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Table 1. ANOVA of germination rate of rice genotypesin 19 temperature levels

Source of variation OlpasS gin

Jlil gl § Slayye 5:Sile

RS

o g
MS and significance level
Genotype G955 5 0.00009621 (0.0001)
Temperature Lo 18 0.00029641 (0.0001)
Genotype x Temperature Ledx g 90 0.00000356 (0.0001)
Error s 228 0.00000068
Coefficient of variation (%)  (dwe,d) Ol s co o 9.28
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Figure 1. The mean of germination rate for six rice varieties in 19 temperature levels.
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Table 2. Fitting nonlinear model parameters including RMSD and R2-b, a, r, 1? related to linear regression observed and expected germination rate for each
nonlinear model
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> eyt sla el
Nonlinear regression parameters

Jaeyl el u_r__wuu 350 goddoanlis - g Sap s on ,h.F-.r ,hhr:l.?a [ r.mu-.........\..wh sla sl
Linear regression and correlation parameters between observed and expected germination

rate
T 5 RMSD R? a+SE b=SE r 17
Nonlinear mode Variety
2L Binam 0.0019 077 0.0014+0.0008 0.820+0.093 0.90 031
— _sacks Hashemi 0.0020 0.81 0.0013+0.0008 0.852+0.086 0.92 0.34
Landrace .2 Anbarboo 0.0006 0.54 0.0039+0.0009== 0.546+0.108*= 0.77 0.57
= aat Pl =23 Dasht 0.0018 0.81 0.0012+0.0009 0.875+0.083 0.93 0.86
Beta Improved ¥ L5 Gil 3 0.0009 0.93 0.0004+0.0004 0.946+0.054 0.97 0.94
mﬂnms R64 0.0015 0.87 0.0041:£0.0012%= 0.652+0.109** 0.82 e
sl Binam 0.0022 0.72 0.0022:0.0009* 0.722+0.108* 0.85 0.71
ceasi _s~=La Hashemi 0.0021 0.82 0.0016+0.0009 0.819+0.093 0.90 0.51
Landrace 2,2 Anbarboo 0.0020 0.68 0.0026:+0.0009+ 0.683:0.112+ 0.83 0.66
a3 4z aat pdl =23 Dasht 0.0021 0.79 0.0021+0.0011 0.798+0.097 0.89 0.79
2 S 7 b/
. Tagpeoved Vs Gil 3 0.0018 e 0.0018£0.0008+ 0.758+0.103* 0.87 i
Quadratic .
m,wHWu IR64 0.0023 0.76 0.00240.0011% 0.763+0.103* 0.87 7
2L Binam 0.0019 0.77 0.0014+0.0008 0.820£0.093 0.90 0.81
(easd 51> Hashemi 0.0020 0.81 0.0013+0.0008 0.852+0.086 0.92 0.84
Landrace 5= Anbarboo 0.0019 0.78 0.0011+0.0010 1.130+0.119 0.92 0.83
it sud 2l =2 Dasht 0.0018 0.81 0.0012+0.0009 0.875+0.083 0.93 0.86
Curvelinear  Improved ¥ L5 Gil 3 0.0019 0.75 0.0019+0.0008 0.747+0.103* 0.87 0.74
i 0.78
m,.wnma IR64 0.0016 085 ~0.0000:0.0013 0.965+0.120 0.89
sl Binam 0.0029 0.55 0.0036+0.0011= 0.583+0.125% 0.75 0.53
e _g+:ks Hashemi 0.6245 = -0.1354£0.2127 49.850 +20.725* 0.50 021
Landrace 3,2 Anbarboo 0.0026 0.51 0.00400.0010== 0.5060.121* 0.71 043
ade fuis sad Mol =22 Dasht 0.4417 - 0.0188+0.2229 13.797419.534== 016 -
Dentlike  Improved Y5 Gil 3 0.6263 - -0.0993:£0.2460 55.826129.794% 0.41 0.12
i 0.02
mso.“nws IR64 0.4419 - 0.456£0.2254 11.328£19.911s= 0.14
s Binam 0.0030 0.54 0.00360.0010%= 0.536+0.120% 0.73 0.51
(et (s=:1> Hashemi 0.0019 0.86 0.0012+0.0008 0.863+0.083 0.93 0.85
Landrace 2= Anbarboo 0.0018 0.74 0.0021::0.0009= 0.743+0.105= 0.56 0.73
S5 8 sad 2l =25 Dasht 0.0021 0.82 0.0018+0.0010 0.822+0.092 0.90 0.81
Segmented  Improved YLf Gil 3 0.0022 0.67 0.0024+0.0009= 0.671+0.113% 0.82 0.65
i 0.82
m,WnW, IR64 0.0020 0.83 0.0017+0.0012 0.836+0.106 0.91

