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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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3 4255 10 Soke 4 o 33 VO K 5 g Lewsl
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(75% sulfuric acid for 20 minutes)
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Gibberellic acid 200 ppm
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Gibberellic acid 300 ppm
21 Fooppm cble b ¢S il
Gibberellic acid 400 ppm
22 O+ PPM ke b oY ool
Gibberellic acid 500 ppm
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sla,d sl i V'<’ aalin b 5 leT 65,5 51 Olej

b g o 31as 4 codd 43Ul 315 1) @SS Ol 3 03340
@ja\ﬁoujafﬁk,(r&uﬁm@

L Wl o ok Comar (A3l 208 MGT 4 0

.(Orchard et al., 1987; Delac et al., 2018)

Sl Olej Hlae ol ool Falal

SDG = j {{Zﬁllni (ti— t)z}}

Yk oni—1

»\,g;,)‘uu)ému@uu:iuﬂ@,:;lou;:ti
sas &) (S Olej 3 0350l g (slajdy sl i (s Sl
Mousavi et al., 2022; ) sdalis Olj o 5T K 5 (ol azilil

.(Dayrell et al., 2015

& nigti-6)?
Z’i‘=1 ni-1

VGT = S8l Ol bl oF abal

5 b g o Olaj i S50l Olej ke t

M,Sv. Olej 3 o345l s sla,dn sl i {"<‘ sdal i
033805 Olej o 5T kK

VT = (3)100 3500 Ol Dl s oy 5 Dla

w8l Ol b gme 5 554l s Olej Hlms Ol il 1St

Ol o 55 5 psle 4,2
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Ol Hd il » ol CaSls Calies sl sles ]

Yf

Lo Ol e o iy (¥ i) (Ao YF/OF) 54l
Ol e s (0 Jgda) (Ao ys +/TY) Gl o
O g o i o(F Jdar) (Ao )5 ¥V/AR) G54l S
i (O Jgdr) (Ao )5 4/9R) Giail s S oL
Ol cp 7S 5 (0 Jgd) (Ao )3 ¥74) J54l s LesLi Ol 5
Slas 53 (0 i) (o3 VYY) (G5adl o b ot
Jgdar) i odtalive 423 10 e 4 Lo )5 VO &S5 o) gnclol
JL*::J:@J'«J\,?-J_,pjao.\_.‘wb&ur.&-,gbw.(b
b gn g3 (elin STl pl L 650 4 S 5 OT
(O Jgd) 558l s Coo Lo 520 9 (F Jg) S50 g Ol
Ol o g2e Ol e o i (Bl dal s & god 4 S
a5 F b Hlas 53 (F Jguz) (Ao y3 #/74) g5l o
S S A3 8 edalie 55 7 ke s o gl
ety Ol or allh & gad ) S Hled o 53 (G54 L)
(F Jgda) Giadler o o gio o(F J o) gl o>
Jode) S8l Co o oL (B Jgda) S8l Cs

2 Al & el 3l 2aS (0 Jgd) Sialer jesli 5 (0

il 0 ga3T o g (il gl %) a Kl 5 4
A S 515 awslie 3 90 (LSD, P<0.05) s _sas 5l

o g b

Sl Sl Gl dons ol ian S &S o A
Sl 3T sl 318G s 53 S gan pl e C I
Ob o 3l olesd cpl e e 4y 5 i odalie Jjal g 5 S e

A58 Sl (g5l Slanlows

vl
Co Syl oy v\»;@o\_&}w&i)\jd_ﬂkd@b
5288 s 5 fls T Sy syl b sl i 5T
Ot Aty (¥ gder) 390 15 fme Ao s ety ezl el o
Sl 53 bl oS (3 40/00) 3545l Aoy
15,5 odaline 4253 10 Soke 4y Ao 53 VO S5 5l il
S5l Ol slas Ol il Ol e (s 208 e (F Jskr)
o8l Ol il ls Oljee s 2eS «(F J i) (do s + /YY)

Ole ) Ol ks g s Ol s o 7S (P Jgdr) (Ao y +/9Y)

Olugels sy (5460 b das o Do Sl o o Kls 51y s 4 s =¥ sl
Table 3- Analysis of variance for mean squares traits related to seed germination in Sophora seeds

