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Table 1. Mean comparison of the effect of water potential on germination percentage of Fenugreek at test

temperatures
o Jemilsy Temperature (°C) Ls
Water potential (MPa) 5 10 15 20 25 30 35
0 99.5° 98.5° 99° 100° 100 96.5° 61.5°
0.2 98.5" 99° 98* 99° 96.5" 75.5° 4.5
-0.4 98.5" 96.5" 99° 95.5° 10° 0° 0°
0.6 97.5" 59° 58° 76° 0.5 0° 0°
-0.8 58.5° 35.5° 8° 0° 0° 0° 0°
-1 0° 0o 0° 0° 0° 0° 0°
-12 0° o 0° 0° 0° 0° 0°
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RS TIPS

In each column, the same letters indicate no significant difference based on the LSD test at the 5% level.
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Fig. 1. Mean comparison of interaction effect of water potential and seed aging on germination percentage of
Fenugreek at 40 °C temperature. The same letters indicate no significant difference based on the LSD test at

the 5% level.
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Fig. 2. The Effect of Water potential on germination rate of Fenugreek at 15 and 35 °C temperatures. In each
section of this figure, the same letters indicate no significant difference based on the LSD test at the 5% level.
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Fig. 3. The Effect of seed aging on germination rate of Fenugreek at 15 °C temperature. The same letters

indicate no significant difference based on the LSD test at the 5% level.
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Table 2. Mean comparison of interaction effect of water potential and seed aging on germination rate
(seed/h) of Fenugreek at experimental temperatures

Temperature (°C) Ls

2 s <l ey
Seed aging Water potential (MPa) 5 10 20 25 30 40
0 0380  0.838° 1.607°  1.508*  1.031*  0.084
-0.2 0325°  0.670  1.107°  0.886°  0.289°  0.084°
-0.4 0.205¢  0.452¢ 0.712°  0.048° 0? 0°
s 0.6 0.140° 0255  0.171°  0.004¢ % 0
Non aged . . . |
0.8 0.049 0.039'® 0 0° 0 0°
-1 08 08 oh 0° 04 0°
-12 08 08 oh 0° 0¢ 0°
0 0.314>  0.731° 1.456°  1.257°  0.848°  0.023°
-0.2 0.233¢ 0.614° 0974  0.666° 0.313° 0°
-0.4 0.197¢  0.420¢ 0.554°  0.034° 04 0°
2l 0.6 0.135° 0087  0.142¢ 0° o 0°
Aged f f h d
0.8 0.059 0.046'® 0 0° 0 0°
-1 08 08 oh 0° 04 0°
12 08 08 oh 0° 0¢ 0°

olis aop 0 Jlis! mhaw ;0 LSD fygej] Gulul 5 1) (gl ime M3 S pte By o Jilas slls slaySile coygim 2 50

MOGN

In each column, the same letters indicate no significant difference based on the LSD test at the 5% level.
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Fig. 4. The effect of water potential and seed aging on seedling vigor index of Fenugreek at 15 °C temperature. In
each section of this figure, the same letters indicate no significant difference based on the LSD test at the 5%

level.
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Table 3. Mean comparison of interaction effect of water potential and seed aging on seedling index of
Fenugreek seed at experimental temperatures

Temperature (°C) ks

s ls; o il
Seed aging Water potential (MPa) 5 10 20 25 30 35 40
0 57.90° 59.77° 59.37° 33.80° 25.96° 10.49° 1.10°
-0.2 4131Y  44.9° 443°  2435°  13.19° 048  0.44°
-0.4 4921°  50.68° 46.95°  1.05 0° 0° 09
s 0.6 2473 2757% 1773 008 0 0 0!
Non aged ) | d
0.8 471" 5.686° 08 0 0° 0° 0
-1 0 of 08 0¢ 0° 0° 09
-12 0 of 08 0¢ 0° 0° 09
0 54.03°  56.70° 52.65° 2597° 16.81° 7.29°  0.26°
0.2 36.15°  43.88° 3620 18.87° 10.85¢  0.43° 0?
-0.4 33137 40.24°  33.13¢ 03¢ 0° 0° 09
b P .
bl 0.6 11.86" 5944 5927 ¢ 0 0 0!
Aged i £ d d
-0.8 374 445° 08 0 0° 0° 0
-1 0 0f 08 0¢ 0° 0° 09
-12 0 0f 08 0¢ 0° 0° 09
olis a0 0 Jlis! mhaw ;0 LD fygej] Golul 5 1) (gl sime M3 S pide By S Jilas slls slacSile w2 50

SRS oo
In each column, the same letters indicate no significant difference based on the LSD test at the 5% level.
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Fig. 5. The effect of water potential on soluble sugar of Fenugreek at 25, 35, and 45 °C temperatures. In each
section of this figure, the same letters indicate no significant difference based on the LSD test at the 5% level.
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Fig. 6. The effect of seed aging on soluble sugar of Fenugreek at 25, 35, and 45 °C temperatures. In each
section of this figure, the same letters indicate no significant difference based on the LSD test at the 5% level.
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Table 4. Mean comparison of interaction effect of water potential and seed aging on sugar soluble (mg/g
seed weight) of Fenugreek seed at experimental temperatures

