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The legume family has seed dormancy, which is an evolutionary adaptation that
prevents seed germination in adverse ecological conditions and it is very important
in preserving plant species. In order to study the effect of various mechanical,
hormonal, and physical factors on the dormancy breaking of sophora seeds, an
experiment was conducted in the form of a completely randomized design in three
replications. The treatments included gibberellic acid, sulfuric acid, hot water, and
cold at 4 degrees Celsius in different periods. The results showed that Compared
to the very low germination of untreated seeds (0-53%), the application of 75%
concentration of sulfuric acid for 15 minutes, improved the germination percentage
(95.5%) and also the initial growth of the seedling. The percentage of germination
(93%) in the treatment having hot water was significant compared to the control
sample (56%). Compared to the very low germination of untreated seeds (0-53%),
sulfuric acid (73-95.5%) and soaking in hot water (52-93%) were effective in
germination. According to the dormancy failure of bitter gourd seeds in the tested
treatments, it can be concluded that the dormancy of bitter gourd seeds is of a
mechanical type and related to the physical properties of the seed coat. Treatments
of hot water and | sulfuric acid can remove seed dormancy in sophora. According
to the breaking sophora seeds dormancy in the tested treatments, it can be
concluded that the seed dormancy is of a mechanical type and related to the
physical properties of the seed coat.
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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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TS sl
(Row) (treatments)
1 425510 Soke 4 o y3 00 K 5 g Lewsl
(50% sulfuric acid for 15 minutes)
2 BT Sode Lo )3 00 &K i) g sl
(50% sulfuric acid for 20 minutes)
3 43310 Sode 4 Lo )3 VO K i) g sl
(75% sulfuric acid for 15 minutes)
4 W3 Y Sode 4 Lo )3 VO K i) g sl
(75% sulfuric acid for 20 minutes)
5 4255 10 Sode 4 o33 WA K 5 g Lewsl
(98% sulfuric acid for 15 minutes)
6 4B55 Y0 Sode 4 o y3 WA K 5 g ewsl
(98% sulfuric acid for 20 minutes)
7 4835 ) Dode s o gades 4253 VF S T
(Boiling water 76 degrees Celsius for 1 minute)
8 4235 Y Dods 45 o gades 4253 VF S T
(Boiling water 76 degrees Celsius for 2 minute)
9 4855 ) S o smdes 4 3 AP 5 OT
(Boiling water 86 degrees Celsius for 1 minute)
10 4B55 Y S dy o smkes a3 A 3 OT
(Boiling water 86 degrees Celsius for 2 minute)
11 4835 ) Dods s o gades 425348 S T
(Boiling water 96 degrees Celsius for 1 minute)
12 4835 Y Dods 45 o gades 4253848 S T
(Boiling water 96 degrees Celsius for 2 minute)
13 300Y Sde 4y gk a3 F los 53 Csb e Asle w
(Wet cooling at 4 degrees Celsius for 3 days)
14 590F Sde a4y g a3 F los 53 Csb e asle w
(Wet cooling at 4 degrees Celsius for 4 days)
15 5350 Sde dy o gmdin a2 53 F (Glos 53 Cisb 0 A5le
(Wet cooling at 4 degrees Celsius for 5 days)
16 3307 Sde dy wgmdin a3 F (Gles 53 Cisb e A5le
(Wet cooling at 4 degrees Celsius for 6 days)
17 395V Doty wgmds a3 F los 53 Csb e Asle w
(Wet cooling at 4 degrees Celsius for 7 days)
18 Ve ppM clle b oS
Gibberellic acid 100 ppm
19 Yo ppM ke b oS e donl
Gibberellic acid 200 ppm
20 Foppm Sl b oS
Gibberellic acid 300 ppm
21 Fooppm ke b ¢S el
Gibberellic acid 400 ppm
22 O PPM ke b ¢S !
Gibberellic acid 500 ppm
23 Gl gles 5 laie OT j5 dals

(Control in distilled water and room temperature)
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Mousavi et al., 2022; ) sdalis Ol ) o 5T K 5 (ol azilil

