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Extended Abstract

Introduction

Sophora alopecuroides, is a perennial plant belonging to the
Fabaceae family. It has gained significant attention due to
its wide range of medicinal properties, including anti-
cancer, anti-viral, anti-inflammatory, antimicrobial,
analgesic, and neuroprotective effects. However, the plant
faces the risk of extinction due to its eradication as a weed
and excessive clearing from natural habitats. One of the
major challenges in cultivating S. alopecuroides is its low
germination rate, which is attributed to seed dormancy. Seed
dormancy is a natural phenomenon that ensures plant
survival under unfavorable environmental conditions but
poses a challenge for cultivation. This study aims to
investigate the effects of various physical and hormonal
treatments on breaking seed dormancy and improving
germination rates of S. alopecuroides seeds.

Materials and methods

The experiment was conducted in 2022 at the laboratory of
Aburaihan Campus, University of Tehran, and the
Medicinal Plants Research Institute of Jahad Daneshgahi. S.
alopecuroides plants were collected from their natural
habitat in Kerman province, Iran. Seeds were extracted from
pods and transferred to the seed laboratory. The experiment
was designed as a completely randomized design with three
replications. Treatments included mechanical (sulfuric
acid), hormonal (gibberellic acid), and physical (boiling
water and moist chilling) methods to break seed dormancy.
Thirty seeds were placed in each 10 cm Petri dish on filter
paper. Seeds were disinfected with 2.5% sodium
hypochlorite solution for 10 minutes before treatment. After
treatment application, seeds were kept in a growth chamber
with 16 hours of light and 8 hours of darkness at 25°C for
15 days. Germinated seeds were counted daily, with seeds
considered germinated when the radicle length exceeded 2
mm. At the end of the experiment, shoot length, root length,
and fresh and dry weights of shoots and roots were
measured. Various germination indices were calculated,
including final germination percentage (FGP), mean
germination time (MGT), standard deviation of germination
time (SDG), variance of germination time (VGT),
coefficient of variation of germination time (CVT), mean
germination rate (MGR), germination speed (GSP),
germination rate index (GRI), germination index (Gl), and
uncertainty of the germination process (UNC). Data were
analyzed using analysis of variance (ANOVA), and means
were compared using the Least Significant Difference
(LSD) test at a 5% probability level.

Results and discussion

The results showed that gibberellic acid had no significant
effect on seed germination of S. alopecuroides, as no
germination was observed in any of the gibberellic acid
treatments. Therefore, this treatment was excluded from
statistical analysis. Sulfuric acid treatment significantly
improved seed germination. The highest germination
percentage (95.55%) was observed in seeds treated with 75%
sulfuric acid for 15 minutes. This treatment also resulted in
the lowest standard deviation of germination time (0.77%),
lowest variance of germination time (0.61%), lowest
coefficient of variation of germination time (24.54%), highest
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mean germination rate (0.31%), highest germination speed
(31.99%), highest germination rate index (9.69%), highest
germination index (369%), and lowest uncertainty of
germination process (1.37%). While hot water treatment
significantly increased germination percentage compared to
the control, it did not show a notable improvement in mean
germination time and mean germination rate. The highest
mean germination time (6.69%) was observed in seeds
subjected to moist chilling at 4°C for 6 days. However, this
treatment resulted in lower germination percentage, mean
germination rate, germination speed, germination rate index,
and germination index compared to the control. Regarding
seedling growth, the longest root length (11.27 cm) and
highest fresh root weight (0.84 g) were observed in seedlings
from seeds treated with 75% sulfuric acid for 15 minutes. The
longest shoot length (10.88 cm) was recorded in seedlings
from seeds treated with hot water at 96°C for 2 minutes. The
highest fresh shoot weight (1.41 g) and dry shoot weight (0.01
g) were observed in seedlings from seeds treated with 50%
sulfuric acid for 15 minutes, while the highest dry root weight
(0.08 g) was found in seedlings from seeds treated with
boiling water at 96°C for 1 minute. The study revealed that S.
alopecuroides seeds have physical dormancy, which is
common in the Fabaceae family. The effectiveness of sulfuric
acid treatment in breaking seed dormancy can be attributed to
its ability to scarify the hard seed coat, allowing water and
oxygen to reach the embryo. The optimal temperature for
germination was found to be 25°C, which is consistent with
previous studies. Interestingly, cold stratification was not
effective in breaking dormancy, likely due to its inability to
degrade the chemical compounds in the seed coat. The
varying effects of sulfuric acid treatment on seed germination
depend on factors such as seed type, specific characteristics
of the seed coat, type of dormancy, and the concentration and
duration of the treatment. For S. alopecuroides, a 15-minute
treatment with 75% sulfuric acid proved to be the most
effective in promoting germination and early seedling growth.

