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[Medicago laciniata (L.) Mill]
The role of some metabolites on the osmotic adjustment mechanism in annual cutleaf

medic [Medicago laciniata (L.) Mill] under drought stress
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Fig. 1. Curve of soil moisture (PF) for measurement of soil water potential in pots
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Table 1. Summary of Analysis of variance of soil water potential and genotypes effects on RWC, Osmotic potential, Osmotic adjustment, Proline,
Soluble sugars and soluble proteins

MS Sl Kl

@1 a2 ST (e S sime & ol Jomiley & ool s oAsn Jslows slas Jsloms o555
df. &£, Osmotic Osmotic Proline Soluble Soluble
RWC potential adjustment (mg/g Fwt) sugar protein
S.0. V. Ol i pe (%) (MPa) (MPa) (mg/g Dwt) (mg/g Fwt)
Block &S 2 23.45%%* 0.005™ 0.002™ 6.62™ 153.2™ 0.7528%**
Genotype (G) S 1 1156.5%* 0.26** 0.139** 1930.5%* 13114.6%* 32.5%%*
Water potential (WP) T Jailsy 3 2108.7** 0.58** 0.377** 2862.9** 3815.5%* 21.22%*
G x WP Joeily X 555 3 279.2%%* 0.098** 0.22%* 111.5%* 870.3%* 10.04**
Error (155 14 2.85 0.005 0.001 5.6 118.8 0.177
C.V.% I S _ 227 4.10 13.05 6.30 8.10 7.50

** and *: Significant, significant at 1% and 5% probability levels, respectively.
ns: non-significant
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Table 2. Mean comparisons for elements concentration and soluble protein of leaf in drought sensitive and tolerant genotypes of cutleaf medic under
different soil water potential

=t ol Py 2 Jsbome 550
K" Ca®* Mg* Zn** Soluble Protein
(mg/g Dwt) (mg/g Dwt) (mg/g Dwt) (mg/g Dwt) (mg/g Fwt)
Sl O ity e e e e e e e Jooe ol e
Soil water potential (MPa) Sensitive Tolerant Sensitive Tolerant Sensitive Tolerant Sensitive Tolerant Sensitive Tolerant
-0.03 28.40 ¢ 29.20d 12.7d 12.7d 2.81b 2.94b 0.091 a 0.093 a 8.5a 8.1a
-0.10 30.04 ¢ 32.63 ¢ 139¢ 145¢ 298D 3.11b 0.090 a 0.091 a 3.8b 72a
-0.20 32.81b 42340 14.7b 163 b 2.83a 337a 0.062 b 0.071b 2.7¢ 73 a
-1.00 36.62 a 46.72 a 16.7 a 17.1a 2.75b 356a 0.042 ¢ 0.061 b 1.8d 59b

s 13 Sme ;S;I: laalsdin 05037 olusl s dep 330 Jlaz>| Cl:.—:): GobT b 5105 a5 aS 2he o slyls _gu;nijl.:n [Py
Means followed by the same letter, in each column, are not significantly different at 5% probability level- Using Duncan Multiple Range Test.
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Table 3. Summary of Analysis of varicance of soil water potential and genotypes effects on K*, Ca®", Mg*" and Zn*"

(MS)  cla e Kk

6315 amys - S (e S
df. K" Ca® Mg* Zn*"
S.0. V. S (mg/g Dwt) (mg/g Dwt) (mg/g Dwt) (mg/g Dwt)
Block <S5 2 0.407" 0.114™ 0.004™ 0.0001™
Genotype (G) S 1 288.48%* 5.93** 1.055%* 0.0002%*
Water potential (WP) ST sl 3 181.21%** 17.9%* 0.047* 0.002%*
G x WP Jemily x 5 535 3 29.13%* 0.724** 0.172%* 0.00007 ™
Error Lo 14 2.75 0.129 0.015 0.00003
CV.% Sk _ 4.7 2.42 4.05 7.48

