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Effects of drought stress on germination and photosynthetic pigments content of
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ABSTRACT

To evaluate the effects of drought stress on seed characteristics, seeds of the tolerant and sensitive genotyps of
common bean were placed in petri dishes containing polyethylene glycol 6000 with concentration equal to -4, -8 and
-12 bar, according to CRD Design with three replication using factorial arrengment, Nine day later, radicle and
caulicle length were measured. The result showed that drought stress decreased germination speed and percentage,
radicle and caulicle length, radicle fresh and dry weight, caulicle fresh and dry weight. To study the physiological
processes, three genotypes including K-S-31167, GE-288 and Naz witch were respectivly tolerant, relatively tolerant
and sensitive to drought stress were selected from first expriment and were subjected to 4 level of drought stress
based on 25, 50, 75 and 100 percent of field capacity using CRD design with three replication using factorial
arrengment, Droght stress was applied five weeks after planting and lasted for 10 days. Second terifoliate were used
for sampling. The results indicated significant changes in the photosynthetic pigments content (PPC) and relative
water content (RWC). Tolerant genotype (K-S-31167) had greater PPC and RWC compare to relatively tolerant
genotype (GE-288) and sensitive genotype (Naz). This indicates that resistant genotype had higher membrane
stability during stress.
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Table 1. Analysis of variance for the percentage germination, germination speed, radicle length, plumule length,
radicle fresh weight, radicle dry weight, plumule fresh weight, plumule dry weight in K-S-31167, GE-288 and Naz
bean genotypes at control, -4, -8 and -12 bar

Mean squares

ANOVA df “Germination Germination Radicle Plumule Radicle Radicle Plumule Plumule
percentage speed length  length  Fresh weight dry weight fresh weight dry weight
Genotypes 15 0.147 2157 4117 1.0347 0.18" 0.002™ 0.397 0.003
Stress 3 9.11™ 181.62"  116.74" 97.13 6.41" 0.057" 46.89 0.25™
Genotypes x Stress 45 0.08" 0.74™ 128" 046" 0.12" 0.001™ 0.35" 0.002"
Error 128 0.004 0.05 0.02 0.01 0.0004 0.00001 0.01 0.00003
CV (%) 11.01 10.12 8.17 8.16 7.92 8.96 16.5 9.88

** Significant (P<0.01).
CV: Coefficient of Variation

Aoy S Jleisl mhaw jo jloboe e

b
3 CINE &
= i =
g : § 23
> g § E
- b fcd 5
Naz K-5-31167 GE-288 Naz K-5-31167 GE-288
Genotipe Genotipe

B Control O-4 bar B-8 bar

B Control Q-4 bar B-8 bar

GE-288 (K-S-31167 (slacuiss) (Cowly caoms JS&) (Sialsa Cao o g (G Coomw JS5) (Sials oy .5k N JSs
gl y0 5838 (g3l el Sglite B> sl (slagygie Sy o 50) LA 5 -F wald (g les mhaw ¥ 50 Log) Naz
(adyls o gime Sglas wus jo S

Figure 1. Change in the percentage germination and germination speed in K-S-31167, GE-288 and Naz bean genotypes at
control, -4 and -8 bar. Different letters indicate significant differences according to Duncan's test (P<0.01).
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Figure 2. Change in the radicle length and plumule length in K-S-31167, GE-288 and Naz bean genotypes at control,
-4 and -8 bar. Different letters indicate significant differences according to Duncan's test (P<0.01).
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Figure 3. Change in the radicle fresh weight and radicle dry weight in K-S-31167, GE-288 and Naz bean genotypes at
control, -4 and -8 bar. Different letters indicate significant differences according to Duncan's test (P<0.01).
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Figure 4. Change in the plumule fresh weight and plumule dry weight in K-S-31167, GE-288 and Naz bean genotypes at
control, -4 and -8 bar. Different letters indicate significant differences according to Duncan'’s test (P<0.01)
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Figure 5. Regression model of percentage germination and germination speed in 16 genotypes of beans at control,
4,-8 and -12 bar. Different letters indicate significant differences according to Duncan's test (P<0.01)
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Figure 6. Regression model of radicle length and plumule length in 16 genotypes of beans at control, -4,-8 and -12
bar. Different letters indicate significant differences according to Duncan's test (P<0.01)
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Figure 7. Regression model of radicle fresh weight and radicle dry weight in 16 genotypes of beans at control, -4,-8
and -12 bar. Different letters indicate significant differences according to Duncan's test (P<0.01)
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Figure 8. Regression model of plumule fresh weight and plumule dry weight in 16 genotypes of beans at control,
-4,-8 and -12 bar. Different letters indicate significant differences according to Duncan's test (P<0.01)
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Table 2. Analysis of variance for RWC, Chlorophyll a (a), Chlorophyll b (b), Total chlorophyll and Carotenoid (c) in
bean genotypes K-S-31167, GE-288 and Naz at three levels control, 50,75 and 25% of field capacity

