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Physiological Responses of Five Almond Species to PEG-Induced Drought Stress
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Fig. 1: Effects of drought treatments on leaf soluble sugars content of five almond species at four measurement times.
Times | and 1 are one and two weeks after the beginning of drought treatments and times I11 and IV are two and four
weeks after the recovery period, respectively. Vertical bars indicate + standard error (SE) of three replications
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Table 1: increase in total soluble sugars in leaves of five almond species under drought stress (¥s=-1.1 MPa) as
compared to the control (¥s=-0.1 MPa)

species («o5) | 1 1l v ave/rgge
(o5ke)
mg/g % mg/g % mg/g % ma/g % mg/g %
P. dulcis 8.70 434 1262 526 16.48 80.5 12.95 60.3 12.69 59.2
P. eburnea 8.06 49.0 3.23 14.3 15.27 1195 14.33 104.0 10.22 71.7
P. scoparia 8.63 57.3 4.33 20.8 4.66 22.6 7.69 435 6.33 36.0
P. haussknechti 8.85 42.6 11.64 50.8 13.77 71.2 8.82 433 10.77  52.0
P. eleagnifolia 6.77 34.6 10.27  46.3 9.20 50.7 10.48 54.8 9.18 46.6
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I and 11: one and two weeks after the beginning of drought treatments
Il and 1V: two and four weeks after recovery period
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Fig. 2: Effects of drought treatments on free proline content of five almond species at different measurement times.
Times | and 1 are one and two weeks after the beginning of drought treatments and times I11 and IV are two and four
weeks after the recovery period, respectively. Vertical bars indicate + standard error (SE) of three replications
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Table 2: increase in free proline content in leaves of five almond species under drought stress (¥s= -1.1 MPa) as
compared to the control (¥s=-0.1 MPa)

species (as5) I ] 1 v average (,.5ls)
pmol/g % pmol/g % pumol/g % pmol/g % pumol/g %

P. dulcis 1.05 49.3 2.28 83.5 2.14 92.6 1.82 105.8 1.82 82.8

P. eburnea 1.45 67.8 2.13 70.1 0.00 0.0 1.15 54.8 1.18 48.1

P. scoparia 0.28 9.0 1.72 455 0.82 254 0.53 16.9 0.84 24.2
P. haussknechti 1.03 326 0.73 17.3 -0.51 -11.3 -0.60 -13.9 0.16 6.2

P. eleagnifolia 0.49 18.0 1.04 35.6 0.84 323 0.85 34.4 0.81 30.1

i glolord g5 5l i 50 5 Sl 5
S35 0395 3% 3 o i Yoz 5 92 AV 5 1
I and 11: one and two weeks after the beginning of drought treatments
111 and 1V: two and four weeks after recovery period
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Fig. 3: Effects of drought treatments on leaf water potential (LWP) of five almond species at different measurement
times. Times | and Il are one and two weeks after the beginning of drought treatments and times I11 and IV are two and
four weeks after the recovery period, respectively. Vertical bars indicate + standard error (SE) of three replications
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Table 3: Variations of leaf water potential (bar) in five almond species under severe drought stress (¥s=-1.6 MPa) in
comparison with the control (¥s=-0.1 MPa) at four measurement times

species («is?) ! I Il Iv average (;,.5i.)
-11.33 -9.33 -2.67 -2.00 -6.33
P. eburnea -7.33 -7.67 0.00 0.00 -3.75
P. scoparia -7.33 -6.67 1.67 1.33 -2.75
P. haussknechti -9.33 -8.00 0.67 1.00 -3.92
P. eleagnifolia -7.67 -9.33 -1.00 0.00 -4.50

