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Abstract

Unfavorable storage results in seed deterioration, physical and physiological damage to the seed. Seed deterioration depends on
temperature, seed moisture content and storage condition. In order to evaluate germination characteristics and storage capability of
alfalfa seeds stored under different storage conditions, a factorial experiment was conducted in a completely randomized design in
laboratory of Urmia University of Agriculture in 2016. The experiments included relative humidity in six levels (50, 60, 70, 80 and 90%)
and control (humidity in the range of 35 to 45%) and storage period (1, 2, 3, 4, 5, 6, 7, 8, 9 and 10 months) with three replications. The
results showed that all germination indices were affected by relative humidity and storage period. The interaction between seed moisture
and storage period significantly affected all germination indices, except germination uniformity. The highest germination percentage
(96.9 %) was recorded for the control, which decreased to 79.4 after 10 months of storage. The highest germination rate (0.071 per day)
was obtained for the first month, while the lowest (0.018 per day) was achieved in 90 % relative humidity and 10 months storage.
Radical length decreased from 5.95 to 3.98 cm under control condition and from 6.26 to 1.97 cm under 90 % relative humidity. Overall,
a high relative humidity resulted in an increased severity of deterioration. Slope of change was 3.8 under control condition, but 4.85
under 90 % relative humidity. Under control condition Seed germination reduced by 50% after 15 month of storage, while under 90 %
relative humidity, it reduced by 50% only after 4.5 month. Among germination indices, coefficient of velocity of germination, and
among seedling growth index, seedling length display the least change after storage.

Keywords: Germination percentage, Relative humidity, Storage capability, Seedling dry weight.
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Table 1- Analysis of variance of seed germination indices of alfalfa in different relative humidity
and storage duration
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Table 2- Analysis of variance of seedling growth index and seed vigour of alfalfa in different relative
humidity and storage duration
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Table 3- Changes in the germination index in different relative humidity and storage duration

(e y3) G54l g

(A 3) 58l g Sy oy

(o) 5,13, Germination (%) Coefficient of velocity of germination (%)
Storage (month) Relative humidity .. < b, Relative humidity .. < b,
50% 60% 70 % 80 % 90%  Control 50 % 60 % 70 % 80 % 9%  Control
1 92.3a-c 91.7a-d 91.3a-d 90.3a-e 883a-g 969a 44.6 ab 437a-d 453a 433ad 45.6a 46.7 a
2 91.3a-d 90.3a-e 89.7a-f 89.0a-f 85.3b-k 95.9ab 45.0a 43.1a-d 44l1ac 4l4ah 454a 46.2a
3 90.0a-e 88.0a-g 89.0a-f 883a-g 61.3qr 945a-c 41.0 a-i 418a-i 424a-h 410a-i 344j-q 431ad
4 88.7a-g 87.0a-i 85.0b-k 86.3aj 60.7qr 93.0a-c 402a-j 40.1aj 408aj 395al 33.6kq 4l0a-i
5 87.7a-h  85.3b-k 85.0b-k 84.3b-k 58.0r 92.0a-Cc 387a-m 39.2a-l 384b-m 383b-m 33.2pr 39.9a-l
6 87.7a-h  84.0b-k 83.0d-m 81.7e-n  40.7s 92.0a-Cc 379d-p 389am 380c-p 375dp 3L7pr 389a-l
7 84.3b-k  82.0e-n 79.3g-0 78.3h-0 37.0s 885ag 37.7dp 381lcp 37.3dp 36.8e-q 31.9p-r 389al
8 82.7d-m 78.7h-o  77.0i-p  75.7I-p 31.0s 86.7 a-j 36.3g-g 379d-p 36.8eq 36.2fq 313pr 37.8dp
9 78.7h-0  740m-p 75.7l-p  71.30p 16.7s 82.5e-n 36.1h-g 37.6d-p 3649g-q 351iq 30.6qr 37.8d-p
10 75.71-p  70.7op  73.0n-p  68.7pq 13.0s  79.4g-0 36.0h-g 353i-g 36.2fq 33.0lq 27.5r  36.8e-q
Model J.. Sigmoid  Sigmoid  Sigmoid Sigmoid Sigmoid  Sigmoid Single Single Single Single Single Single
R? 0.98 0.99 0.98 0.99 0.96 0.98 0.95 0.96 0.98 0.98 0.88 0.97
) ot (;,))_@jol?al.-)‘ia-.,;. (;-,Ua-«;l,?)@ju,?;_pﬂ
Storage (moﬁth) Average time germination (day) Germination rate (seed per day)
50% 60% 70 % 80 % 90%  Control 50% 60% 70 % 80 % 90 % Control
1 155j-1 1661 1531 1.67i-1 1411 147kl 0.067ab 0.060a-f 0.068ab 0.060a-f 0.069 a 0.071a
2 1.68i-1 165i-1 1.64i-1 1.74h-1 147kl 1.60i-I 0.066a-d 0.057a-h 0.063a-f 0.050a-k 0.066a-d 0.060 a-f
3 1819l 1.78¢g-l 1.68i-1 1.78g-1 250a-d 1.72i- 0.050 a-k 0.053a-j 0.054a-j 0.048a- 0.033h-n 0.053a-j
4 1.90f 1.83g-l 1.82gl 185¢g- 259a-d 1.81g-I 0.048 a- 0.044c-m 0.048a-1 0.048a-1 0.031i-n 0.051a-k
5 192f1 1.86¢g-1 18791 1.95el 2.63a-c 1.82¢-l 0.042c-n 0.043c-m 0.041d-n 0.037f-n 0.030i-n 0.044 b-m
6 194e-l 1.89f1 1.88fl 202d-l 2.68ab 1.84g-I 0.039e-n 0.042c-n 0.036fn 0.035fn 0.028k-n 0.041d-n
7 197e-k 195e-1 1.89f1 205d-j 2.72ab 1.87g-l 0.037f-n  0.038f-n 0.035f-n 0.034h-n 0.0251-n 0.039 e-n
8 1.98e-k 2.03d-j 191f1 227b-h 276ab 1.88g¢-I 0.033h-n  0.037f-n 0.034h-n 0.034h-n 0.022 mn 0.035 f-n
9 1.99e-k 211c-i 1.95e-k 234ag 277ab 1.90f-I 0.032h-n  0.036f-n 0.032h-n 0.031i-n 0.028 k-n 0.034 h-n
10 211c-i 2.07dj 1.97e-k 244af 287a 200d- 0.032h-n  0.026-n  0.033h-n 0.027k-n  0.018n  0.034 h-n
Mi:el Sigmoid  Sigmoid Sigmoid Sigmoid Linear  Sigmoid Single Single Single Single Single Single
R? 0.95 0.96 0.97 0.97 0.91 0.95 0.96 0.94 0.98 0.91 0.88 0.99