S 3 2 3 } Vi 3 3
3 %, 9 —% ! M, 18 fi) 3 =
s o 38 18 38 32 38 18£8 18 5@ 45
(S.0.V.) 3 3 & 3 Y 5 &) 3 Y 3
(df) Y N 3, = 3 3 3 Y
3 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
54.14 0.45 0.32 7.99 119.66 0.001 7.43 0.66 742.54 0.09
(Error)
Sk o 8
(Lo 3) 11.46 14.71 27.84 56.50 25.31 11.71 11.69 14.93 12.01 14.91
(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

Iranian Journal of Seed Science and Technology

Loy 0 Jlez| Cla_ﬂ**
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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Yo

L8 LT s (5 28

CVT: Coefficient of variation of the germination time

Ol s G581 s o ey 5 S5 g ol 15 OT (gl e 3 0k alie =¥ sl
Table 4- Comparison of the mean effect of boil hot water, sulfuric acid and stratification in Sophora seeds (Mean+SE)

S50 g Loy 0l ik Olej skas 3l il oles bl Olej Ok s 5
(Ao)3) 2l Gso) $iwlsr G0) 5580 = (G50) 3915 (G32) 3%l
(FGP) (%) (MGT) (day) (SDG) (day) (VGT) (day) (CVT) (day)
L
- 56.66+4.16% 4.51+0,22bcde 2.28+0.41bc 5,732,071 bedefo 49.90+6.60%
(Control)
e e ke 2P o] 68.882.40% 4.2+0.09% 1.67+0.24°%0  2.08+0.79%0 395345030
(Boiling water 76 degrees Celsius for 1 minute)
4235 95 Ol 4 a3V ElsT
e e e 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 ¢ e soalan - SAP ElsT
s 93.33+1.57° 3.79+0.07¢¢f 1.20+0.17¢% 1.52+0.43¢fe 31.43+3.96%
(Boiling water 86 degrees Celsius for 1 minute)
st et s 87.7742.40° 4.13+0.11¢f 1.72+0.14°%0  3.04+050%0 42,154,550
(Boiling water 86 degrees Celsius for 2 minute)
4255 6 Do & sk d- 53 4% T
atnhuh il 86.66+4.16° 4.14+0.09¢f 1.56:£0.17°4f0 2.54+0.56¢%9 37.75+3.57bcc
(Boiling water 96 degrees Celsius for 1 minute)
285 95 O sk 348 £0s T
e S 88.88+2.40° 4.50+0.28"% 156+0.19%  2.54+0.64%1 34.27+2.19%%
(Boiling water 96 degrees Celsius for 2 minute)
i5310 00 &, 5 |
44210 028 B 73.33+2.72% 4.03+0.08°%f 1.08+0.05%  3.96+0.180 49 3541 97%cd
(50% sulfuric acid for 15 minutes)
a3sYe 00 &, 5 |
T 20 S 88.88+3.27° 3.28+0.08" 1.07+0.15 122:0.34 32474378
(50% sulfuric acid for 20 minutes)
5510 Lo 3 VO &S 4 |
w18 et 0 s 95.55+1.81° 3.12+0.06' 0.77+0.07° 0.61+0.119 24.54+1.78¢
(75% sulfuric acid for 15 minutes)
T o2 VO S e 90+1.57° 3.39£0.07%f 133:0.12%0  183+0.31%0  39,30+3.02
(75% sulfuric acid for 20 minutes)
25510 3 S 5 |
210 e W B 68.88:240%  4.80£056" 3.01+0.49° 9.79+2.68" 61.8426.10°
(98% sulfuric acid for 15 minutes)
T o2 I Sl 85.55¢3.63"  4.62+¢038%¢  223+035%  538+14300 47,5044 50
(98% sulfuric acid for 20 minutes)
BT S T s 38.33+7.75' 5.74+0.48 24540680 6.06+1.73%%0  4267+]1.72%00
(Wet cooling at 4 degrees Celsius for 3 days)
T e e T s 26.6624.161 6.5420.24° 2.6620.08% 7.10£0.43%% 40,8622, 20%c
(Wet cooling at 4 degrees Celsius for 4 days)
3950 O sl 3¥F sles
DT g TS 25.55:+2.401 5.68+0.33% 3.05:0.23% 9.49+1.450 54.02+3.88%*
(Wet cooling at 4 degrees Celsius for 5 days)
397 O sk 5¥F sles
TR e 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)
50V O 5¥F sles
Y Sk e 2T S 21.6645.529 4.970.79% 2.53+0.35" 6.81+1.80°%  57.52+15.30"

