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Quantifying response of seedling emergence to temperature in rapeseed
(BrassicanapusL.) under field conditions
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Table 1. Physicochemocal properties of the soil (depth 0-30 cm) of the experimental site

Characteristics Slasia Rate ..
Saturation percentage sLdl Aoy 55.3
EC (dS.m?) S S las 0.7
pH ol 8
Neutrul materials (%)  ocx4s 25 5l4e 2
Organic carbon (%) STos 0.89
Total nitrogen (%) JS 05558 0.09
Available P (mgkg?)  Cis 16 4 9.8
Available K (mg.kg?) Cuis 6wty 160
Clay (%) o 36
Silt (%) e 58
Sand (%) o 6
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Fig. 1. Minimum and maximum temperatures during experiment in Gorgan (2013 and 2014)
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Table 2. Observed range and number of days to emergence of seedling of rapeseed cultivars in sowing date treatments

1S o5

Rapeseed cultivars

Sl Sl S

Minimum Maximum Mean

Zarfam by
Hayolad01 f\ Y,
Hayola308 A Y,
Hayola50 0 Yyla
RGS003 . T

3 27 11.21
4 28 12.52
3 25 11.13
4 27 11.48
3 27 11.87
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Fig. 2. Observed days to emergence versus predicted ones of rapeseed cultivars using beta, segmented and dent-

like functions. Line shows 1:1 line
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Table 3. Estimation of root mean square (RMSD), coefficient of determination (R?), standard error (se) and

correlation coefficient (r) for models that describe relationship between emergence rate and temperature in

rapeseed cultivars. Coefficient of determination (R?) shows relationship between emergence rate and

temperature. Correlation coefficient and regression of observed days to emergence versus predicted ones have

also been shown

& als
Beta fL%ction N CV  RMSE R? r atse bts
Zarfam plby; 33 28.37 0.04 0.69 0.68 *0.04+0.01 0.69+0.08
Hayola401 FaVale 31 25.21 0.03 0.74 0.74 0.03+0.01 0.74+0.08
Hayola308 ¥'ANu 31 26.55 0.03 0.73 0.72 *0.03+0.01 0.73+0.08
Hayola50 o ¥els 33 23.16 0.03 0.77 0.76  *0.03x0.01 0.77+0.07
RGS003 Aol 31 28.35 0.03 0.69 0.68 *0.04+0.01 0.69+0.08
Total Js 159 26.48 0.03 0.71 0.71 *0.04+0.005 0.71+0.04
$145 93 cls
Segmented function N CV  RMSE R? r atse b+se
Zarfam pley; 33 25.6 0.03 076 0.75 *0.04+0.01 0.73%0.07
Hayola401 FaVele 31 21.7 002 081 0.81 0.02+0.01 0.79+0.07
Hayola308 YAy 31 22.95 0.03 080 0.79 0.03+0.01 0.77+0.07
Hayola50 o Yels 33 20.47 0.02 082 0.82 0.02+0.01 0.81+0.07
RGS003 ool 31 25.93 0.03 074 0.73 *0.03+0.01 0.71+0.08
Total Js 159 23.85 0.03 077 0.77 *0.03+0.005 0.75%0.03
sl cl:

Dent-like function N CV RMSE R? r atze b+se
Zarfam plby; 33 28.89 0.04 0.68 0.67 *0.04+0.01 0.68+0.08
Hayola401 FaVale 31 25.26 0.03 0.74 0.73 0.03+0.01 0.74+0.08
Hayola308 ¥'ANu 31 26.22 0.03 0.74 0.73 *0.03+0.01  0.74+0.08
Hayola50 o ¥els 33 23.68 0.03 0.76 0.75 *0.03+0.01 0.76+0.08
RGS003 Aol 31 28.6 0.03 0.68 0.67 *0.04+0.01 0.68+0.09
Total Js 159 26.73 0.03 0.70 0.70 *0.04+£0.005 0.70+0.04

*: Significant at 1% probability level
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Table 4. Estimation of base temperature (Tb), optimum temperature (Tp), number of biological days (eo),

standard error (se) and confidence limits (CL95%) for 50% seedling emergence of population of rapeseed

cultivars, using beta function. Ceiling temperature (Tc) was considered fixed (40 C)

