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ABSTRACT

In order to evaluate and identify the pre-harvest resistant rice cultivars (Oryza sativa L.), an experiment was
conducted using 20 cultivars included 16 local and 4 improved cultivars in a randomized complete block design
with three replications in a personal farm located at the lalevajesar village, Bandar Kiashahr, Guilan, Iran in 2014,
. Heading and flowering dates and seedling growth stage of BBCH 89 were recorded on the field. The spikes were
harvested at Zadoks stage 92 and the seeds moisture contents were measured immediately after harvesting. Two
methods were used to evaluate pre-harvest sprouting including sprouting score and sprouting index under
laboratory condition. The studied traits were seed dormancy, after ripening period, a-amylase activity and embryo
protein levels under laboratory conditions. In both methods, high resistance to sprouting on the spike was observed
in local Hashemi and Anbarbou cultivars with high levels of seed dormancy. Significant differences among
studied cultivars were observed for phenological and biochemical characteristics of rice grain. Mean while, there
were significant positive correlations between sprouting score and sprouting index with a-amylase activity and
there were significant negative correlation between these two traits with seed dormancy index (dormancy severity)
and after-ripening regression coefficient (dormancy duration). Protein content of seed embryo was significantly
different between dormant and non-dormant seeds in the earliest stages of water absorption under heat treatments.
In this study, it was observed that seed dormancy severity, dormancy duration and measurement of a-amylase
activity can be used as important traits for evaluation of resistant cultivars to pre-harvest sprouting. Cultivars
classified into three groups based on cluster analysis. Overall, the results showed that Dorfak and Khazar
improved cultivars and the Hashemi local cultivar were the most sensitive and resistant cultivars to pre-harvest
sprouting. These findings provide further evidence of appropriate genetic diversity among cultivars in the case of
studied traits that underscore the importance to use in breeding programs for resistance to pre-harvest sprouting.
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Table 1. Analysis of variance of fenol

ogic traits of 20 rice cultivars

Mean Squares

S.0V df Number of days Number of days Number of days
from seeding to ear from seeding to from seeding to Seed Moisture content
emergence flowering ripening
Block 2 25.35%* 27.65** 12.11™ 0.45™
Cultivar 19 109.38** 105.77** 138.75** 0.46**
Error 38 4.43 4.93 5.06 0.43
CV(%) - 2.26 2.35 1.83 3.91

el 392 18 fae a8 5 000 SO g g Jleisl s (8 0g o Jixe (soims lis i 4 NS g4

*, **and ns indicate significancant at 5% and 1% probability levels and not significant, respectively.
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Table2- Mean comparsion of fenologic traits of 20 rice cultivars

Number of days from seeding

Rice Cultivars
to ear emergence

Number of days from

Number of days from

seeding to flowering seeding to ripening

Binam 92.6% 92.66 I 126.33
Champa boudar 94 bd 95.33 bf 120 ¢
Hasansaraie 916" 91.66 123°¢
Hasani 84! 84n 1137
Khazar g7 98.66 ™ 127
Dorfak 96 " 9g ™ 127
Doumsorkh 90 ¢ 91.33 ¢ 119
Doumsiyah 92.66 94.33 127
Doumsefid 101.33 % 102.66 * 132
Deylamani 85.33 ¢ 87.33 9" 115 ¢
Salari 88.6° 90" 117
Sepidroud 96.33 ™ 97.66 ™ 127
Sangjou 84.66 " 86.66 9" 113f
Shahpasand 101 ® 101.66 © 131%
Anbarbou 97.66 99 bd 131%*
Alikazemi 88 Y 90 " 120 o
Gharib 96.66 ™ 98.66 ™ 123 %
Gouhar 1072 1072 1352
Mirtarom 91.3¢ 92 115 ¢
Hashemi 88 Y 89.33 115
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Means with the same letter in in the same coulumn had no
probability level.
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Table3- covariance analysis of pre-harvest sprouting traits of 20 rice cultivars