L Sl me sl 4o y3 O el pedaw SSls ghatals iz 05037 ool Ly Al o oS the (3 o SSG Jille (ghls 4T ks a3 (ol SOl
Means, in each trait, followed by at least one letter in common are not significantly different at the 5% level of probability-using

Duncan's Multiple Range Test.
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Table 4. Changes in the mean time and germination rate and radical and shoot length in different relative
humidity and storage duration

(sle) (5,15,
Storage (month)

Gap 280 Wl G380
Daily Germination Speed (1.day-)

(G35) 6555 558 g Oloj Jaw e
Daily average germination time (day)

Relative humidity .. < b,

Relative humidity .. < b,

50% 60% 70 % 80 % 90 % Control 50% 60% 70 % 80 % 90 % Control
1 0.054e 0.055e 0.055e 0.055e 0.057de 0.057de 185ab 183ab 183ab 181lab 17.7a-d 194a
2 0.055e 0.055e 0.056e 0.056e 0.059de 0.058de 18.3ab 18.1ab 179a-d 17.8a-d 17.1a-h 19.2a
3 0.056e 0.057de 0.056e 0.057de 0.087de 0.058de 18.0ac 176ae 178ad 17.7a-d 11.6no 189ab
4 0.056e 0.058de 0.059de 0.058de 0.082de 0.059 de 17.7a-d 17.4ag 17.0ah 173a-g 123no 187ab
5 0.057 de 0.059de 0.059de 0.059de 0.083de 0.060 de 175a-g 17.1a-h 17.0a-h 16.9a-i 121no 184ab
6 0.057de 0.060de 0.060de 0.061de 0.125c-e 0.060 de 175a-g 16.8a-h 166b-j 163ck 81p 18.4 ab
7 0.059de 0.061de 0.063de 0.064de 0.137cd 0.062 de 169a-i 16.4b-j 159e-l 157fl1 74pq 17.7ad
8 0.061de 0.064de 0.065de 0.066de 0.166c 0.064 de 16.5b-j 157f1 154h-m 151i-m 6.2q 17.4a-e
9 0.064 de 0.068de 0.066de 0.070de 0.300b 0.067 de 1571 148j-m 151i-m 14.3Im 33r 16.5 b-j
10 0.066 de 0.071de 0.069de 0.073de 0.424a 0.070de 15.1i-m 14.1Im 146km 137mn 26T 159 e-l
MJ():eI Single Single Single Single Single Single Sigmoid  Sigmoid  Sigmoid  Sigmoid  Sigmoid  Sigmoid
R’ 0.99 0.99 0.98 0.99 0.98 0.99 0.98 0.99 0.99 0.99 0.94 0.98
(raile) ey, Jsb (o Slo) el J b
(o) sl Radicle length (cm) Shoot length (cm)
Storage (MONtN)  5oos 6035 70%  80%  90%  Control 50%  60%  70%  80%  90%  Control
1 580a-d 579a-d 587ac b573ae 6.26a 595acC 37laf 424a 418ab 36lai 3.99ac 4.05ac
2 532a-e b5.04a-h b514af 497ah 6.1lab 545a-e 36la-i 387ad 400ac 36lai 37laf 394ac
3 462a-h 4.33a-h 452a-h 439a-h 4.32ah 447ah 359b-j 34lc-k 331d-l 356b-j 3.67a-h 39lac
4 462a-h 4.05a-h 4.16a-h 3.98b-h 4.22a-h 473ah 3.17e-0 317e-0 325d-n 335c| 34lck 346¢ck
5 432a-h 3.86b-h 3.87b-i 3.73c-i 4.20a-h 4.43a-h 3.04i-0 3.28d-n 32e-o0 330dn 339ck 331dm
