91% 3.29E+14  0.62% 161E+15 2.78%
lubricant oaiiS ol
Renewaple o slmoslys
purchased inputs . o 4.44E+14  1.05% 3.67E+14  0.69% 3.56E+14  0.62%
rha K,
(FR)
Non-renewable € S@osl
purchased inputs ol 254E+16 60.25% 4.29E+16  80.83% 4.12E+16  71.27%
(FN) BERVLACEES)
Subtotal £ e 258E+16 61.30% 433E+16 81.52% 416E+16  71.88%
Total 8z 4.21E+16 100% 5.31E+16  100% 5.78E+16 100%
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Table 4- Emergy indices for potato production systems in small, medium and large farms

S8 wlide buwgio o S oldie
Small-scale medium-scale Large-scale
Rt 5.42E+03 6.73E+03 4.50E+03
Transformity
°5t5 539 1.43E+09 1.78E+09 1.19E+09
Specific emergy
S5l G s S 2.48% 1.82% 1.65%
R%
S5l 9 8kes Cad 0.613 0.815 0.719
EYR
5 6)';;“”’ S 1.58E+00 4.41E+00 2.56E+00
osd Lo ‘55"’;5;'”“*'“" S 431E+01 7.22E+01 6.93E+01
cshemecuns b S 6.93E+01 8.76E+01 9.55E+01
ELR
o ol aezmacans; b Caed 2 54E-02 1.85E-02 1.68E-02
ELR*
ol Wi]‘“’“éSI S luk ey 8.85E-03 9.31E-03 7.53E-03
oo bl MJEMS]* Solul pasle 2.42E+01 4.40E+01 4.28E+01
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.(Odum, 1996)
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Abstract

Introduction: There is a close relationship between population growth and rapid economic
development and overuse of natural resources. Recently, one of the main problems of human societies
is the management of energy consumption. In agricultural ecosystems, there is a strong dependence
on non-free inputs and free environmental inputs. In different production systems, different methods
are used to increase stability. Various methods have been utilized to investigate the sustainability of
agricultural systems such as emergy analysis. Emergy analysis is an ecological approach that
measures all the inputs from natural resources and human activities that are directly and indirectly
used to obtain a particular product. This method estimates all the resources, including energy,
consumed environmental resources, and financial and human costs based on solar energy units. By
considering both economic and ecological factors, emergy analysis helps identify ways to achieve
maximum crop yield while supporting resource efficiency in agricultural production. Emergy analysis
is a method used for sustainability assessment of agroecosystems, including potato production. It
determines the most important indicators related to efficiency, renewability, environmental pressure,
and sustainability of potato agroecosystems. Although the sustainable production of crops has been
analyzed by some researchers, the effects of farm size have not been considered so far. Hence, in the
current study, the effect of farm size on sustainability of potato production was studied using the
emergy methodology.

Materials and Methods: In order to evaluate the effect of farm size on the sustainability of potato
production, a study using emergy analysis was conducted in Fariman county in 2018-19. Information
was collected in different potato production systems in terms of farm size including small, medium
and large (Based on Cochran's formula, 30, 15 and 5 farms respectively) using questionnaires
completed by farmers. The inputs were divided into four types to examine the sustainability of
agroecosystems and calculate the emergy indices: Free renewable environmental inputs (R) include
sun, wind and rain; non-renewable environmental inputs (N) include groundwater, soil erosion, and
soil organic matter losses; non-free (purchased) renewable inputs (FR) include seeds and organic
fertilizer; and purchased non-renewable inputs (FN) include machinery, chemical fertilizer,
pesticides, fuel, and electricity. To obtain the emergy value of each input, the raw information of each
input is multiplied by the conversion coefficients in terms of joules, grams, or Rials. The total emergy
is the sum of all emergies of all independent inputs. Finally, emergy indices are calculated and
interpreted to evaluate different production systems.

Results and Discussion: The results of this research showed that different potato production systems
have different effects on the contribution of different sources of total energy. By increasing the size
of the farm, the share of renewable natural resources decreased and the share of purchased resources
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increased. Among the renewable environmental inputs in all three emergency systems, rain had the
highest amount. The amount of renewable environmental inputs for production systems in small,
medium and large farms was 1.42, 1.13 and 1.04% of the total inputs, respectively. Cultivation in
small farms required the least amount of emergy for crop production in contrast to large farms. In
addition, cultivation on large farms was more similar to cultivation on medium farms in terms of
purchased resources. On the other hand, large farms had high sustainability compared to small farms
based on the ELR index. In addition, large farms were not significantly different from medium farms.
Since the economic yield of large farms was much higher than the economic yield of medium and
small farms, other indicators of emergy except renewable energy were also higher in large farms than
in medium and small farms.

Conclusion: In this area, cultivation in large fields with the use of more mechanization has improved
the yield along with maintaining the stability of the production system.

Keywords: Environmental sustainability, Field area, Natural resources, System analysis
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Table 1- List of studied fennel ecotypes collected from different regions of the country

o leds Ol ddlaie bl b bl o Lo zdaw 5l glas )l
Number County Region Longitude (") Latitude (°") Altitude (m)
$F e <l
1 . 4946 E 346N 1708
Markazi Arak
Syl Jeo)l
2 . . 48 17E 3815N 1332
Ardebil Ardebil
o8 (e}
3 5341 E 2858 N 1288
Fars Fasa
LSS Ll
4 . 5555 E 2819N 931
Hormozgan Hajiabad
Olezsly 5 Gl oL
ol
5 Sistan and 6112 E 2813 N 1405
Khash
Balochestan
S Soxe
6 . 5045 E 3391N 1775
Markazi Mahalat
Syl Ol
7 . 4755 E 3939 N 31
Ardebil Moghan
O O3
8 . . 500 E 3615N 1278
Ghazvin Ghazvin
S5y ol > sy
9 . 5743 E 36 12N 987
Khorasan Razavi Sabzevar
@ ol b
10 . 4530 E 369N 1670
Western Azerbaijan Sardasht
RURH &l
11 . 530E 36 33N 23
Mazandaran Sari




ok Glo 3 b (2L

(a4

axdllo 590 S (o luowd 9 (59 5ud Dleoguas (B -V Jeur

Table 2- Some physical and chemical properties of the studied soil
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Bahmani et al., 2013; Maghsudi Kelardashti et al.,
2014; Sefidan et al., 2014; Farshadfar et al., 2017;

(Izanloo et al., 2017; Kalleli et al., 2019

5 Sy Jo)l slocssST 4 Glaite fiz j0 S i sl
99y VANY LYY 5l S 0 S ol ca o
o g Lud slacadsST @ Blaie Sz 5o J5 olass 2STa>
039 o (SAlS gy Cadid pas 9 (2938 4 by pe o] JBlas
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Table 3- Analysis of variance, genotypic and phenotypic variation and broad sense heritability of studied traits in ecotypes of fennel

16+ 6 39, Sy U 39 =5 sLasli olasy
T 4750 REEB L STY i e ,
u‘;.u.u égL-.n - ‘SQQJS JQU XY &Lm)l ‘,L‘,‘; 3
ol Days to )
SOV - Days to 50% Days to Plant height Number of
Df germination ) )
flowering maturity branches per plant
eS|
10 29.65™ 2118.61™ 2498.61"™ 4079.16™ 5.42™
Ecotypes
Uas-
22 0.82 13.27 22.73 10.37 1.00
Error
- 417 3.82 3.12 2.65 19.41
CV (%)
=95 obly
. . 9.61 701.78 825.29 1356.26 147
Genotypic variation
e bl
. . 10.43 715.05 848.02 1366.63 2.47
Phenotypic variation
oo sl
Broad sense 92.16 98.14 97.32 99.24 59.59
heritability (%)
alol -Y Jous
Table 3- Continued
- gy y0 gz dlaai gz 0 Sz dlaxd Sz jo S olawd il HIi (59 ol 4o ils o ,Slas
Ol i @loo ST azys ' ~ '
SOV Number of umbelsNumber of umbellets Number of flowers 1000 grain  Grain yield per
o per plant per umbel per umbellets weight plant
55!
10 11.50™ 34.72" 14.85™ 3.077 3.45™
Ecotypes
Uas
22 112 2.39 1.61 0.20 0.27
Error
- 16.63 11.09 7.74 1111 10.32
CV (%)
st b
w95 o=l
s 346 10.78 442 0.96 1.06
Genotypic variation
e bl
. . 4.58 13.17 6.02 1.16 1.33
Phenotypic variation
oo sl
75.52 81.82 73.33 82.72 79.93

Broad sense heritability (%)

™ Significant at 0.01 probability level

P <oV oo Jsl maw o )bs;u**
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of studied traits in ecotypes of fennel Table 4- Mean comparison

el O e G 39, PN G 59y S5 (S, b 59, wgr g oS 5 (588 lras L olus
Ecotypes germination Days to Days to 50% flowering Days to maturity  Plant height (cm) Number of branches per plant
=1 17.33°¢ 75.33° 146.67° 82.03" 6.00 %
Arak
“L"’é)‘_ 21.33°¢ 94.00 ¢ 145.00 ¢ 157.87 ¢ 7.002
Ardebil
- 20.67 ¢ 65.67 f 110.00 ¢ 83.23" 4,33
Fasa
bl 26.33° 11900 163.33" 11853 5.00
Hajiabad
S 2533 82.331 141.33°¢ 104.439 6.00 ®
Khash
e 18.33 ¢ 65.00 f 147.67 ¢ 82.57" 5.00 ¢
Mahalat
Ol 21.00°¢ 94.33°¢ 14533 °¢ 166.27 ° 7.67%
Moghan
C""”{ 24.00° 115.00° 170.67° 12550 ¢ 4.00°¢
Ghazvin
o5 18.67 ¢ 68.67f 113.33¢ 86.80 " 4.00°
Sabzevar
S 20.33¢ 131.33% 195.53¢ 150.50 ¢ 4.00°
Sardasht
‘SS’L“_“’ 25.67 2 137.00¢ 201.67 2 179.57 2 3.67°¢
ari

alol -F Jguo
Table 4- Continued

ST &gy yo gz Sluwy U BT REGUERIREY) S iz 50 S5 olawy &1 4158 39 oS s ails s
Number of umbels per Number of umbellets per Number of flowers 1000 grain .
Ecotypes . Grain yield per plant (gr)
plant umbel per umbellets weight (gr)
1N
6.00 « 16.67 ® 16.33 ¢ 5372 5.02
Arak
Jes)!
. 9.33? 19.33¢ 16.00 ¢ 4.43°¢ 7.42°
Avrdebil
(e
7.67 3¢ 15.67 19.332 413 451%
Fasa
alfl‘_,,_>l>
. 5.00 % 9.33¢f 16.00 ¢ 3.56 % 4,73 c
Hajiabad
el
8.33® 13.33« 18.67 %¢ 3.50¢% 5.58 ¢
Khash
Yoo
6.00 13.67 16.00 ¢ 6.20° 4,97
Mahalat
obe
8. 17.00 17.00 b 3.80 e 5.98°
Moghan
e
i 4.00°¢ 14.67 13.00¢ 3.77 < 5.22 bed
Ghazvin
N9
3.67¢ 11.67 % 19.00 ® 3.80 e 3.97¢f
Sabzevar
o
7.33 % 14.33 bed 12.33°¢ 257" 4.64 ¢
Sardasht
6)LM’
. 4.33% 6.67f 16.67 < 3.17°¢ 3.33f
Sari

(P =0.01) cosl 00 pund Sl (5031 Jasgs a5 Cenl o sme slaglas samsylid g S o Galis g,

Different letters within a column indicate significant differences as determined by the Duncan test (P = 0.01)
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Db Gl s e g b s (Sien 5 4ty el
L g ,0 iz olow o &lss (Bahmani et al., 2013)
Pz 0 Sy olass (< 10Y) oL jo o8 slaasl b slass
Ly j0 Sz olawd Cis g 09 Lo cixe g 5o (+/O0)
5 I e 5 Coa abal) (+100) oL 3 o8 sloasls slass
Ao, B B g, dlaws b o(+/FF) od e oy lao b
9 e alaly CIYY) JolS (S, B35, 9 CIYV) (205
G Wbl n 50 6N OIS e ntls s e
Clasli olass b i o S iz slawd o bl aS Woges
Akbari et al., 2015; ) ceze jiz olass g oS o o)
23T o o,0 00 L, olass L g (Kalleli et al., 2019
g (Sefidan et al., 2014) e

Lails I ()9 Sdoo G 5530 5 (Shie (Kot
235 o0 00 b g, olawd «(+/OA) o e ey Slaws
(+1OY) gy gl 5 (+/F+) JolS Souw, b 59, «(+/50)
ke bl (S 5 e piales] plw b . ils 252
(P35 ao,0 00 U g, olaws Clao b ails i 59 oy
@ glas )l o (Bahmani et al., 2013) JulS' Saw, b 3,
, .54 (Bahmani et al., 2013; Kalleli et al., 2019)
OlFss Mmoo LS (53 re Lo (Saon &5 Slaso
Olojed Sange Sz 5o (Il slaasli Aol 4y s
Sgei aladl Slao

b g b o8 Slio plEplS Gigrms S, Juto l oslinal L
awlo & Shee polate cpl slp was,S Bi> Joo 5l b
oo jiie lyiedy Slio plw g dimsly jiie Glgicas
olasi g o 0 S iz dlasd Caus g0 ol o adh ol
FA g wad Jawe o,ls S ,8b clio lgiea wg o i
alnyly (F Jgoz) Boged azgi |, lools Sl 5l ooy
20 (V) abaly & gods soelawda SyyS

