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Table 1. Mean squarcs of Rhubarb germination indices under salinity stress.

Syg i il cod iy (Jiadler sla sl Ol o (1 S5lke ) Jgua

(Mean Squares) Sle o .5l

Sources of l oid ae elilazye Gialer sy il Sese dpady, ok ale b G An aslh aelS S aels S ok
variation Degrees of Germination Germination Radicle Plumule Seed vigor Seedling Seedling dry
freedom percentage rate length length index fresh weight weight
Treat Lo 9 254263 6.88" 589.73" 385.53 1902.43" 0.35" 0.0036
Exror s 20 2.59 0.00040 0.00040 0.00040 0.57 0.0000040 0.0000040
3.76 0.90 0.10 0.12 3.33 0.40 394

CV (%) ),

*+ Signilicant at 1% probability level

Table 2. Compare the average of Rhubarb germination indices under salinity stress

.‘_.’ r\_rhnv._m:.,h.rnu.vx__bﬁr.a

Gao i il o (plss ) (iailen Gl el il amulie Y oo

Sosd S pshe (Dl ey Sl e azady, Jsb o adile b A a2l (D) aelS S0 () amels SeS s
(,¥go loo) Germination Giay 45 1) (aicls) (Ll mw.& vigor moﬁm:.um fresh Seedling dry weight
Salinity sitress perceninge () Germination Radicle Plumule e werght (gr) (&r)
levels (mM) rate (day ") length (mm) length (mm)
0 84.44 a4 4394 40.60 a 32.82a 62 a 0.987 a 0.100 a
40 §1.11b 423b 39.15b 3165b 5743 b 0952b 0.097 a
80 76.66 ¢ 399¢ 3685¢ 2979 ¢ 51.09¢ 0.896 ¢ 0.091b
120 58.89d 3.04d 28.17d 22.77d 30d 0.684 d 0.070 ¢
160 32.22¢ 1.68 e 1549 ¢ 1252 ¢ 903e 0376e 0.038 d
200 2444 t 1.27f 11.70 ¢ 945f 517¢F 0.284 f 0.029 ¢
240 20 g 1.05 g 9.68 g 782 ¢ 350 g 0.235 g 0.024 f
280 17.77 gh 092h 8.55h 691 h 2.75 gh 0.208 h 0.021 fg
320 16.66 h 0861 7921 6401 239 ¢h 0.193 1 0.019¢g
360 15.55 h 0.81 744 6.01 2.09h 0.181 0.018 ¢

A5 gyl e M /40 Jleisl e ;o LSD fpgejl ol o8 i 8> S Jlas gl sla i Sile gt ya 50

In each column, means with at least one common letter are not significantly different based on [.SD test at 5% probability level.
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Table 5. Mean squares of Rhubarb germination indices under drought stress.

(Mean Squares) &ls o .Sl

35 s hilazs Gl s Gialr e azady, Job azaile Jsb hEn eela amelS g el Ss
Sources of variation Degrees of Germination Germination Radicle Plumule Seed vigor Seedling Seedling dry
freedom percentage rate length length index fresh weight weight
Treat Lo 9 1650.43" 453" 385507 251.86 1076.84" 0.23" 0.0024™
Error las 20 2.59 0.00040 0.00040 0.00040 0.47 0.0000040 0.0000040
rror
CV(%) (1) Olpuss <o o 4.45 1.06 0.11 0.14 433 0.47 4.60

** Significant at 1% probability level

feY Jlzsl mas o b_,vrw.rrbi

(S G T e il (592 S L (el sl £ Sy

Table 6. Compare the average of Rhubarb germination under drought stress.

i G sk () Gz dey  (Gilr Cepe azady, b ol kL oetlh () amelS oy amels Ses o
(Sl ) Germination Go, 5o i) (oo Loo) (o o) Jhe mmaﬁ:nm fresh (o,5)
Drought stress persentiage (1) Germination Radicle Plumule Seed vigor weight (gr) Seedling dry
levels (MPa) rate Emu.-_u length (mm) length (mm) index weight (gr)
0 8l.11a 424a 39.12a 3l63a 57.39a 0951 a 0.097 a
-0.3 65.55h 343h 31.63b 25.56b 3749b 0.769h 0.079b
-0.5 35.55¢ 2.89¢ 26.67 ¢ 21.56 ¢ 26.79¢ 0.649 ¢ 0.066 ¢
-0.7 40d 2.11d 19.44 d 15.71d 14.06 d 0473d 0.049 d
-0.9 2889 ¢ 149¢ 13.74 ¢ 11.12¢ 7.18¢ 0334 ¢ 0.034 ¢
-1.1 21.11f¢ 1.12f 10.36 838 f 396f 0.252f 0.027 f
13 18.89 fo 098 g 907 g 734 ¢ 3.10 fg 0221 ¢ 0.023 g
-1.5 17777 g 091 h 843 h 6.81h 271 g 0.205h 0.021 gh
-1.7 16.66 g 0.871 7.981 6.451 240¢ 0.1931 0.020 gh
-1.9 16.66 g 0.861 7.88] 6.37 237g 0.1921 0.019h

In each column, means with af least one common letter are not significantly different based on LSD test at 5% probability level.