Jl.ss'.u}:‘c ns .\..Zbda Y IARSI C)Ja.» BERSEYY )lsw odias Olis L S a
** and *: Significant at 1% and 5% probability levels, respectively.
ns: non-significant
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Fig. 4. Variation of osmotic adjustment in two sensitive and tolerant genotypes in different drought levels.
Vertical bars indicate sampling errors

i LI CE DU B
A S e Jemte S

75
60 4
=
=
o0 45 4
on
é r
csa 30 <
F
&~ 15 4

0 T T T

-0.03 -0.1

-0.2 -1

Soil Water Potential (Mpa)

dfb—uTJ:mdu&u@)ba%jngy M)ww;ﬂ;fj,a&)ﬁw—bp
L & god (gl oias QLS (63 508 sladls

Fig. 5. Variation of proline concentration of two sensitive and tolerant genotypes cutleaf medic in different soil
water potential. Vertical bars showes sampling errors


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.2.1.2
http://agrobreedjournal.ir/article-1-293-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-12-25 ]

[ DOR: 20.1001.1.15625540.1385.8.2.1.2 ]

VWA Olisls oY o5leh cozin dlr <Ol (8155 sk alons”

250

- O S S
? —A—JL}M&NM”
/R 200 4
on
)
g
1 150 9
S
<
on
H
2 100 4
=
=
(=3
w2

50 T T

-0.03 -0.1

Soil Water Potential (Mpa)

ST T Gl sl ooty 93 0oy 2 65 iy Jaie 5 ol 5 55 93 slos slal8 Sl S
L & god (Gllas okins UL (63 508 sladls

Fig. 6. Soluble sugar concentration of two sensitive and tolerant genotypes in different drought levels. Vertical
bars indicate sampling errors

50
® |
E 40
on
)

E 30
g
2
<
= 20
[-®
10 r

- W = sl CSsS
—— Sy e 5

-0.03 -0.1

-0.2 -1

Soil Water Potential (Mpa)

G_{‘a-uTukmdqubjéo%jdfjmﬁM)wh};_éyj)bdfjﬁﬂtiw—VJ&&
Liwr (5,15 pa sad (glas odins UL (63 sas (slaals

Fig. 7. Leaf Potassium concentration of two sensitive and tolerant genotypes of cutleaf medic under different soil

water potential. Vertical bars indicate sampling errors

68 o) 5307 56 O e 4l ¢ (Patakas et al., 2002)
2l s et 313 iy Gaies 4 L alS
Qd:l:duqéjjjﬁhacﬁ»_lf.uuﬁtﬁ
33 olie ool Bl Ol S BT Sl i
PR SN FUN I EGH Y RN I
9 V.j_J_.:..a cr.:»_lf J_*.at.o BE LaoT J_nLE.‘.‘.» C)\J._?\

@\_‘3 M dg) ol cbj_:)‘bH 9

J—s s S e Ol pLw Ol i
U g amiy oS (g5, ( Kameli and Losel, 1995)
f..uf}@-,_: S35 ,~ (Khanna et al., 1995) ol,1Sea
O a5 5L )3 poely O (omed Sl Gt
GlS s G s Jals L 5 Ladss,
Al e ey Sl 5158 A ST el

b ahls glas ey olda A1l s ege A


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.2.1.2
http://agrobreedjournal.ir/article-1-293-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-12-25 ]

[ DOR: 20.1001.1.15625540.1385.8.2.1.2 ]

T el 0B S 5l s b S e (S

P A e 3 (el AE Ol jes 5ok 4 ol
S5 G ol gl Jl a4 S e ) (ST
S5l ool (SKist a4 Jess ol Bl e Sliws
o L a8 ey o B ols O g5 4
3 Sl Jrmily 5 (s 2T Ol e (oo Db
a8 53 el i 58 g5l S5
3 o S 4 Jamte gl 55 g lelid @ Ol
Ol iomad Gl gl 387 18 oL iz
& ol Sl 5 J ! (\L? 33RWC ¢, Ss5lul & sls
s—le lajlme Ol e 40 Ll g5 o0 (gl ‘5%\? B
amiy 53 (S 4 Jeie Sl g5 olelis 6l