Mean Squares

S.0.vV - -
present of Seed present of Seed Dormancy Sprouting Sprouting a-Amylase
Dormancyin 15t Dormancy in 25% Index Score Index activity
Block 2 0.000065 ™ 0.0019"™ 1.64™ 0.30™ 1.47"™ 0.00004 ™
Cultivar 19 0.0020™ 0.060™ 121.58™ 18.97" 1739.24™ 0.0003™
“ﬁféi?f 1 0.000004™ 0.0004"™ 0.76™ 022" 187" 0.00007 ™
Error 37 0.00007 0.0009 2.14 0.22 8.21 0.00002

el 391 I8 e a8 g do )0 Ko g iy Jleil e j0 0g o sixe (godias lis o 5 4y e NS
*, ** and ns indicate significancant at 5% and 1% probability levels and not significant, respectively.
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Table 4. Analysis of variance of pre-harvest sprouting traits of 20 rice cultivars

Mean Squares

SOV df
Percent of seed Percent of seed . . a-Amylase
. . D Index Sprouting S Sprouting Ind e
dormancy in 15°c dormancy in 25°c ormancy ndex: Sprouting score sprotiting fndex activity
Block 2 0.00007"™ 0.001™ 1.88™ 0.28"™ 1.66" 0.00006 "™
Cultivar 19 0.002** 0.06** 121.76* 18.97** 1740.08** 0.0003**
Error 38 0.00007 0.00001 2.10 0.22 8.05 0.00002
CV(%) - 0.85 3.27 1.48 26.01 16.18 18.04

Sl (390 0 gixe 5 g 0oy0 SO iy Jio maw jo (05 o S sodims LA oS 5 4y NS s e
*, ** and ns indicate significancant at 5% and 1% probability levels and not significant, respectively.
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Table5- Mean comparsion of traits of 20 rice cultivars

. . Seed Dormancy Seed Dormancy . . a-Amylase activity
Rice Cultivars present at 15°C present at 25 Dormancy Index Sprouting Score Sprouting Index (WgFw)
Binam 12 12 100* 0.63" 5.33% 0.036%
Champa boudar 12 0.97° 99.17% 1.43% 12.66% 0.037°
Hasansaraie 12 12 1002 0.96" 10.0% 0.032%
Hasani 12 0.95% 98.6% 2.20° 22.0% 0.37%®
Khazar 12 0.76° 92.22° 9.0% 85.33° 0.038°
Dorfak 12 0.7° 71.94° 9.0% 86.66° 0.038°
Doumsorkh 12 12 100° 1.16™ 10.66 % 0.02""
Doumsiyah 12 18 100* 0.50% 466" 0.008f
Doumsefid 18 18 100* 0.80"™ 8.66 " 0.02¢
Deylamani 12 12 100° 1.06™ 10.0%* 0.009f
Salari 12 12 100% 2.06" 24.66° 0.02%
Sepidroud 12 0.93% 97.78% 0.60™ 6.0% 0.02"f
Sangjou 12 12 1002 1.26"™ 12.66* 0.019¢
Shahpasand 12 12 1002 0.60" 6.0% 0.028%
Anbarbou 12 12 1007 0.33¢ 3.33° 0.014¢
Alikazemi 12 12 100% 0.60"™ 5.33% 0.026*
Gharib 12 12 100% 0.66"™ 6.66® 0.03%
Gouhar 12 0.90% 96.6% 1.33 12.66° 0.034%
Mirtarom 12 12 100° 1.63™ 14.0% 0.019*
Hashemi 12 12 100% 0.33¢ 3.33° 0.0105°
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Means with the same letter in the coulumn had no significant diffrence based on touky test at 1% probability level.
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Table 6- Analysis of variance of germination percentage of 20 rice cultivars at weeks of after-ripening