Conclusion

This study provides valuable insights into breaking seed
dormancy and improving germination rates of S.
alopecuroides, a medicinally important plant facing the risk of
extinction. The findings demonstrate that treating seeds with
75% sulfuric acid for 15 minutes is the most effective method
for breaking dormancy and promoting germination. This
treatment not only increased germination percentage but also
improved various germination indices and early seedling
growth parameters. The results of this study have important
implications for the conservation and cultivation of S.
alopecuroides. By optimizing germination conditions, it
becomes possible to produce a larger number of seedlings for
reintroduction into natural habitats or for cultivation as a
medicinal crop. This could contribute to the conservation of
the species and ensure a sustainable supply of this valuable
medicinal plant. Future research could focus on investigating
the physiological and biochemical changes occurring in the
seeds during dormancy breaking and germination processes.
Additionally, field studies to assess the performance of pre-
treated seeds under various environmental conditions would
be beneficial for developing practical cultivation strategies for
S. alopecuroides
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Sl 53 (S38lr A pd DAy pre 08 (o romen (0
b sie 53 lin Sl ol 6500 4 o 15 OT
(0 Jsd) Gial g Co o Lawgia 9 (F Jgia) 54l Ole
Ol o g0 O jon o iy (LB Ll & e 4 S
a3 F gle —w Hls 5 (F Jgu) (Ao ys #/94) G54l
Ol )ls gms o8 e s 8 edalin 558 e 4y o s
23 Ol gen (ALl & gad & Sl Hled ) )3 G4l s
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o) G380 Co Lo li (0 Jgd) S3alsr Co

Sy dald &g jl S (0 Jyd) Jiale Lesla 5 (0
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538 a5 f1s DT Sy il pndal Ll iy 56
Ot i Jgr) 551 5l (gme Ao ys ey Szl b
S 53 Dl el oS (A AD/B0) S5ail s Ay
15 8 sdaliiie 4255 V0 ke 4y Ao 53 VO S5 5 4l
38l Ol sl Ol il Oljn o 2eS” ean (F Jpir)
8l Ol il ls Oljes o S o(F J i) (dasys /YY)
Ol Ol i s e Ol jan o 2aS o(F Jgd) (Uez y5 +/7Y)
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Table 3- Analysis of variance for mean squares traits related to seed germination in Sophora seeds

24 3 :K\ = } 3 3 3
) % 0 1 % | 4 3 ks
deree o 38038 48 32 38 )g 28 & re iS
(SO.V) 3 A S S 08 9 3 )
@ R} 3, R 3 &) ) N
3 A
(Mean square) s, o ik
s
o 17 208106 3.04™ 1.86™ 36.85 310.55** 0.006™ 65.08" 21.15™ 32039.40™ 0.24™
(Treatment)
Lo
36 54.14 0.45 0.32 7.99 119.66 0.001 7.43 0.66 742.54 0.09
(Error)
Sk o o
(4o y3) 11.46 1471 27.84 56.50 2531 11.71 11.69 14.93 12.01 1491
(Cv%)

** significant at p<5, respectively

FGP: Final germination percentage or Germinability
SDG: Standard deviation of the germination time
CVT: Coefficient of variation of the germination time
GSP: Germination speed

GI: Germination speed

FGP: Final germination percentage or Germinability
SDG: Standard deviation of the germination time
CVT: Coefficient of variation of the germination time
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MGT:Mean germination Time

VGT: Variance of germination time

MGR: Mean germination rate

GRI: Germination rate index

UNC: Uncertainty of the germination process
MGT:Mean germination Time

VGT: Variance of germination time
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Table 4- Comparison of the mean effect of boil hot water, sulfuric acid and stratification in Sophora seeds (Mean+SE)

S8 Aoy
(-w;:) t_i"@“
(FGP) (%)

RIS
(G30) 54
(MGT) (day)

Ol s ol ol
[STRYESTHIES
(SDG) (day)

Ole ibsls
(G30) s34l
(VGT) (day)

