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Table 1. Selected physical and chemical characteristics of the soil used in the experiment.

K P N WP FC BD EC (VA JRS-T ¢ JCH W VA BIUSSE \ G
(ppm) (ppm) (%) (%) (%) (gom’) (uS/cm) Sand Silt Clay  Soil texture
97.76  16.00 0.121 13 32 0.73 433 7.93 49.25 39.5 11.25 oI

Sandy-loamy

el S Sl LB

BD, FC, WP, N, P and K, respectively, represent the specific gravity, field capacity, wilting point and the content of
total nitrogen, phosphorus and potassium that can be absorbed by the soil.
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Table 2. Threshold, critical and lethal moisture of Paulownia fortunei seedlings at different levels of soil

moisture and foliar spray treatment.

S ks o b VR odniS A Sl A Sl J
2 -
F R Coefficient of Model Lethal Critical Threshold et
variations coefficient (LDgp) (LDsp) (LDyo)
Jals
132.89** 0.964 0.384 1.043 9.58 47.93 86.28
(Control)
210.63** 0.963 0.331 0.984 8.81 44.00 79.26 Asl
80.97** 0.910 0.502 0.905 8.10 40.51 72.94 Asl0
136.52** 0.945 0.248 1.095 7.92 39.56 71.22 Sal100
52.71%** 0.868 0.404 0.889 8.25 41.25 74.25 Sal50

o s e OLES 1y e i3S 5 Sl bl sl nsb Tt sl 53 ke slel 5 1o A8 s 53 D3l e s unsOLES e
3 Vpeder Vo5 S S Sl i Gpme 55 1 AST0 5 AT rimes ool Do S5 BT U3 sdldailons ot el 4 by e Joe

el 2 0 S ke 100 510 Sl el G xs Sa150 5 Sa100

** Shows significance at 99% confidence level, and inserted values in table show initial, threshold, critical and lethal
moisture levels. Model coefficient reported from a linear correlation calculated in regression analysis. Also AS1 and AS10
respectively show 1 and 10 mM Ascorbic acid, and Sa100 and Sal50 respectively show 100 and 150 mg.L™" salicylic acid.
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1- Reactive oxygen species (ROS)
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Table 3. ANOVA mean squares values of survival and some growth and physiological properties of Paulownia
fortunei seedlings under soil moisture content and foliar spray treatments.

A*B (B) 3L sl A) St cusb, Sliw
Foliar spray Soil moisture Traits
s sese HPPR S
0.141 0.049" 1.792 ek
Survival
26.926™ 71.691™ 583.205 Sl b
Stem height growth
" Sl g Jad L,
0.623™ 0.524™ 5.290 Sl s A
Stem diameter growth
69423.31™ 64186.73™ 345443.32" Srd
Total leaf area
1677621.30™ 1066655.69™ 9905481.70"" S ek g
Specific Leaf area
0.170" 0.293" 4347 Sr S Ja ks
Total leaf chlorophyll
442297 1289.55™ 968.73™ o 5
Total root length
0.479" 0.087™ 0.017" e JS g
Total root area
* ns ns ;;pfa LSuA":‘i.) sldas
25.16 1.71 13.92
Number of 1% order lateral root
] 4 ) 5T 4y

Degree of freedom

el .Lp)éo JL@J}‘CEM)JJJL;M Q}Uﬁ Se s (&Qﬂnsjeélé uL-le) .L;):\ }0 JL@J}‘C}.BM)JLg)bL;'M \,.;J:M E)

* and ** respectively show significance at 5% and 1% probability levels and ™ shows insignificance at 5% probability level.
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Table 4. Main (independent) effects of soil moisture on growth and physiological traits of Paulownia fortunei seedlings.

S P sl (Fls b b) S b »
Foliar spray Soil moisture (Field capacity) =
Traits
Sal50  Sal00 As2 Asl Control 30% 60% 90%
37.77%  4022%  39.53%  39.76%  43.19% 34.49°  35.82° 48.81° (em) &l b L,
-126)  6.9) (8.5 (79 0.0) (-29.3)  (-26.6) 0.0) Stem height growth
1.78% 1.81% 177 1.50% 2.15% 1.35° 1.76 2.19° (mm) Gl g ks Lk,
-173)  (-15.6) (-17.6) (=29.9) ©0.0) (-382)  (-19.8) ©0.0) Stem diameter growth
419.4%  491.0%  581.9% 6004*  462.5% 409.8°  436.3° 680.0° (em®) S, S o
“93)  @6.1)  (+25.8) (+29.8) 0.0) (-39.7)  (-35.8) 0.0) Total lcaf arca
20.9* 16.5 26.9% 176 19.8% 20.6° 17.7° 22.9° em?) S o35
#5.6)  (-16.6) (+36.1) (-10.9) ©0.0) (-10.0)  (-22.9) 0.0) Specific Leaf area
345" 33.9° 33.1¢ 336" 3524 31.4° 33.9° 36.7° (SPAD) S ; 5 Lbs IS
“19)  (3.6)  (60) (44 ©0.0) 14.6)  (7.8) 0.0) Total leaf chlorophyll
183.0*  1673%  1552% 1763  164.9" 1749°  163.9° 169.7* (em®) aty JS o
*11.0) 14 59 69 ©0.0) @3 34 ©0.0) Total root area
12.4% 12.2% 11.9%*  13.0* 12.8* 13.3° 11.2° 12.8° o ey, sl
24) 42)  68) (2.1 ©0.0) #33)  (-12.5) ©0.0) Number of lateral roots
13714 1234% 1070 1267%  112.8* 1352 117 119.3* (em) 2y, IS Jsb
#21.6)  (194)  (52)  (+123)  (0.00) *+133) 6.4 ©0.0)