Wil (gl g WS [0 Lol Ao jo LSD CT.L ook oS i B> SO BBlas gl)ls gla e Sils et 2 g0
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Table 7. Changes in seedling traits of Rhubarb in different levels of drought stress.
Traits Gl anls byl o chis (.Sl Aol g dayled o cas Kl AU SRS
Mean trait in control conditions Mean trait in intense stress conditions Changes percentage
Germination percentage yle aso s 81.11 16.66 79.46
Germination rate Sy e 4.24 0.86 79.72
Radicle length axaiy, Jsb 39.12 7.88 79.86
Plumule length azadlo Jobo 31.63 6.37 79.86
Seed vigor index S At sy 57.39 2.37 95.87
Seedling fresh weight axals 5 39 0.951 0.192 79.81
Seedling dry weight azalS Saz i 0.097 0.019 80.41
(S i lises ol 50 (wlgry yoe (2Ll 9590 Glhe (m 00lw (Sused culps A Jgoux

Table 8. Simple correlation coefficients between investigated traits seed of Rhubarb in different levels of drought stress.

Silyz deye Gl S azady, Jsb azdle Job o Shde ety azelS 5o agelS Sas g
Traits wlie Germination  Germination Radicle Plumule Seed vigor Seedling Seedling dry

percentage rate length length index fresh weight weight

Germination percentage  _jalg> oo o 1

Germination rate T PESC 0.99" 1

Radicle length dxaiy, Jsb 0.99™ 0.99" 1

Plumule length axdile Jsb 0.99™ 0.99" 1 1

Seed vigor index A asls 0.98" 0.98" 0.98" 0.98" 1

Seedling fresh weight azalS 5 59 0.99" 099" 099" 0.99” 0.98" 1

Seedling dry weight  axalS a5 59 0.99" 0.99" 0.99" 0.99" 0.98" 0.99” 1

** Significant at 1% probability level
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Abstract

Introduction: : Rhubarb (Rheum ribes L.) is an herbaceous and perennial plant from Polygonaceae family that
grows naturally in some regions of Iran and is considered as a valuable medicinal species in traditional medicine.
Germination stage is an importance of growth plants stages that often influenced by environmental stresses,
particularly salinity and drought. Environmental stresses especially water deficiency (drought) is of the most
important factors in arid and semi- arid regions of Iran that hugely affects plant growth especially in germination
and emergence stages. So, the present research was conducted in order to investigate the effect of salinity and
drought stresses on seed germination and seedling growth of Rhubarb under laboratory conditions. Using
rangeland species resistant to drought and salinity is essentioal for reform and development of rangelands. In
rangelands, drought and salinity are the two preventive factors for foliage production, due to their effect on seed
germination and seedling emergence. Salinity stress is one of the most important factors limiting in seed
germination and plants growth. Every year, drought stress causes great damages on crops in the world,
particularly in Iran with arid and semi- arid climate. Evaluation of crop tolerance to environmental stresses
particularly during seed germination and seedling emergence is a main measure to choose them for cropping in
different circumstances. Since common investigations in field conditions are time consuming and influenced by
many companion variables of soil, climate and agricultural practices, So a fast and precise evaluation of crop
response to stress would be achieved using an experiment in controlled environment conditions. In the same
context and in order to study the seed germination response of Rhubarb to salinity and drought stresses in
germination stage, two separate experiments was conducted based on a completely randomized design with three
replications.

Materials and methods: In order to study the effect of salinity and drought stresses on seed germination and
seedling growth of Rhubarb, two separate experiments were carried out based on a completely randomized
design with three replications (each replication included 30 seeds in petri dishes in 12 cm diameter) in
horticulture laboratory of Faculty of Agriculture, Shahrekord University, Iran. In the first experiment, the effect
of salinity stress levels (0, 40, 80, 120, 160, 200, 240, 280, 320 and 360 mM) induced by sodium chloride and in
the second one the effect of drought stress levels (0, -0.3, -0.5, -0.7, -0.9, -1.1, -1.3, -1.5, -1.7 and -1.9 MPa)
caused by polyethylene glycol 6000 on traits such as germination percentage, germination rate, radicle length,
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plumule length, seed vigor index and fresh weight and seedling dry weight were investigated. The seeds were
kept for 21 days in germinator with 16/8 h dark/light photoperiod (16 hours dark and 8 hours light) and
temperature 25 °C. Criteria germination seeds, exit radicle the size of two mm shell of the seed was considered.
Data variance analysis using the SAS software and traits means comparison using the least significant difference
test was conducted at 5 % probability level.

Results and discussion: According to the results of variance analysis, showed that significant (p < 0.01) effect
of different levels of salinity and drought stress on germination percentage, germination rate, radicle length,
plumule length, seed vigor index and fresh weight and seedling dry weight, so that with increasing salinity stress
level and drought all of the studied traits significantly (p < 0.01) reduced. Also, comparison of treatment means
showed that the most amounts of studied components such as germination percentage, germination rate, radicle
length, plumule length, seed vigor index and fresh weight and seedling dry weight were related to control
treatment (0 mM NaCl and 0 MPa PEG) and the least amounts of the above- mentioned traits were belonged to
salinity level 360 mM and drought level -1.9 MPa. In addition, the results current study indicate positive and
significant (p < 0.01) correlation all of the investigated traits together. In general, the results of this research
indicated that the plant Rhubarb, is highly tolerant to salinity and drought stress in germination stage.

Keywords: Sodium chloride, Polyethylene glycol, Germination percentage, Radical length, Seed vigor
index.