Ol Ol ol o 2
(G30) 5%l
(CVT) (day)

dals

(Control) .66+4.16% 4.51+0.22b¢ 2.28+0.410cc 5.73+2.01bedefo 49.90+6.60%
ontro
iss S o geds V& elsT
e sl e T O 68.88+2.40% 4.2+0.,09%% 1.6740.24°19 2.98+0.79%0 39534503
(Boiling water 76 degrees Celsius for 1 minute)
O gk 4 53V £15 T
R t cauhi S Sl 52.2245.05¢ 4,650,250 2.5820.49% 7.37+2.51%0 54.28+7.66%°
(Boiling water 76 degrees Celsius for 2 minute)
4235 ¢ Sode & soadn 4 SAP il
L P ')_ = . 93.33x1.57% 3.79+0.07¢0f 1.20+0.17¢% 1.52+0.43¢% 31.43+3.96%
(Boiling water 86 degrees Celsius for 1 minute)
4235 95 ke 45w genadan 4 SAP AT
N 87.77+2.40° 4.13+0,11°% 1,720,141 3.04£0,50%9  42.15+4,55%
(Boiling water 86 degrees Celsius for 2 minute)
4235 ¢SS Do sk 4= 53 4% T
| RS ebkg gt a2l 86.66+4.16° 4.14+0.09%" 1,560,171 2.54+0.56%f0 37.75+3.57bde
(Boiling water 96 degrees Celsius for 1 minute)
42385 93 Ode 4w gesadw a- 348 ¢l T
e S 88.88+2.40° 4.50+0.28" 1.56:+0.19¢defa 2.54+0.64%f0 34.27+2,19%
(Boiling water 96 degrees Celsius for 2 minute)
4218 2 b S e 73.3322.72 4.03£0.08%%f 1.98+0.05%%  3.06+0.18%f0  49.35+1 977
% sulfuric acid for 15 minutes
(50% sulf d for 15 minutes)
a55 Y- o0 &S 5 |
T o2 8 e 88.88+3.27° 3.28+0.08¢ 1.07+0.15¢ 1.22+0.34' 32.47+3.78%%¢
(50% sulfuric acid for 20 minutes)
45310 VO &S 5 |
4210 42 V0 oyl 95.55+1.81 3.12+0.06' 0.77+0.079 0.6120.119 24.54+1.78°
(75% sulfuric acid for 15 minutes)
4iss Y SV0 S 5 |
ay 0o il 90+1.57° 3.39+0.07%F 1.330.12¢%f0 1.83+0.31¢%f0 39,303,020
(75% sulfuric acid for 20 minutes)
25510 Lo ys WA K 5 |
2 1o A e 68.88+2.40% 4.80+0.56" 3.01+0.49% 9.79+2.68" 61.84+6.10°
(98% sulfuric acid for 15 minutes)
2355 ¥+ 3 S 5 |
et e A il 85.55+3.63% 4.62+0.38 2.23+0.35%¢% 5.38+1.430f 47 5244 52cd
(98% sulfuric acid for 20 minutes)
50T Ode & o s 4 50 F (glas
T e TS 38.33£7.75' 5.74+0.48% 2.45+0.68%  6.06+1.73%0 42 67411 70w
(Wet cooling at 4 degrees Celsius for 3 days)
500 F Sl 4 s 4 50 F glas
T o e e TS 26.66+4.16% 6.54+0.24° 2.66+0.08"™ 7.10+0.430ce 40.86+2.227cde
(Wet cooling at 4 degrees Celsius for 4 days)
5900 Ode 4w gk 4 53 F (sles
O e TS 25.55+2.401 5.68+0.33% 3.05+0.23% 9.49+1.45 54.02+3.88%°
(Wet cooling at 4 degrees Celsius for 5 days)
590% Ode 4w gk 4 53 F (sles
et 22.22+7.26¢ 6.69+0.69° 3.79+0.26° 14.61+1.96° 57.34+2.00%
(Wet cooling at 4 degrees Celsius for 6 days)
590V Ode 4w g 453 F (sles
PV e 23T S 21.66+5.529 4.97+0.79" 2.53+0.35™ 6.81+1.80"%  57.52+1530%

(Wet cooling at 4 degrees Celsius for 7 days)

25l 0 LSD 0 3m5T oo 530 el 55 5l smn oV 315 eyl &5 e 3 o &S Jilt o gl S0
s (o litl o) SA % Sl ol sluts!

