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ABSTRACT

Pre-harvest sprouting is one of the main factors that reducing the rice grain yield and quality in humid
weather condition with raining at harvest time. Thirty four local and improved rice cultivars were
evaluated for pre-harvest sprouting and some related characteristics to this trait at in vivo condition.
Analysis of variance results indicated that the differences between rice genotypes were significant for pre-
harvest sprouting and some other traits of grain. Genotypic and phenotypic correlation coefficients of pre-
harvest sprouting with alpha amylase activity were positive, this result showed that the alpha amylase
activity had significant effect on pre-harvest sprouting. All rice cultivars classified into three groups by
cluster analysis using ward method. First group included 24 cultivars and second and third groups
included 4 and 6 cultivars respectively. In total, cultivars of the first and third groups had the lowest of
pre-harvest sprouting rate, so they were resistant to germination before harvest and the cultivars of second
group had the highest of pre-harvest sprouting rate, so they were sensitive to germination before harvest.
Results of this experiment showed some local rice cultivars such as Domsefid and Hashemi, with high
resistance to pre-harvest sprouting could potentially be used in breeding programms.
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Table 1. Name and specification of rice cultivars used in this experiment

Name Origin Name Origin
Rashty Sard Iran-Guilan Gharibsiahrayhani Iran-Guilan
Tarom pakotah Iran-Mazandzran Hasansaraee Iran-Guilan
Domsia Iran-Guilan Domsefid Iran-Guilan
Shahpasand Iran-Mazandzran Gharib Iran-Guilan
Mohamadi chaparsar Iran-Mazandzran Hasani Iran-Guilan
Dasht Iran-Guilan Bejar Domsia/IR28/1R28
Ghasordashti Iran-Mazandzran Amol3 Introduction
Domsorkh Iran-Guilan Dorfak Salari/Sepidrood
Tarom mantagheh Iran-Mazandzran Sepidrood Sadri/IR28
Shapasand Mazandaran Iran-Mazandzran Kadoos IR64669-153-2-3
Tarom Amiry Iran-Mazandzran Saleh Khazar/ IR39385-20-1-2-1-2
Sadri Iran-Guilan Nemat Amol3/Sang Tarom
Dom Zard Iran-Guilan Neda Amol3/Sang Tarom/Hasansaraee
Daylamani Iran-Mazandzran Amoll Taichong/Tarom phirozkoh
Binam Iran-Guilan IR28 Introduction
Salari Iran-Guilan IR50 Introduction
Hashemi Iran-Guilan IR60 Introduction
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Table 2. Analysis of variance results for different traits in rice

Germination Frequency of Frequency Frequency
Pre- Percentage Alpha Protein germinated of filled of grain per
harvest based on amylase content of Panicle seeds per grain per spike Test
S.0.V df  sprouting filled grains activity grain fertility spike length spike length length weight
Replication 1 54.11™ 46.99™ 0.02" 607.99™ 0.99™ 0.15™ 0.16™ 0.13™ 1.70™
Treatmant 33 319.817 479.05™ 0.05™ 82256.15"  158.42" 0.85™ 0.66™ 1.34" 57.71"
Error 33 15.72 17.75 0.005 1498.84 7.88 0.03 0.13 0.10 2.06
CV% 21.16 19.23 22.77 7.94 3.25 22.06 9.13 7.10 3.61

aoy0) 90 Jleix! mhaw 10 (6,0 S (09 o Sre e oS 5 s kNS
ns, * and **Nonsignificant and significant at 5 and 1% level of probability, respectively

Y Jgoz dalol
(Table2. Continued)

Grain Number

1000 shape Grain of

grain Panicle Grain Thickness Thichness (length : thickness : Grain Plant effective
S.0.V df weight volume volume of lemma of palea width) width densty height tillers
Replication 1 1.417 0.56™ 1.29™ 0.0006 ™ 0.0001™ 0.002"™ 0.001™ 0.015"™  59.67" 3.76™
Treatmant 33 16.24™ 1.49™ 34.99™ 0.0030™ 0.0035™ 1.292" 0.016™ 0.054™ 804.14™ 17.57"
Error 33 013 0.50 463 0.0005 0.0002 0.051 0.003 0.008 4.26 231
CV% 1.42 24.26 8.72 13.02 7.74 5.47 7.065 8.856 1.57 13.08