Mean squares

ANOVA df RWC Chlorophyll a Chlorophyll b Total Chlorophyll Carotenoid
Genotypes 2 0.19 166 147 6.33 83.94
Stress 3 0.46 219.72 159.35 431.39 77.14
Genotypes x Stress 6 0.057 3.67 3.437 9.51" 14.74™
Error 24 0.003 0.18 0.13 0.15 0.13
CV (%) 8.31 3.25 3.34 2.08 3.57
** Significant (P<0.01). Ao, Sy Jleix! mhaw jo ol e

CV: Coefficient of Variation
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Figure 9. Change in the content of RWC in K-S-31167, GE-288 and Naz bean genotypes at control, 75, 50 and 25%
FC levels. Different letters indicate significant differences according to Duncan's test (P<0.01)
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Figure 10. Change in the content of Chlorophyll a (a), Chlorophyll b (b), Total chlorophyll and Carotenoid (c) in

K-S-31167, GE-288 and Naz bean genotypes at control, 75, 50 and 25% FC levels. Different letters indicate
significant differences according to Duncan's test (P<0.01).

oy sl wals a4 cad glogme 3l
© s (g3 els 4 cans Gl as 07 F/09)
ST 50 ddeliy)lS Slpime 15 mhaw (een
Silo e ials sallh 4 s Naz 4 GE-288
G idlS a0 j0FA 5 o VAP s pay) caly
Cod,b 0o ) 0VD mhw jo (Ve SS) (055 call 4
a5 0 (Bl Gl Glise o))
O g cpl jo 8l (gl s el oS
SoalaSs, glgizme o el Gl e
oy PVIOF s pay) Naz sy jo (sBle,e

e lyiome (2l)y Cod)b o)l mhaw o

G353 S M35, Oliee 5 quigii 4w 2 0D 52
3 Bl gyl g s Bl 4y s GE-288
Bl Py aw e 0 S gl (s
5 eaaline JS Angew Glgime 3 )l
G9y 50 S5 A Slgme jo Gl yieS
(09> vali @ Caws w38l s ,0) - YA) GE-288
Qo0 YY/- ) Naz sy 5o oyl oliwe o yidon g
(Ve JSK8) ol onaline (095 wald 4 s il
K-S31167 oy, gy S slyome (mizmon



Y\Y v SLalaSS, Glgize g il p S s Pl Kes g Sl

A0 o Sl S0 505 45 A (astien g (o) 2 G
3 eyl qas Jd cle @ ol Sy o
Nicolaeva ) cuwl colucan ) ;o 4 dtusly d> o

(etal., 2010

40 aS ‘S{LQ):L} ol lis Gudow oyl G)L..) ‘515)5194.,
il sip slaparlh auly Gl Ll
Gl Shy iz w8 slaels d>e o wndl
Sl 4 bae Slae oLl LL p Lol
Olsicay Naz ¢ Joie Cudgiy lgicay K-S5-31167
USRS SN SRR WPV JU g S W IE SN P
5 WSide i s i 5! o\.\ATCqu»)c\.g
gy aS ol lus (Soltani, 2014) leeniige
Naz 4 GE-288 .55 90 4 Cewd K-S-31167
Sl g Gdan Glgome (Blayg slaalas,
a5 Bl JS Gg Cei g e ol o
b oy ol YL plad gilal saseslis
PSS Odap Glie cwl i
L;.;.:....Sbl.; Slolo  damolis K-5-31167
9 4 o ey ol P (SlaST )
slewss plply .cwl Naz 4 GE-288 .45
L Joss Ll 5l goge> b Naz o K-S-31167
40 e,S s, @}c\ily- Ao o aile yog wles
arg b e S Ojgo aS Sl bl b culy
Slao g kil K-S-31167 ey aSil &
Ol G Jood (SiS S o8 oy 090
b‘& QL“; 6M ML.AO NaZ 9 é‘b
SiS ez &L p el iy plely
G 45) GE-288  ( Jorie) K-S-31167 o i