.(Dayrell et al., 2015

K nigti-t)?
Z’le ni-1

VGT = il Ol iyl F ol

5 ol a5 o Ol G54l o Ol il t

P rs Olej s o345l s sla,dl sl i {"<‘ sdal i
0354 s Ol u-lj"T 'k
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O g o i o(F Jdar) (Ao )5 ¥V/AR) G54l S
s (B Jgd) (Ao ;3 4/74) Sial g S Lol
Ol s o 0S5 (0 Jgd) (Ao ;3 ¥94) S5al g s ls Ol jas
Slas 52 (0 dgir) (Ao s VYY) (G5l gor Sl ol
Jgda) L odtalive 423 10 e 4 Lo )5 VO &S5 o) gnclol
Sl 53 (G388l A s DA la gne by e romen (0
Lo gn 53 (lin ST el L g0 4y S 15 OT
O dydr) (5582 oo s Lo 20 5 (F J5r) S5l g2 OLe
Ol v gie Ol 5 o 2 i (LSl Aol s & gad 4 S
a5 F b Hlas 53 (F Jguz) (Ao y3 #/74) g5l o
Od,ls fae 08y Jo 3 8 edalin S, F Soke 4y o ek
A2 3 O o el & 50l 4 Sl Hled () )3 (G54 Ap s
(F Jgd) giailsmr Coo s Lo ga o(F Jgil) g5l g
Jode) S8l Co o oL (B Jyda) S8l Cs

Sy dald &g 3l S (0 Jyd) Jiale jesla 5 (0

ey

ulfcb oh Sl s Gyl e j:;L; eg:;r:, Al
Sas ST sl 51 g 52 457 e ) 4 I
Db 3 e cal e s 45 23 stalie S50 55
38 Codo (65LT Sllons

Si4lgx
Cod g4l g dp s .Lms‘sabl_‘idw.sl.l)\j‘\{}?d@\:.;
588 1 F s 5 s OT eyl e sl L s 2y 3G
Oty (¥ dgd) 35 )15 (g deo s gy Jlel w5
e 53 OLal oL (s )3 40/00) gjasl s o
15 8 sdaliive 4255 V0 ke 4 o 53 VO K 5a) 4wl
3l 0L Dlhas Bl il Oljn o 2087 e (F J 5
o8l Ol il ls Oljes o 208 «(F J i) (das )3 /YY)
Ol Dl sy O gme 208 o(F Jgudar) (A3 /1)

b gte Ol e o iy ((F Jgd) ()3 YF/OF) 54l

Olugels sy (33460 b oo Slio Slas o o Kbe 513 s 4 5o =¥ Il
Table 3- Analysis of variance for mean squares traits related to seed germination in Sophora seeds

AU SRR ! %
I T A S D P D T
- 5 15 k2 55 3¢ g 1§ 1§ 15 ¢
S g AL & 22 s 30 ‘1;, 38 ‘19 2% 53
(S.0V) 3 3 A ki §; 3 » 3 D) 3,
@ T S 3 5 g '“
3 £
(Mean square) cla » ks
s
o 17  208106™ 3.04™ 1.86™ 36.85™ 310.55** 0.006™ 65.08™ 21.15™ 32039.40™ 0.24™
(Treatment)
st
36 54.14 0.45 0.32 7.99 119.66 0.001 7.43 0.66 742.54 0.09
(Error)
Sl o b
(4sys) 11.46 14.71 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 (MeanzSE)

S Aoy
[EW=PEY) g_le
(FGP) (%)

Ol 5 Siks
(G30) 5
(MGT) (day)

Ol s Lol il
[STSYESTHPES
(SDG) (day)

Ole ibsls
Gav) s34l
(VGT) (day)

Obey Ol sy o
Gav) s34l
(CVT) (day)