Y =186+0.14 X, +0.19 X, (1) aal
-

Slao ey 4 Xo o Xp il o Slee Y aalaly cpl jo
3 VAS sae g ddg jo iz ooy g o ;0 S iz olass

cel g 55 o 5l B0

Slio (0 (0 J992) (g 03l (Ko ol -2
Lol o ails o ,Shos oS ols i oud (g a5l calises
5 (+109) atgr jo yiz Slawy (+/FF) iz o Sy ol
5 Cade (Koo (+10F) ol S )5 58 slaas i sloss
Lasls o, Shas o b3 iy Slidos . coils ()l gine
Bahmani et al., 2013; Akbari et al., ) 459 ;o > olows
slaws «(2015; 1zanloo et al., 2017; Kalleli et al., 2019
Abhay and Sastry, 2011; Safaei et al., ) y> ,o Sy
2011; Yadav et al., 2013; Akbari et al., 2015;
ola=s 4 (Izanloo et al., 2017; Kalleli et al., 2019
Yadav et al., 2013; Maghsudi ) o3 o ¢,8 slaasls
e |, (Kelardashti et al., 2014; Kalleli et al., 2019
Lo ol 3eiod gl @llas a5 Wdged ()55 s
Slio (nlpol Gz g oud plnil (slo o) @S 4 4295
nlnly Hgd oo a8 S 15 50 ailo 0 Slee (61 (Lol 132
el olio ol b abjl, o Shas g sl bl pliin
O

olaws b (5 o cne g e dbal ) o e o Caio
CIFY) JolS (S, B 59, «(17V) (205 00,0 04 b 3,
5 e adal, a5 Jo o ols Lz (+/FF) aig glis) g
asls Sl 59 9 (IFF) yiz 0 S sl b (g)lo sxe
Jolie a5 a8 ams olgoe ol pli ols (leis (+10A)
g adls o g 5 St LL3,I Soaen b Sujlsid calise
b S5lend Dlas anhy (So3eled Cuio Sy ot SYsb L
Yok 53 Wl on £3—dge nl & ab wialys gle ol
Bl Coedl il oy o g A, al

O o oy b (205 0oy B0 U g, Sl cho
CIVY) aigy i)l g (4120 JolS Souw) G 59, (/7))
Fz 0 Sy olaar b bl ccils jlo sixe g Code (S
CIF0) ails Ja (59 9 (10F) S 5> 8 U5 sloss o+ /YY)
ol 6,50 aslllas ol il o ne g site (Kiurod
8 asls slaws b (as 5 0w ys 00 b g, slaws a5 ol
ado o U g, sl U g Coite bl asigs glis )| 5 oS o
cals ate bl ails o Slac 5y oloss ils (5 00
Cdte (Sad (5,50 3. o (Sefidan et al., 2014)
5 JolS (S, B 5o, b (oS o0 00 b 5 Slass (e



ok Glo 3 b (2L

fY.

W31y GoassST 55 oud axlllae i Koinod wulpd -0 Joi

Table 5- Correlation coefficients among studied traits in ecotypes of fennel

Slaxy

10 G 3 U 39, i Ol S olaxs 38 o)
s 6 35, o sl P s 5 BT
; B Sy dg el &g 4o Syiz e 4wl
. IS ol 5o ot b -
Trait Davs to Days to Jos Plant Number of 1000
?’ ] 50% Daysto  height Number of of umbels Number of flowers per grain
germination . . branches umbellets .
flowering  maturity per plant umbellets weight
per plant per umbel
O 5 B 5, L
germination Days to
S 5D L 5
< ” 0.61" 1
Days to 50% flowering
Jol5 (T, B 59
2 043" 0.90" 1
Days to maturity
G glas )|
. 0.44" 0.77" 0.66™ 1
Plant height
olS o £,8 sleasls slasy
-0.08 -0.25 -0.25 0.15 1
Number of branches per plant
Wy iz olass
-0.11 -0.19 -0.20 0.17 0.51" 1
Number of umbels per plant
S 0 S e slass
-0.46™ -0.37" -0.37" -0.05 0.55™ 0.54™ 1
Number of umbellets per umbel
Sz o S5 olaw - - .
-0.01 -0.56 -0.65 -0.35 0.20 0.07 -0.05 1
Number of flowers per umbellets
sl 03 - " . "
. . -0.58 -0.65 -0.40 -0.53 0.17 0.04 0.30 0.12 1
1000 grain weight
olS o als s Slae
-0.07 -0.17 -0.19 0.16 0.56™ 0.59™ 0.64™ -0.06 0.18

Grain yield per plant

“and ™" significant at 0.05 and 0.01 probability levels, respectively

*

S0 ) 50Ju;>|t5h,u)o)\o5mg¢;&)3¢,:“5

Jis piio plgieds asllla 3590 Glio v g altunly picio (lgie 40 Sloe (18,5 )15 50 b pl5 & 5 (g 55 -F Jgor

Table 6- Stepwise regression with regard to yield as dependent variable and other studied traits as independent variable

Janond sy slopite TVttt g O T . e
Regression oUW Ty owl)le
Variables entered in the model 9 - Standard error R? .
coefficient Adjusted R? VIF
s 51 o8
1.86 0.61
Intercept
F 0 S e olass
0.14 0.05 0.40 0.39 21.13" 141
Number of umbellets per umbel
gy o olaws
0.19 0.08 0.49 0.46 14.53" 141

Number of umbels per plant

4,5 Ly ads o Shas e sl olsiear s winile 3L
OS5 auyes lu (Sefidan et al., 2014) s

Slaad a8 ols (ylis 555 j0 ab3ly STV () o ol

pEapl ge)S) 5o &l S (59 5 2z o Al Slass iz
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s Jole gz a5 ol lis oliile S o ailys), cudsST VP
W,S agi |y bosls S &l poss oo 0 AV/F. (L sl 4
s absly cuieST ) - aslllas 4o (Farshadfar et al., 2017)
Olts ool sladilse 4 4320 @b diy 81 )0 iy j5-25
IS Dlpess o 0 AD A (Lol 5 Jais Jole g0 a5 ols
(Kalleli et al., 2019) ws,S azg5 |, ool

Sly gy 4 slaBist 4525 dacasST anes S sln
Giog,S o abowl sy g Fojluil Sl (55, » (Ward)
99) 095 ¥ y0 1, lacadsST(V JS—8) 8)l5 (s, b o sS|
2 eSS A (pgd alig> )0 i 95 (sl alig> )0 oS
dunlie ol 18 (o loz alss 10 oSt oz g pow al>
(A Jguz) o plasl 55 Sl 9590 Slio (6l (Slee
olacsd o i oy (Do § ST Jol a—iig> slocassS]
slaadss 4 Cui ]y &l e 539 9 oSy ()8 slaasls
el law a5l sls olaisl ses 4y IS .Sk 5,500
olass igr ;o iz olawi olS jo £ sloasld slaws @iy
p9d ado> SlacaisSl Stz jo 5 olawi g i 0 S
ly ST S Sl 5 5YG ) (o 5 oD
O Gl 9 A Ld) pom 4dg3 (slacadgST.autils
Obe 5,500 lradgs b acalin o Sz o S ol
55 S 0els 51 e Syl iy iz sl S
Sy B9y 9 (23S 0T 59, o s B 5, lio
(02938 bl 71 pylaz aiiss GlocuisSl e by ye JolS
g2 (5)le 9 sy

S3sSI VA (Ward) s)ly s, @ ladgs a8 @l
99,0 1y 3, olep g ol byl o sasess &bl calises
—y o (Sefidan et al., 2014) sges sonail 09,5
Slaiss 455 wlisle S 5o Sl caisS 1P asisid g5
09,5 stz o 1y asdllae 9550 slacisST o)ly (e, 4
YY o,y o (Farshadfar et al., 2017) sges gusails
@l g ol bl b p3 oS alljl, e (oo
95 50 |y bagedsST ojly (g, 4 (glaiigs a5 mll wiz
5951V o axdllas jo (Izanloo et al., 2017) sls 1,8 aigs
Ohy 4 Mg 4o iy BT o uigs je iS50 adlyjl,
G 05,5 du jo 1) dalllas 9,50 slacssST UPGMA
(Kalleli et al., 2019) 5405

aS ol las olyes yo albsly cudsST Ve obs,l o pBapls
G5 D9 Bl b 0 ails o Sles o She JEws Do
gy 4o dil olowd (S o olasd iz olass Bl Hlad el
Sl g 4Bl s aBlos 1o 0,5 slaws ol s Lyl o
FRIRTS CRIN - (Akbari et al., 2015) o4 i
wolhe Slio iz )0 aljl) @lidee CodsSTYY )
slasi Jobb opllas slocassST i3S blS sgne 612
olass g Juol o jo ails slawy i olass ol j0 5L yix
(Izanloo et al., 2017) 6o ,5 o158 Lol iz 0 S i

sheoad adlllas slacaisSl Gle £95 0929 4 429 L
g5 0 Slio Jl Sy 5o B e 6l Jolo aayjed
omlly 0o 1y s Oty (Y J502) 0205 ooliinsl S50
Aoy 80 U 5, olaws Dlaws sadizl sl sla fole S e
el s Sy po 5 ol (oS (S, B 59y (205
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Table 7- Coefficients of common factor, relative variance and cumulative variance and percentage for studied traits in ecotypes of
fennel

o S o il ylg
. Coefficients of the common factor .
Trait 1 9 3 Common variance

ONd e 59,
L 0.66 0.14 0.56 0.77
germination Days to
35101 b 5,
Days to 50% flowering

Jo (Sa, b 5,

Days to maturity
ag el

0.94 0.28 -0.07 0.97

0.86 0.23 -0.31 0.89

. 0.64 0.63 0.07 0.81
Plant height

oS o =2 sasls slaw
-0.45 0.64 0.25 0.68
Number of branches per plant
Wy 0 iz olass
-0.39 0.70 0.15 0.66
Number of umbels per plant
F 0 S e olass
Number of umbellets per umbel
Sz o J5 olass
Number of flowers per umbellets
wlo )58 53
1000 grain weight
olS o als o Slae
Grain yield per plant
s ol lg

-0.62 0.59 -0.24 0.79

-0.48 -0.30 0.75 0.89

-0.68 -0.19 -0.43 0.68

-0.40 0.76 -0.02 0.74

. . 40.62 25.01 13.11
Relative variance

e ol
Cumulative variance (%)

oky polia

40.62 65.63 78.74

i 4.06 2.50 1.31
Eigenvalue

N

ECH
olbs

old ol
3

it

Salo

3519 gy 3 eoliiwl b A1) (o) 9 )90 (L o5 (gladigs & jxi ol 595000 —) i

Arak

Mahalat

Fasa

Sabzevar

Khash

Ardebil

Maoghan

Hajiabad

Qazvin

Sardasht

Sari

Figure 1- Dendrogram of cluster analysis in studied ecotypes of fennel by Ward method
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Table 8- The mean of cluster analysis for composition of leaf essential oils in studied ecotypes of fennel

Sl Hle Byl g (i Silo

Lo Mean and standard error of mean J5 oSk
Trait V ade VoAl ¥ oades fadys Total mean
Cluster 1 Cluster 2 Cluster 3 Cluster 4
O e B 5,
. 17.83 £0.50 21.17+0.16 21.56 £ 1.97 24.08 £ 1.34 21.73+0.95
germination Days to
35101 b 5,
. 70.17 +5.17 94,17 +0.16 72.22+5.13 12558 +5.15 95.24 +8.01
Days to 50% flowering
JolS (S, b 3,
. 147.17 + 0.50 145.17 £0.34 121.55 +0.62 182.75 +0.29 152.76 £ 0.41
Days to maturity
4 el
. 82.30+0.27 162.07 £4.20 91.49 + 6.55 143.53 +13.84 12157 £11.12
Plant height
ol yo £ slaasls slaws
5.50 +0.50 7.34+0.34 4,78 £ 0.62 417 £0.29 5.15+0.41
Number of branches per plant
ey o olaws
6.00 + 0.00 8.83 £ 0.50 6.56 + 1.46 5.17 £0.75 6.36 + 0.59
Number of umbels per plant
Fz S e olaws
15.17 +1.50 18.17 +1.17 13.56 £ 1.16 1150 £1.77 13.94+1.03
Number of umbellets per umbel
Sz o 5 ol
16.17 £ 0.16 16.50 £ 0.50 19.00 £0.19 1450 £1.08 16.39 + 0.67
Number of flowers per umbellets
als e 59
. . 5.78 +0.42 412+0.32 3.81+0.18 3.27+0.26 4.03+£0.30
1000 grain weight
olS o als o Slae
o 499 +0.03 6.70+£0.72 469 +0.47 448 £0.40 5.03+0.32
Grain yield per plant
a5 5, ebay el cillas colus (Sior 4500 L plSaspls G’Sd);c\by;v
Ll Siod oy iVl oS > o S i slass Slaw 5l al )y slacassSTas ol lid Jusl> gl
(G s A e ,lg Cus ydgl laieds cils o Sles ATl adlax 5o als po b golyy loglas anlllas 550
Cole (Smed shls a5 050 5 Jaw o lg digy )0 i slass Wig ;o iz oo b (Glae g Jwuo,l) wy09) slacdsS]

Fz ol Slaw aSul 4y axgi b og o Slos b (550 sins g
g slp @9 APl Bx 50 S e olae g g o
izl ol o plw bawlae o o ,Slhee oli8l iSlos
Olbre g ooyl slacssST (guiod (pl ,0 00,5 o, Sles
5055 Jlacl gl 1, (>l (slo i, el oS ol 5
s sl Sl g0 Slogas b sloaisST g 4

JOER

Vb o8 laasls sl YL Sy 0 85 oo 0 S
oS sessSlas Jb jo aivg oYL als o Sles sl)lo
gy ,o iz olawd b (gl g Siid s (938 ‘olﬂu’.?-b)
=P Searl b sl (ol Sz 0 gy 0 S e
039 100395 SlacdsSl iy (oS ails 3 Slae shils oS
L slacwisST adgs s opl plo axils (gt ails i
Ll g goliay glaasky yo wolhe (o)) Dlh—og—as
sloa—3s3 5l 5 n slocadss] o (W el b Glgs o
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Abstract

Introduction: Fennel (Foeniculum vulgare Mill.) is an old medicinal plant that is usually used as
food and traditional medicine. The main goal of studying genetic diversity and relationships between
germplasm sets is to use the information obtained from the diversity of native cultivars to develop
and release cultivars with higher yields among cultivated species.

