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Studying the relationship between buckwheat (Fagopyrum esculentum Méench) seeds
with different morphometric characteristics in response to germination temperatures
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Abstract

This study aimed to investigate the relationship between the morphometric characteristics of the seeds of different buckwheat (Fagopyrum
esculentum Mdench) lots obtained from different planting dates (29™ Aug: 1, 13" Sep: 2, 28" Sep: 3, and 12% Oct: 4) with its seed
germination quality under different temperature treatments. For each seed lot, four separate experiments with 11 temperature levels
including 4, 7, 10, 15, 20, 25, 30, 35, 37, 40, and 45 °C were carried out in a completely randomized design with 3 replications in seed
science and technology laboratory of Agricultural Sciences and Natural Resources of Khuzestan University in 2022. The results of the
analysis of variance demonstrated that temperature has a significant effect at the level of 1% on the germination rate index. According to
the model parameters and of course the standard error, the segmented model was chosen as the best model. Based on this, according to the
superior (segmented) model, the base, optimal, and ceiling temperatures for lot 1 are 4.82, 34.24, and 44.82 degrees Celsius, in lot 2 they
are 4.18, 33.82, and 46 respectively. 44.0 degrees Celsius, in lot 3 it was estimated at 5, 34.64, and 43.87 degrees Celsius respectively and
in lot 4 it was estimated at 5, 31.69, and 44.27 degrees Celsius respectively. Identifying the cardinal temperatures can be of great help in
managing the optimal sowing date of crops.

Keywords: Buckwheat, Seed morphometric, Cardinal temperature, Segmented model
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Table 1- Characters of different seed lots of buckwheat used in this experiment

Vodesy Yooy Yodeny F by
Seed lot 1 Seed lot 2 Seed lot 3 Seed lot 4
2 K, s> Slo séh 05 Slosed Qe Sloses
Seed color Light brown Dark brown Dark Brown
(S-S F A RERINY
)b he 03 30.16 30.99 33.80 335
1000 seeds weight (g)
( ~ ) ok Cols
&r A 18.54 20.30 2273 21.62
Seed area (mm?)
(= ) o J
o) o J 6.59 6.87 7.27 6.96
Seed length (mm)
(oo b =
) o 3 6.13 6.20 6.26 5.98
Diameter (mm)
U
"y. e Ahwaz Ahwaz Ahwaz Ahwaz
Production place
I ol
i 29t Aug, 2021 13% Sep, 2021 28 Sep, 2021 12t Oct, 12021

Production date
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Figurel- Measuring the morphometric characteristics of buckwheat seeds using Digimizer software
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Table 2- Models used to determine cardinal temperatures
Je AR C“

Models Equation Reference
f() =T =T)/To=Tp) if T, <IMP<T,

14 _
g o if T, STMP<Tf(T)=1-(1=2) (Mwale et al., 1994)

Segmented Te=To

if  TMP<T, or TMP>T.f(T) =0

(TMP — T})\ ((T. — TMP) (=)
— —_ o~ !'b
RN e f() = =) (= .
(To = Tp) (T. = Tp) (Yin et al., 1995)

Beta 4 parameter if TMP > Ty and TMP < T.
AD=0if TMP <T, or TMP >T,
(To=Tp)
ol 0 sty £ = <(TC - TMP)) (TMP - Tb))((n—ro))
Beta 5 parameter \ (T = To) (To = Tp)
AD)=0if TMP < T, or TMP > T,
f(T)=(TMP —T,)/(To1 =Tp) if Ty <TMP<Ty
Ale olutia if Top <TMP <T.f(T) = (T, — TMP)/(T; — To)
Dent-like if Toy STMP<T,f(T) =1
if TMP<T, or TMP>Tf(T)=0
Base temperature : Tbal sl seed surrounding temperature: TMP Lows cles celling temperature ‘Tc Caiw glos

(Yan and Hunt, 1999)

