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Introduction

Barberries are small fruits with appealing colors and tastes, and have a great diversity in Iran. There are
numerous indigenous barberry genotypes in Iran, which have remarkable therapeutical and nutritional attributes.
Seedless barberry is the most famous genotype which fruits are rich in phytochemicals. Although Iran is one of
the main habitats of the barberry species and hybrids and the seedless cultivar is considered as an exclusive crop
for our country, a few products are being produced from such valuable crop in food industries.

Materials and Methods

In present study, fruit biochemical properties of the twelve barberry genotypes (including one seedless
genotype and eleven seedy genotypes: 2-2, 4-1, 5-1, 5-2, 5-3, 8-3, 10-1, 11-1, 12-1, 13-1 and 14-2) of the
barberry collection located in Research Institute of Food Science and Technology of Mashhad, were evaluated
based on the fruit appearance. For this purpose, fruits were harvested in 2015 harvest time and divided into two
parts. One part was dried in room temperature. Then dried fruits were kept in cool and dark place until analyses.
The other part was kept fresh for some measurements including TSS, TA, TSS/TA and pH. Before all tests,
fruits were deseeded and the properties of the pulp were determined. Biochemical properties included total
soluble solid (TSS), titratable acidity (TA), TSS/TA ratio, fruit juice pH, total phenol content, total flavonoid
content, total anthocyanin content, protein content, crude fiber, total sugar and minerals including Iron (Fe),
Magnesium (Mg), Zinc (Zn) and Copper (Cu). Data analysis was performed based on completely randomized
design by Minitab software version 16 using analysis of variance (ANOVA) and differences among means were
determined for significance at p<0.05 using Tukey’s range test.

Results and Discussion

Results showed significant variation in biochemical properties of genotypes. Based on the results, genotype
code #13-1 had the highest content of titratable acidity (5.61 g malic acid per 100 g fresh fruit weight) and the
highest soluble solids content (5.5 °Brix). The highest amount of crude fiber (54.96%), Fe (138.49 ppm), Mg
(1426.39 ppm) was related to genotype code #10-1 and the highest amount of anthocyanin (452.60 mg/100g),
protein (4.26%) and Cu (6.80 ppm) belonged to genotype code #14-2. Two genotypes “Bidaneh” and code #5-3
displayed a distinctive content of total carbohydrates with respectively 59.61% and 25.67%. Furthermore,
genotype code #11-1 showed the highest amount of Zn (18.85 ppm) among all.
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Conclusion

Up to now, barberry mostly has been consumed as a food seasoning and garnish. All data of this study
suggest that barberry, as a functional food, can partially cover the body's daily requirements. Therefore, a
comprehensive study should be performed to determine all the capacities and uses associated with each
genotype. Overall, genotype code #14-2 can be introduced as the best genotype in terms of flavonoid,
anthocyanin, protein and copper content of all the evaluated genotypes. Considering its high content of
anthocyanin, producing an edible colorant powder is possible. In conclusion, considering the great diversity,
fruits of indigenous barberry genotypes can provide a rich source of minerals and phytochemicals for food
purposes. Furthermore, achieving applied science in making products from such indigenous crop could lead into
investments and economic development in regions in which barberry is cultivated.

Keywords: Anthocyanin, Barberry, Flavonoid, Minerals
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Figure 1- Fruits of the evaluated barberry code-genotypes
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Table 1- Some fruit organoleptic properties of the evaluated barberry code-genotypes

L.\.gy) K3 dgm0 u;ﬁ) gm0 830 g W‘b om0 b)l.\)l ulﬁ.ﬁow ﬁlﬂ
Code-genotype Fruit color Fruit flavor Fruit size Other features
Seedless 5058 wgllae kgl b g by pab
Red Favorable Average-sized Sweet-and-sour taste
9.9 e sllasl L Ss8 bnud Sipbgh 5 4loeS 3,5 gen
Orange Relatively unfavorable Relatively small Low-seeded round colorful fruit
41 jo )8 gllaol b sy b s 4
Red Relatively unfavorable Relatively large Large fruit cluster
5-1 035 () Cgllao bugie Ky %
Dark crimson Favorable Average-sized Maroon-color
5-2 p3 ol buwgie 43\)@ 4 b cald
Red Favorable Average-sized Flavor similar to seedless genotype
Red Relatively favorable Average-sized Large fruit cluster
Red Relatively favorable Larg Very sour taste
10-1 0 i P bugie b g 5 pab
Dark purple unfavorable Average-sized Astringent taste, seedy fruit
11-1 055 (S wollao lws bl ) s
Dark crimson Relatively favorable Average-sized Maroon-color
121 oy o (S5 gllasl L Lusgio il B 1S ogee
Very dark crimson Relatively unfavorable Average-sized Elongated fruit, long thorn
13-1 508 ollas > b Jyace 5
Red Favorable Relatively large Fruitful
14-2 o5 (sl eollas L SrgS b S 1yze oligS” adgs
Dark blue Relatively favorable Relatively small Short compact fruit cluster
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Table 2- ANOVA for the biochemical properties in the evaluated barberry code-genotypes

Olagyo (uile
. Mean squares
Pazand a0 . s
i p 7 Sy ] L gl i
Olpds  ool5 Cagb 0950 e e R WL S5 oilewg
19 ; > ) e e Js
S.0.v df Moisture Fruit oo TSS/TA pH Total Total
Juice  Jee pemwlid phenol Total  anthocyanin
Tss TA flavonoid
w95 11 3.93**  149.78**  1.66** 3.07** 0.29**  0.05** 119599**  115091** 68346**
Genotype
s
Error 24 0.97 4.00 0.199 0.24 0.02 0.004 13678 2397 432
£ 35
Total
oyl
O yuss 13.27 11.43 20.49 26.61 31.19 4,78 18.08 44,76 72.20
CV (%)

Moy 90 Jlisl zolaw 0 )b gxe I e e i3 4k g % NS
ns, * and **: Non-significant, significant at 5% and 1% of probability levels, respectively.
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Table 2 Continued- ANOVA for the biochemical properties in the evaluated barberry code-genotypes

Sl o S5l

Syt gie o3l ax o Mean squares
SV f P et S o S5 Fe Mg Zn Cu
Crude fiber  Total protein  Total sugar
3 11 549.56** 0.61** 842.27**  1214.1** 310280** 26.95* 1.798**
Genotype
ks 24 4.46 0.15 19.73 130.1 3392 8.99 0.12
Error
5 35
Total
St o 96.26 15.94 161.77 20.08 60.49 29.86 16.96
CV (%)

oyd Vg 0 Jlisl polaw )0 45 dre > gxe pé iy i g % NS
ns, * and **: Non-significant, significant at 5% and 1% of probability levels, respectively.
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Figure 2- Fruit moisture and juice percentage of the evaluated barberry genotypes
(Tukey, p<0.05).

GYIOF £ [ NF oy SV er )5 Slo dusl )5 O/VA £ </4YY
¥V olie g Sladly; Siby; el Ty doyd VAT /0T
E/FU o VA E /40 py S Ve e 1> Sl dwl py S O/SY
Farhadi ) assges (0,155 S5 S5 slys 1y Aoy VYN
O)Sen g S (ol ,d ien (Chitgar and Varidi, 2014
(deo)3) Jslxo dels dlge y3lde (Farhadi Chitgar et al., 2016)
P (e o Sl sl 235) (opl s JB atpusl 5 PH
O 9 O oy Spb b o (oo S5 )
e A ) Cuogad o ol plie oS W03 18 () 3590
g VI Hef VY o VVE A NFY Ll by cudedl sl
A oy sl Gl e S Ve Sle sl )5 F/VEE/4Y
p)S O/+F ENYY gY/SE He/eoY o VWYY £4/-0A Ly
2SN ey el slrg e Vo p Sl
= Sdlo ol £, FAY /00 VAN He/e Y s 3 VAT
wslas J(Farhadi Chitgar et al., 2016) wsges 5,55 p,5 Ve e
Aol ol p3lde (| Simgfy cnl & 28l e Jd nl 4 @l
ol 4l 5 45,8 S0l o) ogue O 3 1y Jolxe

285 8 2yl 3,90 b 35y ol imghy

(TA) &gl yisi 8 disascal (TSS) Jglas sola ol go
pH TSS/TA &y

L W= Cagiga (1 Jpin) 0oSobos gl gl (bl
P55 DIN) (TA) (ysmmsl s B apnl o0 iy (slyl> PH= YIV
Jode ol Slgo (it 9 (15 00jg p)5 Ve > Sllo o
5598 dn (VAR) TSSITA Cad oy i D99 (0/0+°Brrix)
Jo s 5n oy (sl 45 ebly ol 0 Y
S 39 (5 0jg 5 Ve 5 SYle sl p 5 VIFY) (ygml s
Cyiomen 39 Y=Y 555598 4 bgyye (Y/+¥ Brix® ) TSS (e
SglgsST b oamlie VF-Y Cigizns o (Y/Y) PH (ljee oy yidio
YN ) gl s B an sl (Akbulut et al., 2009) S o
&S wiles S 45,135 B, vulgaris i y; o 1y (Y/Y0) pH g (a0
D) Sloen 3l Gimgd s b

Farhadi Chitgar and Varidi, ) o)L ¢ St (o3la )3
a5eS aw j |y Jodow aols g s g PH s wl yiolas (2014
i 4 ol S g pSejlul (S5 o Sladl); il S5
LW a5 Ve Sl 5, SYIAD E [V polhe
palie sl o Siyj sl 1y do WWAY £ /YAR 5 V/VY



¥

Sy (o099 i 955 093190 0gun (o3 bounid guy Sluo guas (] )0 9 (5 yudly

oy 90 S5 SR 9iiaS bgme (o bewdgn Olwogas (& T Jos>
Table 3- Some fruit biochemical properties of the evaluated barberry code-genotypes

Sl .:‘90 L)
g s HE ) Jglme sals dlge o N Js Jis 5 aigighs JS Cilew g
Code- Total Togl B sl i B Al ! p"H“ Total phenol  Total flavenoid antiTc()):;;:min
genotype S;J;:Jiglse T'tr?é?b'e TSSITA ratio (mg.100g")  (mg.100g™) (mg.100g")
acidit .
(Brix®) (%) Y
Seedless  3.43° 2.879 1.22° 2059 1273.20%¢ 492.56° 343.71°
2-2 3.03¢ 2.86¢' 1.06b° 2.90%  1274.00%¢ 276.15% 35.969
41 4,280 4,450 0.98bc¢ 2.88%  1386.72 273.50°" 88.81¢'
5-1 4.20%¢ 3.8800f 1.09% 3.10%  1482.61° 682.59 371.940¢
5-2 4.97% 2.64' 1.89° 3.01%c 129579 342.13% 98.02¢
5-3 4.000¢ 5.46% 0.74 283 1342.76% 249.43' 123.05¢
8-3 3.83% 3.450f 1.11%¢ 29200 1266.43%¢ 352.68¢ef 105.10¢
10-1 3.50¢ 4.13bcde 0.85bc¢ 3160 1105.44%C 415,92 245.86¢
11-1 4,33 4.130c0e 1.05b¢ 3.08%  1200.43% 652.31 408.29%
12-1 3.15¢ 5.10%¢ 0.62¢ 2.970d 756,309 418.46% 127.29¢
13-1 5.50° 5.612 1.000¢ 2.75'  1011.42% 219.72f 52.68f0
14-2 3.33¢ 3.38%f 1.000 3.20° 965.31% 837.53 452.06°

sl o oy 0 Jloin] gaw p3 (So5 905l ool 2 I5 me BMB] 236 (g b j> S e gy gyl (claosls
ol 033, Cyonsd 005 38y ogmoul 3 Aol 55 g TSSITA o ¢ ygmnl yid B drdnsl ¢ Jglno ols dlgo s
Means with similar letters in each column are not significantly different based on the Tukey test (p<0.05),.
* TSS, TA, TSS/TA and pH were determined in diluted barberry juice.
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Figure 3- Crude fiber, total sugar and protein content in fruits of the evaluated barberry code-gentypes
(Tukey, p<0.05)
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Figure 4- Iron content in fruits of the evaluated barberry code-genotypes

(Tukey, p<0.05)
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Figure 5- Zinc content in fruits of the evaluated barberry code-genotypes
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Introduction

Consumers demand for organic products is increasing due to their awareness of health and nutritional
quality. Organic manures maintain soil health and ecological balance of the region. Organic agriculture, as an
alternative agricultural system to protect human health and the environment can improve the quality and
storability of the product. Kiwifruit is one of the most important agricultural products in north of Iran, which
plays an effective role in trade and employment of the people. Fertilization is one of the main factors affecting
the yield and quality of kiwifruit. Growers use organic manures and chemical fertilizers in their orchard to
achieve higher yields. It is necessary to study the effect of various organic manures available in the region on the
nutrition of kiwifruit vines due to increase chemical fertilizer prices and the formation of the market for organic
fruits. Therefore, the aim of this study was to compare the effect of using five types of organic manures and
chemical fertilizer on the quality of Hayward kiwi fruit during cold storage.

Materials and Methods

This research was conducted as randomized complete block design consisting six treatments (including
complete chemical fertilizer, sheep manure, cow manure, chicken manure, vermicompost and azolla) on
Hayward Kiwifruit vines in orchard and factorial experiment with three replicates in cold storage during four
years. The fruits were harvested at TSS: 6.5 (approximately mid-November) and then stored at 0.5 ° C and 90%
RH for three months. Sampling was performed every month and physicochemical characteristics, including flesh
color parameters (L*, C*, he), total soluble solids, titratable acidity, firmness and weight loss of fruit were
measured. Sensory evaluation of fruits was also performed at the end of three months cold storage. Analysis of
variance of the data was done using SAS 9.1 software. The significance of differences between the mean of
treatments was determined by using Duncan’s test.

Results and Discussion

The results showed the interaction between year, type of nutrition and cold storage period affected color
indices, lightness and chroma. Lightness and chroma value didn’t show significant differences between organic
and chemical fertilizer treatments. In addition, their value decreased during cold storage period, significantly.
The chroma value indicates the degree of saturation of the green color and is associated with fruit firmness. The
hue value was also influenced by the interaction between year and cold storage period and the simple effect of
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the nutrition type. The highest hue value was observed in chicken manure (108.63) and the lowest in
vermicompost (107.66). The hue value decreased significantly after 90 days cold storage. According to the
results, a decrease in fruit firmness, TA and an increase in TSS and TSS/TA were observed during cold storage
irrespective of treatments. After 90 days, total soluble solids content was higher when organic fertilizers were
applied. During the storage of kiwifruit, total soluble solids content increased, significantly. The titratable acidity
value in organic fertilizer treatments was higher than chemical fertilizer after 90 days cold storage, significantly.
Moreover, titratable acidity value decreased at the end of the cold storage period, significantly. The highest flesh
fruit firmness was obtained in cow manure (8.74 kg/cm?2) in forth year and chemical fertilizer treatment had the
lowest flesh firmness (3.2 kg/cm2) in third year. Fruit lost firmness gradually during the cold storage period.
However, no significant difference was found in maturity index (TSS/TA) between treatments. The TSS:TA
ratio is highly increased after 90 days. Based on the results of the last two years, azolla, cow and chicken
manures showed less weight loss percentage than chemical fertilizer treatment. Moreover, weight loss increased
significantly during cold storage period in all treatments and years. Also the results of sensory analysis showed
that fruits treated with vermicompost had a higher overall acceptance than other treatments.

Conclusion

Generally, organic nutrition plays an important role in increasing the nutritional value and shelf life of
kiwifruit cv.Hayward. Organically produced fruits had higher firmness than conventionally grown fruits during
storage. Application of cow manure and vermicompost showed favorable effects on important properties of kiwi
fruit such as firmness, weight loss, TSS, TA and sensory quality. Therefore, organic fruits will have better
quality in the cold storage. As a result, it seems that by reducing the use of chemical fertilizers in the current
orchards, kiwi production will be close to the standards defined for organic fruit.

Keywords: Organic manure, Panel test, Physicochemical properties, Vermicompost
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Table 1- Combined ANOVA for the effects of Nutrition type and cold storage duration on kiwifruit cv. Hayward physical
traits in the different years

Ol et gilio @3l 4y LY logsS K al; (s 09 oRRl
Sources of variations Df Lightness Chroma Hue Firmness Weight loss
Lo
J 3 186** 479** 208.56** 155%* 161**
Year
s 8 5.6 8.3 4.53 0.49 4.6
Error
> &9 5 215 8.8™ 5.30% 0.88* 7.8%%
Nutrition type
_J_L””’s & 15 11%* 28** 3.76%* 1.2%* 10%*
Nutrition typexyear
W2 b 5yl 20 3 596%* 900** 30.78%* 267%* 1538**
Cold storage duration
Jlo x By b d)b‘QS‘.‘ Sdo 9 48%* 49%* 8.04%* 12%% 30H*
Cold storage durationxyear
3w o )08 x5 g5 15 9.7* 15%* 161 0.50* 1.5%
Cold storage durationxNutrition type
Jlo x by b d)lM;‘; o X °9§ &y 45 8.40** 17%* 161" 0.94** 1.8%*
Nutrition typex Cold storage durationxyear
L 164 461 482 154 0.23 0.81
Error
Ol g g o5
ol - 4.2 5.9 1.15 8.1 16
CV (%)

oyd S5 g ey Jlein] zokaw j3 o e BB 5 Jby gxe OS] 3 pie iy T

## % NS
¢

"s *and ™ non-significant, significant at the 5% and 1% of probability levels, respectively.
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Table 2- Interaction effect of Nutrition type xcold storage duration on fruit color index (Lightness) of kiwifruit cv. Hayward
in the different years

Jw 55 g5 A3 w3 6,1 G
Year Nutritioiy . Cold storage duration (day)
P 0 30 60 90
Lo
Ty i 57.28 a-i 5454 a-q 48.16 I-s 50.05 f-5
2014 Chemical fertilizer
ihss 59 a-e 54.39 aq 514 a-s 5173 ar
Sheep manure
5
55.73 a-n 53.21a-q 49.75 g-s 49.66 g-s
Cow manure
e 54.38 a-q 49.41 h-s 46.48 qrs 48.22 k-s
Chicken manure
oz 29 59.84a 54.94 a-q 50.4 f-s 50.22 f-5
Vermicompost
Yol
» 58.15 a-g 54.17 a-q 51.29 b-s 48.49 k-s
Azolla
. . 59.07 a-d 56.61 a-l 47.76 m-s 52.09 a-r
Chemical fertilizer
Ay (hsS 57.15a-i 53.58 a-q 51.45 a-s 52.05 a-r
2015 Sheep manure
38 58.38 a-f 53.8 a-q 47.09 0-s 50.54 d-s
Cow manure
s 55.47 a-0 53.74 a-q 49.68 g-s 49.67 g-s
Chicken manure
oo 525 50.68 abc 53.01 a-r 50.8 d-s 43.09's
Vermicompost
Yol 59.79 ab 55.12 a-p 4659 p-s 51.4a-s
Azolla
Lo
e ke 52.85 a-r 5144 a-s 49.79 g-s 47.41n-s
2016 Chemical fertilizer
idess 54.42 aq 4852 j-s 52.38 a-r 482 k=s
Sheep manure
oo 57.58 a-h 51.22 c-s 50.75 d-s 49.78 g-s
Cow manure
s 53.41a-q 49.25 h-s 52.16 a-r 445615
Chicken manure
oozl s 5753 a-h 4874 i-s 49.85 f-s 51.25 b-s
Vermicompost
Yo 53.17 a-q 51.48 a-s 50.51e-s 51.69 a-r
Azolla
wags lhosd . .
- 57.06 a- 57.15 a-i 55.48 a-0 51.84 a-r
2017 Chemical fertilizer ]
oS 56.28 a-m 56.71 a-k 54.46 a-q 55.72 a-n
Sheep manure
(4
< 57.42 a-h 55.63 a-0 54.55 a-q 53.22 a-q
Cow manure
. o 55.84 a-n 54.95 a-q 55.52 a-0 53.2a-q
Chicken manure
SS9 55.81a-n 55.9 a-n 53.11a-q 52.63 a-r
Vermicompost
Yl ) ) } ]
Azolla 56.46 a-l 54.57 a-q 54.2 a-q 53.36 a-q

B85 ot b ()l gime oglis (Sl (glataly dix g0l 51 ookl b doyd g Jlein] aaws j3 alie g (gl (slapSibe gtw o 0*
Mean in each column followed by the same letter are not significantly different at p<0.05 based on Duncan’smultiple range test.
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Table 3- Interaction effect of Nutrition type xcold storage duration on fruit color index (Chroma) of kiwifruit cv. Hayward
in the different years

A3 o 3 (6,1 G
395 o5 Cold storage duration (day)
Juw Nutrition type 0 30 60 90
Year
way cstliesd - '
- 43.09 b-i 38.46 b-v 32.33 p-w 33.8j-w
2014 Chemical fertilizer P J
bags 4334 ag 38.88 b-v 32.68 0-w 32.92 n-w
Sheep manure
3 43.07 bi 4043 br 3537 f-w 35.86 e-w
Cow manure
s 42.79 b-i 36.48 d-w 31.08 vw 33.64 k-w
Chicken manure
oz 29 40.92 b-o 37.89 c-v 32.01 r-w 31.88 sw
Vermicompost
Yol 4375 a-f 38.37 b-v 34.63 i-w 33.44 k-w
Azolla
bossd
e 45.09 ab 39.99 b-s 35.91 e-w 32.61 0-w
Chemical fertilizer
Y hs 4407 a-e 33.19 l-w 331 m-w 32.07 q-w
2015 Sheep manure
35 4311 b-i 39,62 b-u 35.69 e-w 3257 0-w
Cow manure
. e 40.46 b-r 40.08 b-s 36.61 c-w 32.83 0-w
Chicken manure
CuseoS 9 44.64 a-d 38.49 b-v 34.92 gw 32.80-w
Vermicompost
Yyl 42.19 b-j 38.53 b-v 31.68 s-w 34.09 j-w
Azolla
Y0 elbond - g .
2016 Chemical fertilizer 3933bv - 32850w 8260w 2891w
b 3874bv 3550 e-w 31.66 s-w 31.1u-w
Sheep manure
oo 4154b-m 3274 0w 31.09 vw 32.95 n-w
Cow manure
e 41.64 bl 37.49 c-v 33.45 k-w 31.34 tw
Chicken manure
ergenS 9 41.4bn 32.68 0-w 32.25 p-w 31.94 r-w
Vermicompost
Yol 41.39 b-n 34.77 h-w 32.49 o-w 32.8 0-w
Azolla
yras oo r i i i
2017 Chemical fertilizer 42.96 b-i 40.16 b-s 39.18 b-v 40.06 b-s
s 42.82 b-i 40.95 b-0 43.34ag 36.26 d-w
Sheep manure
o 43.09 b-i 41.71 b-k 40.56 b-q 37.09 c-w
Cow manure
sEr ~ . . g
Chicken manure 41.7 b-1 40.69 b-p 43.32 a-g 37.53 c-v
w’“’g 9 43.17 b-h 39.81 b-t 41.76 b-k 38.25 c-v
Vermicompost
Yyl 42.62 b-i 40.69 b-p 41.94 b-k 38.09 c-v
Azolla

0 o b gl e gl oy gty o] e 50 il By iy gyl (sl Sl g o o°
Mean in each column followed by the same letter are not significantly different at p<0.05
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Table 4- Interaction effect of year xcold storage duration on fruit color index (hue) of kiwifruit cv. Hayward

QB3 w3 (6,1 e
Juw Cold storage duration (day)
Year 30 60 90
0

" 11089 a 11041 ab 109.86 b 110.49 ab
2014 ' ' ' '

T 109.72 b 108.63 ¢ 108.06 cd 106.53 ef
2015 ' ' ' '

T 108.16 cd 107.33 de 106.08 f 106.57 ef
2016

" 106.70 ef 106.85 ef 107.07 f 105.87
2017 ' : : 874

S50 o b (ol gime Sl (glaals win yg0jl 51 0oLl b caglis duoyd gy Jlein g 45 asliie Gg e (gl (slapSilo (ygiw p1 3"
Mean in each column followed by the same letter are not significantly different at p<0.05 based on Duncan’smultiple range test.
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Figure 1- Effect of nutrition type on fruit color index (hue) of kiwifruit cv. Hayward (DMRT, p<0.05).
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Table 5- The effect of Nutrition type xcold storage duration on fruit weight loss percentage of kiwifruit cv. Hayward in the
different years

A3 o 3 (6,1 G
395 o5 Cold storage duration (day)
Juw Nutrition type 0 30 60 90
Year
yyay 2w
. 0.00z 4.53 g- 9.04 g-n 13.60 b-e
2014 Chemical fertilizer @y g
hsS 0.00z 496 py 9.00 g-n 1322 bf
Sheep manure
35 0.00 5.27 0-y 9.60 g-I 13.74 bed
Cow manure
e 0.00 4.96 p- 9.29 g-m 13.67 bed
Chicken manure z Py g
ooz 229 0.00 z 5.29 0-y 9.82 14.24 be
Vermicompost
Yo 0.002 7.63 it 15.16 b 21.25a
Azolla
e 0.00 411ty 7.63 it 10.53 d-j
Chemical fertilizer
yyay (ShiduwgS
0.00 4.22 s- 8.02 h- 11.48 c-h
2015 Sheep manure z 5Y g ¢
35 0.00 2 4185y 7.88i-q 11.20 ¢
Cow manure
s 0.00z 4.01 u-y 744 j-u 10.26 d-j
Chicken manure
oS 29 0.00 z 468 gy 8.94 g-n 11.99 bg
Vermicompost
Yyl 0.002 4281y 7721 11.14 c-i
Azolla
A0 ol
. - 0.00 3.94 u- 6.00 m- 8.07 h-
2016 Chemical fertilizer z vy my q
S § .
Sheep manure 0.00 z 3.43 xyz 5.88 m-y 8.29 h-p
i 0.007 3.56 w-z 5.61n-y 7.44 ju
Cow manure
GEr R i-
Chicken manure 0.00z 3.20 xyz 5.69 n-y 7.80i-r
CeogeaS (039 - j- -
Vermicompost 0.00z 4.03 u-y 7.36 j-u 9.03 g-n
Y5l ; .
Azolla 0.00 z 3.35 xyz 5.12 0-y 7.16 j-v
\yas o -~ i X
2017 Chemical fertilizer 0.002 365vy 7051w 9691
st 0.00 z 4.02 u-y 7.07 j-w 10.02 e-k
Sheep manure
e N -
Cow manure 0.00z 3.24 xyz 6.39 Iy 8.66 g-0
Er i i
Chicken manure 0.00 z 3.28 xyz 5.06 p-y 7.62i-t
CugeaS (5059 - -
Vermicompost 0.00z 3.22 xyz 6.61 k-x 9.17 g-n
Y5l _ "
Azolla 0.00z 292yz 6.42 Iy 8.49 g-p

S50 o b ()l gime oglis (SOl (glacaly dix g0l 51 ool b o yd g Jlein] aaws j3 i g (il (gla Sk gt o 0*
Mean in each column followed by the same letter are not significantly different at p<0.05 based on Duncan’smultiple range test.
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Table 6- The interaction effect of Nutrition type xcold storage duration on fruit firmness of kiwifruit cv. Hayward

A3 w3 (6,1 G
395 o5 Cold storage duration (Day)
Juw Nutrition type 0 30 60 90
Year
Lo
Y e 5.16 e-j 2.95 m-w 21912 21z
2014 Chemical fertilizer
s 6.98 a-e 3.25 k-u 2.03 12 21z
Sheep manure
3 6.41 c-h 3.58 s 2.20 gz 211z
Cow manure
e 5.34 e-j 2.96 m-v 1.78 sz 1.65 t-z
Chicken manure
oz 29 6.55 b-g 355t 2.05r-2 2rz
Vermicompost
2 8.33ab 3l-v 1.89 57 175z
Azolla
bossd
e 5.7 d-i 2.32 gz 1.28 v-z 0.7z
Chemical fertilizer
Y ids 4.83 g-m 1.38u-z 147 u-z 0.87yz
2015 Sheep manure
9 4.85g-m 2.650y 1.12v-z 09yz
Cow manure
e 5 f-k 240z 1.28 v-z 1 xyz
Chicken manure
CugenS )9 5.83 d-i 2.82 n-x 142Uz 08yz
Vermicompost
il
Yo 5.12 e-k 2229z 1.33v-z 0.83yz
Azolla
Y0 slosd
- 2330z 12v-z 1.33v-z 1.05w-z
2016 Chemical fertilizer a
b 4.65g-n 17752 17152 143Uz
Sheep manure
5
e 4.45i-p 1.75s-z 1.42 uz 1.42 uz
Cow manure
st ;
5.78 d-i 215r-z 1.57 u-z 0.83yz
Chicken manure 4
oS 509 433ip 185z 1.65 t-z 17752
Vermicompost
Yl 2.9 nx 2,051z 14uz 14uz
Azolla
¥as losd i
- 8.17 abc 7.32 ad 3.93i-r 2240z
2017 Chemical fertilizer q
oS 7.98 abe 5.77 d-i 467 gn 18352
Sheep manure
o 8.74a 5.6 d-i 41i-q 211z
Cow manure
s 8.13 ahc 7.32 ad 5.42 d-j 2.33g-2
Chicken manure
SS9 7.89 abc 6.88 a-f 4.88 gl 1935z
Vermicompost
Vil ; . g
Azolla 8.53a 6.88 a-f 4.52 h-o0 2.55p-z

S5 o b (o)l xe Caglis Sl (glaals Wi ygl 3l edlisinl b sy gy Jlein] pdaw )3 e gy g (sla ySibe (g o y0*
Mean in each column followed by the same letter are not significantly different at p<0.05 based on Duncan’smultiple range test.
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OAb Py A yoxie & (SUSele 5 et (e (FTY, 1993
UMl 03sgd (Jslw ojlgd Jlis bl (pols Cawd 5l 20 0 (58S

(Brummell, 2006) cool (1S (sl sl

0430 (lsasd Olduo

rae 355 g5 Jlo S s S pe el ly o s
e 3 (B 395 g5 Sy g B p 1> (651K o)
9 Ogelyis HB andel ¢ Jolomo ol dlge w0 55 ()l
39 o ine gl i B andl 4 Joloeo dal> dlge Cas
Lopl (Joloe dal> Slge (6355 Jlow 98 ST cnlpli (Y Jgi2)
2 D)l (Sin A2y 50 ()X loj ke s (yaumlyis B
9 W2 53 (6)ISS loj Sl ladd oS ols UiS glS (gw)p iz
2 e 355 5 Wit Sl 55 5 Jlo b 9556 ol GiiSan
A dwl & Jolome Jols dlgo s &2y 50 (£)l0SS Co
AV Jgse) 528l (g o sine o6 el i 6

Capnd S )| Sl s 53 (955 0900 sl (oo Ao

(D'evoli et al., 2013) l)LSen 5 (J5go dlowgy Jgliio cois 4
CdgS (i ) (Gl Slilllas (S 42 STl oad (2))5
2oLl ¢ blo 5 000,85 iy Jglate 5 S| 9805955 (ot 0300
S5 sogee il aw (Amodio et al., 2007) I, Ken 4
L dslio )0 doyd yao slod o (eSS0 ¥ b Jolite cuiS
53,8 oaalie |y S A5 s )3 4Bl ()90 srogee
A G Jghto S 5V 5 Slee 4 1y jdy (b e o
S slaog e iSasS ojluil a0 i )b Hlade (S
oS ol i L cllas 5,8 by S8 b duglie p> Jglite
(23395 aebp dlox 5l Jolo (ptiz U ot W5 o0 0gen (SHiw
D95 @Bl St 03le jlade g el Ao 15 4B yme 53 (655
aS )8 5,135 50 (Singh et al., 2008) -, Ken 5 K
P e D90 (S5 PO ogne (Sl o CamwgeoS ()9 3 2)lS
(i dlge (g Jglome s dlge ClMo ()I3)Ll (b ogee (105
OS5 g o9 £l 92 (elye ol il 5 Jobo o)l0
Fattahi Moghadam ) 5,l> i & sgme 0 p 5 Cas pu 53 Sdmo
OhlSen g5 ,sie 558 5L and Halajisani, 2012
ki o)Ll )3 0gee (5,105 L (Ashournezhad et al., 2011)
S sogse 3 il (pl & (ysbods Bl B 050 L
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Table 7- Analysis of variance for Nutrition type and cold storage duration effects on kiwifruit chemical traits during 4 year

Oy @il Gilan, S Jloe dele dlge S dlaaw] Wiy dn] 43 Jolmo ol S0 Comed
Source variations Df TSS TA TSSITA
JL‘) 3 76** 1.7** 68**
Year
s
8 0.89 0.02 0.36
Erorr
> & 5 0.99% 0.04* 0.27™
Nutrition type
Jo w55 5 15 1.3%* 0.05% 0.29
Nutrition type*year
44\>))“’ A_Ao d)‘@ Sl 3 440** 0.29** 151**
Cold storage duration
JL" # 45[53)“’ ‘_Jo d)l'x'ﬁj‘; Cdo 9 17%* 0.25%* 13**
Cold storage duration*year
45\5'))‘“ ‘_Jo L;)IA.QKS ettt ‘)9§ &y 15 0.69* 0.03* 0.63*
Cold storage duration* Nutrition type
dho 2y b o8 e 355 g5 45 0.46 0.02 043
Nutrition type* Cold storage duration* year
s
164 0.38 0.02 0.33
Error
NI
o S 5.1 7.1 8.1
CV(%)

o yd K g gy Jlein] zokaw ;0 I ize BMB] g Iy gxe BB gz g pie oy

w= % NS
9

ns *and *: non-significant difference, significant difference at the level of five and one percent probability, respectively.
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bgso e 1SS jlade ;0 ()l dre BB cuily oyl > .l
ol duw jl asy i odmlie caliste (6348 mlio ol iss cla
S 6ladgS b o 4355 (claogee TSS e ailsdpw )3 (6 0
Aols oo iy slade gy olend 365 3l yiins (o)l e jelay
s Jglae criS U dunlie 50 SUB ) cudlS piuw 5 Jolore
Jae b 5155 (D'evoli et al., 2013) ) )\SKen o Jg93 dluws
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Table 8- Interaction effect of Nutrition type xcold storage duration on fruit total soluble solid (TSS) of kiwifruit cv. Hayward

WD pw 3 (6, O

35 g9 Cold storage duration (day)
Nutrition type 30 60 %
0
i 8.8 f 125 de 13.7D 13.8b
Chemical fertilizer
oS 8.7f 123e 13.6 bd 140a
Sheep manure
5 8.6f 12.4de 145a 142a
Cow manure
e 93f 12.7 bd 139b 14.1a
Chicken manure
oS o029 85f 120e 140a 14.2a
Vermicompost
Yo 8.7f 12.6 de 13.9b 143a
Azolla

S5 w0 b ()l ime oglis (Sl (laield six g0l 31 e3litl b duoy> gy Jlein] paw 53 aulie gy gl (slaySibe (ygw o j0*
Mean in each column followed by the same letter are not significantly different at p<0.05 based on Duncan’smultiple range test.
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Table 9- Interaction effect of Nutrition type xcold storage duration on fruit total acidity (TA) of Kiwifruit cv. Hayward

R PHES D 6,150 O
355 &40 53 8 -‘{5’
Nutrition tvpe Cold storage duration (day)
P 0 30 60 90
Lo
. 1.92ab 1.78 abc 167¢ 1.71be
Chemical fertilizer
g 1.76 abc 1.79 abc 167¢ 1.84 abc
Sheep manure
9 1.84 abe 191 ab 1.73 abe 1.85 abe
Cow manure
e 1.93a 1.79 abc 1.71be 1.84 abe
Chicken manure
w’“’s 9 1.83 abc 1.75 abc 1.72 abc 1.78 abc
Vermicompost
Y5 1.86 abc 1.81 abc 1.71 abc 1.77 abe
Azolla

S50 o b (I gime coglis (SOl (claials dix 903l 51 ookl b duoyd g Jlein] gaws 53 aslie gy (il (o p ko gm0
Mean in each column followed by the same letter are not significantly different at p<0.05 based on Duncan’smultiple range test.
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Table 10- Interaction effect of Nutrition type and cold storage duration on fruit TSS/TA index of kiwifruit cv. Hayward

355 £50 EH SO gS)"W'_i; O
Nutrition type Cold storage duration (day)
0 30 60 90
-
Chemical fertilizer 4.88d 7.09 be 8.26 ab 8.13ab
idess 5.54d 7.03 be 8.19 ab 7.62 abc
Sheep manure
54
<9 4.80d 6.60 ¢ 8.47a 7.71 abc
Cow manure
s 5.03 d 7.16 be 8.25 ab 7.69 abc
Chicken manure
ez 5229 4.80d 7.03 be 8.15ab 7.99 ab
Vermicompost
Yol
» 4.98d 7.03bc 8.13 ab 8.07 ab
Azolla

S50 ot b gl gime coglis (SOl (glanals dix yg05l 51 ookl b duoyd g Jlein] gaws 53 asliie gy (il (cla pSibo ygim p 0"
Mean in each column followed by the same letter are not significantly different at p<0.05 based on Duncan’smultiple range test.
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Figure 2- The effect of Nutrition type on kiwifruit cv. Hayward sensory attributes during cold storage
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Introduction

Drought is the most important limiting factor for the yield and quality of products in the world. Fertilizer
application can mitigate drought stress in plants. Most farmers prefer to use inorganic (chemical) fertilizers
because of their fast impact on plant growth. The reasonable cost of inorganic fertilizers and their availability are
the other reasons. However, the long-term effects of organic fertilizers on plant growth and soil fertility has been
proved. The grapevines are one of the most important garden products in the world as well as in Iran. It has been
reported that the application of biochar has significant effects on soil fertility as well as plant growth. Biochars
have properties such as highly porous structure, high specific surface area, higher water holding capacity of the
soil, the long-term stability in the soil. In addition, our previous study indicated that it could decrease the hazard
of sodium in soil compared with compost. In Iran, the cultivation area of grapevines was the second grade after
the pistachio cultivation area in 2019. According to statistical data on agriculture in 2019, the cultivation area of
irrigated and rain-fed grapevines in Kermanshah province was 7710 and 1515 ha, respectively. According to this
report, the production of irrigated and rain-fed grapevines in Kermanshah province in 2019 was 82718 and 1763
tons, respectively. The effect of application of some inorganic and organic fertilizers under drought stress on
yield, water use efficiency, and some biochemical characteristics of the grapevine leaves cultivar Bidane-
Ghermez has been previously studied. In this research, the effect of drought stress and the application of
potassium sulfate, compost, and biochar on antioxidant activities of the grapevine leaves cultivar Bidane-
Ghermez was investigated.