Materials and methods: To investigate genetic diversity and relationships among morphological
traits, an experiment was performed using a completely randomized design with 3 replications on 11
fennel ecotypes in the greenhouse of Payame Noor University of Qom, in 2020. The measured traits
included number of days to germination, number of days to 50% flowering, number of days to
maturity, plant height, the number of branches per plant, the number of umbels per plant, the number
of umbellets per umbel, the number of flowers per umbellets, 1000-seed weight, and grain yield per
plant. After data collection, analysis of variance, mean comparison (with Duncan's test), correlation
between traits (using Pearson's method) and stepwise regression were performed. In order to
determine the relative contribution of each of the measured traits in creating diversity among the
studied ecotypes, factor analysis was used, and Ward's cluster analysis was used to group them. SPSS
software was used to analyze the data. Environmental, genetic and phenotypic variance components
were estimated based on mathematical expectation of mean squares to calculate trait heritability with
Excel software.

Results and discussion:Based on the results of the analysis of variance, a significant difference was
observed among the studied ecotypes for all traits. Most of the studied traits had high broad-sense
heritability. Seed yield per plant had a positive and significant correlation with the number of
umbellets per umbel (0.64), number of umbels per plant (0.59), and number of branches per plant
(0.56). Factor analysis showed that three main and independent factors explained 78.74 percent of the
total variance in all ecotypes. Cluster analysis using the Ward method grouped 11 studied ecotypes
into four separate clusters. The second cluster ecotypes (Ardebil and Moghan) are valuable due to
their high values of plant height, number of branches per plant, number of umbels per plant, number
of umbellets per umbel, number of flowers per umbellets, 1000-seed weight, and seed yield, and these
ecotypes can be used to select of high yielding ecotypes and desirable morphological traits in breeding
programs.

Conclusion:The results showed that fennel ecotypes had many differences in terms of the studied
traits. Among them, the early maturing ecotypes (Ardebil and Moghan) with high values of the
number of umbels per plant, umbellets per umbels and flowers in umbellets, and number of branches
per plant had high seed yield. While long maturing ecotypes (Hajiabad, Qazvin, Sardasht and Sari)
with low values of the number of umbels per plant, umbellets per umbels and flowers per umbellets,
the number of branches per plant had low seed yield. Therefore, in order to produce ecotypes with
desirable agricultural characteristics in breeding and selection programs, crossing between superior
ecotypes from different clusters and testing their results can be done. The results of stepwise
regression analysis were consistent with correlation analysis, so that the number of umbellets per
umbels, which had the highest correlation coefficient with yield, was entered into the model as the
first trait. The next trait, the number of umbels per plant, was entered into the model, which had a
positive and significant correlation with yield. Considering that the traits number of umbels per plant
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and number of umbellets per umbels were good indicators for yield, therefore, the selection of these
traits can cause the maximum increase in yield compared to other traits of yield components. In this
research, the ecotypes of Ardebil and Moghan are introduced as superior ecotypes, which can be used
to apply all kinds of improvement methods on them and achieve the ecotypes with favorable
morphological characteristics.

Keywords: Cluster analysis, Correlation, Factor analysis, Heritability
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Table 1- Physical and chemical characteristics of the soil at a depth of 0-30 cm at the test location
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Table 2- Variance analysis of the measured traits

©layo (il
Mean square

- AL as
Ol il &3l a0 (395 o reoliy 8 S los |
mpure
SOV Df Nitrogen Sodium Potassium Yield P
sugar
A
L 2 0.006™ 0.24™ 0.02™ 0.05™ 0.31™
Replication
c.S)L:-.;l
o 1 0.61™ 11.37 0.07™ 519.07™ 0.005™
Irrigation
(Ea)las
2 0.001™ 0.006"™ 0.002" 0.01™ 0.001"™
Errora
) - . . " ”
. 1 31 7.09 3.69 15.06 0.37
Cultivar
f‘,5)-:29‘_;}:31 -~ . . - .
L . 5 10.7 9.7 2.32 51.7 19.5
Irrigation*Cultivar
(Eb)lks
4 0.002" 0.13"™ 0.016™ 0.008™ 0.009™
Error b
Sl sl
o 2 3.2" 25" 0.79™ 53.77 9.54™
Salicylic acid
Sebcdlo st gLl
o L 2 41" 517 7.14™ 2.62" 9~
Salicylic acid*Irrigation
Skl ashied
o . 2 1.73™ 1.9 1.64™ 9.7 2.9
Salicylic acid*Cultivar
Sl .xt.ﬁ.;l-:s:-w_‘é)-:i:-s)Lﬂyl
Irrigation*Cultivar*Salicylic 2 1327 13" 1.25™ 16.06™ 2.74"
acid
(EC)Uas
16 0.004" 0.13"™ 0.022" 0.004™ 0.001™
Errorc
CcVv - 8.3 117 2.33 16.2 111

il oo o cire pf g /0 ) g0 /o 0 e )0 IS pxe ol 5 A NS g FH X

*and ** and Ns are significant at the level of 0.05 and 0.01 and non-significant, respectively.
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Continued table 2- VVariance analysis of the measured traits
Olapo (uiileo
Mean square
a3 0 Slos
S N Syt i 5lgixe g Il e
Ol i @alin - AL odan
ol Relative leaf ) Electrolyte
SOV Impure sugar Proline
Df ) content leakage
yield
A5
L 2 0.3" 0.03" 0.04" 0.009™
Replication
c.S)L:-.;l
o 1 511" 18426™ 286838.9" 6822.05™
Irrigation
(Ea)las
2 0.01™ 0.01™ 0.004" 0.05™
Error a
o5 - " - -
. 1 141 82.04 6962.3 20203.3
Cultivar
R - - - o
o . 5 44.4 1324 5911.09 8084.16
Irrigation*Cultivar
(Eb)las
4 0.15™ 0.053™ 0.026™ 0.021™
Error b
Skl asl
o 2 47.58" 785" 8609.5™ 1685.7"
Salicylic acid
Sl wla}eé)l,_,-l
o L 2 3.1 23.7" 6151.5™ 7656.6™
Salicylic acid*Irrigation
Skl alizod,
. . 2 10.54™ 117.3" 684.8" 13223.4"
Salicylic acid*Cultivar
Sl asliiesd e s L]
o . o 2 15.61™ 106.7 3098.89" 3519.2™
Irrigation*Cultivar*Salicylic acid
(EC)Uas
16 0.035™ 0.028™ 0.041"™ 0.038™
Error c
CcVv - 47 12.8 104 14.7

E S

SBbon Jloine s g N g o f00 gl 0 Mo re o 5 NS 5T 5

*and ** and Ns are significant at the level of 0.05 and 0.01 and non-significant, respectively.
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Table 3- Comparison of average traits for each cultivar at each level of salicylic acid under drought stress conditions (50% full

irrigation)
! " (
WS 5 ySlos X
s 0395 2 pely 0des ABLAE AL Sy e i o
Salicylic ™ . i } ) Proline <9yl
. . Nitrogen  Sodium Potassium  Yield Impure Impure Relative
acid (mM) Cultivar . (mmol/kg  Electrolyte
(%) (%) (%) (kg/m2)  sugar (%) sugar yield leaf content )
leaf weight) (96) leakage
(kgim2) (%)
031 4.70a 4.41a 6.3a 15.6¢ 19.9¢c 3.10c 39.96a 172.76a 149.2a
0 034 3.26b 2.72b 5.86b 9.62e 19.01d 2.11e 28.46e 106.86f 122.1c
031 3.03c 3.43a 5.57d 16.5b 19.9¢ 3.26b 35.7¢c 161.6b 129.4b
25 034 2.36e 3.2ab 5.61c 12.32d 20.51b 2.52d 36.8b 134.7d 68d
031 2.5d 3.2ab 4.97f 16.59a 20.91a 3.47a 30.25d 122.6e 122.6¢c
5 034 3.17b 4.14a 5.5e 16.51b 20.96a 3.46a 27.2f 147.21c 65.76e
LSD 0.11 1.3 0.93 0.13 0.25 0.04 0.27 3.25 2.93

Bl el sae BB SLls g 8 50 S i B9 shils sluc]

Numbers with common letters in each column do not have significant differences



AR Sl ol G poan b (S s 4y 0y (50 5alg9 jud Jooxs asdllae

Jol 53t dal s 50 Smmdd s sl 31 elans 320 33 685 3 (511 lheo (1eSilis dunmlin =F Jgur

Table 4- Comparison of average traits for each cultivar at each level of salicylic acid under full irrigation conditions

@B o Slos
. Ly Slos % E R sl 155 ol Cad g s
Ldls o) OI9F fom A < 95 9
. Nitrogen Sodium Potassium  Yield Impure Impure Proline Electrolyte
Salicylic acid Cultivar Relative leaf
(%) (%) (%) (kg/m2)  sugar (%) sugar (mmol/kg) leakage(%o)
(mM) . content (%)
yield(kg/m2)
031 329% 1.64b  3.97e 16.76¢ 22.76a 3.8le 58.2b 312.6a 206.4a
0 034 3.96d 3.8a 5.11c 20.74c 19.25d 3.99d 70.4a 253.7d 91.5¢
031 5.05a 1.48b  5.96b 18.3d 20.45¢ 3.74f 58.1b 283.2b 98.1b
25 034 418c  34a 7.34a 22.54b 18.1f 4.09¢ 57.55b 267.5¢c 57.5d
031 3.98d 1.25b  4.34d 18.4d 22.4b 4.14b 55.36¢ 178.1e 56.1d
5 034 47b  3.2a  5.98b 27.3a 18.27e 5.05a 57.5b 272.07c 52.53e
LSD 0.11 1.01 0.43 0.19 0.12 0.04 0.28 5.51 4221

Aadl ged s ge BT gl)ls gt jo 50 S in Bg > gl slacl
Numbers with common letters in each column do not have significant differences
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Table 5- Comparison of the average traits in drought stress conditions (50% of full irrigation) with full irrigation for the average

cultivars
KB o Slos (glgi ..
T . T . _ g
Gkl Hleg 039y ot eowliy ofdes AW AL Sy odan oy sl
9
Irrigation Nitrogen Sodium  Potassium Yield Impure Impure Relative Proline | |
treatment (%) (%) () (gm2) sugar (%)  sugar leaf content (mmolikg) TV
eakage
yield(kg/m2) (%) ge(%6)
Qo s B0 Sis i
(J"ls g_S)L:‘.;l
Drought Stress 3.4la 3.51a 5.49a 14.6b 20.2a 3.11b 33b 140.5b 109.5a
(50% of full
irrigation)
J"‘ls 6)L:-J
o 2.93b 3.41a 5.45a 20.65a 20.1a 4.13a 59.5a 260a 93.68b
Full Irrigation
Lsd 0.7 0.32 0.28 0.93 0.12 0.11 12 20.1 5.3

bl god )b@m WS glyls gm0 30 S i By > (glylo slas!
Numbers with common letters in each column do not have significant differences
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Table 6- Comparison of average traits at each level of salicylic acid under drought stress conditions (50% of full irrigation) for
average cultivars

| .
R (O

. st il 5.5l " s
N o by o Slos S WS . S i 9
Salwad bl 039y ) ) ) AL » ) S g sl
Salicylic acid Nitrogen (%) Sodium  Potassium Yield Impure | Relative Proline Electrolvt
alicylic aci (o mpure sugar ectrolyte
Y (%) %)  (kg/m2) sugar (%) P e SUOAN ¢ content  (mmol/kg) Y
(mM) yield(kg/m2) leakage(%o)
(%)
0 3.98a 3.56b 6.08a 12.61c 19.455¢ 2.6¢ 34.21b 139.81b 135.65a
25 3.19b 3.31c 5.59b 14.41b 20.205a 2.89b 36.25a 148.15a 98.7b
5 2.83c 3.67a 5.23c 16.55a 20.935a 3.46a 28.72c 134.90c 93.85¢c
LSD 0.11 0.09 0.07 0.18 0.45 0.10 1.1 2.5 1.12

bl ged o goe BT l)ls g jo 50 S in By, gl slacl
Numbers with common letters in each column do not have significant differences
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Table 7- Comparison of average traits at each level of salicylic acid in full irrigation conditions for the average cultivars
LB o Sloe (glgixo ..
Sebrndlos a9 i peely Sles @BLWE AL Sy e oo s
~9
Salicylicacid  Nitrogen  Sodium Potassium Yield Impure Impure Relative Proline - |
ectrolyte
(mM) (%) (%) (%) (kg/m2)  sugar (%)  sugar leafcontent  (mmol/kg) - ()(/3 %)
yield(kg/m2) (%) ge
0 3.625¢ 2.72a 4.54c 18.75¢ 21.0a 3.9b 64.3a 283.15b 148.9a
25 4.615a 2.44h 6.65a 20.42b 19.27¢c 3.91b 57.82b 275.35¢c 77.8b
5 4.34b 2.22c 5.16b 22.85a 20.33b 4.59 56.43c 375.08a 54.3b
LSD 0.09 0.15 0.17 0.21 0.20 0.1 0.24 10.2 15.02

Al ged o g BB glils g a0 S pie Bg i (lls slael

Numbers with common letters in each column do not have significant differences
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Figure 1- Relationships between harmful nitrogen, sodium and potassium and different amounts of salicylic acid in sugar beet
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Figure 2- Relationships between harmful nitrogen, sodium and potassium and different amounts of salicylic acid in sugar beet

cultivar of 034 under drought stress conditions (50% of full irrigation)
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Figure 3- Relationships between gross sugar yield (kg/m2) and salicylic acid values in two conditions of drought stress (50% full
irrigation) and full irrigation for cultivar of 031

AT oy

Cultivar 034

=3

_3
_

¥ Ers e
Drought stress

il w28 5,5 lee

Impure sngar yiehl (lgg'm2)
[ b (¥

__2

S

@ el gl

Full irrigation

N

23

=}

-

Salinuadlos sl
Salicylic acid (mML)

5 (JolS 65l o0 Be) (Siad i Jay| s 98 50 Sl b dusl 3 3Lio g (29 30y 53 5 oluS) (AL U3 5 ,Shos s Luslg, —F Sl
YF o8 sl JolS 55k
Figure 4- Relationships between gross sugar yield (kg/m2) and salicylic acid values in two conditions of drought stress (50% full
irrigation) and full irrigation for cultivar of 034
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Figure 5- Relationships between proline amino acid (mmol/kg leaf weight) and salicylic acid values in two conditions of drought
stress (50% full irrigation) and full irrigation for variety 034
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Figure 6- Relationships between electrolyte leakage (percentage) and salicylic acid values in two conditions of drought stress (50%

full irrigation) and full irrigation for cultivar of 031
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Figure 7- Relationships between electrolyte leakage (percentage) and salicylic acid values in two conditions of drought stress (50%

full irrigation) and full irrigation for cultivar of 034
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Abstract

Introduction: Environmental factors affect the accumulation of sugar. Light, sunny hours and soil
moisture largely determines how sugar is grown and stored at the root of sugar results of the
experiment on sugar beet showed that all treatments of anti-stress materials such as salicylic acid,
thioufol and glycine at different concentrations increased the quality traits such as root yield, sugar
level and white sugar yield. Reducing membrane damage due to the use of salicylic acid is associated
with the production of antioxidants, and thus salicylic acid increases the membrane stability against
oxidative stress. Salicylic acid is an internal regulator of plant growth that affects metabolic and
physiological responses to plant growth and development.

