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Table 1- The studied traits and how to measure them in the studied Astragalus populations in Sanandaj
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Table 2- Summary of analysis of variance of studied traits of Astragalus spp. In Sanandaj in 2020
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Sogrc_e of Degree of EW) o5 (ViQ) s (PH) o (CD) & 5, (AL) s (RL)
variations freedom ) ' (PB)
BlockcS sk 735.62** 4.05* 87.13 115.98* 0.86 6.86 13.17*
Genotype o 555 899.41** 4.41%* 217.71%* 151.13** 3.34** 298.47** 71.61**
Errorlss> 18 134.63 1.16 41.66 33.86 0.76 25.61 3.92
_ IS 0is 039 s 055 e
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RE Y s» S Aoy S
Sogrc_e of Degree of RW) « by Sy s 59 A,
variations freedom (TFW) (AFW) 55  (RFW) x5, s
(TDW) (ADW) (RDW)
Block<S 5l 7.38 0.91 0.77 0.04 0.15 0.12 0.0057
Genotype i 555 13.24* 17.25** 11.53** 0.18* 2.42%* 1.61** 0.0291*
Errorlas 18 3.90 1.28 0.97 0.06 0.19 0.14 0.0091
Lo s
- T Lo 458,00 Lo e
U‘MCwa 6ol as s Sl 055 S Jsb
Source of Degree of Sk Sadb Sape S0 ol b il
variations freedom (TDW/TFW) (LL) (LW) (LEN) = (LtW)
(LtL)
Block<S 5 0.00000 1.88 0.62 1.85 0.06 1.23
Genotype w55 9 0.00007* 29.28** 3.44%* 16.35** 0.61** 4.32%
Errorlas 18 0.00000 0.38 0.27 131 0.10 1.28

*and ** are significant at the 5 and 1% probability level, respectively. 7\ 576 Jlz>| Tl 53 13 San o e
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Table 3- The mean comparison of the studied populations (Astragalus spp) in 2019 in Sanandaj with Duncan's test (o > 0.05)

;aits Qu'z; 0 baw g e shla gl boge i g S adglasleslw sle ol s Job s, Job
Sp:cies of Ast:aagalus E%) 5 Vig) (PH) 5 (CD) x5 (PB) x5 (AL) (RL)

A. vegetus Saral Jhle 25.00 a-d 3.40 a-c 20.11a-c 17.28 ab 3.00 bc 20.67 bc 11.17 fg
A. vegetus Gharah Bagh ’tb; 26.39 a-d 3.67 ab 21.67 ab 18.03 ab 3.00 be 19.33 b-d 1467 e
A. effusus Gharah Bagh flo s 26.04 a-d 1.95 be 15.08 a-c 9.96b 2.83 be 19.83 b-d 19.50 b-d

A. effusus Darreh Shohada slags o0 26.39 a-d 3.73ab 24.89a 18.56 ab 3.67b 4483 a 28.50 a
A. brevidens Torogh Gk 20.83 b-d 2.77 a-c 18.33 a-c 15.11 a-c 167¢ 19.75 b-d 17.08 c-e
A. brevidens Tandore o) 9A5 30.21 a-c 3.75ab 16.58 a-c 17.50 ab 2.83 bc 15.67 b-e 20.50 be
A. cyclophyllus Shalamzar Jlela 13.89 cd 2.13 bc 747c 8.90b 4.00b 6.33 ¢ 14.50 ef
A. cyclophyllus Hanna L 46.88 a 3.85ab 9.75 bc 16.25 ab 5.83a 11.83c-e 22.33b
A. brachyodontus Khalkhal Juds 6.25d 1.50¢ 9.67 bc 10.83 bc 3.00 bc 10.00 de 9.00¢g
A. vegetus Zereshk Sy 40.28 ab 4.60 a 26.09 a 21.99a 2.33 bc 23.50b 16.33 de
Mean 26.22 3.13 16.96 15.44 3.22 19.17 17.36

Traits olio . 03 b . . e A e

S f s Sy ado, 2o 5SS 0o 6y on BAST Jawra Sas W oss Kas i bage an, Sas o

Species of Astraagalus W) (TEW) <. (AFW) (RFW) 5 a2, (TDW) w5 (ADW) 5 l» (RDW) 4
A. vegetus Saral JLl 3.43 de 240b 2.02b 0.37b 0.84b 0.71 bc 0.13b
A. vegetus Gharah Bagh E}ga} 5.33c-e 2.34b 2.02b 0.32b 0.89b 0.77b 0.12b
A. effusus Gharah Bagh ’tbbjs 4.42 de 1.45 be 1.22 bc 0.23b 0.60 bc 0.50 bc 0.10b
A. effusus Darreh Shohada BEVRSY 1150 a 9.03a 7.40a 1.63a 3.39a 2.78 a 0.61a
A. brevidens Torogh Gk 4.83 de 1.02 be 0.80 bc 0.22b 0.41 be 0.32 be 0.09b