# NS

ao,8) 50 Jliol mhaw 1o ()l se (3 Jlo Sxe f oS 4

ns, * and **Nonsignificant and significant at 5 and 1% level of probability, respectively



ety Cwglae LL oz sboed, (S 2l i 5 Il ool SS \of

Bl ol Olas ancing polde) g o, Y jo cilop il o Siailez b lad o Olas 8k dli Y Jgo
Table 3. Mean comparison of the pre-harvest sprouting traits in 34 rice cultivars (Max:- Min:@)

Germination Protein
based on filled Alpha amylase content of
Pre-harvest grains activity (umol/g grain Panicle
Rice cultivars sprouting (%) (%) Fw x 10 (mmol/ml) fertility (%)

Nemat 33.99°¢ 47.88° 0.504° 314.56™ 70.66%"
Neda 18.27¢ 21.929" 0.244°¢ 334.39%" 83.36""
Gharibsiahrayhani 25.02°" 27.73% 0.269° 553.87%¢ 90.03%¢
Hasansaraee 25.88>f 30.224" 0.332°¢ 86.40°@ 86.01%
Domsefid 1.61m@ 1.87°@ 0.103'@ 891.13° 86.51%"
Gharib 8.45™ 9.49° 0.174% 805.58" 89.17*°
Ghasordashti 8.99"m 10.117° 0.181% 329.43%" 88.74%"
Hasani 13.67™™ 15.58%° 0.208% 302.15™ 88.73%"
Salari 25.77>9 28.80%" 0.310%f 263.38™ 89.95%¢

Hashemi 3.78kme 3.92m@ 0.107%@ 308.35™ 96.49°
Rashty Sard 19.75%* 21.499™ 0.247°% 619.58% 91.81%¢
Tarom pakotah 5.26%™m 5.54"° 0.193°% 265.60™ 94.99%®
Domsia 16.42tm 17.41%° 0.223°% 715.06° 94.35%¢
Amol1l 22.04°%1 26.51°1 0.265% 261.88™ 82.80°f
Sepidrood 9.33¢™ 10.93*° 0.189% 582.38° 85.39*"
Shapasand Mazandaran 35.29 > 40.64"" 0.509 ° 806.82° 86.01 *F
Mohamadi chaparsar 19.00 * 20.35%" 0.246 & 199.24° 93.39°°
Kadoos 41.60% 45.49 ™ 0.703 723.74°¢ 91.473°¢
Saleh 26.69°" 31.68"9 0.290 &" 42119 M 84.26
Dasht 11.61%™ 14.78%° 0.202 & 542.71 9 79.18 ¢f
Bejar 35,05 41.23%° 0.422 > 573.71 85.01 *F
Domsorkh 14.13™ 15.85 9° 0.216 & 437.31M 89.10 **
Amol3 2.66 Mm@ 4.10™°@ 0.129 1 546.43 &9 65.03 M@
Tarom mantagheh 18.48 * 19.88%" 0.239 & 505.51 92.83%¢
Shapasand 8.99"™ 10.34"° 0.179 & 395,15 " 87.36 *f
Tarom Amiry 24.58°% 26.35°1 0.304 ©9 363.91 0™ 93.09 *¢
Sadri 12,32 Fm 13.47 ™ 0.193 ¢ 470.79 ¢ 91.28*¢
Dorfak 56.31° 69.96 ° 0.839° 478.83 % 87.63 %"
Dom Zard 16.70™™ 18.81%° 0.228 ¢ 682.82 « 88.76 *f
Daylamani 21.99 ¢ 23.32" 0.276 ¢ 584.86 94.20 *°
IR28 36.07 ™ 46.80™ 0.433 % 406.31 77.221
Binam 6.371M 6.70%° 0.167 ¢ 889.89 ° 95.06 ®