Plants obtained from seeds pretreated with salicylic acid can improve the rate of photosynthesis in
normal and stress conditions by increasing the relative water content, transpiration intensity, stomatal
conductance and leaf chlorophyll index. In a study, it has been observed that salicylic acid treatment
controls polysaccharide hydrolyzing enzymes and accelerates the formation of polysaccharides from
soluble sugars. With this assumption, salicylic acid increases the amount of insoluble sugars
compared to soluble sugars.

Materials and Methods: In order to adjust the negative effects of drought stress in sugar beet
cultivars under the influence of salicylic acid foliar spraying in drought stress conditions, a factorial
split plot was used in a randomized complete block design with three replications in Jouin was
conducted in 2019. The studied factors included irrigation at two levels of full irrigation and drought
stress (50% of full irrigation), salicylic acid spraying at three levels of 0, 2.5 and 5 mM on the Shokofa
(034) and Aria (031).

Results and Discussion: Stress reduced the yield, but the use of salicylic acid increased the yield .
Application of 5 mM produced the highest amount of root yield with 16.55. In the condition of full
irrigation, the yield increased by increasing the amount of salicylic acid. In the stress conditions, the
percentage of impure sugar increased, but in the condition of full irrigation, the percentage of impure
sugar decreased, but with the use of five to 2.5 mM salicylic acid, it increased.

In condition of drought stress and consumption, 2.5 mM of salicylic acid, 034, have the highest
percent sugar content with 20.5%. The amount of proline of 034 cultivar was the highest in drought
stress and consumption of 5 mM of salicylic acid. Consumption of salicylic acid increased root yield
and sugar content yields and reduced harmful nitrogen and sodium.

Drought stress caused a decrease in yield, and this decrease in yield was both qualitative and
guantitative. Drought stress decreased sugar yield and root yield in sugar beet by increasing
electrolyte leakage from cell membranes, decreasing relative leaf water content, and increasing
harmful nitrogen.

Conclusion: The amount of impure sugar (kg/m?) increased with the use of salicylic acid in both
drought stress and complete irrigation. Impure sugar, which is the result of multiplying the sugar beet
root yield by the percentage of impure sugar and has been affected by salicylic acid, shows that the
guantity and quality of both have increased with the use of this hormone-like substance .In this study,
salicylic acid was able to increase the absorption of water by increasing the proline and making the
osmotic pressure of sugar beet negative by increasing the relative water content of the leaves, and
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finally, by increasing the impute sugar yield, it increased the root yield and sugar per unit area. The

consumption of salicylic acid increased the root yield and sugar level and decreased harmful nitrogen,
sodium and potassium.

Keywords: Electrolyte leakage, Nitrogen content, Root yield, Sugar content
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Table 2- AquaCrop sensitivity analysis and input parameters values

J.. 3
Parameter

Sc-0.25% Sc+0.25%

Hlode aslg Olrus g

Value Unit Description

Al sles
) 1.2 15
Base temperature

W sles
17 11
Upper temperature

Ayl (LS ity

Initial canopy cover
oS o515
Plant density

Canopy growth 7.1 5.9

coefficient (CGC)
2L Gidsy Jlss e
Canopy decline 2.3 2.8

coefficient (CDC)
O e B 2SS 51 e

1.9 13

25 3.0

Time from transplanting 3.0 2.2
to emergence
i b 23l 51 e

S 48 42
Time from transplanting

to maximum canopy

Gy b el 5l by

Time from transplanting 3.6 33
to senescence

Esb b cals 5l ol

Time from transplanting 4.0 5.7
to maturity

Eor8 b odls 5l ok
Time from transplanting
to start yield formation

3.6 2.8

Maximum effective 9.2 8.4
rooting depth
Slr B e Sl
@ 15.2 17.0
Crop coefficient for
transpiration (KCTr)
oads Jloj *.—;‘ S04
Normalized water 18.6 17.9
productivity (WP%*)
il el
Harvest index (Hlo)

113 10.5

2 °C Default
30 °C Default
2.6 % Calibrated

40 Plant.ha® Default

9.9 %/day Calibrated

9.0 %/day Calibrated

8 Day Calibrated

66 Day Calibrated

165 Day Calibrated

180 Day Default

90 Day Default

1 M Default

1.15 - Calibrated

11 g.m? Calibrated

50 % Default
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Figure 3- Comparison of observed and simulated yield in calibration stage in four date (T1: October 30, T2: November 10, T3:
November 20, and T4: November 30), two cultivation methods (R1: transplanting and R2: seed planting) and three cultivars (C1:

Giza, C2: Q26 and C3: Titicaca).
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Figure 4- Comparison of observed and simulated biomass in calibration stage in four date (T1: October 30, T2: November 10, T3:
November 20, and T4: November 30), two cultivation methods (R1: transplanting and R2: seed planting) and three cultivars (C1:

Giza, C2: Q26 and C3: Titicaca))
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Table 3- Statistical values for yield and biomass in calibration stage
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Yield (kg.ha™)
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Table 4- Statistical values for Yield (kg.ha?) in validation stage
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Treatment MBE RMSE NRMSE EF D
All -136.9 155.3 0.10 0.99 0.99
Tl -198.6 2219 0.09 0.99 0.99
T2 -153.6 161.8 0.09 0.99 0.99
T3 -974 103.8 0.11 0.98 0.99
T4 -97.8 101.8 0.09 0.99 0.99
R1 -171.8 191.6 0.12 0.98 0.99
R2 -102.0 107.5 0.07 0.99 0.99
C1 -128.8 150.9 0.10 0.99 0.99
c2 -158.3 171.8 0.09 0.99 0.99
C3 -1235 141.8 0.11 0.98 0.99
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Figure 6- Comparison of observed and simulated yield for different cultivation date in validation stage (Cultivation date as the main

factor in four date (T1: October 30, T2: November 10, T3: November 20, and T4: November 30), two cultivation methods (R1:
transplanting and R2: seed planting) and three cultivars (C1: Giza, C2: Q26 and C3: Titicaca))
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Figure 7- Correlation between observed and simulated yield in validation stage for all treatment
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Figure 8- Comparison of observed and simulated yield for different cultivation method in validation stage in four date ((T1: October

30, T2: November 10, T3: November 20, and T4: November 30), two cultivation methods (R1: transplanting and R2: seed planting)
and three cultivars (C1: Giza, C2: Q26 and C3: Titicaca))
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Figure 9- Comparison of observed and simulated yield for different cultivar in validation stage in four date (T1: October 30, T2:

November 10, T3: November 20, and T4: November 30), two cultivation methods (R1: transplanting and R2: seed planting) and
three cultivars (C1: Giza, C2: Q26 and C3: Titicaca))
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Figure 10- Comparison of observed and simulated biomass for different cultivation date in validation stage in four date (T1: October
30, T2: November 10, T3: November 20, and T4: November 30), two cultivation methods (R1: transplanting and R2: seed planting)
and three cultivars (C1: Giza, C2: Q26 and C3: Titicaca))
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Figure 12- Comparison of observed and simulated biomass for different cultivation method in validation stage in four date (T1:
October 30, T2: November 10, T3: November 20, and T4: November 30), two cultivation methods (R1: transplanting and R2: seed
planting) and three cultivars (C1: Giza, C2: Q26 and C3: Titicaca))
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Figure 13- Comparison of observed and simulated biomass for different cultivar in validation stage in four date (T1: October 30, T2:

November 10, T3: November 20, and T4: November 30), two cultivation methods (R1: transplanting and R2: seed planting) and
three cultivars (C1: Giza, C2: Q26 and C3: Titicaca))
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Abstract

Introduction: Quinoa (Chenopodium quinoa wild) is a dicotyledonous plant with about 95% purity.
Quinoa is one-year, broad-leaved and has a height of one to two meters. This plant is native to South
America, which is generally cultivated for its seeds, but its biomass is also popular as leafy vegetables.
The seed of this plant is small in size and is a rich source of many vitamins and proteins. For this
reason, its cultivation is expanding in Iran. For this reason, it is very important to know the effects of
various factors such as planting method, planting time and cultivar used on its yield and biomass. Due
to the high cost of field experiments, the AquaCrop model was used to simulate this crop plant in this
research.

Materials and Methods: The current research was conducted in Khuzestan Agriculture and Natural
Resources Research and Training Center located at 31° 20° N latitude and 48° 40’ E longitude with a
height of 18 meters above sea level during the years 2017-2018 and 2018-2019. The ten-year average
rainfall leading to the time of the experiment is 240 mm and the average annual temperature is 25.3
degrees Celsius. The experimental treatments include planting dates at four times (T1: October 30,
T2: November 10, T3: November 20, and T4: November 30), cultivation methods in two ways (R1:
transplanting and R2: seed planting) and three cultivars (C1: Giza, C2: Q26 and C3: Titicaca). Tillage
operation was done at the end of May for all treatments.

Results and Discussion: The sensitivity of the AquaCrop model to changes in base temperature, high
temperature and initial canopy cover parameters was in the low category. Due to the low sensitivity
of these parameters, the base and high temperature values remained as default. The initial canopy
cover was also dependent on plant density, that's why its value was changed compared to the default
state. The sensitivity of the AquaCrop model to changes in two parameters of normalized water
productivity and the maximum crop coefficient for transpiration was in the high category. The
sensitivity of other parameters was in the medium category and therefore these parameters were
recalibrated. The average observed and simulated yield differences for T1, T2, T3 and T4 treatments
were 198, 153, 97 and 97 kg.ha, respectively. The minimum difference between observed and
simulated yield values was 93, 78, 62 and 66 kg.ha?, respectively, and the maximum difference was
303, 210, 172 and 151 kg.ha™ respectively. Therefore, the accuracy of the AquaCrop model was
higher compared to the planting dates in the middle and end of November. The average difference
between simulated and observed biomass for planting dates T1, T2, T3 and T4 was 870, 542, 533 and
635 kg.ha?, respectively. The lowest difference for these treatments was 529, 401, 417 and 324 kg.ha-
Lrespectively and the highest difference was 1072, 871, 609 and 793 kg.ha™ respectively. The average
observed and simulated yield differences in the two cultivation methods R1 and R2 were 171 and 102
kg.hat, respectively. The lowest and the highest difference between the observed and simulated yield
was 62 and 303 kg.hain the germination method and 66 and 194 kg.ha in the direct method. Based
on these results, the accuracy of the AquaCrop model in the direct method was about 40% higher than
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the seed planting. The average difference between the observed and simulated biomass in two
germination and direct methods was 723 and 566 kg.ha?, respectively. The minimum and maximum
yield differences in the germination method were 567 and 979 kg.hal, respectively, and in the direct
method, 324 and 1072 kg.ha. The average observed and simulated yield difference for this cultivar
was 128, 158 and 123 kg.hal, respectively. The lowest observed and simulated yield differences for
these three cultivars were 62, 96, and 67 kg.ha?, respectively, and the highest yield differences were
303, 298, and 291 kg.ha, respectively. The average difference between observed and simulated
biomass for three varieties of Giza, Q26 and Titicaca was 581, 662 and 691 kg.ha, respectively.
Conclusion: Based on all the results, the use of this plant model is suggested for simulating quinoa,
although its error is less for direct cultivation in the middle and end of November than other
conditions.

Keywords: Crop Modeling, Cultivation Date, Seed Planting, Water-driven Model
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Year 1 Year 2 Year 1 Year 2 Year 1 Year 2
Pl
Octobr - 9 11 13.6 29.9 30.7
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November 2.8 139.1 7 8.4 24.4 19.2
N
December 36.6 150.8 04 3.1 14.6 141
«K°
January 50.1 127 0.5 7.8 14.7 11.7
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February 68.7 115 2.1 1 14.4 12
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March 62.7 81 4.8 1.1 18.7 13.7
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April 103.7 309 7.3 6.6 231 18.5
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May 151.7 6.1 10.7 9.3 23.6 26.3
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June 12 - 15.3 16.6 33.8 36.3
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o 4883 937.8
Total rainfal
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Table 2 - Results of physical and chemical analysis of farm soil before planting in the first and second year

b I B T e ST s B ol el hd
Soil  Clay Silt (%) Sand Salinity _ Total Organic Zn Mn Fe K P
texture (%) (%) (dS/m)  nitrogen(%) carbon (%) (mg.kg!) (mg.kgh) (mg.kgh) (mg.kg?) (mg.kg?h)

= 09
42 14 7.4 0.64 0.89 1.03 0.7 15 25 350 14.1

Clay loam
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Table 3- Analysis the variance of three treatments per year x Azetobarvar 1 + superabsorbent x intercropping on dry forage yield of
vetch and barley, total dry forage yield, land equivalent ratio of vetch and barley, and total land equivalentratio (mean squares)

adgle 5 Sloc adgle 0 ,Sdoc 0 Slos £ g0

Syl S (5l i (6 il i

e il @lilazye ol i 5 i i ddgle
_ _ Salo gy gz omes ST ome)
S.0.Vv df Dry forage yield Dry forage yield ~ Total dry
. LER vetch LER Barley LER Total
of vetch of Barley forage yield
JL'“ i i
1 69745.41™ 955153.63"  508691.417  0.131 0.149 0.001"™
Year
(WEOBES " "
4 13089.88 1863.33"™ 68364.02 0.000™  0.001" 0.001"™
R(Y)
_ 4 19921028.39™  20172904.48™  2402514.93*  10.62 9.730 41.038
Intercropping
4 32369.76 155663.53 " 307347.43" 0033 0.042 0.057