Temperature (°C) Lo

s Jlss &l Jeily
Seed aging Water potential (MPa) 5 10 15 20 30 40
0 15.16' 16.4* 18.33" 19.23' 23.5" 25.1¢
0.2 16.73" 18.5 19.43¢  22.03"  2553¢ 2643
0.4 18.16° 18.6 20.56"  2426% 2663  28.83°
I\;J(';i :;:d 0.6 19.66" 217 22.16° 2496  28.06°  30.33¢
0.8 21.13° 2356 23.03° 2583 266"  30.63¢
-1 22764 25.03%  25.6° 26.93°  31.23"  32.16°
1.2 2536°  26.53°  27.46°  29.56° 30.3% 32,53
0 16.63" 17 19.53¢  20.06°  24.03"  24.9¢
0.2 18.43%  19.56'  20.13%  24.03% 26 28.8°
0.4 19.53° 207" 21.03" 2513 2676"  29.2°
‘“z;gs} -0.6 21766 2273 2403 277 2873 31
0.8 23.8° 24.4%  2423% 2633 209 32.26°
-1 2573 255°  26.83° 2933 32.16°  35.23°
1.2 2833 3043"  30.96" 32.5° 34.53"  36.26°

b5 aoys 0 Jlaml gaw 45 LD fygesl Gobol s |y olsisine D3| S ite v S Bl shls slainSile o5t 2 o

RS TIPS

In each column, the same letters indicate no significant difference based on the LSD test at the 5% level.

o3l )50 slales ;5 allits oS (s 50s 055 2 Js08,5ee) st ods Oliee 2o Jlgs 5 2l Jemily (2iSomp (5Silo dnglin 1B Jgor
Table 5. Mean comparison of interaction effect of water potential and seed aging on proline (umol/g seed weight) of
Fenugreek seed at experimental temperatures

Temperature (°C) ks

e

Treatment 5 10 15 20 25 30 35 40 45
0 0.8635°  1.087°  1.240° 1.573° 1.662° 2.104°  1.950°  1.841¢ 1.796°
0.2 11314 1.310° 1419 1.886%  1.990% 2297  2.07° 2.109°  2.109°
Ol ity 0.4 1.488°  1.623°  1.702°  2.094 22289 2521 2397 2.169°  2.198°
ngfigl 0.6 1.802°  1.985°  2.030° 2318  2377° 2715 2456  2511° 258
(MPa) -0.8 1965 2.104%  2223° 2362 2.660° 2819 271 2466 2.72°
-1 2322° 2402 2521° 2630  2.854™  3.132° 2963 2943  2.794°
-1.2 2.501° 2596 2.744° 2943 2943*  3251° 3157 3.032  3.092°
s%Jls;  Nonaged  1.452°  1.620°  1.728°  2.081° 2148  2460°  2.334°  2227° 2213°
:;fé aged 1.998" 2,124 2237° 2435 2.627° 2922 2724 2650 2.728"

s o Hlis |y a0 0 Jleisl s 5o Slo sime S pae LSD 5031 50 S piiie B> ygim 50 50 g 5lesd ,o00
In each treatment and column, the same letters indicate no significant difference based on the LSD test at the 5% level.
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Fig. 7. The effect of water potential on protein of Fenugreek at 5 and 30 °C temperatures. In each section of
this figure, the same letters indicate no significant difference based on the LSD test at the 5% level.
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figure, the same letters indicate no significant difference based on the LSD test at the 5% level.
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Table 6. Mean comparison of interaction effect of water potential and seed aging on protein (mg/g of seed weight) of
Fenugreek seed at experimental temperatures

5 s o il Temperature (°C) Lo
e Water potential
Seed aging (MPa) 10 15 20 25 35 40 45
0 31.03%2 34962 3773  38.6" 449" 4426  40.56"
-0.2 41.96°  44.43° 47560  51.06°  48.73°  47.93" 45668
04 445%  46.8°  51.16%" 5426  50.28 538 48.76%
Jlss o9 0.6 45.73% 5080 529%  551% 234 s5gg% 5756
Non aged -0.8 47.86%  53.56% 53.26% 5843  60.16° 58.76%  60.2¢
-1 55.9° 5523 60.06%  68.8°  61.96° 60.539  63.46°
-12 58.43° 57° 63.13%  71.2°  66.56°  70.56°  65.8
0 3930 40.56° 45530 46.16%8  55.8° 4756 50.8%
-0.2 45.96%  50.5¢ 483" 5746 5563°  51.06%"  53.06°
-0.4 49.73° 5059 58.26%  552%  52.06% 53.73%  52.66°
3l 0.6 46.86% 527 55837 59.43°  54.16% 56.26% 51.56%
Aged b b C b be c ab
0.8 59.3 57.2 62.16  70.96°  64.8 64.23°  67.46
-1 63.23°  64.43"  66.56®  75.03"  67.5°  70.83° 68.86%
1.2 65.66°  66.16°  70.03*  77.03*  71.6°  75.43*  70.6"