dals

56.66+4.16% 4.51+0,22bcde 2.2840.41bc 5,732,071 bedefo 49.90+6.60%¢
(Control)
o Kyt wrV el 68.88+2.40% 4.2+0.09°%1 167+0.24°%  298+0.79%0 30534503
(Boiling water 76 degrees Celsius for 1 minute)
el S 52.22+5.05¢ 4.65+0.25 2.58+0.49 7.37+2.510 54.28+7.66%¢
(Boiling water 76 degrees Celsius for 2 minute)
w33 ¢ Sde ,.,J.aoaAf"'\;uT
e G 93.33+1.57° 3.79:0.07¢¢f 1.20+0.17¢f0 1.52+0.43¢0 31.43+3.96%
(Boiling water 86 degrees Celsius for 1 minute)
St ot s 87.7742.40° 4.13+0. 110" 1.72+0.14°%0  3.04+050%0 42,154,550
(Boiling water 86 degrees Celsius for 2 minute)
PR SRR N sk d- 53 4% T
| et oeee el 86.66+4.16 4.14+0.09°%f 1.560.17¢cfo 2.54+0.56%fe 37.75+3 57
(Boiling water 96 degrees Celsius for 1 minute)
4253 95 Ode 4w gedis 4 348 ¢l T
e S 88.88+2.40° 4,500,280 1.5620.19¢dfo 2.54+0,64%f0 34.27+2,19¢
(Boiling water 96 degrees Celsius for 2 minute)
23310 00 &, 5 |
4210 o2 81 s 73.33+2.72% 4.03+0.08°%f 1.08+0.05%  3.96+0.180 49 35+1 97%cd
(50% sulfuric acid for 15 minutes)
a3sYe 00 &, 5 |
s adie e 88.88+3.27 3.28+0.08° 1.07+0.15'9 1.22+0.34' 32.47+3.78%%
(50% sulfuric acid for 20 minutes)
25310 Vo &S 5 |
44210 22 V0 s 95.55+1.81° 3.12+0.06' 0.7740.07¢ 0.61+0.11° 24.54+1.78°
(75% sulfuric acid for 15 minutes)
T A2 V8 Kl 90+1.57° 3.39+0.07¢%f 1.33+0,12%1 1.83+0.31%0  39,30+3.020
(75% sulfuric acid for 20 minutes)
25510 39N 6K s |
G210 ey U 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)
T o2 I Sl 85.55¢3.630  4.62+¢038%¢  223+035%%  538+14300 47,5044 5
(98% sulfuric acid for 20 minutes)
1y Y Ol 4 a5 F gl
ST e el 43T 8 38.33+7.75' 5.74+0.48% 2.45+0.68%¢ 6.06+1.730¢¢f 42 67+11 72%cde
(Wet cooling at 4 degrees Celsius for 3 days)
1y ¥ ot a soades 4> )5 F (clas
TR o TS 26.6624.16 6.54:+0.24 2.66+0.08 7.10£0.43%% 40,862,202
(Wet cooling at 4 degrees Celsius for 4 days)
3950 O sl 3¥F sles
O e T S 25.55+2.401 5.68+0.33% 3.05+0.23% 9.49+1.45 54,023,887
(Wet cooling at 4 degrees Celsius for 5 days)
1907 O 3 F gles
7 S TS 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)
SV O sk 5¥F sles
ST e TS 21.6645.529 4.970.79% 2.53+0.35" 6.81+1.80%%  57.52415.30%

(Wet cooling at 4 degrees Celsius for 7 days)

25l 0 LSD 03a5T o 530 el 55 5l e LDt il iyl &5 2 3 o &S Jolt o7 a0
Az (51l glas) SO+ Kl Juls slael