IntercroppingxYear

3z ) H9,bs8)

935074.21™ 552621.46™  1914539.14 0.051**  0.093 **  0.012 **

Azetobarvar-1+ superabsorbent
3z g+ V= ksl x Sl

Azetobarvar-1+ xYear 3 39090.63 ™ 72433.83™* 0.035** 0.056%* 0.161%*

65931.41™

superabsorbent
+ V= asbsl x bgliee s

o3l g

12 84530.88 ™ 104555.66 ™  143512.22*  0.014** 0.021** 0.023**

Azetobarvar-1+ xIntercroppin

superabsorbent
+ \7)5)1.393)'] x balse cuas x Jlo
@3 g

. 5097409 8267413 0008 001" 0.037*
x Intercroppin xYear

12 8388.24™

Azetobarvar-1+ superabsorbent
U
£ 76 1168.04 1421.193 12535.13 0.001 0.001 0.001
rror

Ol yadS g o
CV (%)

2.55 2.43 3.98 2.44 2.89 2.32

Jliml ao )V mhaw jo o gme g s pme 2™
" non significant and ** significant at 1% probability level
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Table 4- Comparison the average of three treatments per year x Azetobarvar 1 + superabsorbent X intercropping on dry forage
yield of vetch and barley, total dry forage yield, land equivalent ratio of vetch and barley, and total land equivalent ratio
adgle o Slos ddgle 0,Slos 0, Klos £ 9020 . . .
. ok ok EFT oo o (Sl o (5l o
Ju boglo cuis 5g5 il i 52 S S adgle Sl g
Year intercropping Fertilizer i

. ] . . . o S
Dry forage yield Dry forage yield Total dryforage LER vetch LER Barley Total LER

of vetch (kg/h) of Barley (kg/h)  Yield (kg/h)

F1

2405 ¢ 2405 ¥t
" 72 2673 - 2673 Kimnopy - - -
F 2490 ¢ - 2490 Pt ’ : :
F 2072 - 2072 - - -
Fi : 27370 2737 Wmop
72 - 2583 o 2583 mnopar
V2
P - 3362° 3362 ¢
- F - 2503 ¢ 2503 oPs
Jitd Fi 1827° 1317° 314470 1310 114799 24570
Year1 v F2 2000 1 1408 " 3408%  1.273%  1320% 2597
F3 1857 & 1152° 30089 12077 0.897* 2.103'
Fa 1568 1207° 277510 1340 17079 24500
FI 1500 * 17574 3257 1357% 1190  2547°
w P2 1702 1713" 3415° 12779 1327% 2603
F3 1503 1815 3318 ¢ 13339 09871 23201
F4 1240 1703 20439k 1493®  1177°9 2597t
Fi 723" 2117° 2840 "KM 11839 10371 2.220"
. F2 g7 ™ 23109 3137%%f 11739 1217% 2390
F3 605 ° 2407 f 3012°¢0 120770 0.897* 2.103'
F4 517° 1913 24309 1.180% 0970 2150
P 2667° - 2667 mnond - - -
" 72 2907 @ - 2907 9hik - - -
Fe 2583°¢ - 2583 mnopar - - -
F 2023 - 2023 - - -
FI g 2440 2440 7
72 - 2047 9 2047
V2
Fe - 2630°¢ 2630 Mnopar
. F - 2005 2005
r*d FI 19239 1057 9 2980 11200 1220% 2343
Year2 v F2 2050 1022 072" 10531 13470 2.407%
F3 1833" 1205° 3038 11779 11539 2330
F4 1437 955 1 23920 11839 1073M 22579
FI 1750 1590 ™ 3340 9 125090  1367° 2620
w F2 1750 1520 ™ 3270 bode 11230 1437° 2560 ¢
3 1709 2090 37992 1470°  1.443° 2913°
Fa 1223" 1572™ 2795hkm  13g3bc (o83 p@37h
FI 710" 1808 % 2518 ™ 0947  1.033) 1.9807
v F2 807 ™ 1750 ¥ 2557 0gg0K  1.123%"  2,003!
E 652 ™ 24171 3068 %" 11909  1170¢  2.353°¢
F4 450" 1907 2357 1167"  1.060M 2.223h

Al 02 b (gl gire BB gt jo 50 S e By, gl slaosls
There is no significant difference between the data with common letters in each column
a3l pgms =F2 ) 5,Lg55 sFL (Silo ZYO + 92 YO/ =V5 o Sila 7. 0+ 92 0+ 7. =VA Sile 7VO + 45 YO/ =V3 5> 7V o+ 2V2 (Sile 7 V- =V

aols =F4 0 5 Lgish Ldl> e =F3

V1=100% Vetch , V2= 100% Barley , V3= 75% Vetch+25% Barley, V4= 50% Vetch + 50% Barley, V5= 25% Vetch+75% Barley,
F1= Azetobarvar 1, F2= Superabsorbent, F3= Azetobarvar 1+ Superabsorbent, F4=Control
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SR 5l —ad > bgline S )0 V- 59,Lg85l (fw ) 255
B, slogasls Koo 5 (o 1))l Egome Al 2z ga
A S gl G iS uiedg—w cdio i a5 W )8

(Rohi Salaran et al., 2019) 55 o5 g5 10 lls S
Jlo alfass Jlas ol L beols o8 o il g 4525
duslie (O Jguz) (P <0.01) 0 o ixe 53 9 Sisle o515
RS g oy g aS ol i alfaw sl s S0l
S 4 CIVAY g YIVAY) Sl o515 (o o oo
x 92 YO+ S—ile LV x V JLw) YIV3FL slo,les a
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(> g + V=5 L350 x SCisle LYO + o2 /YO x ¥ L)
+ V= 59,Lg5 50 x Sile AV + 9> £YO x V JLw) YIV3F3
LJ"I“’SB tJ"f'_"‘""' ‘;).Io )‘ AJO; ool i (ubl}fs_w
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Table 5- Analysis the variance of three treatments per year X Azetobarvar 1 + superabsorbent X intercropping onrelative yield total

of vetch and barley, relative yield total of whole, relative crowding coefficientof vetch and barley, and total relative crowding

coefficient (mean square)

W S (o S (o e
3,8 dos ggozme 3 Ko ggozmo 0 ySlos g gazeo

i gl EUIES ) . . L SBleSly gz eSly S SIS
Sl o 95 o J5 o
S.0.Vv df RCC vetch RCC Barley RCC total
RYT vetch RYT Barley  RYT total
(Ka) (Kp) (K1)
1 0.003** 0.009** 0.002** 0.220 ** 5.171 % 1.589 **
Year
(b 1S5
4 0.000 ™ 0.000 ™ 0.000 ™ 0.001™ 0.004 ™ 0.007™
R(Y)
Lolss s " -
4 2.756** 3.250** 10.54% 19.863** 81.267 ** 28.047%
Intercropping
Lglses caiS x Jlo
e . J 4 0.003** 0.008** 0.018** 0.530%* 2.570% 5.289**
IntercroppingxYear
o> V-,9,b453)
PIERST TR 3 0.002* 0.004% 0.005%* 0.021 ** 4.383* 1.338#*
Azetobarvar-1+ superabsorbent
D3 g+ 59)lg85l 0 Jlo
Azetobarvar-1 + xYear 3 0.001* 0.037 ** 0.048 ** 0.049 ** 17.182 ** 10.631%*
superabsorbent
+V=,9,L57 5 x belse e
ST A _ 12 0.001% 0.003% 0.004** 0.040% 3.514% 1.446**
Azetobarvar-1 xIntercropping
+ superabsorbent
= g5ls55) x bgle cetS x Lo
Sl g . n s
_' 12 0.001** 0.008** 0.010%* 0.030 ** 1.287 ** 2.565%*
x Intercropping xYear
Azetobarvar-1+ superabsorbent
s
76 0.001 0.001 0.001 0.001 0.006 0.009
Error
Ol yadS g o
3.85 3.14 2.65 2.37 3.85 4.75
CV (%)

Jlaiml aopo ¥ mhaw 5o Sl cxe # g Jlotzl ao 0 O o jo Yo cme F il me 2™
" non significant, * significant at 5% probability level and ** significant at 1% probability level

SeiS  liie pl il oo Gl pitns (2L Egorne
37 2S5 GBIl &S Wages (5155 Logd — &) bole
ozl 4z 0 Laslo Wbl 5 ol cols,) @08 gl o

(Kouchaki et al., 2014) =sb zol33l
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Table 6- Comparison the average of three treatments per year x Azetobarvar 1 + superabsorbent X intercropping on relative yield

total of vetch and barley, relative yield total of whole, relative crowding coefficient of vetch and barley, and total relative crowding

coefficient
Ju bl cuts 355 3 Sdos £gommo 3 ,Shos £gome O Slos £oomo (i PSS g (ol P
Year Intercropping Fertilizer — Sblo (omud 92 (oo F o Sbbo oSl g2 051y 55y

RYT vetch RYT Barley RYT Total RCCvetch RCC Barley RCC (Total)
F1 - - - - - -
F2 - - - - - -
Vi
F3 - - - - - -

F4 - - - - - -

F1

F2
V2

F3

F4

F1 0.763 ¢ 0.483 9" 1,247 3.183° 0.927 ™ 2.953°¢
Jsl Jl " P2 0.7502 0.547 9 1.297° 29730 1.210" 3507 ¢
Year 1 F3 0.7472 0.340° 1.087 ©fo 2.933° 0.520° 15231
F4 0.767 ° 0.480 o 1.247 3.170° 0.920 ™ 2017°
F1 0.623°¢ 0.643 1 1.267 1.483 9 1.803 2,673
" R 0.633°¢ 0.667 1.300° 1.753" 21 3.507 ¢
E 0.603 ¢ 0.5409 1.147 % 15279 1173" 1.787h
R 0.600 ¢ 0.680 1.280 " 1.333" 2137 2.850
F1 0.300 ¢ 0.773 1.070 foh 0.333 3.490°¢ 1157
- R 0310°¢ 0.897° 1.207 @ 0447 8.680 " 3877
7 0.243 % 0.713 ¢f 0957 0323 2517" 0.813"
R 0.250 % 0.767 1.013 9 0.447 3.273" 1.463
F1 - - - - - -
F2 - - - - -
V1
F3 - - - - - -
F4 - - - - - -
F1
F2
V2
F3
F4
F1 0723 0.437" 1.153 % 2.603 ¢ 0.767" 1.997 9
p w F2 0707®  0447" 1153%  2403°  0817™ 1963
Year 2 F3 0.710 ® 0.457" 1.170°¢ 24409 0.847 ™ 2.063 9
Fa 0.713% 0.430 " 1.140 of 2.460 ¢ 0.757" 1.860 9"
F1 0.657 0.653 1 1.310° 1.913¢ 1.883 3.607 ¢
" R 0.607 ¢ 0.667 1.273" 15209 2010 3.057°
E 0.663 0.797 ™ 1.457° 1.953¢ 3.877¢ 75774
Fa 0.270 % 0.740 1.007 " 1.5309 2.413" 3.693 %
F1 0.277 % 0.767 < 1.047 0.360 ¢ 2.883 9 1.043™
- R 0.250 % 0.703 ¢f 1170 0.383 3327 ¢ 1.280 4
P 0.603 ¢ 0920° 1310° 0.340 ¢ 11.710° 3.953°
Fi 0.220° 0.853 1.080 #fo" 0.287' 5.663 ¢ 1627

Gl oo b ()0 gine B! gt 10 10 S i By > sl slaosls
There is no significant difference between the data with common letters in each column
a3l pgms =F2 ) 5 L6335 sFL (Silo YO + 92 YO/ =V5 o Sila 7. 00+ 92 047 =VA Sile 7YO + 45 YO/ =V3 5> 7V o+ 2V2 (Sile 7 V- =V

aols =F4 0 5 Lgish Ldl> e =F3
V1=100% Vetch , V2= 100% Barley , V3= 75% Vetch+25% Barley, V4= 50% Vetch + 50% Barley, V5= 25% Vetch+75% Barley,
F1= Azetobarvar 1, F2= Superabsorbent, F3= Azetobarvar 1+ Superabsorbent, F4=Control
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Table 7- Analysis the variance of three treatments per year x Azetobarvar 1 + superabsorbent x intercropping on vetch and barley
competition ratio, total competition ratio, real reduction of vetch and barley yield, and real total yield reduction (mean squares)
Coldy cous Coldycas ol cus (Blg gl Blg pals  aBlg lals

35 2ol ol5T as 4o
’":of/ ¢ ’df i Sl v fyome  Sdloo,Sles g2 0,Skes S 5,Skes
CR vetch CR barley  CR total AYL vetch AYL barley AYL total
Ju 1 1.003 ** 0.896 ** 0.005™ 0.850 ** 0.827% 0.000"™
Year
Wl 1 4 0.001™ 0.003 ™ 0.001™ 0.001™ 0.008 ™ 0.006 "™
R(Y)
bl ciS 4 38.751% 31.799 #* 60.963 ** 30.838%* 37.493 #* 26.072 #*
Intercropping
Lglis cutS x o
e ] J 4 0.425 ** 0.385 ** 0.910 ** 0.333 ** 0.225 ** 0.538 **
IntercroppingxYear
=Rt 1ol 3 0464°* 0443 ° 0002  0363* 0731 0098 °
Azetobarvar-1 + superabsorbent
3l pygm + V= 5950551 x Jluo
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1 5,hs35) x Lglie cuiS
23l g
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+3-59,bg5 3l x bgle i x Jlo
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x Intercropping xYear
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Error
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CV (%)
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" non significant and ** significant at 1% probability level
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Table 8- Comparison the average of three treatments per year x Azetobarvar 1 + superabsorbent x intercropping on vetch and
barley competition ratio, total competition ratio, real reduction of vetch and barley yield, and real total yield reduction
Coldy Cous oy s coliy camws (ABlg s (RBlg pals  (Alg Jals