S B eslizal 3550 0y 5y IS

References

T Con g aalllan S 5ls OLEs )y
Sl e S S b s OlalS
el A4S 3 b e B g S
ibed b e >y seSLs T
(Taiz & Zeiger, 2002)
0T 2,5 0155 o G5 ) 51687 S (6,8 v
oy S iy (S Jomte (55 S
=l sl 18" 5 5L [Medicago laciniata (L.) Mill]
Fho S 5 0T o Ol e 8l K 5V 61
A5 3l O gl als 5 Lal b s (gl Jeily
F bl s S e el ol oo 55 ol
5o Gads (g e Gy b Sl (el 0B

T 5 S Sl a3 .3l Ol IAY o)led 5 4,55 .0lS @m0 la s

VA e 5 o Sl s 30 DLl LSS (laesni
r.lau'f.b\;a)é‘fjbdb&Lg\AAerJﬁwbrg)ljd;&)w‘jﬁ,&bjd}ﬁp‘.
(2 P8 e s e S Dol 30 Dy Lal (O 011 5

oddﬁjd‘e\_:)jjﬁo}d‘m‘)j‘)&_ﬂ\f

il o 53 5508 S bl el 55T e LSl S e - b ole SIS L
oo VO (555318 (6558 55 g 0dStin 55 L glaomalS 5 G54l

amiy o8l 2T dalsy )85l slacd ple ST

FrFALRIY Ol (o) psbe dlama o) 55 Calen 7 5k s

Antoline, M. C., and M. Sanchez-Diaz. 1993. Photosynthetic nutrient use efficiency, nodule activity and solute

accumulation in drought stressed alfalfa plant. Photosynthetica. 27 :595-604.

Atkinson, C. J. 1991. The flux and distribution of xylem sap calcium to adaxial and abaxial epidermal tissue in

relation to stomatal behaviour, J. Exp. Bot. 42: 987-993.

Bajji, M., S. Lutts and J. M. Kinet. 2001. Water deficit effects on solute contribution to osmotic adjustment as

a function of leaf ageing in three durum wheat cultivars performing differently in arid conditions. Plant

Sci.160: 669-681.

Bates, L. S., R. P. Waldern and 1. D. Tear. 1973. Rapid determination of free proline for water stress studies.

Plant Soil. 39: 205-207.


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.2.1.2
http://agrobreedjournal.ir/article-1-293-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-12-25 ]

[ DOR: 20.1001.1.15625540.1385.8.2.1.2 ]

WAD Sl o o)led cptin dler 01yl (o) ke done”

Bittman, S. and G. M. Simpson. 1989. Drought effects on water relations of three cultivated grasses. Crop Sci.
29: 992-999.

Blum, A. 1989. Osmotic adjustment and growth of barley genotypes under drought stress. Crop Sci. 20:
230-233.

Bradford, M. M. 1976. A rapid and sensitive method for the quantification of microgram quantitites of protein
utilizing the principle of protein-dye binding. Analy. Biochem. 72: 248-254.

Glenn, E. P., J. Brown and M. Jamal-Khan. 1997. Mechanisms of salt tolerance in higher plants. The
University of Arizona. pp: 83-110.

Handa, S., R. A. Bressan, A. K. Handa, N.C Carpita and P. M. Hasegawa. 1983. Solutes contributing to
osmotic adjustment in cultured plant cells adapted to water stress. Plant Physiol. 73: 834-843.

Hare, P. D., W. A. Cress and J. Van Standen. 1998. Dissecting the roles of osmolyte accumulation during
stress. Plant Cell Environ. 21: 535-553.