Materials and Methods

A greenhouse study with a factorial experiment based on a block of randomized completely design was
conducted with fertilizer treatments including control, potassium sulfate (1250 mg kg*), compost (5% w/w), and
biochar (10% w/w) without and with drought stress conditions (80 and 40% FC, respectively) during 2017-2018.
For this research, the biochar was produced from apple tree pruning under low oxygen conditions by slow
pyrolysis at 400 °C. The compost was purchased from the municipal compost factory of Kermanshah province.
To evaluate drought stress and inorganic and organic fertilizers' application on antioxidant enzymes activities,
the superoxide dismutase and peroxidase activities and total soluble protein of grapevine leaves were
determined. The data were analyzed by ANOVA and the mean of studied characteristics was compared by
Duncan’s test at 5% probability level using SAS software.
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Results and Discussion

the results indicated that the interaction effect of fertilizers treatments and drought stress on the superoxide
dismutase and peroxidase activities as well as total soluble protein was significant (P<0.01). Under drought
stress conditions, among fertilizers’ treatments, the activity of superoxide dismutase for potassium sulfate was
significantly lower than compost and biochar treatments (P<0.01). The results also showed that the peroxidase
activity for compost was significantly higher than potassium sulfate and biochar treatments (P<0.01). Besides,
the highest total soluble protein amount was found for biochar treatment (P<<0.01).

Conclusion

according to the results of this study, it can be concluded that the increase of total soluble protein of
grapevine leaves under drought stress conditions by biochar application contributed to the increase of superoxide
dismutase and peroxidase activities also increasing the bioavailability of macro-and micronutrients. Biochar
application increased significantly the potassium concentration of the leaves of the grapevines. Potassium
regulates water movement at the plant and also provides a higher relative water content of grapevine leaves.
Moreover, potassium decreases the non-stomatal effects are also attributed to stomatal closure during drought
stress conditions. Furthermore, potassium contributes to protein synthesis. Biochar application also increased the
phosphorus, copper, and magnesium of the leaves of the grapevine. Higher concentration of phosphorus under
drought stress conditions caused the grapevine leaves to suffer less from phosphorus deficiency. Copper exists in
superoxide dismutase and is considered a key player in superoxide detoxification. Under drought stress
conditions, higher manganese concentration by biochar application resulted in more protection of the cellular
membrane against Reactive Oxygen Species (ROS). For fertilizer recommendation in order to reduce drought
stress effects on some antioxidant enzymes activities of Bidane-Ghermez grapevine leaves, the application of
biochar is recommended first then potassium sulfate and compost.

Keywords: Biochar, Compost, Macronutrients, Micronutrients, Potassium sulfate
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Table 3- ANOVA (mean squares) of total soluble protein, superoxide dismutase and peroxidase activities of grapevine leaves
cv. ‘Bidane Ghermez’ in different fertilizer treatments under drought stress conditions
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Figure 1- Interaction effect of drought stressx fertilizer treatments on superoxide dismutase activity of grapevine cv. ‘Bidane
Ghermez’ leaves (DMRT, p<0.05)
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Figure 2- Interaction effect of drought stressx fertilizer treatments on peroxidase activity of grapevine cv. ‘Bidane Ghermez’
leaves (DMRT, p<0.05)
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Figure 3- Interaction effect of drought stress xfertilizer treatments on the total soluble protein in grapevine cv. ‘Bidane
Ghermez’ leaves (DMRT, p<0.05)
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Introduction

Strawberry is one of the most important small fruits in the world, which is cultivated as a perennial plant in
temperate regions of the world. Ripe strawberry fruit contains compounds such as protein, fiber, sugars such as
fructose, glucose, sucrose, organic acids, vitamins, minerals, as well as phenolic compounds and anthocyanins.
The aim of this study was to investigate some hormonal treatments and magnetic field on some physiological
and biochemical characteristics, shelf life and postharvest life of strawberry cv. Selva under temperature stress.

Materials and Methods

This experiment was performed as a split plot based on a completely randomized design with 3 replications.
Physiological and biochemical characteristics were studied on several tissues of Selva strawberry cultivar under
several different temperature treatments. The treatments were gibberellic acid at three levels of control, 50 and
100mg/l in the main plots, magnetic field at 3 levels of control, 10 and 20ms, in the subplots and temperature
stress in three levels including 2, 8 and 20°C. It was done on strawberries in subplots. Healthy prepared
strawberry fruits were subjected to magnetic treatments and then immersed in hormonal solutions for 2min and
after drying, stored for 8 days in different refrigerators at temperatures according to research treatments. The
samples were then removed from the refrigerator and transferred to a laboratory to measure various
characteristics. The studied traits included: fruit weight, fruit diameter, fruit length, fruit moisture content,
titratable acidity, fruit juice pH and vitamin C.

Results and Discussion

Results of analysis of variance showed that the simple and triple interactions of treatments on all studied
traits were significant. Comparison of the mean triple interaction of gibberellic acid treatment x magnetic field x
temperature showed that the highest amount of fruit weight (19.49g), the highest amount of fruit diameter
(33.7mm), the highest fruit length (48.62mm), the highest fruit moisture (34.65%) was obtained in the treatment
of 50mg/I gibberellic acid, ten Tesla magnetic field and a temperature of eight degrees Celsius. The lowest fruit
weight of 10.65 g was obtained in the treatment of non-use of gibberellic acid, non-use of magnetic field and
temperature of 20°C. The lowest fruit weight loss of 3.74% was obtained in the treatment of 50 mg/I gibberellic
acid, 20 Tesla magnetic field and 2°C. The lowest fruit diameter of 21.52mm was obtained in the treatment of
non-consumption of gibberellic acid, absence of magnetic field and temperature of 20°C. The lowest fruit length
of 25.63 mm was obtained in the treatment of no gibberellic acid, no magnetic field and a temperature of 20°C.
The lowest amount of titratable acidity (0.31%), the lowest pH of fruit juice (4.68) and the highest amount of
vitamin C (34.92mg/100 ml) in the treatment of non-use of gibberellic acid, no use of field Magnetic and a
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temperature of 20°C were obtained. The lowest amount of vitamin C was equal to 20.5mg/100ml in the
treatment of no use of gibberellic acid, no use of magnetic field and a temperature of 20°¢.High concentrations
of gibberellic acid have a beneficial effect on increasing cell division and fruit size. Gibberellic acid increases
fruit size and weight due to its effect on increasing cell division in the early stages of fruit development and
increasing cell size at late fruit ripening. Magnetic field also affects plant metabolic activity. Fruit volume
includes fruit length. It decreases due to the magnetic field. Fruit weight showed a significant positive correlation
with fruit diameter, fruit length, fruit moisture and vitamin C. In terms of the triple interaction of the research
treatments, the best effective treatment for increasing the storage time of strawberries was the combined
treatment of 50 mg/I gibberellic acid and ten Tesla magnetic field and a temperature of 8°C.

Conclusion

Fruit weight showed a significant positive correlation with fruit diameter, fruit height, fruit moisture and
vitamin C. In terms of the triple interaction of the research treatments, the best effective treatment for increasing
the storage time of strawberries was the combined treatment of 50 mg/l gibberellic acid and ten Tesla magnetic
field at a temperature of 8°C.

Keywords: Fruit length, Fruit diameter, Shelf life, Titratable acidity, Vitamin C
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Figure 1- The interaction effect of gibberellic acidx magnetic field xtemperature application on the fruit weight of strawberry
cv. Selva (LSD, p<0.05)
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(LSD, p<0.05)
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Table 1- The ANOVA results for the effect of gibberellic acid, magnetic field and temperature application on some
morphological traits of strawberry fruits cv. Selva
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Table 2- Results of analysis of variance of different levels of gibberellic acid, temperature and magnetic field treatments and
their interaction on biochemical traits of strawberries
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Table 3- The interaction effects of gibberellic acidx magnetic field xtemperature on some physiological characteristics of
strawberry fruits cv. Selva
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> e Lo ‘;’."\” Sl S s e H?’b 2 S des sgse wIPH Vita.C
Temperature Magnetic field GA; ‘ Fruit -I:A Fruit.'uice (100ml/mg)
() moisture () J
Gl 6.12n 0.88b 6.13b 22.13m
D1 G2 16.55m 0.89% 6.09b 22.24m
G3 14.740 0.89% 6.90a 20.50n
Gl 16.09n 0.87a 6.04b 23.37Ki
H1 D2 G2 16.89I 0.80e 6.14b 24.53ij
G3 17.05l1 0.78f 6.12b 24.52ij
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D3 G2 24.12j 0.86d 6.04b 22.901
G3 24.15j 0.87c 6.06b 23.48k
D1 Gl 22.56k 0.75j 5.90bc 24.00j
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H2 D2 Gl 30.51d 0.68j 5.13c 28.65¢g
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D3 G2 32.38b 0.520 5.45¢ 33.34d
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G3 28.46f 0.34s 5.18¢c 33.13d
Gl 27.439 0.43q 5.19c 31.60e
D3 G2 29.45¢e 0.04p 5.44¢ 33.90bc
G3 29.42e 0.520 5.42¢ 25.20h
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o5 ol
s 0 ize M (gl )l LSD oyo)‘-l 70 Jlein] o )3 (( Jlite 1 sl Sog8 By ) Syide gy b sl 1Ske g o 4>
In each column, means with the same letters (small letters for interactions) are not significantly different at 5% probability level
using LSD test
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Introduction

UCB-1 hybrid rootstock is propagated from the seed of a controlled cross between a P. atlantica female and
a P. integerrima male. Clonal propagation of this rootstock is also necessary since it produces identical
genotypes. UCBL has recently been introduced in Iran. However, little research has been done on this subject.
Water stress is one of the most important environmental stresses and occurs for several reasons, including low
rainfall, high and low temperatures, salinity, and high intensity of light, among others. Drought stress is a
multidimensional stress and causes changes in the physiological, morphological, biochemical, and molecular
traits in plants. Proline is also found widely in plants and accumulates in large quantities in response to
environmental stresses such as drought. It is the essential amino acids that accumulate in different tissues of the
plant, especially in the leaves through the effect of water stress, and that the accumulation of it has a function in
the regulation of osmosis in the cell as the proline is increased in the cytoplasm to counterbalance effort osmosis
cell sap. Proline is an indicator of water stress tolerance and its increase in the leaf proof that the plant suffered
drought stress, also is the way the plant tolerance to drought stress.

Materials and Methods

A pot experiment was conducted, to investigate the effectiveness of foliar applied proline in mitigating the
concurrent effects of drought stresses on UCBL rootstock, at greenhouse of Faculty of Agriculture, University of
Shahrekord. Experiment was carried out in a completely randomized design with split arrangement having three
replications. Chl. and carotenoid contents were determined according to Lichtenthaler (1987). Leaf discs were
obtained from expanded leaves of each pot in the morning. The leaf discs were weighed immediately to obtain
the fresh weight (FW), and submerged in distilled water for 4 h at 4°C in dark condition and then weighed to
prepare turgor weight (TW). The leaves were dried in a forced-air oven at 70°C for 24 h, and the dry weight
(DW) was recorded. The RWC of samples was calculated using the following equation (Bastam et al., 2012):
RWC = [(FW-DW)/(TW-DW)] x 100

Levels of glycine betaine were quantified as described previously by Arakawa et al. (1990). To determine the
free-proline concentration, leaves were homogenized in 5 ml of ethanol at 95%. Proline concentration was
calculated with a standard curve and expressed as pg g~ 'fresh mass (Paquin and Lechasseur, 1979).

Results and Discussion
The UCBL proximate analysis in the present study depicted that imposition of drought stress increased the
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leaf and root proline content and electrolyte leakage. Exogenous application of proline as foliar spray
significantly increased the moisture content of leaf and root, RWC, Chl a and total chlorophyll. Exogenous
proline application upregulated leaf and root proline contents and decreased the lipid peroxidation (decrease
electrolyte leakage), resulting into improvement in chlorophyll contents. 150 mg. I proline application gave
maximum alleviation against stress.

Numerous reports depict that the exogenous application of proline as a foliar spray can play an important role
in enhancing plant tolerance against drought stress, and our results are consistent with them. This ameliorating
effect of exogenously applied proline can take the form of osmoprotection, cryoprotection, or protection against
reactive oxygen species.For example, in various plant species growing under stress conditions, exogenously
supplied proline provided osmoprotection and facilitated plant growth. Normally, proline accumulation in plants,
is in response to drought or salinity stress occurs in the cytosol where it contributes substantially to the
cytoplasmic osmotic adjustment. It actively takes part in plant osmotic adjustment under stressful environmental
conditions. In addition to its role as an osmolyte for osmotic adjustment, it actively takes part to stabilize
subcellular structures, biological membranes, proteins, and scavenge free radicals. It also plays a vital role in
buffering cellular redox potential under stressful environmental conditions.

Conclusion

In summary, our results showed that, drought induces a decrease in moisture content, RWC, T Chl and
carotenoids and an increase in some osmoregulators (proline, glycine betaine, TSC). The most favorable
treatment was 150 mg.l-1 proline foliar spray. 150 mg.I"! proline application gave maximum alleviation against
stress. Foliar application increased the moisture content of leaf and root, as well as increased the Chl a, total,
RWC and proline content of leaf and root. It can be suggested that the foliar application of proline (150 mg L)
used as a plants defense factor against drought stress conditions.

Keywords: Amino acid, Drought, Electrolyte leakage, Relative leaf water content
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Table 1- ANOVA for the effects of drought stress and proline application on moisture content, chlorophyll a, b, total and
carotenoids in UCBL1 rootstock

Slaspe (ke
Mean squares

Jofs  Jfs S8

e d'?’b_ Sy Cagb, dBlw Cugb, Ay y Cagb a b Js Bagei 5
Source of &33! Leaf Stem Root Chla Chlb ChIT  Carotenoids
variation DE moisture moisture moisture

S 2 483.9" 863.5" 2433.5™ 1.36™ 019" 253" 0.13™
Drought
ooz 2 287.0" 21.9™ 308.7* 0.35° 0.04"™ 062" 0.01"™
Proline
N A 4 669.7" 877.6" 214.2 0.01"™  0.04"™  0.04" 0.01™
Drought x Proline
e 18 182.7 260.3 100.5 0.07 0.03 0.12 0.01
Error
CV) (% 12.7 9.7 17.5 3.2 4.9 3.8 7.6

Do 0 g ) sl maw )3 (6 gxe gyl e pas s 4 T g

# s NS
¢

ns **and ": non-significant, significant at p<0.01 and p<0.05, respectively
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Table 2- The effects of drought stress and proline application on the root moisture, chlorophyll a, b, total and carotenoids in
UCBL1 rootstock

© ylows Ay & 0 s L5 SiS 359 SY) ""9“’) a Jud,ls b Jud s I S L"’-‘-&-’B*s)‘s
Treatment Shoot to root DW Root moisture Chla Chlb Chl'T Carotenoid
(%0) (mg.g*FW) (mg.g'FW) (mg.g'FW) (mg.g*FW)
Drought .5
100% rc 1.082 75.52 1.542 0.55? 2.08? 0.842
70% rc 0.992 67.5% 1.12b 0.39% 1.50° 0.85?
40% rc 0.62° 43.8b 0.75°¢ 0.26° 1.02¢ 0.63°
Proline ;s s
0 ppm 0.70° 56.5° 0.92° 0.32m 1.25° 0.74"
75 ppm 0.75% 62.1% 1.18% 0.43 1.628 0.76M
150 ppm 0.822 68.28 1.312 0.45" 1.752 0.82"

By (6yl3 gxe agls duoyd O o] grdaas y3 (S5l (glaaldain (yg05T ool p1 ot y2 33 aliia By (gl (slapSile
Means followed by the same letter within each column shows no significant differences among treatments at 5% of probability level
based on Duncan’s multiple rane test.
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Figure 1- The interaction effect of drought stress xproline spraying on the leaf moisture (%) of UCB1 rootstock (DMRT,
p<0.05)



VY il ¥ 0l TV aler (535918 @alion 5 poke) Sl pole 425 FOA

| o100% FC O70% FC m40% FC |

100.0 1~
90.0 a T a gy i
€ w0l 1 ® @
31 % 60.0 A b i
_%" é’ 50.0 - c
_93 g 40.0 A
& 30.0 A
20.0
10.0 1
0.0
Proline 0 Proline 75 Proline 150
ol
Proline

UCBL aly dlw Cugby suoyd 0 g (ol dglone x (Suld (yii5 Jilie 1Y S8
Figure 2- The interaction effect of drought stress xproline spraying on the stem moisture (%) of UCB1 rootstock (DMRT,

p<0.05)
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Table 3- ANOVA for the effect of drought stress and proline application on osmolytes, RWC and electrolyte leakage in
UCBL1 rootstock

Sl o S5l
Mean squares
& O i Uy i
&be 4, :;M o ol P ) S 51 ooy RL3] Slyeme Sl
Oy a3 o Ay z " Leaf ) Climsd g msl
Source of g2 Le?f Leat Root i Root S Electrolyte
iati Df glycine Root soluble soluble Proline I : leak
variation betaine glycine sugar sugar proline RWC eakage
betaine
Durou.‘g'ht 2 28297.5™ 19808.6°  24269652™  3126723" 37267.97  26814.7"  4794.2™ 1337.4™
P;’;I’Ige 2 505303* 28251m 49333507 1190121 5040 33110 7085 591.1*
. s
oo 4 5871.4 " 9112.1 " 2683075 " 26852 " 6881.6 9715.6 " 98.4 1 20.7 s
Drought x
Proline
Eu::)r 18 12027.7 5281.9 1983106 732090 19037.5 6172.7 217.2 143.5
CV (%) 15.8 12.4 7.1 15.3 17.6 21.3 14.3 6.9

Do 0 g ) i mdaw )3 (6l e gyld e pas s 4 T g

®

#% NS
¢

ms, ™" and *: non-significant, significant at p<0.01 and p<0.05, respectively

S e 455 ikt 5 S s S I3 sl (i
(¥ Jois) cdly yials RWC Lol i e g pisdl et 5 iy o
Lacedg sl cis 5 Jotome 38 eyl (a5 slo g3 LS
lop Ve maw o (Sis oL sald )b e ol
RWC lie (S oad (15 B ) .cudlis 2929 (o2l)j <o o
2o > Vo /Y g Sl s 5 ials do s 0A 2ol b dwslds )

= Setd s ol 51l g LT Jgto 4 40 L
Ol o Slgiome ) 9 Sy gy 9 Jolomedid oyl s S5
= » = sdome o3l 1 g ey sl cuts y (RWC) S
cuis g RWC ey 5 Sy (g « Sy ol XS 2 0oy
(7 Jga) 292 sl sixe cdg sl
byl o) ¥ bl congaoe el Cants gl bl p



voa ol G gounl g (6 ouwgid SIS, Glime » 9y (Wb Jodxo Il () g o SR g LS

; Khoyerdi Hussain et al., 2008) cusl oad 55 dtus ;55
)3 oleym oioen (et al., 2016; Kumar et al., 2017
LS 0 a5 S 3 olS (315 oy s O3l sl
; Roozbehani et al., 2018) , S5 ol il mwl
Ml oyl 3yl ciillae (Mohammadrezakhani et al., 2019
2 ot 9 Y lachle (o8 Jsse g sl &5 )55k
bl oz (gl oLl 5]y (3 fosos idbige Jymginn
il (Sdd i bl 50 g e Gl (05
OSee g 3y Gl dabl ©)9050 g cosl (6551 B puae
3lan 5 b cov |y alS clapudslio s eylld o cul
Lo elg 4o & xie (g Gl Cunl (See 1503 Sk
o-See 45 (Farooq et al., 2015;Habibi et al., 2010) 55, 5
A9 hdgloxe 131 )3 ol e M Clale S
A8 I 3 sl alis o b 4 00 ()3 5 L0
s B 235 (i clale Juljdl el (Sis a
5 Salsal Glyie 4 gl (18 s 4 o5l Jslowe dlge S0
Ologad 340 4 e &S Cuwl il gl Kol 0aiS oy 50
Okuma et al., ) 39 oo (Suid (5 Larlyd 53 (S3ol5 3a998 90
» (El-Nashaar et al., 2020; Abdelaal et al., 2020;2004
b (2l b Jsho (el Jouily Jslone Mol goos e
el bis el g S o Gla ol b ) Ol byl &S
slcdls x5 ol L (Faroog et al., 2015) 35 o (uil),ss
SpalylS joboas olS b aS o a8 g ond Lais oMy g

LS oo 1y O codgisme baylyis

8l IS e g (S (oSl gloee 15 8L il
RWC 5 sl inls anlb dy o lacag xSl et 5 5y,
Ct (2 ytaS 9 Sy ol (d glgme oty 8L 33l
b odalido pdgymy ptd 53 )8 (oo V00 jlas 3 g Sl
5 S o lyme )l 3 Cadgize Jlosl 31 )5 (F Jgs2)
2 ) olgp Bl (Rl aald 4 cuns ()b gxe yobods ad)
Lol 292 @glite ;0080 b (o) cadylo do 3 ¥o g Ve s 930
gl (Seitd il gl (il e S g b LS
A5 ol it Lialagl ol gl (¥ JSCE) bl gy (6l sine
P prS e Ve V0 lacdale )3 gy (oS gl 5l eolitl
938315900 g Gl el Sy g Al pluil 93, ) )
VO o ) Cond 5 3 05 (o N0+ a5 GRIBEN e ]
G il S (1 JS) 39—y g > 0 p)S e
i el 5 ol G & oy Sl slxe 515 s s
2 ok slid g laaedsind dopuiiyn jl cblis 5 Jsho (5ol
S joml Jouiliy i el (g (258 2p)8 ()b 5l 235
s Slsme Gl g ol (obol 5 005 (alS (slaJsbe
Uil s RWC zals (Shao et al., 2008) )5 o 3, o
ol asye Gl cle 4 (Sas 1 bl 5o colg sl ey
sl =8 iz 3 el plomadly (Lié (6 pdydais iul-Sl
=50 glapaT (5 Sl 5 (heml oda b oy (3L e
lia 1> 5 RWC Lais el Ho0p 5 Oy 3131 (sl JIS00), ;]
(cstlomodly gLt & copol) oSl s 2alS" g 05 (<l
(Khaled et al., 2020) 5,5 .~
SoiB g (5l M ol 25l Sl JI 2ol gazs
cloal dex il GalS )5 (Sis (i llid ) Jgloe

UCBL 4y ;> ey sl Cudls § 5 1 Ol g Slgioee Cidgonsl 2 (g 2 (oSl Jglone g (Subd (5 51— oo
Table 4- The effect of drought stress and proline application on osmolytes, RWC and electrolyte leakage in UCB1 rootstock

ol s WS b s WS 0 I
bl T ST s e s iy, e e sl ey 0
Treatment s ) ) . Leaf soluble Root soluble S Electrolyte
betaine betaine
»
Drought
100% rc 256.1° 198.3% 2611.5° 2122.6° 79.32 54.5°
70% rc 306.9° 165.2° 3792.1° 25.5.2% 56.8° 63.9°
40% rc 436.9° 257.8° 5855.9° 3279.5° 33.2° 78.7°
Proline ,Js
0 rpm 407.5° 227.3™ 4919.8™ 3032.9™ 47.3° 73.5°
75 ppm 334.7% 193.9" 3835.1™ 2534.4™ 56.7% 66.3%
150 ppm 257.7° 200.1" 3504.5™ 2339.9™ 65.3 57.3°

By gylo dme igls o yd O Jleis] gaws 3 Sl (yge5] olusl 2 et ya 3 lie By (gl (slacySile
Means followed by the same letter within each column shows no significant differences among treatments at 5% of probability level
based on Duncan’s multiple range test.



YE-Y lili ¥ o) lad TV alr (5509138 oo g poke) Sl pole & p2d YF o

_):/_\400- -,:? 400 -~
o =N a
5 2 350 1 }r:. 350 ab T
=t =1)] o T
«3-@300— ;‘1“5:3.2 300 T
F 2 201 T 250 A
= a o O
8 200 4 b w2 2001
2 3 150 4 ~ 5 1501
v, 2 22 1004 ¢
2 .= 100 A ¢ - =
Ry b 2 50 1
Da 30 ’—’—‘ Ry 0
- O T T 1

100% FC 70% FC 40% FC

Droght stress

100% FC 70% FC 40%FC
I

Drought stress

x 500 1 % 500 - a
S~ 450 3 T 450 - T
Elcn B3E ol
2 2 400 W}mmo
‘3%350— 9 5y 350 A
J 2 300 a J = 300 - b
= 5 250 w8 250 4
2 E 200 A b i g 2001
2 8 150 A
w = 150 1 W, = c
'L.._:].OO— “ = 100 A
=} c =]
5 & 50 - ] De 50
2, O \3\ O T T 1
— T T 1

Proline 0 Proline 75 Proline 150 Proline 0 Proline 75 Proline 150

O (Sldsloe g oolslone
Prolin application Prolin application

UCBL &by duiy 9 St (gt (590 2 (g (oilidglone 9 (Sl (i3 odlw 51 -Y JSS
Figure 3- The effect of drought stress and proline spraying on the leaf and root proline of UCB1 rootstock (DMRT, p<0.05)
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Introduction

Due to the limits of the conventional agricultural system, intercropping is important in terms of production
sustainability. Intercropping plays an important role in increasing production and performance stability to
improve the use of resources and environmental factors. Spinach (Spinacia oleracea L.) is an important leafy
vegetable, of which the leaves and tender shoots are consumed fresh or processed. Spinach is native to Iran.
Spinach contains different flavonoids that function as antioxidants and anticancer agents. Also, spinach may be
used in the prevention of Alzheimer's disease. It is an annual plant and as well as chickpea, spinach is grown as
both an early spring and late fall crop in order to have growth at the coolest parts of the season. Spinach seed
yield varies based on the climatic conditions, optimum sowing date and chose of the best planting pattern.
Considering that the intercropping of this plant has not been studied with legumes such as chickpe, this
experiment was designed to determine the possibility of intercropping spinach with chickpea using agronomical
and economical indices, as well as determining the best planting pattern.

Materials and Methods

In order to investigate agronomic traits, yield and economical indices in spinach intercropping with
chickpea, an experiment was carried out as a randomized complete block design with four treatments and three
replications in 2017-18 growing season in Tuyserkan city, Hamedan province. In this city, spinach is mainly
cultivated for seed production. Experimental treatments included additive intercropping of 20% chickpea with
spinach, replacement intercropping of 60% spinach + 40% chickpea and pure stand of spinach and chickpea.
Plant height, number of branches per plant, number of seeds per plant, 1000 seed weight, grain yield and
biological yield in spinach, as well as plant height, number of branches per plant, number of pods per plant,
number of seeds per pod, 1000 seed weight, grain yield and biological yield in chickpea were measured. To
compare the advantages of intercropping of spinach with chickpea, the land equivalent ratio (LER), dry matter
equivalent ratio (DMER), system productivity index (SPI), competitive ratio (CR), aggressivity (AG), actual
yield loss (AYL ), relative value total (RVT), monetary advantage index (MAI) and intercropping advantage
(1A) were calculated and evaluated. SAS 9.1 software were used for analysis of variance (ANOVA) calculations.
The difference between the means was evaluated by the least significant difference (LSD) method at the level of
5% probability.

Results and Discussion

Plant height, number of branches per plant, 1000 grain weight and grain and biological yields of spinach
were significantly affected by intercropping. The highest plant height and the lowest number of branches per
spinach plant were obtained from the replacement intercropping. Additive intercropping and pure stand of
spinach without significant difference had the lowest plant height and the highest number of branches per plant.
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The highest 1000 grain weight and grain yield of spinach were associated with the additive intercropping
method. However, in terms of biological yield, the pure stand of spinach showed the highest results. Notably,
there were no significant differences between the treatments of additive intercropping and pure stand of spinach
concerning grain and biological yield of spinach. On the other hand, in chickpeas plants, intercropping had a
notable impact on various parameters. Specifically, plant height, number of branches per plant, number of pods
per plant, 1000 grain weight, and both grain and biological yields were affected by the intercropping method.
Among these, the additive intercropping treatment resulted in the highest plant height, while it had the lowest
number of branches and number of pods per chickpeas plant.The highest 1000 grain weight and grain yield of
spinach were related to the additive intercropping. Pure stand of spinach had the maximum biological yield.
Treatments of additive intercropping and pure stand of spinach were not significantly different in terms of grain
and biological yield of spinach. In chickpeas plant, plant height, number of branches per plant, number of pods
per plant, 1000 grain weight, grain and biological yields were affected by intercropping. The highest plant height
and the lowest number of branches and number of pods per chickpeas plant were obtained at the treatment of
additive intercropping. Maximum grain and biological yields of chickpea were belonged to the pure stand of
chickpea. Spinach and chickpea were dominant and recessive plants, respectively. Evaluation of the economical
indices also showed the advantages of spinach intercropping with chickpea at both intercropping design
(replacemet and additive intercropping). So that the highest values for land equivalent ratio, dry matter
equivalent ratio, system productivity index, actual yield loss, relative value total and monetary advantage index
were achieved at additive intercropping system. But, the lowest values for these indices (1.13, 1.06, 1.20 and
1321 for LER, DMER, RVT and MAI, respectively) were revealed at replacement intercropping.

Conclusion

Overall, the results indicate that chickpea is a suitable plant for intercropping with spinach. So that the
intercropping of 20% chickpea with spinach improved the yield performance of spinach and land-use efficiency
and can lead to the greatest economical profit.