Total root length

S alie So5 s S S Y G s e 0L 1y dald 5 Aoy A b sled 4 Gl Sl Aoy 31, s sl
J.:.J g_éjc.a \,.;JSM As10 }ASl .(OL=~/~O) .L.wl.& L;f- Jﬂlid}lw K S C,aj.b) C_}.}a‘u BE )b;f.”" Q}Uﬁ S ¢.L9 s kaasOlis
W‘J":J]€J§JL:& AI\D )\" QWvawlqﬂSaISOJSaIOOJJ‘Y,«JQ\~ ‘5\ u%)}gﬂj

Values in parenthesis show percent of changes compared to 90% moisture and control treatment, and similar small and capital
letters, respectively show insignificant difference between soil moisture and foliar spray levels (0=0.05). AS1 and AS10
respectively show 1 and 10 mM Ascorbic acid and Sa100 and Sa150 respectively show 100 and 150 mg.L™' salicylic acid.

(S58 B Gl ) Slhe (F s Sledis 5 (S Bhddw 5 S cugb, Bl oI 3120 Jyur
Table 5. Interaction effects of soil moisture and foliar spray on survival and some growth characteristics of
Paulownia fortunei seedlings.

(Foliar spray) S, ibd o S b e
20 b
Sals0 Sal100 As2 Asl (Control) aals Soil moisture Traits
733%™ 867" 73.3 % 86.7°% 100.0°* 90% oo
533 7330 667 60.0 > 53.3%¢ 60% s
46.7°° 5330 267 333 % 67" 30% Survival
362" 37.0% 36.0® 356 38.8° 90% ¢ ;
S
35.0% 32.9°° 32.8°° 3434 34.4 %4 60% 2 &5 2
3240 31.9° 304 31.0% 20.7° 30% Total leaf chlorophyll
110.0 * 100.0 * 99.8 162.4*° 124.3 90% .
133.8 % 164.7° 67.7° 72.3° 82.7° 60% o U8k
167.6° 105.6 ™ 153.5® 103.1 % 56.7NT 30% Total root length
161.0*° 111.8°¢ 152.6 *° 2233 %® 199.4 90% .
182.2%  2344° 1224 112.7* 113.4 ™ 60% o F g
205.8%® 1557 190.6 ** 134.1 719N 30% Total root area
10.3 *° 10.3 *° 13.2°¢ 152%® 152® 90% . . .
s . . . . laal |5
1.0 147® 8.5° 83° 9.9% 60% SR 2

16.0° 11.7% 14.0 > 11.2%¢ 47Nt 30% Number of lateral roots
s 54 As10 5 Asl .l us )5 0 Ju:}lcb.w)z Sleediy ke o ls e ol 34y pe by S S wlie S S Y oy
.w‘f?‘ﬁ<§)§dt.:ﬂ\0'}\"pw~~ nhﬂ_x,,wqu.»SalSO}SalOO})‘Y,«dltﬂh}\,%))iwf_x?wlqﬂ

Similar small letters, show insignificant difference between survival mean values at 5 percent probability level. AS1 and AS10
respectively show 1 and 10 mM Ascorbic acid, and Sal00 and Sal50 respectively show 100 and 150 mg L™ salicylic acid.
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Abstract

Background and Objectives: Paulownia fortunei (Seem.) Hemsl is one of the fastest growing tree
species of Paulownia genus, which is a suitable option for wood farming and agroforestry in north of
Iran. Drought is one of the most important factors limiting the growth and survival of this species,
which can cause severe damage to its performance in the nursery and planting area. This study
intends while to investigate the growth and survival response of this species seedling to changes in
soil moisture, in order to consider the possibility of using foliar spray of salicylic acid and ascorbic
acid to increase drought resistance of P. fortunei in seedling stage.

Materials and Methods: In this study, 225 seedlings were selected, and were transplanted in 3 liter
pots filled with suitable soil, and were examined after establishment under 3 levels of soil moisture
(90%, 60% and 30% of field capacity) and 5 levels of foliar spray (control, 1 and 10 mM ascorbic
acid, 100 and 150 mg.1"" salicylic acid), using two-factor factorial experiment with 3 replications for
4 months. Survival of seedlings and growth characteristics, including stem height, collar root
diameter, chlorophyll, and specific area of leaves, and also length and number of main and lateral
roots for each seedling were measured at the end of the study. Collected data were analyzed using
two-way analysis of variance, Duncan multiple comparison of means, and simple linear regression
method at 95% confidence level.

Results: The results showed that in all foliar spraying treatments, a decreasing and significant linear
relationship was observed between soil moisture and seedling survival. So that at 30% moisture level
(severe drought) salicylic acid foliar spray treatment increased the survival of seedlings by 7 times.
Also, lessening of soil moisture from 90% to 60% caused a significant reduction in growth traits of
stems and leaves of seedlings, The results showed that the effects of foliar spray on seedling root
properties are strongly affected by soil moisture, so that at 90% moisture level, foliar spray reduces
root area and number of first order lateral roots, nevertheless, at 30% m01sture level, seedlings were
treated with foliar spray of salicylic acid at a concentration of 150 mg.l" and ascorbic acid at a
concentration of 10 mM, showed the highest mean values of root area, total root length and number
of first order lateral roots.

Conclusion: P. fortunei seedlings are very sensitive to changes in soil moisture. Also, the use of
foliar spray, especially in the treatment of sahcyhc acid with a concentration of 150 mg.I" improves
the survival and growth characteristics of this species seedling under water scarcity conditions.

Keywords: Ascorbic acid, Drought stress, Fast growing trees, Salicylic acid, Seedling quality
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