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Abstract

In order to study the effect of different levels of temperature and drought stress on seed germination of buckwheat, a factorial
experiment was conducted as completely randomized design with three replications. Experimental treatments were included
different levels of drought stress (0, -0.2, -0.4, -0.6 and -0.8 MPa) and different temperatures (8, 12, 16, 20, 25, 30, 35 and 40 °C).
Results indicated that all models of thermal time, hydro time, and hydrothermal time could predict the germination of buckwheat.
Basic temperature (Tp) was estimated from -0.98 to 11 °C, optimum temperature (To) from 21.7 to 24.7 °C, and maximum
temperature (T¢) from 30 to 41.5 °C, which increasing osmotic potential Ty and decreased To and T. in Buckwheat. Also, increasing
temperature enhanced germination rate (decrease Our from 18 MPa day at 8 °C to 3 MPa day at 35 °C), and decreased stress
tolerance due to increasing basic potential (increase yso from -0.927 MPa to 0.043 MPa). According to the hydrothermal time model
output, Tb in this plant was about 1.93 °C and at 92 MPa °C day, highest germination rate was recorded and ym in this plant in Ty
was about -1.31 MPa. Also, it was defined that, each of these three models predicted buckwheat seed germination under different
temperature and water potential, but hydrothermal time was a general model and we can have suggested it.
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Table 1- Analysis of variance of germination percentage and germination rate of buckwheat seeds under
several water potential and temperature
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¥ el 5T s Means square
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153
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** Significant at 1 %

! Root Mean Square Error (RMSE)

2 Akaike Information Criterion corrected (AICc)
3 Bayesian information criterion (BIC)
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Figure 1- Trend of cumulative germination of buckwheat seeds under water potential and temperature by
using of thermal time model.
Circle is observed and lines is predicted values
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Figure 2- Trend of germination rate of buckwheat seeds under different water potential and temperature by

using of segmented model.
Circles are observed and lines predicted values
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Table 2- Estimated parameters of thermal time model to predict germination of buckwheat seeds under
several water potential and temperature
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(J&g@.) Parameters of model Estimated Coefficient
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1 To To Te 011(50) G TT(50)
Potential (OC) (OC) (OC) (OC day) (OC day) RMSE AlCe BIC
(MPa)
0 -0.984+2.29  24.7+1.32  41.9+1.64 124.842.8  60.0+2.4 0.032 -31.5 -30.6
-0.2 -0.12£1.66  23.0+1.14 41.6+1.49 128.243.1  79.8+0.8 0.022 -38.9 -37.9
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Figure 3- probability density of buckwheat seed population as thermal time under various osmotic potential.
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Figure 4- Trend of cumulative germination of buckwheat seeds under several water potential and temperature
by using hydrotime model.
Circles are observed and lines are predicted values
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Table 3- Estimated parameters of hydrotime model to predict germination of buckwheat seeds under various
water potential and temperature.

s Jte sla el R NN )
GBI g ") Parameters of model Estimated Coefficient
Tem(%eé;nure (M}?::iay) (l\‘j[l;’oa) (&"EZ) RMSE AlCc BIC
8 18.06+1.14 -0.927+0.07 0.91+0.06 0.017 -364.0 -355.0
12 9.73+£0.38 -0.860+0.03 0.62+0.02 0.020 -342.1 -333.1
16 6.50+0.30 -0.660+0.03 0.66+0.02 0.026 -306.9 -297.9
20 4.38+0.16 -0.602+0.02 0.40+0.01 0.028 -298.8 -289.8
25 3.71£0.11 -0.548+0.01 0.37+0.01 0.023 -326.9 -318.0
30 3.51£0.16 -0.252+0.02 0.47+0.01 0.018 -284.0 -275.9
35 3.02+0.23 0.043+0.02 0.49+0.02 0.017 -295.1 -287.0
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Figure 5- probability density of buckwheat seed population based on water potential under different

temperatures.
The orange zone is the population frequency based on potentials higher than the distilled water potential
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Figure 6- Cumulative germination trend of buckwheat seeds under water potential and
temperature based on normalized time.
Circle and lines are observed and predicted values