(Piper et al., 1996)
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Figure 2- Cumulative germination of buckwheat seed lots against time at different temperatures
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Figure 2- Continued
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Table 3- Analysis of variance buckwheat germination rate index of four seed lots influenced by temperature

Sl pe o Silee

Mean square

\:’jd}l - L u.a:—l.&
Germination rate index

Sl e T 4 Vokess ARTESEP Ysodesy Fobosy
S.O.V. Df Seed lot 1 Seed lot 2 Seed lot 3 Seed lot 4
e
: 10 0.614+ 0.582¢ 0.805° 0.552¢
Treatment
5T glas
i 22 0.0004 0.0006 0.0002 0.0007
Error
( ) Ol i o
e 0 3.91 4.74 2.62 5.12

%CV

**Significantly at 1% probability level.

Ao ys ) C’a’"ﬁ > s 3k

Los 6 ot ol S (550 0355 ez (S50 St 2 SOl 4 lin —F J g
Table 4- Mean comparison of buckwheat germination rate index of four seed lot influenced by temperature

Germination rate index (h™!)

(g 253) Lo Vodkesy Y odens Y odens Foobess

Temperature °C Seed lot 1 Seed lot 2 Seed lot 3 Seed lot 4
4 o o o o
7 0.24f 0.23f 0.23" 0.25f
10 0.27° 0.25° 0.27 0.26°
15 0.40° 0.40° 0.45¢ 0.35¢
20 0.634 0.694 0.74¢ 0.704
25 0.81¢ 0.83¢ 0.91¢ 0.83¢
30 1.23* 1.16* 1.34° 1.14*
35 1.222 1.14* 1.35% 1.14*
37 0.95° 0.97° 1.22° 0.91°
40 0.26° 0.21° 0.31f 0.28f
45 o o o o

oS3 09037 31 ealizal b s 53 ) Tl 53 Gola gne O Ok alie o
Similar letters are not significantly different (¢<0.01) based on Duncan test.
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Table 5- Models fit indices derived from seed germination of buckwheat

TN & it el e oSl a, o s SIET s ls
Seed lot type Function R? RMSE AAlc
5\&3;
0.95 0.014 -95.85
Segmented
NUPRINEA
_ ] 0.95 0.014 -84.85
Y sodiesy Dent-like
o el Ll b e
Seed lot 1 ALk ler 0.89 0.022 -88.53
Beta 4 parameters
o el e b J
ALy B db 0.83 0.02 -79.51
Beta 5 parameters
1455 93
0.96 0.01 -102.0947
Segmented
Ll Ol
' i 0.96 0.01 -91.09
Y sobess Dent-like
o el Sl b J
Seed lot 2 AL Dl b e 0.89 0.02 -90.54
Beta 4 parameters
o el e b J
ALk g b o 0.89 0.01 -81.88
Beta 5 parameters
5\&3;
0.85 0.04 -73.8374
Segmented
Ll Ol
' 0.85 0.04 -62.83
Y gokoess Dent-like
o el Sl b J
Seed lot 3 bk ol b due 0.74 0.052 -68.89
Beta 4 parameters
o el e b J
bk g B Ju 0.85 0.037 -65.57
Beta 5 parameters
1455
e 0.83 0.037 -76.6631
Segmented
NUARIREN
' 0.83 0.037 -65.66
Fsodesy Dent-like
o el Sl b J
Seed lot 4 bl ol b due 072 0.045 -72.18
Beta 4 parameters
o el e b J
AL g kb 0.84 0.033 -68.78

Beta 5 parameters

(s a3 FEAY S¥EXE CFAY (35 ) 035
(ks a3 FEFS SYTFAY FAA L5 4 o5 5
)dd}:_..wl_w a5 FYAY 5 YF2F O s aY g 4o
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Table 6- Parameters derived from application of different models on seed germination of buckwheat
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Numbers in parentheses are standard errors.
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