Keywords: Beans, Land use efficiency, Multiple cropping, Vegetables, Yield
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Table 1- Meteorological characteristics of the experimental site in 2016-2017

ol 0 widw! AT 23,958 AT Cudigd )l AR A, ATl 0
Month March2016 April 2016 May 2016 Jun 2016 July 2016 Augus 2016
Rainfall (mm) / 5,0l 845 142.3 235 _ _ _
Average temperature (°c) /L ke 6.1 9 13.2 17.3 21.1 22.8
Trmax (°C) Lo i 9.9 14.1 20.2 255 311 335
Trin (1€) Lod deS’ 2.3 3.9 6.8 9.1 11.0 12.0
Sunny hours sl clels 8.0 9.3 12.0 134 14.0 14.5
Glalojl (121 Uome ST (oloowed 5 (S 340 4055 G- oo
Table 2- Soil physico-chemical characteristics of the experimental site
S bl Cda LB ppwly G I8 phd ‘.Ji oS I ojer iy ] S cylaa
Soil textut:e Available K Available P Organic C Total N pH EC .
(ppm) (ppm) (%) (%) (s m™)
Clay silty 247 12.20 0.2 0.13 6.80 4.10
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o o, 1S dg Gyso (s (410 pdiged b5 b plodl
Cubld y mipoyio 93 Colus 4 (glaiges daails Bl jlam e S
Soilgn 3, Slas g (i Sl (slom 5> b S I ey g 2
ab 5,Sles il Can g e LUlS 5 ol 5l il puw 2,8 S
oYL U S el o) wg elas)) Glaw S0 op e
3l il jlia oy5g cdis 53 Aild dlial gy yd sl e las)]
e sliw Glas 353956 10 5 glawl 10 Kjglan 2,Klas 5 4l
3y Slos g sl 5, Slas il Jlia 59 «dMe ;5 &ild dlisd cdigy )
NN GPTRYEYJ FONSV-IPNCN IV PES AN
WU by, s oy palld cutS b auslio )3 5956 L zliaul
Lithourgidis et al., ) uoj (50l Cans (adls dusl>e 4y
u=>Lls (Salamaet al., 2022) Y<is osle (6 ply s (2011
Dhimaet)" 0, cows (Banik et al., 2006) " w5590 580
{Bedoussac and Justes, 2011) °cuJle 2505 {etal., 2007
o>l (Banik et al., 2006)” _dly 3, Slos ialS ja8ls
o=l « (Vrignon-Brenas et al., 2016)Y o (55, gg0e
Banik et al., ) *bolswo cuiS (gaiodgw (a3 ls ot Jlo (cdiodgu

43 o2lizul (2006

1- Land equivalent ratio

2- Dry matter equivalent ratio
3- System productivity index
4- Competitive ratio

5- Aggressivity

6- Actual yield loss

7- Relative value Total

8- Monetary advantage index
9- Intercropping advantage
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LER = (Yab/Yaa)+(Yba/Ybb)
DMER = (DMab+DMba)/DMaa
SPI = (Yaa/Ybb)x(Yba+Yab)
CRa = (LERa/LERb)x(Zba/Zab)
CRb = (LERb/LERa)x(Zab/Zba)
AGa =2*(LERa-LERb)= - AGh
ALYa = [(Yab/Zab)/(Yaa/Zaa)]-1
ALYb = [(Yba/Zba)/(Ybb/Zbb)]-1

RVT = (PaxYab+PbxYba)/PaxM

Al = [(PaxYab+PbxYba)]x[(LER-
1)/LER]
IAa= ALYaxPa

IAb= ALYbxPb
Ph gPaab cuis o b ga 455 Cuns i ja 2Zbb 4 Zaa
gl 3,Skas S1s M 5 3559 5 glibul Jgamo Cand i
3956 5 il yi £S5 LS b Ceod il palls S )3
o3> Jelod g pjo Al )5 jlai > plogs Jlia ¥ 9 YO sy
L Lo ySle duglio 3 SASO.L ¢ bl 1381 a5 5l onlizul b b
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< » -« » < >
(] L) (o) e} L] o} ]
-
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Spinach monoculture Chickpea monoculture Additive intercropping (1008:20C)
30 cm 37.5cm 25cm
) ° ) O o] o]
10 cm 10 cm 10 cm
[ ] [ ] ( ] (@] (@] @] (@]
9 9 [ ] (@] o] o] O

Replacement intercropping (60S:40C)
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Figure 1- Diagram for spinach and chickpea intercropping
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Table 3- ANOVA for the effect of experimental treatments on agronomic triats, yield components, seed yield and biological
yield of spinach

a4

g1 P asliddlans  wg > &l dlaxs

@l> )13 059

wtd 23l . ag sl &l 5 ,Sdos SUielgm 3,5dos
’?oé\’/ &3] Pla:tﬁei nt Number of Number of 1000-seed - gooy yielq Bioféj 9i:al jeld
o df Y branches/plant seeds/plant weight y gicaly
Sk 2 331.44™ 13.14" 231.28m™ 115.44 5305" 42255"
Block
o . . - . -
2 70.77 10.57 812.44m 843.11 8280 46242
Treatment
s
4 11.10 1.20 734.94 56.61 835 3629
Error
e - 8.35 11.08 15.92 13.25 11.32 10.32
CV (%)

k% kg
¢

2oy K5 g gy Jlein] e 50 45 dime I gxe i i 4T g
ns *and ™ : non significant, significant at p<0.05 and p<0.01, respectively.
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Table 4- The effect of experimental treatments on agronomic triats, yield components, seed yield and biological yield of spinach

o agr glis) Wgy 45 43U dlaa &1 4153 &9 41> 5 Slos S2iglom 3,
Treat;nent Plant Height Number of 1000-seed weight Seed yield Biological yield
(cm) branches.plant? (@ (g.m? (g.m?)
T1 45.30° 7.80° 51.00° 195.67° 445 45"
T2 38.25° 11.46 2 75.562 295.00° 623.30°
T3 36.00° 10.33¢ 43.67° 275.00° 683.25°

25,105 o2 b (5,00 cime S 000 O Jleisl mhans 0 LSD ygel bl o caites S jiiie By > slils a5 slo Sile gt ,o 0
Means in each column follow by similar letter(s) are not significantly different at 5% of probability level, using LSD test.
ghawl [ald cuiS T3 g gliawl b 5956 aoys Ve aiolidl bobre cuis : T2 S ife o b glidwhagss 0550k belbke cuis :T1
T1 : Replacement intercropping of spinach:chickpea (60S:40C), T.: additive intercropping of 20% chickpea with spinach,and Ta:
spinach monocuiture
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Table 5- ANOVA (mean squares) for the effect of experimental treatments on agronomic triats, yield components, grain and
biological yields of chickpea

5, ) > Y dlass > 435 dlass 13 43 > >
- a > Ew, Sy p sl pule N3 oj9 S hos ks
Pl ol &g N. of &gy e Al il S 59 am
S0V df) Plant branches/plant N. of N. of 1000-grain  Grain Biological
height pods/plant grains/pod weight yield yield
S 2 18.95m 21.43~ 23.77m 0.06™ 1586 " 3470~ 11001"
Block
ot 2 267.71 44.57% 41.44° 0.04™ 1769 39573% 157528*
Treatment
s
4 16.68 2.85 5.78 0.04 211 380 1388
Error
et - 14.22 17.12 10.08 16.41 155 12.85 11.13
C.V. (%)

Mo )3 Sy g doyd g Jlein] prdaw (3 5 e 6> Gmapd ity

* ns

ns *and ™ : non significant, significant at p<0.05 and p<0.01, respectively.
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Table 6- The effect of experimental treatments on yield components, grain yield and biological yield of chickpea

5oy g5, G R TR it 13 38 oy i S
Jowi g g5, Ao yd d L dlass g &l )l 439 &l 3,5dos 2580 gm 3, 5dos
Treatment Plant height N. of ¥ i 1000-grain weight Grain yield Biological yield
(cm) branches.plant® N. of pold.plant (9) (g.m?) (g.m?)
T, 25.12° 10.232 25332 285 a 117b 279°b
T, 39.432 5.80° 19.67° 3052 58¢ 139¢
T3 21.59P 13.462 26.662 257 P 2802 5872

5,105 b (5,00 cime S 00,0 O Jleisl mbans 10 LSD 9031 bl o coiiieds S piiie g slils a5 slaKilo gt o 0
Means in each column follow by similar letter(s) are not significantly different at 5% of probability level, using LSD test.
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Ti1: Replacement intercropping of spinach:chickpea (60S:40C), T2: additive intercropping of 20% chickpea with spinach, and Ts: chickpea
monocuiture
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Introduction

Medicinal plants have long had a special role in the traditional agricultural system of Iran and the use of
these plants as medicine to prevent and treat diseases has been considered by traditional medicine experts since
ancient times. Medicinal plants with rich sources of secondary metabolites provide the basic active ingredients of
many medicines. Although the biosynthesis of secondary metabolites is genetically controlled, but their

construction is strongly influenced by environmental factors. One of the important climatic factors that affect the
distribution of plants around the world and can cause morphological, physiological and biochemical changes in

the plant is the lack of available water. Basil seems to show little resistance to water stress. For this reason, there
is a need for protective mechanisms for the basil plant against stress due to water shortage. Plants are able to
reduce or eliminate the effects of water shortage stress by coexisting with a number of soil microorganisms.

Inoculation of the plants with Arbuscular mycorrhizal fungi (AMF) has been exploited as an applicable strategy
for reducing detrimental effects of water deficit stress. Present study was performed to evaluate the effects of
three AMF on some physiological responses of Ocimum basilicum under water deficit stress.

Materials and Methods

The pot experiments were conducted as factorial based on completely randomized design blocks with three
replications. The experimental factors were three AMF namely Glomus etunicatum, Glomus mosseae and
Glomus intraradices and various soil moisture including severe stress, moderate stress, mild stress. Water stress
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was applied from the beginning to the end of flowering stage. After flowering stage, plants were harvested and
traits such as total phenols and flavonoids, antioxidant capacity (DPPH), malondialdehyde (MDA), catalase and

peroxidase enzymes were measured. To analyze the data, first the test of data normality and uniformity of
variance within the treatment was performed and confirmed. The mean of treatments was compared by Duncan
test at the level of 5% probability. SAS software (Ver. 9.3) was used to analyze the data and Excel software was
used to draw the graphs.

Results and Discussion

The results of analysis of variance of the effect of mycorrhiza fungus and soil moisture on the studied
parameters show that the effect of different levels of soil moisture on all traits was significant. The results of
analysis of variance also showed that the effect of mycorrhiza on phenol and total flavonoids, antioxidant
activity, catalase and peroxidase and malondialdehyde was significant at the level of one percent probability.
According to the results of analysis of variance, the interaction effect of mycorrhiza on soil moisture on
antioxidant activity was significant at 5% probability level and on total phenols and flavonoids,
malondialdehyde, catalase and peroxidase at 1% probability level. Results showed that AMFs improve activity
of catalase and peroxidase, antioxidant capacity and total phenols which led to decrease malondialdehyde
content. Antioxidants as physiologically active compounds play an important role in plant resistance to stress.
Increased oxygen species due to dehydration stress are a warning sign for plants and increase the activity of
antioxidant enzymes. The plant's defense system increases the production of antioxidant enzymes to neutralize
toxic oxygen forms, and fungi improve the intensity of this increase, which may be due to the chemical structure
of the metal isoenzymes copper, zinc, and manganese. Factors sent to make antioxidant enzymes also contain the
elements zinc and calcium. Mycorrhizal fungi increase the absorption of nutrients by sending more hormonal
factors and increasing the activity of enzymes, all of which can be effective in increasing the activity of
antioxidant enzymes.

Conclusion

When plants are exposed to dehydration stress, reactive oxygen species in them increase. The expression of
antioxidant genes and the activity of antioxidants to eliminate reactive oxygen species are increased and the
antioxidant defense system is improved and the tolerance to dehydration stress in the plant is increased.
Scientists believe that peroxidase is involved in metabolic processes such as hormone catabolism, defense
against pathogens, phenol oxidation, binding to cell structural proteins and cell wall polysaccharides. Present
study revealed that application of AMFs can be good strategy for reducing harmful effects of water deficit stress
in plants. Research has also shown that impregnating seeds with mycorrhiza increases antioxidants and reduces
the amount of reactive oxygen species, a characteristic of resistance induction that occurs by this antagonist.

Keywords: Catalase enzyme, Dehydration, Flavonoid, Peroxidase enzyme, Total phenol
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Figure 1- The interaction effect of different species of mycorrhizal fungi at different levels of drought stress on total basil
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The index above each column indicates the standard error (DMRT, p<0.05).
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Figure 2- The interaction of effect of different species of mycorrhizal fungi at different levels of drought stress on total
flavonoids in basil leaf
The index above each column indicates the standard error (DMRT, p<0.05).

olals ) e 2li)9See (LS )3 VB 03T Glise oS
Lo 00 Hlas iy @ YUK o 3l e oy ieS g op piadis
VV/-Y) G. intraradices o3 ,5See lals glas)io cud)ls
o g (0xB9y 55 (o 53 4885 13 ()59, Sy Jge )5S
OIFY) 2liy9-Sen e Lol ((las)io cud)ls ao s Vee) sl
B85 (0 p )5 (oo 53 488> )3 (y5g5m ATy Jge 9,00
NUAIRWA Y ijf buwgie sy YLK M)'ﬂ Mde o YL cuals
&l e ]y ¢ lanS| sl Fwl (Liu et al., 2008)
1y as ol salas] L;mei HBlio jo lals cladlow
@l5ds (oS e gyed Jolid e (sl 15 5 apw b
o—oen [(Fazeli et al., 2018) 555 o dlou! boyw g pSow
o Lill g5 (ST clajlBgn 5l (8 o 50 b ol (e
18l a3 (8905 i Syt dely el (Ko b Al L
SYBK cllad lawgie iul3al 5 balyis ,> J(Liu et al., 2008)
o=l 0 el s o L 1568 b ol il LS 0 S
s Ly alio elyy masol oyl culled Lil38l 4 06 LS
4 L8 il claale gy cpl 5l ol Of 34008 51 5b g5l

At ShnST 5l g8y ¢ gilinsT ol iy s

S5 =S i 3 i ST b claasgS ialsl
=5l Gl 3l culd il g oads Cguwere laLS (gl (gylas
=83 i (Siddiqui et al., 2010) k)l JWs 4 1y olas]
sla i (0,8 s sl OIJ#..SILSB] LSL“’M}j Moy olS
Fat dl-“rb-.’.}—%}:’.l oot oo Jds 4 Wilgy o &S My
e lw sl Jluyl ol giS pizmen bl 5K 5 (59 o
whie, olie Gis Ll el U 15,6800 slag 6 et al., 2010)
Lo 531 cdled al38 5 gapsm (sloyeise st Jlol
OS] gy 351 cudled e iol38l 0 Ko oS B9 0
Syt )0 s Jlgls 1) 2 1559800 )8 bl S50 Ml e
Sy g ddduy Iy Jbs dlmo}"f,wfl Ol}ﬁ.,oscm:\ asly m).ub
Ol Gl 00l (ials aalds lalS 4 cuws odd dli LS
T IO R N KN NG PP PYRIEWR ()
3 51081 lacan] goige Cpon 45 ol odly LiS (gl sxe
(Wu and Xia, 2006) cusl o3> zals' |y lals -l
5 1 55Sam 8 55 (S 5 Wit 51 S0les i
ol plals YU w5l olise (eS (205 Jlael b o5 o>
O ol pled 3 Bl Bl (al)sSee et 9 2liysSee



YAD  .lpe8u0 g, cilisio sbaiss pili coni (low ) (29,19 oL o1 55T (loculad Sgue oyl o g Slol

% OFC (Control) o0.75 FC E0.50 FC B0.25 FC
A,

\3‘ N bed b dababcd abc da
Yy 10 cde e § Qde de
M [ HH
= HH % \\}\ e \\}\
= 8 e 8 [N N
& TN N HIN N
= 6 [N N #IN N
z E\ N #N N
g 4 I & H &
o2 |(lEN N N A
g L & H &
E N R ] 2|

ol G.intraradices G.mosseae G.etunicatum.

30950 g8 ilize slo 4ig8
Different species of mycorrhiza fungi

Con

=

0Ly S (ST Cllad (e 2 (e (A5 Alisee Zolaw )3 152 j95ue )1 ilide (ladigs (iSen il -Y U
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The index above each column indicates the standard error (DMRT, p<0.05).
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Introduction

Lavandula stricta, Cassia obovata, Cocculus pendulus, and Solanum xanthocarpum are among the species
that can be grown in Bushehr province, and so far, there is no report describing the ecophysiological, herbicidal
and biochemical characteristics of these species in Iran. In recent decades, many chemical herbicides have been
used to control weeds in agricultural ecosystems. Despite the many benefits of these herbicides, their improper
use has caused devastating effects on the environment and agricultural production and ultimately has harmed
human health. At present, the approach of developed countries is to use non-chemical methods and natural
materials (biocides) to control weeds. Bushehr province with an area of about 252,653 Km? in southern Iran and
the Persian Gulf and at an altitude of 0 t0195 meters above sea level. The average rainfall in Bushehr province is
250 mm. Bushehr province has a great variety in terms of having medicinal plants that allopathic substances and
secondary metabolites of these plants have received less attention. Therefore, the identification of secondary
metabolites and plants with allopathic properties is very important for the production of biological herbicides.

Materials and Methods

This study was conducted to evaluate the eco-physiological, biochemical and herbicidal characteristics of
Lavandula stricta, Cassia obovata, Cocculus pendulus and Solanum xanthocarpum. The plants were collected in
April and May 2019. The location was situated in Kangan and Dashti, Bushehr Province, Iran. The ecological
characteristics of the four areas such as latitude and longitude (UTM) and altitude were also recorded. Also, in
order to determine the physicochemical properties of the soil in the collection areas of the studied plants,
samples were taken from 15 different points of plant growth, from a depth of 0-30 cm and their properties were
reported. In order to investigate the phytotoxic activity of the studied plants on germination and growth
characteristics of Malva sylvestris and Chenopodium album in laboratory conditions, the seeds were first
disinfected in 5% sodium hypochlorite for 5 minutes. Then the seeds were washed for 15 minutes and then dried
at room temperature. In this study, Solanum xanthocarpum juice and alcoholic extracts of Lavandula stricta,
Cassia obovata and Cocculus pendulus were used to investigate the phytotoxic properties and biochemical traits.
From the extracts, concentrations of 0 (distilled water), 200, 400, 600, 800 and 1000 pl.L™* were prepared and
added to Petri dishes containing 25 seeds. In order to germinate the seeds, Petri dishes containing the extracts
related to the extract were placed in suitable light conditions at a temperature of 25°C. Two weeks after
treatment, germination percentage (%), germination rate index (number of day), radicle and plumule length (cm)
and allopathic index were measured. Determination of free radical scavenging was performed by using the
DPPH test. The samples’ absorptions were read at a wavelength of 517 nm with Epoch Microplate
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Spectrophotometer, BioTek Instruments, Inc., USA. Measuring the total phenols was performed according to
Folin’s reagent method and the use of gallic acid as standard by using a spectrophotometer at the wavelength of
765 nm. Total flavonoid content was measured using a spectrophotometer at a wavelength of 510 nm through a
standard curve of quercetin from Sigma-Aldrich. Flavones and flavonols were measured using 2% aluminum
chloride and methanol at 425 nm. To isolate and measure the amount of polyphenols, an HPLC Agilent HPLC
1200 series model was used. Data were analyzed by using Duncan’s multiple range test (P< 0.05) by SAS,
version 9.4 for Windows.

Results and Discussion

Among the studied plants, the highest and lowest amount of total phenol was found in Cocculus pendulus
and Cassia obovata, respectively. The results showed, the highest amount of the total flavonoid in the extract,
was achieved in Lavandula stricta plants collected in Kangan. The lowest (0.37 mg QUE. 100 g* DW) and
highest (2.79 mg QUE. 100 g* DW) amount of flavon and flavonol was found in Cassia obovata and Cocculus
pendulus, respectively. Also, antioxidant activity (1%) for Cocculus pendulus, Lavandula stricta and Solanum
xanthocarpum were 77, 57 and 35%, respectively. Although, the lowest amount of antioxidant activity was
found in Cassia obovata plants collected in Dashti. The results showed, the Lavandula stricta plants collected in
Kangan had p-coumaric acid (PC) and ellagic acid (EA) by 0.565 and 1.28 mg g DW. Among the phenolic
acids evaluated, only catechin (0.262 mg g** DW) and p-coumaric acid (0.163 mg g™ DW) were observed in the
Cocculus pendulus plants collected in Kangan. The Cassia obovata plants collected in Dashti, had ellagic acid
by 0.915 mg g DW. The results of this study showed that the phenolic compounds identified in Solanum
xanthocarpum juice were caffeic acid, chlorogenic acid, pi-coumaric acid, vanillin and hesperidin. Chlorogenic
acid was the predominant phenolic compound by 457 mg g** DW. Laboratory results showed Cocculus pendulus
and Solanum xanthocarpum extracts had the most inhibition effect on the germination and growth of Malva
sylvestris at the concentration of 1000 pl L.

Conclusion

In this study, as the concentration of the extracts increased, the germination percentage, germination rate
index (GRI), radicle and plumule lengths of Chenopodium album decreased significantly. Moreover, Solanum
xanthocarpum juice showed the highest inhibition effect on Chenopodium album growth and germination at
1000 pl Lt Due to the high potential allelopathy of the Cocculus pendulus and Solanum xanthocarpum, they
can be used for Malva sylvestris and Chenopodium album control. Also, Cocculus pendulus extract can be used
as a natural antioxidant source in related industries.

Keywords: Antioxidants, Chlorogenic acid, Ellagic acid, Flavonoids, Herbicidal
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Table 1- Ecological characteristics of the studied areas for Solanum xanthocarpum, Lavandula stricta, Cassia obovata and
Cocculus pendulus in Bushehr Province
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Figure 1- Total phenol (A), total flavonoids (B), total flavones and flavonols (C) and inhibiation of free radical (D) of Solanum
xanthocarpum, Lavandula stricta, Cassia obovata and Cocculus pendulus in the study areas of Bushehr Province
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Table 3- Concentrations of identified compounds in Solanum xanthocarpum, Lavandula stricta, Cassia obovata
and Cocculus pendulus using HPLC

e 2993 P 9.:5%‘ g olmedl
s, 33 S 5 ol Cocculus Cassia awly? Solanum
No. Retention Composition name pendulus obovata '—a;?ifgct‘:m xanthocarpum
gy mg.100g* DW mg-100cc Julce
fruit
1 16.5 Sinapic acid - - -
2 33 Gallic acid - - -
3 8.3 Catechin 0.262 - - -
4 11.6 Caffeic acid - - 111
5 105 Chloregenic acid - - 453
6 216 Quercetin - - -
7 15.6 p-Coumaric acid 0.163 - 0.565 3.85
8 17.4 Coumarin - - -
9 284 Carvacrol - - -
10 135 Vanilin - - 20.52
11 16.3 Trans-ferulic acid - - -
12 185 Hesperedin - - 7.64
13 19.02 Ellagic acid 0.915 1.28 -
14 23.7 Eugenol - - -
15 22.4 Hesperetin - - -
16 19.2 Rosmarinic acid - - -
17 28.9 Thymol - - -

SN Lo ool b 00,5 CiBgte |y (Sl e 53 3y Sua
) 53 gy Voo il 58 i (glol S5 1 (gl e
Sl 3929 (g lxadls 5 y90l) sloo)las 5 (o Uuw o)las
(A=Y Js3)
3y9 0jbas slacdale Gilidl L mysa (ingh ol
Cdl pialS (6l ine y5b 4 5 ek (Sialer oy codlitnl
JLlB 5 15 e @l cglyls 48, IS4 (glao e (B-Y JS3)
Ve eale g Sy pedo (Sl G o (29
Sy o iing lomadls g j5alj livoyluas j) )3 jidg e
03l L5 ) 51 e pia g Sl o & ]y S iy oy (Sl
2> &l Bl Gogdghslal § (o9 L slvojliac & (5)50
Foo o ly joda (Sialer g i) )3 iy See Ver e clale
obomedls 5 ye-alj glaoyluas Ly |y ()l (ome BB 5 5L 5

9355 shans] ISI 0)luae il glocdile il caallla oyl )

(S8l Slhogad p (e bredl g el sog Lo ans]3l
5 Sy o e (S5glshyge Slogad By g Sl adli
oy ot puiloly 425 gulis (85 58 () 3590 0 Seols
g )3 ()l ne 13U ol ble 5 olS ojlas g5 S on
wrddy) Job (9ialer G o Gialer doyd oy VLot
xS Loyl Syt oS sl jasls g o kil Jobo
Voo bo 5l edale LaulsEl g adllas 5,90 ool SI sloo lac
S e yobods Sty (Sl 20> (50ke il 53 yidg S
Loy Sz yohs il p S8k Sl oyt Bl rals
R R e R
a9 > 5,8 Bgie |y Sialer Jol5 jobody &S goa g
Voor clale ) a3l ugdgs gl 5 cags L (glio luas &S



Fod o andl bl gogs sl (LA Gle § (2 bondion oS 5ol 529951 b S 39 oyt o) S0d g (LNE

Jeols iy lomadly ojlae 52 )3 yidg oo Vo v 3,18 5l L
B) oo ine yob 4 S5alen il 3p0)8 51 us &S (956 (05,5
=ia0lex doyd o YL dalllas (pl )3 .cdl ials (10> V/VO
3 (Laoylas jl oolitwl pac) salis jlog 4 b ye (duoyd AF/5Y)
(A-Y Jss)

slackle (ol b g0 ol sl (iagh opl sbasl
sobod j o pdaal ol (il Ceo pu odlitnl 3590 0)lac
2 rdgSen Ve cdale (BT JSS) b S ()l e
S ine sbar |y Sy yode Siailer S g 9l 0jlas il
oy90l3 coslitl 5y90 (glaoylas (po yd 5 EalS (jo, ,d ,4 V/4Q)
YL o iy Bl g8 gl g (o2 Lo ¢ g Ledls
=Y JSs) ol )l 0 ek jody Sjdle ey ialS o 1) 3
0eSn (2l (38L5) Sy 5 o 45 ol orisan (B
(B=Y JSis) woly oLasly (595 3 54 A/0A) Sallsn sy

bl 3,0 (LalS S0 o)l ol 25
Oy 8L Lol ()l e pobody o ol dx Bl g axady)
Sl jlewd 5,8 51 s 2o 0l YIVY 0ke b ds iy, Job
VX o) o lanSile L asain, Job oS g el canday
2 S Vee e byl 0S4 bgye s 5y el
Fsbsine SHST § 39 y50l5 5 (sog: Luw ¢ g Glmodly )
ExSHS 4 L (C-Y JSs) i saali Lm"j O &bl S
bl Jobo oodog lomadl ojlae i )3 jidg)Sie Vev e clale
olel M3 oy s ol Cpiomed )y yio Sl Vo8 @
S ojlas i 53 g San Veve clale 08 G )3 dxe
oogdg>slanl (ISl ojlas (Jl (nl b 3)l 3929 90l 9 (o Lw
JS5) bl 0ol dy bl Jgb il 5 1 oy e 4zl
(D-¥

3 553 iy San ee U+ Sl ol clale il
Al 5l LS s 30 53 gl (Sl e paake o
5 S Ve bl 3 ol sl (o ie) opsieS
SISl 3 il 45 03 a1nli g lsash ol i)
il o el yoy il g a3y ) (- /0N Sl asli)
29t 3By 9 (Sl (SH5L S o yieS ol LS ol (yioren
5 S Vo 3plS g eV bl i) o aal
(E-Y JSi3) 103,8 osnliie sl ] yugdgs oban! oylae 52

sy 2alS 3 1y s ieS 4zl 3l pogdg shaul IS o las
BV JSs) ol Las 395 5l S iy jode jls

iy 3 aalllas 3y50 GLalS IS o)las clale gl5él L
dzady) Job (nyieS Al Al (g1 dne pbods S iy dx ey,
2 iy olomedl g yosli slaoylas 4 bgpe (e il yio)
s cesides JUo ol L dgs 55 0 sty Son Voo el
Jols salis oy Jlos! o sio ko VIS¥ oo b dpay,
Lo s oisno s 35 S iy 43l Jgb (C-Y JS5) 05
@b S )|, 5 Galise lacdale g ond 43,5 ,Say slaolas L4
2 ey olomedl g j9lj sojlas (35,8 4 b oS sk
OEZmen ) yiuo & dodBle Job il )3 g See Vee e clale
Voo cbale 3 p)LS s o) e (g )lal BMB By lis s
LBl Gogdghshal g (cogm U (S ojlac jid 53 g S
‘_ngb)La.C— JLAS—‘ )'| o J)w Lgl.mdq;mlﬁf &S SO s.))l.) S99
o)lac &y Cand (650l dx Bl (gll> cansl Bl yugdgs glawl JSII
(D—Y ‘-}SAAJ) Loy (o9 [V (_s‘lg‘

2 e Vee s e jlojlac clale I, IS b &
(E-Y JSob) as e kS aen )90 55 Sbolll jasli ()
flaSao Ve Sl gl (55 (35 s (2 55aS
4S 3 sdnliino 9 ub&o.)b u] )I o™ 9 )9a|) b)La.C /p.J 2
ISl Sty Hedo (iler 9 45 0 |y (SH5L Sl e
so=olj slooylas pid )3 jdg e Ve ke 3 (Sl jasls
)N PLY Sy —-[5Y 5—'//\\ l;.).gl).g Cud P Ay g ul?u.)b 9
(E-Y JSs) 10,8 samloi l_m"j O d)LoT Al gl xe
A8y 9 Sl (S9I5L Sl cn S 3l LS @l el 2 (1938
Yoo o8 Sl gy el gl a33) St sy
JS3) 3,5 aaalite 423l 3l ogogs sha oleas i )3 il s
(E-Y

90LsS oyluas g9 (S ea p b Ui puib)ly 455 gl
oSl g anaile Job wrady; Job « Sjaler casp o Giaile
el IS elaoylas 5,554 b 3 o gaaks ol bl
s)_».».l).))_:J9)$~O Veoo L5 )‘Ca_la.lf—dul)_‘ilsd\_sjugn d)9—0
Cdl GEalS (5 dre yobods 0 idekes oy (Sl o> (:0Le
o panbo 5k S38lsr 53y 3 (S5 H i (AT JS)



VY il ¥ o)l TV aler (555918 @alioo 5 poke) Sl pole 425 ¥ ¥

10 7 B
S 100 - A
L% 8 SRS
j é a 2 801 A
Yz 64 F > < 04 H
E- [ i g i
~n = [ - 604 L
Y 3 K X5 1
- 3 [~ 7 = S04 @
5 = 4 4 ~nog =
a = K Yy = 404 [0
= - = £ 304 [
~ = 7 - | H
R E - - E 204 H
~ E 5 == -
T el
5 [ c 101 h
0 > I ") ") ") ") N\ 0 '
a N 2 2 o £ - ;
S N W & & & \\\Q\ 5 S & & \Q\\Q
~ o lae clalé cs
Concentration of the extracts (uLLY) o bas sdals
Concentration of the extracts (uL.LY)
5 - D 4 1 C
. a
L E 4T f b .
22 w o 3 7
3 = 1 ° 94 = °
121 | 35 | F
5 —3 :. = -
g3 = H fc 3 T 2 1
) | E . = [~
313 241 H ¥ 5 E
g 2 i _%3 2 B
2 i Y5 14 [
10 i & -
0 r 0 L
2 ) ) ) A ")
& L & & & S L & & ©
oS < lalE . 2 = N
< o las bl < o las clale
Concentration of the extracts (uL.L) Concentration of the extracts (uL.L-Y)
o las wdald E
Concentration of the extracts (uL.L'Y)
200 400 600 800 1000
4]
3 =
3 2
El
O
X 2
e
=
a
-1 - B Cocculus pendulus Solamum xanthocarpum
0O Cassia obovata B Lavandula stricta

3419 Cus g (A) (F30l9n 00,3 31 ouiing yedl g i8] wgdgd ghal ¢ 093 Lw ¢yg0l) SN 2 lias Cilisee glacdalé 1-Y UK
Sy (E) Sl (2L ¢ (D) andslus Job (C) anauiu, Jsb «(B)
Figure 2- The effect of different concentrations of alcoholic extract of Cocculus pendulus, Lavandula stricta, Cassia obovata

and Solanum xanthocarpum on germination percentage (A), germination rate index (B), radicle length (C), plumule length
(D) and allelopathic index (E) of Malva sylvestris (DMRT, p<0.05)
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Figure 3- The effect of different concentrations of alcoholic extract of Cocculus pendulus, Lavandula stricta, Cassia obovata

and Solanum xanthocarpum on germination percentage (A), germination rate index (B), radicle length (C), plumule length
(D) and allelopathic index (E) of Chenopodium album (DMRT, p<0.05)



V¥ lisli oY o)lad TV il (((5509L88 o g poke) il pole apii ¥ ¥

allas 3y50 LS o )las ool Cussay gl wlul 5, (al., 2004
Jsb 3jadlsz oy Sl el g 05 Sl @Il )l
0l oyl lao adS xBly )5 .l 0430,5 dndilu g d>ddy
b S )8 olitul 3y90 (slaolas Cilises slacdale 5l cou
Sl (g (lomadly g y9elj 0)luas duoy o 5 4 ol
o955 gl g agy L 4 Conad (55598 Canmd 42 Sl I
Olymedn andy) Lot jo (Jobo 1255 ) Cunilow 8L 4zl 3
Kaur et al., ) cowl oas (5,8 0 jl cslos JoYo 51 (S
Esly e b y3-body Al oo b JSaS U1 5l (552 (2010
O3S Jlob oS 455 et Bl 5] ) o Jobs S
e Olwjply laJgSdge GiE 53 Cusl (S 55 byl &S 005
Bgb oS Ay 9 o (Sjasle (b )3 (Sgeyen JOUS 5 e
3 NS 0 jol Siales jl cwiles (Golisz et al., 2008)
HSIS 3 Jds (Sdglie slom il colled g bS5t i
Omezzine et) cusl o 031 o g5l land oy yomo g
sl i i g Siales dopy jialssl alie gols (al., 2011
o (Taban et al., 2013) ,logls y5is g5y 0550 05lac ;| g0,
(Samaneh et al., 2014) S_a )b (9, 059351 _2lon pliil o )las
sl 005 5)l5S

(byas golas clale il Lol ol adle oyl s
b GRS (6l gae sobdr 55 ks il Cop g Aoy
clals an bgye Sy ok Sialer 9y SHH3L ST oyt
gt ing olomedls 9 y9ly glmoylas i) )3 jidg e Veve
Oroned 43,8 CiBgle |y (Sjaler Sl e ban & g0
308 5l g 0 pSdebs oy (Sl g9y (S5L ST oyt
9235 Jols (g Glomesl ojluas 1 5 g Sie Vee
VIV L) g )b ime ysboar 5l o 2,875l g o5 o,
Cdled s &) Conl Son (Sjailer jd LBy bl yials (duo )
Sl il by glopdd oSy Jiml & olags]
i DgroS Ay e Wlgh o gal Cpl g 031D Cans )15 e
(Yarnia et al., 2011) » 8 gl 5,

o5 555 Jloio 5y b JKaS M o sl 01 3155
Sojg slam il el b o a8le Sjale cloygey90
P L (65900 i (Sl sl & gy 5 Mol alex
Lo e yode )3 (Sjaslyn dop> (lS cnlpls )5 o
aS ol oas o ))3S Cpmiomeds o sl 1 g5 e JISeS Gl
GS505k o 51 o JSeaS ol b 1 5 5y 5l (S5t
904235 plodl (Jobow maudl g 0ad 033 (2lA8 polic jlg)am
Nasr ) us Lalgd daddlu g axddy) by 0 (i Hials coge
Ramezani ) |,Kea 4 slas, (Isfahan and Shariati, 2007

slag,lon oy 3 Gl ol codld coenl s
(o9 L LS 5 Jols (slao,lac SlaST o1 culled walise
N8 (s 3y9m BBl (g3gb ghawl g oy (brodl ygal;
(dLS laoyliac ogySeedts g Sl ol culleé cd )8
b o leys 5 (S silog)ls )3 ol g 2,08 ol
slaJsSge I slod S go-i5 (Abiy et al., 2005) el
o 35igMe ¢ J3id slasl) Joid ol aile Gl 2]
2 SpgSalinnl 5 o365, da g8 5 (Lol g o ygidss
slagiosn » (cab laglinsl il ol )l jgas als
4_3l.) st sdu_aﬂ.\{) “5).:' 0 ga0 ;49’14» 5@»9} o JJJLO le.f g&l‘\}’u
asllas ol sl (Chon et al., 2005) wloass xj95 54 g 03,5
Ggaly el o ey Glaus] sl cdld e ol olis
SLS adbis jlead d)ﬁié-‘*? o9 b LS .l ws > YO
o)Lac 9) Q_.{l )‘l Do U,lmlwi cJled Ol}.‘:" u’)’“u“b dl)b
é:L_ao PN u:.u.‘o u‘w‘u&] P gg) u‘y.cdu J.;‘yup )9.4‘) bl.:f
5 YL adlhae 5)50 LS (e 53 5,5 )3 ool 390 Lasye
oot L 9 )90l ol & bguye ol IS J9id (e i oml
olals 4o 3-date S 4 393gM (5o 0 YL Jb cnl b 0y
()-’l C)l_» D9 015915 ddlais )‘ X wall.)).g Ml)ﬁl u»9.)9'>9.‘a.w1
090 u] 20 Ry g u“l“"ﬁ s.&.w;l ;i))Ln;u’.’ z.&.w;l &))9)15
Ol ysd oo Voo 33 205 oo YOV S5k b sl S559,18 o
ul_ml,f sls ul_w ) O—" C;Lu Do ;A_H.C— u_S)J 0 g0
So—mo w0l SolS ddlain | ou bbby 4 il )8l jugdsssla ]
o8 laawl o 50 aib e Sl SOV g sl SO HlogS o
PS5 ol SlegS (g 9 8l Jd slosul (b)) )90
039 P3Py e VY 5 HIVEY L Slie b e Sy
a8 ol ¥ e LS 55 oads (gyglmen yoel; ol o Sis
509 liw oLS Jyl_m o,liac )Jl_j o LA odnl i
lwgie yob 4y olS L')g.] 4 by olés 0515 ddlaie 5l ol LS)STCQ?
Sis g £S5 SOl 4l o3V e 5 e +/AVD (ggie
Cter emee biia i oo olS ol g, ol j1bbion (otag) 0,5
Wl Aol SOV 2l el
0355 i 90335 S5 6 Lawg (ol ) b JSaS Ul 155
» S ol wJg5 plio .(Batish et al., 2012) 35,5 o cpuuss
(oo o slacale Lapiils )l Se Joli elyj olS lao
L jn slacile Lap il ly oo ool S5 b L5 olals
Macias et ) 15,5 e )3 SluS 5 opl wb cov Lelyj lals



Yo andl bl wgogs shl (LASGLe g (2 bondion « S 5ol 529951 (S S 39 oy o) S0d g (LE

Cawl oad (yo)l35 (Orouji et al., 2008) o ool 5 gy
dod D 0,5 aside ol Gimgis ) odel Cunddy gl
bl ialS oaae jyboay Slolll asls 0as plodl cliles]
5 Sl patls Sl wlS 5 cble (oIl g (16 5 i)
S9y p Fud e Sl oaimd LS oS b e (¢ pSedix pobods
oS poiuy ojlas 151 (g )3 35 el 350 (lalS
e 9 ,Ls palS 4ol A5,y 1) Polygonatum odoratum
Cble e Gl Ly sl pasls o5 S (515 g
Sy (SIS Csilan (o oaimd i Al ol Al e

(Lietal., 2009) aib o YL slacdale 3 o)l

S 5 4o

Tolw 0 y ol Limgis )0 o odalie GBS 4 d g8

b5 Ao lgim o D9 sl belale il
3 e S olll clale (il 4 laaisS (B Colus oS
cbale (s it b (gey BB A3y (Il 5039 )03 (S
i lisen i Sly el Sl 0335 oanlie a1 5 o jliac
il L JLSaS ol o 5 Ul coglis ulses 1153 o ol
5l e g g9 Sl 5l er) S le elss 53 Waojlas cglis
P Lagl il glgie o ams e Bl ol o9 o] 4 (clale
2,5 oolaiwl paad 4 Jaase K 5 slacale Co pie sliul,

o558 e o3y ol Ssligll ) sy s 5o (et al., 2008
a5 o)gly jym e B8 Y Jjeler p dedes s g (pugY gy
ORIl 1 )> SS9 9 S 0jg 45 WS plo g 2l g
oylac 3,8 b o i (o) pxe Hebay Sl dlge clale
(o ATlg sy o Sialgn o yd ialS el o Soldl S
Anjum and Bajwa, ) 45,5 o, 5ael w dxdile 5 dxady, Job
(2007
o 9= i sddle (iSly (JS sbar (agh cnl
4SS 6950 4 g Ciglate oolai wl 3y lalS cbeolac &
S AS (imogy ) g yide 0 Fdels 4y Cund Sy Sl
el olS 5 (S 99 by Jolye o puS ilizeo p6)] Lol
b o)y (g 92 g O o d2olS AB) g Sjdle
9 iy cilisa ooy g paiS Chliseo pl8)) e 5B ol e
leordlll dlgo g5 g e gliiay yal (] 95 sy bl 9o
Dy oo 031> Coud o Lisee plS )l > u by iz Jolpe )
S5l )51 imgd 55 Cpisen (Kiarostami et al., 2007)
il gl g 3losy (alom Pl g 5o 025 <l ogp0 il
ol 5 0,5 pialesl e dile iz (sladed g0 bl 0,
g5 @ a2y b jym dle lize (b Cowlus Gl & 202)S
g Lagl il bl 457 LlodisS £95 iman g ) dile 458
il ortagl il Sl 1 gy il ) 91 Soglite 0
=L (Ramezani et al., 2008) 55 yiiw Lo sl ylo
2L 5m ile o0, ST 5 0 lne ) glito ol 3l 51 gl

&b

1. Abiy, Y., Derese, S., Midiwo, J.0., Bii, C.C., Heydenreich, M., & Peter, M.G. (2005). Antimicrobial flavonoids
from the stem bark of Erythrina burttii. Fitoterapia, 76(5), 469-472. https://doi.org/10.1016/].fitote.2005.04.006

2. Achhireddy, N.R., & Singh, M. (1984). Allelopathic effects of lantana (Lantana camara) on milkweedvine
(Morrenia odorata). Weed Science, 32(6), 757-761. https://doi.org/10.1017/S0043174500059944

3. Anjum, T., & Bajwa R. (2007). The effect of sunflower leaf extracts on Chenopodium album in wheat fields in
Pakistan. Crop Protection, 26(9), 1390-1394. https://doi.org/10.1016/j.cropro.2006.11.012

4, Batish, D.R., Singh, H.P., Kaur, M., Kohli, R.K., & Singh, S. (2012). Chemical characterization and phytotoxicity
of volatile essential oil from leaves of Anisomeles indica (Lamiaceae). Biochemical Systematics and Ecology, 41,
104-109. https://doi.org/10.1016/j.bse.2011.12.017

5. Chon, S.U., Jang, H.G., Kim, D.K., Kim, Y.M., Boo, H.O., & Kim, Y.J. (2005). Allelopathic potential in lettuce
(Lactuca sativa L.) plants. Scientia Horticulturae, 106(3), 309-317. https://doi.org/10.1016/j.scienta.2005.04.005

6. Dayan, F.E., Cantrell, C.L., & Duke, S.O. (2009). Natural products in crop protection. Bioorganic & Medicinal
Chemistry, 17(12), 4022-4034. https://doi.org/10.1016/j.bmc.2009.01.046

7. Duke, S. O. (2003). Ecophysiological aspects of allelopathy. Planta, 217(4), 529-539.

8. Gholami, H., Saharkhiz, M.J., Raouf Fard, F., Ghani, A., & Nadaf, F. (2018). Humic acid and vermicompost
increased bioactive components, antioxidant activity and herb yield of Chicory (Cichorium intybus L.).
Biocatalysis and Agricultural Biotechnology, 14, 286-292. https://doi.org/10.1016/j.bcab.2018.03.021

9. Golisz, A., Lata, B., Fujii, Y., & Gawronski, S.W. (2008). Allelopathic potential of phytochemicals in various
cultivars of buckwheat. Allelopathy Journal, 22(1), 35-45

10. Hartman, H., Kester, D., & Davis, F. (1990). Plant propagation, principle and practices. Prentice Hall Imitational
Editions. Inc. New Jersey. USA.