6 418a-h 383b-i 3.72c-i 355ci 3.13fj 4.28a-h 296j-0 313e-0 3.03i-0 312fo 3.36c-k 3.23d-n
7 404a-h 3.78b-i 3.69c-i 349c-i 299fj 4.14ah 295j-0 3.07i-0 305i-0 312fo 3.34dm 322d-n
8 405a-h 365c-i 36lc-i 3.26ej 267hj 4.15ah 2.95j-0 3.04i-0 279k-g 295j-0 2.68m-q 3.22d-n
9 395b-h 364ci 333fj 312fj 236ij 4.05ah 294j0 2751q 296j-0 286kp 221q 3.21d-n
10 388b-i 317fj 305fj 282gj 197j 3.98b-h 2.660q 2570-q 285kp 229pg 140r  2.90k-p
Mi:el Single Single Single Single Single Single Cubic Cubic Cubic Cubic Cubic Cubic
R’ 0.98 0.96 0.98 0.98 0.95 0.98 0.91 0.98 0.94 0.95 0.98 0.91

R e L S5 gl als dm 35T alel p bl o 65 e 3 S Pl (glls S ks p 53 Sl o Sols
Means, in each trait, followed by at least one letter in common are not significantly different at the 5% level of probability-using
Duncan's Multiple Range Test.
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Figure 1- Changes in uniformity of germination in relative humidity and storage duration. The dissimilar
letters show non-significant differences at P<0.05.
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Table 5- Changes in the mean time and the germination rate in different relative humidity and storage

duration
CGnesiila) ol U5 opalS oS 05
Seedling length (cm) Seedling dry weight (g)
Sm(r”:;:(’;ﬁth) Relative humidity s <0, Relative humidity s <0,

50% 60% 70 % 80 % 90 % Control 50% 60% 70 % 80 % 90 % Control

1 951la-e 10.03ab 10.05ab 9.34a-c 10.24a 9.61a-d 0.015ab 0.015ab 0.015ab 0.016a 0.015ab 0.016a

2 893a-g 890a-g 9.14a-g 858a-h 9.87ac 9.02ag 0.014a-c 0.014a-c 0.015ab 0.015ab 0.014a-c 0.016a
3 7.79ai 7.74b-i 7.83ai 7.95ai 7.99a-i 7.87ai 0.013b-d 0.013b-d 0.014a-c 0.013b-d 0.013b-d 0.014 a-c
4 7.76ai 7.22c-i 7.12c-i 7.33b-i 79la-i 7.84ai 0.013b-d 0.013b-d 0.013b-d 0.013b-d 0.013b-d 0.014 a-c
5 7.29b-i 7.06d-i 7.01d-i 7.03d-i 7.6lai 7.36b-i 0.013b-d 0.013b-d 0.012c-e 0.012c-e 0.012c-e 0.014a-c
6 7.28b-i 6.99d-i 6.71fi 6.67fi 554ij 7.35b-i 0.013b-d 0.014a-c 0.01lde 0.01lde 0.012c-e 0.014a-c
7 7.08d-i 6.68fi 6.8lei 638g-i 542ij 7.15c-i 0.012c-e 0.012c-e 0.011de 0.011de 0.011de 0.013b-d
8 7.00d-i 6.72fi 6.68fi 598hj 435ik 7.07d-i 0.011de 0.010ef 0.010ef 0.009gh 0.011de 0.012c-e
9 6.91e-i 6.40¢g-i 6.38g-i 578ij 357k 6.87e-i 0.010ef 0.010ef 0.009gh 0.009gh 0.009gh 0.012c-e
10 6.83e-i 5.92hj 585hj 576if 227k 6.79e-i 0.009gh 0.008hi 0.008hi 0.007hi 0.007hi 0.012c-e