Mean Squares

S.0.vV df Germination Germination Germination Germination Germination Germination ri?g?irr;g
present at week present at present at present at present at present at regression
begining first week second week third week fourth week fifth week .
coefficient
Block 2 3.25™ 10.11™ 9.47™ 9.47"™ 65.11™ 13.85™ 3.38™
Cultivar 19 655.17" 1744.18™ 3525.06" 3525.06™ 3284.70" 3295.70" 104.63"
Error 38 2.46 9.77 16.49 22.19 28.26 31.17 5.02
CV % 27.68 24.12 18.49 16.41 11.56 9.65 21.26

el g1 I8 e b g do )0 SO,y il mhas (o o ls giee sdims lis (i 5 e NS g %
*, **and ns indicate significancant at 5% and 1% probability levels and not significant, respectively.
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Table 7- Split-plot design in time analysis of variance of after- ripening test of rice cultivars

S.0.vV df Mean Squares
Block 2 65.22"™
Cultivar (Main factor) 19 12805.47**
Main error 38 36.77%*
After-ripening (Sub-factor) 5 23490.47**
Cultivar x After-ripening 95 560.62* *
Sub-error 190 12.72
CV (%) 12.39

2 900, S5 g gty Jleisl mhaw 18 05 o gime (goims i (oS 5 aul NSy *x K
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*, ** and ns indicate significancant at 5% ad 1% probability levels and not
significant, respectively.

Tr b V00 o 005° Om S ) el 5 Bt slaoysd (ke aylioA Jsor
Table 8- Mean comparsion of different periods and regression coefficients of after-ripeninig period of 20
cultivars of rice

Germination Germination Germination Germination Germination Germination ri'ggtr?irr;g
Rice Cultivars present at present at present at present at present at present at rearession
begining first week second week third week fourth week fifth week gress
coefficient
Binam 0¢ 0° 1.66¢ 1.66° 15.83M 20.839 433"
Champa boudar 25¢ 5.83° 7.5 16.66 37.5% 61.66 % 11.43
Hasansaraie 0¢ 0¢ 1.66¢ 5.83% 19.16" 359" 6.769"
Hasani 3.33¢ 20¢ 60.83° 80° 96.66%° 100° 20.69°
Khazar 23.33° 62.5° 79.16° 89.16° 98.332 100° 14.31%
Dorfak 63.33% 85.83° 90.83° 91.66° 98.33° 100° 6.694"
Doumsorkh 0.83¢ 4.16¢ 15.83°¢ 43.66° 69.16° 82.5% 17.83%
Doumsiyah 0¢ 0.83¢ 0.83¢ 5.83% 19.16"M 23.339 5.04°"
Doumsefid 25¢ 5.83° 9.16% 23.33°¢ 46.66 73.33% 14,02
Deylamani 0¢ 0° 6.66 20 53.33% 81.66™ 16.62%
Salari 0¢ 0° 5 5.83% 26.66%" 40.83% 8.144"
Sepidroud 3.33¢ 29.16° 65° 802 84.16"° 100° 18.71%
Sangjou 0¢ 0° 6.66 9.16% 34.16" 56.66 % 11.10°
Shahpasand 0¢ 0° 0¢ 1.66° 28.33%" 49.16° 9.5¢
Anbarbou 0¢ 1.66° 5.83% 20 40% 56.66 11.79%
Alikazemi 0¢ 0° 0¢ 0.83° 6.661 12.5M 2.38%"
Gharib 0¢ 0° 0¢ 1.66° 11.661 16.66" 3.42M
Gouhar 14.16°¢ 28.33°¢ 79.16° 67.52 84.16%° 1002 17.88%
Mirtarom 0¢ 0° 0.83¢ 6.66% 275" 475¢ 9.31¢
Hashemi 04 0° 04 0° o 4.16' 0.71"
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Means with the same letter in the coulumn had no significant diffrences based on touky test at 1% probability level.
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Table9- Correlation coefficients of rice cultivars germination