Sl Rl
Szl Cuz 0 5 Sliges el p e (Yghes
@ 1) Sasles 5 600 Colid )b (ol e 4z e
Joi 1) b onl dne l pase g eyl Jee
D35 o Sloya8 g Sis Wss,S

30 udlS as o FEIFA (o )0 PYIVY sy 4108
s 33935,5 5 J5 A D A @ Aiy 5
Sl jo 1alS Gl (a8 g (095 ol 4
K-S-31167 555 o coluye  sbalass,
Qo o0FPIAY o o0FF/B0 s oYANS o5 )
80w D Al @ Al 0 LielS sus 0AJAY
Al edslice (055 dall 4 Cad WSS 4 S
Sleme o Juals iy a5 ob las mls
VO gl o 5 NAZ (g )0 (S3lo )5 slaaihaS,
g 50 (V¢ JKD) clls 09y ol; eyl vy
&yg0dy K-S-31167 g5y o£ly5 oyl ao oV
Slyiome o0 o) 90 4 Cud Gl See
e JS2) csls g ytin adsa)5 g slan
Slceisy a5 sS85 58 Gl 500
b S 35955, 5 ausee Sl Seglie
ol ayls Slggeen ol (pl b as Wl iz s
Sl Glag) ulpd (S y0 a5 ail oo
Gl aile aSemg )5 sanS (Fg)
VW S VCING SN KVIC SOUOC IS VUK SPwe
5 (S8 4 kS Cuglie Wil e g 039 Sl
b sl zsho 00,8 oo b1, ileS] i
ol plple e s sl Syl el
ENIE S W N APYRE SN L
Jaleel et al.,, 2009; Du et al., 2010; ) ol
Do LaslaSs ) (glgizme ials (Cazzonelli, 2011
PSNIEIC UM FERPREIN.lo SRR WEPHICHK
U39 il 3o o lameyl cdld o
Parida et al., 2004; ) asb LS4, ol oile
aS Cawl oals 5,155 (Nicolaeva et al., 2010
Jdo 4 Sz a8 lulpd )0 (05 geaw Ghals
Vs pla 0 Dl slagefon o)
055t Jee ol Y Ll el (lgiesid)
(Lawlor & Cornic, 2002) coul oois asie
Jds 4 anie Gl [0 05 s e
PO (slapdy 5o SFoleny 4 0325, Bl Cunglis

Loyl )0 i e (glaiee Ol s ol ol (5158

1. p—carotene hydroxylase



VAP s o) 5l FA 8,58 ol s8ly; ol pole VA

REFERENCES

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Arnon, D. T. (1949). Copper enzymes in isolation chloroplast phenoloxidase in (Beta vulgaris L.).
Journal of Plant Physiology, 24, 1-15.

Arshi, A., Ahmad, A., Aref, I. M. & Igbal, M. (2012). Comparative studies on antioxidant enzyme
action and ion accumulation in soybean cultivars under salinity stress. Journal of Environmental
Biology, 33, 9-20.

Barss, H. D. & Weatherley, P. E. (1962). A re examination of the relative turgidity technique for
estimating water deficits in leaves. Australian Journal of Biological Science, 15, 413-428.

Bayoumi, T. Y., Manal, H. & Metwali, E. M. (2008). Application of physiological and biochemical
indices as a screening technique for drought tolerance in bean genotypes. African Journal of
Biotechnology, 14 (6), 2341-2352.

Beebe, S. & McClafferty, B. (2006). ‘Bio-Fortified Beans’, Breeding Crops for Better Nutrition.
HarvestPlus, CIAT, Cali-Colombia.

