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EXTENDED ABSTRACT

Introduction

Seed size is a critical physical indicator of seed quality
that can directly impact germination processes and plant
performance under various environmental conditions.
Changes in seed size can later be observed in the transfer
of nutrient reserves for seedling growth. Larger seeds
have been found to improve germination, seedling
growth, and survival, resulting in the production of strong
and superior seedlings. Temperature is an indicator of
timing in seasonal climates, and therefore plays a role in
determining physiological and phenological processes,
such as the timing of germination.

Material and Methods

This study aims to investigate the relationship between
the morphometric characteristics of seeds from different
populations of buckwheat (Fagopyrum esculentum
Mdoench), resulting from different planting dates (Aug:
29™ August: 1, 13" September: 13" and 28" and October
13) with their germination quality under various
temperature levels. For each population studied, separate
experiments were conducted at 11 temperature levels (4,
7, 10, 15, 20, 25, 30, 35, 37, 40, and 45 degrees Celsius)
in a completely randomized design with three
replications in the Laboratory of Seed Science and
Technology at the University of Agricultural Sciences
and Natural Resources, Khuzestan in 2022.

Results and Discussion

The analysis of variance results showed that temperature
had a significant effect on germination speed at the 1%
error probability level. Based on the model statistics and
the standard error, the two-piece model was selected as
the superior model. All seed populations showed 100%
germination at temperatures between 7 and 35 degrees
Celsius, whereas no germination was observed at
temperatures of 4 and 45 degrees Celsius. As the
temperature increased to 40 degrees Celsius, the
cumulative germination percentage of buckwheat seed
populations 1, 2, 3, and 4 decreased to 56%, 45.33%,
61.33%, and 64%, respectively.

In seed population 1, 100% germination was observed
within the initial 32 hours at 30 and 35 degrees Celsius.
In seed population 2, 100% germination was achieved
within the initial 32 hours at 30 degrees Celsius. For seed
population 3, 100% germination was obtained within the
temperature range of 30-37 degrees Celsius.
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Additionally, for population 4, the maximum cumulative
germination percentage was observed at 35 degrees
Celsius.

Although the longest time required for the onset of
germination in all populations occurred at 7 degrees
Celsius and between 90-98 hours, compared to 40
degrees Celsius (maximum 64% for population 4), they
had 100% germination. The cumulative germination
percentage of buckwheat showed that in all populations,
germination occurred faster at temperatures between 25
and 37 degrees Celsius, starting 18 hours after imbibition.
The importance of the time required to reach a certain
percentage of germination in response to environmental
conditions is crucial; therefore, under unfavourable
environmental conditions, more time is needed to start
germination. The highest germination speed observed in
all populations was at 30-35 degrees Celsius, with no
significant statistical difference. In fact, it can be stated
that the germination speed index, compared to the
germination percentage, is highly sensitive to
temperature treatment, and the optimal range for
achieving the maximum germination speed index was
from 30 to 35 degrees Celsius. However, the germination
percentage was less sensitive to different temperatures,
with a suitable temperature window for germination
percentage from 7 to 35 degrees Celsius. Exiting this
temperature range or, in other words, at temperatures
lower and higher than the 30-35 degrees Celsius range,
the germination speed decreased.

Conclusion

This study's results indicated that among the
mathematical models of germination, the two-pieces
model showed the best fit for buckwheat seed
germination. According to this model, the base,
optimum, and ceiling temperatures for germination of
different buckwheat seed populations were estimated to
be 4.5 + 0.5 degrees Celsius, 33 + 2 degrees Celsius, and
44 + 1 degrees Celsius, respectively. Additionally, it was
found that the larger the seeds, the shorter the time
required to complete seed germination at the optimum
temperature. Large seeds in populations 3 and 4 showed
faster germination compared to smaller seeds
(populations 1 and 2), likely due to the higher energy and
nutrient reserves provided by larger seeds. However, the
models predicted that smaller seeds had a lower base
temperature compared to larger seeds.
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Table 1- Characters of different seed lots of buckwheat used in this experiment
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Figurel- Measuring the morphometric characteristics of buckwheat seeds using Digimizer software
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Figure 2- Continued Figure 2- Cumulative germination of buckwheat seed lots against time at different temperatures
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Table 3- Analysis of variance buckwheat germination rate index of four seed lots influenced by temperature

Sl e o Kile

Mean square

Sl S sl
Germination rate index

Dl e REBIRESY Vgodesy Yokoss Y sodyens Fodens
S.0.V. df Seed lot 1 Seed lot 2 Seed lot 3 Seed lot 4
s 10 0.614+ 0.582 0.805* 0.552+
Treatment
£ LT sl
TS 22 0.0004 0.0006 0.0002 0.0007
Error
3) Ol kS o
e 3.91 4.74 2.62 5.12

%CV

**Significantly at 1% probability level.
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Table 4- Mean comparison of buckwheat germination rate index of four seed lot influenced by temperature

Sl Ly atls
Germination rate index (h?)