Jw bolio culs 3¢5 . )
Year Intercropping Fertilizer Sl ¥ gpze  ShlooSles g2 0,les S50 Sas
CRvetch CRBarley CRTotal AYL vetch AYL Barley AYL Total
F1 - - - - - -
F2 - - - - - -
V1 s ) )
F4 - - - - - -
F1
F2
V2 e
F4 - - - - - -
Jol Jl R 0.380 ¢ 2.633" 3.013! 0.743* 3597°¢ 4.430°¢
va F2 0.320 3.110°¢ 3.430° 0.690 4 4.293% 4990
Yearl E 0447°  2157" 2607  0613™ 2580  3.193"
R 0.403 2.480° 2.883 K 0.790 ¥ 3.430¢ 4,220
F 1.140% 0.880'™m 2.020° 17139 13771 3.090 M
va F2 0.963'm 1.037 2° 1.553" 1.650 " 3.203 "
s 13531 0.743" 2.093" 1.663°9 0.977 % 2.6407
4 1.2107 0.827 ™ 2.037 ™ 1.847 °f 1.3501 3.197 N
R 3.453°¢ 0.297 Por 3.750¢ 3.727° 0.383 ™ 4.100 %
vs F2 2.853f 0.347 M 3.197" 3.693° 0.623' 4317°
Fo 4.050° 0.247°" 4.297° 3.833° 0.193° 4,027
4 3.633° 0.277 @ 3.910°¢ 3.707° 0.297 ¢ 4.003 o
F1 - - - - - -
F2 - -
\% A
F3 - -
F4 - -
F1
F2
\
F3
F4 - - - - - -
pgs Jlo F 0.307 3.238" 3.583¢ 0.490 " 3.890° 4.377°
Year 2 va F2 0.260 3.830° 4.090° 0.410° 4.400° 4.807°
Fs 0.340 ™ 2.947 ¢ 3.283¢ 0.567 ™ 3.623 ¢ 4,190 <
i 0.367 ™ 2.730° 3.003° 0.577. ™ 3.300 © 3.877 1
F 0917 ™ 1.097/ 2.007° 1507 " 1.740" 3.247"
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i 3.3034 0.303 Por 3.603 ¢ 3.660° 0.410 ™ 4.070 df
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There is no significant difference between the data with common letters in each column
a3l pgms =F2 ) 5,Lg55 sFL (Silo ZYO + 92 YO/ =V5 «Sila 7. 0+ 92 0+ 7. =VA Sile 7YO + 45 YO/ =V3 5> 7 Vo + V2 (Sile 7 V- =V
anls =F4 0\ 5 Lgi sk il e =F3

V1=100% Vetch , V2= 100% Barley , V3= 75% Vetch+25% Barley, V4= 50% Vetch + 50% Barley, V5= 25% Vetch+75% Barley,
F1= Azetobarvar 1, F2= Superabsorbent, F3= Azetobarvar 1+ Superabsorbent, F4=Control
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Abstract

Introduction:Due to the expansion of monoculture systems and the indiscriminate application of
chemical fertilizers for mass production, this process reduces biodiversity and environmental
pollution. On the other hand, due to the important role of vetch and barley in feeding livestock and
the lack of fodder due to the monoculture system in the rainfed areas, the yield of fodder has decreased
due to the lack of moisture and the inactivity of soil microorganisms. Therefore, the present research
was conducted to investigating the application of biofertilizer Azotobarvar-1 and superabsorbent
material in mixed cultivation of vetch and barley as a strategy to increase fodder yield.

Materials and Methods: This experiment was conducted in order to investigate the yield of dry
fodder and the competitive indicators of vetch and barley mixed crop in rainfed conditions under the
influence of Azotobarvar-1 fertilizer and superabsorbent material during the cropping years of 2016-
2017 and 2017-2018 in the research farm of the Faculty of Agriculture of Lorestan University. It was
carried out factorial based on randomized complete block design with three replications. The first
factor, mixed cultivation in 5 levels including: V1= 100% vetch, V2= 100% barley, V3= 75% vetch
+ 25% barley, V4= 50% vetch + 50% barley and V5= 25% vetch + 75% barley by replacement method
and the second factor of coexistence of Azotobarvar-1 and superabsorbent material at 4 levels
including: F1= Azotobarvar-1, F2= Superabsorbent, F3= Azotobarvar-1 + Superabsorbent and F4=
control treatments. In order to farm preparing, first plowing was done with a reversible plow in the
fall, then two vertical discs were placed on the ground to level and prepare the seed bed. Cultivation
lines were created by plowing in the experimental field. Each plot was 4 meters long and 1.5 meters
wide. Each plot has 6 planting lines with 25cm and 1m for row to row and plot to plot respectively.
Distance between blocks was 3m. Azotobarvar-1 biofertilizer (seeded and foliar application) was
applied by 100g.ha! and superabsorbent substance at the rate of 200g.ha.

Results and Discussion: The results showed that in mixed cultivation, the highest total dry fodder
yield was 3799 kg.ha* from the combination of 50% vetch + 50% barley, the highest ratio of total
land equality (2.913), the highest total relative yield (1.457) and the highest relative coefficient of
total density (7.577) from the combination of 50% vetch + 50% barley x Azotobarvar-1 material +
superabsorbent was observed in the second year. On the other hand, in the first year, the highest ratio
of total competition (4.297) was founded in combination of 25% vetch + 75% barley x Azotobarvar-
1 + superabsorbent treatment and the greatest actual decrease total yield (4.990) was recorded in 75%
vetch + 25% barley x The superabsorbent treatment.

Conclusion: In this experiment, the increase in fodder production was affected by the contribution of
the leguminous component (vetch) and management factors (biofertilizer Azotobarvar-1 and
superabsorbent material) in mixed cultivation, so that the combination of the mixed cropping system
with the two mentioned factors can able to improve the forage yield. Quantitative and competitive
indicators were stabilized in line with agricultural goals. On the other hand, Azotobarvar -1
biofertilizer with the lowest amount and volume (100 gr.ha') and the lowest cost for farmers is
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economical and can be a suitable alternative to nitrogen chemical fertilizer and the application of
superabsorbent material can be applied in drylands to storage of rainwater be useful.

Keywords: Land Egivalent Ratio, Production stability, Relative Crowding Coefficient, Replacement,
Symbiosis
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Table 2- Analysis of variance of irrigation effect, nitrogen fertilizer and cultivars on root characteristics and yield of quinoa
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. ’ 46.23 ™ 20.20™ 91.05™ 17.9™ 330.81" 0.10" 68.45"  205692.59™ 32479848.1™
Cultivars (C)
39 X ok!
I*N 6 53.98 ™ 9.14™ 8.22™ 1.94™ 426.62" 0.04m 25.24™ 1452428.4™ 76532872.8™
f°§) ><c.§)L:-.'>l - - - - - . - - -
C 6 16.65 321 22.79 2.52 39.84 0.08 32.03 85969.14™ 9136791.3
1) X039 - - - - " " " -
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I*N*C
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Error b
C.V (%) - 8.42 14.26 12.55 12.11 12.06 6.77 9.86 12.49 15.26

bl oo duo s 7y 5§ S Jleiz mhaw o o s Sl g Gl g 1 vgzg pas [Klas sy 4 F FF s
ns, ** and * represent not significant and significant at the 5 and 1% probability levels, respectively.
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Figure 1- Effect of irrigation and cultivar on 1000-seed weight of quinoa
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Means followed by similar letters show non- significant difference according to LSD tests at 5% level.
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Table 3- Mean comparison of interactions of irrigation, nitrogen fertilizer and cultivars of quinoa on the studied traits
gy St
PR BN 7% o amge P sk N
o . ™ dhy,y Ay SS9 g Y elw) " -l S 5edow
Irrigation  Nitrogen ) . Root aslo Cld
(% of water (kg.h™) Cultivars Root wet Dry weight of length Number of Pl.ant Seed yield HI Biological
requirement) weight roots () (cm) lateral ~ height (kghal) (%) yield
® roots per  (cm) (kg.ha™)
plant
TITICACA 1.83q 1.07v 8.9u 3p 52.3uv  1213.33r  19.2ef 6413.3mno
0 Q29 3.80p 2.1stu 14.33t 4.33no0 53uv  1286.67qr 20.9de 6326.7mno
GlZzAl 3.63p 1.93u 17.97r  5.33Imn 55tu  1266.67qr 17.64fghij 7193.3Im
TITICACA 4.23nop 2.07tu 16.03s 6.33jkl 56.17st  926.67st  18.5efg  5006.6p
40 100 Q29 6.03Im 3.73mn 18.3qr 6.33jkl 50v 686.67u  11.85n  6193.3no
GlzAl 8.8k 4.03m 21.5mn  6.33jkl  58.33rs 913.33st 22.8bcd  3993.3q
TITICACA  4nop 2.87pq 15.1t 5mno 60.3pgr  986.67s 16.4ghijkl 6013.30
200 Q29 5.2mn 3.5n0 17.63r 4.33n0 53.17tu  606.67u  13.2mn  4593.3pq
GlzAl 9.1jk 5.8kl 19.23p 6.33jkl 620pq 873.33t  17.4fghij  4993.3p
TITICACA 35p 2.2stu 20.20 4.33n0 59qrs 1320q 22.2cd  6073.3no
0 Q29 4.27nop 2.4rs 19.1pq 6kim 60.1pgr  1486.67p  19.37ef 7720kl
GIZAl 4.3nop 2.6qr 24.03hij  6.33jkl  62.670p 1473.33p 24.02bc  6126.6n0
TITICACA 16.2def 7.9gh 22.37Im Thijk 640 1706.67mn 24.71b 6906.6lmno
60 100 Q29 15.1fgh 5.41 25.27ef  6.67ijk 72.33vklm 15800 17.32fghijk 9133.33hij
GlzAl 16.4def 7.63hi 25.13fg  7.33ghij  74.33jk  1740m  18.12fghi  9600ghi
TITICACA 14.11h 7.27i 24.77hij 8efgh 68n 1700mn  20.75de  8193.33jk
200 Q29 10.23j 6.7 22.7kl Thijk 73.67jkl 1780 Im 17.47fghij 102809
GlzAl 12.1i 8.8cd 25fg 6.33jkl 80.33i 1840kl  18.59efg  9906.6gh
TITICACA 5.03mno 2.07tu 19.23p 4op 70mn 1593.330 22.73bcd 7013.3Imn
0 Q29 3.83nop 2.03tu 20.8no 6kim 71lmn  1593.330 24.88b 6406.7mno
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GIZA1  18.07bc 9.03cd 23.83ij 10.33b  95.33vfh 2406.67g 15.99ijkl 15046.7de
TITICACA 18.33b 9.67b 25.03fg 8.33efg 94¢g 2230.33hi  28.82a 7753.3kl
200 Q29 9.6jk 7.4i 23.33jk Thijk 100de  2506.67f 16.27ghijkl 15413.3cd
GIZAl 15.6efg 9.8ab 21.13n  8.67def 105b  2553.33f 14.52Im  17593.3b
TITICACA 5.1mno 2.37rst 23.37jk  8.33efg 71lmn  1593.330 22.13cd 7200Im
0 Q29 6.03Im 3.8mn 20.77no Thijk 72klm  1906.67k 24.47bc  7793.3kl
GIZA1  5.13mno 3.20p 24.47fghi  8.33efg 76j 2013.33j 22.88bcd  8806.7ij
TITICACA 20.07a 7.37i 26.17cd 10bc 96.67fg 2906.67d 18.16fghi 16013.3c
100 100 Q29 15.8defg 6.7 24.9fg 8.33efg 98ef 2980cd 17.12fghijk 17413.3b
GlZAl 21.3a 8.6de 28.1b 9cde 102bcd 3006.67c 18.29fghi 18193.3b
TITICACA 16.7cde 9.1c 24.3ghi  7.67fghi  10lcde 2806.67e 16.13hijkl 17420b
200 Q29 16.6de 8.1fg 25.3def 8efgh  103.17bc 3193.33b 17.74fghi 18006.67b
GIZAl1  16.8cde 10.1a 32.5a 12a 109a  3326.67a 15.3jklm  19620a

85,5 ,S0085 b gl (gime NS w100 Jloiil mhans 10 LSD (5031 (bl 2 eygims 12 50 LSl g, (slls slanSile
Means followed by similar letters in each column show non- significant difference according to LSD tests at 5% level.
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Abstract

Introduction: The world population is increasing daily, while the scope for expansion and
development of agricultural land is very narrow due to limited water resources. All of this can affect
agriculture indirectly or directly. Quinoa is a pseudo-cereal, belongs to the Amaranthaceae family,
and is native to South America. This crop is important for human and animal nutrition due to its
medicinal and agro-industrial properties. Water and nitrogen (N) are two major challenges in quinoa
cultivation that can be addressed by better understanding related agronomic features. Under water
deficit conditions, selecting and cultivating crop species tolerant to drought stress is an approach to
maintaining and/or increasing crop production levels. Although it is widely reported that quinoa is a
highly drought-tolerant crop, its growth has been significantly suppressed under severe drought stress
conditions.

Materials and Methods: The experiment was conducted as a split factorial arranged in a randomized
complete block design with three replications. Treatments included four irrigation regimes (100, 80,
60, and 40% of crop water requirement) as the main factor, three quinoa cultivars (TITICACA, Q29,
and GIZA1l), and three nitrogen fertilizer rates (0, 100, and 200 kg hal from urea sources) as
subfactorial. The field preparation operations prior to planting included plowing and disc Planting
was done on March 22, 2021. The net amount of nitrogen-based nitrogen fertilizer treatments of 100
and 200 kg ha'l was equal to 46 and 92 kg, respectively. According to the soil test results, the soil
was not poor regarding phosphorus and potassium elements, so only urea fertilizer was used. The
distance between two rows and between plants on the row in quinoa cultivation was 50 cm and 10
cm, respectively.