11.

Hejazi, A. (1999). Allelopathy (self-poisoning and other poisoning: the interactions of organisms with each other).


https://doi.org/10.1016/j.fitote.2005.04.006
https://doi.org/10.1017/S0043174500059944
https://doi.org/10.1016/j.cropro.2006.11.012.
https://doi.org/10.1016/j.bse.2011.12.017
https://doi.org/10.1016/j.scienta.2005.04.005
https://doi.org/10.1016/j.bmc.2009.01.046
https://doi.org/10.1016/j.bcab.2018.03.021

V¥ lisli oY o) lad TV il (((5509L88 o g poke) Sl pole apii ¥ f

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31

32.

University of Tehran Press, Tehran, Iran. (In Persian)

Jadhav, P. S., Malik, N. G., & Chavan, P. D. (1997). Allelopathic effects of Ipomoea carnea subsp. fistulosa on
growth of wheat, rice, sorghum and kidney bean. Allelopathy Journal, 4(2), 345-348.

Jamzad, Z. (2012). Flora of Iran: Lamiaceae. Tehran: Research Institute of Forests and Rangelands. Published
Tehran, Tehran, Iran. (In Persian)

Justesen, U., Knuthsen, P., & Leth, T. (1998). Quantitative analysis of flavonols, flavones, and flavanones in
fruits, vegetables and beverages by high-performance liquid chromatography with photo-diode array and mass
spectrometric detection. Journal of Chromatography A, 799(1-2), 101-110. https://doi.org/10.1016/S0021-
9673(97)01061-3

Kashfi Bonab, A. R. (2009). Comparative economic advantage of cultivation and trade of medicinal plants in Iran
and its value in world markets. Commercial Surveys, 44, 67-78. (In Persian)

Kaur, S., Singh, H. P., Mittal, S., Batish, D. R., & Kohli, R. K. (2010). Phytotoxic effects of volatile oil from
Artemisia scoparia against weeds and its possible use as a bioherbicide. Industrial Crops and Products 32(1), 54-
61. https://doi.org/10.1016/j.indcrop.2010.03.007

Kazerooni Monfared, E., Tokasi, S., & Banayan Awal, M. (2013). Study of allelopathic effects of berseem clover
(Trifolium alexandrium) shoot aqueous extract on germination and initial seedling growth of some weed species.
Iranian Plant Protection Research, 27(4), 509-512. (In Persian)

Kiarostami, Kh., llkhanizadeh, M., & Kazem negad, A. (2007). Study on allelopathic potential of wheat (Triticum
aestivum) against Hordeum spontaneum and Lolium rigidum. Iranian Journal of Biology, 20(2), 214-207. (In
Persian with English abstract)

Kobayashi, K. (2004). Factors affecting phytotoxic activity of allelochemicals in soil. Weed Biology and
Management, 4(1), 1-7. https://doi.org/10.1111/].1445-6664.2003.00112.x

Kordali, S., Cakir, A., Ozer, H., Cakmakci, R., Kesdek, M., & Mete, E. (2008). Antifungal, phytotoxic and
insecticidal properties of essential oil isolated from Turkish Origanum acutidens and its three components,
carvacrol, thymol and p-cymene. Bioresource Technology, 99(18), 8788-8795.
https://doi.org/10.1016/j.biortech.2008.04.048

Li, X. M., Tian, S. L., Pang, Z. C., Shi, J. Y., Feng, Z. S., & Zhang, Y. M. (2009). Extraction of Cuminum
cyminum essential oil by combination technology of organic solvent with low boiling point and steam distillation.
Food Chemistry, 115(3), 1114-1119. https://doi.org/10.1016/j.foodchem.2008.12.091

Macias, F. A., Lépez, A., Varela, R. M., Torres, A., & Molinillo, J. M., (2004). Bioactive apocarotenoids
annuionones F and G: structural revision of annuionones A, B and E. Phytochemistry, 65(22), 3057-3063.
https://doi.org/10.1016/j.phytochem.2004.08.048

Martino, L. D., Mancini, E., Almeida, L. F. R. D., & Feo, V. D. (2010). The antigerminative activity of twenty-
seven monoterpenes. Molecules 15(9), 6630-6637. https://doi.org/10.3390/molecules15096630

Menichini, F., Tundis, R., Bonesi, M., Loizzo, M. R., Conforti, F., Statti, G., Di Cindi, B., Houghton, P. J., &
Menichini, F. (2009). The influence of fruit ripening on the phytochemical content and biological activity of
Capsicum chinense Jacq. cv Habanero. Food Chemistry, 114(2), 553-560.
https://doi.org/10.1016/j.foodchem.2008.09.086

Najafi, N., Gholami, H., Ghaderifar, M., Sanei, M., (2013). Allelopathic effect of water extract of liquorice
(Glycyrrhiza glabra) on germination and chlorophyll content of maize. Journal of Novel Applied Sciences, 2(4),
1220-1223.

Nasr Isfahan, M., & Shariati, M. (2007). The effect of some allelochemicals on seed germination of Coronilla
varia L. seeds. American—Eurasian Journal Agricalture Environmental Science, 2(5), 534-538.

Nourimand, M., Mohsenzadeh, S., Teixeira da Silva, J. A., & Saharkhiz, M. J. (2011). Allelopathic potential of
fennel (Foeniculum vulgare Mill.). Medicinal and Aromatic Plant Science and Biotechnology, 5(1), 54-57.

Oke, F., Aslim, B., Ozturk, S., & Altundag, S. (2009). Essential oil composition, antimicrobial and antioxidant
activities of Satureja cuneifolia Ten. Food Chemistry, 112(4), 874-879.
https://doi.org/10.1016/j.foodchem.2008.06.061

Omezzine, F., Ladhari, A., Rinez, A., & Haouala, R. (2011). Potent herbicidal activity of Inula crithmoides L.
Scientia Horticulturae, 130(4), 853-861. https://doi.org/10.1016/j.scienta.2011.08.013

Orouji, K., Khazaei, H. R., Rashed Mohasel, M. H., Ghorbani, R., & Azizi, M. (2008). Allelopathic effects of
sunflower (Helianthus annuus) on germination and initial growth of redroot pigweed (Amaranthus retroflexus) and
common lambsquarter (Chenopodium Album). Iranian Plant Protection Research (Journal of Plant Protection),
22(2), 119-128. (In Persian with English abstract)

Popova, M., Bankova, V., Butovska, D., Petkov, V., Nikolova-Damyanova, B., Sabatini, A. G., Marcazzan, G.L.,
& Bogdanov, S. (2004). Validated methods for the quantification of biologically active constituents of poplar-type
propolis. Phytochemical Analysis, 15(4), 235-240. https://doi.org/10.1002/pca.777

Raisi, A., Arbabi, M., & Rasoulizadeh, A. (2016). Cocculus pendulus (Forsk): An important medicinal plant of
Baluchistan, Iran. P.121-128. In The First International and the Third National Conference of Engineering and


https://doi.org/10.1016/S0021-9673(97)01061-3
https://doi.org/10.1016/S0021-9673(97)01061-3
https://doi.org/10.1016/j.indcrop.2010.03.007
https://doi.org/10.1111/j.1445-6664.2003.00112.x
https://doi.org/10.1016/j.biortech.2008.04.048
https://doi.org/10.1016/j.foodchem.2008.12.091
https://doi.org/10.1016/j.phytochem.2004.08.048
https://doi.org/10.3390/molecules15096630
https://doi.org/10.1016/j.foodchem.2008.09.086
https://doi.org/10.1016/j.foodchem.2008.06.061
https://doi.org/10.1016/j.scienta.2011.08.013
https://doi.org/10.1002/pca.777

Yy

oo A8 (g3 95 sl (AT g (2 liodion (S elg 50895 S SR g (wy o) K0p 9 (LOUE

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

Agriculture Management, Environment and Stable Natural Resources, 29 February 2016, Hamedan, Iran. (In
Persian with English abstract)

Ramezani, S., Saharkhiz, M. J., Ramezani, F., & Fotokian, M. H. (2008). Use of essential oils as bioherbicides.
Journal of Essential Oil Bearing Plants, 11(3), 319-327. https://doi.org/10.1080/0972060X.2008.10643636
Richardson, D. M., Williams, P. A., & Hobbs, R. J. (1994). Pine invasions in the Southern Hemisphere:
determinants of spread and invadability. Journal Biogeogr, 21, 511-527. https://doi.org/10.2307/2845655
Saadatian, B., Ahmadv, G., & Soleymani, F. (2012). Effect of seed priming on summer savory (Satureja hortensis)
germination characteristics under drought and salinity stresses. Seed Research (Journal of Seed Science and
Technology), 2(2), 35-44. (In Persian)

Samaneh, Z., Kourosh, E., & Morteza, A.S. (2014). Study on allelopathic potential of Asafoetida (Ferula assa)
medical plant on germination and seedling growth of Cardaria draba and Plantago major. International Journal
of Agriculture and Crop Sciences, 7(10), 724-731.

Sartavi, K., & Gholamian, F. (2004). Medicinal plants of Bushehr province. Iranian Journal of Medicinal and
Aromatic Plants, 20(2), 213-227. (In Persian with English abstract)

Singh, O.M., & Singh, T.P. (2010). Phytochemistry of Solanum xanthocarpum: an amazing traditional healer.
Journal of Scientific & Industrial Research, 69, 832-740.

Sodaeizadeh, H., Rafieiolhossaini, M., & Van Damme, P. (2010). Herbicidal activity of a medicinal plant,
Peganum harmala L., and decomposition dynamics of its phytotoxins in the soil. Industrial Crops and Products,
31(2), 385-394. https://doi.org/10.1016/j.indcrop.2009.12.006

Soltanipour, M.A. (2005). Medicinal plants of the Geno protected area. Pajouhesh and Sazandegi (In Natural
Resources), 18(3), 27-37.

Taban, A., Saharkhiz, M.J., & Hadian, J. (2013). Allelopathic potential of essential oils from four Satureja spp.
Biological Agriculture & Horticulture, 29(4), 244-257. https://doi.org/10.1080/01448765.2013.830275

Vyvyan, J. R. (2002). Allelochemicals as leads for new herbicides and agrochemicals. Tetrahedron, 58, 1631-
1636.

Wojdyto, A., Oszmianski, J., & Czemerys, R. (2007). Antioxidant activity and phenolic compounds in 32 selected
herbs. Food Chemistry, 105(3), 940-949. https://doi.org/10.1016/j.foodchem.2007.04.038

Yagi, S., El Tigani, S., Ali, M., Elkhidir, I., & Mohammed, A.M. (2013). Chemical constituents and insecticidal
activity of Senna italica Mill. from the sudan. International Letters of Chemistry, Physics and Astronomy, 9, 146-
151. https://doi.org/10.18052/www.scipress.com/ILCPA.14.146

Yarnia, M., Benam, M.K., Tabrizi, E.F.M., Nobari, N., & Ahmadzadeh, V. (2011). Effect of planting dates and
density in drought stress condition on yield and yield components of Amaranth cv. Koniz. Advances in
Environmental Biology, 5(6), 1139-1150.

Zirak, S., Enteramian, K., & Azimzadeh, M. (2014). Study on allelopathic potential of assa foetida (Ferula assa)
medical plant on germination and seedling growth of Cardaria draba and Plantago major. International Journal
of Agriculture and Crop Sciences, 7, 724-731.


https://doi.org/10.1080/0972060X.2008.10643636
https://doi.org/10.2307/2845655
https://doi.org/10.1016/j.indcrop.2009.12.006
https://doi.org/10.1080/01448765.2013.830275
https://doi.org/10.1016/j.foodchem.2007.04.038
https://doi.org/10.18052/www.scipress.com/ILCPA.14.146

Journal of Horticultural Science
https://jhs.um.ac.ir R

Research Article
ET Vol. 37, No. 2, Summer 2023, p. 409-421

The Effect of Chalcone Isomerase Gene Silencing on Pigment Production
Pathway in Petunia hybrida with RNAi Technology

F. Keykha Akhar“/'*, A.R. Bagheri’, N. Moshtaghi®, M. Fakhrfeshani*

Received: 12-04-2022 How to cite this article:

Revised: 03-08-2022
Accepted: 26-09-2022
Available Online: 26-09-2022

Keykha Akhar, F., Bagheri, A.R., Moshtaghi, N., & Fakhrfeshani, M. (2023).
The effect of chalcone isomerase gene silencing on pigment production pathway
in Petunia hybrida with RNAI technology. Journal of Horticultural Science,
37(2), 409-421. (In Persian with English abstract).
http://doi.org/10.22067/jhs.2022.76190.1162

Introduction

Flower color is one of the most significant characteristics in ornamental plant breeding. New varieties of
various plants in relation to their flower color have been obtained by monitoring the expression levels of genes
involved or regulating the flavonoid and anthocyanin biosynthesis pathway. Flavonoids possess significant and
diverse biological functions. They are the major pigments for flowers, fruits, seeds, and leaves. They are natural
products that contain a C6-C3-C6 carbon framework and are synthesized by a branched pathway that yields both
colored and colorless compounds. The gene encoding chalcone isomerase (CHI) is among the genes and
enzymes identified in the flavonoid pathway. This enzyme catalyzes the isomerization of naringenin chalcone
into the corresponding flavanone. CHI enzyme belongs to the family of isomerases, specifically the class of
intramolecular lyases. Chalcone isomerase has a core 2-layer alpha/beta structure and has attracted much
attention recently due to its role in stress response and pigment production. One of the most effective methods of
genetic engineering is the reduction of flower pigments by suppression of required enzymes for their
biosynthesis. RNA interference (RNAI) has provided the tool for the investigation of genes involved in the
production of flower color. Silencing of any gene in the anthocyanin biosynthetic pathway can result in reduced
or inhibited anthocyanin production. RNAI technology is an effective gene silencing method and a powerful tool
for studying gene function and development of new traits by transformation of viral RNA or hairpin RNA
(hpRNA) constructs into plants. The processing of dsSRNA into 21-23-nt small interfering RNAs (siRNAs), and
the mediators of RNAI, triggers cognate mRNA degradation. The hpRNAIi methodology simply requires a
transgene construct containing an inversely-repeated sequence of the target gene flanked with a promoter and
terminator which effectively function in plants.

Material and Methods

In this research, with the design and construction of chiRNAI, the transformation of the RNAI construct was
carried out of Petunia plants. Potted plants of P. hybrida were grown under standard greenhouse conditions (16-
17°C night temperature and 21-24°C day temperature and photoperiod 16/8 (light/dark)). The RNAI construct
including the 530 bp cds of the chalcone isomerase (chi) gene and 741 bp of pdk gene as intron between chi
sense and antisense were used for transient RNAi-induced silencing. The pBI121-chi530 plasmids were
introduced into A. tumefaciens strain LBA4404 by electroporation method. Colonies of A. tumefaciens carrying
the desired plasmid were screened by PCR with specific primers for chi gene. RNAI construct co-cultured with
petunia’s leave. Samples was kept in dark condition for 3 days and then transferred to branch induction media.
Samples were investigated for phenotypical changes and chi gene expression by gRT-PCR.
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Results and Discussion

Transgenic lines showed a reduced number of pigments and a faded flower color. So that, in purple petunia,
was shown 5 phenotypical groups. These groups was indicated different levels of chi gene silencing. In pink
petunia was seen two groups of phenotypical changes. In these plants, chi-RNAi construct was reduced pigment
production and so, these plants had faded colors in petals. Also, the chi gene expression was reduced in all
transgenic lines. Generally, the results of this research showed that RNAI can be used as an efficient method for
gene silencing. The application of gene silencing can indicate the gene’s function in biosynthesis pathways of
various components such as anthocyanins. In addition, the chalcone isomerase gene was identified as one of the
effective genes in anthocyanin biosynthesis pathway in Petunia plants that could be involved in the production of
color in these plants; hence, chi gene silencing resulted in clear phenotypic alterations in this plant.

Conclusion

In general the concentration of the target MRNA in a particular tissue could be a factor that influences
silencing efficiency. At very low levels of gene expression, small amounts of the silencing target, mRNA, could
be completely degraded by the RNA-induced silencing complex (RISC), whereas the presence of higher amounts
of the target mRNA may result in incomplete silencing, allowing some residual functional mMRNA to be
translated into the corresponding protein. This research demonstrated the hpRNA construct has been successfully
established for floral tissues of P. hybrida. The hpRNA construct was developed for chi-RNAi silencing of one
of the key genes in the anthocyanin biosynthetic pathway in Petunia flowers. The silencing of the chi gene is a
prototype for the modification of the anthocyanin biosynthetic pathway in Petunia through gene suppression.
This strategy could also be useful for rapid functional analysis of other genes involved in flower development.
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Figure 1- Designed RNAI construct for chi gene with restriction enzyme in pB1121 vector
chi-RNAI construct containing 530 kb sense and antisense of chi’s mRNA and 741 kb of pdk as intron that it replaced between sense
and antisense of chi gene. This construct was cloned in pBI121 plasmid including kanamycin resistant gene, gus gene, NOS
terminator and CaMV35S promoter.
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Table 1- Sequence of specific primers for silencing vector containing chi for PCR

Primer name Forward primer (5'—3")

Reverse primer (5'—3")

Synthesized fragment

length
607
sense CTATCCTTCGCAAGACCC CAGCATTCGCAGTGCCAGTT
antisense AAACTTCTCAATGGCACGAC GCGGGACTCTAATCATAAAA 568
vir GCGGTGAGACAATAGGCG' GAACTGCTTGCTGTCGGC 2100
kan ATTCGGCTATGACTGGGCAC GTAAAGCACGAGGAAGCGGT 676
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Table 2- chi and ef1A primer sequences used in petunia gRT-PCR

Synthesized fragment

Primer name Forward primer (5'—3") Reverse primer (5'—3") length
chi TCTCCTCCAGTGTCCGTTAC ACAAACTTCCCTTCTATCTCCAG 137
eflA CGGCGTCAACACCTACACC GAAGTTTCCTGCTGCGATGG 180
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Figure 2- PCR analysis for conformation of construct introduction to petunia genome
A) Synthesized 607 bp fragment with promoter and sense strand of chi primers; B) synthesized 568 bp fragment with terminator and
antisense of chi primers; A and B) lane 1: 100 bp size marker; lane 2-20: transgenic plants; C) vir gene with 2 kb length; lane 1: 100
bp size marker; lane 2: pure pB1121 plasmid (non-recombinant); lane 3-7: petunia transgenic lines containing chi-RNAi construct;
lane 8: control plant; D) presence of construct in recombinant pBI121 and its absence in non-recombinant plasmid; presence of kan
gene in transgenic plants and its absence in control plant; lane 1: 100 bp size marker; lane 2: recombinant plasmid replicated with

antisense primers (568 bp); lane 3: recombinant plasmid replicated with sense primers (607 bp); lane 4: non-recombinant plasmid,;
lane 5-9: transgenic plants containing kan gene; lane 10: control plant.

295 iy ) b JS V2 Cuigd ) oV JS3) o9 aidly e
5508 MolS 1mls &y Connd V3 uigid (oS IS (Y JSis)
ogde as ol LS 1y oo 8 VA Coigid (>-F S5) Wog
g (Sl b Grend b LSS ) (18 KpeS

)l 8 LAY ju Saj 515, 90 Olao guad oy 5
P oan 9= melbl G5l ol wise)ls plals )
aS gyokay 2 saalie IS 5y 40 egite Ol ¢ ialej] oyl
J5 S b gl 53 55k 5 0 odnlin (igid s on e
e gy ol QLS ) a5 Sadigel G ) g Sl

S Ojgo 4 S LB (g9) b I pam o5 ©)gai] 4 il
L plals slis (oY JS5) 29y 2y SOy i b ola
93 godly L |y cdgd ol oS 90 il 909 o5 V5 Cudgid

Sy elll LS L 5 05 8.5 5 3 Lo 550 & JS S5,
M ggd (adRY JSs) wais awglis dali flge 4 K5,

st o ay iy ) JolS ey gl JS S, o8 200y SlalS



VP (bl (¥ oylad PV il (((65)3LiS @alo 3 pade) SLEL pole i FVF

o 345 33 o 33 o (F JSL0) 230 By s it ¢ 355 5 (577 JS3) 332 ol o a5 115
oanliie la gyl )3 5y Jas 5l (6 ymis g 0392 3,5 Sl 5y ylalS sdaliin bl (ol LS 5 K5y a8 Sl 5 oogMe

&_3) ‘u_"?“b Ls—“"‘uo‘ ul_bLf L;OLAJ 2 .JJ.)}Q wﬁb )1 u9l.nua

A (D

D)) O

®)(s) Exw

ooy U5 STy b bl diSy 1,5 gl Y 1> o0l b lio awighd Ol i - Y JSUS
By V5 5918 (5 4y b yord (il (VA (oid (B 455508 ity (V3 Cigid (5 St sladS) b (il V2 Cgid (7 ol o VT Caigid (o il (all
{55 99) iy 9
Figure 3- Observed phenotypical changes in transgenic petunia with purple flowers
A) wild type; B) V1 phenotype: magenta; C) V2 phenotype: purple with white streaks; D) V3 phenotype: light purple; E) V4
phenotype: chimera or hybrid purple; F) V5 phenotype: magenta and purple (two colors).



YAV (559U3 3l ooliwl b (oandbol oS 50 S5y ad g5 yns 2 5l p09 1) 595Ul (35 (Sogols 1y Ko g 5 Tlss

® ()
iy 5 415 g Y Sl 5y 10 suuid s Lo Ol puii —€ S
oy 55y b aso )l plalS 0 Sl ) o (0 (b cdb) sals plals Sy 5 J5 ()

Figure 4- Observed changes in anther of transgenic purple petunia
A) flower and anther in wild type; B) color change in anther of transgenic purple flowers.
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Figure 5- Observed phenotypical changes in of transgenic pink petunia
A) wild type; B) P1 phenotype: light pink; C) P2 phenotype: pink with white streaks.
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Introduction

Water stress is the most prominent abiotic stress limiting agricultural crop growth and productivity. Deficit
irrigation stress as a consequence of the progressive decrease in water availability has been a hot topic regarding
food security during the last two decades. Growth and development of plantsis influenced by reduction in turgor
that results in decreased nutrient acquisition from dry soil. When water supply is limited, plant growth and yield
is reduced and plant structure is modified by decreasing in leaf size. The effect of deficit irrigation on fruit yield
and quality has been reported by numerous researchers with different results. In melon, deficit irrigation reduced
marketable fruit number and yield, average fruit weight, fruit diameter and did not affect rind thickness and seed
cavity, but increased total soluble solids content. Although the effects of water stress have been studied on
growth and yield of different crops during the last years, recent information on the response of African horned
cucumber yield and quality to deficit irrigation remains limited, particularly about the results of restricted water
distributions in arid and sub-arid environments. The main goal of this study was to evaluate the effect of
controlled deficit irrigation on growth, physiological parameters and yield and fruit quality of African horned
cucumber.

Material and Methods

Field experiment was performed based on a completely randomized block design with three irrigation
regimes (60, 80 and 100 %ETc), whit three replications at Research Farm of University of Zanjan during the
2019. The African horned cucumber seeds were sown on 1th July 2020 at recommended spacing of 50 cm in row
with 120 cm between rows. The irrigation system consisted of one drip line every crop row. The three irrigation
levels were calculated based on actual evapotranspiration (ETc): (1) control, irrigated 100% crop water
requirement, (2) deficit irrigation 80% ETc and (3) deficit irrigation 60% ETc. The Water requirement of the
plant for control treatment was estimated using long-term average daily data of meteorological parameters
recorded at Zanjan Meteorological Station and following relation. Before starting the differential irrigation at
five-leaf stage, all treatments were supplied with similar amount of water to maximize stands and uniform crop
establishment. During plant growth, the relative water content, proline content, electrolyte leakage, chlorophyll
and carotenoids, P and K contents were measured. After fruit harvest, vine length of each plant, leaf dry weight
and stem diameter were measured. The fruits were harvested when color changed from green to yellow. Fruit
weight, fruit number per plant and fruit yield per plant was measured. Immediately after harvest, fruit firmness,
total soluble solid, total phenols content, antioxidant capacity and vitamin C were determined.
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Results and Discussion

As the results showed water deficit stress significantly reduced plant length, chlorophyll content, and
increased carotenoids content. Based on the findings, deficit irrigation caused a significant reduction in leaf
relative water content. According to the results, phosphorus and potassium contents in African horned cucumber
leaves decreased with deficit irrigation treatments. The highest P and K contents were found under irrigation 100
%ETCc treatment. Drought stress and associated reduction in soil moisture can decrease plant nutrient uptake by
reducing nutrient supply through mineralization. The proline content increased with the deficit irrigation
treatments; in particular with sever deficit irrigation (60 %ETc). Mean comparisons of data showed that deficit
irrigation led to a significant increase in electrolyte leakage compared to control.

Water deficit stress caused significant reductions in yield. The highest fruit number per plant and yield were
obtained under irrigation 100% ETc. The average fruit weigh significantly increased in response to increase
water deficit stress. Deficit irrigation treatments significantly decreased vitamin C and fruit firmness. Significant
differences among irrigation treatments were observed for total phenols and total soluble solid contents. The
phenols and total soluble solid contents increased with the decrease of irrigation water applied. Antioxidant
capacity was affected significantly by the irrigation treatments, and water deficit stress increased antioxidant
capacity, which no significant difference was observed between irrigation 100 and 80 %ETc.

Conclusion

Water deficit has been shown to adversely affect plant growth, fruit yield, and leaf water status of African
horned cucumber, but led to increase the TSS and antioxidant capacity. According to the results, fruit yield
reduced 13.9 % under irrigation 80% ETc compared to irrigation 100% ETc, However, water consumption was
saved by 20% and improved fruit weight and fruit quality with increasing soluble solids and antioxidant
capacity.

Keywords: Antioxidant capacity, Electrolyte leakage, Fruit weight, Proline, Yield
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Table 1- Soil physical and chemical properties on the site of experimental field

Culan

& ] _5.:,:511 5935 foandS ol by S ok S il o Cow )
pH - Nitrogen Calcium Sodium Potassium oM ] : Sand Silt Clay
EC 1 1 1 " Soil texture
N (%) (kgt)  (gkg?) (9-kg™) (%) %) (%) (%)
(as.m?)
7.4 1.49 0.07 0.12 0.13 0.2 0.95 = £9 25 38 37
Loam Clay
O.M, Organic matter
(YYaA) oLs J.o::) 8590 43 (3l j Sy g 810! wa.w‘sh W ol )b Ssonily b - Jgus
Table 2- Average daily climatic parameters of Zanjan Synoptic station during the growth season (2019)
R gyC Ny o Cugb g ke Jilss glod Sl glod
Rainfall Evaporation Average relative humidity Minimum temperature Maximum temperature
(mm) (mm) (%) (9] cO
—— 48.7 1737 46.6 5.9 20.6
May
_e 6.2 270.2 33.2 11.8 29.7
June
» 0.0 320.9 34.2 15.3 35.0
July
e 0.1 308.1 34.4 16.1 345
August

253U eled jd addo Ve s ay LiiSly bolsws b aslsl
Ve e Job 5o ol dn (e s 9 0 (50485 (S0
o3l sl (Singleton and Rossi, 1965) 4 saslss yiesil
Jaloe Il .45 oslizwl DPPH i, 5l (Sls] sl el (¢85
£S5 e Y10 &S 55 (pl 4 .0 4y DPPH 5l Yoo Lo /)
Laoylas jl g A > 3llas Joilio yid Lo Voo > DPPH
x> 4S5 (5yabo 4y 1b LS DPPH - Joloo 4y 29 Sie 0
DI gse Jabo 9 4ibs V0 55 o dn a8 5t e ¥ les
(Dehghan and Khoshkam, 2012) 1 s lgs ytegsl
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Lo ) €8l g 4350 jaed (gl )3 1y 036 Sy aiges Sl )5/
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o ) Jitie oo Voo ple il (ag) S 03)S
2 Jooe o g oxiby e Ver o3 Ar al L
16L3) L3 odilgs yragil SOV o SEY SO DY+ FA+ clagge Job
loabaly 1 oolitw! b o (Gl dojd Ar il (6 o5 g yiSu!
ArON, ) b dwle 1545,5 g b @ Judg IS jlade oo 4
(1967

Chlorophyll a (mg g™ FW)=12.7 (Ass3) — 2.69 (Agss)
x V/1000 w

Chlorophyll b (mg g FW); =22.9 (Ass) — 4.68
(A663) x /1000 w

Carotenoid (mg g FW), =7.6 (Asso) — 1.49 (As1o) X

O AL 5L g ol Sl polie ETC polis dmsboea §1

~ sl ) (6Ll s 95 S Jolgd bl 0lS (o)
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b (SygSan] swl) & cpaling lime b (65051851 sy Loy
5031l Aol Bpme g easliy yod SoS b g (ygaml i 09,
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Introduction

Potato (Solanum tuberosum L.) is an important food and cash crop having the first rank in the world from
non grain crops to ensure food security. The tubers produced through the conventional propagation are
characterized by low multiplication rate and susceptibility to pathogens. Microtubers are an ideal propagating
material for producing high quality seed potatoes. Nowadays, the production, application, and biological risk
assessment of nano-scaled products have attracted global concerns in various fields such as agricultural,
biotechnological, medicinal, and plant sciences. Chitosan, a biocompatible polymer, has been widely utilized to
improve the production of nano-chemicals, thereby improving crop growth, productivity, and immunity.
Nanotechnology plays an important role in modern agriculture to address global challenges such as climate
change, severity of plant diseases and the limited availability of important plant nutrients. Polymer-based nano-
formulations have recently received the greatest attention with the key objectives of developing less harmful,
plant growth promoting and protective agents of biodegradable and natural origin. Use of chitosan-based
nanoparticles in agriculture field is still in a budding phase. Significant outcomes have been reported in in vitro
and a few in vivo studies in plant growth and protection by chitosan-based nanomaterials.