i3 sad Ol aoys O Jlazl s 50 LSD oygm51 bl s 1 (5l sime M S j2itie G oSy Bl (ol (slocyeSiloo eygios o 5
In each column, the same letters indicate no significant difference based on the LSD test at the 5% level.
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Table 7. Mean comparison of interaction effect of water potential and seed aging on Catalase enzyme (mmol/g seed weight
per minute) of Fenugreek seed at experimental temperatures

o Temperature (°C) Ls
Treatment 5 10 15 20 25 30 35 40 45
0 0.054"  0.062¢ 0.070 0.077e  0.080 0.094° 0.092° 0.084° 0.081¢
0.2 0.066e  0.075"  0.083° 0.086% 0.098° 0.108 0.099°" 0.098 0.089%
O i -0.4 0.073%  0.080)  0.084° 0.092° 0.100° 0.106* 0.109°° 0.103* 0.100%
Water potential -0.6 0.079%  0.084¢  0.093%° 0.104> 0.107°° 0.116™ 0.113* 0.110 0.108"
(MPa) -0.8 0.086°  0.092*° 0.099® 0.105™ 0.109* 0.121™ 0.117 0.108™ 0.112"¢
-1 0.098® 0.101® 0.105® 0.114® 0.117" 0.127" 0.123*® 0.118° 0.118%
-12 0.102* 0.107* 0.111°  0.120° 0.124*  0.135°  0.130° 0.128"  0.124°
5 Jlss Non aged 0.066° 0.072° 0.082° 0.089° 0.097° 0.104° 0.105° 0.099" 0.096
Seed aging Aged 0.093* 0.099* 0.103* 0.110° 0.113* 0.126° 0.119" 0.115* 0.113°

o5 e (s |y o0 O Jleis s 5o lo e M3 pae LSD yg031 50 O jitie g o ygim 2 10 g Lo yo )0
In each treatment and column, the same letters indicate no significant difference based on the LSD test at the 5% level.
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Effect of Seed Aging and Water Potential on Seed Germination and
Biochemical Indices of Fenugreek (7Trigonella foenum-graecum) at
Different Temperatures

Hasan Teimori ', Hamidreza Balouchi >, Elias Soltani *, Ali Moradi

Extended abstract

Introduction: Seed germination is one of the most important and complex stages in the plant life cycle
and is affected by many hereditary and environmental factors. Various factors affect germination and
seedling establishment. Among these factors are the characteristics of the maternal plant (nutrition, genetics),
seed treatment stage at harvest time as well as environmental factors (temperature, water potential, and
ventilation and soil compaction). In addition, under the influence of seed loss during storage, seed vigor,
which is known as the first component of seed quality, decreases. The aim of this study was to investigate
germination and biochemichal responses of the aged seeds of Fenugreek to different temperature and
humidity ranges.

Materials and Methods: This experiment was conducted as a factorial based on a completely
randomized design with four replications in the Laboratory of Seed Science and Technology, Faculty of
Agriculture, Yasouj University in 2016. The experimental treatments consisted of nine levels of temperature
(5, 10, 15, 20, 25, 30, 35, 40 and 45 degrees Celsius), water potential comprised seven levels (zero (control),
-0.2,-0.4, -0.6, -0.8, -1 and -1.2 MPa) and seed aging at two levels (no aged (control) and aged seed).

Results: In this experiment, the effect of seed aging, water potential and their interactions in each
environment on germination indices (germination percentage and germination rate, length and weight vigor
index) and biochemical indices (soluble sugar, proline, soluble protein and catalase enzymes) of Fenugreek
seeds were significant. The results showed that in the aged seeds, the germination percentage and rate and
seedling vigor index tended to decrease with water potential reduction at temperatures below and above 20
degrees Celsius, whereas the amount of biochemical components of the seeds (soluble sugar, soluble protein,
proline, and catalase enzyme) increased.

Conclusion: In general, germination and biochemical indices of seeds of Fenugreek are sensitive to water
potentials, aging, and seed germination temperatures, respectively. In case of reduction in osmotic potential,
the germination temperature less than 20 °C resulted in increased germination resistance of fenugreek seeds
to a more negative water potential.

Keywords: Catalase, Drought stress, Germination percentage, Proline, Seed vigor, Soluble Sugar

Highlights:

1-Investigation of germination and biochemical properties of fenugreek aged seeds under different levels
of osmotic potantials and temperatures.

2- In areas with a lower osmotic potential, it is advisable to cultivate Fenugreek seeds at temperatures
below 20 °C.
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