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Y



9,8 gl sl lié polie Giz g ST T Gla S 1 ysSele 2,8 Ll

G5 1 dpen 0 F S VN e s (aal)
o sloles e (s e oSs 28 e
A5 glasles omle prames 5 LS A5 g Jau e
Aol SN b L5y i
Jsdr) L2 sdalie 5lanSl oy ol clile . Sils
ﬁfTQM&JM ool Censay el e LY
S U 135Sk bl 3 36 o3 AT 5
5 OSsn pSShen 4k3S 1 Jse g S ke 1V 04
Dok Sl a4 bype ol ol Chle o S
s s e She NE Gk LSl
dglie Gizmen b edalie 0855 2 S e
st 30 pemg3 denS| s o 31 laesls (Sl
3B 2t il LB pl S S
oS 5 WA il b A 5 e b e
le b 55 s b el e a4 bgs e OF lde
TS R e P S P ANA
Ldd 25l 25 glajles mbe 5 o
(Y Jadr) LS sdalise (g)ls pme ool

S panS 5 S panp ol hls

LS 200 55 5 5 Sk polis Sl ol UL by
3 e ey oS sy Ol
e e (S A e IBHL 8, sbe
o o o ALY JSE) b a6 0 el
5650 Al ey id pole Ll (z s
WS 3 5Kl b cangen lajles s 580
S A S R e &
5 1osSile b e jon LS 53 S J5s (2

el Bl 055 s e ol e 15 O Ll d

a\s

koo 55 5 S T a5 il
Al Oli bseals ibols e 4 by e ml
i 5l e 2 sl 5 (Ko A i
3 g 3O ) 350 5ls me ) 2 35 50
mAl Dk S8 S ke el
5 VB GUpemss ASlm w3l GlaS),
Dy e Aoy S mhae 3 Jgee 555
mAl Dl e Sl esle Gl ies
Slio s » s ea g ol ixe U sems eS|
e sl () Jodor) s 1> fre 0l &S ol
Jslomn 85 hlE o i o ol OLES L 0L
S 3TMAO Sl by 25 Jles 4 by e
Y1/80 Sila b (55 05 b dali e & b e O
Gloles mle 5 ol S 5 05505 2 p S e
Sl Sull Ldd A5 B e (s S
el Sl opa s (Y sdr) AL edaliv
e S als 0L b Sl anylie mls VLS
b oas 25 Ll 4 by VUK o5l chle
Ok sl 4 Glaze 0T Jlde 1 208 5 4/080 (:Slee
ke a3 dsen S e 1YY S0k b 2
5 dase S5 glasles mle o (s ol s 0 S
b ge S5 5 i S5 sl ramed (LS LS
SNt i A5y dald b calg s s
pﬂ)j Cudlad o5L,s (Y J ) s edalis (g 5ls pns
R 48 315 0L b SOl dns s = Gls]
bt 55 sl 4 b eSSty eyl chale
oS e akE sy S e TIVY 500

o5 Ok el @ b O p xS s S



\O)Lo.,i:‘\‘ m‘ﬁongw..mgf@ls:\.ahl@s

CBU i (&Y S cil il el
sdalie dals L." J:MS d).)u )LQ.:: BE IS blﬂ )«ﬁL&
Ll sl s S ST sla Ty S 25 5 1Sl i (Sl el by 595 =) Jsdn

Table 1. ANOVA (mean square) of mycorrhiza and drought stress effect on antioxidant enzymes on
Paulownia seedlings

Jsbwe x5 SYOS 3T b pemys Sl 5l SleSly 5T (bl s S e
Soluble protein  Catalase  Superoxide dismutase Peroxidase df Sources of Variation
I Lo
16.20" 5.04" 0.002* 0.408" 1 5 _
Mycorrhiza
60.50™ 0.010™ 0.006™ 2.42" 3 o th“
Stress levels
e i
0.327" 2.63m 0.001" 0.118"s 3 & 7
Interaction
(155
6.88 3.95 0.00018 0.219 16
Error
e :
0.102 0.190 2.190 0.229 3 s e

Coefficient of variation
Ao 344 540 Olued clm 230l e S s e OV pe 5 S5 F*,*ang

ns, * and**: non-significant, significant at 95 and 99 percent confidential level, respectively

L sladly SmsSt ST slam 5l 2 15,5500 5 (Koo 25 esba (sl Olme olidl £) (1 Slas anslin =Y Jsir
Table 2. Mean comparison (+ standard error) of simple effects of drought stress and mycorrhiza on
antioxidant enzymes of Paulownia Seedlings