Materials and Methods

MS medium containing 80 g of sucrose, containing glycine betaine at concentrations of 20 and 40 mg/l,
chitosan at a concentration of 240 mg/l, glycine betaine 20 and chitosan 240 mg/l, glycine betaine 40 and
chitosan 240 mg/l, 120 mg/l, glycine betaine nanocomposite coated with chitosan 120 and 240 mg/I and control
treatment, as well as nonsalinity treatments with the same compounds and concentrations mentioned for salinity
were cultured. The study was performed in randomized complete block design with three replications and
sixteen treatment. Glycine betaine nanocomposite coated with chitosan were prepared at Maragheh University as
follows. Chitosan, glycine betaine, and triphosphate are major consumables. First, chitosan was dissolved well
with acetic acid under the influence of temperature. Then, a certain amount of glycine betaine was dissolved in
distilled water and added to the chitosan. Tri-polyphosphate (TPP) was dissolved in distilled water at a certain
volume ratio and added dropwise to the mixture of chitosan and glycine betaine. The precipitate obtained under
the freeze-drying process lead to the preparation of its powder.
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Results and Discussion

According to the comparison of the means, treatment of glycine betaine coated with chitosan nanocomposite
at a concentration of 120 mg/l produced the highest number of microtuber during the experiment from the first
month to the final month. The nanocomposite was more capable of improving growth and biomass than the bare
ZnONPs in pepper. The application of the nanocomposite increased the concentration of chlorophylls (51%),
carotenoids (70%), proline (2-fold), and proteins (about 2- fold). The supplementation of culture medium with
the nanomaterials upregulated enzymatic antioxidant biomarkers (catalase and peroxidase) (Asgari-targhi et al.,
2021). The highest mean microtuber weight was related to the nanocomposite treatment of 120 mg/l with a
weight of 29 mg. In the microtuber diameter, this treatment had the highest value. The results of analysis of
variance in Table 1 indicate that the effect of moderate salinity and the interaction of moderate salinity and
nanocomposite treatments are not significant and the effect of experimental treatments is significant at the level
of 5% probability. Due to the fact that the most important trait in the potato microtuberization is microtuber
yield, so in the experiment, the highest microtuber yield was earned nanocomposite treatment with 131 mg and
the lowest in control treatment with 87 mg. It seems that by using stress-reducing compounds such as glycine
betaine and chitosan and nanocomposites, these compounds increase the amount of genes responsible for the
formation of microtuber, and as a result, increasing the proteins involved in stresses induce more
microtuberization. Also, nanocomposite materials, more assimilated materials may be transferred from the roots
to microtuberization processes.

Conclusion

The microtuber produced in the glycine betaine coated with chitosan nanocomposite treatment produced the
highest number of microtubers in the first, second, third, and final months. In treatments with moderate salinity
in the first, second, third and final months, the number of microtuber and eyes and sprouted microtubers had the
highest amount compared to the treatment without moderate salinity. Also, plants treated with glycine betaine
voated with chitosan nanocomposite in the microtuber trate showed a greater effect than chitosan and glycine
betaine with chitosan. According to the findings of this study, it seems that the use of nanocomposite materials in
increasing the microtuber and reducing the vegetative growth of potato shoots has been made in Agria cultivar.

Keywords: Chitosan, Glycine betaine, Microtuberization, Nanocomposite
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Figure 1- The average number of microtuber of potato cv. ‘Agria’ treated by chitosan, glycine betaine and nano composite
coated glycine betaine in the first month (A), the second month (B), the third month (C) and the number of fourth month

microtuber (D)
(The graph bars indicate standard deviation) (DMRT,p <0.05)
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Table 1- ANOVA for the effect of moderate salinity and microtuberization treatment on morphological traits of potato
microtubers cv. ‘Agria’
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Figure 2- Stolon number (A) and stolon length (B) of potato cv. ‘Agria” in chitosan, glycine betaine and coated nano-

composite glycine-betaine treatments
(The graph bars indicate standard deviation) (DMRT,p <0.05)
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Figure 3- The effect of chitosan, glycine betaine and coated nano-composite glycine betaine treatments on number of sprout

micoruber of potato cv. ‘Agria”
(The graph bars indicate standard deviation) (DMRT,p <0.05)
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Table 2- Theeffect of salinity levels on some microtuber traits of potato cv. ‘Agria’
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Introduction

Stevia (Stevia rebaudiana) is one of the medicinal plants of the Asteraceae family that contains natural
compounds, especially stevioside and ribaodioside A, which are estimated to be 150 to 400 times sweeter than
sucrose. Plants are exposed to various environmental stresses during growth and development under natural and
agricultural conditions. Among these, drought is one the most severe environmental stresses affecting plant
productivity. About 80-95% of the fresh biomass of the plant body is comprised of water, which plays a vital
role in various physiological processes including many aspects of plant growth, development, and metabolism.
Stevia is susceptible to various environmental stresses but the major effects are contributed by drought. Today,
the fungal species Stevia rebaudiana is used as a biofertilizer and increases the production of secondary
metabolites of economically valuable plants and also increases the growth and seed production of many plants.
This fungal endophyte produces a significant amount of acid phosphatase for mobility in a wide range of
insoluble or complex forms of phosphate, enabling the host plant to have adequate access to inactive phosphorus
reserves in the soil. However, medicinal plants that are cultivated have often been reported to have lower
abundance of arbuscular mycorrhizal fungi in the rhizosphere, which significantly reduces plant survival.
Considering the coexistence role of mycorrhizal fungi in modulating the effects of drought stress, the aim of this
study was to investigate the morphological, physiological and biochemical traits of stevia in response to the
effects of mycorrhizal inoculation and drought stress.

Materials and Methods

This experiment was conducted to investigate the effect of P. indica endophytic fungus under water stress
conditions on vegetative characteristics, physiological parameters and micronutrients of stevia. A factorial
experiment was employed based a completely randomized design with four replications in the research
greenhouse of Islamic Azad University, Mahabad Branch in 2017. The first factor was drought stress at four
levels (25, 45, 60 and 80% of field capacity) and the second factor was inoculation of seedlings with fungus at
two levels (no inoculation and inoculation with P. indica). Water stress was applied based on a combination of
plant appearance symptoms (no wilting to severe wilting) and soil moisture. Investigated traits included root
colonization, dry weight, leaf number, plant height, stem diameter, chlorophyll a, b, total chlorophyill,
carotenoids, proline, soluble sugars, antioxidant power and micronutrients including copper, iron, zinc and
manganese. To analyze the data variance, SAS 9.1 statistical software was used to analyze the variance of the
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data.
Results and Discussion

The results showed that the evaluated traits in the present study were affected by the main treatments of
fungus and drought stress. Seedlings inoculated with P. indica endophytic fungi had the highest percentage of
root colonization, growth parameters, photosynthetic pigment content, soluble compounds and micronutrients
compared to no inoculation. Drought stress increased soluble sugars, proline content and antioxidant power of
stevia leaves and decreased the other traits by increasing the stress level from 25 to 80%. The highest rate of root
colonization (26.90%), stem diameter (3.21 mm) and carotenoid content (1.71 pg/ml) was observed in the
treatment of plant inoculation with fungi and 25% drought stress. While the highest antioxidant power was found
in the treatment of plant inoculation with fungi and 80% drought stress. According to the results of the present
study, use of P. indica fungus had the most positive effect on the quantitative and qualitative characteristics of
stevia medicinal plant compared to no fungus inoculation.

Conclusion

This study showed the positive effect of P. indica endophyte inoculation on quantitative and qualitative
characteristics of root colonization, dry weight, number of leaves, plant height, stem diameter, chlorophyll a, b,
total chlorophyll, carotenoids, proline, soluble sugars, antioxidant power and The micronutrients of calcium,
iron, zinc and manganese showed stevia, and drought stress reduced the studied traits except for proline content,
soluble sugars and antioxidant power. Inoculation of stevia seedlings with P. indica endophytic fungi at drought
stress levels had the highest rate of root colonization, stem diameter, carotenoid content and antioxidant power
compared to non-fungal inoculation. Therefore, due to the effect of biological compounds of natural origin and
the production of plants with healthier active secondary compounds, the use of P. indica endophytic fungi can be
recommended.

Keywords: Stevia, Pigment, Nutrients, Photosystem, Water deficit
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Olie a8 9 €l (il (g5 gme jgboay ey (gl
SLS 5 (L4) e jio cdyls I A (SCid Cood yamol gl
zedli (lS )0 ady) emljoslS doy oS claiSa Wb ssaline
(Y Jos) 0 s xod Vo /o) o yn 4 Y2/ jlons
P.indica L oas zdli (lalS pols ilej] slaodly b
igSee G jon gl o (St (i S s (e
SB > Ol 39068 plp 55 bndidyy dmwgs 4 B 2, ) ol o
olelS dis) arwlielS dsyy S5 Cugb, yialS b g ol
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Table 1- ANOVA for the effect of endophytic fangi (P. indica) and drought stress on some characteristics of stevia

Olas o (1o
s e ) Mean squares
S.0V ﬁ‘j" 0 ;*“"t}*’j” K5 s N S5 ¢l R
00 ; : .
Colonization Dry weight Leaf number Plant height Stem diameter
P. indicacyésul ¢,
P indica (P) 1 3462.72** 0.36** 4493.33** 35.86* 1.32%*
DrouughtA StLI;MS)S (D) 3 13.51** 0.26** 1278.38** 23.12** 0.74**
PxD 3 13.51** 0.07m 71.16m 11.32m 0.15**
Eu» 16 0.55 0.04 56.86 7.20 0.02
rror
“‘é:/"(;/‘)” - 5.80 2223 1315 9.38 5.80
(1]

Doy B g ) Jlein] mdaw )3 5 gime o6yl me pae iy A

#  #% NS
‘

ns **and ": non-significant, significant at p<0.01 and p<0.05, respectively.

Ui Sl B p1 3 Swlid i ¢ P, indica Coudgail g, 51 il g 41300 —) g dols!
Continued Table 1- ANOVA for the effect of endophytic fangi (P. indica) and drought stress on some characteristics of

stevia
Slazye ke
- Mean squares
Olyess mlio ooljl @y "
’ . . . gloxe slanid
S.0.vV Df a s ls b Jidsls AT 55, oo J Soluile
Chlorophylla  Chlorophyll b Total Chlorophyll ~ Carotenoids ~ Proline Sugars
P. indica cusgul ¢,
L 1 6.62** 1.31** 15.50%* 0.30** 439.55* 4579.89**
P. indica (P)
e o 3 1.79% 1.49%* 6.16%* 0.81%* 525.48%%  14824.43**
Drought stress (D)
PxD 3 0.13m 0.36m 0.46m 0.04* 82.18m 640.021
e 16 0.56 0.25 0.90 0.04 96.19 33.83

Error
s g i

o ey - 16.19 27.80 14.82 18.97 8.44 4.96

CV (%)

Auopd B g ) Jlein] pdaw )3 I re (gl dme pas i 4 T g TS
ns **

and *: non-significant, significant at p<0.01 and p<0.05, respectively.



S RCWER SYPCR (GNENPSINEL FHERPPWPREIIPNEPRE (4

L Olho (A p g (SWs i ¢ P.indica Codguil z,B8 51 (sl ylg 43505 —) Jgs dold]
Continued Table 1- ANOVA for the effect of endophytic fangi (P. indica) and drought stress on some characteristics of stevia

©lripo il
RAWE I RS Mean squares
S.0.vV Df @‘-\‘“5“;47 [SRY) Fv/Fm jroess &$9) um] e
Antioxidant power Mn Zn Fe Cu
P. indica cusoul £,
. _uﬁs?m = 1 23747.89** 0.001** 14232.57** 374.06** 33973.11** 3.55**
P. indica (P)
e O 3 18185.82** 0.011** 4451.47%* 635.53** 14679.61** 14.21%*
Drought stress (D)
PxD 3 6817.45** 0.006" 1087.16™ 416.35™ 287.66" 0.35"
s
16 98.98 0.006 13.32 20.09 8.92 0.14
Error
S - 8.44 10.17 3.11 7.63 1.47 1222
CV (%)
o305 Y Jleis! pdaws )3 5 dme ()b e pie i pa T oM™

ns **
)

and *: non-significant, significant at p<0.01 and p<0.05, respectively

Lgiw! (29,15 oLS axllhae 5,90 Wlhio 4 (o i x P. indica Codguil g, 55,5 biliie J51-Y Jous
Table 2- The interaction effect of endophytic fungi (P. indica) and water stress on the studied traits of stevia

adlw ,lad P KWW ] PR

ool g0 wtl o5 ity Opeliigl Stem diameter 995, Antioxidant power (uM
Endophitic fungi Water stress Root colonization (%) (mm) Carotenoids (ug.ml™) Fe (ll).g'? FW) r

-P L1 0+0° 2.76 £0.03° 1.34+0.05"% 645+9.1°¢

L2 0x0¢ 2.53 £0.09 b 1.13+0.10% 76.3+10.33°¢

L3 0x0¢ 244+0.02°¢ 1.06 +0.06 © 88.2 +10.86

L4 0+0e 1.65+0.18¢ 044+0.12°¢ 116.53 +2.08°
+P L1 26.90+0.682 3.21+0.06¢ 1.71+0.102 81.23+0.16 ¢

L2 25.6+0.26° 2.79+0.03° 1.43+0.14° 117.3+4.77"

L3 2358+1.02°¢ 2.7+0.03 0.88 +0.07 ¢ 119.15+3.01°

L4 20.01+1.129 2.6 +£0.03°¢ 0.88 +0.7 ¢ 279.46 £ 15.57 2

b obol i 5l oS ynie gy (gl b yuSbo g 5o )3 SE £ 5 Kke polie (Y0 (L4 ¥ L3 &+ L2 A- L) pobaw L ol i3 W ccudoil 2B +P  J58) el poe =P
S0 gyl e gl duoy> B Jlois] a3 Sl (gl g0l 1 edlitl
— P: non-inoculation (control), + P: P. indica, W: Water stress, L: levels (L1: 80, L2: 60, L3: 45 and L4: 25). Values are mean £ SE. In each column,
the means with common letters are not statistically significant at 5% of probability level based on Duncan’s multiple range test.

Lgiw! (29,15 8LS (g imrgid SIS, 9 (Ku59098 590 Wlhio p (ol Wi 9 P.indica Cudguil )6 55,5 51-¥ Jou»
Table 3- The effect of endophytic fangi (P. indica) and water stress treatment on the morphological and photosynthetic
pigments of stevia

Lo . " . .. = . SWiS 3 . . .
Codgnil g, & o &g gli5,l Sy dlasy . 9 b Judg,ls a Judg,l5 5 Judg ls
Endophytic Water Plant Height Leaf number _r);] Chlorophyll b Chlorophyll a Total Chlorophyll
fangi tress (cm) (No..plant?) weight (ug.mi?) (ug.mi?) (ug.mi?)
angl S -p (@) Hg. Hg. Hg.
Main effect
-P 27.12+0.32° 43.66+4.31° 081 f 0.05 412+0.16° 1.57+0.22%® 57+0.36°
+P 29.79+0.142 7142 0'96f0'08 5.18+0.132 2.05+0.182 7.23+0.28°
Main effect
L1 29.91+0.78% 67.66+535% 1.2+0.092 5.09+0.21°2 2.13+0.162 7.22+0.30°
L2 295+0.312% 6341+486° 0.92 1;0.01 483+0.18° 2.08 +0.15° 7+0.32°
L3 2741+048° 5125+548¢ 0.73 f 0.03 447 +0.24° 1.54 +0.20¢ 6.1+0.40°¢
L4 26.99+0.27° 47+431¢ 0.7+0.04¢ 421+017° 15+0.17¢ 5.71+034¢

b bl i jl oS ynio GBgpn gl by Siloo pgiw o j3 SE & Silio polie (VO L4 9F0 L3 S+ L2 e 1) pobaws tL o ol a5 W gl g, 4P (J,5) eidli pas P
5105 o) me gl Mo y> B Jlen] a3 (Sl (glaieldiin g0l 1 edlitl
— P: non-inoculation (control), + P: P. indica, W: Water stress, L: levels (L1: 80, L2: 60, L3: 45 and L4: 25). Values are mean + SE. In each column,
the means with common letters are not statistically significant at 5% of probbiltity level based on duncan’s multiple range test.
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J3i2) 43 oanlie (LA) ZA- (S G255 55 JbaylS liee 0
oil38l L P indica z)B L oud zal g oaits gdls lalS ) (Y
DAL (g pSader ik 4 139508 (e SB p> (SiS
Sl oS ) (Sid o VL &S gk 4 b oo
Ol 1S 9 (S uie g bl S )3 1) 43g4)l8
e > 23555500 MYV oSl L i ) Lo IS
oty e 3 p S )See < IFF 5 g8 gl b (LL) 7D cow
03 G135 (Y gin) a3 onlite g6 gl pae L (L4) ZA-
Sy Cee o (]38l b wlgs o P.indica 15 ,58e g6 &5 !
8y sLapgnys Wy lp olesdon JolSS (sl e 25k
by glid ol Cla Cogi b g oS giow 5 (ST 25k
Ao Gl ) Gljee <) 2Ulg5 5 )85l (i LS
I, P.indica jl sbas, Liliél (Sirrenberg et al., 2007)
#D 58 Jsls lsime 530 Yl g ilygld Gl lgicee
8 g (g cale Al ol s Ghjse Jriwgid (e
2 215550 Slag)B dasly GlapuslSe ) 15, lus] o]
oS Ay Cugl 4 pomie 2l GBS ply 53 0l Cueglie g

J(Zare Hassanabadi et al., 2020) 555 .0 45

g (Gaj 395 9 15y95ee sl I edlatl (cdngl (b
52 Slos 9 4y sl padld g gl lao ) (3Bl cage
Yol a5 203)5 olo 5 03)5 jow 035 291> bS5, See 12
Aol Clale (Al o g oAb Ay ) oinsas 3,y L) Sl (50
g0 yol opl &S ol oad b S giow (e iul381 4 S5 o]
S i Slge 5 Gl i Gl g glady) e (5508
sleail b quaes (Haghir Ebrahimabadi et al., 2018)
9> (Zare Hassanabadi et al., 2020) Ko § (3b] oy ¢)l;
Glomus intraradices y Glomus mosseae 15,5 S0 7,8 g5
g sy Ogasliogls doyd Gl g A (sl el dgnt el
Pl S g o8 Slao (S 15 Jlosd prizen 9 45
Sidel Cuwnds ol (pl jo ol imgh b oS wiliS

S 939,89 IS b @ Jad g oS ) giae
5 P.indica Lol slas sl olis byl 4355 Jads auls
P S J89)lS 9 b Judg)lS @ g )8 lgimme p (Suts i
ladslSs,  Lag)l Jolize (51 g 500 sl sime 7Y Jloin] s
P Suas (i5 g Poindica g8 @l 3l jb sxe e (st gid
= Seis i g Puindica g,l8 Jlize 519 74 Jles! pxdaw
@l Gk () J9az) 392 )0 e 70 a5 a3559)8 (slgime
L daglio ;o P, indica 15,5 Se )5 b ey ¢ 5s50lo dunylio
9l olS S 8l JS g b @ gl (e 00t il (lalS

l,{,"w‘ ‘5{9),3 Dl; axlao 3,90 Ol » ‘:’i uw.? 9 P. indica u.:.@s.»l OG b).g)ls )J‘—i Jg.\b
Table 4- The effect of endophytic fangi (P. indica) and water stress treatment on the studied traits of stevia

] i ) ) Jolxo s ol
Cadgudl g, e ol jols Soluble b I”J
Endophytic fangi Water stress Fv/iFm Sugars ';0 |1n IiW
Main effect
-P 0.76 £0.010 ab 86.61+9.81b 119.65+6.26 b
+P 0.77+0.013a 1475+8.99a 13480+341la
Main effect
L1 0.82 £0.007 a 80.48+11.07¢ 122.454 +10.92¢c
L2 0.77 £0.005 b 95.43+20.30¢ 123.37 £ 7.50c
L3 0.75+0.010 c 125.93+16.25 b 126+ 7b
L4 0.71+0.003 d 166.38 £21.17 a 137.09 +4.61a

S0 gl me gl 1o y> B Jloss] a3 Sl (glaialin g0l 1 edlizl

b el a5 51 oS 2o g (sl LagssSibe cysis y 3 SE % Sk ol (Y0 L4 gF0 13 5+ L2 Ae 1LL) s tL o 25 W eyl )6 :+P (] 55) ol pis P

— P: non-inoculation (control), + P: P. indica, W: Water stress, L: levels (L1: 80, L2: 60, L3: 45 and L4: 25). Values are mean + SE. In each column,

the means with common letters are not statistically significant at 5% of brobability level based on Duncan’s multiple range test.

oS 9 e i &S (IS 4 )5 FVIFM yoolie il
(L1)7Y0 (St (A5 gshaw & bgye ey @ uiliojglé ke
e IV S5l L (LAY TN (Sad (55 g +JAY (S0ke b
4SS (gyobas w0, FVIFM i3l el P.indica z,B b il

OM 92 9 Joloe LA (uiliu )y 88 (5 gine
sy s ialesl ol slaosls Guibylg 45 5 Juols gl
daw pFVIFM o, SCis i g )8 il ol ol il &S
coel (Sead s Galpal () Jads) s b gme ZY Jleis
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.(Rathinasabapathi, 2000) S s o 5 Lo yu

bulyd 53 olS ()5l Copi g 4y (b At sl S48
1 ol L oS 1 S moss g g0 (Subd iS5
2 (Arabzadeh, 2012) S o (gpSsls (Siid il o yme
dw\p‘_]ad95)_>u]d|9_ou]a_a>p_cbwmbj9lm
(Xu et al., 2010) 595 o Seis i bl s cov blS
A cble bl Sas (a5 4 amd e i zasg 4 Lo iulejl
e VL o logas) (Suis i cov oSy, Jole
Slgsme il o 258 sl s cocul wedgw lalS s
S 5l 33le (LS (clocign90 ol GBI Jsbee (sla3
o) e 53 Gial331 il n g LS 53 oy 9
35> e oy JUSI L Slg oo (S gl ohg4 slagey9n
0y Yl g Glidl ez ge (b IS aw lais g o) (05
2 Lachimg S (dlyome (li 8l coled 53 g Sriwgid oy
slasss 5,8 (Zare Hassanabadi et al., 2020) 55 lals
sloas il ecel SlihyeSee lag)ls Uite b
Valinezhad et al., ) ws b giwl olS pslwgis] (glgiome 9 Jolomo
sy byl 5 > cwils Pooindica g,l8 iagh 4> (2019
015 gels (ygment] ol 5 1y Jidg)IS7 uilioyglé 9 (a3l ol
WIAY Gialid) iz s 381 )8 (g ald 4 s
P.indica z,L8 L sa s pedls alS 0 FVIFM caws a0
G D 5 Mk g cblis e Gl alis wlgi e
[(Abdollahi et al., 2019)

s ST &y (5l gia

P. )5 ol clyl g o8 Jais ol ol 5
5 @B elgme o eyl blize Sl 4 St a5 dndica
2 ) Jgd) 292 b e o> S Sl aw )3 (ShaguS]
o 0l38 L Poindica U sads gudls g ouis il lals
S rSanie jrban Gl ol @l lie SB > (Sis
S > (Sid i e op YL & (gpsbay wdly Gl
358 055 Lgtal eS|y Tl )08 lde o 5t
9 2o VWOY i Sl ol @)u8 clbgime (gl iol38)
Join) ael oty dsie byl do )3 Ae g 5 )3 do )3 VYA
oLS Sy IS a1l oYL byl il adlls 3o (¥
0l A (sl e, xSUl BT > P.indica b jlews cod b giu!
S8 o S (ol T gl el (20T )3 g (g 3ikgid
[(Valinezhad et al., 2019)

LS 5l it Cubenil )5 L ond il ol 5 FW/FM 0l
w5 Jpie @l 3o (F Jpis) o5 ) b el pas Ll
O g 12ysSee g8 ol il sl (ialojl (slaedls il g
90 Joine ) Sl gl 53 Jsloe (£losid (slgioee 2 (S5
e o Sis i 5 P.indica g6 slaygss Ll il
S 53 Caghy GBI LY Jgia) 25 lagine Jolee slanid
S 3o oyt 5 b sl 8l S Jolome 5 ke
byl S 8L 5 (059 o) 32 )5 e VEFITA (1S0ke b Jghxa
oLS 55 Jslore caid ey Lislidl S5 Gb il 0 eanlice
A odliie oduis zudll LS b dwslie jd g, b ot gudli b giuw!
SSuid jii5 9 b Jeis ] maw > Puindica Lol 51.(F Jsio)
P oz 9= i oy lgme ) Jloin] gdaw
£ g Gl Slao p (Sutd 15 % )9S )88 Jilite
B ol Il Sl duglio ol b () Jpi) 13 o sine
s e P iNdiCa )5 b sl ol dls (S5 i 5
Sy il oy Hlide g 0ais udl ol )yl dsys VY/F
O & P 4 Bl Bl (s G5 Gl L Ll olS
WY/ (S0 Ly (LA) ZA- (S G55 55 s oliee 0
{F Jsi2) 8ol sy S 2 5 (39 25 22 S90S
O bulyd )3 pegad 4 LS Sl slod s b )3 g n
o sty Poindica U ol pudls lalS )0 0gd 0 Mgy
2 a8 djlee L oLS 9 390 M5 sy g HlMde
OB )3 03,8 i 1) 5V S OF Jrdlty (G35 0l
3 aliie slaasdl (Lee et al., 2001) uus cladloe gl
(Sherameti et al., 2008) cusl o (5,135 Luumagiur)] olS
a5 odalin (Chinese cabbage) us oS olS o idgp b
coos P.oindica g)L8 U sud pudls lals o FVIFM jlade o
(Sun et al., 2010) c 8l als o)l dme yobay Suis (i
JUE! ot 0l (5 5gid s U155 Gl b )6 Y|
1y Jigd i g jiwgid gl o515 Jalidl g (5gSl
ey [i2)s-See @B Lol hlie g cuo 1 (il ply S S o0
2 Joome 28 ialBl 095 oo xie (LS (s 5iugd 3 )Sles
b 5 olaste b 15255500 )5 L jles cov plals
aS sl o)l5 gl el sais 3,155 (Bhuyan et al., 2015)
<cl, Azotobacter chroococcum 4 P. indica g al lojon
i Ols e P9 gyl bawg ()9 5 ()8 ©le S
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|y Fgd jiw 45 08 (o ol 8 (LS Sl |y (oore g5
IS dassgiie, IS Judg IS iulidl el dons )3 5 amd o i8]
s ogde 33,5 oo oS Jdin 0D el & D9 o0 (T 9 M3
595955 9 5L ¢S oI5 aiile Jolowe (slaaid clale (yialjal ey
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F5e soban 1h)9See )8 b osd zmidly (lalS el jidey 3
Cao il Lgu o oS S o5 b (6318 (gdae dlge oyl Glo el
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Table 5- The effect of endophytic fangi (P. indica) and drought stress on nutrient contents of the Stevia leaf
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Endophytic fangi Water stress Cu (ug/g DW) Fe (ug/g DW) Zn (ug/g DW) Mn (ug/g DW)
Main effect
-P 277+0.36b 165.11+15.26 b 47.57+3.08b 92.68+0.55b
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Introduction

Nitrogen plays an important role in the uniformity and quality of citrus trees. Several studies previously
reported that a low level of nitrogen in citrus trees is generally caused a reduction in yield and fruit quality (Aziz,
1997; Khan et al., 2009). In this regard, applying urea is recommended as the most suitable form of nitrogen for
foliar application. The polyamines are included; putrescine, spermidine, and spermine which have been
considered as plant growth regulators (Alcazar et al., 2010; Khezri et al., 2010). The role of nitrogen in
vegetative and reproductive growth and yield, as well as the correlation between polyamines, flower induction
and fruit set in other plants, were proved in previous studies. In this regard, the results of the current study will
increase our understanding about the role of polyamines in the morphology of the tree and also the mechanism of
regulating the alternate bearing of Kinnow mandarin leading to an approach method to address this problem.

Materials and Methods

To conduct this study a 17-year-old uniform of Kinnow Mandarin (Citrus reticulate Blanco) grafted onto
Bitter orange (Citrus aurantium) rootstock, which grown in a commercial orchard, located in Dezful (Khuzestan
Province in Iran). For sampling, the branches which possess leaves and nodes were selected from four sides of
each tree, then leaves and nodes were collected at three different time points (one, three, and five weeks post-
treatment). Samples were immediately frozen in liquid nitrogen after excision and transported to the Physiology
Laboratory of fruit trees within 2h for determining the N fractions and polyamines. The concentration of N in
dried leaves and nodes was determined using the colorimetry technique as described by Walling et al. (1989).
The experiment was set up as a factorial treatment based on a randomized complete block design with three
replications to investigate the effect of different concentrations of urea foliar application (0, 0.75%, 1.5%) on
nitrogen and polyamines contents at different time points (Dec 22, Jan 5, Jan 20) followed by evaluating flower
characteristics and yield in Kinnow mandarin plant. Data analysis including variance was carried out using
MSTATC and SAS software. To compare the mean of polyamines and nitrogen in leaves and nodes, the cut-out
method was used, and also for comparison of pistil dimensions, number of flowers, and yields, Duncan's
multiple range test (DMRT) was performed.

Results and Discussion

Results indicated that polyamines concentration and nitrogen decreased during the period of time and also, in
most cases, polyamines concentration was lower in the nodes than the leaves. High levels of polyamines and
nitrogen were obtained in leaves and nodes which were treated with the foliar application of 1.5 % urea
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concentration after Jan 20. The polyamines content in leaves and nodes was greatly dependent on the spraying
time and urea concentration used. Spermine (Spm) was the dominant polyamines in leaves and nodes with the
highest values of 44.01 nmol/gF.W, 34.41 nmol/gF.W, respectively. Regarding the fact that flower density was
higher in trees that treated with urea concentration of 1.5 % after Jan 5 y than other treatments, however, their
yield was lower than the trees that treated on Dec 22 with the same urea concentration. This was probably due to
the flower abscission as well as the fruit abscission in June. The results of this study showed that the highest
yield was obtained with 1.5 % urea concentration after foliar application on Dec 22 compared with other
treatments. Regarding the fact that flower differentiation in mandarin occurs during the late January until late
February (in Dezful conditions), it can be explained that the foliar application on Dec 22 was performed before
differentiation and consequently, the trees have received their required nitrogen. Also, the low-temperature is
considered as natural inducer of citrus flowering in the Dezful, likewise, foliar fertilizer application in winter
along with the natural factor (low temperature) stimulates flowering in a larger number of buds resulting in
increasing the flowering. As nitrogen promotes vegetative and reproductive growth, it can be said that increasing
the nitrogen content of leaves followed by transfering to the nodes, increases the number of buds, especially
reproductive buds, which leads to an increase in flowering and yield. According to this study, the foliar
application of urea in winter with 1.5% concentration can increase yield in Kinnow mandarin trees. Therefore,
polyamines can play an important physiological role in flower development of Kinnow mandarin.

Conclusion

In this study, we focused on the effect of the foliar application urea during winter on leaves and nodes of
Kinnow mandarin trees and investigated the polyamines, Put, Spm, and Spd contents upon treatments. In
conclusion, the application of foliar urea in winter resulted in the significant endogenous increase of polyamines
and N in the leaves and nodes of Kinnow mandarin trees. Also, yield, flower density, and pistil diameter were
increased by spraying urea. There is a possibility that free polyamines affect on physiological processes.
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Table 1- Soil analysis results for studied orchard
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Table 2- The interaction effect of urea concentrationx Spray time xtime sampling on polyamines (Put (Putrescine), Spd
(Spermidine ), Spm (Spermine)) and N contents in the leaf of Kinnow mandarin tree

bl obj oldsbme jlan i Cwo ys! Crwe ] RSTEX
Concentration b gl Sampé'ggai;m;) after Put Spd Spm N

(%) Spray time (week) (nmol.g* F.W)  (nmol.g* F.W)  (nmol.g* FW) (%)

1 14.66(@0) 17.10'@ 19.23ik@ 2.06¢®

Dec 22 3 16.22'@ 15.34m@ 17.74k@b) 2.2204@

@) 5 12.73m®) 14.49m@ 16.07'® 1.9490)

1 16.34'® 20.53i@ 27.059@ 2.23@®

0 Jan5 3 18.44k@ 19.05ik(@) 24.88n®) 2.25@

©> 0 5 14.78\® 17.334®) 19.53i© 1.95f9®)

1 18.49k(@) 23.40M@ 25,15 @ 2.14%e@

Jan 20 3 20.25k@ 23.21h@ 20.07i®) 2.11°@

TR 5 16.47'® 20.651®) 18.06K©) 1.9390)

1 27.55¢fb) 25.489@ 29.16'@ 2.25¢0)

Dec 22 3 31.53<® 23.719@ 26.469®) 2.46°@

@) 5 29.309%®) 21.08i®) 25.44n0) 2.4

1 29.4840) 27.82¢@ 35,29¢@ 2.28°@

0.75 Jan5 3 34.18°@ 27.482@ 32.21¢0) 2.442@

@\ 5 32.22¢0) 25.48f0) 29.777@ 2.290c®

1 32.16°0) 34.44°@ 31.41¢@ 2.454@

Jan 20 3 36.06%@ 31.20¢®) 29.62f@ 2.424@

AR 5 34.41@ 28.08¢ 27.4940) 1.95fa)

1 20.51i®) 34.15¢@ 38.17¢@ 2.454@
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@) 5 18.66K®) 25.62f©) 31.54¢0 2.433@

1 25.399n() 36.64°@ 44,012 @ 2.46%@

15 Jan 5 3 25.669® 33.37¢0) 41.4850) 2.514@

@\ 5 23.65"@ 30.694C) 38.71¢0@ 2.08¢0)

1 27.341@ 41.092® 40.83@ 2.424@

Jan 20 3 29.17%® 40.322® 38.62¢0) 2.4%@)

AR 5 25.189(®) 37.0300) 35.604) 1.94fa®)
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Means in each column followed by same letters don’t have any significant difference according to Duncan’s multiple range test

(p<0.05).

Out and inside of parentheses letters indicate comparison overall effects and comparison of the slicing method, respectively.
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Table 3- The interaction effect of urea concentration xspray time xtime sampling on polyamines (Put (Putrescine), Spd
(Spermidine ), Spm (Spermine)) and N contents in the shoot nodes of Kinnow mandarin tree
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Means in each column followed by same letters don’t have any significant difference according to Duncan test (p<0.05).
Out parentheses letters means comparison overall effects and inside of parentheses letters means comparison of the slicing method.
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Figure 1- A: The interaction effect of urea concentration xspray time on yield of Kinnow mandarin tree. B: The nteraction
effect of urea concentration xspray time on flower number of Kinnow mandarin tree. C: The effect of urea concentration on
pistil diameter of Kinnow mandarin tree. D: The effect of spray time on pistil diameter of Kinnow mandarin tree (DMRT,
p<0.05)
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Table 4- Correlation coefficients of the measured traits in leaf and node
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*and **. significant at the 0.05 and 0.01 of probability levels, respectively.
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Introduction

Drought stress in tomatoes reduces fruit quality and yield, also fall leaves and cause of blossom rot. It has been
reported that drought stress reduces cell division and causes the stomata to close, followed by a decrease in the flow
of carbon dioxide to the mesophyll cells of the leaf. Several methods have been proposed to overcome the drought
stress in tomato plants, which can be mentioned the use of drought tolerance genotypes, genetic engineering to
identify drought resistant genes and transfer them to sensitive plants, as well as the use of tolerancet rootstocks. It
has reported that type of rootstock can effected on tolerance of tomato plants to drought stress. For this reason, the
present study was conducted to investigate the effect of wild eggplant rootstock on the drought tolerance of two
tomato cultivars.

Material and Methods

In order to find the effect of the wild eggplant rootstock on the tolerance of two tomato cultivars, a factorial
experiment was conducted as completely randomized design with two factors. Factors were included irrigation
period three levels of 3 (control), 6 and 9-day and grafting combination at 6 levels involved non-grafted Dafnis, non-
grafted Isabella, self-grafted Dafnis, self grafting Isabella, Isabella grafted on wild eggplant rootstock (S. torvum),
and Dafnis grafted on wild eggplant rootstock. The plants were exposed to drought for 54 days. At the end of
experiment growth and physiological parmeters including leaf specific, plant height dry weight of shoot as well as
photosynthesis parameters, RWC and plant nutrients were measured. The amount of leaf proline was measured
according to Paquin and Lichasur methodusing a spectrophotometer at a wavelength of 515 nm. The phenolic
compounds of the leaves were measured at a wavelength of 725 nm using a spectrophotometer (lIsfendiyaroglu and
Zeker, 2002). Also, the membrane stability index (ion leakage percentage) was measured according to Lutts et al.'s
method (Lutts et al., 1996).

