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Table 1. Analysis of variance for germination traits of three clover species under drought conditions

Mean square Slay o (1 Kilo
- B bol  ebledss ST
s gl > ST IESRWES Sidle ey o . 4 d>ady,
e ol vl iy £ 5L
SOV azes
df
. Number of
Germination RaFe Of D50 secondary R/S
percentage germination
roots
A) S Dr(":;ght 6 6828.91" 732.99" 15.533™ 15247 3.291"
B) w5 Sp(‘;f;es 2 6430.42" 312.90™ 13.757" 138.38"" 2.386™
G Sas AxXB 12 808.55" 27.855" 2.560" 1277 2.478"
s Error 42 8.539 0.386 0.011 0.12 0.08
e CV (%) 3.90 3.64 2.29 10.29 16.34
(1) &l yuss

**Significantly at a probability level of one percent
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Table 2. Analysis of variance for germination traits of three clover species under salinity conditions

Mean squares Slasye ke
b ol (% Capnd
e o™ e blesil slass b
Olyeess gle NS s S5z e s 70 loazals A o azady,
SOV s(;f) $lez ole s azadls
Germination Rate of Abnormal Number of
L D50 . secondary R/S
percentage germination seedlings
roots
A) 5,55 S*‘(lgty 6 7890.32" 748.96™ 7.195™ 49.693™ 6.328" 24314™
B) st Sp(eBc)les 2 3274.77" 203.025" 2.244"™ 53.634™ 4338™ 0.8348"
Lgx (s 9 AxB 12 275.68"" 857.19" 0.933™ 9.931" 0.791" 0.0666"
o Error 42 3.603 2.436 1.733 0.126 0.0093 0.0003
SN
’“:/) TV () 2.68 9.39 2730 18.10 13.95 1.66

**Significant at a probability level of one percent
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Table 3. Effect of different drought (PEG-6000) stress levels on seedling traits of three clover species

S S ) Sislex ey 10+ b ol b s
JESTHIEARWER Ao, Sbleisl slows & dzdis,
GL Gy » s yle= ,
S  Species azadls
Drought Germination Germination D50 Number of
rate R/S
(bar) percentage (Seed/day) (h) secondary roots
0 100? 27%8 12 0! 1.65 %t
< -2 100 ® 26.53 ¢ 12.32°¢f 0' 1.66 9t
;! g -4 100°® 26 ** 12.64 < 0! 1.69 4
= .
= s -6 100? 23.44 9 1535°¢ 033! 1.72 et
- %)
Y L -8 92.66° 19.51°¢ 18.48 ¢ 0.46" 1.91
& -10 76.33 ¢ 12428 35484 1.16% 2.19°¢
-12 70.33 ° 10.51 " 53.95°¢ 153k 3.10°
0 100 ? 26.83%® 12.15¢ 3.33"h 1.13 1%
s 2 100 25.70 ¢ 12.47 < 4.16¢ 116"
S .
1 5 -4 100 24.11¢ 14.65 © 4.50 " 1.19 &
N <
i g -6 88° 19.56 15.08° 5.43° 1.60 efeh
=
9 s -8 76 ¢ 14.57° 17.26°¢ 6.23¢ 1.82 °%f
&~ -10 65° 10.58 " 18.63°¢ 6.63 ¢ 1.90 ¢
-12 7334 0.187 2422 7702 0.661
0 100? 25.62°¢ 12.63 < 2.16/ 1.42 e
< 2 99° 25.97"% 12.48 < 2701 1.45 cfehi
g! g -4 81.66 ¢ 20.53°¢ 1321 293" 1.46 &
. § -6 58.33 ¢ 11.25"° 18° 3.93¢ 1.82 cdef
" E -8 41.66" 7.211 40.47 476 ° 1.94 <
-10 1633 0.917 182.4° 6.03¢ 4.97°
-12 - - - - -

35l (gl sire B /D mlas ;0 LSD (g03T ulisl 1 cy5s o 30 aliee g > slls (sl Silo
Averages with similar letters in each column based on LSD test did not show significant difference at the level of 0.05

LY sl o (SY ol 43s8 )0 azalS LSas poe oaias las -

- Indicates the absence of seedlings in Lacquerous clover in a -12 bar potential
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Table 4. Effect of different salinity (NaCl) stress levels on seedling traits of three clover species