Means that have at least one letter in common have no significant difference at the 5% level of LSD test
Numbers include: Mean + sd (standard error).
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Table 5- Comparison of the mean effect of boil hot water, sulfuric acid and stratification in Sophora seeds (Mean+SE)

sy b g

S8l e S8l e e s ol " Conlad pe
. - PR k;y)b}’ y -
Q”“(‘;G);’”'f Gy las) Gos/ o) ) (Cw) G36lsm
(Number/day) (GSP) (Number /day) (GRI)(percentage/day) (UNC)(bit)
G
- 0.22+0.01% 22.33+1.14% 45740251 195+13.49° 2.26£0.05%¢
(Control)
A2 5 D gl 2 VP o] 0.23+0.01¢ 23.74+0.51¢ 5.62+0.20°" 243.33+6.87% 2.25+0,13%
(Boiling water 76 degrees Celsius for 1 minute)
2 52 e e 3 VF o] 0.21+0.01% 21.69+1.17% 4.25+0.45¢ 177.66£17.09" 2.17+0.07%¢
(Boiling water 76 degrees Celsius for 2 minute)
G oSy Sk el 2 AP o] 0.2620.01% 26.35£0.51% 8.1420.26" 341.666.87% 1.90£0,0720cce
(Boiling water 86 degrees Celsius for 1 minute)
) - sk A el
2292 e e 2 A 0 0.2420.01¢ 24.23£0.64° 7.2540,20% 312.33£7.22% 1.79:0.05%
(Boiling water 86 degrees Celsius for 2 minute)
> Ky ke 4 gl 287 (o] 0.240.01¢ 24.18+0.56° 7.036:0.22% 308+12.57% 2.00£0.06%¢
(Boiling water 96 degrees Celsius for 1 minute)
293 e gl 287 H] 0.22+0.01% 22.45+1.39% 6.77+0.35% 306.338.97% 2.1430.13%¢
(Boiling water 96 degrees Celsius for 2 minute)
25510 0 &S, 5 |
210 o2t e 0.24+0,01% 24.78+0.53% 6.3320.40% 263.33£11.70% 2,060,072
(50% sulfuric acid for 15 minutes)
a55 Y- o0 &S 5 |
T Ay br )l e 0.30£0.01% 30.54£0.712 8.8320.40% 330.33£13.87% 1.65£0.05%
(50% sulfuric acid for 20 minutes)
15510 VO S, 5 |
N0 42y V0 8 o e 0.31£0.01° 31.99+0.64° 9.69+0.26a 369+7.93° 1.3740.08°
(75% sulfuric acid for 15 minutes)
AdsYe VO &S 5 |
BT A2)2 V0 S ) 0.29+0.01%¢ 20.51+0.61% 8.82+0.17% 340.33+4.91% 1.69+0.06%
(75% sulfuric acid for 20 minutes)
25510 NS 4h |
45210 423 WA o 0.210.03% 21.71£2.58% 5.710.39% 230.66+8.90% 2.42+0.21%
(98% sulfuric acid for 15 minutes)
i5sYe LYNC O |
T A WA S e 0.22+0.02% 22.12+1.96% 6.800.71%% 203+20.68" 2.490.14°
(98% sulfuric acid for 20 minutes)
YA sk f sl
G947 02T S0 0.170.02¢f 17.41£2.07% 2.43£0.469 118422509 2.22+0.25%
(Wet cooling at 4 degrees Celsius for 3 days)
19y F & s ¥f sl
3T ek et a2 Sl 0.15£0.011 15.3420.57" 1.450.229 75.66+11.78% 2.098+0.18%<
(Wet cooling at 4 degrees Celsius for 4 days)
3958 e el o F sl 0.1720.01¢f 17.77+1.10¢ 1.67+0.249 79.66+9.66% 1.90+0,0720¢ce
(Wet cooling at 4 degrees Celsius for 5 days)
9,7 O sk ¥ sl
T A e T S 0.15£0.02' 15.41+1.56' 1.52+0.68° 65.66+25.50" 1,870,310
(Wet cooling at 4 degrees Celsius for 6 days)
TR A sk f sl
29V ke e 4702 T S0 0.210.04% 21.39+4.09% 1.95+0.689 73.50£20.11%" 1.9320.56%¢

(Wet cooling at 4 degrees Celsius for 7 days)

25l 0 LSD 0 3a5T o 530 el 55 5l smn oV 315 eyl &5 2t 3 o &S Jiltom o gl S0
s (litd las) SA & Sk ol slute!