Results and Discussion

The results showed that with increasing irrigation period decreased the most of vegetative parameters,
photosynthesis pigments, and mineral nutrients, so that, the highest value was showed at the 3-day irrigation period
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and the lowest value was at the 9-day irrigation period. Shoot weight decrese is probably due to morphological
changes in plant roots, which is a plant response to drought stress. The results also showed that the interaction of
irrigation period and grafted combination on some vegetative and ecophysiological parameters was significant. The
lowest dry weight of shoot was observed at 9-day of irrigation period in plants of Dafnis grafted on torvum
rootstock., Tthe highest dry weight root volume, leaf potassium and phosphorous concentration were at the 3-day
irrigation period in self-grafted Dafnis plants.The results also showed that the amount of phenolic compounds in
plants of Isabella grafted on torvum rootstock was the highest in 9 days irrigation period which may be due to the
rootstock effect on the synthesis of these compounds in the scion. According to the results, the concentration of leaf
magnesium in non-grafted plants increased with the increase of the irrigation cycle from 3 days to 9 days, althougth
no significant difference was observed between self-grafted and non-grafted plants. In the 9-day irrigation period,
the highest concentration of leaf magnesium was observed to non-grafted Daphnis plants, which was significantly
different from other grafting combinations compounds except Daphnis self-grafted plants.

Conclusion

The results of the present study showed that drought stress had the greatest effect on dry matter, and the amount of
photosynthetic indices and pigments in tomato plants. Based on the results of the present study, it was found that the
most of the reduce vegetative and physiological parameters was observed in Daphnis cultivar grafted on the thorum
rootstock, were significantly reduced compared to self-grafted or non-grafted plants, which it was due to the
dwarfing effects of this rootstock or grafting incompatibility. According to the results of the present study, it can be
postulated that in drought stress Isabella cultivars grafted on the wild eggplant rootstock had more growh than other
combination grafting. Hence it proposed more studies in this case.

Keywords: Dafnis, Grafted combination, Isabella, Irrigation period, Torvum
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Table 2- ANOVA for the effect of irrigation period and grafting combination on the total chlorophyll, relative water content,
lon leakage, proline and phenolic compounds of tomato plants
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*and ** :significant at the 5% and 1% of probability levels and ": no-significant, respectivety.
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Figure 1- Interaction effect of irrigation period xgraftting combination on shoot dry weight (A), root dry weight (B), total
cholorophyll (C), and realative water content (D) of two tomato varieties: D: ‘Daphnis’, E: ‘Ezabella’, T: ‘Torvum’
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Table 3- ANOVA for the effect of irrigation period and grafting combinations on leaf elements concentrations of calcium,
magnesium, potassium and phosphorus of tomato
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. Degrees of
Sources of variation freedom K p
Ca Mg
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oo Sy sk *ok *% *
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Error
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* and **: significant at the 5% and 1% of probability levels, and " : non-significant, respectivety.
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Figure 4- The effects of grafting combination on plant height (A), leaf area specific (B), and Ca (C), K (D), and P
concentration of leaf (E), D: ‘Daphnis’, E: ‘Ezabella’, T: ‘Torvum’
(DMRT, p <0.05).
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Introduction

Plants are sometimes exposed to several stresses during their growth and development. Salinity stress is one
of the most common abiotic stresses that significantly reduces the growth and yield of most plant species. A
large part of the soils and a significant volume of all water resources in Iran are affected by salinity to varying
degrees. Due to the rapid population growth and the need for more food and the water crisis, the use of
unconventional water such as salt water or wells and treated wastewater in agriculture has received more
attention. Soil and water salinity is one of the integrative problems in agriculture and is one of the most
important barriers to crop production in the world. Salinity stress reduces the ratio of carbon dioxide to oxygen
in the leaves by closing the leaves stomata and prevents the stabilization of carbon dioxide. Under these
conditions, the formation rate of reactive oxygen species in chloroplasts and mitochondria increases, the
electrons produced react with oxygen by photosynthesis and lead to the production of oxygen free radicals.
These affects the growth, yield and quality of agricultural products. The use of antioxidant compounds can
moderate the effects of this stress. Many compounds have been used to reduce the harmful effects of salinity
stress. Ascorbic acid is a water soluble antioxidant and has some effects on plant resistance against
environmental stresses by neutralizing free radicals. Researches showed that ascorbic acid increased plant
resistance on various stresses such as salinity and drought. It has been widely used to control the effects of
salinity stress. The aim of this study was to investigate the effect of ascorbic acid on resistance to salinity stress
in bell pepper seedlings.

Materials and Methods

This study was done as a factorial experiment in a completely randomized design including ascorbic acid
treatment (0, 1, 3 and 5 mM) and salinity stress of sodium chloride (0 and 100 mM) in 3 replications. The seeds
of bell pepper Cv. California Wonder were planted in a seedling tray containing cocopeat. After emergence of
cotyledons, they were fertilized with complete fertilizer (N20, P20, K20). At the stage of three true leaves the
salinity treatment were started. One week before the beginning of salinity treatment, ascorbic acid was sprayed
on plants and repeated two more times by seven days interval. Salinity treatment was applied by irigation for
three weeks. After producing 5 leaves, a few growth properties (plant fresh and dry weight, root fresh and dry
weight, leaf number and leaf area), biochemical characteristics (amounts of total chlorophyll, proline, soluble
proteins, ion leakage and malondialdehyde and activity of Catalase an Proxidase enzymes) and amounts of some
elements (K, P, Na, Fe, Zn and Cu) were measured.
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Results and Discussion

Based on the results, the simple effect of salinity stress, ascorbic acid and the combined effect of them on ion
leakage and amounts of malondialdehyde were significant at the level of 1% probability. Salinity stress increased
the amounts of ion leakage and malondialdehyde and application of 5 mM ascorbic acid reduced the amount of
these traits to 41.01% and 46.58% compared to the control respectively. The effect of salinity stress, ascorbic
acid and the combined effect of them on the concentration of proline and chlorophyll in the leaves of bell pepper
were significant at the level of 1% probability. Salinity stress increased the amount of proline but decreased
chlorophyll and leaf protein of pepper seedlings and application of 5 mM ascorbic acid increased them to
79.42% and 46.57% compare to control respectively. Under salinity stress the uptake of iron, zinc, copper and
phosphorus decreased; using of 5 mM ascorbic acid increasing accumulation of these elements in leaves .On the
other hand ascorbic asid could decrease the amounts of sodium accumulation in seedling's leaves. The results
showed that, salinity decreased growth indices (number of leaves, leaf surface, fresh weight of roots and plants)
and ascorbic acid reduced the effect of salinity stress on growth parameters. Under salinity stress, 5 mM ascorbic
acid treatment increased the leaf surface to 36.30% compared to salinity without ascorbic acid tretment. The
effects of salinity stress and the combined effect of salinity stress and ascorbic acid on the amount of catalase
and peroxidase enzymes were significant at the level of 1% probability. The effect of ascorbic acid was
significant for catalase at 5% probability level and peroxidase at 1% probability level. Although salinity
increased the amounts of the antioxidant catalase and peroxidase enzymes but ascorbic acid could increased the
activity of them in saline condition.

Conclusion

It seems that application of ascorbic acid as an antioxidant could reduce the effects of salinity stress by
increasing the activity of catalase and peroxidase enzymes, reducing sodium uptake and increasing the uptake of
phosphorus, potassium, iron, zinc and copper. These could have positive effects on the growth parameters of bell
pepper seedlings in salinity conditions. Generally, on based of obtained results, spraying 5 mM Ascorbic acid on
bell pepper seedlings modified the resistance of them in salinity stress conditions.

Keywords: Antioxidant enzymes, Chlorophyll, Proline, Sodium chloride
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Table 1- ANOVA (mean squares) for the effects of salinity and ascorbic acid treatments on growth characteristics of
Capsicum annuum cv. ‘California Wonder’ seedlings
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SxA 3 1.11%* 0.001** 13.18** 9.07** 1.27* 22.59**
Elr:or 16 0.002 0.00 0.01 0.002 0.50 2.52
”(l:"\“/” (“;’)“’ - 9.30 18.01 3.57 6.46 11.86 10.90
. 0
Aoy 0 9 ) Jeasl e )3 Iy dxe ¢l pme pas T T g TS

ns **and ": non-significant, significant at p<0.01 and p<0.05, respectively.
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Table 2- The simple and interaction effects of salinity and ascorbic acid on growth characteristics of Capsicum annuum cv.
‘California Wonder’ seedlings

. Ay W3 3 ) - R . - =
sloss “ o’; O e, SUs 0jy S g Subd (39 & s slass S g
Treatme Fresh weiaht Root dry weight Plant fresh Plant dry weight Leaf No Leaf area
nt Q" © weight (g) ©@ ' (cm?)
SO 1.452 0.012 10.162 0.792 6.502 16.422
S1 0.53° 0.07° 6.77° 0.52° 5.41° 12.70°
A0 1.232 0.07° 7.68¢ 0.544 5.662 12.41¢
Al 1.162 0.08° 7.74¢ 0.60¢ 5.832 14.02¢
A2 0.86° 0.092 8.61° 0.69° 6.002 14.93°
A3 0.72¢ 0.112 9.832 0.792 6.332 16.882
A0xS0 2.142 0.12% 8.824 0.68% 6.332 14,77
Al1xS0 0.96¢ 0.08¢de 9.38¢ 0.70¢ 6.33% 15.32¢
A2xS0 1.18¢ 0.102¢ 10.25° 0.83> 6.332 15.77°
A3xS0 1.57° 0.1282 12.212 0.982 7.002 19.642
A0xS1 0.329 0.05¢ 5.99" 0.41f 5.00° 10.06¢
AlxS1 0.51f 0.07% 6.679 0.50¢ 5.33b 12.72¢
A2xS1 0.56f 0.09bed 6.95f 0.56% 5.33%® 13.90%
A3xS1 0.76¢ 0.09bcd 7.46¢ 0.61¢ 5.66 14,130
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The same letters in each treatment and combination indicate no significant difference at the 5% of probability level based on
Duncan’s multiple range test. SO and S1 are 0 and 100 mM of salinity and A0,A1,A2 and A3 are 0, 1, 3 and 5 mM of ascorbic acid
respectively.
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Table 3- ANOVA (mean squares) for the effects of salinity and ascorbic acid treatments on physiological characteristics of

Capsicum annuum cv. ‘California Wonder’ seedlings

s . 9y . e e .
i olio >) JS Judg S o g YO 3l ST o3 swlies pglle
s & , 995 Jgme . . 5316
SOV &33! Total Proline =Y Catalase Peroxidase malondialdehyde
~ DE chlorophyll Soluble EC enzyme enzyme
protein
Saliﬁi)ti ©) 1 25.51** 2.76** 75.19** 406.25** 0.017** 0.007** 25.63**
Syl Aol
Ascorbic acid 3 3.03** 0.86** 11.70* 51.78** 0.002* 0.004** 1.91**
(A
SxA 3 5.26** 0.91** 16.00** 80.89** 0.003** 0.003** 451%*
Elf:or 16 0.01 0.02 253 6.51 0.001 0.001 0.05
ué,;(;;a - 7.37 16.18 12.49 23.98 42.84 20.14 16.02
. 0

*:

o B9 Jlsl daw 3 g dre e 5 ®
*and ™ significant at p<0.01 and p<0.05, respectively.
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Table 4- The simple and interaction effects of salinity and ascorbic acid on physiological characteristics of Capsicum annuum
cv. ‘California Wonder’ seedlings

Joss i oax Jolome (9 . L w5l Py w3l il 65 e

Treatr;lent chlorophyll Proline Soluble protein &P Catalase enzyme Peroxidase enzyme MAD
(mg.g Fw) (mg.g* Fw) (mg.g* Fw) (E/C) (umol.g™* FW) (umol.g™* FW) (h9.g™ FW)
0

SO 2.802 0.60° 14.522 6.52° 0.02° 0.02° 0.41°
S1 0.73° 1.282 10.98° 14.752 0.662 0.062 2.482
A0 0.83 0.64¢ 10.83° 14.162 0.03° 0.014 2.232
Al 1.67¢ 0.74b 12.902 11.68 0.052 0.03¢ 1.45b
A2 2.04b 0.88° 13.122 9.35b% 0.062 0.05° 1.17%¢
A3 2.522 1.492 14.162 7.36°¢ 0.072 0.062 0.93¢
A0%S0 1.144 0.42f 13.05vabe 9.28¢cde 0.02b 0.01¢ 1.09¢
A1xS0 2.62¢ 0.56¢f 14,542 7.820f 0.03° 0.034 0.35¢
A2xS0 3.16° 0.61%f 14,802 5.50¢f 0.040 0.034 0.15¢
A3xS0 3.96° 0.79cde 15.712 3.49f 0.072 0.04¢d 0.06¢
A0xS1 0.229 0.86« 8.61¢ 19.042 0.04° 0.01¢ 3.372
AlxS1 0.73f 0.92%¢ 11.26% 15.54® 0.082 0.04¢ 2.56°
A2xS1 0.91¢f 1.15° 11.44cd 13.20% 0.092 0.08° 2.20b¢
A3xS1 1.07¢ 2.182 12.62¢ 11.23bcd 0.112 0.102 1.80°
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The same letters in each treatment and combination indicate no significant difference at the 5% probability level based on Duncan’s
multiple range test. SO and S1 are 0 and 100 mM salinity and A0,A1,A2 and A3 are 0, 1, 3 and 5 mM ascorbic acid respectively.
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Table 3- ANOVA (mean squares) for the effects of salinity and ascorbic acid treatments on minerals content of Capsicum

annuum cv. ‘California Wonder’ seedlings

O S galoo NESETSE oy Sond R o2l 89 o
S.0.V DF K P Na Fe Zn Cu
S8 1 0.07™ 0.003* 0.08** 32.90%* 216.60%* 26.04"

Salinity (S)
Li:.%)aswj )
49%* 007** O1%* 5% 29.14%* 1264.37%
Ascorbic acid (A) 3 049 0.00 0.0 35 o 64.3
SxA 3 0.37** 0.006%* 0.02** 6.65%* 43.46%* 646.99"
b 16 0.03 0.001 0.002 0.13 498 349.12
Error
Ol s o pd
- 4.82 74 . 2.1 481 7
C.V (%) 8 6 9.63 9 8 6.79

## NS
¢

SaryoSanl dwl 1A (675528 203 B gV Jloi] o ;3 (615 dxe (555 gxe pre i * g
ns **and ": non-significant, significant at p<0.01 and p<0.05, respectively. S: Salinity, A: Ascorbic acid
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Table 4- The simple and interaction effects of salinity and ascorbic acid on minerals content of Capsicum annuum cv.
‘California Wonder’ seedlings

)Lw; K P Na Fe Zn Cu
Treatment (%) (%) (%) (ppm) (ppm) (ppm)

) 3.882 0.362 0.200 17.842 49.36 273.91°
s1 3.99 0.34b 0.322 15.500 43.35 276.00°
A0 3.54¢ 0.31° 0.19¢ 15.83¢ 48.90° 258.83"
Al 3.92b 0.35P 0.25b 16.33¢ 47.06¢ 267.33%
A2 4.07® 0.37% 0.392 16.900 45,832 282.83¢
A3 4212 0.382 0.322 17.682 43.65 290.83¢
A0XS0 3.69% 0.31¢ 0.26% 15.86¢ 44.06¢ 259.00P
A1xS0 4.04 0.34¢ 0.24¢ 15.76¢ 43.93¢ 274.33b
A2xS0 3.920 0.37% 0.20.¢ 16.56% 45,930 279.33%®
A3xS0 3.86° 0.33% 0.11f 19.362 51.862 283.00%
A0xS1 3.40¢ 0.30¢ 0.372 14.80¢ 40.50¢ 258.67"
Al1xS1 3.79¢ 0.32d 0.33% 16.03% 45,930 260.33"
A2xS1 4.21¢b 0.41% 0.20% 17.10¢ 46.80% 286.33%®
A3xS1 457 0.432 0.28% 18.86" 50.062 298.67¢
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The same letters in each treatment and combination indicate no significant difference at the 5% probability level based on Duncan’s
multiple range test. SO and S1 are 0 and 100 mM salinity and A0,A1,A2 and A3 are 0, 1, 3 and 5 mM ascorbic acid respectively.
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Introduction

Today, in the commercial production of strawberries, short day cultivars are used due to having large fruits
of desirable quality .Among the short day cultivars available in Iranare Camarosa, Atabaki, Gaviota, Queen

Aliza, Paros and McDonance, which can be cultivated at greenhouse. Titanium dioxide (TiO2) nanoparticles are
one of the metal oxides that exist in three forms of rutile, brookite and anatase, which affect growth, enzymatic
activity and photosynthesis. Reported titanium nanodioxide in the highest concentration used (11.5 mg/l) increases
fruit formation percentage, leaf chlorophyll content, vitamin C content, fruit ripeningindex, fresh and dry weight
of roots and shoots and yield of strawberries. In another study, it was shown that titanium dioxide treatment under
drought stress can increase photosynthetic pigments, total soluble solids, vitamin C, phenol, flavonoid,
anthocyanin, and antioxidant activity, and it also improved plant performance. increase the strawberry cultivar
Ventana compared to the control treatment. In a research found that spraying titanium increases the biomass,
fertility and quality of peach fruit. It has alsow been showed that the pomegranate size of flowers and fruits

increased with using titanium nano dioxide, and this can increase the quantity and quality of Alberta peach cultivar.
Foliar application of titaniumnano dioxide in cucumber has been reported to increase photosynthesis and phenolic
content and reduce lipid peroxidation. In a research, it was shown that titanium dioxide nanoparticles increased
photosynthesis rate, water conductivity and transpiration rate in tomato leaves. Despite the effect of titanium
dioxide nanoparticles on the quantitative and qualitative improvement of some agricultural products, the researches
conducted on strawberry plants were not complete or were only conducted on a specific variety. Therefore, with
the aim of investigating and comparing the morphological and biochemical traits of some commercial strawberry
cultivars under the effect of foliar spraying with titaniumdioxide, the above research was conducted.

Materials and Methods

This research was conducted to investigate the effect of nano titanium dioxide foliar spraying on four
strawberry cultivars in the hydroponic greenhouse of the Department of Horticultural Sciences, Faculty of
Agriculture, Ferdowsi University of Mashhadin 2020-2021. Experimental treatmentsincluded 4 levels of titanium
nano dioxide (0, 5, 10 and 20 mg/l) and 4 strawberry cultivars (Sabrina, Paros, Gaviota and Camarosa) with 4
replications. The research was done in a factorial manner based on a completely random design. JMP 8 software
was used to perform variance analysis and compare the averages of the measured traits. Means were compared
using Tukey test at 5% probability level and graphs were drawn using Excel 2010 software.
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Results and Discussion

According to the tables of mutual effects of titanium dioxide nano treatments and varieties, it can be found
that the application of titanium dioxide nanoparticles had a positive effect on the desired characteristics in all four
studied strawberry varieties. So that the application of different levels of titanium dioxide nano particles causes a
significant increase in quantitative traits (number of leaves, leaf area, root length, fresh and dry weight of aerial
and root parts, photosynthetic pigments) The yield-dependent traits compared to the control plants were found in
strawberry-strawberry cultivars. Nano titanium dioxide had an effect in increasing the number of fruits and
vegetative traits of all investigated cultivars, in such a way that, on the one hand, with a balanced increase in
vegetative growth, and on the other hand, improving the efficiency of photosynthesis and absorption through the
roots and increasing the percentage of fruit formation. , increased the yield per plant. Also, sprinkling of titanium
nanoparticles on all levels caused a significantincrease in juice pH, TSS, TA, vitamin C, anthocyanin, total phenol,
flavonoid and in general qualitative traits compared to the control. In the treatment of nano titanium dioxide,
especially at the level of 10 mg/liter, better results were observed.

Conclusion

According to the results, the use of Paros and Gaviota cultivars is recommended to farmers and agricultural
researchers due to its high yield and good quality.

Keywords: Amount of soluble solids, Antioxidants, Cultivars, Leaf area, Number of fruits
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Table 1- ANOVA for the effect of titanium dioxide nanoparticle treatments on the vegetative characteristics of strawberry

cultivars
Slaspe (ke
Mean squares
4@)3 s "~=‘ .
.o uo . . U)’ s "~=‘ .
e & 83! 09 ‘J’b o0 )19.9 bgro dani S mbuw Sy dland Ao 093
SOV Fruit Fruit : - Sl Liso
Df . Fruit leaf area Leaf Root dry i :
length  diameter ) Shoot dr
number number weight ot Yy
weig
~ 3 24390 27467 609.70™ 52599 3640.47 ™  14.765™ 8.455™
Cultivar (C)
poslid deuST (6 g
Titanium dioxide 3 298007 32270  2808.95™ 20933 420393  20.669™ 36.083™
nanoparticle (T)
CxT 9 3.66 ™ 66.41™ 95.27™ 12324™ 80.96 © 0.753™ 0.095™
> 48 0.05 415 0.26 1546 3217 0.001 0.005
Error
St - 12.7 16.0 221 10.9 26.1 25.2 139
C.V (%)
Ao 05 ) Jlenl daws )3 ()b dme ()b e pis g 4 T g TS
ns **and *: non-significant, significant at p<0.01 and p<0.05, respectively
Sy c.la.ua g uluss

0,50k dlold g oS ulaad Hily Jgbo g ulaas

alold §0,)3 sluss ¢ ly Jobo g 0lawi p poolis ST e 9 oy
Blate 519 (Y Jodo) 10,5 jl o 2o 0V Jlosin| e 53 0,55k
V Jlasl s 3 ) Jobo s pslis 510 5 08, (sloslos
Dbz g 0,5l aliold g 0,5 dlusws ¢ yily Dlass g )b iz do
= bl ol b bl o Giaeh cpl @l (Y Jado) M
)l il Log bols” 13, S5,8cs , (Tehrani, 2014)
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Ul plBy1 5 S 31405 52 o 28 koo Ve (ol Jgloee s 3
5 (Jop AV/+) “Bargls” royd SYIV) € og)’ auop> YSI5)
5 Ko bl Gl anls e 4 Cams (Ao TY/Y) “Lug,lols”
ogMe A8 o Iy ]38l (gilwodle b jiawgid Cond led 4 Sy
e sk J315 53 Cedlyg IS 28 o oSy Gzl JS5
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Taiz ) 5 oSS 5iugid oiee o3, Vb 5 )55 o s &
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Table 2- ANOVA for the effect of titanium dioxide nanoparticle treatments on the vegetative characteristics of strawberry

cultivars
Slaspe (ke
o Mean squares
. >)
5 rolie :
e ool 9 I holass il Jeb o5 aw 0yl doll
Df -J Plant height Number of Runner Number of Intermediat
Root g runners length nodes e distance
length
c It_“’;’r © 3 37.64" 28.506™ 14.229" 39659.2 ™ 100.057™ 1678.63"
UltIvi
posliss 2T (53 b
I::g;‘;:igl' sx('%f 3 183.05™ 28.361" 12,687 8298.5™ 85.057" 84554
CxT 9 2.37 1.256™ 0.409 s 448.8™ 4.376m 35.831
E"” 48 0.03 0.292 1.479 0.064 3.828 23.79
rror
‘“‘C’“\’; (‘o;)’” ; 135 7.7 20.2 216 24.9 271
. 0

= NS
¢

Aoy B g ) st pmaw )3 (gl gxe (gl gxe pis i 4 T g
ns **and ": non-significant, significant at p<0.01 and p<0.05, respectively
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Table 3- The mean comparison interactions cultivar and Titanium dioxide nanoparticle on strawberry vegetative
characteristics

ST gd 93U .
ey o L Sdd gy Job
Pl .. _ SWid 039 51
Tianim oo Job oo sl ogwdlanl Spyphw Sl » oS B0
) dioxide IEr:gL;':E OI_FrUIt Fruit leaf area Le%f Root “er 2le Rg? :
i : iameter 2 number
Cultivar  panoparticle (mm) (mm) number (cm?) weight (g) Shootdry jength
(mg.L?) weight (@) (cm)
0 36.8j ef 32.5 26.2 h 5605.1 de 75.0 ef 48 ¢ 9.7 h 302 m
5 415 f 35.0 de 372 e 5691.1 d 82.5 de 51 105 f 38.2 k
Uy b 10 453 ¢ 39.2 bed 452 ¢ 6172.3b 102.5 be 6.5 ¢ 120 ¢ 63.2 i
“Sabrina’ 20 36.0k 295 fg 192 j 5505.5 e 72.7 ef 39 i 8.4 j 227 0
0 40.79 35.7 cde 285 g 5200.1 f 66.7 fg 45 h 106 f 1100
5 430 d 42.2 ab 415d 5852.2 ¢ 83.7 de 6.0 d 11le 1437 ¢
€ sl 10 470 b 455 a 58.0 a 6230.7 b 109.2 ab 75b 126 b 166.2a
‘Paros’ 20 38.2 i 35.0 de 222 i 5129.0 f 64.0 fg 40 i 9.0 i 85.0 h
0 423 e 35.7 cde 205 j 5215.3 f 64.0 fg 6.0 d 105 f 103.1f
5 450 ¢ 40.7 abc 44.2 ¢ 6167.0 b 89.7 cd 65 ¢ 115 d 124.2d
G157 10 485 a 44.2 ab 532 b 6379.1a 1197 a 8.0 a 133 a 147.4b
‘Gaviota’ 20 40.0 h 32.5 ef 16.0 k 5198.8 f 52.7 gh 50 f 9.6 h 90.0¢g
0 330 | 285 fg 197 j 4665.5 h 57.2 gh 40 i 93 i 26.2 n
) , 5 37.2 315 efg 252 h 4900.2 g 73.7 ef 4.4 h 99 g 327 1
Log)Lels 10 41.1fg 35.5 de 327 f 49520 g 75.7 def 48 g 113 d 50.7 j
‘Camarosa’ 20 287 m 27.0 g 140 | 42933 i 47.7 h 3.1 j 8.0 k 192 p

S5 (gl gime Cglis duopd B et s 13 (S'§ ygejl Lol p g Hm 50 Al g (s (sla Sl
Means followed by the same letter within each column shows no significant differences at 5% of probability level by Tukey test.
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2 Bl GLluST (b 0gee (hew) pln 53 Slugcdgm il
59 (S ((Marschner, 2012) Wgd oo Byuas (u)S 455>
& STl cdld Bl cuaS oLl sl pre sl jln
b JeSse amlins] I S el b aws] sl sl
oliung S g (nign do DNA dassd dlo 5l bn Joho (s

[(Dar etal., 2015) xgs oo
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b p)S 2 p S ke VI0) @ b9yl (e (i pin 45 sk 4 (¥
VIY) 33559, 5 (p)5 32 p)S koo PIY) IS 35 2 )5 e VIA)
$6 5 g2 5 oo Vo I > gl By 3 (15 1 5
$b b a8 w5l el s 55 el Cuny pawlis w6
Jbo )l (b 5 8) J8g)lS lgme p )5 () ol AneSlied
2 35 )P Geilewgis] § A3sie)l5 D 4@ J85)lS cons (JS
b duglie )3 6liSS) Gl ot le g 5 sla JS b al> 5
OIF S s ,0 (Morteza etal., 2013) 15,5 <ol salis
Caolh bl pasby aSled ald $b a8 cul ond
sy ol ol Gl cage 35 S Calin g (adbls
e g bS5 25 Gl 4 oS g @ Jg)lS 3 9 e
3b bS5 ,Sles g juuwgid y gdato Ol 3l aze 3 0l e
.(Rezaei et al., 2015)

SS9 Ol Oy poslid 2pSlied 91U 2y p)S e Ve
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dS160 96 5 32 )5 (oo W )lond )3 (lgn i g Aty S
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6 &S W ool LS dmgh 0 )b calls Limed cpl pls
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aals 4 Cod ddisy Jobo (£l VOA 5V o e ]38l 4 oo
Aminizade, ) 5l cilas pols gl auli b &S Nab (g9
o o Hln e byl ys 4 olS ela)) ond 5155 (2019
Heschel and 2005) 5> S jtuwsd 4 (6L oyliueds 5 A5
ol ST 6 9 Jlows i) 1 p)S Juo Vo daw o (RigiNOs,
(225 VoIY) € ogpl” dhumys VIF) Loyl B, s olS glis))
sialS 1ald 4 (10,0 A/ +) g, bls” 5 (3o )3 A/F) “Bigy 95”7
6 Jgia) cdly

Gl 3k s Jslre )3 posilid Jlosl (g 5
N85S olS o a by il el Ko slie e iyl
Uiyl owizmed (Haghighi and Daneshmand, 2012) w5
g ooy Liul5al 1) Sy cun g IS 15yl culleb ipguslis cunl ol
Alcaraz et al., ) 54 oo (olde dlgo Cla i3l el colys 4o
Ol oS olea plul g aiy, Sid yjg sl oyl 9 (2004
o ol38l g I8 e a5 Sloj (Yang etal., 2006) o> o
Ol e culed 3 g atdly LRIl 58 Sy e WS
Hong et al., ) 5,5 o Sine ,olic yidw ls gdiy, 4,
(2005
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Table 4- ANOVA for the effect of titanium dioxide nanoparticle treatments on biochemical characteristics of strawberry
cultivars
Olry po (pSibo
Mean squares
ay’ .
oS be &l & ! BBl s Sl a Judg S
ey 4 ) = ..' e Q' -9 b . . Weda,lS
S0V Df sgus] dol> 2lge s Antioxidant  Chlorophyil e "
" Titulable Chlorophyll Total Carotenoids
pH juice Jglome acidity S a b chlorophyll
TSS
~ 3 0.579™ 63.292" 6.527" 1452.43™ 2767 3.484™ 12.427 2.046™
Cultivar (C)
A:.“ﬂ > 5}[}
posli
Titanium 3 0.104™ 94.145™ 9.406™ 4136.75™ 6.907 3.564™ 20.376™ 2772
dioxide
nanoparticle
(T)
CxT 9 0.001™ 0.162 0.369™ 18.44 s 0.116™ 0.027™ 0.238™ 0.022™
Eu 48 0.0001 0.112 0.010 14.12 0.003 0.0005 0.004 0.0008
rror
bl 48 35.1 48.0 212 312 353 326 374
C.V (%)

Do 09 ) Jin] maw )3 (g)b bxe (gl e pis g 4 T g
ms, ™ and *: non-significant, significant at p<0.01 and p<0.035, respectively

NS
¢

NP lomdont g Mgy GBS Ry 2 el JnST 65 9l x o8, Jilike LI 51-0 Jgux
Table 5- The interaction effect of cultivar x titanium dioxide nanoparticle on strawberry vegetative and biochemical
characteristics

wSlg gl b ew)! HB ! Saals
R @gld I:)ot ols & s > audg 5 b Jis, 8 el (;::j:n
”ﬁl’ Ti?an.i um length Plant e Titulable Chlorophyll a Chlorophyll Total oid
Cultivar dioxide (cm) height T acidity lF l: chlor(:phyll 1
“a‘("’l’arlt;cle (em)  PHjuice o 100’ (mg.g FW) (mgg FW)  (mgg FW) (?&f
mg.I" FW)
0 2209  219de 374 ¢ 04 h 16 g 12 ] 291 08 i
« 5 252 e  234bc 382 d 1.2 ef 22 15 h 38 e 13 f
Lol 10 271c  244ab 388 c 19 ¢ 254d 18 f 43 d 15 e
“Sabrina’ 20 190 j 203e  392b 26 b 14 h 09 m 23 k 06 j
0 231 f 2;"55 347 k 12 f 20 f 15 h 35 f 13 f
Cnt 5 26.1 d 2;"57 3.52 ij 19 ¢ 27 ¢ 20e 47 ¢ 15e
‘Paros’ 10 285 b 253a 357 h 24 b 31b 22 ¢ 53 b 18 ¢
20 200 i 220de 360 f 29 b 15 gh 11k 27 j 08 i
0 262d  218de  382d 08 g 2.6 cd 214d 48 ¢ 16 d
s’ 5 282 b  237bc 388 ¢ 09 g 30 b 24 b 55 b 19 b
eal 10 301a  245ab 392 b 1.0 fg 35a 28 a 6.4 a 22 a
Gaviota 20 211 h 19.7 f 397 a 16 d 16 g 15 h 32 h 1lg
0 22 g 21.0e 343 | 15 de 14 h 1.0 1 24 k 08 i
s’ 5 235 f 209e 349 jk 20 ¢ 20 f 13 i 34 g 10 h
e 10 262d  225cd 354 i 28 b 254d 17 g 42 d 13 f
Camarosa 20 201 i 19.1 f 365 g 34 a 11 06 n 18 1 04 k

5185 ()b re glis Mo p3 B Jletn] a3 (S5 905l lil gty yd ailiie g s (il gl Sile

Means followed by the same letter within each column shows no significant differences at 5% of probability level by Tukey test.
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Gl 9018 3,55 5 0l o jrie st ol o Y S ISl
Soledoo Jetud Iy b 5 10K5) o Sis g odly iol58l 1y g
poslid LSl oo ob Lo (Mahmoodzadeh et al., 2013)
A aS WS el 4 Cund ASaie)l8 g Judg IS Jd sixe a8l cely
5 Llisy oby Sdeg ,» (Moradi, 2020) gbis b cusy
“Loplow’ o8, S, (Sadeghi and Hasanpour, 2021)

Oyl cdllas

dax 5l golge o (Il co g0 padli Sl b

a3 e Bl Jg )l Mg (line g 39—b o0 maiie 9 (980
iyl il Gk 3l paslic 0)> gL (Zheng et al., 2007 )
b 5 3550 s el st g & 11 s g
3Pl by 3P it b e 9298 Jitie | i o 928 4
1 358 i g Cogli b (ppiomed g s g Sl JU] g Sl
dad oo Linli8l ]y olS 5 Slos g jtwgid ()l5ee oianS] gledlsl o
duST65 b oS ol e ol (]  (Mingyu et al., 2007)
503,856 1y ksl 5 Gil ST el Sl ooy 4 paslis

Yanget ) s5s oo (55500 s b A1 gpud oo

NROY abomdion 9 iy SRS 39 A p el w165 9L g o8 o3l OIS Jga
Table 6- The simple effects of cultivar and titanium dioxide nanoparticles on strawberry vegetative and biochemical

characteristic
poslis apSisd i, shaos o 5 slaos ol dhols  Jsloxe dol slga Ot
Titanium dioxide ) | di TSS Antioidants
; Number of Number of ntermediate : %
nanoparticle ; d distance (Brix) (o)
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Introduction

Water shortage is very frequent in many countries, and, together with the rising demand for industry, growth
of human population, climate change and specifically the trend towards irrigated agriculture, has led to
widespread problems of water scarcity, especially in Middle East countries. This situation imposes the need to
optimize water use in all human activities. Among the different productive uses of water, agriculture is by far the
main water user in most water scarce regions and, consequently, any potential improvement in the use of the
available water resources may play a significant role toward achieving a more sustainable use of water. Plant
responses to water deprivation are usually monitored through selected morphological and physiological
parameters which have been proven to be good indicators of drought in different studies. Some of the most
important standards for evaluating plant genotypes under drought stress are measurements of morphological
parameters such as height, leaf characters and root growth.

