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Table 2. Analysis of variance (ANOVA) of growth and morphological traits of F. excelsior under drought stress

“g’b";i:; gl F oL larpe eSle ol o i
F Mean Square Degree of freedom Traits

0.000** 13.87 223.229 3 Plant Height ¢l |
0.110™ 2.495 2.972 3 Basal diameteraa, L3
0.001% 17.018 15.301 3 Root biomassa.s., 5355
0.051 ns 4.046 1.461 3 Stem biomass 8L 5455
0.002%* 13.44 5.128 3 Leaf biomass <, 30455
0.001%* 17.490 52.575 3 Total biomass JS ssg5s;
0.012* 7.215 0.32 3 Root to shoot ,lse plal 4 4y, S
0.000** 147.96 911.336 3 Leaf area 5 mlaw
0.000%* 22.568 3053.403 3 Special leaf area 5 ,, 53,5 laws

IS sire BT 555 NS 1o )0 O mhaw ;o o g BB i cao )0 ) mhaw jo jlo sine BV e
*,** and ns indicate P < 0.05, P <0.01 and P>0.05, respectively
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Table 2. The mean comparison of growth and morphological traits of F. excelsior under drought stress
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25% FC 50% FC 75% FC 100% FC
20.6+1.41° 26£1.77° 26.5+2.9°P 38.2+1.79 2 Plant Height (cm)( e sols) elas |
7.93+0.72 8.04+0.72 8.25+0.37 @ 9.78+0.20°2 Basal diameter (Mm) (s o) 4y ko
2.13+0.472 2.2540.32 @ 2.66+0.33? 3.66+0.332 Stem biomass (g) (e ,5) 43l 559555
8.6+0.6 P 8.53+0.43 9.66+0.33 P 13.3+0.92 Root biomass (9)(p,5) as, 839553
/1.9+0.25 ¢ 2.98 -+0.16 b 3.5+0.29b 54+0.75 2 Leaf biomass (9) (s 5) S o055
12.5+0.95 b 13.8+0.15° 15.8+0.69 b 22+1.5¢2 Total biomass (9)(¢,5) JS o555
2.23+0.22 1.6240.06 ° /1.57+0.07 © 1.54+0.04 b Root to shoot ratio lsa elail 4 ady ) Cos
Different letters indicate significant differences between treatments (P < 0.05)
75 200
a 4 -
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Figure 1. Leaf area (LA) and specific leaf area (SLA) of F. excelsior under drought stress
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Table 4. Analysis of variance (ANOVA) of physiological-biochemical traits of F. excelsior under drought stress

& sne o F 5Ll CHTIJUNENK < 108 solilas s CHERS

Sig. F Mean Square Degree of freedom Traits
0.764 ™ 0.390 0.013 3 (Chlorophyll a) a_Lss,ls
0.837 ™ 0.282 0.001 3 (Clorophyll b) b Lss Is
0.780" 0.274 0.001 3 Total chlorophyll s L3s,1s
0.843"s 0.274 0.001 3 Total Carotenoidsasgsg,ls
0.001% 19.295 308.291 3 RWCS p Of (s slima
0.000** 21.421 0.955 3 Proline ;,.Js ,,
0.003** 11.974 115733.501 3 POD jlasTyy o5
0.045% 4.251 162.802 3 SOD 36 gaass 0S5 900 351
0.001%* V¥14.202/ 84.302 3 MDA 53 oglle

OIS e BT 055 NS 0o ;0 O mhaw jo lo jixe BT ik 0o )0 ) o (o Slo Jne OS] e

* ** and ns indicate P < 0.05, P <0.01 and P>0.05, respectively
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Table 5. The mean comparison of physiological-biochemical traits of F. excelsior under drought stress
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25% FC 50% FC 75% FC 100% FC
051£0.09%  0.59+0.09 @  0.66+0.152  0.55:0.6 Chlorophyll a (Mg (5 39 #,5 /5 skee) @ Jib5lS
510, 590, 66:40. 550, i
0194003 2 02240032  0.24+0.05 2 0.240.02° Chlorophyll b (MG/G ( (5 35 p55 [p5 cheo) B sds 15
fw)
0.71+£0.122 /0.8240.132 0.9140.22 0.76+0.082 Total Chlorophyll ¢ o35 5 5 () S5 39,45
(mg/g fw)
0.14+£002 ¢ 01540022  0.17£0.03°  0.14+0.04 @ Total Carotenoids (5 59 p.5 /¢S ko) 395550
(mglg fw)
44.99+0.77¢  52.53+3.88°  60.85+1.59° 68.3/+1.74 ¢ RWC(00,9) S 0l (o slomies
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Abstract

Drought is predicted to increase drastically in the coming decades, making it crucial to understand the
adaptive responses of tree species to such conditions. This study evaluates the effect of drought stress
on the morphological, physiological, and biochemical parameters of Fraxinus excelsior, a native
species from the Hyrcanian forest. The experiment was conducted using a completely randomized
design, where one-year-old seedlings were subjected to four water stress conditions: 25% (severe
stress), 50% (moderate stress), 75% (mild stress), and 100% field capacity (no stress). Results showed
that drought reduced the growth rate and biomass of seedlings. Compared to the control treatment, the
rate of decline in seedling height, biomass, leaf area, and specific leaf area index was 47.6%, 43.2%,
77.1%, and 38.1%, respectively, in the severe stress treatment. The root-to-shoot ratio increased by
44.8%. As water stress increased, the content of chlorophyll, chlorophyll a, chlorophyll b, and
carotenoids showed a slight and insignificant decrease. The relative water content of seedlings
decreased by 34.20% and 23.18% in severe and moderate stress treatments compared to the control
treatment. Proline and malondialdehyde increased by 93.8% and 165.06%, respectively, in the severe
stress treatment. Superoxide dismutase enzyme activity increased by 5%, while peroxidase enzyme
activity increased by 273% and 240% in mild and moderate stress treatments, respectively. The data
from this study suggests that F. excelsior seedlings cope with drought through avoidance and tolerance
strategies such as reducing growth and biomass, increasing root-to-shoot ratio, retaining
photosynthetic pigments and osmotic potential, and increasing enzymatic activities up to 50% FC.
This species is recommended for afforestation and reforestation in drought-prone areas.

Keywords: Antioxidant Enzyme, Field Capacity, Fraxinus excelsior L. Specific Leaf Area Index,
Water Defici.
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