Means that have at least one letter in common have no significant difference at the 5% level of LSD test
Numbers include: Mean + sd (standard error).

(F Jsdr) 350 515 (Gme doys oy ek axals
50385 Gre (Slw VWYY womaiy y Jsb Ol e o i Jsb cazr il Jsb doade DL WLl 4 s s
i{.:.)}ﬂj-w-\.;_w‘ )La.; DL L)L;Jclj 42-0‘7‘? (r; '//\?) 49«-4.&'.;_) )2 4’:4“:".'.J &:‘} 2 Jg d)ﬁ ‘4’:4’;\"” &:”' 3 JI d)ﬁ ‘4’—'4":".'.J
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oL, o LT s (5 28

CnSis 5 Gy i) sl 1550 55 .l S5 g Ol jae
Do p g 4 e Sl OIS e i O ol
<l ¢ 5 «Bhattetal., 2016) ;L Jiiy ol la S5
Fattahi et al., 2011; Hatami ) L5 Ol Oue 5 Clale (o
o3l 5l s s e O e o Al LWt LG (et al., 2019
S 5 gl 53 5les iy 4235 £ 6 FO Olo ke (Y 5k
Pl S 3l S 4 Dty S Sl o g Lo
.(Ghadiri & Bagherani, 2000; Mao et al., 2008) .l ollis
L sles Olej 4 Olopds gl yidy 2Ty aalllan 5o ¢ Jolia s
3l Olejcde Jil 3l 48T ds 518 (oSG 0a) ywd
1 8 il LS e caiENY 4 iV
oA S b eds pln] T s .(Wang etal., 2010)
P U ST RIC SR+ PO N U e [
Sl 3 (G5l Ao s i S o5k 4 3L SRalS
D+ st 53 OT o ST 5 (65 5 gl 5,215 pke) dalis
O gy g ol 31 ool s deT s g &S 5 panidd
BN I L YRC VP PH PREPR W LR
e S d ol S s Fslize Sl p s kT
) .(Nosrati et al., 2017; Garcia et al., 2009) »,ls Calises
aiss ¥ ) K p pmdeal b ks Oloj il 53l 48 LT
ol o3 Hles iy 5L 0l oo ST b g SlST |y el o
Sde Hlad 53 538l Ol 55l Sl Ws ¢ aaleT
.(Van Veldhuizen & Knight, 2006) & Ol sie 4235 ¥+ Ol

Jsb Ol cp i 9 (V Jgdr) 4285 V0 e 4y Ao 55 VO
sk a2 5388 £ O Hlass 53 (e (Bl V1 /M) azdila
O jen o e Cpwomans (Y Jgudar) i sdalive 4233 93 Do &
28 ) amaile oSs 055 (o8 V) axaile 5035
et 5 45310 e &y 53 00 ) i) s el e
w5388 G T 55 (b5 00 A) ety &Cis 055 e
AV Jader) s odalis 4iss ¢S5 Se o gndas

e

5 o ol oo el sl 5o Olusl layds S5l o Ol e
S Ao ;307 5\ o (Shao et al., 2010) 4l iv Sladss
wliie Sladss g andlos pl 55 Hles i | s oS ol G341
(Shao et al., 2010. Wang et al., 2010. Wang et al., 2016)
S8l 53 Ol ol s Ll eds 518 Ao y3 A0 b
ol 03 A Ol e eslinal 5550 sla ke 9 Sl ol 5 s
3l sl 6l osllas gles Lol b ¢ 2 le3T
31 ek )3 Y0 (Lo Oyl 4ol S sl s,
S Culods 5,18 SI> L5 .(Nosrati et al., 2017)
o &g 53 3 sm gleacd olse o T e s 4 pole e
Al g ol Sialer oy ralsS (T Ol ps s
a5 00 U Les il 5 (Nosrati et al., 2017) < —zls
Gl a iy o o1y S8l Ao s il ek

Uil sl S5 5a udnl Ll i (Yang etal., 2021)