(Wet cooling at 4 degrees Celsius for 7 days)

b . LSD g,a;Tw)mCh.w,:,u@Mgm\ﬁugx,\gswgfggy\bﬁduﬁp
s (51l glas) SO+ 5Kl 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)

S , .
S e S5 S Sl e e s " » Conlss e
. e &l g
Gauf3l4e) (54l Gl slass) Gaol o ys) < (Gl)ua’- () Sl
(MGR) _
(Number/day) (GSP) (Number /day) (GRI)(percentage/day) (UNC)(bit)
L
- 0.22+0.01% 22.33+1.14% 45740251 195+13.49° 2.26£0.05%°
(Control)
43 K Sy gl 2 VP T 0.23+0.01¢ 23.74+0.51¢ 5.62+0.20° 243.33+6.87% 2.25+0.13%00
(Boiling water 76 degrees Celsius for 1 minute)
B2 2 Dl gl 2 VP 0] 0.210.01¢% 21.69+1.17% 4.25+0.45' 177.66+17.09" 2,170,078
(Boiling water 76 degrees Celsius for 2 minute)
42 54 ke 4 el 2 AP o] 0.26+0.015¢ 26.35:£0.51% 8.14+0,26" 341.66+6.87% 1,900,075
(Boiling water 86 degrees Celsius for 1 minute)
B2 2 e gl o3 AP 0] 0.24+0.01¢ 24.23+0.64¢ 7.25:0.20%¢ 312.33£7.22% 1.79+0.05%%
(Boiling water 86 degrees Celsius for 2 minute)
42 54 e b b 2 4 o 0.24+0.01¢ 24.18+0.56¢ 7.036:0.22% 3081257 2,000,062
(Boiling water 96 degrees Celsius for 1 minute)
252 ey gl 87 o] 0.22+0.01% 22.45+1.39% 6.77+0.35% 306.33+8.97% 2.1440.13%%0
(Boiling water 96 degrees Celsius for 2 minute)
i5510 0 S ) pcknsl
G510 dopabr sl 0.24+0,01¢ 24.78+0,53% 6.3320.40% 263.33+11.70¢  2.06+0,07%%¢
(50% sulfuric acid for 15 minutes)
Ass Y O &S 4 |
BT dop2Br o 0.30£0.01% 30.54£0.71% 8.830.40% 330.33+13.87% 1.65+0.05%
(50% sulfuric acid for 20 minutes)
23310 VO &S 4 |
210 o2 VO oy 0.31£0.01° 31.99+0.64° 9.69+0.26a 360+7.93° 1.3740.08°
(75% sulfuric acid for 15 minutes)
issYe VO &S 4 |
T A2p2 VO S o e 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)
3510 N S5 |
G510 4o WA 8 o e 0.21+0,03% 21.7142.58% 5.710,39%" 230.66+8.90% 2.42+0.21%
(98% sulfuric acid for 15 minutes)
AssYe N S sa |
ST 40y U e 0224002 22.12+1.96% 6.80£0.71%% 293+20.68% 2.49+0.14°
(98% sulfuric acid for 20 minutes)
A s ¥f sl
ST ety el 3T S0 0.17+0.02¢f 17.412.07¢ 2.430.469 118422509 2.22+0.25%00
(Wet cooling at 4 degrees Celsius for 3 days)
yF o soedn f sl
ST ety e a2 T S0 0.15£0.011 15.3420.57' 1.450.229 75.66+11.78% 2.098+0.18%<d
(Wet cooling at 4 degrees Celsius for 4 days)
3308 ek el T sled 0.1720.01¢f 17.77+1.10¢ 1.67+0.249 79.66+9.669" 1,900,072
(Wet cooling at 4 degrees Celsius for 5 days)
19y 7 < ¥f sl
9307 Sy el a2 T sl 0.15+0.02' 15.41+1 56' 1,520,687 65.66:25.50" 1,870,310
(Wet cooling at 4 degrees Celsius for 6 days)
3oV ey gl 3 F s 0.210,04% 21.39+4,09% 1.95:+0.689 7350420,11%"  1.93+0,56ece

(Wet cooling at 4 degrees Celsius for 7 days)

b . LSD g,a;Tw)mCh.w,:,u@Mom\,\sugx,ugf,mgf&y\bﬁduﬁp
s (51l glas) SO+ 5Kl 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).