Results and Discussion: There was a significant interaction effect between irrigation, N, and cultivar
on root traits and grain yield. The effects of irrigation regimes, N rates, and their interactions were
significant on plant height at the level of one percent, and the highest (109 cm) and lowest (50 cm)
plant heights were obtained with normal irrigation and 100% N application in the GIZA1 cultivar and
40% of the water requirement of 100 kg ha* N application in cultivar Q29, respectively. The highest
1000-seed weight was obtained with the normal irrigation (2.93 g) regime to meet 80% of the water
requirement (2.91 g) in the GIZA1 cultivar. The lowest 1000-seed weight was obtained with 40% of
the plant water requirement in all three cultivars. Thousand-grain weight in Q29 and TITICACA
cultivars is the same in all irrigation regimes. Two treatments of the normal irrigation, N application
and GIZA1 cultivar; and 40% of water requirement, 200 to 100 kg ha™ of N rate and Q29 cultivar
obtained the highest (3326 kg ha*) and lowest (686 kg ha*) seed yield, respectively. The N addition
reduced seed yield in quinoa cultivars under water -deficit conditions. In water deficit conditions, the
application of nitrogen fertilizer decreased the biological yield of quinoa cultivars, and increasing the
irrigation water and using urea fertilizer significantly increased the biological yield of quinoa. Also,
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in 60, 80, and 100 % of water requirement treatments, the amount of biological yield in the cultivar
GIZA1 was higher than the other two cultivars.

Conclusion: This research showed that the quinoa plant has a high drought tolerance. In such a way,
it could complete its growth period and have acceptable performance in conditions of intense stress.

With the higher N application, the GIAZ1 cultivar performed better than the others. Although the
TITICACA cultivar recorded a lower grain yield under optimum irrigation conditions, it showed a
higher grain yield under severe stress conditions than others. It can be concluded that under the
conditions of 100% water requirement and the application of 200 N kg ha, GIAZ1 variety is suitable
for the growth of quinoa in the ecological conditions of the llam region.

Keywords: Biological yield, Harvest index, Plant height, Root length, Root dry weight
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Table 1- Changes in the most important climatic parameters of the study area
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Table 2- Some physical and chemical properties of the soil of experiment site
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Table 3- Analysis of variance of some morphological and biochemical traits of black seed ecotypes under mycorrhiza fertilizer
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Table 4- Means comparison of some morphological traits and yield components of different ecotypes of black seed
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In each column, means with the same letter are not significantly different from each other.
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Figure 1- Effects of application of fertilizers containing mycorrhizal on the amount of chlorophyll in black seed leaves
Different letters indicated significant difference among treatments.
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Table S- Variance analysis of some yield components of different ecotypes of black seed under Mycorrhiza fertilizer species
PR H CRIRE R POWSC SRS

. - _ g 53 JomnsS ol )| oo JS a5 sl
Olpii @le @331 420 Jguas oLs Joes Jsb ) ) .
S 0.V of | Capsule Caosule lenath Height of first No. of flowering
A No. seeds per No. capsuls per diameter P g capsule branches
capsuls plant
sk
2 31552 ™ 0.57"™ 1.89™ 1.01m™ 39.86 0.21™
Block
sS]
2 1307.39 " 0.21" 15.65™ 6.69 213.78 ™ 1.70™
Ecotype(E)
Iy s55oLe . . .
K 2 119.06 ™ 0.50 "™ 041 2.20 8.38™ 1.98
Mycohriza(M)
[25550ke X oS
4 148.85 ™ 0.53 ™ 1.77"m™ 2.01m™ 5.36 ™ 0.54 ™
ExM
Uas
16 229.34 1.89 1.50 1.60 6.19 1.67
Error
CV.(%) 21.00 19.00 15.29 16.01 15.53 24

TN 970 Sl zakaw )5 ) s o5 4 2 g ¥ 1(g o sxe pas NS
"s: not significant; ~and ™: Significant at 5% and 1% probability levels, respectively
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Table 6- Mean comparison of the height of the first capsule, capsule length and number of seeds per capsule of different ecotypes of

black seed
yJol gLl
iy JyaeS 5 5 ol s Job oS olyl £
Capsule length Height of first capsule
Ecotypes No. seeds per capsuls
(cm) (cm)
Okl
32.09° 6.98° 10.41°
Sarayan
Older
52.60 2 8.382 19.16 ®
Hamadan
35 s
53312 8.33? 18.51°
Shahrecord
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.In each column, means with the same letter are not significantly different from each other
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Table 7- Mean comparison of different mycorrhiza fertilizers on some traits of yield components of different black seed ecotypes

Capsule length (cm)

Jgmas Job

o 5 a5 Ll olawy

No. of flowering branches

1325850 ko el Jges yhd
Mycorrhiza fertilizers Capsule diameter (cm)
7.81°
Control
Rhizophagus fasciculatum 8.24¢
Rhizophagus mosseae 8.00 ®

7.48° 3.36°
8.04¢° 3.92¢
8.17* 3.94¢
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In each column, means with the same letter are not significantly different from each other.
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Table 8- Analysis of variance of yield and yield components of different ecotypes of black seed effected by Mycorrhiza fertilizer

Ol s’ 29bo &ol3T a0 oS 5 ,Slos Sl gy sl ailo o ,Slos S5 g 0 yShos alo HIm 39
S.0. V. df Straw yield Harvest Index Grain yield Biological yield 1000-seed weight
Sob .
2 91.22 "™ 101.40 203.85™ 546.44 ™ 0.034 ™
Block
i 2 1116.9 225.69 96.69 1698.82 0.45
Ecotype(E)
I L
ﬂ”_sf' 2 49.11™ 0.09 ™ 2152 ™ 135.42 ™ 0.026 ™
Mycohriza(M)
I L x oS
e 4 286.30 ™ 26.62 ™ 214.14 ™ 989.66 ™ 0.037 ™
ExM
Uas
16 174.56 17.57 92.47 250.84 0.066
Error
Sy g
CV.(%) 23.30 11.67 23.50 24.50 12.28

TN 570 Jeil zalaw )5 6o e i 5 4 FF g F g o sxe pac NS

™: not significant; “and ™ Significant at 5% and 1% probability levels, respectively.
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Table 9- Mean comparisons of yield and yield components of different ecotypes of black seed effected by Mycorrhiza fertilizer

species
i o51 o5 o Slos ol p sl aild o Slos S 5elawm o ySlas ailo HIm 39
Ecotvbes Straw yield Harvest index Grain yield Biological yield 1000-seed
P (grim?) (%) (gr/im2) (gr/im2) weight(gr)
Sl
© 27.80° 42.67° 20.70° 4851° 2.34°
Sarayan
Older
42.56 ° 34.41° 22.33" 64.89 * 1.99°
Hamadan
S)S se
49.64* 34.51° 26.16* 75.80° 1.93°
Shahrecord

il oo Lo s o pre BT onimo lis jlans ;2 9 g o )0 alin juf By >

.In each column, means with the same letter are not significantly different from each other
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Table 10- Correlation coefficient of morphological traits and yield in studied ecotypes of black seed

¢ ¥ &, £ & ¥ e & Ez
2 & - - % © & & 't K & & S oz
¢ b5 ¢ & F Bl ¢ v & L ¥ f
E%i“’—if—};gf—‘u 1&2‘?'0%?
< fg_ o '+ : sg_ R t o ¢ < ‘g v
oy N : 3 3 £
Traits PH CHL HFSB HFP RH SD SBN FB PL FB SBN SD  RH HFP  HFSB Chl SY
PH  1.00
chl 0.10” 1.00
HFSB 0.84” 0.28™ 1.00
HFP 0.99™ 0.11™ 087" 1.00
RH 074" -0.14™ 043" 069~ 1.00
SD 0.69™ -0.18™ 0.50™ 0.68™ 0.61™ 1.00
SBN 0.27™ -0.33™ -0.2™ 0.19™ 0.64™ 0.41"™ 1.00
FB 0.36™ -0.31™ -0.1™ 0.28™ 0.62" 0.38™ 0.94™ 1.00
PL 065 -0.17™ 0.29™ 0.63~ 055" 0.38™ 051" 0.62” 1.00
PD 0.73™ 0.18™ 057~ 0.73" 0.53" 0.37™0.26™ 0.30™ 0.60” 1.00
PNP 0.21™ -0.25™ -0.23™ 0.14™ 0.53™ 0.31™ 0.95” 0.95" 051" 0.19™ 1.00
SNP 058" -0.01™ 0.54™ 0.57" 0.40™0.41™0.28™ 0.33™ 0.45™ 0.47™ 0.29™ 1.00
TW -0.52™ -0.38™ -0.54™ -0.52"-0.22™ -0.1-0.01™-0.10™ -0.27"™ -0.68"™ 0.02™ -0.28™  1.00
GY 0.33™ 0.05™ 0.09™ 0.28™ 044" 0.32™ 050" 053" 0.39™ 0.21™ 054" 058" 010™  1.00
BY 055 0.06™ 0.32™ 051" 0.61° 048™ 0.52° 056" 0.48™ 0.40™ 053" 066~ -0.10™ 094~  1.00
HI -0.49™ -0.08"™ -0.61™ -0.52™-0.25™-0.2"™ 0.18v 0.17" -0.10™ -0.40™ 0.27™ -0.02™ 058" 055" 027™ 1.00
SY 066" 0.07™ 0.46° 0.63” 0.68™ 056" 0.50° 054" 052" 051" 0.49™ 0.68~ -0.24™  0.85  0.98" 0.07™1.00

1N 570 Jil zakaw 10 (g)lo S a5 4 T 9 F (gl Sme pas NS

™: not significant; “and ™ Significant at 5% and 1% probability levels, respectively
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Table 11- Stepwise regression analysis for all traits as an independent variable and grain yield as a dependent variable

) - o po (e G 8
Jowo ’ fa’ Hlzo Bl il To,bol Hlade Jloss | o > ) il
OF S ) . s suu Mol
Model Std. Error T Test Sig.
B R2 Adjusted R2
ol lade
-1.83 1.88 -0.972 0.341
1 Constant 0.89 0.886
Seislsm 0 Shee ' '
o . 0.395 0.028 14.2 0.000
Biological Yield
ol lade
-0.002 0.003 -0.735 0.470
Constant
So3glsm o Slos
o . 1.000 0.000 5989.7 0.000 1.00 1.00
Biological Yield
oS J)Sl.o.c
. -1.000 0.000 -3719.2 0.000
Straw yield

ailodlow il o Sloc p 50 Wlho pulbiono sl 9 pudiowno 51 -1Y Jgus
Table 12- Direct and indirect effects of traits affecting the grain yield of black seed

S)90 ole
[Cadbl PH RH SBN FB PNP SNP ™ BY HI SY
Traits
aL:f &Laj)‘
PH -0.006" -0.004 -0.002 -0.002 -0.002 -0.004 0.002 -0.003 0.002 -0.004
RH -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 0.000 -0.001 0.000 0.001
&8 aLs olaws
SBN -0.001 -0.002 -0.003 -0.003 -0.003 -0.001 0.000 -0.002 -0.001 -0.002
asLs slaws
- 0.006 0.010 0.015 0.016 0.016 0.005 0.000 0.009 0.002 0.009
OMQJS
FB
33 JomS olass
- -0.004 -0.008 -0.014 -0.014 -0.015 -0.005 -0.002 -0.008 -0.004 -0.007
PNP.LS
5o ails olass
JsmeS -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 0.000 -0.001
SNP
REBUCISD
W -0.001 -0.001 -0.001 -0.001 0.000 -0.001 0.000 -0.001 0.000 -0.001
Se3dger 0 Shoe
BY 1353 1501 1.281 1.383 1.306 1.635 0.000 2.470 0.669 2.408
by s
0.009 0.004 -0.004 -0.004 -0.006 0.000 -0.012 -0.006 -0.020 -0.002 g
als o Sles .
sy -1.035 -1.060 -0.775 -0.845 -0.758 -1.058 0.367 -1.520 -1.559 -1.559 Residual
5 0.038
Total 0.324 0.444 0.501 0.533 0.541 0.574 0.101 0.943 0.55 0.846
ola

Al oo il 0 Slos  Slao padte Ol S saiaslis 0,5 slael
*: Bold number indicated direct effect on grain yield
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Abstract

Introduction: The application of bio-fertilizers, especially mycorrhizal fungi, is known as one of the
most important nutritional approaches in sustainable agriculture and agricultural ecosystem
management. Among the numerous microorganisms in the rhizosphere, some have positive effects
on plant growth promotion. These microorganisms are bio fertilizers such as plant-growth-promoting
rhizobacteria, which colonize the rhizosphere and roots of many plant species and confer beneficial
effects to plants. Therefore, the present study aimed to investigate the effects of two species of
arbuscular mycorrhizal funguswas assessed on yield and yield components of three Iranian ecotypes
of black seed medicinal plant.

Materials and Methods: To determine the inoculation of mycorrhizal fungi on yield and yield
components of different ecotypes of black seed, a factorial experiment in randomized complete block
design with three replications was conducted. The experiment was conducted as factorial in Sarayan
faculty of agriculture at 2018, with two factors, the Rhizophagus fasciculatum and Rhizophagus
mosseae species of mycorrhizal as first factor, Sarayan, Hamedan, and Shahrekord ecotypes of black
seed as second factor, in three replications. The traits studied in this research were plant height, stem
diameter, number of branches, the average height of the first branch, root length, total chlorophyll,
number of flowering branches, the average height of the first capsule, capsule length, capsule
diameter, number of capsules per plant, number of seeds per capsules, 1000-seed weight, grain yield,
biological yield, harvest index, and straw yield.

Results and Discussion: The analysis of variance showed significant differences among investigated
ecotypes of black seed for all traits. However, none of the above traits were affected by the interaction
of Ecotype x mycorrhiza. In addition, the highest values of plant height (19.85 cm), the average height
of the first branch (8.99 cm), root length (13.63 cm), the average height of the first capsule (19.16
cm), and capsule length (8.38 cm) for Hamadan ecotype, the highest values of the number of seeds
per capsule (53.31 grains), biological yield (75.8 g.m?), grain yield (26.16 g.m™), and straw yield
(49.64 g.m™) for Shahrekord ecotype, and the highest 1000-seed weight (2.34 g) and harvest index
(42.67%) for Sarayan cultivar were obtained. In other hand, the means of pod diameter, pod length,
and number of flowering branches were increased in plants treated with both species of mycorrhizal
bio-fertilizer than the control treatment so that the highest values in the number of flowering branches
(8.24 cm) and capsule length (8.18 cm) were obtained under the application of Rhizophagus mosseae,
and the thickest capsules (8.24 cm) were achieved under the application of frtilizers contained
Rhizophagus fasciculatum. The results of simple correlation analysis showed the positive and
significant correlation of seed yield trait with root length, number of secondary branches, number of
flowering branches, number of pods per plants, and number of seeds per pod, at 5% probability level,
and with biological yield and straw yield traits at 1% probability level. Results of path analysis
showed positive direct effect of number of flowering branches and biological yield traits on grain
yield and the highest positive direct effect was recorded for biological yield. In contrast, the highest
negative direct effect on the grain yield of investigated ecotypes was obtained for the straw yield.
Conclusion: It was shown that there was a significant difference between the three black seed
ecotypes in morphological and functional traits, so that Shahrekord and Hamedan ecotypes were
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superior in all traits (except thousand seed weight and harvest index) compared to Sarayan ecotype.
In general, our findings demonstrated the relationship between morphological traits and yield
components of black seed ecotypes under the inoculation of mycorrhiza strains, which can be
employed in black seed breeding programs as a reference. Also, it is suggested that
ecotypes/genotypes that are better in biological and straw yield traits were used for cretia selection
traits in future.