Ol 4ol araty s 5 il b lad o Slis Slay o o 80ke (511 il sl 25 —F U
Table 6- Analysis of variance for mean squares traits related to shoot and root Sophora seedling

rdle 505y apab 5 Os el sSes 0y e, S 0jy sl sb ety dob
S e oV5T am o (Shoot FW) (Root FW) (Shoot DW) (Root DW) (Length shoot)  (Length Root)
(sov) (df) Sla o ke
(Mean square)
Jles - - - o -
- 17 0.317 0.158 0.0003 0.002 50.68** 45.125
(Treatment)
L
36 0.001 0.001 0.00002 0.00001 0.738 0.462
(Error)
K O V-
(h002) Do o 2 13.14 5.88 16.15 21.52 14.17 11.47

(Cvo)

** significant at p<5, respectively
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Table 7- Comparison of the mean effect of boil hot water, sulfuric acid and stratification in shoot and
root Sophora seedling (Mean+SE)

draisy ardle . . : ..
el dsk * 5~ dxalsy 5 0)s bl 5 0js i{,:»g)} &»u)_’

(i) (sl (%)) (%)) (¢5) erates (05 L
(LengthRoot)  (Lengthshoot) ooy rwy () (Shoot FW) (g)  (Root DW) (g)  (Shoot DW) (g)

(cm) (cm)
dals
0.7567+0.05840" 1.0533+.4333° 0.016+0.00115! 0.0577+0.0000 0.0073+0.00309¢"  0.0143+0.00273%2"
(Control)
43y &S Do a U s a3 VE 8AuT
. ! ; " 0.7533+0.28916° 8.9967+0.59468 0.45+0.02500° 0.126+0.00700° 0.027+0.00150¢ 0.072+0.00400°
(Boiling water 76 degrees Celsius for 1 minute)

4835 93 Sde 4 w sades 4 )3 VF am_;T

- s ’ 7.8067+0.41862% 6.08+0.54501¢ 0.0733+0.00485%" 0.08+0.00529° 0.06+0.00397° 0.0113+0.0007479"

(Boiling water 76 degrees Celsius for 2 minute)
43y &S Do w U s 4o )3 NP aauT

. ’ ; C 7.123+0.23720% 8.0867+0.74418° 0.1095:0.00600% 0.4258+0.02333" 0.0037+0.00020" 0.073+0.00400°

(Boiling water 86 degrees Celsius for 1 minute)
435 93 Ode 4w sande 4 )3 AP EJ};.'JT

(Boiling water 86 degrees Celsius for 2 minute)

6.65+0.59431° 7.55+0.89030° 0.5777+0.02352° 0.0288+0.00118f 0.0505+0.00206°¢ 0.0217+0.00088¢

455 S e 4y o smnedas 4534 gt
o ; I ; " 9.41+0.16166™ 9.12+0.69419% 0.1117+0.00667% 0.3908+0.02333" 0.0893:+0.00533* 0.0335:0.00200%
(Boiling water 96 degrees Celsius for 1 minute)

4233 95 Ode 4w gades 4 )3 47 EA%JT
(Boiling water 96 degrees Celsius for 2 minute)

7.9033+0.15169¢ 10.88+0.96464* 0.0894:+0.00117'" 0.3248+0.00430° 0.0044:0.00003¢f 0.0298+0.00037¢

43310 Lo p3 B S 5l gk

e ] 7.93+0.58774¢ 7.70330.25392° 0.2033+0.00882° 1.4113+0.05055° 0.0203:0.00088¢ 0.0122+0.00529*
(50% sulfuric acid for 15 minutes)
GV L3 00 Sl et i
T ] 10.19+0.53019% 10.35+0.30501%° 0.096:£0.00000% 0.312+0.00000° 0.024:+0.00000¢ 0.0096:+0.00000%"
(50% sulfuric acid for 20 minutes)
425510 Lo y5 VB S 5d) gl
§ T o 11.2767+0.34892°  8.9997+0.30417% 0.84+0.03500* 024+0.01000 0.0048+0.00020¢  0.0072+0.00030"
(75% sulfuric acid for 15 minutes)
ALY oy 3 VO K ) skl
y - 8.2267+0.79108%  10.0767+0.52206% 0.115+0.00577" 0.391+0.01963" 0.0069:0.00035% 0.0184:0.00092¢

(75% sulfuric acid for 20 minutes)
435310 Loy WA S 5 s
(98% sulfuric acid for 15 minutes)
B3 Y+ A3 WA S i) gk

7.1233+0.46427% 7.8433+0.43884° 02644.71+0.00780¢ 0.1247+0.00367¢ 0.0075+0.00023¢" 0.0037+0.00013"