*, ** Significant at 5% and 1% probability levels. respectively.
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Figure 2. The observed germination rate together with expected values using the best identified nonlinear model for each variety.
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Table 3. Estimated parameters using the best identified model including afor Beta
model, Th, Ty, Tc and €0 for germination for 50% of seeds

v aﬁ&y a TOtSE TctSE )
Bga BTrL;m 0.25:0.16  14.00:000  30.94:9.30  48.00:0.00  80.12+0.00
Hg;:‘;i 0.08:003 1400000  20.02:0.74  48.00:0.00  90.00+0.00
Ot 0.13:003  1338:084 23.06:1874 48.00:0.00  70.00+0.00
‘;3#*; 0.19:0.06  14.00:000 31443000  48.00:0.00  90.67+6.24
(Sa;d?a{:c H%“;ﬂ . 12.80+0.88 . 51.91+144 . 73.46+3.96
Omant - 11.03+1.03 - 51.99+1.40  67.37+3.37
c mear B;’ﬁ;ﬂ - 14.00:0.00  41.21#2.68  48.00:0.00. 106.43+8.49
H g:;m - 14006000  3843+220  48.00:000  85.46£6.92
Az - 13444086 | 4047+253  48.00:000  82.25¢556
Dot - 13.38+0.84 39414238  48.00:0.00  80.01+533
IR64 - 15344079  40.37:210  48.00:000  80.13+4.73
Seéﬁnﬂt;d H 5:;“ - 8204224 37.82¢096  50.29+140  86.41+10.62
Omant - 2424362  37.85t1.06 5057+152  57.49+3.27
1.43+3.63 4990+1.32  57.88+3.13
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Figure 3. Linear relationship between the observed and expected germination rate using different models and coefficient of
determination in six rice varieties.


www.sid.ir

Lo 4y S i ilizes slocdsdy (55 allgz ey (33Sly (g5l Jow 1)) Kan 5 (5900 Y

o5l cnl aSisysk 4 05 yeS Ko Jluo)l5 (sleo
az 0 Feosl YL glales wing e OV L FA o
4 ab el (Gl Cepw pall el oS sl
a o) alos (gl 8T il 4z s FA sles ;o 4S5 sb
i e JolS 5b
O Sl Y Sislen Slelu olasl (e
Sologre BTG b Jow ol alowg 45 jody doyo O
59 Joe) BVIFR polie (o aSs)ob 4 0l 3551 oo
(plas o8y s Jo) VoFIFY b (Cuo o, —glaSs
390 Seigdem Olebe o o cxe DS g piie
i bl ey eimen 5 alize slo e Lawgs ond
Oin &S e g Ll e SB35z Joe o 0
Sy Wogs alies o3, el byl 00iiS's 1905 (glo Jura
g ANNY sy ) o3, cpl Sialex Soselen lelu
by po o laslinl glas adlas &is,S com gt V- PIFY
S Fomb Sl by Joe alewy 4 bl cnl oyl a
Slp 1aS590 5 oo e el Candy e Jow
5 s why Gl e Jos ATV aile o,
Caiio w8y sl Ly Joe ANY 5 AYIYO o5 & IRGA
Sasalam el VIV 5 Velor 5 G Y Sed, s
Slebo (o o cime Sglas 0929 a3 S 0,505 Saile>
s sl Jas alewy 4 oud 05l Sialir Soiglse
(Ajam Norouzi et al., 2007) Yl cakise o6, 5l
Ghaderifar et al., ) alosbws 5 651, (63elS 135 a5 4
A sl 50 (2009
-alyr Gt ln Sels (las pagh cnl bl
s glaoe S8 @i it B Gads s )
Sojslem Slelo 5 JWo)ls slales 5y515 o s s
SRR )0 i S 56 sl Slite Jjalse
5 Cds (slaSTes Jow (eaile o8, sl byl oyl
plar 5 e Joo dR64 5 g o Joo ¥ (LS
28 5l S sladue idg (Soe g Ly slaue
S @2 P (] Gl s S s ogh )0 (55
ol olsn 990 Sl cnlply o 1055 Les 4
“Joe Gnl dhews 4 0al Syl JLas )5 slales 5 Lo o