Heber. U., L. Tyankova and K. A. Santarius. 1971. Stabilization and inactivation of biological membranes
during freezing in the presence of amino acids. Biochem. Biophys. Acta. 241: 578-592.

Hoagland, D. R. and D. I. Arnon. 1950. The water-culture method for growing plants without soil. Circ. 347.
Univ. of Calif. Agric. Exp. Station, Berkley.

Iannucci, A., M. Russo, L. Arena, N. D. Fonzo and P. Martiniello. 2002. Water deficit effects on osmotic
adjustment and solute accumulation in leaves of annual clovers. Euro. J. Agron. 16: 111-122

Irigoyen, J. J., D. W. Emerrich and M. Sanchez-Diaz. 1992. Water stress induced changes in concentrations
of proline and total soluble sugars in nodulated alfalfa plant. Physiol. Plant. 84: 55-60.

Jones, M. M., C. B. Osmond and N. C. Turner. 1980. Accumulation of solutes in leaves of sorghum and
sunflower in response to water deficits. Aust. J. Plant Physiol. 7: 193-205.

Jiang, Y. and B. Huang. 2001. Osmotic adjustment and root growth associated with drought pre-conditioning-
enhanced heat tolerance in Kentucky bluegrass. Crop Sci. 41: 1168-1173

Kaiser, W. M. 1989. Effect of water deficit on photosynthesis capacity. Plant Physiol. 71: 142- 149.

Kameli, A. and D. M. Losel. 1995. Contribution of carbohydrates and other solutes to osmotic adjustment in
wheat leaves under water stress. J. Plant Physiol. 145: 363-366.

Khanna, C. R., S. M. Vasudev, M. Maheswari, A. Srivastava and D. Bahukhandi. 1995. K" osmoregulation
and drought tolerance: an overview. Proc. Indian Nat. Sci. Acad. B61: 51-56.

Khan, M. G., M. Silberbush and S. H. Lips. 1998. Response of alfalfa to potassium, calcium and nitrogen
under stress induced by sodium chloride. Biol. Plant. 40: 2, 251-259.

Ludlow, M. M. and R. C. Muchow. 1990. A critical evaluation of traits for improving crop yields in water-
limited environments. Adv. Agron. 43: 107-153.

Martin, M., J. A. Morgan, G. Zerbi and D. R. Lecain. 1997. Water stress imposition rate affects osmotic
adjustment and cell wall properties in winter wheat. Ital. J. Agron. 1: 11-20.

Moynihan, J. M., S. R. Simmons and C. C. Sheaffer. 1996. Intercropping annual medic with conventional
height and semidwarf barley grown for grain. Agron. J. 88: 823-828

Martynez J. M., S. Luttsa, A. Schanckb, M. Bajjia and J. M. Kineta. 2004. Is osmotic adjustment required
for water stress resistance in the Mediterranean shrub (Atriplex halimus L.) J. Plant Physiol. 161: 1041-1051.


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.2.1.2
http://agrobreedjournal.ir/article-1-293-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-12-25 ]

[ DOR: 20.1001.1.15625540.1385.8.2.1.2 ]

T el 0B S 5l s b S e (S

Munns, R., G. R. Cramer and M. C. Ball. 1999. Interactions between rising CO,, soil salinity and plant growth
In: Luo, Y. and Mooney, H. A. (Eds.) Carbon dioxide and environmental stress. Academic Press, New York,
pp: 139-167

Patakas, A., N. Nikolaou, E. Zioziou, K. Radoglou and B. Noitsakis. 2002. The role of organic solute and ion
accumulation in osmotic adjustment in drought-stressed grapevines. Plant Sci. 163: 361-367.

Puritch, G. S. and A. V. Barker. 1967. Structure and function of tomato leaf chloroplasts during ammonium
toxicity. Plant Physiol. 42: 1229-1238.

Rascio, A., C. Platani, G. Scalfati, A. Tonti and N. D. Fonzo. 1994. The accumulation of solutes and water
binding strength in durum wheat. Physiol. Plant. 90: 715-721.