A. brevidens Tandore 0,905 5.33c-e 1.49 be 1.21 bc 0.27b 0.54 bc 0.44 bc 0.10b




A. cyclophyllus Shalamzar Jlels 6.67 b-d 0.64 bc 0.52 bc 0.12b 0.27 bc 0.22 be 0.05b
A. cyclophyllus Hanna L 8.50 a-c 2.12 he 1.69 bc 042b 0.89 bc 0.72 bc 0.18b
A. brachyodontus Khalkhal Juds 3.00e 0.20c 0.16 ¢ 0.04b 0.17c 0.10c 0.01b
A. vegetus Zereshk Sy 9.08 ab 1.91 b 1.61 be 0.30b 0.67 bc 0.57 bc 0.11b
Mean 6.21 2.26 1.86 0.39 0.86 0.71 0.15
Traits olaw a4 Sis )y Gl Job bwgte o e bus saxs ol _
055 Cumam 5 45 oS 5 }ije a JJ;;& o -31 b B By 2
Species of Astraagalus (TDW/TFW) (LL) (LW) (Lt N) o) W)
A. vegetus Saral Jhl 0.35b 6.76 d 3.35cd 6.33 cd 2.46 b-d 247b
A. vegetus Gharah Bagh ’t\fe; 0.38b 6.71d 2.48 ef 8.33 bc 1.87 d-f 2.13b
A. effusus Gharah Bagh ’t\fe; 041a 520e 2.05f 13.67 a 1.29f 1.20b
A. effusus Darreh Shohada BEVRSY 0.38Db 8.82Db 4.09 b-d 9.67b 2.17 c-e 2.09b
A. brevidens Torogh Gk 0.40a 537¢e 3.15de 7.67 b-d 2.08 c-e 201b
A. brevidens Tandore 09 0.36b 7.15cd 5.69a 5.67d 314a 2.11b
A. cyclophyllus Shalamzar Jlela 0.42a 6.56d 4.52 be 3.00e 2.60 a-c 1581a
A. cyclophyllus Hanna [t 042a 18.08 a 4.87 ab 8.33 bc 2.44 b-d 1463 a
A. brachyodontus Khalkhal Juda 0.35b 2.85f 187 f 7.00 cd 1.80 ef 1.11b
A. vegetus Zereshk K55 0.35b 7.95 be 5.04 ab 7.00 cd 2.88 ab 144D
Mean 0.38 7.54 3.73 7.67 2.27 4.5

RN Ji.,\a.m Le/00 Jlhas! ckw 23,1 gme Sl gl plane By - | 6\-“’@,&/3\-:‘
Means with different letters have a significant difference with each other at the probability level of 0.05.
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Table 4- The mean of studied traits of different Astragalus species in 2019 in Sanandaj

Unit a1, Astragalus A. effusus A. brevidens A. cyclophyllus A. brachyodontus

cao Trait vegetus

Comas Sliws 3 2 2 2 1
Dbl as s Establishment precentage SWEY) Persentage 30.56 26.22 2552 30.38 6.25
opne sl Plant vigor Sas, Ratings 3.89 2.84 3.26 2.9 1.50
<5 i) Lo g2 Average plant height S8l Centimeter 2262 19.99 17.46 8.61 9.67
So oty gl ks b s Average plant crown diameter sessle Centimeter 19.10 14.26 16.31 12.58 1083
adsl 4o sluws Number of primary branches sas Number 2.78 3.25 2.25 4.92 3.00
sl e Jsb Aerial length(tallest stem) Sessle Centimeter 2117 32.33 1771 9.08 10.00
(e o iad) azy, b Length of plant root (tallest root) sl Centimeter 14.06 24.00 18.79 1842 9.00
Loy dds) 2 5 Width of plant root Sl Centimeter 5.95 1.96 5.08 1.58 3.00
Sy 5 IS 05 b se Total weight of fresh plant 0 S Gram 221 5.24 1.25 1.38 0.20
s gl S 505 Fresh weight of plant aerial part r,f Gram 188 4.31 Lo 1 0.16
g Ak 5 O0s Lo ste Fresh weight of plant root r,f Gram 0.33 0.93 0.25 0.27 0.04
Gy S IS 055 Jaw g Total weight of dry plant f,f Gram 0.80 2.00 0.47 0.58 0.07
G ploh ity K2 05 Dry weight of plant aerial part f,f Gram 0.68 1.64 0.38 0.47 0.06
Xy Aoy S o)y Lo e Dry weight of plant root 0 S Gram 0.12 0.35 0.09 0.11 0.01
oS o3l 4 Sas IS 055 Dry to Fresh weight ratio - - 0.36 0.39 0.38 0.42 0.35
jj Jsb Lo e Average leaf length el Centimeter 7.14 7.01 6.26 12.32 2.85
3; oo b se Average leaf width el Centimeter 3.70 3.07 4.42 4.70 1.87
gﬁ I 4;5, Sluss Number of leaflets per leaf sas Number 7.22 11.67 6.67 5.67 7.00
28 Jsb Lo o Average leaflet length el Centimeter 2.40 1.73 2.61 2.52 1.80
‘*?..'fj. o b s Average leaflet width ek Milimeter 2.01 1.65 2.06 15.22 111
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Table 5- The correlation coefficients among studied traits of different Astragalus species in 2019 in Sanandaj
E% Vig PH CD PB AL RL RW TFW AFW RFW TDW ADW RDW TDW/TFW LL LW LtN LtL