Bhatt, R. M. & Srinivasa-Rao, N. K. (2005). Influence of pod load on response of okra to water
stress. Indian Journal of Plant Physiology, 10, 54-59.

Blume, A. & Ebercon, A. (1981). Cell membrane stability as a measure of drought and heat tolerance
in wheat. Journal of Crop Scince, 27(1), 43-47.

Boydak, M., Dirik, H., Tilki, F. & Calikoglu, M. (2003). Effects of water stress on germination in six
provenances of Pinus brutia seeds from different bioclimatic zones in Turkey. Turkish Journal of
Agriculture, 27, 91-97.

Cazzonelli, C. 1. (2011). Carotenoids in nature: insights from plants and beyond. Journal of
Functional Plant Biology, 38, 833-847.

De, F. & Kar, R. K. (1994). Seed germination and seedling growth of mung bean (Vigna radiate)
under water stress induced by PEG-6000. Journal of Seed Science and Technology, 23, 301-304.
Dodd, G. L. & Donovan, L. A. (1999). Water potential and ionic effects on germination and seedling
growth of two cold desert shrubs. American Journal of Botany, 86, 1146-1153.

Du, H., Wang, N., Cui, F., Li, X., Xiao, J. & Xiong, L. (2010). Characterisation of the beta-carotene
hydroxylase gene DSM2 conferring drought and oxidative stress resistance by increasing
xanthophylls and abscisic acid synthesis in rice. Journal of Plant Physiology, 154, 1304-1318.
Ghaderi, N., Talaie, A. R., Ebadi, A. & Lessani, H. (2011). The physiological response of three
Iranian grape cultivars to progressive drought stress. Journal of Agricultural Science and
Technology, 13, 601-609.

Ghanbari, A. A., Shakiba, M. R., Toorchi, M. & Choukan, R. (2013). Morpho-physiological responses of
common bean leaf to water deficit stress. European Journal of Experimental Biology, 3(1), 487-492.
Ghani, A., Azizi, M. & Tehranifar, A. (2009). Response of Achillea species to drought stress induce
by polyethylene glycol in germination stage. Iranian Journal of Medicinal and Aromatic Plants,
25(2), 261-271. (in Farsi)

Gunes, A,, Inal, A., Adak, M. S., Bagci, E. G., Cicek, N. & Eraslan, F. (2008). Effect of drought
stress implemented at pre-or post-anthesis stage on some physiological parameters as screening
criteria in chickpea cultivars. Russian Journal of Plant Physiology, 55(1), 59-67.

Heidari, N. & Purusef, M. (2011). Effect of seed priming with polyethylene glycol and sodium
chloride on germination and growth indices of Pimpinella anisum L. lranian Journal of Medicinal
and Aromatic Plants, 27(3), 509-516. (in Farsi)

Jaleel, C. A., Manivannan, P., Wahid, A., Farooq, M., Jasim, H., Somasundaram, R. & Pannerselvam, R.
(2009). Drought stress in plants: a review on morphological characteristics and pigments composition.
International Journal of Agriculture and Biology, 11, 100-105.

Kafi, M., Nezami, A., Hosaini, H. & Masomi, A. (2005). Physiological effects of drought stress by
polyethylene glycol on germination of lentil (Lens culinaris Medik.) genotypes. Iranian Journal of
Field Crops Research, 3(1), 69-80. (in Farsi)

Kaya, M. D., Okcu, G., Atak, M., Cikili, Y. & Kolsarici, O. (2006). Seed treatments to overcome salt
and drought stress during germination in sunflower (Helianthus annuus L.). European Journal of
Agronomy, 24, 291-295.

Khan, M. A. & Ungar, I. A. (1984). The effect of salinity and temperature on the germination of
polymorphic seeds and growth of Atriplex triangularis willd. American Journal of Botany, 71(4), 481-489.
Levitt, J. (1980). Responses of plants to environmental stress: Water, Radiation, Salt and Other
Stresses. (2" ed.). Academic Press, PP: NewYork, 3-211.