Mi:el Single Single Single Single Linear Single Linear Linear Linear Linear Linear Linear

R? 0.97 0.97 0.96 0.99 0.97 0.97 0.92 0.84 0.98 0.97 0.88 0.91
i Jeb el b Sis esls
(o) (5l length vigour index Weight vigour index

Storage (MONt) 5000 6095 70%  80% 9%  Control 50%  60%  70%  80%  90%  Control
1 878.7a-c 919.0ab 918.0ab 843.8a-c 906.4ab 9314a 136a-c 140ab 138a-c 147a 115b-h 143ab
2 814.7a-d 803.7a-d 820.2a-d 762.5a-h 843.9a-c 863.6acC 131a-d 1.28b-f 134ad 137ac 114b-h 1.38a-c
3 701.8a-i 6825a-k 696.8a-k 701.9a-i 491.0i-0 7439a-e 116 b-h 1.12c-j 1.25a-e 118b-g 086fk 1.22a-e
4 688.3a-k 628.8c-k 605.1d-k 632.8c-k 463.1j-p 729.6a-e 1.15b-h 1.12c-j 1.11c-k 1.14b-h 0.84fk 1.21b-f
5 620.3c-k 596.6e-l 571.0g-n 593.0e-l 459.2h-n 657.6 b-k 1.14b-h 1.13c-j 098e-k 1.04d-k 0.75g-k 1.19b-g
6 614d-k 593.4e-l 565.5h-n 5446 h-i 271.20-q 650.9c-k 1.14b-h 1.09d-k 0.94e-k 0.89fk 052h-i 1.19b-g
7 582.4f-m 548.2h-n 512.8i-0 499.9i-0 241.4p-r 617.3¢c-k 1.02d-k 096e-k 0.87fk 087fk 040ik 1.07d-k
8 564.4h-i 467.2j-p 508.2i-0 436.0m-p 172.0g-s 598.2e-I 092e-k 0.76g-k 0.73g-k 0.69g-k 0.28kl 0.96 e-k
9 572.7g-n 501.1i-0 506.5i-0 426.9m-p 59.7rs 607.1d-k 0.80g-k 0.76g-k 0.70g-k 0.659g-k 0.16Im 0.84 f-k
10 553.3h-n 45281-p 451.11-p 397.7n-q 259s 586.5fm 0.71g-k 057h-i 059h-i 049h-k 0.11m 0.74g-k
Mdo:el Single Single Single Single Single Single Sigmoid  Sigmoid Sigmoid Sigmoid Sigmoid Sigmoid

R? 0.98 0.97 0.98 0.99 0.96 0.98 0.95 0.93 0.98 0.98 0.98 0.95

Sl re gl Loy O JL..»\CLM,AQQ\: &) aals g 05057 el p sl o o7 2te 3 K Pl (slls & e 55 Sla (Sl
Means, in each trait, followed by at least one letter in common are not significantly different at the 5% level of
probability-using Duncan's Multiple Range Test.
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Figure 2- Effect of relative humidity on germination indices (a) and growth seedling and vigour (c) and storage tolerance of germination
indices (b), seedling growth and seed vigour (d) of alfalfa.

GP; germination percentage, GR; germination rate, GUC; Germination Uniformity Coefficient, CVG; Coefficient of VVelocity of
Germination, MDG; Mean Daily Germination, DGS; Daily Germination Speed, RL; radical length , HL; hypocotyl length, SL seedling
length, SDW; seedling dry weight, SLVI; Seedling length vigor index and SWVI ;Seedling weight vigor index
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Figure 3- Effect of relative humidity and storege period on chromosomal anomalies seed of alfalfa
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Figure 4- chromosomal anomalies radical of alfalfa after storege.

a) Non chromosomal anomalies in the anaphase stage, b) several fractures in anaphase stage and
¢) The existence of a single pols in anaphase stage.
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