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

S5l e Sl e e s o " Conlad pe
. LY e <l >
Gyl shes) G54l Gy slaes) Gaof o sd) < (GI‘)’D (Cw) G385
(MGR) )
(Number/day) (GSP) (Number /day) (GRI)(percentage/day) (UNC)(bit)
G
> 0.22+0.01% 22.33+1.14% 4.5740.25' 195+13.49° 2.26£0.05%¢
(Control)
4> 5 Dk e 2V T 0.23£0.01¢ 23.74+0.51¢ 5.6240.20¢ 243.33£6.87% 2.25£0.13%¢
(Boiling water 76 degrees Celsius for 1 minute)
B33 ey gl VP (o] 0.21£0.01% 21.69+1.17% 4.25:0.45! 177.66£17.00"  2.17:0,07%
(Boiling water 76 degrees Celsius for 2 minute)
G2 K Sy el 2 AP T 0.26+0.010< 26.35+0.510 8.14+0.26™ 341.66+6.870 1.90+0,074bde
(Boiling water 86 degrees Celsius for 1 minute)
252 ey ol s AP o] 0.24+0.01¢ 24.23+0.64¢ 7.25:0.20% 312.33£7.22% 1.7920.05%%
(Boiling water 86 degrees Celsius for 2 minute)
> 5, Sk el 247 o] 0.24£0.01¢ 24.18+0.56 7.036+0.22%% 308£12.57 2.00£0.06%¢
(Boiling water 96 degrees Celsius for 1 minute)
B33 ey gl 387 o] 0.22+0.01% 22.451.39% 6.7740.35% 306.33£8.97% 2.1420,13%
(Boiling water 96 degrees Celsius for 2 minute)
15510 O &S, 5 |
210 o2t Bl e 0.24+0,01%¢ 24.78+0,53% 6.330.40% 263.33+11.704 2062007
(50% sulfuric acid for 15 minutes)
a5s Y o0 &S 5 |
T dopabr ) e 0.30£0.01% 30.54+0.71% 8.8320.40% 330.33+13.87% 1.65£0.05%
(50% sulfuric acid for 20 minutes)
5510 VO &S 5d) gt
5210 o2 VO B sl e 0.31£0.012 31.99:0.64° 9.69:0.26a 360+7.93° 1.37+0.08°
(75% sulfuric acid for 15 minutes)
Ass Y VO &S, 5 |
T o2 VO e 0.29+0.01%% 29.51+0.61% 8.82+0.17% 340.33£4.91% 1.69:£0.06%
(75% sulfuric acid for 20 minutes)
25510 NS 4h |
45210 o2 W 5 g 0.21+0.03% 21.71+2.58% 5.710,39¢% 230.66+8.90% 2.4240.21%
(98% sulfuric acid for 15 minutes)
issYe LYNC O |
BT s WA S o e 0.22+0.02¢ 22.12+1.96% 6.800.71¢ 293+20.68% 2.490.14°
(98% sulfuric acid for 20 minutes)
Y o sk f sl
STty e a3 T S0 0.170.02¢f 17.41£2.07% 2.430.469 118422509 2.22+0.25%%
(Wet cooling at 4 degrees Celsius for 3 days)
395 F & s ¥f sl
ST e et 2 T S 0.1540.01' 15.34£0.57° 1.45+0.229 75.66+11.78% 2.0980.18%¢d
(Wet cooling at 4 degrees Celsius for 4 days)
3308 ety gl 3 T sles 0.17+0.01¢f 17.77£1.10° 1.6740.249 79.66£9.669" 1,900,072
(Wet cooling at 4 degrees Celsius for 5 days)
TSR S sk ¥ sl
397 ety e AT 02T S0 0.15£0.02' 15.41+1.56' 1.52+0.68° 65.66+25.50" 1.87+0.315¢
(Wet cooling at 4 degrees Celsius for 6 days)
VO soedn f sl
S0V ety gt a2 T S0 0.210.04% 21.39+4.09% 1.95+0.689 73.50+20.11%" 1.93+0.56%¢

(Wet cooling at 4 degrees Celsius for 7 days)

25l 0 LSD 03057 o 530 el 55 5l e LDt 3l izl &5 2 3 o &S Jilt o gl S0
s (51l la) SO+ Kl Juls slael

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).

(9‘)}4?))}")‘:&5”“)3@62’/ %lﬁf
50535 Cre (S VWYY) aomaiy ) Jsb Ol o 2t Jsb cazadlw Jsb dadoe DL (L)l 4 o s
S5 adal g 53 Ol aoralS (o 5 /AR ar ety 03y ) S 5 5 0] s vy Bl S 5 5 0 e
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oL, o LT s (5 28

CnSis Sy 58 il J15 550 53 i S5y Ol jae
O g i Gl OIS A e B G Sl
<l ¢ (Bhatt et al, 2016) ,do isy ol la S5
Fattahi et al., 2011; Hatami ) ;L5 Obej Sl 5 ke
031 5l L s e Ol i 4 il st LG (et al., 2019
S g ool 53 s g 453 746 P DLy e Y 5
ANF il S e s Oy g e o g Bk
.(Ghadiri & Bagherani, 2000; Mao et al., 2008) sl 60
L sles Olaj g Olugl slajds (RSl s anllas 5o ¢ Jolds 5o
5ol Olascde Ll &8 s 2,18 oS ol gl
3 8 Gl palS Cox e aiBNY g LSSV
o P A Gl yd Ledd plal T s .(Wang etal., 2010)
TP U U UV PINC PPV PRV WA M P
Sl 03 Gl Ao s p p i S Gosb 4 il RalS
D/ Jles 53 0T o ST 5 (05 5] gkl 5,8 pute) dalis
SO LIS Y S =PV UNMEPYRC. NP PPN
5 oo 4 Oy T s 0 S5l il 8751
e S d ol S 3 Fslime il d p s kT
) .(Nosrati et al., 2017; Garcia et al., 2009) »,Is Caliss
ai3 Y Ve S ) 5 sl b e Ol ol 31 o7 T
ol o3 sles iy 5L 5 0le 0o S b gme MalST 1, G540l o
Do e )3 (Gl Ol 5o alS Jlazt s ¢ 5 LojT
.(Van Veldhuizen & Knight, 2006) .3 0l sie 4285 Y+ Ol