03 iy ) S 5 5 05 el &S 5 5055 el aals
(8 Jsdor) 2351 513 simn o> ety el Jsb cazaslw b dade 0L il )ls 4o s
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il sl S5 5 gl Ul i (Yang etal., 2021)
CaSs p SK s gl J15 )00 53 dd 5340 O e
O g i Fobite OIS A e B Gy Sl
<l g5 «(Bhatt et al., 2016) ;4 by ol gla S5
Fattahi et al., 2011; Hatami ) ,les Obej Sl 5 ke s
o3 gl L gl edle Ol i @ 5L sl LG (et al., 2019
S 5ol 53 Sl ey 453 746 P Dby e (Y 5
Gl S il S Sy g lad o Ll
.(Ghadiri & Bagherani, 2000; Mao et al., 2008) sl s
L oles Olej ag Olul lapds (2STly andlas 5o ¢ Jlia 5o
3ok Olejcode il bl a8 us iyl 58 eSSy a) ywi
3 8 Gl palS Coxse aiBNY g LSSV
(o sl bedd plosl ~besT s .(Wang etal., 2010)
TP U U UV PINC PPV PRV WA M P
Slas 53 (G3al s o i S 65k 4 ik RS
D/ Jles 53 0T o ST 5 (S0 i) gkl 5,8 pute) dalis
DLt (o2 o) 3 ol gl T s 4y S5 i) gt
B R RS B LA FIC- VY PH PRRPR W PL
sba S d ol S s Sslize Gl o e 3T
5 .(Nosrati et al., 2017; Garcia et al., 2009) >,l> Calises
ai3 Y Ve S ) 5 sl b e Ol ol 31 o7 T
ol s Hlas iy 5L 0le) o ST b g DlST 1y el o
s Hlad 53 54l Oljee 53 Lials Jlaz! s ¢ i loT
.(Van Veldhuizen & Knight, 2006) .2 0l s 4235 Y+ Ol )

F 0555 (e (Sw W) amraiy ) d b Ol 0 i
Gl 5lad 53 Oyl ol (p 8 /AP araty
Jsb Ol5ee op s 5 (V J9da) 4285 V0 Sl sl j3 VO
U gmedan 4 55 47 8.: STl 55 Cae (Bl Vo /M) ax il
O jar oy i mmans (Y J g )i odalive 4dds 95 Oode &
208N il oSs 055 (p 5 VFY) 4z sl 5055
p A 3 B3 V0 e A 53 0 K 5l y il e
w5388 G OT 03 (p 8 11 A) ety $Sist 055 Ol e
AV Jader) s odalis 4iss ¢S5 Se o gndas
<y
5 oz o) 03 el e 53 Ol slayds Sjal o Ol e
S A3 07 Ve o (Shao et al., 2010) al_in Sladss
wlte Slidoss 5 adllae ol )3 Jled iy 31 g oS ) S50
(Shao et al., 2010. Wang et al., 2010. Wang et al., 2016)
S5l 53 Vsl ol s ulods 1S us 340
ol 53l Ol i aslital 5y g0 slales 5 580 dayl 5 5
58l sl el gl sl gles Ll b ¢ 2le3T
33 sk 453 YO (Lo (DLl azelS sl At
S o uloai iyl Sl s .(Nosrati et al., 2017)
o gy 533 g g lead S ge iy B pde s 4 sl
dalg gy Sl dsys Jials OT il ps s
a3 00 U Les i3l 5 (Nosrati et al., 2017) c—zls

Sl 4:_&|>u_;)> \)Ls:)"b\? u\_.é)b &‘P‘ CJ}:_.J_.N

Ol ol a5 bl b Lad o Slio Slay o o80ke (6l 2 oty 4325 —F U

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

sl 505y ardiny 5 0js el cSist 0jy axady, oK O) ardle J b arabyy Jsb
Sk s @137 a5 (Shoot FW) (Root FW) (Shoot DW) (Root DW) (Length shoot)  (Length Root)
(SOV) (df) Sl e Kk
(Mean square)
Sles - - o 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)
Sl
(002) s o 2 13.14 5.88 16.15 21.52 1417 11.47