. ) B Fob Cund
Sy GBS s oo Siler Cepm TB Bl b glaazals bldd ol s
0L I Gay 2 %) & yale= gole ads, S "
azadly
laais”  Species Germinatio Number of
Salinity Germination nrate D50 Abnormal um Zr N R/S
bar ercentage (Seed/day) h seedlin, secondary
p g g roots
0 100° 27° 124 of 0¢ 1.50¢
2 100*° 27° 124 of 08 1524
g a a d f g c
9 g -4 100 27 12 0 0 1.56
X ‘: a P
= =y -6 98.66 ° 24.67° 14.69 ¢ of 08 1.74°
E E -8 89° 19.19 % 16.64 9 of 0.55°¢ 1.71°
-10 60.66 © 9.80 % 29.97° 133°¢ 0.65°¢ 1K
-12 39.66 " 6.12 1% 4931° of 08 *
0 100° 26.83° 12.154 of 08 0.98 &
2 98.66 ° 25.50° 12484 of 08 1.03 1
g
1 g -4 83.66 ¢ 18.31° 16.40¢ 1.66 036" 1.08"
~
EN <=
1 S -6 57° 11.65¢ 17.81 5.66°¢ 1.63¢ 137
=
2 3 -8 43¢ 8.60 °F 17.16 7.33° 2.30° 0.95!
~ .
-10 28.661 4.46¢ 20.46 8.33° 2.70° 0.83™
-12 4k 3.79 ¢ 180 of 0¢ *
0 100° 26.102 12.44¢ of B 130
2 992 2627° 12.47¢ of 0¢ 135°
9 § -4 86.33 " 20.86° 13.47¢ 033F 031° 139°¢
. I~
2 g -6 72.66 ¢ 16.64°¢ 15.50 ¢ 433¢ 1.51¢ 1.55°
\,]3 g e d cd c c ij
= -8 60.33 11.73 17.15 533 2.13 1.011
-10 39.66 " 6.36 22.99 < 7° 2.40° 0.77"
-12 227 1h 1762 of 08

Fob o ale pas #0505 55l gme S /00 mhaws ,0 LSD (g0l wlul 5 gie pa 50 aline Gy, lyls slo il

S 0y50 SlaaisS o 15 mhaw (nl o 4zl LA pas a0 azadle a4 azay,
Averages with similar letters in each column based on LSD test did not show significant difference at the
level of 0.05. Failure to calculate the root-to-shoot ratio of the root-to-root ratio as a result of no seedling
formation at this stress level in the species
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Fig. 1. Regression diagrams comparison of
germination percentage (a) and germination rate
(b), over three clover species under drought and
salinity iso-osmotic potentials (R* at 95%
confidence interval).
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Short Research Paper

Study of Germination and Seedling Growth Parameters of Three Clover
Species (7Trifolium spp.) under Drought and Salinity Stresses

Forough Hajivand Ghasemabadi', Hamid Reza Eisvand™ ", Naser Akbari’, Omid Ali
Akbarpour’

Extended Abstract

Introduction: Agriculture has been influenced by different abiotic stresses such as temperature, drought
and salinity, which reduces roughly half of the yield of crops. In many forage plants, germination and early
seedling growth are the most sensitive stages of their growth in the face of environmental stresses. Current
research was conducted to study the effects of drought and salinity iso-osmosis stresses on germination
indices and growth parameters of three clover species, including Trifolium resupinatum, T. alexandrinum and
T. incarnatum.

Material and Methods: Two separate experiments (drought and salinity) were conducted as a factorial
experiment based on a completely randomized design with three replications. The test factors included clover
species with three levels, including 7. resupinatum, T. alexandrinum and T. incarnatum and different levels
of drought and salinity potentials (0, -2, -4, -6, -8, -10 and -12 bar) due to polyethylene glycol 6000 (PEG
6000) and sodium chloride (NaCl), respectively. Sterile disposable petri dishes with a diameter of 10 cm
were used, in each of which, 27 seeds were placed on filter paper and then 5 ml of the desired treatment
solution was added to each. Petri dishes were then placed in a germinator at 20°C and relative humidity of
75%. After the end of the desired time germination (About 14 days), from each petri, germination percentage
and rate, number of secondary roots, time to get 50% germination (D50), root to shoot ratio and the number
of abnormal seedlings were recorded.

Results: Inhibitory effects of salinity and drought stresses affected all germination indices. Germination
percentage, rate of germination, root and shoot length all decreased with increasing stress levels, while time
to get 50% germination (D50) increased with the increase in stress levels. Under both drought and salinity,
all growth parameters of Trifolium resupinatum were higher than the other two species. Germination
percentage of 7. incarnatum was 0% at -12 bar of drought, but germination of 7. resupinatum and T.
alexandrinum was 70.33% and 7.33% at -12 bar of these stresses, respectively. Under salinity conditions, all
the seeds of the three species germinated at -12 bar. Root to shoot ratio increased with increasing stress levels
and at high stress levels, it decreased. The decreases were 41.39% and 0% in drought and salinity,
respectively. The number of secondary roots increased with increasing stress levels and the maximum
number was observed in Trifolium alexandrinum which was 5.42 and 1 in drought and salinity, respectively.
The number of abnormal seedling increased with increasing salinity levels, while under drought conditions
there was no abnormal seedling.

Conclusion: Comparison of the effects of sodium chloride and polyethylene glycol showed that sodium
chloride reduced germination index due to toxic effects or osmotic effects more than polyethylene glycol
solution. It seems that Trifolium resupinatum has the best yield in both drought and salinity stresses, and that
in drought condition, 7rifolium alexandrinum, and in salinity stress, Trifolium incarnatum have the best
performance.

Keywords: Allometric coefficient, Clover, Germination percentage, Osmotic stress

Highlights:

1- Introduction of clover species with more tolerance to drought and salinity in germination stage.
2- Evaluation of germination indices of clover species under drought and salinity iso-osmotic conditions.
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