Materials and Methods

To compare the growth response of different almond cultivars to different levels of water stress, an
experiment was conducted as a split plot in the base of randomized complete block design with three replications
in the Agricultural and Natural Resources Research Center of Chaharmahal and Bakhtiari Province in two
growing season 2019-2020 and 2020-2021. Different irrigation periods based on the percentage of usable soil
moisture between filed capacity to wilting point, including 70% filed capacity (control or no stress), 50% filed
capacity (mild stress), 30% filed capacity (medium stress) and 10% of field capacity (severe stress) were
considered as the main factor of the experiment. The sub-factor included 14 commercial cultivars of almonds
(Mamaei, Rabi, Saba, Araz, Eskandar, Aidin, Shahrood 6, 7, 8, 10, 12, 13 and 21 and GN vegetative rootstock),
all of which were grafted on GN rootstock. In this study, uniformly grafted seedlings in terms of age, stem
diameter and height were selected and planted. In the second year after planting the seedlings, in order to apply
drought stress, tubes for hygrometer (TDR) were installed in each experimental plot and based on soil moisture
content, irrigation cycle was determined for different treatments.
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Results and Discussion

In both years, three months after applied water stress growth traits and nutrient concentrations in the leaves
of treated seedlings were measured. Based on the results of analysis of variance, the morphological traits of
almond seedlings were significantly affected by cultivar type and drought stress level. In all almond cultivars,
the highest height was belonged to seedlings that were grown in non-stress conditions and with increasing the
drought stress intensity, the height of almond seedlings was decreased. Under severe drought stress, GN and
Mamaei cultivars had the highest (183.93 cm) and the lowest (94.60 cm) height, respectively. Seedling height in
GN, Shahrood 12, Saba and Shahrood 10 cultivars showed the lowest decrement under severe drought stress. In
all cultivars, drought stress caused a significant reduction in the length and width of the seedlings crown, and the
greatest decreasing was recorded in severe drought stress (10% FC). Under severe drought stress, cultivar GN
had the largest crown and cultivars Rabi, Shahrood 7 and Eskandar had the smallest crown. Increasing the
drought stress intensity significantly reduced the branches growth of seeding in terms of number and length of
sub-branches. As the intensity of drought stress increased, the length of sub-branches decreased however the
number of intermediates in sub-branches increased. In non-stressed condition, the cultivar GN had the longest
branch (55.95 cm), which was significantly higher than the other studied almond cultivars. The shortest branches
were also observed in Saba (29.94 cm) and Eskandar (29.47 cm) cultivars. Increasing drought stress caused a
significant reduction of leaf area in all studied cultivars and the highest decreasing was observed under severe
drought stress. The GN (37.76 cm2) and Shahrood 10 (31.81 ¢cm?) had the highest leaf area in non-stress and
drought stress conditions. Under severe drought stress (10% FC) cultivar Shahrood 6 showed the lowest leaf
area. The results of this study showed that increasing the intensity of dehydration significantly reduced the
amount of nitrogen, phosphorus, manganese and zinc in the leaves of the studied cultivars of almonds, however,
the amount of potassium and iron in stressed plants increased under drought stress. Based on the results of the
present study, under severe drought stress the GN, Shahrood 8 and Shahrood 12 cultivars in terms of growth
indices including seedling height, stem diameter, canopy growth, branch growth and concentration of macro and
micro elements was superior compared with the other studied cultivars.

Conclusion

Based on the results of this study, drought stress significantly reduced growth indices and nutrient
concentrations, although the reaction of almond cultivars to different levels of drought stress was different. In
this study, among the studied almond cultivars GN, Shahrood 8 and Shahrood 12 cultivars in terms of growth
characters including seedling height, stem diameter, canopy growth, branch growth and concentration of macro
and micro elements showed higher tolerance to different level of drought stress. These cultivars less affected by
the high intensities of dehydration. Therefore, GN, Shahrood 8 and Shahrood 12 cultivars can be used in future
studies to evaluate the possibility of cultivating these cultivars in areas with water deficit.

Keywords: GN rootstock, Irrigation, Tolerance, Vegetative traits
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Table 1- The soil physico-chemical properties of the studied filed

Culaa

:‘,oJS U”)s JS R

" LJ 1 2 R ~
R S B A s J S$9) J o2 e »
) O399 auvsww!  Potassiu - Phospho - Mangan
Electric Total Organi Total - m rus Zinc ese Iron Copper Boron
conducti  neutralizi c . Acidity (mg.kg- kg (MI-kg kg (Mo-kgm  (mgkg  (mg.kg
) nitrogen 9.-kgw  (mg.kg 1 (mg.kg 1 1 1
vity (dS  ngvalue  carbon iy 1) 1) ) 1y ) ) )
m) (%) (%) (%)
0.969 31.3 0.586 0.049 7.89 293 14.8 0.79 10.55 4.13 1.57 2.08

235 ool Sy daw (g S0l byl ey e Gl
gy Ol

Sl b —iolejl asly oy (25 Jles! 5 e olo aw

)_,.ol.;.c cdale 9 (S Slaws )Ja) )‘l Vo dLmJLQJ cdld@B

s yolic (g 480 5l
03948

5 odd olwl SLid Sy e doyd 6 pSojlul cas

ol B le S psils s sl b olyam o3 UlS 5 aisy) e o)
Sy el ¥ i an islojl g )3 Juols o,las .05 03433
Ve dgw g Olgizme yad D jl day 5 A 00 1,8 wda olSKiwd
L el it S Blsl S g dl Jgtome g Lo
Fe bl g e85 plosl Jloys o/« 00 S silgusp

lino )5 )18 (g 3y90 adlllas 3)90 Jlo 93 2 5 2lie
Jsbo 531305 2 (3.6 5 Job il s Jlog ) Jold o,
Sy g 5 (o5 Soadld (loo Silee Sl (28 eSS
b oizman 5 215 (25 5 Sk oJloo ) 43 s eSeils
5ol S b dBlus Jlad 0035 el o b 058 gloas s
ceg (LIBLOOCAREA METER) zouwgaws olSiws 5 43



VT il ¥ 0l TV alor ((5359LiS @l 5 poke) Sl pale iy OYA

bulyd > a8 90 bl @ slaite )] op i dalllas 550
el o Sid i nd il b g Ldgy aidly My (S el
2 Jld gLi)) cn i G5 g lalpd o 28l el s Sl
oy 94 oaalie pgd JLuw 55 ysie b YYV/EY L ‘GN’ 45,
O 2 ) (iRl YEAIAR) L)) o pta8” gl Jlo 5 © Lo’
3 GN a3, Siits wus (i, il adlae 3,40 o))
Jl elsy] aiztly 1y glis)l (508 g ot iy & lole’
ly il o y2eS Vedgpals” ¢ Luo’ VY ag,mls” CGN o)l 5
O oy s Jolde 50 inlh lis (Sid wad (i blyd o
Wagmls’ g ey alale Fag,mli” o) 5 glis) ials
FAVNY ooy 4 o5 ool sl Jles glisy) & 13,5 oanlie
& Cod (S LAS i bty )3 Ao yd YY/FA SY/0) XA/YA
3 ol gulis (awyp p3 oV JS) aidls (ialS a5 (g Ll
95y il &5 03)5 pasuie pbil sl Jle 48l jlad (550 Il
o o et paw 53 (3 gme il 6yl Cilises pslaw
oo (ol 59y (S A5 9 o) Jlite Sl (g aindly 4l jlas
OB Sl i (Said 5 S ey oV J902) 398 )ine
YAIVY) oy g 0l LialS 1) alos jlad (gl sxe yobots (ol
bl 3 ci 4 dlo jlad (o o Vo/FA) (g a8 g (e oo
odaliie (FC uoy Vo) wad 55 5 (FC o pd Vo) 55 o9
Vgl vby aalllas 3y00 L)l ey p3 (AY JST3) i
(seskee YVVA) ‘) 03, 5 (st sl YYIAY) bl Jlab (i,
oslly 455 @l bl (B-Y JS8) aidly 1) Jlad (g yieS
Jbo 93 Jsb )3 6)(dne 6505 bl s Jled 26 2y 9 sk
Py (Sid s iz golaw 08y S (piones ol 4zl
sladle » gl pore g Jsb » 8 (Sid G5 X o8 Jilite
‘GN o) c s g bl 53V Jgi) 39 Joisine pbly
&b (e sl WYIYA) (2 g (e sl WAIZ) Jobo oyt
(el £YIVY) 2y 5 (ste il FVIFR) Jobo (3208 5 cuily
LB dan y3 0 sdnlie ‘au) o usil 2Bl )3 cus g 2
4235 bl 2b (2 9 Jobo s dne il sl (Suis i
43,5 & (FC aopd Vo) (Sutd b 15 53 (lalS oy
PS5 25 oS5 ‘ON o8, (Std wa (s s
ool 228 |y 2 S gS HaiSal” 5 Vgl )
LB ol & s Asgyals” o GN o5l 55 ool Cowday guls
Joal bS5 (s 15 58t cov a8 Jlog b 1)
WY 39,0L8 ) pB)l )3 o g 3y 3 ialS oy

{1 Jgi2) 42,5 oanlia 5

U395 Moyd ©yg0 4 (g (e 0dd B pan o edl gl
(Emami, 1996) . (5,505l JloxS's,Slo b diges 13 3450

_

948 55 03l g pten J (yhg) polsl S pind e

Fogidy Sl o5iwd bwgi yiagil £5+ z9e Job )3 ladiges >
(Emami, 1996) uus <3l 3

ged pljo— modd (09 | ey (i S 03l ol

Vaaodasdl, S olwaspfor globoys p» ol Sis
e 10,8 edlatwl Wge VO S0 ISl b iiSTy 5 el
(EMaMI, 1996) 13,5 s (5 g ol sy ol 5 il

597 9 FSs al
e A oS5 )3 9y 5 550 cnl i s el sl
slodiged 4 dade S sl 4 SOl ) 4 Y Jole I
a el VY 5l s 0 000 )8 501 glod j0 g a8l] Sy
ay Joob o)las (Jolome I (gaml Wl (0 d )5 e lais
Fle 00 poe 4 bt Ol Ly godh @)l addy Ve e
Landiged 5y 9 e ] ylime (ool ol ol b g s oslus,
; Emami, Lindsay and Norvell, 1978) 1,55 (5,5 ol

(1996
Lodld Julodi g 49 300

lio 9 SPSS 16 1381 5,5 5l ooli sl Ly L o0l g jow
Jlaisl aaw )3 5SSl (clasaly win g0l wlol o lmosly . SSkie
Excel 2013 581 5,5 5l Layloges puy S i plodil doyn 0
Sinar yge3] ol 2 Slao (yr (Starad 25l 05 03zl

23,5 sl g

gy Ol

soboa pbls sl Jlag eli)l i)y 4258 @bt (olal 2
Lol Jlize gl g (St 5 by Jlo i 5 (50 ime
(Y Jgiz) cosl 035

g2 JLa P csla Jls 1) il gy 13, s 4
Jbo 93 12 50 pbl plB ) dar 43 g Jgl Jw I i pBB)) de po



Tk F1 oy oLHon 9 s9h0

plob pB,l » Sis

ova

S[9A] A1111qeqoad JO 94G PUE 9 18 JUBYIUSIS : pUB  JUBILIUSIS-UON

SUFH o ol o€ o o | Cor b onrTql o e (<o g foy

; ; g " ; y ’ ' JORH JOUIN
€65V €1L.C 86'S 16191 PLLL] LSS YvT6 908°¢8 80¢ -9 =
) ) ) . ) ) ) ) IeAnN)) x B A x y3noi(g
SULyb'T SU 90000 SuUZE00 SU90¥°0 SU €000°0 SU€000°0 SUGG6'8 #x OL1°081 6€ I x 7o x (¥
IeAnnD) x Wysnoiq
* C80°L *x [SL'S *x 680761 su€6L el **x SOT'YS *x 0£1°68 Su0zo'L *x LOL'VYE 6¢ <o x (g0
IBIA x JeAnN)
#x L0091 SUZ000°0 Su9€00 SUGLED SU 20000 SU 10000 *% 90€'8€ SUGGL68 €l [ x (6
IeAND
*x O9L'ETL *x VLY'V99 *x 8€8'807 1 *x £61°029 #x 08716191 44 856'8T0CI #x S69'VLT xx 065" €0ETI €l (e
; . : ; : : ; : Joud ule
6911y L06'C 661°€C $96°C6 0L 9LS'LT 6ST01 ST8PYT cl 9 o
183 A x Y3noi(
¢ X su 600" Su €67 NIy Su G6G* ¥ i
*+ P18°8€ *k OPL'11 €000 €60 SETL S| #x OP1°611 #x 86T SIS € [ x g
ysnou(g
*x SPEEB8 *+ PTL'961T *x €8L7T891 *x SPIT1LO1 #x VOO'ESLS *x 6058819 #x OFS'6L8 *x E0L'0VSEE € -
(12 1) uoneorjdoy
*x £85°06C sui91°| SuU€1T0 *x €01°0L Su €9T°¢€€ Su 146y *x 8V 1°69Y SU LLEGSI ¥ o€ ()
IBOA
#x SSL'SLIE #x [LS'80C * SOTYT R £ Y #x 8107161 #x 016716C *x 089°79¢€ * L8S716S I -
youeaq-qns -
BaIE JBd Jo apou.idjul Jo ‘0N __u_.._.“.w“.oﬁ__..m A_-__.“_.__M...NZ YIPIM UMOI)  PSUI UMOI)  IIJIWRIP WIS JYSY €5 A'O'S
< qﬂubJ & Az O ¢ ¥ P g
e i3 i a0 mer €50 oevpe v <" ¥ q2 Té0 a2 ¢ ™y a3 nr afic "R o
oevje Ao mew

saaenbs ueapp
As™? o

SABIA PIIPN)S OA) UI SSII)S JYSNOAP JIPUN SILA[NI PUOW[E JUIIJIP JO SHEI) YIMOI3 9Y)10J VAONY - 2IqEL

b |- ot 6 e ome CoveS? (e oo ey’ oo o e of o6 om0 ofCc e



PTGl Y 5o TV alor (53,818 alio 5 pole) (Ll pole 4500 O

250 B70%FC @50%FC @30%FC m10%FC
200
™
@ =150
L E
K
R, 0100
o
g o
50
0
R E R IR E IR H I R R E B R I I B I
“IB|B|IE|=|Bl=elg|EBlg|5|=|"|®|BIE|lg|=|2|=|8|&8|2|8|&[=|"
2l 2= 2 ElEl 2l E|# 22| = 2 ElE| 2| E|
= = & [ [ & [ 4] & = & [ [ & [ =l
2| = = =0 =1 = ER =] = S || 2|
= = = o o = o = = = o o = ol
ol ol ol ol ol ol ol ol
First year Second year
adllao 5590 Jlw 93 ;> ool o o8 ) £ld5 )] 5o (SUSS W5 51 UK
Figure 1- The effect of drought stress on height of different almond cultivars in two studying years
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Figure 2- The effect of drought stress (A) and cultivar (B) on stem diameter of almond tree
(DMRT, p<0.05)
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Table 3- Crown length and width of different almond cultivars under drought stress
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Table 5- ANOVA for the leaf macro and micro elements of different almond cultivars under drought stress in two studied
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_UL“_) S 4 0.831 ** 0.001 ** 0.0002 * 190.388 ns 2.130 ns 1.629 ns
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2 3 0.774 ** 0.142 ** 0.143 ** 7883.056 ** 1015.932 ** 692.449 **
Drought
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"s Non-significant, ™ and *: Significant at 1% and 5% of probability levels
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Figure 4- The content of leaf macro and micro elements of different almond cultivars under drought stress
(A: Nitrogen; B: Potassium; C: Phosphorus; D: Iron)
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Figure 5- The effect of drought stress on leaf manganese (A) and zinc (B) content of different almond cultivars in two
studying years
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Introduction

Chromium pollution of the soil due to natural processes or industrial activities such as metal refining, chrome
plating, stainless-steel production, leather tanning, and chemical dye production is a globle environmental issue.
Excessive soil Cr levels cause detrimental effects on plant physiological processes including_photosynthesis,
water relations and mineral nutrition as well as the growth of roots, stems and leaves, which may decrease the
biomass and yield of plants. Currently, soil application of organic amendments particularly humic acid seems to
be an effective procedure to enhance relative plant tolerance to Cr stress. Humic acids are complexes of
heterogeneous poly electrolytes with abundant functional groups that act as a weak poly electrolytic acid. Their
structures, the degree to which these functional groups are protonated or ionized and environmental conditions
influence the interaction between HA and soil pollutants. The complex compounds form by interaction of HA
and heavy metals that cannot be uptaken by plants. Humic acid may play a significant role in the mobility and
uptake of Cr which leads to a significant increase in plant biomass and growth. The aim of this research was to
investigate the ability of humic acid to reduce Cr uptake and translocation by lettuce (Lactuca sativa L.) from
Cr-contaminated soil.

Materials and Methods

The present study through a greenhouse pot experiment was conducted in the greenhouse of Ferdowsi
university of Mashhad. The experiment was arranged in a factorial manner in a randomized complete design
with three replications and treatments consisted of 3 levels of Cr (0, 25, and 50 mg kg*as K,Cr,0;) and 3 rates
of HA (0, 5 and 10 %). The soil samples were dried at room temperature, ground and sieved with a 2-mm mesh
screen for further analysis. The bioavailable concentrations of Cr in the soils were assessed by DTPA. Three
lettuce seedlings were grown in each pot containing five air-dried soil and watered to a near field capacity with
distilled water as needed. After 100 days plant tissues were harvested, carefully washed with deionized water
and the leaf, stem and root parts separated. All of them were oven-dried at 65-75 °C to constant weight and the
dry weight of lettuce tissue samples was recorded. To determine the Cr concentrations, the tissues were ground,
passed through a 0.3-mm sieve and digested in di-acid mixture (HNO3:HCIO,). Concentrations of Cr in the
digested solutions and soil extractions were determined using an Inductively Coupled Plasma Optical Emission
Spectrometry (ICP OES). Translocation factor (TF) is determined from the ratio of the concentration of Cr in the
plant’s shoots compared to that in the plant’s roots. Bioaccumulation factor (BAF) was evaluated as defined as
the accumulated concentration of Cr in plant divided by concentration to that in respective soil. A two-way
analysis of variance was done by using a statistical package, JMP version 8.0. The differences between the
treatments were determined using LSD multiple range tests at significance level of P <0.05 and P < 0.001.
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Results and Discussion

The results of the present study clearly demonstrate that all Cr treatments significantly reduced leaf, stem,
shoot and root dry weights. In unamended soils, both Cr treatments alone reduced leaf, shoot, stem and root dry
weights 83%, 101%, 207% and 65% (for Cr 25 mg kg?) and 194%, 219%, 355% and 92% (for Cr 50 mg kg™)
respectively as compared to control. Using HA (5 and 10%) and Cr treatments (25 and 50 mg kg), showed that
leaf, shoot, stem and root dry weights were significantly increased as compared to Cr contaminated control. The
lowest values of these parameters were recorded in Cr treatments without addition of HA, whereas at each Cr
level, the highest values of them were obtained with application of 10% HA. The Cr concentrations in shoot and
root samples significantly were affected by adding HA and Cr levels in soil. It was observed that Cr contents in
shoots and roots, transfer factor and bioaccumulation factor of shoots and roots significantly increased by
increasing soil Cr levels. Moreover, HA application negatively affected Cr content in shoot compared to Cr
treatment alone. The interaction of chromium and humic acid caused a significant decrease in the concentration
of chromium in the aerial parts, the shoot accumulation factor and a significant increase in the concentration of
chromium in the roots and consequently reduced translocation factor. The highest value of Cr in shoot (47.7 mg
kg™) was obtained in those plants grown in soil with addition of 50 mg kg™ Cr alone, whereas at each Cr level
the lowest value of Cr in shoot was found in those plants grown in soil with the application of 10% HA. HA
application in soil increased Cr concentration in root compared with Cr contaminated control. The maximum Cr
concentration in the root (367 mg kg) and root bioaccumulation factor (28.5) was obtained after exposure to 50
mg kg?! Cr +10% HA treatment. Also, the regression models showed that the transfer factor and shoot
bioaccumulation factor decreased significantly and linearly with increasing shoot dry weight. Moreover, the
regression model of shoot dry weight and shoot bioaccumulation factor was able to predict traslocation factor
and shoot bioaccumulation factor with Adjusted R? = -0.78** and R? = -0.93**, respectively.

Conclusion

Results demonstrated that Cr toxicity markedly reduced plant growth parameters for instance leaf, stem,
shoot and root dry weight and enhanced the concentration of Cr in shoot and root as compared to control. Humic
acid application in Cr contaminated soil induced increased plant biomass, root bioaccumulation factor, Cr
contents in roots and reduced Cr concentration in leaves, translocation factor and shoot bioaccumulation factor.
Therefore, the application of HA specially at higher dose (10%) seems to be a cost-effective and environmentally
friendly method for the restriction of Cr accumulation and its transfer from contaminated soil to edible parts of
lettuce, thus helping to enhance food security.

Keywords: BAF, Heavy metals, Organic amendment, TF
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1- O-alkyl C
2- malondialdehyde
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Table 1- Physicochemical properties of the soil sample

SB S Value ,lade SB S e
Soil properties Soil properties Value
Skl Sandy Loam Slisl JB ol 161.41
Textural class Available K (mg.kg?)
Sk sty Feos
7.71 0.19
pH Total Cr (mg.kg™)
s "‘i“f 1.42 S ol . 2457.84
ECe (dS.m™) Total Fe (mg.kg*)
I oS JS 55
0.48 42.12
Organic C (%) Total Mn (mg.kg*)
oS’ LS o> JB poS
15.20 0.01
CaCOs (%) DTPA- extractable Cr (mg.kg?)
I oier 0.03 oy B ol 1274
Total nitrogen (%) DTPA- extractable Fe (mg.kg™)

Available P (mg.kg?)

DTPA- extractable Mn (mg.kg™)
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1- Translocat Factor
2- Bioaccumulation Factor
3- Least Significant Differenceion
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5 4ol guili w1 Ly yiwl Dbl 4 e oS Cuews paw I 4148

ROS 38| JLsb (clna 365 an jl iy a g d s o
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Table 2- ANOVA for the effect of Cr and humic acid levels on leaf, stem, shoot and root dry weight in Lactuca sativa L. var.

longifolia
EXJETIIN , i ol
Source of variance iyl a2y Dry weight
df Sy bl R ads,
Leaf Stem Shoot Root
P5)s *k *k K%
o ) 213 2.62 38.6 03234 %%
‘S‘A?‘Q A’"‘”l ok Kk E3
Humic acid (HA) 2 L 0.0417 2.23 0.0374 **
** ns **
Cr x HA 4 0.413 0.0008 0.441 0.0078 *
s
Error 18 0.057 0.0069 0.048 0.0024
oS gy
é“"’v((y)"’ 7.22 8.24 5.61 8.83
0

s % NS

oy S5 g oy Jlein] paw 3 )l pixe g (6l gme pae i 4
", *and **: non-significant and significant at p<0.05 and p<0.01, respectively.
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Figure 1 —The interaction effect of Cr xhumic acid levels on leaf dry weight of Lactuca sativa L. var. longifolia
(LSD, p<0.05)
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Figure 2— The interaction effect of Cr xhumic acid levels on root dry weight of Lactuca sativa L. var. longifolia
(LSD, p < 0.05)
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Figure 3 —The interaction effect of Cr xhumic acid levels on shoot dry weight of Lactuca sativa L. var. longifolia
(LSD, p<0.05)
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Figure 4- The effect of Cr levels on stem dry weight of Lactuca sativa L. var. longifolia

(p<0.05)
0.800
0.700
- — 0600
J 5
(=
\2 20 0.500
-+ 0.400
oE
<
2=
- 0.300
9 §
Dz
0.200
0.100
0.000 —m A ——

HA O HA 5% HA 10%
(23] Soptins] clald
HA concentration (%0)

‘Pl 1) 509, §3VLw 915 Bl S (39 2 Sangad el g 31-0 JSS
Figure 5— The effect of humic acid levels on stem dry weight of Lactuca sativa L. var. longifolia
(LSD, p<0.05)
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1- photophosphorylation
2- malondialdehyde
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Table 3- ANOVA for the effect of Cr and humic acid levels on Cr concentration in shoot and root, translocation factor and
shoot and root bioaccumulation factor in Lactuca sativa L. var. longifolia
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df Shoot Crco. in factor
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Pﬁ; *%* *%k
or 2 3250 ** 247803 ** 0.0203 130 819 *
Seogen Aol
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Oy g o>
CV (%) 12.7 8.75 8.61 13 8.60
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"s, *and **:non-significant and significant at p<0.05 and p<0.01, respectively
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Table 4— The effect of humic acid levels on shoot and root Cr content,translocation factor, shoot and root bioaccumulation
factor of Lactuca sativa L. var. longifoliaunder Cr contamination

Cr

(mg kg?) 0 25 50
Seged dul 0 5 10 0 5 10 0 5 10
Humic acid (%)
)ludls 3 pg)S clale
Shoot Cr concentration 0.0016 e 0.0016 e 0.0017 e 17.8d 14.7 de 11.3e 47.7 a 40.8b 24.6¢
(mg.kg™?)
Adyy  pg)S clale
Root Cr concentration 0.049 f 0.051 f 0.052 f 113e 143d 154d 291¢c 332b 367 a
(mg.kg™?)
Ju ’_’ﬁ 0.032¢e 0.032e 0.032e 0.156 a 0.103 ¢ 0.073d 0.164a 0.122b 0.067d
Translocation factor
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3.85f 3.90f 4.83f 1l4.4e 18.8 cd 24.3b 16.9de 204 ¢ 28.5a

Root bioaccumulation factor

(P <0.05) 5,15 ()b ine glis LSD 9051 3ab it S jidio By S (syls & pooliio wis) o
In each row, values having a common letter are not significantly different (P <0.05) according to LSD test.
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Figure 6- The effect of Cr levels on shoot bioaccumulation factor in Lactuca sativa L. var. longifolia
(LSD, p < 0.05)
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Figure 7— The effect of humic acid levels on shoot bioaccumulation factor in Lactuca sativa L. var. longifolia
(LSD, p<0.05)

o S8 9alS Ay 5 Shes slacwnd oYl ool mess ey Coibal g JEEY 4 65S18 o SuBA (59 (s daal gy
9 b Oygoy Jl el ojlusls Sis o5 Gl L S e Uy pgyS o) cill g JUil 5916 ey Laly,
4_§(A Js““’) (P < '/“\) ‘( R? :'/VR) "‘4’1" L)““Q’U )bcf."‘" > oJ._;.lfcM_wl oole 9 p”f )"’L’)"Q) J).: LY L;O:L.f 03¢5 Cmnws §
e 2lgn slaciend 4 pg)S il (5 yieS polie dad o0 (LS



VoY olasl oY oylad PV il (((5359LiS @lus g pole) SLEL pole 4 i OOF

Cowl 005 osalie olS 3 Slae ialS a5 juwsid oy
(Singh et al., 2013)

Ol Jie sl 0siladl olS ay) )3 £9)S yidis yolde g 0D

Mol s oy b g o 1) Ol 1 ais 3 YA cdlys onds
3 S i |y JLas! gL -+ /YA (Adjusted R?) o

sl Slacimnd 3 pa)S it e )5 n slatagy

0.20 -
0.18 - .
0.16 7 . ¥ =-0.0249% +0.1746
5 014 - . R2=0.790
2
- & 012 -
9 E Adjusted R? =0.782
2 010 - P <0.001
3 O
3 2 008 - "
g i
E 006 .
0.04 - .
0.02 -
0-00 T T T T T
0 3 4 5 6 7
S T

Shoot dry weight (g pot)

‘b’ pd) 509, 53V lw 215 13 JUE! ;818 b o L L SWid (59 o abaly —A JSUS
Figure 8- Relationship between Shoot dry weight and translocation factor for Cr in Lactuca sativa L. var. longifolia
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Figure 9- Relationship between shoot dry weight and shoot bioaccumulation factor for Cr in Lactuca sativa L. var. longifolia



QA gals ol yo o JUisil g ey (KigSz 9 09,5 Conows 1 Srnged ool G gy 2 ¢33 102 9 (500l

sl ygSLs g aiy) poys clale iulEl coge Shogunisul
porS Clals Seagantpnl 2o)> Ve 9 B 308 (B)bo jliad ay)
Sl Ll 1y o)l ls crslil yssLs 5 JLinl g6 woylusls
2 otalafl ol 3 0as g ySejlul slo ol b iy
3lge 3 iz yp b edalis (V1) Seogipnl gaw (pyiin
5 Soseteal Loy 0 g+ paas s o)l culil 516
QgL Sogattpul 100 Vo 9B ol ddyy )3 pg)S clale
SLiS yje S Wl L e )T (sledae Wi odalie b sxe
5 ks by o)luils s cusll o JUal 55518 b oylusls
1y Lo ysiS ol ol 005 2ol s s s 5 azils ials
porS dm 039l S 15 Sagemsal (129381 doly 05 iy
015 s pyyS phie] Caand Soogd pul 3,18 b a8 3l L
13 0LS 5183 punilSo 4 Loy Yloin! 4 345 o azilsl ady,
3,8 3150y Aby dgugs b o 000 YTl (YL polie pily
an JUl Jalsdle Fhe olS ady Sl 50 35 Seegaripn
S = o )ludls 3 yaie ol sl LialS Cage lsn (slaplul
039 ol 8l cago doml )3 g oad Wil Jriwgid (Lol (e
= 92l ppg)S sgw Gl Joas Cold 3 9 (2len plul Sis
L, g (ooliaidl sy Slg o Shoged duml 1 oolaiinl 24
oo 3 01Vl o0l Qi 53,5 o5 (ol Camjlacs
Srany Jgae pl Cadlo (o dgatg 400y 9 0lS (S5

b

il HsS1 Lials cnge o)l ls SiS j Liald)
‘(RZ = '/‘\Y‘) R) )I.)u_l.’w 9 u_lab u)s_aod_: o)u&u w)
3oLS 0l (S5 iy s gmsSy (3 JS3) P < /)
1y 55518 uslolg 5178 (P < +/++)) Jleis) o b cudlys
—+/ay (Adjusted R?) oo Mol s oo byl g s
Cappde g JyS 4 QLS )3 g3 (Gllympmad dus o 55 4
= i ol Gypse @l Sl g o)l (S ady > laosn Y]
GxSods (Sdalin el ple g S, Gruwed ol Ko
4 po, S Jlanl jialS a5 4 (Sinha et al., 2018) .S’ .
#LS s slaplul 3 g cadlil (ol ol 3 9 0jlusls
23,5 (o0 0395Cum 5 ol Bl Cales )3 g jiwgd HlalBl cage

S 325 4o

29 pgyS Coomw &S 3 (U5 gl cnl Sl ol gl

03y JLe plais s olS 0y slapiall Gials cage (a2 g B
porS clale iall rioman iy g 48l o)lud Ll (S Sis
50 )l i) sl 55516 (U] 556 ety g o)l s o
a Sooged Sl Joyd Vo 5 0 Linli8l i dals b duolie o ddy,
e i 5 3g5cans; eIl g paS 4 039 S
Soogmddenl o yd Vo 3,84 olS slinl 5l plas” o > Sis 45
o) Ve g0 zobaw oy bl SUES (59 0 M b del Cund
5yl Cpiored A sda v Hld ime BMLS] Siogutriy !

&b

AKCIN, A., & AKCIN, T.A. (2019). Protective effects of humic acid against chromium stress in wheat
(Triticum aestivum L. cv. Delabrad-2). Journal of International Environmental Application and Science, 14(2),
50-58.

Alashti, S.R., Bahmanyar, M.A., & Abadi, Z.A. (2013). Changes in soil physical properties and concentrations of
lead and chromium in spinach affected by enriched municipal compost. Journal of Science and Technology of
Agriculture and Natural Resources, 17(63), 1-11. (In Persian with English abstract)

Aldmour, S.T., Burke, L.T., Bray, A.W., Baker, D.L., Ross, A.B., Gill, F.L., Cibin, G., Ries, M.E., & Stewart, D.
I. (2019). Abiotic reduction of Cr(VI) by humic acids derived from peat and lignite: kinetics and removal
mechanism. Environmental Science and Pollution Research, 26(5), 4717-4729. https://doi.org/10.1007/s11356-
018-3902-1

Alfaro, M.R., Ugarte, O.M., Lima, L.H.V., Silva, J.R., da Silva, F.B.V., da Silva Lins, S.A., & do Nascimento,
C.W.A. (2022). Risk assessment of heavy metals in soils and edible parts of vegetables grown on sites
contaminated by an abandoned steel plant in Havana. Environmental Geochemistry and Health, 1-14.

Ali, S., Bharwana, S.A., Rizwan, M., Farid, M., Kanwal, S., Ali, Q., lbrahim, M., Gill, R.A., & Khan, M.D.
(2015). Fulvic acid mediates chromium (Cr) tolerance in wheat (Triticum aestivum L.) through lowering of Cr

1- partitioning


https://doi.org/10.1007/s11356-018-3902-1
https://doi.org/10.1007/s11356-018-3902-1

\FeY QL’&.mu.U Y o)me; AR ARVES ‘(‘5})5L2'.\S élLué 9 rs’.l.c) @L..cb .05.1.9 4.’).&.’ DOA

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

uptake and improved antioxidant defense system. Environmental Science and Pollution Research, 22(14),
10601-10609. https://doi.org/10.1007/511356-015-4271-7

Banks, M.K., Schwab, A.P., & Henderson, C. (2006). Leaching and reduction of chromium in soil as affected by
soil organic content and plants. Chemosphere, 62(2), 255-264.

Bremner, J.M. (1996). Total nitrogen. p.1085-1122. In: D. L. Sparks et al. (ed.) Methods of Soil Analysis. Part 3,
SSSA, ASA, Madison,WI.

Bouyoucos, G.J. (1962). Hydrometer method improved for making particle size analyses of soils 1. Agronomy
Journal, 54(5), 464-465. https://doi.org/10.2134/agronj1962.00021962005400050028x

Chen, M., & Ma, L. Q. (2001). Comparison of three aqua regia digestion methods for twenty Florida soils. Soil
Science Society of America Journal, 65(2), 491-499. https://doi.org/10.2136/sssaj2001.652491x

Chen, S.Y., Huang, S.W., Chiang, P.N., Liu, J.C., Kuan, W.H., Huang, J.H., Hung, J.T., Tzou, Y.M,, Chen, C.C,,
& Wang, M.K. (2011). Influence of chemical compositions and molecular weights of humic acids on Cr(VI)
photo-reduction. Journal of Hazardous Materials, 197, 337—-344. https://doi.org/10.1016/j.jhazmat.2011.09.091
Christou, A., Georgiadou, E.C., Zissimos, A.M., Christoforou, 1.C., Christofi, C., Neocleous, D., Dalias, P., &
Fotopoulos, V. (2021a). Uptake of hexavalent chromium by Lactuca sativa and Triticum aestivum plants and
mediated effects on their performance, linked with associated public health risks. Chemosphere, 267, 128912.
https://doi.org/10.1016/j.chemosphere.2020.128912

Christou, A., Georgiadou, E.C., Zissimos, A.M., Christoforou, I.C., Christofi, C., Neocleous, D., Dalias, P.,
loannou, A., & Fotopoulos, V. (2021b). Uptake of hexavalent chromium by tomato (Solanum lycopersicum L.)
plants and mediated effects on their physiology and productivity, along with fruit quality and safety.
Environmental and Experimental Botany, 189, 104564. https://doi.org/10.1016/j.envexpbot.2021.104564

Dhal, B., Thatoi, H.N., Das, N.N., & Pandey, B.D. (2013). Chemical and microbial remediation of hexavalent
chromium from contaminated soil and mining/metallurgical solid waste: A review. Journal of Hazardous
Materials, 250-251, 272—-291. https://doi.org/10.1016/j.jhazmat.2013.01.048

Dias, M.C., Moutinho-Pereira, J., Correia, C., Monteiro, C., Aradjo, M., Briiggemann, W., & Santos, C. (2016).
Physiological mechanisms to cope with Cr(V1) toxicity in lettuce: can lettuce be used in Cr phytoremediation?
Environmental Science and Pollution Research, 23(15), 15627-15637. https://doi.org/10.1007/s11356-016-6735-
9

Ertani, A., Mietto, A., Borin, M., & Nardi, S. (2017). Chromium in Agricultural Soils and Crops: A Review.
Water, Air, and Soil Pollution, 228(5). https://doi.org/10.1007/s11270-017-3356-y

Sauerbeck, D.R. (1991). Plant element and soil properties governing uptake and availability of heavy metals
derived from sewage sludge. Water, Air, and Soil Pollution, 57, 227-237.