$idler Sy i sladoe bl g ans o e

@ axg b oo S slales (sl oo 5,95 polie Ll
sl 5 Lol o oszse (S5 glacsls
yKen 5 Iy ol o Szl 51 0 o0l by ] oglice
Olen 5 ol 3 (Mwale et al., 1994)
5 ol lsl gl o 5 4 (Madakadze et al., 2001)
G659y 5 G £ Cawgole, I ol I golass
50,8 G5l aly gles sl
Al ool 9yl polie gl sles Llxd )
FANY B (L Joe-odle 08, lp) Yo/o ¥ 5l caliseo
By e (e Jaemplg 08, slp) oS Sole ax o
5 oo Mol (oag Bl (9,3 ylo(ae IS g2
S a4 assl Llhals ssslie byl o ioren 5 o,
sbo (laSG gy e Joe ail J.QL B o s
a8 FAYY B YVIAY o a6, ann cly 1) wosllas
Sl 15 s lo ire OS] 4T Wisges 950, o 5 il
dop gl alio il a5 WS len Sonie Jow 020 el
higrismle (5l cwdlys ¥ LS o) > 4 el
Sy WS sl 3,155 s lis b Jow plu 4 conds
sla e 5l eslaul b calizes ylalS wollas slos 0,91
Olfse ahoz Ol 5l a5 0l v5zs as il G S
ML gl oS csle a0 YOA B YO sles oyl
a>,0 Y+/f G YV/# (Ajam Norouzi et al., 2007)
Y& Y- «Soltani et al., 2006) sy55 gl of 5 il
Ellis et al., ) Jsere slog slp o5 il ax o
o sl e (gl o5 ol 4z 0 YE/IF LYY 4 (1987
She e o)l loles 4 cons polie ol oS
L an Js)s glales gog YL a5 axil o Somb
@ S Sl 4 olS cnl YL LS 4 bagrye Ol o
lod o5 pl slp cudls @ ple g LS gST
@l Sl pllan ol Sl azje Yo 5l 5ot
P Er G5 sk a4l sl olhes a4 ) sl
o)l sl LS G ¥ dgue 4 093 (S sk
35S ol a6 b 4 el iglate alisee a8 o ardl
ol yiln oo el 0550 53 9 ST o395 pB)) 3550
Okhovat and Vakili, 1996; Yoshida et al., )
Lo yo sloo,glp oo NS cchin sloo Ll 51 (1976
93 4 S il pB)) rizmen g e slaJoe @


www.sid.ir

VY VWA pg0 0les [pge Jlo fodle Sliims

a5 e clS able o syl 65V Jlus )5 slales lod sl age 28, jokate 4 yioren g0 colatul
S5 ol i o] oS S S (Bl 3gdon Sloiiy (I wlgx Jobo o i o)

References

Ahmadi, M., Kamkar, B., Soltani, A. and Zeinali, E. 2010. Evaluation of non-linear regression models
to predict stem elongation rate of wheat (Tgjan cultivar) in response to temperature and photoperiod.
Electronic Journal of Crop Production 2 (4): 39-54. (In Persian).