Jsb Ol op i 9 (V ) 428530 Sl 4w 0 ;5 VO
o gk 425347 61> Tl 53 (e (Bl Vo/M) aasl
Qlf@%W.(Vd;k)u odaline 4285 95 s 4
28 ) araile oSs 035 (o 8 VFY) ax sl 5035
O 5 453 V0 Dode g A3 00 S5y el Lo
w5388 G ST 03 (08 110 A) ey, Sist 035 Ol e

AV Jader) s odalis 4iss ¢S5 Se o gndas

C
5 o ol 03 Held s 5o Ol o ds (il Ol e
Sy Ao )07 Y - (Shao et al., 2010) al_is Sladss
wliie Slidios 5 andllas oyl 55 sl i 3l e ol ol G341
(Shao et al., 2010. Wang et al., 2010. Wang et al., 2016)
S8l 55 el ol s ol ots 518 s a0
o 03 s Ol gie oslinul 550 slalas 5 G54l Ll 5 s
5 sonler s e ls gl oslls sles Lol ¢ tlesT
33 s 453 YO (Lo DLl azelS sl A,
S ulodd iyl Sl s .(Nosrati et al., 2017)
o gy 53 357 g gl Slge o 5 pile s 4 a0l e
Aol oy Siale sy ials (O Gl pe s
a3 00 U Les i3l 5 (Nosrati et al., 2017) c—zls
Sl Bl g 55 1y G4 das 3 il 3l e s
Uil el G sa) gl bl e (Yang etaal., 2021)

ol ol araiy ) 5 el b Lad o Slio Sl o K3l 511 il ol 40525 = U

Table 6- Analysis of variance for mean squares traits related to shoot and root Sophora seedling

el 505y aralyy 505y ardleoSis Ojy arady; oSs O rdle J b sy Jsb
S bie @ol5T o (Shoot FW) (Root FW) (Shoot DW) (Root DW) (Length shoot)  (Length Root)
(SOV) (df Sla o S0k
(Mean square)
ol - - - o -
; 17 0.317 0.158 0.0003 0.002 50.68** 45.125
(Treatment)
o
36 0.001 0.001 0.00002 0.00001 0.738 0.462
(Error)
O S o b
(he2) 2o e 2 _ 13.14 5.88 16.15 21.52 14.17 11.47
(Cv%)
** significant at p<5, respectively N e
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Ol S d G3alr p Ol i S Calies (sla e YA

Ol amalS ar ey 5 il Slio b lad e Slio 1 sb e (sle o 5 &S5 g ol (13 ST (slajled 1 (5 KMe aglie =V U

Table 7- Comparison of the mean effect of boil hot water, sulfuric acid and stratification in shoot and
root Sophora seedling (Mean£SE)

arads, d ardle J . . ; o
T b i > arads) 5 OJs erele 5055 e 055 oS 0

(i) (i) (%)) (%)) (¢5) ety (05 il
(Length Root)  (Length shoot) ooy () (Shoot FW) (g)  (Root DW)(g)  (Shoot DW) ()