IR50 3,08 'm@ 5.65"° 0.159 f 292.23™ 54.44'@

IR60 7.731m 9.941° 0.135 %@ 604.66 % 77.89 ¢

A o gme ao 0 ) Jlisl o jo  So Q}A)'T Ll ol ol > Glls la ) Sl
Means followed by similar letters are not significantly different at 1% probability level using Tukey test

Y Jguaz dalsl
(Table3. Continued)

Frequency of Frequency of filled Frequency of
germinated seeds per grain per spike grain per spike Test 1000 grain weight
Rice cultivars spike length length length weight (kg) (9)
Nemat 1.71>¢ 3.56%F@ 5.04c-j 36.60%" 26.00%9
Neda 0.86%" 3.92% 4.70f-m 48.40® 25.00%"
Gharibsiahrayhani 0.89¢ 3.23"@ 3.58p-r@ 45.60"¢ 27.00°
Hasansaraee 1.41%f 4.71%¢ 5.46c-e 32.00° @22 50 kM
Domsefid 0.07"@ 3.89° 4.48f-n 25.20°@ @22.00™
Gharib 0.29%"@ 3.087@ 3.46qr @ 43.00°" 27.60%

RECOWR I COEEPIR WK B | PO v 8 So Qyﬂ LU p ol s> )b sl Sl
Means followed by similar letters are not significantly different at 1% probability level using Tukey test
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(Table3. Continued)
Frequency of Frequency of filled Frequency of
germinated seeds grain per spike grain per spike  Test weight 1000 grain weight
Rice cultivars per spike length length length (kg) (9)

Ghasordashti 0.38"@ 4.12%9 4.28j-p 33.00° @22.10™
Hasani 0.54"m 3.53%@ 3.97m-r@ 35.40"° 31.10°
Salari 1.07% 3.78% 4.19k-q 42.60%9 24.40M
Hashemi 0.14™@ 3517@ 3.640-r @ 42.00°" 25.00%"
Rashty Sard 0.85% 3.97¢" 4.32j-p 41.40" 24.60%"
Tarom pakotah 0.30%"@ 5.26° 5.54cd 42.40%9 28.20
Domsia 0.62" 3.60°%@ 3.88n-r @ 37.20" 25.30"
Amol1l 1.16" 437" 5.28c-f 38.80™ 24.00™
Sepidrood 0.40M@ 3.70°¢@ 4.33j-p 49.60° 25.00°"
Shapasand Mazandaran 1.58 ©¢ 3.89 ¢ 453" 46.20 31.00°
Mohamadi chaparsar 0.83% 4.09°" 439 47.18%® 26.00°¢
Kadoos 2.01° 4.41°° 4.82° 46.20 ™ 23.00"
Saleh 1.18%9 3.73¢ 4.43%° 32.00° 26.00°¢
Dasht 0.47 M@ 324 9+@ 4,09 1@ 36.60 ©" 22.804

Bejar 1.96" 4.77°° 5.61°¢ 39.10 %% 29.00™
Domsorkh 0.52 @ 3.90¢ 437" 32.60° 27.00%
Amol3 0.21 '@ 512%® 7.87° 38.70 ™ 23.904
Tarom mantagheh 0.819 4.08°" 439 M 41.00 1 22.704
Shapasand 0.29<"@ 2.91 ke 332@ 36.80 <" 31.50°
Tarom Amiry 1.14% 431" 462" 41.40" 29.00%
Sadri 0.63™ 477%° 5.23 %9 43.60 °* 24.70%
Dorfak 2.91° 4.15°f 5.16 " 41.40 24.004

Dom Zard 0.73 9% 3.89¢ 438" 34.40™ 30.00®
Daylamani 1.05 4.41°% 474 %M 45.00 >° 26.80%"
IR28 1.76 > 379 % 4,91 ¢ 38.40 ™ @22.00"™

Binam 0.29%"@ 4.41°¢ 464 41.40 " 23.80'
IR50 0.4 1@ 3.95°¢" 513 37.821" @21.00™

IR60 0.16 ™@ 2.86 %@ 5.25 °f 38.00 "™ 23.00"

A S gime doy0 ) Jlaiizl mhaw o Sy Qyﬂ LU p ol s> Gl o Sl
Means followed by similar letters are not significantly different at 1% probability level using Tukey test
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(Table3. Continued)