Lawlor, D. W. & Cornic, G. (2002). Photosyntheticcarbon assimilation and associated metabolism in
relation to water deficits in higher plants. Journal of Plant Cell and Environment, 25, 275-294.



AR

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

v SLalaSS, Glgize g il p S s Pl Kes g Sl

Macar, T. K., Turan, O. & Ekmekci, Y. (2009). Effects of water deficit induced by PEG and NaCl on
chickpea (Cicer arietinum L.) cultivars and lines at early seedling stages. Gazi University Journal of
Science, 22, 5-14.

Maguire, J. D. (1962). Seed of germination aid in selection and evaluation for seedling emergence
and vigour. Journal of Crop Science, 2, 176-177.

Michel, E. B. & Kaufmann, M. K. (1972). The osmotic potential of polyeyhylene glycol 6000.
Journal of Plant Physiology, 51, 914-916.

Nikolaeva, M. K., Maevskaya, S. N., Shugaev, A. G. & Bukhov N G. (2010). Effect of Drought on
Chlorophyll Content and Antioxidant Enzyme Activities in Leaves of Three Wheat Cultivars Varying
in Productivity. Russian Journal of Plant Physiology, 57(1), 87-95.

Parida, A. K., Das, A. B. & Mittra, B. (2004). Effects of salt on growth, ion accumulation, photosynthesis
and leaf anatomy of the mangrove, Bruguiera parviflora. Journal of Trees, 18(2), 167-174.

Rane, J., Maheshwari, M. & Nagarajan, S. (2001). Effect of pre-anthesis water stress on growth,
photosynthesis and yield of six wheat cultivars differing in drought tolerance. Indian Journal of Plant
Physiology, 6, 53-60.

Ranjbarfordoei, A., Samson, R., Lemeur, R. & Van-Damme, P. (2002). Effects of osmotic drought
stress induced by a combination of NaCl and polyethylene glycol on leaf water status, photo-
synthetic gas exchange, and water use efficiency of Pistacia khinjuk and P. mutica. Journal of
Photosynthetica, 40, 165-169.

Rasool, S., Ahmad, A., Siddigi, T. O. & Ahmad, P. (2013). Changes in growth, lipid peroxidation
and some key antioxidant enzymes in chickpea genotypes under salt stress. Journal of Acta
Physiologiae Plantarum, 35, 1039-1050.

Saneoka, H., Moghaieb, R. E. A., Premachandra, G. S. & Fujita, K. (2004). Nitrogen nutrition and
water stress effects on cell membrane stability and leaf water relations in Agrostis palustris Huds.
Journal of Environmental and Experimental Botany, 52(3), 131-138.

Sharifi, P., Amirnia, P., Majidi, R., Hashem, E., Roustaii, H., Nakhoda, M. B., Alipoor Mohammad,
H. & Moradi, F. (2012). Relationship between drought stress and some antioxidant enzymes with cell
membrane and chlorophyll stability in wheat lines. African Journal of Microbiology Research, 6(3),
617-623.

Singh, S. P. (2007). Drought resistant in race Durango dry bean landraces and cultivars. Journal of
Agronomy, 99, 1219-1225.

Silva, M. D. A,, Jifon, J. L., Da Silva, J. A. & Sharma, V. (2007). Use of physiological parameters as fast
tools to screen for drought tolerance in sugarcane. Brazilian Journal of Plant Physiology, 19(3), 193-201.
Soltani, E. (2014). Biochemical and molecular changes in a number of bean genotypes under drought
stress. M. Sc. thesis. Faculty of Agricultural Science and Engineering, Department of Agronomy and
Plant Breeding. University of Tehran, Karaj. (in Farsi)

Zare, M., Mehrabi-oladi, A. A. & Sharafzadeh, Sh. (2006). Investigation of GA3 and Kinetin Effects
on Seed Germination and Seedling Growth of Wheat under Salinity Stress. Journal of Agricultural
Sciences, 12(4), 855-865.

Zheng, Yh., Xu, Xb., Wang, My., Zheng, Xh., Li, Zj. & Jiang, Gm. (2009). Responses of salt-tolerant
and intolerant wheat genotypes to sodium chloride: photosynthesis, antioxidants activities, and yield.
Journal of Photosynthetica, 47, 87-94.



