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Table 1. Analysis of variance of the effect of superabsorbent on the mean square of morphological
and physiological traits of bitter olive seedlings

Sl o Sl
Mean of square i
- - S el oran
Lol oy 95 x Lo Lol oy 9a (PO )
Js o e e SO e e Source of variation
. . o
Total Error Irrigation period Irrlgqtlon Treatment
treatment level period level
151
35 24 6 2 3 S
Degree of freedom
9708.391 3132.451™ 72626.653" 13996.118" ST
Wet biomass
. KL 03565
1533.044 334.480™ 9808.920 1286.417™ )
Dry biomass
T il
0.003 0.020" 0.021" 0.027" sl e
Water potential
b e
140.688 171.840™ 86.896" 115.618™ oA
Rootlet length
281.902 1340.512" 2992.856" 321.482™ oﬂclu
Leaf area
72432.622 89812.315"™ 157891.074" 52449.735M oj“; c
Special area
£ Coa
0.00 0.00™ 0.001" 0.000" i 00

Leaf specific weight

el BV e 5 Ao y3 40 Jlexl a3 s e M S essauns 5 *
* and ns indicate a significant difference at the 95% probability level and no difference, respectively.
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Continued table 1.

Sl o Sl
Mean of square

Js U Sl 053 X e ol o3 et e Source of variation
L . —
Total Error Irrigation period Irrlggtlon Treatment
treatment level period level
82121 88.828™ 96.689™ 212.308™ Percentage of relative leaf
water content
a Lz
0.003 0.002" 0.007m 0.005M™ J'“J}JLS
Chlorophyll a
b .
0.0002 0.0001"s 0.002" 0.001" “’L”jj’ls
Chlorophyll b
0.004 0.003" 0.015" 0.010m JS J:@)LS
Total Chlorophyll
LS 45,
0.002 0.001" 0.003™ 0.003™ i
Carotenoid
- .
0.00 0.003" 0.016" 0.106" (42)2) s
Phosphorus (%)
0.017 0.182* 1.338" 5.055" (o2 055 7
Nitrogen (%)
mg/k )
0.001 0.083" 0.011" 0.278" (mo/kg) ==

Potassium (mg/kg)

el Y e 5 o33 40 Jlaxl pravs 53 s e Ol Sl s s NS 5 *
* and ns indicate a significant difference at the 95% probability level and no difference, respectively.

355 A ol e Sl ol e Y i
3 S Sl Ol (Sle L Oba
S e 1 0 sl (K5
o s Dl pske Blie s e Ol
R
Slsme 5 S o gt 035 A3 s ks IS
s s 5o bl S, Ol s
Slis aen 5 St 28 g Jl g eddis S el
il =gl 5,8 65 I ol lsbas
Jolye 5 odi g, Seilkl e aw p Lais OLa
S p oyt O35 Limad 3 ons g (ol

g lsbas

v

DMde i 358 e sdalie a5 sb0Les

0r 3l s Slas Sl eslil & by e S e
WVAY i 4 e ol Ol b3 oS
WAA ldie 4 0T (iS5 mpe e sl
Oles 53 ¢S5 00 Jlad Jlesl 4 by o e e 5l
el Jedly i s 0355 V0 (L]
gkl s Ol e 6 S YO Jles
23 0k e a4 by e Sl S 5 05,
Sy A S 2 s e 10 bl Ll
oS Vo Jlel Lald s Las e bl LSS
Azl 1y ekt s 05580 e Ol e
23510 okl Ll s 53 O3l s 0 S Y0 Jles!



Yo)l.o.,i:‘\‘ m‘ﬁongw..mgf@ls:\.ahl@s

S S L &L 055 SLdlg 3 (¢ Se3lll 3550 Slio 5 Bl s 1 Sle aslis — ¥ Js
Table 2. Comparison of the mean effect of superabsorbent on the traits measured in bitter olive
seedlings under drought stress

(mg/kg) res (s y3) 059 5 (o2) A S 5 s & i e e Sl
Potassium Nitrogen (%) Phosphorus Leaf area Water potential Treatment Irrigation
(mg/kg) 9 (%) P levels g
Aall
0.605 0.9081 0.0504 74.2867 0.7124
Control
$Yo
0.859 1.1083 0.1487 99.9500 0.98852 0
259 -
€6 BE3)
0.943 2.0560 0.2890 127.63232 0.7518 0 5 davs
509 Y
S Ve
1.1972 3.09932 0.3047 122.30802 0.6763 VJS
759
Aall
0.606 0.7700 0.0335 102.9571 0.7210
Control
$Yo
0.782 1.0293 0.1093 104.1629 0.7230 f;
259 -
S o BESRN
0.849 1.7903 0.2647 116.03472 0.6799 VJS
10 days
50 ¢
S Ve
0.963 2.3103 0.2843 120.52092 0.7480 VJS
759
Jals
0.577 0.5520 0.0303 108.45862 0.7340
Control
S Yo
0.686 0.8743 0.09262 76.2435 0.7317 f;
25¢g BYSRN:
S on
0.787 1.2473 0.1480 68.9583 0.6462 02 15 days
50 ¢
S Ve
0.895 1.8273 0.2377 72.1628 0.7057 0>
754

el o me (5 le] glas sasmslii @ Gy

a letter indicates statistically significant difference.