Thichness
Panicle Grain volume Thickness of of palea Grain shape
Rice cultivars volume (cm?) (mm®) lemma (mm) (mm) (length : width)
Nemat 3.50*¢ 25.13%™ 0.160%" 0.215%9 5.36 >
Neda 1.25°@ 27.14%" 0.145%'@ 0.215°9 4.46°"
Gharibsiahrayhani 3.75%¢ 34.08* 0.25% 0.245%¢ 2.72%@
Hasansaraee 1.75%@ 21.491°@ 0.205"¢ 0.255% 3.38°"
Domsefid 3.75%¢ 18.50%@ 0.26° 0.270° 4.47 %9
Gharib 3.75%¢ 29.12°¢ 0.190%¢ 0.225"f 3337
Ghasordashti 3.75%¢ 26.87%1 0.185%" 0.225"f 3.47™
Hasani 1.75%@ 29.25%¢ 0.190%9 0.195%" 3.33"
Salari 3.25%¢ 22.38"@ 0.21°¢ 0.225"f 412Mm
Hashemi 1.75%@ 21.767@ 0.150%@ 0.205%9 436
Rashty Sard 3.75%¢ 23.69"™" 0.130™@ 0.135! 4.48 ¢
Tarom pakotah 1.25°@ 24.40%" 0.195%9 0.200%" 2.74°@
Domsia 3.75*¢ 20.29™°@ 0.170% 0.1907 478
Amol1l 1.75%@ 19.74"@ 0.135™@ 0.215%¢ 3.44°"
Sepidrood 1.75%@ 22.06"P@ 0.1201'@ 0.225°" 429
Shapasand Mazandaran 3.60%° 36.16 2 0.160 ='@ 0.1357 3.76

Ao Yo goe aoy0 ) Jliisl maw o S O35l &by Gleed Gl > gllo slonKike
Means followed by similar letters are not significantly different at 1% probability level using Tukey test
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(Table3. Continued)

Panicle volume Grain volume Thickness of Thichness of Grain shape
Rice cultivars (cm?) (mm?) lemma (mm) palea (mm) (length : width)

Mohamadi chaparsar 3.25 ¢ 24.38 %" 0.190 ©9 0.210 %9 3.29%
Kadoos 3.75%¢ 25.31 ¢m 0.145 %@ 0.235 ¢ 5.15 >
Saleh 3.50 *¢ 23.84 ™ 0.115 4@ 0.165 M 6.45°
Dasht 2.50%¢@ 25.42 ¢m 0.200 *f 0.195 " 3.78'

Bejar 3.75° 27.62 %9 0.145 9@ 0.205 %9 3.89°
Domsorkh 3.75°%¢ 17.88°@ 0.180 % 0.255%® 3.937°
Amol3 3.25%¢ 21.16 kr@ 0.135 ¢ 0.235 ¢ 429"
Tarom mantagheh 450° 26.17% 0.23%¢ 0.1551 4,60 °"
Shapasand 3.25% 24.45 " 0.175° 0.230 ¢ 4,02
Tarom Amiry 1.75 %@ 33.43%¢ 0.240°%¢ 0.185 % 463°"
Sadri 3.75%¢ 20.40™°@ 0.145 *'@ 0.235 ¢ 399"
Dorfak 1.75 %@ 22.9497@ 0.110'@ 0.090 k@ 4.92°°

Dom Zard 3.75%¢ 25.60 ¢! 0.1154@ 0.230 ¢ 3.82ka
Daylamani 2.25%¢@ 20.63 7@ 0.135 @ 0.210°¢ 452°
IR28 3.00 @ 22.37 @ 0.195 ©¢ 0.165 ™ 327"
Binam 2.50>¢@ 28.17 ¢ 0.195 9 0.195¢" 3.58 ™

IR50 2.25%¢@ 26.51 % 0.130 1@ 0.225"f 5.59°

IR60 4.25% 22.14 @ 0.170° 0.245 *° 3.937¢

A S gme duoy0 ) Jliiml mhaw o Sy Qyﬂ L ol lodd > Gl o Sl
Means followed by similar letters are not significantly different at 1% probability level using Tukey test