J g c . < 30 posd deeS| 3 gos o _ P
P - 49> 3 -
?gﬁfw" PSPy aids 5 e s f TR R4 2y .
I( ’IJ"J o (P (W.}f" f’.s“)" (850 0 S e s e
S&cr)n lé?/grpé?g;]n Catalase (milli SuperoxE?ne”?ilsmutase Peroxidase (milli Treatment Factors
weight of gr/mo:/n::)r;git%mllll gr/mol/minute/milli gr gr/mo:/n’;lor;git%mllll
leaves) arp protein) arp
m
31.45°+1.15 0.032¢ + 0.000 0.108° + 0.003 2.29°+0.147 .
Control
36.03° + 0.947 0.036 + 0.001 0.141° + 0.007 289"+ 0.103 s S
Mild Drought
stress
36.95% 0.803 0.041% +0.003 0.171%+ 0.009 3.36% +0.273 thﬂt
oderate
38.95'+1.16 0.045% + 0.002 0.176° + 0.008 3.77°+0.178 e
Sever
o5l b
35.02 +1.07 0.038 +0.002 0.1592+0.011 2.95+0.200 With
mycorrhiza 150,55 ke
55556 05 Mycorrhiza
36.66 +1.03 0.039 + 0.002 0.140° + 0.006 3.21+0.210 No
mycorrhiza

sl L@;I‘Jg}\bwﬂﬁ Sl Sl O sy alie Ly >
Similar letters in each column indicate non-significant differences between them.
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Figure 2. Changes in the concentration of macro and micro-elements in the leaves of Paulownia
seedlings inoculated and not inoculated with mycorrhiza under drought stress conditions
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Abstract

Background and objectives: Drought stress is one of the most important factors limiting plant growth
in the world and one of the most common abiotic stresses. Drought stress is a multidimensional stress
that stimulates a wide range of physiological, biochemical and molecular responses in plants. In arid
and semi-arid areas, the establishment and growth of young seedlings is completely affected by water
deficit and drought stress. In this situation, the use of symbiosis of microorganisms, especially
mycorrhizal fungi, can reduce the effect of drought stress via increasing the absorption of water and
nutrients. Therefore, the aim of this study was to determine the effect of mycorrhizal fungi symbiosis
on the absorption of the on the absorption of some macro and micro nutrients as well as the activity of
antioxidant enzymes of Paulownia fortunei (Seem.) Hemsl., known as a fast-growing species.

Methodology: This pot experiment was conducted in factorial form in a completely randomized design
with three replications and two factors. The first factor included four levels of drought stress (no stress
or control with full irrigation at 100% of crop capacity, mild stress with irrigation at 80% of crop
capacity, moderate stress with irrigation at 60% of crop capacity and severe stress with irrigation at 40%
of crop capacity) and the second factor which included two surfaces of using mycorrhiza (without and
with arbuscular mycorrhizal fungi). Application of drought stress treatments was done based on the
weight method. The investigated features included the measurement of soluble protein, catalase,
peroxidase, superoxide dismutase enzymes, as well as the absorption of nutrients such as phosphorus,
nitrogen, potassium, zinc, iron and manganese. The normal distribution and the homogeneity of the
variance of the obtained data were checked using the Shapiro-Wilk test and Levene's test, respectively.
Two-way analysis of variance was used to test the significance of the simple and interaction effect of
the factors. Duncan's multiple range post-hoc test was used to compare the means.

Results: The results of analysis of variance showed that the interaction effect of drought stress and
mycorrhiza was not statistically significant on any of the traits. The simple effect of mycorrhiza on the
changes of superoxide dismutase enzyme was significant, but it was not significant on other measured
traits. The results showed that drought stress significantly increased the amount of soluble protein,
peroxidase and superoxide dismutase activity. The highest concentration of soluble protein was related
to severe stress treatment with a mean value of 38.95 mg/g leaf wet weight, and the lowest is related to
the control or no stress treatment with a mean value of 31.45 mg/g leaf wet weight. However, no
significant difference was observed between mild, moderate and severe stress treatments. About catalase
enzyme no significant difference was observed between moderate and severe stress treatments, as well
as between mild and moderate stress treatments. The highest concentration of peroxidase enzyme was
related to severe stress treatment with a mean value of 3.77 mg/min per mg of protein and the lowest
mean value (3.21 mg/min per mg of protein) was related to non-stress treatment (control). No significant
difference was observed between the treatments of moderate stress and severe stress, as well as between
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the treatments of mild and moderate stress in terms of the concentration of peroxidase enzyme. The
highest concentration of superoxide dismutase enzyme was related to severe stress treatment with a
mean value of 0.176 mg/mol/min per mg of protein and the lowest value (0.108 mg/min/mg of protein)
was related to the control. The concentration of superoxide dismutase enzyme in the treatment with
mycorrhiza with a mean value of 0.159 mg/mol/min per mg of protein was significantly higher than of
it in the treatment without mycorrhiza with a mean value of 0.140 mg/mol/min per mg of protein.
Drought stress also led to the reduction of all measured nutrients. While, inoculation with mycorrhizal
fungi increased nutrients except nitrogen at all levels of drought stress.

Conclusion: It was concluded that although the absorption of macro and micro nutrients by the seedlings
decreased with the increase of drought stress levels, the use of mycorrhizal fungi could increase the
absorption of macro and micro nutrients in drought stress conditions due to the better absorption of
water by the hyphae around the roots of Paulownia seedlings. Therefore, it seems that the mycorrhizal
fungi are very important in the absorption and metabolism of elements required by Paulownia seedlings,
especially in stress conditions. Also, the inoculation of mycorrhizal fungi led to an increase in the
activity of the antioxidant enzyme superoxide dismutase (SOD), which can increase the resistance of
seedlings against drought stress.

Keywords: Catalase, Peroxidase, Soluble protein, Superoxide dismutase.
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