[FICgH

Rapeseedtcultivars Th+se CL9% Tp+se CL95% Tc eoxse CL95%
Zarfam pl,; 4.8+¥1.82 1185 26.7£0.78 251283 40 4.7+0.29 4.15.3
Hayola401 ¢y VY, 5.6+1.32  298.3 26.840.69 25.428.2 40 5.6+0.31 4.46.2
Hayola308 y.AY,l 4.241.83  0.5.9 27.240.72 25.728.6 40 4.8+0.29 4.355
Hayola50 &Y, 5.241.25  2.67.7 26.4+0.62 25.2:227.7 40 5.3+0.25 4.85.8
RGS003 .. .7 4.9+163 1.68.3 26.7£0.78 252283 40 5.0+0.32 4.35.6
Total Js 0.01#3.18 -6.36.3 26.8+0.66 25.528.1 40 5.1+0.13 4.85.3
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Table 5. Estimation of base temperature (Tb), optimum temperature (Tp), number of biological days (eo),

standard error (se) and confidence limits (CL95%) for 50% seedling emergence of population of rapeseed

cultivars, using segmented function. Ceiling temperature (Tc) was considered fixed (40 C)

158 o

Rapeseedrcultivars Th+se CL95% Tpzse CL95% Tc eoxse CL95%
Zarfam eby; 3.4%162 0.16.7 26.24094 243281 40 4.1+0.25 3.64.6
Hayola401 ¥\ Y, 5.1+129 257.7 26.8+0.82 251285 40 5.1+0.27 455.6
Hayola308 v.AY,l 3.841.29 1265 26.840.84 25.1:285 40 4.5+0.23 4.05.0
Hayola50 o'V, 4.1+1.36 1.46.9 259+0.73 244274 40 4.6+021 4150
RGS003 .. .~.,7 39+142 106.8 268+1.0 247288 40 45028 3951
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Table 6. Estimation of base temperature (Tb), lower optimum temperature (To1), upper optimum temperature

(To2), number of biological days (eo), standard error (se) and confidence limits (CL95%) for 50% seedling

emergence of population of rapeseed cultivars, using dent-like function. Ceiling temperature (Tc) was considered

fixed (40C)

JIEgeey
Rapeseed cultivars T, + se  CL95% To Tt se CI95%  To, T se CL95% Tc eot se  CLI5%
Zarfam pby;  4.9+193  0.948.8 21.9+2.6 16.6:27.2 30.7+0.5 29.6:31.9 40 4.840.3 4154

Hayolad01 ¥\ V¥,  25#20 -1.66.7 25.7£2.6
Hayola308 r.AV,ls 254212 -1.96.8 26.5£2.8
Hayola50 o Vule 424170 0.87.7 21.8+2.1
RGS003 o7 45196 0.58.6 21.6£2.5
Total Js  37+099 1756 23.4+1.3
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17.526.2 31.8+0.3 31.0:32.6 40 5.3+0.2 4.75.9
16.4:26.9 30.6+0.6 29.431.9 40 5.1+0.3 4458
20.8:26.1 31.8+0.2 31.4:32.2 40 5.1+0.1 4.85.4
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Quantifying response of seedling emergence to temperature in rapeseed
(BrasscanapusL.) under field conditions

Lakzaei, S.1, A. Soltani?, E. Zeinali®, F. Gaderifar* and S. Jafarnodeh®

ABSTRACT

Lakzaei, S., A. Soltani, E. Zeinali, F. Gaderifar and S. Jafarnodeh. 2017. Quantifying response of seedling emergence to
temperature in rapeseed (Brassca napus L.) under field conditions. Iranian Journal of Crop Sciences. 19(3): 195-207.

(In Persian).

Determination of response function of seed germination and seedling emergence to temperature and
obtaining cardinal temperatures (base, optimal and maximum) and biological day requirement (minimum day
number for seed germination and seedling emergence under optimal temperature and moisture conditions) for
emergence is important for crop simulation modeling. This study was carried out to survey seedling emergence
response to temperature in five rapeseed cultivars that were sown on 12 sowing dates under Gorgan
environmental conditions (2013-2014). Three regression models including beta, segmented and dent-like were
used to describe the response of seedling emergence rate to temperature. Root mean square of error, coefficient
of determination, correlation coefficient and regression of predicted versus observed values were used to develop
the appropriate model. Segmented model was superior compared to beta and dent-like models to achieve the
objective of this study. Estimated cardinal temperatures using appropriate model were 3.2, 26.8 and 40°C for
base, optimum and maximum temperatures, respectively. Estimation of biological day requirement in sowing
depth of 2 cm showed 4.5 days. The result showed that there is no significant difference for cardinal
temperatures and biological day requirement among cultivars. It was concluded that segmented model can be
used to quantify the response of rapeseed sedling emergence to temperature and to obtain cardinal temperatures
of emergence and thermal time or time to emergence. These parameters are required to develop prediction

models for rapeseed seedling emergence under diverse temperature conditions.

Key words: Biological day, Cardinal temperatures, Seedling emergence, Segmented model and Rapeseed.
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