Keywords: Medicinal plant, Path analysis, Seed yield, Symbiotic fungi
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Table 1- Compounds in rosemary essential oil after treatment with gold nanoparticles in two harvesting periods of 24 hours and 48

hours Obtained from gas chromatographic studies (GC-mass)

. 09,5 (S 5 g TP ol (Smio ) FA o3l (S ) b .
Ol $lo3k lej _ sk
Jres JyeS oS el celw VP gojlb el celw FA go5b )
oilss
The area under The area under The area under Kkovats
Retention control 24 hour 48 hours .
Compound the curve of the . the 24-hour i the 48-hour retention
Index (RI) aera eriod period . .
control aera period curve period curve index
3-Carene 8.754 1.65 0.34+0.04 1.29 10.16+13.86 1.08 0.29+0.09 C10H16
(1R)-2,6,6-
. . 8.897 100 15.53+2.03 100 30.61+0.87 94.21 16.40+6.10  C10H16
Trimethylbicyclo[3.1.1]hept-2-ene
Camphene 9.124 2246  4.42+1.58 21.66 5.34+0.98 18.24 3.20+1.36 C10H16
Bicyclo[3.1.0]hex-2-ene, 4-
feyelof Jhex 9.177 2.33 0.46+0.12 211 0.55+0.12 2.05 0.37+0.19 C10H14
methylene-1-(1-methylethyl)-
3-Octanone 9.442 1796  3.47+0.53 14.34 3.36+0.57 15.54 2.46+0.69 C8H160
.beta.-Myrcene 9.516 16.39  3.19+0.74 18.71 4.53+0.31 14.61 2.53+0.71 C10H16
.alpha.-Phellandrene 9.818 1.29 0.25+0.04 1.2 0.29+0.03 1.24 0.22+0.09 C10H16
(+)-4-Carene 9.977 2.95 0.57+0.08 2.50 0.61+0.06 2.67 0.47+0.16 C10H16
0-Cymene 10.083 3.37 0.71+0.03 332 0.80+0.02 3.87 0.65+0.05 C10H14
D-Limonene 10.157  19.23  3.70+0.36 16.28 3.93+0.19 18.68 3.20+0.80 C10H16
Eucalyptol 10.236 4497  8.57+0.01 39.86 9.59+0.23 43.27 6.96+1.17  C10H180
.gamma.-Terpinene 10.554 491 0.94+0.04 3.88 0.94+0.01 4.82 0.82+0.20 C10H16
2-Carene 11.009 0.00 0.00+0.00 4.68 1.11+0.08 0.00 0.00+0.00 C10H16
Linalool 11.041 14.2 2.70+0.08 10.16 2.38+0.43 17.03 2.62+1.31  C10H180
trans-Verbenol 11.914 3.23 0.61+0.04 1.22 0.45+0.13 3.75 0.60+0.13  C10H160
(+)-2-Bornanone 12.020 4851  9.19+0.63 26.82 8.59+0.77 51.83 8.03+3.48  C10H160
Bicyclo[2.2.1]h -2,5-diol,
1eye ?[ Iheptane-2,5-dio 12.227 6.74 1.29+0.01 18.5 3.86+4.11 7.75 1.22+0.42 C10H1802
1,7,7-trimethyl-, (2-endo,5-ex0)-
Bicyclo[2.2.1]heptan-2-ol, 1,7,7-
leye c_)[ Ihep 12306 36.76  6.69+0.53 12.74 3.45+2.79 48.78 7.65+2.66  C10H180
trimethyl-, (1S-endo)-
.alpha.-Terpineol 12.608 10.85  2.03+0.24 777 1.82+0.33 20.03 2.38+0.69 C10H180
3-Cycl tene-1-ethanol, 2,2,4-
yelopen e_ne 12.746 9.09 1.70+0.38 6.63 1.55+0.32 14.52 2.35+0.32 C10H180
trimethyl-
Ethanol, 2-(3,3-
. ) 13.423 6.94 1.32+0.11 4.89 1.13+0.28 13.49 2.04+0.28  C10H180
dimethylcyclohexylidene)-, (Z2)-
1S,3S,4S,5R)-1-Isopropyl-4-
( . ) propy 13.540 8.55 1.62+0.16 5.94 1.38+0.33 12.69 2.27+0.06  C10H180
methylbicyclo[3.1.0]hexan-3-ol
Bicyclo[2.2.1]heptan-2-ol, 1,7,7-
: y [ Ihep 14143  19.97 3.74%0.35 13.74 3.20+0.66 26.01 4.27+0.11 C12H2002
trimethyl-,acetate, (1S-endo)-
Caryophyllene 16.526 8.85 1.64+0.49 4.83 1.10+0.40 16.52 2.56+0.53 C15H24
Terpinen-4-ol 12.428 1463  2.77+0.21 5.09 1.19+0.22 175 2.70£1.28 C10H180



Ohlen 3 &l ov.
Y Jgo aolol
Table 1 Continued
Bicyclo[3.1.1]heptan-3-one, 2,6,6-
trimethyl-, 12470 67.97 12.64+3.63 4.16 1.4040.21 100 14.21+0.76  C10H160
(1.alpha.,2.alpha.,5.alpha.)-
Bicyclo[3.1.1]hept-3-en-2-one,
. 13.010 0.00 0.00+0.00 45.68 10.81+1.00 62.93 14.02+1.40 C10H140
4,6,6-trimethyl-, (1S)-
1-Octen-3-ol 9.500 1.68 0.33+0.04 1.75 0.38+0.04 221 0.34+0.05 C8H160
Bicyclo[3.1.1]heptane, 6,6-dimethyl-
9.691 4.64 0.90+0.16 00.00 0.00£0.00 3.68 0.65+0.30 C10H16
2-methylene-, (1S)-
3-Octanol 9.786 131 0.21+0.02 00.00 0.00+0.00 2.29 0.38+0.09 C8H180
Cyclohexene, 3-methyl-6-(1-
. 11.570 6.61 1.26+0.03 00.00 0.00+0.00 6.69 1.14+0.21 C10H16
methylethylidene)-
2,6,6-Trimethylbicyclo[3.2.0]hept-2-
en-T-one 11.861 1.26 0.25+0.04 1.38 0.29+0.03 1.94 0.39+0.17  C10H140
cis-Verbenol 12,502  00.00  0.00+0.00 00.00 0.00£0.00 1.06 0.17+0.04  C10H160
3-Cyclopentene-1-ethanol, 2,2,4-
. 12.804 1.14 0.22+0.01 00.00 0.00+0.00 1.95 0.47+0.28  C10H180
trimethyl-
trans-3(10)-Caren-2-ol 13.042 115 0.030+0.06  00.00 0.00£0.00 1.87 0.52+0.37  C10H160
(-)-Carvone 14106  00.00  0.00+0.00 00.00 0.00£0.00 1.13 0.13+0.03  C10H140
Bicyclo[2.2.1]hept-2-ene, 1,7,7-
. 15409 00.00  0.00+0.00 00.00 0.00£0.00 1.20 0.20+0.01 C10H16
trimethyl-
Cyclopentane, 1-acetoxymethyl-3-
i 16.134 1.30 0.22+0.04 131 0.31+0.06 1.73 0.35+0.04 C12H2002
isopropenyl-2-methyl-
4,7,7-Trimethylbicyclo[4.1.0]hept-3-
en-2-one 16.367 1.62 0.3240.10 1.30 0.35+0.12 2.57 0.39+0.06  C10H140
5,9-Undecadien-2-one, 6,10-
. 17.203 1.10 0.23+0.06 00.00 0.00+0.00 1.79 0.31+0.06  C13H220
dimethyl-, (E)-
Humulene 17585  00.00  0.00+0.00 00.00 0.00£0.00 2.78 0.46+0.01 C15H24
Caryophyllene oxide 19.231 2.29 0.4440.02 2.00 0.00+0.00 3.16 0.87+0.42  C15H240
2-(4a,8-Dimethyl-2,3,4,4a,5,6-
hexahydronaphthalen-2-yl)propan-1-  19.279  00.00  0.00+0.00 00.00 0.48+0.11 171 0.3140.20  C15H240
ol
11,11-Dimethyl-4,8-
dimethylenebicyclo[7.2.0]Jundecan-  19.760 141 0.39£0.21 1.24 0.32+0.09 457 0.85+0.63  C15H240
3-ol
Isoaromadendrene epoxide 19.935 3.48 0.66+0.07 3.89 0.99+0.29 14.23 2.61+1.79  C15H240
cis-Chrysanthenol 20.020 00.00  0.00+0.00 00.00 0.00£0.00 1.37 0.24+0.07  C10H160
2-Cyclohexen-1-one, 3-methyl-6-(1-
. 15710  00.00  0.00+0.00 00.00 0.00£0.00 1.03 0.34+0.18  C10H140
methylethylidene)-
2,7-Octadiene-1,6-diol, 2,6-
. 11.729 1.01 0.2940.10 00.00 0.00£0.00 00.00 0.00+0.00 C10H1802
dimethyl-
(-)-Myrtenol 13.402 1.40 0.3840.11 00.00 0.00£0.00 00.00 0.00+0.00 C10H160
Benzene, 1-methyl-3-(1-
10.458 3.67 0.86+0.33 00.00 0.00£0.00 00.00 0.00+0.00 C10H14
methylethyl)-
(1R,3E,7E,11R)-1,5,5,8-
Tetramethyl-12- 19.506  00.00  0.00+0.00 00.00 0.00£0.00 1.13 0.37£0.20  C15H240
oxabicyclo[9.1.0]dodeca-3,7-diene
Cyclopentaneacetic acid, 3-0xo0-2-(2-
pentenyl)-,methyl ester, 19.676  00.00  0.00+0.00 00.00 0.00£0.00 1.04 0.36+0.19 C13H2003
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Figure 4- Demonstration of changes in some compounds in rosemary essential oil treated with gold nanoparticles in two harvesting

periods of 24 hours and 48 hours
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Abstract

Introduction: Rosemary is one of the most useful medicinal plants among different categories of
plants due to its many medicinal properties. Nanoparticles as one of the non-bio-stresses by using
their electrochemical properties cause interference in the biosynthetic pathway of compounds in
plants. This research was conducted in the form of a completely random basic design with three
replications in the agricultural greenhouses of Zanjan University in 2017-2018. Also, gold
nanoparticles were produced by the chemical reduction method in the laboratory of University of
Zabol, and then their effect on the increase or decrease of compounds in rosemary plant oil was
investigated in two time intervals of harvesting: 24 hours, 48 hours, and the control group.
Materials and Methods: Rosemary plant cuttings with lengths of 10-12 cm and a diameter of half a
centimeter were rooted in small containers containing light, washed soil, and ionolite, and permitted
at night temperatures of 10-17 degrees and 21-23 degrees during the day. Then the rooted cuttings
were transferred to 5 -liter pots containing a combination of fertile agricultural soil and sand. The
Chemical reduction method (sodium citrate) was used to extract nanoparticles (Leopold and Lendl,
2003). The gold nanoparticle mixture that had changed color (blue) was subjected to the absorption
spectrum of the spectrophotometric device, and the results obtained from the output of the device
were checked based on which the maximum absorption rate of the gold nanoparticle with a diameter
of 13 nm is equal to the wavelength of 520 nm and for the gold nanoparticle with a diameter of 52
nm is equal to 533 nm. The samples were sent to Beam Gostar Taban (2016-2021) after extraction
by the chemical reduction method for diffraction electron microscopy (SEM) investigations and the
authenticity of the presence of gold nanoparticles in the obtained samples. The gold nanoparticle
treatment with a concentration of 30 ppm was sprayed on the plant in two different time periods (24
hours and 48 hours) and in the control group (without any treatment group) when the cuttings were
fully established in terms of rooting and leafing. After that, their aerial parts were harvested at
specified intervals and dried at room temperature for mass spectrometer (GC-MS) analysis. About
400 microliters of effective substance were spectrometered by the device (N Agilent 6890 Agilent
technology USA), which was equipped with an ion trap system. The leaf sample of the plant, which
was dehydrated at room temperature, was placed in the Cloninger device on a heater for 3 hours at a
temperature of 100 degrees Celsius. A Water solvent was used in this research.

Results and Discussion: In this study, gold nanoparticles were extracted based on the chemical
reduction method, and the synthesis of gold nanoparticles was confirmed by electron microscope
diffraction (SEM) and spectrophotometric analyses. The results obtained in this study showed
significant changes in the compounds obtained by mass spectrometry (GC-MS) in rosemary oil, each
of which has unique medicinal properties. Changes in secondary metabolites increase the plant's
antioxidant defenses, which can be important in adapting to stresses._Verbonone is an effective
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compound in rosemary oil that, in this study, had a significant increase under the treatment of gold
nanoparticles.

Conclusion: In general, investigations conducted on the expression of oily compounds in rosemary
showed that gold nanoparticle treatment did not have a significant effect on all the compounds in
rosemary oil, but it was able to significantly increase a number of important compounds. The
composition of verbena, which has an anti-inflammatory and antimicrobial role, showed a significant
increase in the oily compounds of the rosemary plant. Considering the changes in the important oil
compounds of the rosemary plant, it may be possible to induce the maximum production of these
compounds and mass production of nanoparticles in the future.

Keywords: GC-Mass, Gold nanoparticles, Oil compounds, SEM, Spectrophotometric
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