(cm) (cm)
dals :
0.7567+0.05840" 1.0533+.4333¢ 0.016+0.00115' 0.0577+0.0000f 0.00730.00309¢" 0.0143+0.00273¢feh
(Control)
4iss S Sde U s a3 VE 8AuT
. ’ ; " 0.7533+0.28916° 8.9967+0.59468" 0.4520.02500° 0.126+0.00700° 0.027+0.00150¢ 0.072+0.00400°
oiling water egrees Celsius for 1 minute
Boiling water 76 degrees Celsius for 1 1t
“325’}":‘4““.;,#‘):“*1‘"‘?)’\’9 EAQT .
. R T 7.8067+0.41862% 6.08+0.54501¢ 0.07330.00485%" 0.08+0.00529¢" 0.06+0.00397° 0.0113+0.00074%"
oiling water egrees Celsius for 2 minute
Boiling water 76 deg Cel for 2 t
428> ¢§u~ Ode s o gadis a3 AP 8:uT
. ’ ; " 7.123+0.23720% 8.0867+0.74418° 0.1095:0.00600¢ 0.4258+0.02333" 0.0037+0.00020f 0.073+0.00400°
oiling water egrees Celsius for 1 minute
Boiling water 86 degrees Celsius for 1 1t
433 93 Ode 4y gedes 4 53 AP EjsuT
. R T 6.65+0.59431° 7.55+0.89030° 0.5777+0.02352° 0.0288+0.00118f 0.0505+0.00206° 0.0217+0.00088¢
(Boiling water 86 degrees Celsius for 2 minute)
45 ESG S 4 e gadis 4348 gt
T : e ; " 9.41+0.16166" 9.12+0.69419" 0.1117+0.00667 0.3908+0.02333" 0.0893+0.00533* 0.033520.00200%
(Boiling water 96 degrees Celsius for 1 minute)
4233 93 O 4 geeddis > 5347 8:;;‘\“
= . o 7.9033+0.15169¢ 10.88+0.96464° 0.0894+0.00117%"  0.3248+0.00430° 0.00440.00003¢" 0.0298+0.00037¢
oiling water egrees Celsius for 2 minute
Boiling water 96 degrees Celsius for 2 t
F3 10 Ao yn 0 Sy sl gl
X ) i 7.93+0.58774¢ 7.7033+0.25392¢ 0.2033+0.00882¢ 1.4113+0.05055* 0.0203+0.00088¢ 0.0122+0.00529*
(50% sulfuric acid for 15 minutes)
RERTS SRWSEY DU VPPT P
e ] 10.19+0.53019% 10.35+0.30501% 0.096:£0.000001 0.312+0.00000° 0.024+0.00000¢ 0.00960.000009"
(50% sulfuric acid for 20 minutes)
485310 Aoy VO S o) s )
X ) i 11.2767+0.34892° 8.9997+0.30417" 0.84+0.03500* 024+0.01000¢ 0.0048+0.00020¢" 0.0072+0.00030"i
(75% sulfuric acid for 15 minutes)
FVIErS DRNWTLY N SRV PRI
§ - 8.2267+0.79108%  10.0767+0.52206% 0.115+0.00577° 0.391+0.01963° 0.0069+0.00035¢"  0.018420.00092¢

(75% sulfuric acid for 20 minutes)

425510 Aoy W K sl st )

§ T o 7.1233+0.46427% 7.8433+0.43884°  02644.710.007807  0.1247+0.00367° 0.0075:0.00023¢' 0.0037+0.000131

(98% sulfuric acid for 15 minutes)
WS Y Aoy A S o) !

(98% sulfuric acid for 20 minutes)

50¥ Ode 4y g 4255 F Sles

8.3+0.014224% 9.6867+.9635225° 0.0552+0.00206" 0.2209+0.00823¢ 0.00120.00003" 0.0157+0.00062¢f¢

) . 0.5667+0.30179" 0.28+0.14572¢ 0.009+0.00458 0.024+0.01222" 0.0003+0.00015" 0.006:+0.00306

(Wet cooling at 4 degrees Celsius for 3 days)

590 F Sl 4 g 4 55 F gles

”). TR ’ ’. ¢ 0.77+0.20298" 0.5367+0.13094° 0.015+0.00173 0.04+0.00462° 0.0114+0.00517¢ 0.04+0.00462°
(Wet cooling at 4 degrees Celsius for 4 days)

5950 Odo a4 gends a3 F (las

)”_ U ’_ 1.15+0.22605° 0.7367+0.14333¢ 0.0075+0.00087' 0.0475+0.00548" 0.0002:0.00003" 0.0025:0.00029)
(Wet cooling at 4 degrees Celsius for 5 days)

590 % Sdo 4w gk 4 53 F Gles

”). TR ’ ’. ¢ 1.030.32512f 0.73+0.25325° 0.012+0.00485! 0.032+0.01222° 0.0004+0.00015" 0.008+0.00306¢"
(Wet cooling at 4 degrees Celsius for 6 days)

590V e 4y gk 4 53 F Gles

TR o el 0.68+0.39260" 0.43+0.23756° 0.015+0.00764 0.054+0.02750 0.0003+0.00015" 0.003+0.001521

(Wet cooling at 4 degrees Celsius for 7 days)

b . LSD o,.)'T,\.‘,)bach.«ﬁ)u@ugm;s\.\suc,u)\;&,mg},diiJ;u,qsdu&;;g
s (o lill glas) SO & Sl Jols 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).
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