¥ oo &l
(Table3. Continued)

Grain
thickness : Grain densty
Rice cultivars width (mg/ml) Plant height (cm) Number of effective tillers

Nemat 0.86 %9 @1.03>9 106.90% 14.50 b-e

Neda 0.83 % @0.92"9 92.25°@ 21.00°
Gharibsiahrayhani 0.64 ™@ @0.79° 140.75" 8.50 @
Hasansaraee 0.70 ™ 1.07%9 145.80 10.00%"
Domsefid 0.88%f 1.20* 173.95° 8.00k@
Gharib 0.79 ™ @0.95"9 141.40 % 10.50"
Ghasordashti 0.75°™ 0.81% 145.90 12.50 ¢
Hasani 0.739m @1,08"9 120.50¢ 10.00 9"
Salari 0.76 4™ @1.10"9 136.00' 8.50 @
Hashemi 0.83% 1.15%9 145.40 ™ 11.00%
Rashty Sard 0.82 *% @1,04"9 141.25 6.50%@
Tarom pakotah 0.69 k" 1.15%9 104.35 ™ 14.50 ¢
Domsia 0.93° 1.25%¢ 144.60 8.00 @
Amol1l 0.53°@ 1.21%¢ 121.00 ¢ 14.00 >f
Sepidrood 0.67' 1.13%9 110.50 " 15.00 ¢
Shapasand Mazandaran 071" @490,88 126.751 14.00 >f
Mohamadi chaparsar 0.73"™ @1,07"9 136.20 1150 ¢
Kadoos 0.90%¢ @90.91 113.40 ™ 11.00 *
Saleh 0.92* @1.09"9 114.75™ 17.00°
Dasht 0.75 "M @0.90 ©9 149.35° 12.00%

Bejar 0.79" @1,06"9 114.45™ 9.50 ¢"
Domsorkh 0.82 % 1.51° 14530 10.009@

Ao Yo goe ao 0 ) Jliisl maw o S a5l &b Gleed Gl > sllo sloSKike
Means followed by similar letters are not significantly different at 1% probability level using Tukey test
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(Table3. Continued)

Grain thickness : Plant height Number of effective

Rice cultivars width density (mg/ml) (cm) tillers
Amol3 0.85°" 101.40 1450 >°
Tarom mantagheh 0.79°" @90 86 121.00 9.50 ¥*@

Shapasand 0.81 144,50 ™ 10.00 ¥<@
Tarom Amiry 0.88 ** @90,87 124.65 9.00 <@
Sadri 0.82 154.85 10.50 M
Dorfak 0.86%" @1,05>0 119.80 ¢ 14.50 ™*
Dom Zard 0.78 ¢ 157.55 ¢ 12.50%"
Daylamani 0.84* 135.70 13.00 ©°
IR28 0.60 @ @0.99>9 168.35° 8.50 @
Binam 071" @0.84e-g 151.40 * 1150
IR50 0.89 *¢ 103.75 ™ 11.00
IR60 0.81 % @1,04>9 115.45 '™ 13.00 %

s Gl g oy ) Jlaisl maw js S8 Qy.fl LU » Gleed G > ol Gl Sl
Means followed by similar letters are not significantly different at 1% probability level using Tukey test
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Table 4. Analysis of stepwise regression for pre-harvest sprouting in 34 rice cultivars

Model Regression Standard Error Beta R- Square t Significant
coefficient cofficient
Alpha amylase activity
2 8.16 0.78 0.85 0.747 10.47 0.000
(umol/g Fw x 107)
Panicle fertility 0.54 0.26 0.19 0.037 2.38 0.023

0.784 - R?
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Table 5. Mean and deviation from total mean of the different groups obtained from cluster analysis based
on pre-harvest sprouting traits in 34 rice cultivars

Alpha Frequency
o amylase ) of
Pre- Germination  activi Protein germinated
harvest based on (nmol/g content of Panicle seeds per
. ) Sprouting filled/qrains Fw x grain fertility spike
Group Rice cultivars (%) (%) 10?) (mmol/ml) (%) length