(Cv%)
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Ol S d G0l Ol S Calies (sla e YA

** significant at p<5, respectively o3 Jlazl e *
Ologels malS ar ety 5 sl Dlio b lad o Slio 1 sb e (sl 5 &5 g ol (13 ST (sl i1 (ke amglie -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)

arade, d il J ) = . - e e
T ' > aradyy 505 aradle 5055 &S 0 oSt 0

(rl) (rl) 5 5 (¢5) e, (05 il
(Length Root)  (Length shoot) ooy vy () (Shoot FW) (@) (Root DW) (g)  (Shoot DW) ()

(cm) (cm)
Aals i
.7567:0. 0533, .0160. .0577:0.! .0073:0.! 01430,
0.7567+0.05840" 1.0533+.4333¢ 0.016+0.00115' 0.0577+0.0000 0.0073+0.00309¢'  0.0143+0.00273¢%"
(Control)
s S S w U gebas 4 5 VE EAQT
o ; " 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)
4R35 95 e 4w gk a3V E15OT
T ’ U . ’ = ) 7.8067+0.41862% 6.08+0.54501¢ 0.0733+0.00485%" 0.08+0.00529°f 0.06+0.00397° 0.0113+0.000740h
(Boiling water 76 degrees Celsius for 2 minute)
s S S w U gebes 4 )5 AF EAQT
.12340. .0867:0. .1095:0.! 42580, .0037:£0. .07310.
o ; " 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)
4285 95 Ol b a5 AP £lsT
T ’ e J = . 6.6520.59431° 7.55+0.89030° 0.5777+0.02352° 0.0288+0.00118f 0.050520.00206° 0.0217+0.00088¢
(Boiling water 86 degrees Celsius for 2 minute)
4i83 & De 4 s 45347 £ 0T
. ; " 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)
433 95 Ode 4y g 45347 EjsuT
.903310. 10.88+0.964642 .0894+0.! 32480 .0044+0.! .0298:0.
o b . i 7.9033+0.15169¢ 10.88:+0.96464° 0.0894+0.00117%"  0.3248+0.00430° 0.00440.00003¢" 0.0298+0.00037¢
(Boiling water 96 degrees Celsius for 2 minute)
425510 doy3 00 K ) gkl
§ - 7.93+0.58774¢ 7.7033£0.25392° 0.2033+0.00882° 1.4113+0.05055° 0.02030.00088¢ 0.0122+0.00529*
(50% sulfuric acid for 15 minutes)
GBS Y A y5 0 S sl .
.19+0. .35+0. .096:£0. 31240, .024:£0. .0096:0.
( i di ) 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 Aoy 3 VO K ) pcdnl
.2767+0. .9997+0. 840 0. ,0048:0.! .0072:0.
§ - 11.2767+0.34892°  8.9997+0.30417 0.84+0.03500* 024+0.01000 0.00480.00020¢  0.0072+0.00030"
(75% sulfuric acid for 15 minutes)
B3V 4o )3 VO S sl gk
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)
425310 Loy A S 5 g
(98% sulfuric acid for 15 minutes)
GV 13 WA St

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

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

BETAECENVETRRWIIIWPE ST ST VXS

. . 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)

50 F Sl a wgendi a5 F (glas

)”_ U ’_ 0.77+0.20298¢ 0.5367+0.13094° 0.015+0.00173 0.0420.00462" 0.0114+0.00517¢ 0.04+0,00462°
(Wet cooling at 4 degrees Celsius for 4 days)

5900 Sdo 4y gk 4 53 F Sl

”). TR o ’ ’. ¢ 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)

5907 Odo a4 w geds a3 F (las

2 o > 1.03£0.32512' 0.7340.25325° 0.012+0.00485' 0032£0.01222  0.0004£0.00015°  0.0080.00306%"
(Wet cooling at 4 degrees Celsius for 6 days)

590V Sde 4w gk 4 55 F Gles

TR i 0.68+0.39260 0.430.23756° 0.0150.00764' 0.054+0.02750 0.0003+0.00015' 0.0030.00152

(Wet cooling at 4 degrees Celsius for 7 days)

25l o LSD 0 3a5T o 530 el 55 5l e LD 3l iyl &5 2 3 o &S Jilt o gl S0
Az (51l glas) SO £ 5Kl 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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