(St sla s g, 5l ey atim 90 9 il g ]
o9 0395 £33l oy i oz 5 90 AV 5 M
I and 11: one and two weeks after the beginning of drought treatments
Il and 1V: two and four weeks after recovery period
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Table 4: Variations of pigments content in leaves of five almond species under severe drought stress (¥s= -1.6 MPa) as
compared to the control (¥s=-0.1 MPa)

species (<) chlorophyll a chlorophyll b total chlo.rophyll total carotenoids
(@ J29,) (b J35,k5) (Js J39,55) (U5 98535,05)

mg/g FW % mg/g FW % mg/g FW % mg/g FW %

P. dulcis -0.1 -3.6 -0.1 -10.1 -0.2 -5.9 -0.014 -35
P. eburnea -0.4 -12.7 -0.6 -33.9 -1.2 -27.0 -0.131 -29.2
P. scoparia -0.6 -20.1 -1.1 -46.2 -1.8 -34.5 0.035 152.2
P. haussknechti -0.1 -1.9 -0.1 -9.7 -0.1 -34 0.001 0.3
P. eleagnifolia -0.4 -19.5 -0.1 -12.7 -0.5 -18.4 -0.003 -0.7
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Fig. 4: Effects of drought treatments on pigments content of five almond species, at the end of drought period. Vertical
bars indicate + standard error (SE) of three replications
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Fig. 5: Effects of drought treatments on leaf superoxide dismutase (SOD), peroxidase (POD), catalase (CAT), ascorbate

peroxidase (APX) and glutathione reductase (GR) activities in five almond species. Vertical bars indicate + standard
error (SE) of three replications
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Table 5: Variations of antioxidant enzymes activities in leaves of five almond species under severe drought stress (¥s=
-1.6 MPa) as compared to the control (¥s=-0.1 MPa)

species (ss9) (35 gomns dpnST 5 gu0) (GlawmsST,) ;YLLS) (GlowmSTy b, 58l) GLS 90, ¢3:56515)
SOD POD CAT APX GR

units/mg % units/mg % units/mg % units/mg % units/mg %
P. dulcis 3453 1911 3.95 272 2.79 64.6 0.69 4313 0.81 89.0
P. eburnea 77.43 55.6 3.57 30.2 1.70 31.8 0.71 415.9 0.60 117.6
P. scoparia 11.24 22.6 2.18 16.3 0.93 22.6 0.45 104.7 0.32 451
P. haussknechti 18.20 94.9 0.87 5.6 0.68 155 0.46 2335 -0.86 -64.2
P. eleagnifolia 29.67 51.3 6.87 50.6 1.56 415 0.64 206.5 0.52 56.5

5598, 95645 :GR Glaus, @b, oSl APX VB CAT (laesly, POD (b gomd STy 400 :SOD
SOD: superoxide dismutase, POD: peroxidase, CAT: catalase, APX: ascorbate peroxidase, GR: glutathione reductase
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Physiological Responses of Five Almond Species to PEG-Induced Drought Stress
Zokaee-Khosroshahi', M. R., Esna-Ashari’, M., Ershadi®, A. and Imani*, A.

Abstract

Effects of polyethylene glycol-induced drought stress on some physiological characteristics of young seedlings of five
almond species (Prunus dulcis, P. eburnea, P. eleagnifolia, P. haussknechti and P. scoparia) were studied. Three
different drought levels resulted from three osmotic potential of the nutrient solutions including ¥s =—0.6, —1.1 and
—1.6 MPa and a control treatment (¥s =—0.1 MPa) were applied over 2 weeks followed by 4 weeks of recovery. Leaf
water potential (LWP) of treated plants was significantly decreased compared to the controls. Under severe stress, P.
dulcis had the lowest LWP among examined species. Soluble sugars and free proline were significantly accumulated in
leaves in response to drought stress. The greatest accumulation of soluble sugars was observed in P. eburnea and P.
dulcis under severe stress as compared to the control. Also, proline was greatly accumulated in the leaves of P. dulcis
and P. eburnea. Drought stress caused a significant decrease in chlorophyll a, chlorophyll b and total chlorophyll of the
leaves, but total carotenoids content was not influenced by drought. P. haussknechti and P. dulcis showed lesser
reduction in leaf chlorophyll content compared to the other species. The activities of antioxidant enzymes including
superoxide dismutase, peroxidase, catalase, ascorbate peroxidase and glutathione reductase were significantly increased
in leaves of the seedlings subjected to drought treatments. In conclusion, P. dulcis with the lowest LWP, the greatest
proline accumulation, relatively higher accumulation of soluble sugars and relatively lesser reduction in leaf pigments
under drought condition, showed the higher resistance to drought compared to the other almond species.
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