Measured PSD in PSD in o-

Traits 15C ety DI SS S Amylasea M ARC DSE DSF DSR
PSD in 15¢ 1

PSDin25¢  0.89** 1

DI 0.99**  0.99** 1

ss -0.64**  -0.86"* -0.81** 1

sl -0.64**  -0.85** -0.81** 0.99%* 1

Am;;;ise A 0.26° 044" 041" 051°°  051** 1

MS 006™  003®  004™ -0.02° -0.02" 0.01" 1

ARC 0.14™  0.003®  004™  009™  0.09™ 0.06™ 0.16™ 1

DSE 0.11™ 021" -0.19™  0.08™  0.08™ 024"  -0.34** 008" 1

DSF 0.14™ 024 022" 011™  011™ 021"  -0.36**  0.06™  0.98** 1

DSR 013"  -0.23® -021™ 009  0.08" 047"  -055**  0.04™  0.88**  0.88** 1

el 39 Sl ezl 5 00 )0 S g iy Sl s jo 0e o pxe saias i (o 5 4 I NSy falaiiel
*, **and ns indicate significancant at 5% and 1% probability levels and not significant, respectively.

PSD in 15¢: Percentage of seed dormancy in 15¢, PSD in 25¢: Percentage of seed dormancy in 25¢, DI: Dormancy index,
SS: Sprouting score, Sl: Sprouting index, o-AmylaseA: a-Amylase activity, SM: Seed moisture, ARC: After-ripening
regression coefficient, DSE: Number of days from seeding to ear emergence, DSF: Number of days from seeding to
flowering, DSR: Number of days from seeding to ripening
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Tablel0- Correlation coefficients of germination traits of 11 rice cultivars (cultivars had more than
50%germination at weeks of after-ripening period)

Measured PSDin PSDin o-
Traits 15°C 25°C DI SS Sl AmylaseA MS ARC DSE DSF DSR
PSD in 15¢ 1
PSD in 25¢ 0.90** 1
DI 0.94**  0.99** 1
SS -0.63**  -0.85**  -0.81** 1
Sl -0.64**  -0.85**  -0.81** 0.99** 1
a-AmylaseA  -0.32*  -0.54**  -0.49** 0.63**  0.64** 1
MS 0.15™ 0.15™ 0.15™ -0.13™ -0.12™ 0.076™ 1
ARC 0.55**  0.49** 0.52** -0.37* -0.38* -0.14™ 0.34* 1
DSE -0.11™ -0.22™ -0.18™ 0.091™ 0.09™ 0.25™ -0.14™ -0.12™ 1
DSF -0.14™ -0.24™ -0.22™ 0.12"™ 0.12"™ 0.22™ -0.37* -0.16™ -0.14™ 1
DSR -0.14™ -0.25™ -0.23"™ 0.12" 0.12" 0.14"™ -0.49** -0.13™ -0.18"™  -0.16™ 1

el 392 I8 fae il 5 0o SO iy Jleisl a5 09 lo gixe cims lis i 5 4 NS g
*, ** and ns indicate significancant at 5% and 1% probability levels and not significant, respectively.
PSD in 15¢: Percentage of seed dormancy in 15¢, PSD in 25¢: Percentage of seed dormancy in 25¢, DI: Dormancy index, SS: Sprouting
score, Sl: Sprouting index, a-AmylaseA: a-Amylase activity, SM: Seed moisture, ARC: After-ripening regression coefficient, DSE:
Number of days from seeding to ear emergence, DSF: Number of days from seeding to flowering, DSR: Number of days from seeding to
ripening

SlsF0g 5 Dlazshlo @y 0 99 Gz (e oeibly 432V Y Jgax
Tablel1- Analysis of variance of embryo protein of two dormant and non-dormant rice cultivars

S.0.V df Mean Squares
Block 2 0.53*
Treat 7 0.51%*
Error 14 0.11

CV (%) 591

osire pé g a0y S g iy Jlainl mhaw )5 35 o pae (oaias LAS ol 5 4y (NS g e e

el og
*, **and ns indicate significancant at 5% and 1% probability levels and not
significant, respectively.
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Figure3. Rice cultivars grouping based on resistance to pre-harvest sprouting traits using UPGMA
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