Sl as s E% 1
oses ghla Vig  0.86** 1
65 g} B gie PH  0.58**0.77** 1
o iy bl b e CD  0.72*%0.90**0.87** 1
adsl sl slows PB 0.27 0.07 0.3'5** 16 1
Job ol i AL 0.28 0.41* 0.64** 0.42* -0.07 1
(a2 oo i) 4z, Jsb RL 031 026 021 015 0.38%0.62** 1
N Ay B £ RW 0.34 036 0.19 0.19 0.45*0.58**0.73** 1
Sy 5 IS 0o s TFW  0.17 0.37* 0.62%*0.54**0.61**0.89**0.71**0.66** 1
G 2lom B 5058 AFW  0.17 0.45% 0.58**0.62**0.58**0.89**0.70**0.68**0.99** 1
Gy dday F 03y e RFW 016 026 0.36 0.27 0.25 0.84**0.71**0.64**0.95%**0.93** 1

G S S o5y dw s TDW 0.18 0.27 0.36 0.22 0.31 0.88**0.73**0.69**0.99**0.99**0.95** 1
G plep Gy S ) ADW 0.17 0.27 035 0.20 0.31 0.87**0.72**0.69**0.99**0.99**0.93**0.99** 1
Gy ady ) S 55 b se RDW 0.17 0.25 0.34 0.26 0.28 0.83**0.73**0.64**0.95**0.93**0.99**0.95**0.93** 1

oS o3k 4 i IS 55 s TDW/TFW  0.05 -0.16 -0.37 -0.23 0.44* -0.23 0.34 0.17 -0.09 -0.10 -0.05 -0.05 -0.05 -0.01 1

S5 Jsb Lo s LL 0.46* 0.33 -0.06 0.18 0.73** 0.01 0.46** 0.22 0.37* 0.49** 0.23 025 0.25 026  0.38* 1
S o2 b LW 036 036 009 0.26 0.33 0.05 0.39* 0.16 0.38*0.45** 0.18 0.16 0.14 0.18 -0.08 001 1
S5 48y slaw LtN 0.15 0.03 0.18 0.04 0.01 0.42* 0.43* 0.33 033 0.19 032 034 034 033 0.25 0.08 -0.44* 1
S 5 Job ke s LtL 0.17 028 010 0.22 0.06 -0.08 0.10 -0.01 0.01 0.19 -0.01 -0.02 -0.03 -0.02 -031 0.24 0'85**0.6-2** 1
S 5 2 s b sie Ltw 0.02 -0.10 0.4;3** -0.23 0.70**-0.42* 0.15 -0.12 0.13 0.25 -0.01 -0.09 -0.09 -0.05 0.67** 0.59**0.40* -0.35 0.24

*and ** are significant at the 5 and 1% probability level, respectively. 7y 5& Jl| sl 53 jls jnn o 5o ke 5 %
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Table 6- Normal and stepwise multiple regression analysis of plot fresh foliage yield on the the studied traits of Astragalus populations in 2019 in