Ajam Norouzi, H., Soltani, A., Majidi, E. and Homael, M. 2007. Modeling response of emergence to
temperature in faba bean under field condition. Journal of Agricultural Science and Natural
Recour ses 14 (4): 100-111. (In Persian)

Akram Ghaderi, F., Soltani, A. and Sadeghipour, H. R. 2008. Effect of temperature and water potentia
on germination of medicinal pumpkin (Cucurbita pepo. convar. pepo var. styriaca), black cumin
(Nigdlla sativa L.) and borago (Borago officinalis L.). Journal of Agricultural Science and Natural
Recour ses 15 (5): 1-20. (In Persian)

Albuquerque M. C., DeF, E. and Carvalho, N. M. 2003. Effects of the type of environmenta stress on
the emergence of sunflower (Helianthus annus L.), soybean (Glycine'max L.) Merril and maize (Zea
maize L.) seeds with different levels of vigor. Seed Science and Technology 31: 465-479

Brar, D. S, Elloran, R. and Khush, G. S. 1991. Interspecific hybrids produced through embryo rescue
between cultivated and eight wild species of rice. Rice Genetics Newdetter 8: 91-92.

Dumur, D., Pilbeam, C. J. and Craigon, J. 1990. Use of the Weibul function to calculate cardinal
temperaturesin faba bean. Journal of Experimental Botany 41: 1423-1430.

Ellis, R. H., Smon, G. and Covell, S. 1987. The influence of temperature on seed germination rate in
grain Legumes. I1l. A Comparison of five faba bean genotypes at constant temperatures using a new
screening method. Jour nal of Experimental Botany 38: 1033-1043.

Forcella, F. 1993. Seedling emergence model for velvetleaf. Agronomy Jour nal 85; 929-933.

Ghaderifar, F., Gherekhloo, J. and Alimagham, M. 2010. Influence of environmental factors on seed
germination and seedling emergence of yellow sweet clover (Mdlilotus officinalis). Planta Daninha
28 (3): 463-469.

Ghaderifar, F., Soltani, A. and Sadeghipour, H. R. 2009. Evaluation of nonlinear regeression modelsin
quantifying germination rate of medicinal pumpkin (Cucurbita pepo L. subsp. Pepo. Convar. Pepo
var. styriaca Greb), borago (Borago officinalis L.) and black cumin (Nigella sativa L.) to temperature.
Journal of Plant Production 16 (4): 1-19.

Harvey, S. J. and Forcdla, F. 1993. Vernal seedling emergence model for common lambsquarters
(Chenopodium album). Weed Science 41: 309-316.

Jalilian, A., Mazaheri, D., Tavakkol Afshari, R., Rahimian, H., Abdolahian, M. and Gohari, J. 2005.
Egtimation of base temperature and investigation of germination and field emergence trend of
monogerm sugar beet under various temperatures. Jour nal of Sugar Beet 20: 97-112. (In Persian)

Kamkar, B., Koocheki, A., Mahallati, M. N. and Moghaddam, M. P. R. 2006. Cardinal temperatures
for germination in three millet species. Asian Journal of Plant Science 5: 316-319.

Kanemasu, E. T., Bark, D. L. and Chin Choy, E. 1975. Effect of soil temperature on sorghum
emergence. Plant and Soil 43: 411-417.

Karadavut, U. 2009. Non-linear models for growth curves of triticale plants under irrigation conditions.
Turkish Journal of Field Crops 14 (2): 105-110.

lannucci, A., Difonzo, N. and Martinello, P. 2000. Temperature requirements for seed germination in
four annul clovers grown under two irrigation treatments. Seed Science and Technology 28: 59-66.


www.sid.ir

Lo 4y G g il slocaisis By alloz ce oo (1STy (g5l Jow 1,62 § (5500 'Y

Madakadze, |. C., Prithiviraj, B., Stewart, K. A., Peterson, P. R., Coulman, B. E. and Smith, D. L.
2001. Variation in base temperatures for germination in warm season grasses. Seed Science and
Technology 29: 31-38.

Mahmoodi, A., Soltani, E. and Barani, H. 2008. Germination response to temperature of snail medic
(Medicago scutellata L.). Electronic Journal of Crop Production 1(1): 54-63. (In Persian)

Mwale, S. S.,, Azam-Ali, S. N., Clark, J. A., Bradley, R. G. and Chatha, M. R. 1994. Effect of
temperature on the germination of sunflower (Helianthus annuus L.). Seed Science and Technology
22: 565-575.