EB 055 bdle (Kiss 5 (S Slio Sl e ke 5 OLse 558 Sl bl 4 s - s
Table 3. Analysis of variance of the effect of Herban fertilizer on the mean square of morphological
and physiological traits of bitter olive seedlings

Slay o 5SSl

Mean of square i

Wloss X slass 7 s LT o5 les e o
Js s SIREITH I T SO e Ao e Source of variation

Total Error Irrigation period x Irrlge_ltlon Treatment
treatment level period level
5

35 24 6 2 3 e
Degree of freedom

3319.811 1556.881™ 20908.813° 5163.619" s e

Wet biomass

YA



(Melia azedarach L.) &b :yei5 slo Jls (Sis (35 4 Cwglie )0 03l jiomw 5 by (Goxe 065 31 oL

X Jsde dalsl

Continued table 3.

Ol o (Sl
Mean of square s
Wloss X slass 7 shan LT o5 les —e e
Js e SIRIE T T SO o g Source of variation
Total Error Irrigation period x Irrlga_mon Treatment
treatment level period level
x S 03585
526.952 139.477™ 1384.398 339.119™
Dry biomass
[t
0.003 0.005" 0.008" 0.001" o I
Water potential
E A dsb
75.38 91.632" 477.132™ 11.340m
Rootlet length
S
277.162 306.207™ 4642.969" 2046.121" - Ckw
Leaf area
9438.467 9718.378™ 74748.798" 82201.354" R -
Special area
0.00 0.00" 0.001" 0.000" - UJJ_ ] d_)}
Leaf specific weight
;fﬁ uT W 6‘)1};& Loy
68.664 274.718° 288.664° 78.747™ Percentage of relative leaf
water content
a Lz
0.003 0.010" 0.033" 0.005" S22
Chlorophyll a
b .
0.00 0.001" 0.003" 0.001m™ J2a ks
Chlorophyll b
0.005 0.017" 0.054" 0.008™ JS J:U’ls
Total Chlorophyll
AS 65,8
0.001 0.001" 0.006" 0.001™ =
Carotenoid
- .
0.00 0.005" 0.038" 0.097" (4o 53) s
Phosphorus (%)
o) 5%, s
0.030 0.211* 2.711* 4.648" (h202) 0597
Nitrogen (%)
mg/k L
0.023 0.279" 0.062" 0.163" (mg g>V'“M :

Potassium (mg/kg)

el O s 5 1055 40 Jlaz mhaes 3l e BV Sl e sans 5 *
* and ns indicate a significant difference at the 95% probability level and no difference, respectively.
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Table 4. Comparison of the mean effect of Herban fertilizer on the traits measured in bitter olive

seedlings under drought stress

TE
a —_ = <% ) 'g, n
. X . o > < > o = =
Ty ke 9 & o £ = = £ 2 g 2
2 3% 1% uE 4T w3 43 §\%§ 13 42 _ s
~ D5 )2 205 2D O oy fi oy Ei Y =9 = RS 3=
SE 2% 2g HE B xS (s 4%5B° 2 32 38
2 2§ 1% 1% S 5 s Lez v& TE 2
E 2 13z 3 § Hg =2 =« =2 58 g5 4 = =
= 8 2 2 ~ < = [S) O = 8= kN 3]
o o ° )5 VMg [
o = RN 8 ﬁ
% E
dals
0.636 08907 00443 01616 04356 00944 03413 525841  0.0070
Control
vjf Yo
901 1.5160 1520 1820 5011 1093 3917 76.7337°  0.0199
259
J§ 0+ BE3) 0
977 2.4677 2980 2025 5752 1257 4495 52.0138 0363 f 5 days
509
¢ S ve
1277° 31473 3317 1854 5107 1058 4049 46.7753 0294
759
dals
618 7750 0351 1707 4540 0947 3593 54,7752 0037
Control
6; Yo
716 9120 1387 2178° 6396° 1324 50728 43.2446 0199
259
J§°. SESAN
807 1.6230 2540 2248° 6369° 14310 4939° 485799 0094 f 10 days
509
¢ SV
605 21807 2863 1083 5594 1156 4438 47.4538 0113
759
dals
527 5713 0262 1824 5189 1061 4128 46.8350 0031
Control
6; Yo
627 7937 0740 1464 3963 0767 3099 46,5508 0036
259 BTSN
"™
M 1.1970 1053 1512 4164 0799 3365 48.4164 0057 02 15 days
509
¢ S Vo
827 1.7367 1890 149 4204 0905 3266 52.3981 0138
759