(ks 2 53) Lo Voless Yooy Ysobesg Fsdors

Temperature °C Seed lot 1 Seed lot 2 Seed lot 3 Seed lot 4
4 o] 0 0 o]
7 0.24f 0.23f 0.23" 0.25
10 0.27f 0.25f 0.271 0.26f
15 0.40° 0.40° 0.45¢ 0.35¢
20 0.63¢ 0.69¢ 0.74¢ 0.70¢
25 0.81° 0.83¢ 0.91¢ 0.83¢
30 1.232 1.16° 1.342 1.142
35 1.228 1.142 1.35% 1.148
37 0.95° 0.97° 1.22° 0.91°
40 0.26 0.21f 0.31f 0.28f
45 o] 0 0 o]

OS15 0 53T Sl eslizal b s s ) T 53 13 an M sy s 3
Similar letters are not significantly different (0<0.01) based on Duncan test.

ol CJ;?).; Sl Caltbee gladis 531 gl e le —0 Jsd
Table 5- Models fit indices derived from seed germination of buckwheat

Sokess g s el Omd e ot Sley e Kok ae ool ot SSUET axls
Seed lot type Function R? RMSE AAlc
14 95
0.95 0.014 -95.85
Segmented
e ol
. e ok 0.95 0014 -84.85
\ Godess Dent-like
Seed lot 1 o2l Ll ke de 0.89 0.022 -88.53
Beta 4 parameters ' ' '
o el )l ey by
Ak g 0.83 0.02 -79.51
Beta 5 parameters
15
e 0.96 0.01 -102.0947
Segmented
Sle Ol
. e 0.96 0.01 -91.09
Y ohess Dent-like
Seed lot 2 o bl oler b Jue 089 0.02 -90.54
Beta 4 parameters ' ' '
o el ey
Ak g 0.89 0.01 -81.88
Beta 5 parameters
15
e 0.85 0.04 -73.8374
Segmented
e sl
, e 0.85 0.04 -62.83
Yoders Dent-like
o byl Hlgr s
Seed lot 3 Al e & 0.74 0.052 -68.89
Beta 4 parameters
o )l e b J
ArE R 0.85 0.037 -65.57
Beta 5 parameters
145G g3
e 0.83 0.037 -76.6631
Segmented
e ol
‘ Ok 0.83 0.037 -65.66
Forboss Dent-like
o galyl lex b
Seed lot 4 Uk e b e 072 0.045 72.18
Beta 4 parameters
o ol )l ey by
Ak g 0.84 0.033 -68.78

Beta 5 parameters
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Table 6- Parameters derived from application of different models on seed germination of buckwheat

ab sl <l sles S ol sy B8 ol sl Cal (gla> St
& SHOTEE e k) (k) g am53) (g somy) e £ e
Function Seed lot type o - o - o - o - o i s a
Th (OC) To (OC) Tol (OC) TOZ (OC) TC (OC) FO
\RUSEEEPY
4.82 (1.61) 34.24 (0.85) _ _ 44.82 (0.86)  15.44 (0.95) _
Seed lot 1
Vsodiess
4.18 (1.35) 33.82 (0.69) 3 B 44.46 (0.66)  16.43 (0.80) 3
615 55 Seed lot 2
Segmented ¥ okoss
‘ 5 (3.25) 34.64 (1.53) _ _ 43.87 (1.34)  11.47 (1.47) _
Seed lot 3
Fsbosy
5(2.97) 31.69 (2.17) N B 4427 (159)  13.20 (1.56) _
Seed lot 4
\RUSEEEPY
4.82 (1.74) _ 32.45(555)  34.88(8.96)  44.82(0.93) 16.44 (4.91) _
Seed lot 1
Y odoss
4.18 (6) _ 32.39 (5.5) 34.34 (4.1) 44.46 (5.6)  17.26 (6.7) N
25l Ols Seed lot 2
Dent-like ¥oohesy
' 5(3.52) _ 33.71 (4.89) 3493 (2.14)  43.87(1.49) 11.84(6.52) N
Seed lot 3
Fobory
5 (6.5) _ 30.02 (7.3) 32.48 (8) 4427 (35)  14.08(9.1) N
Seed lot 4
\RUSE LR
4(8.13) 31.95 (1.40) _ B 4472 (0.74)  17.65 (1.34) _
Seed lot 1
Y Losg
e by J St 4 (6.63) 30.84 (1.42) _ _ 4459 (0.77)  19.21 (1.43) _
i Seed lot 2
(S aalvi
Beta 4 Yooy
PATAMEters  goo jor 3 4 (15.74) 32.10 (2.45) N B 4429 (1.16)  13.12 (1.82) N
Fodosy
5 (12.45) 30.95 (2.61) _ B 44.17 (1.32) 16 (2.31) _
Seed lot 4
Vodesy
4 (21.69) 31.73 (1.77) _ B 44 (9.59) 16.47 (1.67)  2.85(5.30)
Seed lot 1
Y Losyr
el d Sokes 4 (5.76) 30.74 (1.72) _ _ 44(8.64)  17.99(1.75)  2.50 (3.74)
i Seed lot 2
(S aaloi
Beta 5 Yooy
PATAMEtErS oo (o 3 4(17.16) 31.95 (1.18) 3 _ 44(1277)  9.89(150)  6.59 (29.61)
Fodosy
4 (15.17) 30.78 (1.32) _ B 44(12.35)  11.97 (1.79)  5.86 (22.16)
Seed lot 4

Numbers in parentheses are standard errors.
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