( If d for 20 ) 8.3+0.014224% 9.6867+.9635225" 0.0552:0.00206" 0.2209+0.00823¢ 0.0012:0.00003" 0.0157+0.00062¢1¢
98% sulfuric acid for 20 minutes

550¥ Do g sonedn a5 F gl

. . 0.5667+0.30179" 0.28+0.14572° 0.009+0.00458 0.024+0.01222° 0.0003+0.00015" 0.006+0.0030611

(Wet cooling at 4 degrees Celsius for 3 days)

90 F Sde a4 s 4z 55 F glas

”’_ TR ’ J_ ¢ 0.77+0.20298¢ 0.5367+0.13094° 0.015+0.00173 0.04+0.00462f 0.0114+0.00517¢ 0.04+0,00462°
(Wet cooling at 4 degrees Celsius for 4 days)

5900 Sdo 4w gk 4 55 F gles ) »

)”. TR ) ). ¢ 1.15+0.22605' 0.7367+0.14333° 0.0075:+0.00087' 0.0475+0.00548" 0.0002+0.00003 0.0025+0.000291
(Wet cooling at 4 degrees Celsius for 5 days)

5907 e ds g 4 55 F (glas

”’_ TR ’ J_ ¢ 1.03+0.32512f 0.7320.25325¢ 0.012+0.00485' 0.032+0.01222° 0.0004+0.00015" 0.008:+0.003069"
(Wet cooling at 4 degrees Celsius for 6 days)

90V e a4y g 4 55 F (glas . "

ST R i 0.68+0.39260" 0.43+0.23756° 0.015+0.00764 0.054+0.02750 0.0003+0.00015 0.003+0.00152i

(Wet cooling at 4 degrees Celsius for 7 days)

25l o LSD 03057 o 530 galam 55 5l e LoD 3 ezl &5 2t 3 o &S Jiltm o gl S0
iz (3l ) SA £ 5 Kle ol sluts!

Means that have at least one letter in common have no significant difference at the 5% level of LSD test
Numbers include: Mean + sd (standard error).

ST Vil kg5 0 5574 358 J6 b i 5 S s sy gl 30 5 S aY Ol Sl 4 a5 L
234, g ods a3 3 g0 (ol B Sl 055 Sl G b L G381 3 e e S5 5 s ol b 5lad Sy Lo 5
ol 5 g 03 sy SO gl alS o 0T Sl 53 Dl sy Sy 9348 S5 S 4 Ol gt
OS5 ST & ails sy (6358 0,5 YL Lol 5 Laslag Ysmmn ol (SGLSG £ 5551 Ol pl 0Ll
.(Ibrahim & Freat, 2001; Radsarian et al., 2018) . o5 . Claiu g b obals Siale ¢SS o gl f,"*j L Calides
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andllan ys Bl 5 4ty SSis 5 5 09 caiuy g axailu Jsb
5 S5 58 gudul L Les s Astragalus gossypinus (sls ;s
il ol s b oS ol b 8515 a5y 50 a bl

Syls Callae

S 5 4o
ds e 53 47013 Ol Bluil )4 (55 ol el bt ek
Ao )3 OF ) el Hlad slasds 087 Sl SiaSler L
33 0Ll 5 (Lo )5 A0/ B V) &S5 5 gl (S 5401 g
Jm Olels ol 5y el (A AF L OY) s T
A S 5l el Slag 55 0T 51 (S S lasT s
3,8 L il g Cils il Ao s 5 (uld e
GBUT glos 53 48> 10 Sie 4 &S0 58 gavdensl Lo ,3V0 CLake
sdalive Lg,y 515 5 geg |y axolS 4yl Loy 5S4l Ay
4 i ST 5k 5 T L sl ) (G5adl g o
Lol 315 QLS (6513 e (5 5 2 &K o) il b Lo 2
s oo ol as (i ply AS s fae dald & gl 4 S
(nl oo sl gy (S 5SS p 5 51 6lS nl Ly
OF 35d (55 5 53 |y g5 BB Sldaliee J:iuﬂ&_l@u
Oladllas 4} 53 Ll gie 7 313 OLid S48l g 53 (gd—rys
Lyl 2 5 Ol Hlaal 5 Gl 35 5o i

.)ﬁ?)‘}ﬂ?jéij)}A}éwf&f@bjT

Bl ool
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