Okhovat, S. M. and Vakili, D. 1996. Rice (Cultivation, Keep, Harvest). Tehran University Press, Tehran.
(In Persian)

Qi, A., Whedler, T. R, Keatinge, J. D. H., Ellis, R. H., Summerfield, R. J. and Craufurd, P. Q. 1999.
Modélling the effects of temperature on the rates of seedling emergence and |leaf appearance in legume
cover crops. Experimental Agriculture 35: 327-344.

SAS Institute Inc. 2008. SAS/STAT 9.2 User’s Guide. Cary, NC: SAS Institute Inc.

Soltani, A., Galeshi, S., Zeinali, E. and Latifi, N. 2002. Germination, seed reserve utilization and
seedling growth of chickpea as affected by salinity and seed size. Seed Science and Technology 30:
51-60.

Soltani, A., Hammer, G. L., Torabi, B., Robertson, M.J. and Zeinali, E. 2006. Modeling chickpea
growth and development: Phenological development. Field Crops Research 99: 1-13.

Soltani, A. and Maddah, V. 2010. Simple, Applied Programs for Education and Research in Agronomy.
Iran Scientific Society of Agroecology. Tehran. (In Persian)

Wang, J., Ferrdll, J. MacDonald, G. and Sdllers, B. 2009. Factors affecting seed germination of cadillo
(Urena lobata). Weed Science 57 (1): 31-35.

Yants, C. D., Fornstron, K. J. and Edling, R.'J. 1983. Sugar beet emergence affected by soil moisture
and temperature. Jour nal of American Society of Sugar Beet Technology 22: 119-134.

Yoshida, S, Forno, D. A., Cook, J:'H. and Gomez, K. A. 1976. Laboratory Manual for Physiological
Studies of Rice. Manila, Philippines.

Yousefizad, M., Soltani, A., Ghaderifar F. and Sarparast, R. 2006. Evaluation of non-linear regression
models to describe response of emergence rate to temperature in chickpea. Journal of Agricultural
Science and Technology 20: 93-102. (In Persian)


www.sid.ir

135 Cereal Research, Vol. 2, No. 2, 2012 (123- 135)

Modeling the response of germination rate of different rice
genotypesto temperature

Hossein Sabouri?, Atefeh Sabouri® and Ahmad Reza Dadras®

1. Assist. Prof., Dept. of Plant Production, College of Agriculture and Natural Resources, Gonbad Kavous
University, 2 and 3. Assist. Prof. and Ph. D. Student, respectively, Dept. of Agronomy and Plant Breeding,
University of Guilan

(Received: July 22, 2012- Accepted: December 17, 2012)

Abstract

The germination and emergence are the most critical stages of plant life, because seeds are exposed to
unfavorable environmental factors at this stage and plant establishment is confronted with difficulty.
Therefore, prediction of germination time is one of the main.goals of simulation researchers. In thisregard
mathematical techniques such as determination of the best nonlinear regression function which can
quantify response of germination rate to temperature and estimate the cardina temperatures would be very
informative about characteristics and plants thermal requirements at this stage. The present study was
conducted using a factoria experiment arranged in.completely randomized design with three replications
in 2010. The experimental factors including 19 temperature levels (12-48°C at intervals of 2°C from each
other) and six rice (Oryza sativa L.)‘genotypes namely Binam, Hashemi, Anbarbou (landrace varieties),
Dasht, Gil3 (Iranian improved cultivars) and IR64 (IRRI improved cultivar). Analysis of variance showed
that there are significant differences between studied genotypes and genotypextemperature interaction
effect for germination rate. The models of beta, quadratic, curvilinear, dent-like and segmented were
applied to describe the relationship between germination rate and temperature. The comparison of
different criteria for evaluating of the studied models showed different precision of the fitted models so
that the segmented model for Hashemi variety, the beta mode for Dasht and Gil3 varieties, the curvilinear
model for Anbarbou and IR64 varieties and the beta and curvilinear models for Binam variety were the
better than the other models. Results of current study showed that the mentioned models and their
estimated cardinal temperatures can be used to predict the germination time and simulation of the studied
rice varieties.
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