- (gby o

) &S sls 0L gles = by Jde 331 gl
,;elﬁ_.a(ﬁ@,'u|ﬁatj_:§44,,w|}:}gdw
5 et S 5 sbas 1y Caliee lales 5 fuuily
SAICC ¢+/+F4 350> ;3 RMSE O e «JLis Ol 5o 4y
5 F Jsd) i denlbous —VFFA 5 VFSY 550> ,5 BIC
b e i de 0l e (Sl el 4l b (VIS
033 51,8 sl ax )3 V/A¥ olE 1l Siale al sles
a3 YN Ourr) plwes— b,y i o -5
‘S}Q_w‘J:JL‘%)}ASuc}).M)’jJ}‘JS/@SLM
iy ot o3 00 4 554 SIS e~V (yrr)
oS ) (Oub) S0l g 5 5SS i attie Cpwioen
LF Jsde) el Sl e + /00 Y 550 s

WOl aS Col ol 5 4o 3 gles— by Jde s

(;_!lj‘_;bbdi_:):)_l_!k}_;‘jﬁ‘ﬁu)bjuj_w

Y4

Sliie el S e § o gla 158 o-b
Slm 2T o i (s 4 5L el OT ity
(b ol malS g 5ol slales 53 Siadl e
doas e OLE 1y Les tal 531 b g5l o s il 5
(Tabatabaei et al., 2020; Bakhshandeh et al., 2011)
Lo sose— op idwatp gl jo —ja g
Aol (IS sbay ol o 2l Ly alST il 5
S35 (W 5To) GlwT yslie (g gty oy i Lol -2
Co o ST U5 e &) g aaT s bayd 50
St alS L dad e (g U les 2SS4l
(Akbari et al., 2015) Cwl ol (slales



\Fe¥ QM}/Fd)L«Q/\" &/glﬁl),\;‘_g),u}(}bqu

3 S ol 55 T gl ity b 311
adal ) S5 a0 O (8 4 3 35 S
Juie ol 51 5 e & el jralie aT,IS Ll Sl
BSyadosliwl aby g gles gladue gla Ol 5
DLaLE (s Gl sla s 53 ol 5 () S s

(Wang et al., 2005) sl ooy LI 4 Calizes

OLSes 5 s3ls

30 s DT Joly oy Vel (S ke s
IS ok Cmar S (ome oo a0l OT il
Slallls iy 5> .(Bloomberg ef al., 2009) > 35 oo
Jln s oo Comer 3 a0l O oy 1555 iy
b Joily 3 oo e il s Sl ol (58
Akbari et al, 2015; ) diwn el s 4 o8

5 s> — sk, s o . (Bakhshandeh et al., 2011

a0

] e
=1 = =1
1 1

(.1.:..-_;::] LPeazd (o ) J.1|3.-|.
Cumulative germination (%)

Bo@
L]
1

[l
=
1

JSi) o5 30 Josi
ater potential(MPa)

- 0.8

A 06
-+ 04
—+ 02
-
{s0) cles
Time (day)

&hb—@}b) Jde )'\ ab@\%g}k&aéhbé}d}uﬂ\ J._..JL“.;): oL_.w (-J’.f 6&).‘\{@«;&@}4}\}? JJ})—VJQZ

J.&Lvd ol e j_.s\fu Ja;]a?'}a.\.& o..\.hu-.a}:buu L

Figure 7- Trend of buckwheat seeds cumulative germination under various water potential and temperature
by using of hydrothermal time model.
Circle are observed and lines are predicted values

Cakides L;LﬁLAJ 9 ‘5}0...«:‘ J._..ML“.L BE aL_.w r.\.\f L;LA).L‘ @.«:ﬁ @jd}‘ﬁ wﬂ [WVES d‘bb—g“.!_,]a) Jde ol u,:a:d 6&,&1}[;1 -¥ J}.\?
Table 4- Estimated parameters of hydrothermal time model to predict germination of buckwheat seeds under
water potential and temperature.

Jite (sla zelsb

eSSl
Parameter model Estimated Coefficient
OuTT To YTb Gwb
(MPa °C day) (°C) (MPa) (MPa) RMSE AlCe BIC
92.19+4.12 1.93+0.244 -1.31+0.038 0.503+0.012 0.049 -1463.1 -1438.3
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