Gharibsiahrayhani,
Hasansaraee, Domsefid,
Graib, Ghasrodasht, 15.88 17.91 0.23 481.25 89.72 0.7 Mean
Hasani, Salary,
Rashty sard, Doom siah,
Amoll, Binam,
Mohamadi chapars,

1 Dasht,
Targrr]n mantaghe, D
apasand, R R } ) ] eviatio
Tarom amiry, Sadry, 2.52 3.55 0.04 1.95 3.8 0.16 n

Doom zard, Dilamani,
Tarom pakoth,
Hashemi, Doom sorkh,
Sefid rood, IR28

38.15 46.10 0.54 553.14 84.17 1.89 Mean
2 Shahpasand mazandaran
, Kadoos, Bejar, Doorfak Deviati
19.75 24.64 0.27 69.94 -1.75 1.03 eviatio
3 Nemat, Saleh, [R50, 7.28 9.65 017 409.03 69.01 0.38 Mean
IR60, Amol3, Neda, Deviatio
-11.12 -11.81 -0.1 -74.17 -16.91 -0.48 n
18.40 21.46 0.27 483.20 85.92 0.86 Mean
O Jgaz dols|

(Table 5. Continued)

Frequenc

=3 y of filled Frc;efqug}ﬁ Test 1?33 Panicle  Grain  Thickness of
S grain per )p/)er sgpike weight vgei ht Volume  volume lemma
G ke Tenath (kg) o Cem)  (mm) mm)
Rice cultivars
Gharibsiahrayhani,
Hasansaraee, Domsefid,
Grﬂb' Ghassr(l)dasht, 3.97 441 39.68 25.62 2.58 24.35 0.18 Mean
asani, Salary,
Rashty sard, Doom siah,
Amol1, Binam,
Mohamady chapars,
1 Dasht,
Targ;]n mantaghe, Deviat
apasand, _ . ; y ; evia
Tarom amiry, Sadry, 0.02 0.29 0.08 0.12 0.17 0.54 0.01 ion

Doom zard, Dilamany,
Tarom pakoth,
Hashemi, Doom sorkh,
Sefid rood, IR28

4.08 4.93 40.25 26.50 3.33 26.66 0.13 Mean
2 Shahpasand mazandaran
, Kadoos, Bejar, Doorfak Deviat
0.09 -0.23 0.49 1 0.58 1.77 -0.04 o
Nemat, Saleh, 3.99 5.86 39.54 23.70 2.90 25.42 0.14 Mean
3 IR50,IR60, Amol3, .
Neda, 0 116 -0.22 18  -015  -0.09 -0.03 Deviat

3.99 4.70 39.76 25.50 2.75 24.89 0.17 Mean




O Jguz dalol
(Table 5. Continued)
o ) Thickdees S{:ig Grain Grain Plant Nu(r)nfber
IS Cultivar of palea (len pth thickness densny3 height effective
o (mm) “width) > width (mg/mm°) (cm) tillers
Gharibsiahrayhani, Hasansaraee,
Domsefid, Graib, Ghasrodasht,
Hasani, Salary, Rashty sard, 0.20 3.89 0.76 1.08 140.16 10.26 Mean
Doom siah, Amol1, Binam,
1 Mohamady chapars, Dasht,
Tarom mantaghe, Shapasand,
Tarom amiry, Sadry, Doom zard, L
Dilamany, Tarom pakoth, 0.01 -0.24 -0.03 0.03 9.28 -1.10 Deviation
Hashemi, Doom sorkh,
Sefid rood, IR28
0.17 492 0.84 1.00 116.00 1341 Mean
»  Shahpasand mazandaran, Kadoos,
Bejar, Doorfak
-0.03 0.79 0.05 -0.05 -14.87 1.69 Deviation
3 Nemat, Saleh, IR50,IR60, Amol3, 0.21 4.43 0.84 0.94 102.29 15.20 Mean
Neda,
-0.01 0.30 0.05 -0.11 -28.59 3.48 Deviation
0.20 4.13 0.79 1.05 130.88 11.72 Mean
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Fig 1. Cluster analysis by Ward methods based of 19 traits related to pre-harvest sprouting in 34 rice cultivars
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