Sanandaj
(B1) &g S5 2
s b3 am o Olay o § saze Sla e Sile e 8 a8
O regression _
Source of variations Degree of Sum of Mean of coefficient (bi) v &)
freedom sequares sequares ~2767
=270 Stepwise regression
coefficient (bi)-7" step
Regression, e 35 20 45788.4 2289.4%* bi Rank 4
Establishment precentage Sl a5 1 10426.5 (22.7%) 8.42%* 9.12%* 2
Plant vigor e glols 1 370.4 (0.8%) 2.66 - -
Average plant height <5 gl b se 1 2245.3 (4.9%) 5.13 5.34%* 4
Average plant crown diameter G gy ol gy C\I QOIS 1 1596.9 (3.5%) 5.72 6.15** 3
Number of primary branches adsl 4L slaws 1 9500.4 (20.8%) 9.99 - -
Aerial length(tallest stem) sl s Jsb 1 9693.4 (21.2%) 2.37 - -
Length of plant root (a2 o yad) 4z, Job 1 999.6 (2.2%) -4.42% -2.61* 5
Width of plant root Lo dda) 25 1 16.2 (0.04%) 1.97 - -
Total weight of fresh plant Sa 5 S ooy Laesie 1 5799.7 (12.6%) 2201** 87** 1
Fresh weight of plant aerial part S 2led Sy 5059 1 2060.3 (4.5%) -2796 - -
Fresh weight of plant root Gy dday F 0)s Bwste 1 45.0 (0.1%) -1192 - -
Total weight of dry plant &g S IS 55 Lo se 1 999.4 (2.2%) -5791 - -
Dry weight of plant aerial part Gl i K2s 05 1 0.9 (0.00%) 7359 - -
Dry weight of plant root Gy Al S 5y b st 1 314.5 (0.7%) 1535 - -
Dry to Fresh weight ratio oS o5 4 Sas IS 055 S 1 145.8 (0.3%) 456.6 - -
Average leaf length S Jsb L s 1 1144.9 (2.5%) 44.22* 25* 6




(B1) & S5 2

ks @bl am o Ol o ¢ gazes Slay e ke (B &30 2 a2 8,8
G regression
. Degree of Sum of Mean of L . 4
Source of variations coefficient (bj) v )
freedom sequares sequares ~2767
=270, Stepwise regression
coefficient (bi)-7" step
Average leaf width S oo b 1 54.3 (0.1%) -9.61 - -
Number of leaflets per leaf 3}. BE ‘\ng slows 1 48.5 (0.1%) -2.93 - -
Average leaflet length 28 Jsb Lo s 1 21.4 (0.05%) 2.44 - -
Average leaflet width oS o e b 1 305.1 (0.7%) -2.72 - -
Residual effects  (slzal) siladl s 3 8 1663.3 207.9
Total & 28 47451.7
S =14.42 @ole o S5 (051 5) o lailend (sllas Rq; = 88.2% oo G 5 00 G e 2
Standard error (estimation) of normal regression Adjusted determination coefficient of normal regressin
S=1250 o8 4 o8 s 55 (500 s)lasland (sl Rl = 91.1% AR PNK SPNECIEN OIS
Standard error (estimation) of stepwise regression Adjusted Determination coefficient of stepwise regressin

*and ** are significant at the 5 and 1% probability level, respectively. 7\ 50 Jlus! C"“ 23 o fre a8
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Abstract

To evaluate the genetic diversity and relationships among traits of herbaceous milkvetch, ten
genotypes belonging to five species, including Astragalus vegetus. A. brevidens, A.
brachyodontus, A. effusus, and A. cyclophyllus in Sanandaj in a randomized complete block
design with three replications were studied. Seed sowing was done in November 2018, and
morphological traits of the plant in spring 2020 were measured. Analysis of variance indicated
that significant (p<0.01 and 0.05) difference for milkvetch populations (G) for all studied traits.
In 2020 (two years old plants), the mean of plant establishment was about 26%, the number of
primary branches was 3.2, the plant height, the tallest stem length, and crown diameter was
16.9, 19.2, and 15.4 cm, respectively, and the length and width of the root were 17.4 and 6.2
cm, respectively, the average of fresh weights of the whole plant, aerial and root parts was 2.3,
1.9 and 0.4 g and the average weight of the plant, aerial and root parts were 0.9, 0.7 and 0.2 g
respectively, average dry to fresh weight ratio was 0.38. The average number of leaflets per leaf
was 7.7, so the mean length and width of leaf and leaflets were 7.5, 3.7, 2.3, and 0.5 cm,
respectively. The accession of A. effusus Darreh Shohada (West Azerbaijan) and three
accessions of A. vegetus (Zereshk of Qazvin, Saral of Kurdistan, and Qarehbagh of West
Azerbaijan) were superior ones in terms of forage production and other studied traits. The
weight of the plant was positively correlated with plant vigor, length, and width of the leaf
(p<0.05) and with plant height, crown diameter, number of primary branches, the length and
width of the root, aerial and root weight at (p<0.01). The results of stepwise regression of forage
yield on other traits showed that plant weight, establishment percentage, plant height, and crown
diameter at (p<0.01) and the length of leaf and root at (p<0.05) with (R2adj = 91.1%) were
forage yield components. Therefore, to achieve higher forage, genotypes with larger aerial parts
and deeper roots should be selected.
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