a letter indicates statistically significant difference.
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Table 5. Analysis of variance the effect of superabsorbent on mean square diameter of collar, number
of leaves and stem height of bitter olive
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Table 6. Analysis of variance the effect of Herban fertilizer on mean square diameter of basal, number
of leaves and stem height of bitter olive under drought stress
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* and ns indicate a significant difference at the 95% probability level and no difference, respectively.
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Abstract

Background and objectives: Significant efforts are made during the early establishment and growth
stages of seedlings to enhance their resistance to environmental stresses, thereby increasing the
success of afforestation projects. One of the research goals is to extend irrigation periods and reduce
associated costs. In recent years, afforestation projects have experienced considerable growth, driven
by the importance of environmental, economic, and social factors, and cutting-edge technologies are
utilized in this field. Various methods, such as the use of superabsorbent treatments and Herbam
mineral fertilizer, have been tested to mitigate the negative effects of drought stress. This study aims to
evaluate the impact of superabsorbent treatments and Herbam mineral fertilizer on the drought
resistance of one-year-old bitter olive seedlings.

Methodology: One-year-old bitter olive seedlings were obtained from the Qareq Nursery in Golestan
Province. A total of 1,000 seedlings were collected, and 360 seedlings with equal collar diameter,
height, and root length were selected. The seedlings were planted in size seven pots (exact diameter:
23 cm and height: 21.5 cm) in mid-March. After applying the fertilizer and superabsorbent (0, 25, 50,
and 75 grams), irrigation was carried out every five, ten, and fifteen days for 140 days. Subsequently,
measurements were taken for various growth parameters including diameter growth, height growth,
leaf count, chlorophyll a, chlorophyll b, total chlorophyll, carotenoids, leaf water potential, relative
water content, leaf area, specific leaf area, leaf dry weight, length of the longest lateral root, fresh and
dry biomass, and leaf nitrogen, phosphorus, and potassium. Data were compared using Duncan’s test
at one and five percent statistical levels.

Results: Results showed that the maximum leaf area, using 50 grams of superabsorbent with a five-
day irrigation interval, was 63.127 square centimeters, while the minimum was 68.958 square
centimeters with the same amount of superabsorbent but a fifteen-day irrigation interval. The
interaction effect of treatment levels and drought stress on chlorophylls, carotenoids, leaf dry weight,
and relative water content was significant. The highest water potential was observed with 25 grams of
superabsorbent under five-day irrigation conditions, while the lowest was with the same amount under
fifteen-day irrigation conditions. Seedlings irrigated every five days with 75 grams of superabsorbent
had the highest nitrogen and potassium content, while 25 grams of superabsorbent under fifteen-day
irrigation conditions resulted in the highest phosphorus content. The interaction of treatment levels and
drought stress significantly affected nitrogen, phosphorus, potassium, chlorophylls, carotenoids, leaf
dry weight, and relative water content, but had no effect on other measured traits. Drought stress
significantly impacted all traits, while different levels of superabsorbent only had a significant effect
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on the three measured elements, leaf area, specific leaf area, and leaf dry weight. The highest leaf dry
weight and relative water content were observed with 50 and 25 grams of superabsorbent and five-day
irrigation. Additionally, 50 grams of superabsorbent with ten-day irrigation produced the highest
levels of chlorophylls and carotenoids. The highest nitrogen, phosphorus, and potassium were found
with five-day irrigation and 75 grams of superabsorbent. Drought stress and different levels of
superabsorbent did not affect seedling diameter but did affect height and leaf count. The greatest stem
height was achieved under five-day irrigation with 50 and 75 grams of superabsorbent, twice that of
the control height.

Conclusion: It can be generally stated that the use of superabsorbent and Herbam mineral fertilizer
enhances moisture availability and strengthens the area around the root, thus providing better
conditions for growth, especially under drought and water stress. Although further research over
another growing season could provide more reliable recommendations, the positive effects of
superabsorbent and Herbam mineral fertilizer on the establishment and strengthening of bitter olive
seedlings suggest that these materials could be recommended for use in afforestation projects with this
valuable species.

Keywords: Chlorophyll, Herbans fertilizer, Superabsorbent.
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