Ritchie, S. W., H. T. Nguyen and A. S. Haloday. 1990. Leaf water content and gas exchange parameters of two
wheat genotypes differing in drought resistance. Crop Sci. 30: 105-111

Sanchez, F. J., M. Manzanares, E. F. de Andres, J. L. Tenorio and L. Ayerbe. 1998. Turgor maintenance,
osmotic adjustment and soluble sugar and proline accumulation in 49 pea cultivars in response to water
stress. Field Crops Research. 59: 225- 235.

Schubert, S., R. Serray, E. P. Balzer and K. Mengel. 1995. Effect of drought stress on growth, sugar
concentrations and amino acid accumulation in N, fixing alfalfa (Medicago sativa). J. Plant. Physiol. 146:
541-546.

Stewart, E. A. 1989. Analysis of Vegetation and Other Organic Material. Academic Press, New York. pp:
46-60.

Teulat, B., P. Monneveux, J. Wery, C. Borries, I. Souyris, A. Charrier and D. This. 1997. Relationships
between relative water content and growth parameters under water stress in barley: a QTL study. New
Phytol. 137: 99-107.

Taiz, L. and E. Zeiger. 2002. Plant Physiology. 3rd Edition. Sunderland Massachusett. pp. 34-46.

Turner, N. C. and M. M. Jones. 1980. Turgor maintenance by osmotic adjustment: a review and evaluation. In:
Turner, N.C. and Kramer, P.J. (Eds.), Adaptation of Plants to Water and High Temperature Stress. Wiley—
Inter-science, New York, NY, pp. 87-103

Tsugane, K., K. Kobayashi, Y. Niwa, Y. Ohba, K. Wada and H. Kobayashi. 1999. A recessive Arabidopsis
mutant that grows photo-autotrophically under salt stress shows enhanced active oxygen detoxification. Plant
Cell. 11: 1195-1206.

Zhang, J., H. T. Nguyen and A. Blum. 1999. Genetic analysis of osmotic adjustment in crop plants. J. Exp.
Bot. 50: 291-302


https://dor.isc.ac/dor/20.1001.1.15625540.1385.8.2.1.2
http://agrobreedjournal.ir/article-1-293-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-12-25 ]

[ DOR: 20.1001.1.15625540.1385.8.2.1.2 ]

VWA Olisls oY o5leh cozin dlr <Ol (8155 sk alons”

The role of some metabolites on the osmotic adjustment mechanism in annual
cutleaf medic [Medicago laciniata (L.) Mill] under drought stress

Ghorbani Javid, M., F. Moradi?, Gh. A. Akbari’, I. Allahdadi*

ABSTRACT

In order to study the role of some metabolites as proline, soluble sugar, soluble proteins and inorganic solutes
on osmotic adjustment mechanism and variation of water relationship in cutleaf medic [Medicago laciniata (L.)
Mill] under drought stress, a greenhouse experiment was conducted in 2004, at the Agricultural Biotechnology
Research Institute, Karaj, Iran- using a factorial arrangement in RCBD with three replications. Two genotypes of
cutleaf medic, sensitive and tolerant to drought stress was treated in four levels of water stress including: -0.1,
-0.2, and -1 MPa as low, medium and high stress levels, respectively and normal condition (FC = -0.03 MPa).
Results indicated that high stress decreased RWC of sensitive genotype. Increases in organic metabolites
accumulation as Proline, soluble sugar and inorganic solutes as potassium were associated with a decrease in
osmotic potential in tolerant genotype as compared to sensitive genotypes. This study revealed that osmotic
adjustment, through increasing slouble sugar and potassium ion was considered as an important mechanism for
drought tolerance in annual cutleaf medic, as in tolerant genotype, it was almost twice in comparison with

sensitive genotype.

Keywords: Annual cutleaf medic, Drought stress, Osmotic adjustment, Proline, Soluble sugar, Soluble

proteins, Water relation.
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