Gill, R.A,, Zang, L., Ali, B., Farooq, M.A,, Cui, P., Yang, S., Ali, S., & Zhou, W. (2015). Chromium-induced
physio-chemical and ultrastructural changes in four cultivars of Brassica napus L. Chemosphere, 120, 154-164.
https://doi.org/10.1016/j.chemosphere.2014.06.029

Huang, S.W., Chiang, P.N., Liu, J.C., Hung, J.T., Kuan, W.H., Tzou, Y.M., Wang, S.L., Huang, J.H., Chen, C.C.,
Wang, M.K., & Loeppert, R.H. (2012). Chromate reduction on humic acid derived from a peat soil - Exploration
of the activated sites on HAs for chromate removal. Chemosphere, 87(6), 587-594.
https://doi.org/10.1016/j.chemosphere.2012.01.010

Hou, J., Liu, G.N., Xue, W., Fu, W.J,, Liang, B.C., & Liu, X.H. (2014). Seed germination, root elongation,
root-tip mitosis, and micronucleus induction of five crop plants exposed to chromium in fluvo-aquic
soil. Environmental Toxicology and Chemistry, 33(3), 671-676. https://doi.org/10.1002/etc.2489

Jahanbakhshi, S., Rezaei, M.R., & Sayyari-Zahan, M.H. (2014). Study of phytoremediation of soil contaminated
by cadmium and chromium and their bio-accumulation in spinach plant (Spinacia oleracea). Journal of Natural
Environment, 66(3). (In Persian with English abstract)

Janos, P., Hala, V., Bradnovéa, P., Pilatova, V., & Sedlbauer, J. (2009). Reduction and immobilization of
hexavalent chromium with coal- and humate-based sorbents. Chemosphere, 75(6), 732-738.
https://doi.org/10.1016/j.chemosphere.2009.01.037

Kaléikova, G., Zupanéié, M., Jemec, A., & Zgajnar Gotvajn, A. (2016). The impact of humic acid on chromium
phytoextraction by  aquatic ~ macrophyte  Lemna  minor.  Chemosphere, 147,  311-317.
https://doi.org/10.1016/j.chemosphere.2015.12.090

Kim, I.S., Kang, K.H., Johnson-Green, P., & Lee, E.J. (2003). Investigation of heavy metal accumulation in
Polygonum thunbergii for phytoextraction. Environmental Pollution, 126(2), 235-243.

Li, Y., Wang, W., Zhou, L., Liu, Y., Mirza, Z.A., & Lin, X. (2017). Remediation of hexavalent chromium spiked
soil by  using synthesized iron sulfide particles. Chemosphere, 169, 131-138.
https://doi.org/10.1016/j.chemosphere.2016.11.060


https://doi.org/10.1007/s11356-015-4271-7
https://doi.org/10.2134/agronj1962.00021962005400050028x
https://doi.org/10.2136/sssaj2001.652491x
https://doi.org/10.1016/j.jhazmat.2011.09.091
https://doi.org/10.1016/j.chemosphere.2020.128912
https://doi.org/10.1016/j.envexpbot.2021.104564
https://doi.org/10.1016/j.jhazmat.2013.01.048
https://doi.org/10.1007/s11356-016-6735-9
https://doi.org/10.1007/s11356-016-6735-9
https://doi.org/10.1007/s11270-017-3356-y
https://doi.org/10.1016/j.chemosphere.2014.06.029
https://doi.org/10.1016/j.chemosphere.2012.01.010
https://doi.org/10.1002/etc.2489
https://doi.org/10.1016/j.chemosphere.2009.01.037
https://doi.org/10.1016/j.chemosphere.2015.12.090
https://doi.org/10.1016/j.chemosphere.2016.11.060

[ATaL)

90l olS o o JUisil g i (SigSer g g5 Camoms 1 Serogad ol G () 2 <3150 9 (5ol

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

Liu, X,, Gu, S., Yang, S., Deng, J., & Xu, J. (2021). Heavy metals in soil-vegetable system around E-waste site
and the  health risk assessment. Science of the Total Environment, 779, 146438.
https://doi.org/10.1016/j.scitotenv.2021.146438

Loeppert, R.H., & Suarez, D.L. (1996). Carbonate and gypsum. Methods of soil analysis: Part 3 chemical
methods, 5, 437-474

Ma, J,, Lv, C., Xu, M., Chen, G,, Lv, C., & Gao, Z. (2016). Photosynthesis performance, antioxidant enzymes,
and ultrastructural analyses of rice seedlings under chromium stress. Environmental Science and Pollution
Research, 23(2), 1768-1778. https://doi.org/10.1007/s11356-015-5439-x

Oliveira, H. (2012). Chromium as an environmental pollutant: insights on induced plant toxicity. Journal of
Botany, 2012, 1-8. https://doi.org/10.1155/2012/375843

Quevauviller, P., Lachica, M., Barahona, E., Gomez, A., Rauret, G., Ure, A., & Muntau, H. (1998). Certified
reference material for the quality control of EDTA-and DTPA-extractable trace metal contents in calcareous soil
(CRM 600). Fresenius' Journal of Analytical Chemistry, 360, 505-511.

Qureshi, A.S., Hussain, M.I., Ismail, S., & Khan, Q.M. (2016). Evaluating heavy metal accumulation and
potential health risks in vegetables irrigated with treated wastewater. Chemosphere, 163, 54-61.

Park, J.H. (2020). Contrasting effects of Cr (I11) and Cr (V1) on lettuce grown in hydroponics and soil: Chromium
and manganese speciation. Environmental Pollution, 266, 115073.

Raptis, S., Gasparatos, D., Economou-Eliopoulos, M., & Petridis, A. (2018). Chromium uptake by lettuce as
affected by the application of organic matter and Cr(VI)-irrigation water: Implications to the land use and water
management. Chemosphere, 210(Vi), 597-606. https://doi.org/10.1016/j.chemosphere.2018.07.046

Riaz, M., Yasmeen, T., Arif, M.S., Ashraf, M.A., Hussain, Q., Shahzad, S.M., Rizwan, M., Mehmood, M.W.,
Zia, A., Mian, I.A., & Fahad, S. (2019). Variations in morphological and physiological traits of wheat regulated
by chromium species in long-term tannery effluent irrigated soils. Chemosphere, 222, 891-903.
https://doi.org/10.1016/j.chemosphere.2019.01.170

Richards, L.A. (Ed.). (1954). Diagnosis and improvement of saline and alkali soils (No. 60). US Government
Printing Office.

Rutigliano, F.A., Marzaioli, R., De Crescenzo, S., & Trifuoggi, M. (2019). Human health risk from consumption
of two common crops grown in polluted soils. Science of the Total Environment, 691, 195-204.
https://doi.org/10.1016/j.scitotenv.2019.07.037

Saha, R., Nandi, R., & Saha, B. (2011). Sources and toxicity of hexavalent chromium. Journal of Coordination
Chemistry, 64(10), 1782-1806. https://doi.org/10.1080/00958972.2011.583646

Sauerbeck, D.R. (1991). Plant element and soil properties governing uptake and availability of heavy metals
derived from sewage sludge. Water, Air, and Soil Pollution, 57, 227-237.

Shahid, M., Shamshad, S., Rafiq, M., Khalid, S., Bibi, I., Niazi, N.K., Dumat, C., & Rashid, M.l. (2017).
Chromium speciation, bioavailability, uptake, toxicity and detoxification in soil-plant system: A review.
Chemosphere, 178, 513-533. https://doi.org/10.1016/j.chemosphere.2017.03.074

Shaker, M.A., & Albishri, H.M. (2014). Dynamics and thermodynamics of toxic metals adsorption onto soil-
extracted humic acid. Chemosphere, 111, 587-595. https://doi.org/10.1016/j.chemosphere.2014.04.088

Shanker, A.K., Cervantes, C., Loza-Tavera, H., & Avudainayagam, S. (2005). Chromium toxicity in plants.
Environment International, 31(5), 739-753. https://doi.org/10.1016/j.envint.2005.02.003

Singh, H.P., Mahajan, P., Kaur, S., Batish, D.R., & Kohli, R.K. (2013). Chromium toxicity and tolerance in
plants. Environmental Chemistry Letters, 11(3), 229-254. https://doi.org/10.1007/s10311-013-0407-5

Sinha, V., Pakshirajan, K., & Chaturvedi, R. (2018). Chromium tolerance, bioaccumulation and localization in
plants: An overview. Journal of Environmental Management, 206, 715-730.
https://doi.org/10.1016/j.jenvman.2017.10.033

Tiifenkci, S., Tirkmen, O., Sénmez, F., Erding, C., & Sensoy, S. (2006). Effects of humic acid doses and
aplication times on the plant growth, nutrient and heavy metal contents of lettuce grown on sewage sludge-
applied soils. Fresenius Environmental Bulletin, 15(4), 295-300.

Valdrighi, M.M., Pera, A., Agnolucci, M., Frassinetti, S., Lunardi, D., & Vallini, G. (1996). Effects of compost-
derived humic acids on vegetable biomass production and microbial growth within a plant (Cichorium intybus)-
soil system: A comparative study. Agriculture, Ecosystems and Environment, 58(2-3), 133-144.
https://doi.org/10.1016/0167-8809(96)01031-6

Wakeel, A, & Xu, M. (2020). Chromium  morpho-phytotoxicity.  Plants, 9(5), 564.
https://doi.org/10.3390/plants9050564

Walkley, A., & Black, I.A. (1934). An examination of the Degtjareff method for determining soil organic matter,
and a proposed modification of the chromic acid titration method. Soil Science, 37(1), 29-38.


https://doi.org/10.1016/j.scitotenv.2021.146438
https://doi.org/10.1007/s11356-015-5439-x
https://doi.org/10.1155/2012/375843
https://doi.org/10.1016/j.chemosphere.2018.07.046
https://doi.org/10.1016/j.chemosphere.2019.01.170
https://doi.org/10.1016/j.scitotenv.2019.07.037
https://doi.org/10.1080/00958972.2011.583646
https://doi.org/10.1016/j.chemosphere.2017.03.074
https://doi.org/10.1016/j.chemosphere.2014.04.088
https://doi.org/10.1016/j.envint.2005.02.003
https://doi.org/10.1007/s10311-013-0407-5
https://doi.org/10.1016/j.jenvman.2017.10.033
https://doi.org/10.1016/0167-8809(96)01031-6
https://doi.org/10.3390/plants9050564

VEoY il ¥ 03lod TVl ((539LES qulion 3 p5ke) il pole 525 OF

47.

48.

49.

50.

Sl

Wang, C., Gu, L., Ge, S, Liu, X., Zhang, X., & Chen, X. (2019). Remediation potential of immobilized bacterial
consortium with biochar as carrier in pyrene-Cr (VI) co-contaminated soil. Environmental Technology, 40(18),
2345-2353. https://doi.org/ 10.1080/09593330.2018.1441328

Wu, M., Li, G,, Jiang, X., Xiao, Q., Niu, M., Wang, Z., & Wang, Y. (2017). Non-biological reduction of Cr(VI)
by reacting with humic acids composted from cattle manure. RSC Advances, 7(43), 26903-26911.
https://doi.org/10.1039/c6ra28253a

Yang, Z., Zhang, X, Jiang, Z., Li, Q., Huang, P., Zheng, C., Liao, Q., & Yang, W. (2021). Reductive materials
for remediation of hexavalent chromium contaminated soil — A review. Science of the Total Environment, 773.
https://doi.org/10.1016/j.scitotenv.2021.145654

Zhang, J., Yin, H., Wang, H., Xu, L., Samuel, B., Chang, J., Liu, F., & Chen, H. (2019). Molecular structure-
reactivity correlations of humic acid and humin fractions from a typical black soil for hexavalent chromium
reduction. Science of the Total Environment, 651, 2975-2984. https://doi.org/10.1016/j.scitotenv.2018.10.165
Zhao, Y., Hu, C., Wang, X., Qing, X., Wang, P., Zhang, Y., Zhang, X., & Zhao, X. (2019). Selenium alleviated
chromium stress in Chinese cabbage (Brassica campestris L. ssp. Pekinensis) by regulating root morphology and
metal element uptake. Ecotoxicology and Environmental Safety, 173, 314-321.
https://doi.org/10.1016/j.ecoenv.2019.01.090


https://doi.org/%2010.1080/09593330.2018.1441328
https://doi.org/10.1039/c6ra28253a
https://doi.org/10.1016/j.scitotenv.2021.145654
https://doi.org/10.1016/j.scitotenv.2018.10.165
https://doi.org/10.1016/j.ecoenv.2019.01.090

Journal of Horticultural Science
https://jhs.um.ac.ir

Research Article
B Vol. 37, No. 2, Summer 2023, p. 561-575

A

The Effect of Melatonin on Some Physiological and Morphological
Characteristics of Coriandrum sativum L. and Anethum graveolens L. under Salt
Stress

M. Cheraghi', A.A. Hatamnia™**, F. Ghanbari®?

Received: 18-08-2022 How to cite this article:

Revised: 19-10-2022
Accepted: 30-11-2022
Available Online: 30-11-2022

Cheraghi, M., Hatamnia, A.A., & Ghanbari, F. (2023). The effect of melatonin on
some physiological and morphological characteristics of Coriandrum sativum L.
and Anethum graveolens L. under salt stress. Journal of Horticultural Science,
37(2), 561-575. (In Persian with English abstract).
https://doi.org/10.22067/jhs.2022.78109.1189

Introduction

Salinity is the most important environmental parameter limiting plant growth and productivity. The
detrimental effects of high salinity on plants can be observed at the whole-plant level as the death of plants
and/or decreases in productivity. Increasing salinity is accompanied by significant reductions in number of leaves

per plant, shoot weight, root weight, shoot length, and root length. With an increase in salinity, water potential

and osmotic potential of plants become more negative. Two medicinal species of Coriandrum sativum L. and
Anethum graveolens L. are herbaceous and annual plants of the Apiaceae family, which have many uses in the
pharmaceutical and food industries. Considering the importance of these two medicinal species and the increase
of environmental stresses including salinity stress in recent years, this research aims to investigate the effect of
external application of melatonin on resistance to salinity stress in Coriandrum sativum L. and Anethum
graveolens L. species and its effect on some morphological and physiological characteristics of these two species
under salt stress.

Materials and Methods

This research was conducted in a factorial experimental format based on a randomized complete block
design with three replications. Experimental treatments include five levels of salinity (0, 40, 80, 120 and 160
mM) and two levels of melatonin foliar spraying (0 and 100 pM). After the end of the treatment period, the
morphological and physiological characteristics of the plant were measured by the different methods. Data
analyses were performed using SPSS software version 20. Results were analyzed using one-way analysis of
variance (ANOVA) followed by Tukey’s multiple comparison test. The results were expressed as mean values
and standard error (SE) of the means.

Results and Discussion

The results of variance analysis indicated that species, melatonin and salinity stress have a significant
effect on all morphological factors at the p < 0.05. The results of compare means showed that the number of

leaves in both plants has a significant decrease at the probability level of 5% with the increase in salinity.
However, the amount of this decrease in the samples that have been affected by melatonin is lower than the
samples without melatonin. The use of melatonin has reduced the negative effects of salinity stress in two plants,
so that at the salinity level of 160 mM sodium chloride, the use of melatonin has increased the fresh and dry
weight of coriandrum sativum L. shoots by 7 and 3.61 times, respectively. The results of variance analysis
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showed that melatonin and salinity stress have a significant effect on all pigments. The results shown that with
the increase in the level of salinity stress, a significant decrease (p < 0.05) was observed in the amount of
chlorophyll and anthocyanin pigments of two species. The results of variance analysis showed that species and
melatonin have a significant effect at the p < 0.01 on all physiological parameters, and salt stress has a
significant effect at the p < 0.01 on all the physiological parameters except of relative water content. Also, the
interaction effects of species with salinity, species with melatonin, melatonin with salinity and the interaction of
all three factors have a significant effect at the 1% probability level on the parameters of proline and total
phenol.With the increase in salinity, the amount of total protein in both species decreased, but the amount of this
decrease was lower in the plants that were treated with melatonin. In coriandrum sativum L. plant, the amount of
total protein reduction at 160 mM salinity level is 42.31% compared to the control, but this reduction was 28.9%
in the plants that were treated with melatonin. Also, in the Anethum graveolens L., the amount of total protein
reduction at the salinity level of 160 mM was 29.78% and 21.06% respectively, in the samples without
melatonin treatment and under melatonin treatment.

Conclusions

The results of variance analysis of the data showed that melatonin has a significant effect at the
probability level of 1 and 5% on all morphological and physiological parameters measured in both plants. Also,
the compare means showed that with the increase in the level of salinity stress, a significant decrease in the
probability level of 5% was observed in the parameters measured in two plants. In general, the external
application of melatonin moderates the negative effects of salinity stress, and therefore melatonin can be used to
improve the growth of plants under stress.

Keywords: Chlorophyll pigments, Proline, Total protein, Total phenol
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Table 1- ANOVA for the effect of melatonin application on the morphological traits of Coriandrum sativum L. and Anethum
graveolens L. under salinity stress

Slayyo (nKile
Mean squares
Uk 5 o = 0 =0
Sy glie 33l . ady) Jsb L olusls &y ¥ 0 ady, Sy olaas
b)LoLG o)l...uohls -

S.0.vV df Root Shoot Root fresh Root Leaf
Shoot length ~ Shoot fresh dry weight dry number
length weight weight weight

nd T T Y 1.48% 0.027**  0.080* 0.009**  64.067*
Species (S)
osghe 1 272‘350 153300 3.060"* 0.067**  0.023* 0.004**  4.267*
Melatonin (M)
224,767 271375
] g»—u o 4 . a 7.332% 0.206"* 0.106** 0.018* 13.150*
Salinity stress (SS)
SxM 4 88.817* 2.400 0.009* 0.018** 0.001 1.667 0.267
SxSS 4 13.600** 9.558* 2.288* 0.057* 0.040% 0.005** 0.733*
MxSS 4 4.683* 10.392* 0.691* 0.012* 0.002 0.0 0.183
SxMxSS 4 0.983 2.680 0.043 0.0 0.001 8.18 0.100
e 40 1.283 3.600 0.022 0.001 0.001 0.0 0.217
Error
s 2 0.82 1.34 2.30 2.87 3.30 3.84 1.29
C.V (%)

Doy B g ) Jlein] pdaw )3 ()l Gxe i g g
** and *: significant at p<0.01 and p<0.05, respectively
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Table 2- The effect of melatonin on the morphological traits of Coriandrum sativum L. and Anethum graveolens L. under salt

stress
S Job ais, Job 5o SE o s 5 s )
oPgNe g S0 s iy 8l L 0 L L L 2?09 2 039 Sy ol
Melatonilevel  Salinity 8w L Root Sh) Crosh s ; . Root fresh Root fresh | eaf
(M) levels  Shoot length length Vc\)loi rl]'tes v\?c; htry weight weight number
(mM (cm) (cm) €19 €19 (9 (9)
NaCl) () )
0 16.00+0.57¢ 20.33+0.88° 0.66+0.096%¢  0.133+0.014d  0.087+0.003« 0.059+0.009% 6.33+0.33%
40 15.09+0.09¢% 16.66+0.66% 0.51+0.005%¢  0.082+0.004%%  0.069+0.004%f  0.036+0.002° 6.00+0.0b¢
0 80 13.33+0.88¢f 15.66+0.33% 0.42+0.023%  0.061+0.001% 0.056+0.002f 0.025+0.001¢ 5.33+0.33bcd
120 11.00+0.57° 14.66+0.33% 0.34+0.008%  0.053+0.006%  0.050+0.007f 0.020+0.001¢ 5.00+0.0cd
160 7.66+0.669 10.00+0.05f 0.07+0.006¢ 0.026+0.006¢ 0.036+0.0019 0.017+0.001¢ 4.00+0.0¢
0 25.00+0.572 25.66+1.662 1.83+0.1762 0.333+0.0392 0.200+0.008% 0.085+0.013% 7.33+0.332
40 21.00+0.57° 20.66+0.66° 0.98+0.059° 0.167+0.006° 0.108+0.001° 0.046+0.001% 6.33+0.33%
100 80 18.33+0.33¢ 19.66+0.33% 0.80+0.055%  0.137+0.010°  0.059+0.001"  0.040%0.0010 6.00+0.0b¢
120 17.00£0.08%¢  16.33+0.33%%  (0.63+0.006%¢  0.112+0.004>¢  0.080+0.002¢%  0.038+0.001°¢  5.66+0.330<d
160 15.33+0.33% 13.00+0.04¢f 0.42+0.078%  0.094+0.004%%  0.061+0.002¢f 0.031+0.002¢ 4.66+0.33%
Lgd
0 26.00+1.00° 24.00+2.08° 2.40£0.20° 0.437+0.053° 0.390+0.043% 0.145+0.01322 5.33+0.66%
40 19.00+0.0% 19.33+0.33% 0.66+0.03<d 0.149+0.036¢ 0.155+0.031*  0.062+0.0118% 4.00+0.0b¢
0 80 18.00+£0.0bd  17.33+0.663°¢  0.46+0.06% 0.07210.010%  0.080+0.005*  0.034+0.0041bd 3.00£0.0d
120 16.00+0.57¢c 15.33+0.33% 0.26+0.01¢ 0.0370.003%  0.054+0.005¢  0.024+0.0008%  2.66+0.33%
160 13.00+0.0¢ 12.33+0.66¢ 0.20£0.01¢ 0.024+0.002¢ 0.031+0.006¢ 0.018+0.0051¢ 2.00+0.0¢
0 29.33+1.452 31.33+3.522 3.83+0.142 0.579+0.0242 0.436+0.0442 0.184+0.01912 5.66+0.332
40 21.66+0.33° 21.00£0.57% 0.86+0.13¢ 0.128+0.003% 0.191+0.016° 0.074+0.0094° 4.00+0.0b¢
100 80 19.00+1.00% 18.66+0.66° 0.53+0.05« 0.10110.013%¢  0.117+0.015bd 0.056+0.00bcd 3.33+0.33
120 16.66+0.66° 16.33+0.33% 0.35%0.02¢ 0.04410.001%  0.068+0.001¢  0.033+0.0066b 3.00£0.0¢d
160 14.66+0.88% 15.00+0.57% 0.25+0.02¢ 0.028+0.002¢ 0.048+0.007¢¢  0.017+0.0045% 3.00+0.0d

b 2o B Jlois] g 53 (S5 905 bl oI5 gize BB 18 (gt ya > Sy By )b (slaodl>
Means with similar letters in each column are not significantly different based on the Tukey test (p<0.05).
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Table 3- ANOVA for the effect of melatonin application on the leaf photosynthetic pigment content of Coriandrum sativum L.
and Anethum graveolens L. under salinity stress

) Olapo (5l
i askio &3l 4y Mean squares
- R R . £ gee o wsf
’;g 5’ df a Judg l5 b Jsdg l5 J5 Jdg i Ladgds,5  lwgs]
T Chlorophylla  Chlorophylla  Total Chlorophyll ~ Carotenoid  Anthocyanin
ad 1 129.125% 1.006 152.925% 3.198* 0.000017**
Species (S)
origile 1 32.198* 3.561° 58.505° 1.769° 0.000027°*
Melatonin (M)
g 4 76.738% 5.029* 120.733% 4.646% 0.000021%*
Salinity stress (SS)
SxM 4 22.915* 5.351* 50.412*% 0.942 0.000030**
SxSS 4 37.646** 4.298* 66.709** 1.704** 0.000020**
MxSS 4 28.951%* 2.448* 47.875* 1.015* 0.000004**
SxMxSS 40 36.568** 2.925* 60.101** 1.439%* 0.000005**
s 3.986 0.567 7.330 0.286 0.000003**
Error
s oy
S s 355 3.33 3.44 3.17 0.001
C.V (%)

Doy B g ) Jlein] maw )3 ()10 gxe i gy g
** and *: significant at p<0.07 and p<0.05, respectively
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Table 4- The effect of melatonin application on the leaf photosynthetic pigment content of Coriandrum sativum L. and
Anethum graveolens L. under salt stress

eh . JS by 5 -
gt S a Jdg 5 b Juds 5 o ’ Wuaigidy,ls Olow ]
. . otal . . 1
Melatonin Salinity Chlorophyll a Chlorophyll a Chlorophyl Carotenoid Anthocyanin (mg.g
level levels (MM (mg.g* F.W) (mg.g* F.W) 1 (mg.g™ F.W) F.W)
(mg.g* F.W)
(uUM) NaCl)
Coriandrum sativum L. oS
0 8.30%1.35% 3.47+0.45% 11.77+1.80% 2.72+0.382 0.0103+0.0010?
40 4.12+0.21%d 2.24+0.32% 6.36+0.39%¢ 1.70£0.13® 0.0058+0.0006%°
0 80 6.83+1.243c0 3.21+0.45% 10.05+1.70%¢ 2.58+0.41% 0.00900.0008%°
120 5.95+0.428c 3.00+0.21® 8.96+0.64%° 1.78+0.11® 0.0075+0.0015%°
160 3.10+0.47¢ 2.23+0.17® 5.33+0.61° 0.67+0.04° 0.0051+0.0015"
0 7.81+0.64%° 3.14+0.26® 10.96+0.90%¢ 2.52+0.18% 0.0088+0.0010%*
40 3.93+0.77> 1.76+0.22 5.69+1.01% 1.59+0.26% 0.0056+0.0001%¢
100 80 5.72+1.30%% 2.86+0.62% 8.59+1.922¢ 2.11+0.37%® 0.0085+0.0012%¢
120 8.50+1.202 3.86x0.452 12.37+1.66° 2.45+0.36% 0.0098+0.0006%
160 3.61+0.03% 1.97+0.06" 5.58+0.09" 1.26+0.08"™ 0.0045+0.0003¢
Anethum graveolens L. s
0 8.10+0.85" 2.53+0.14P 10.64+0.79° 2.29+0.23 0.0055+0.0006%
40 9.80+0.34P 3.45+0.12° 13.35+0.64° 2.88+0.13 0.0072+0.0004®
0 80 7.30+1.65 2.45+0.61° 9.75+2.27° 2.10+0.45 0.0042+0.0010°
120 5.16+0.79° 1.77+0.33 6.94+1.11° 1.49+0.28" 0.0027+0.0005"
160 6.43+1.98¢ 2.15+0.62° 8.58+2.60° 1.74+0.57° 0.0057+0.0017%
0 22.36+2.53° 6.78+0.91° 29.05+3.45° 4.93+0.412 0.0110+0.0006"
40 8.17+1.29 3.19+0.55P 11.37+1.80° 2.52+0.30° 0.0082+0.0017%
100 80 7.65+0.83 3.080.16" 10.73+0.94° 2.300.27° 0.0079+0.0018%
120 5.12+0.93 2.14+0.51° 7.27+1.41 1.63+0.27° 0.0061+0.0019%
160 7.21+0.85 2.67+0.30° 9.89+1.16" 1.20+0.23 0.0059+0.0008%

Sisbge oy 0 Jloin] pdaw )3 (Se5 905l ool 2 l5 me BMBT JBB gt o 3 S e gy gyl glaosly
Means with similar letters in each column are not significantly different based on the Tukey test (p<0.05).
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Table 5- ANOVA for the effect melatonin application on the Physiological traits of Coriandrum sativum L. and Anethum
graveolens L. under salinity stress

Slaspe (ke
ay’ Mean squares
5 qlie Gl Slamigge gpedi B o Js
S.0.V df Water relative lon P iy Total Total
roline - .
content leakage Protein phenolic
Af’f 1 538.756* 25.585** 1316.385*
Species (S) 13183.41  2817.105
O M” 209.686* 484.820% 213.868* 117.071%
Melatonin (M) 1762.105
9B 2683.417 7054.123 - 174.706* 101745
Salinity stress SS) 5833.299
SxM 4 0.014 23.207 1.778 14.306*
6355.484
SxSS 4 57.264 945.918* 15.603* 75.759**
4309.023
MxSS 4 7.888 40.416 6.047 3.808**
1316.389
SxMxSS 40 34.278 35.279 0.468 3.342*
1033.496
s
48.022 21.250 107.560 3.17 1.278
Error
Syt 1.16 1.23 3.64 0.79 1.02
C.V (%)

Doy B g ) Jlein] maw )3 ()10 pre i gy g
** and *: significant at p<0.07 and p<0.05, respectively

A Cand Y ga e V0 ()9 o 3 JS (B9 RS (e
o g Me e Gt g (g Jlowi 8B sladiges ;> aald
(5 Jgis) 59 2o > YV -5 g YAIVA Lo

olelS padglio )3 Clpess 9 43, (Eal el ()9 A
sl g3 0l A lS ) SeaS 5 S e 5l (S0 25
Jley lalyd 3 GlalS a3 0aimd 390 (eiomed g b G5
5; Janas and Posmyk, 2013; Li etal., 201) wib o 9o
Jezs lidl coge fwigMe b Jsl>e (Zhang et al., 2015
G5 ol yo (Tan et al., 2011) 54 0 a5 bl 4 lalS
gt 9o AIlg5 oo (Mo (190)9matd &5 A o3> (LS 50
pis g oS blid 3 olS (STele 8 9 (Sjlsire sl S
Sloslarwl a8 s o L 55,500 Olides gl b (IS
048 Jld g e lgin )3 (5598 AT 4 Canglie (g Me
a8 Cawl o 030> L 0 oIS 0lS 53 (Gao et al., 2019) ¢l
Zhangetal.,) 556 0 oLS A5, (iol38l Coge uigMe I oalil
(2014

Lo 5 judS olS g3 o 40 aS ol L bealy (1 Ske gl
s 3 5l gine S (659 o GRIPIL Ol s g5t
cos oS pladiges o ials cpl e Jg @idh w0 s
D13 Ly e bl aS 5352 58,5 )5 igidle o
b Jloisl gdaw 53 ()3 Gl Bl (Sgn Culs 22> (59 o
e ot sladiges ;o JialS ol e &S aol atdly duo )y
{7 Jgiz) Ailioe yieS 03 Sladiged & Comsd (g

i3l gy e 6395 b Sl L 8 s oSl
Py (s 508 ol 3 GlalBl cnl Glise & (gl ol aisly
L as ol ol ooy :80ke gl (b ool b iadl oo 25040 5l
Sl sl 8l Sl B S U5 e 5355 gl 15
(7 Jgiz) Ailiem joiS ) it 98 ol )3 (a3l el oo

9 S olS 93 1 53 JS (nBgp (e o9 daw LialBI L
oS pladsge 3 GEalS cpl ol (Jg ol 4l alS 45
oS oS )3 bl oo yieS Wdg 4B )15 g slas coS
Ao Comd Yo e V0 (6)9d o 53 JS (g R (e
Coos &S oladiges 0 ials ol Jo Aib e doyd FY/YY sals
L9 oS ) ¢ puiomad g duo > YA/ i8S )18 1igMe Hlaws
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Table 6- the effect of melatonin application on the physiological traits of Coriandrum sativum L. and Anethum graveolens L.

under salt stress
Tobw 5 psh O o g0
g ‘s’g;iniy Sy ek Ao S oen ) Js g
Melatonin levels (MM Leaf water lon leakage Proline (pg.g* Total Erotem Total pf_11enol
levels NaCl) relative content (%) F.W) (mg.g™ F.W) (mg.100 g** F.W)
(LM) (%)
0 93.30+0.87% 20.27+0.95¢ 3.660.09 33.06+0.53% 8.49+0.027¢
40 88.19+1.04% 53.70+5.64¢ 30.7316.06% 30.82+0.23%¢ 8.57+0.006°
0 80 83.26+0.88% 76.29+1.12% 44.21%3.21%¢ 29.01+0.53%¢ 8.66+0.013¢
120 77.03+2.24° 86.67+0.942%° 64.86+5.32° 27.48+0.30% 8.77+0.044¢
160 48.07+2.82° 95.13+1.75° 153.25+11.89° 19.07+4.82¢ 9.03+0.096°
0 96.73+1.64% 18.00+1.759 8.02+1.04 35.24+0.472 9.50+0.032¢
40 91.80+0.93% 35.08+1.68f 28.40+4.19 32.84+0.41% 10.49+0.005%
100 80 83.89+0.61% 72.67+2.91¢ 13.56+2.12% 32.62+0.53% 10.55+0.0232
120 81.16+0.96% 81.92+2.05° 18.33+2.99% 30.87+0.09%¢ 10.66+0.013?
160 55.12+2.35¢ 89.75+1.16%® 71.29+4.12° 25.03+2.80% 11.42+0.644%
Anethum graveolens L. s
0 80.87+0.85° 17.37+2.53¢ 18.71+7.79° 30.82+0.27° 10.98+0.51¢
40 78.21+0.18? 22.52+0.79¢ 31.98+11.65% 29.29+1.01P¢ 13.61+0.01
0 80 75.47+0.84% 25.82+1.10% 17.17+2.31° 25.24+0.10% 15.93+0.03¢
120 71.02+0.36%¢ 43.1742.52 21.12+4.22° 24.21+0.46°f 21.39+0.05°
160 54.47+1.20° 68.73+5.542 36.29+5.25% 21.64+0.54f 23.57+0.93%
0 86.99+0.942 13.04+1.39%¢ 53.04+5.09 34.75+0.322 13.750.02¢
40 84.19£0.57° 18.00+1.59¢ 16.97+4.03° 31.31+1.18° 15.77+0.05¢
100 80 81.25+0.33? 23.94+1.58¢ 24.91+4.08° 29.62+0.19" 23.42+1.01®
120 76.51+1.422 40.21+4.09 40.16+2.60% 28.69+0.35" 24.48+0.0%
160 49.63+2.32° 60.22+3.87° 38.91+1.14% 27.43+0.90¢ 26.91+2.43?

sl o oy 0 Jloinl pdaw p3 (S5 g0i] bl 15 gme BMBT 236 (gt o ,> S e gy gyl (claosls
Means with similar letters in each column are not significantly different based on the Tukey test (p<0.05).

oLS (lon plul L3y (il esl sk ool jl g w2300 il
J(Arnao and Hernandez-Ruiz, 2017) > o

OB S gl 5 (S0 (LS 69y p S Sliies
oialS Cage (6y0d T a5 o odalive sl ol plovl (50
Najafi Marghmaleki et al., ) 54 0 LS opl ;5 Sy dliws
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Sl Jols gl L aS ad 2 g S 4555 90 )0 0 S ol
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o=l (Zhang et al., 2013;EI-Ghany and Attia, 2020) ..l
b 8 4 ol ooy Mo 3l eolaiel b Sy olaw jo Lilsel
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O iy 05 s 4 155 o 4595 S5 €05 GalS Jsb
a8 il SB o o Sad jgas 1 BU sjewl BIL SB o 05540
dp yoie domd )3 g 39 b oS by ol Gl el e
Akbari Quzhi et ) 5,5 o b Jsho a8 Jsb g s LalS
g0 (S5 Olime Liuliel i (6,50 wlidss s (al., 2010
Najafi and ) cwl oa b 9 9 Jald ) glas)l ytal S
5 ool by Lis pizmen Lo (Sarhangzadeh, 2012
9 OB bl b > Ay g 0ylusls )l (il cage (pgMe
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4 wede Yleisl (Arnao and Hernandez-Ruiz, 2014) »45
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4 B Laaiy, l ol Gls galS g Ols o galS Jsa
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Csl () e pyboas (GP1 03 sl 3 (ge e in
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Introduction

Drought stress is one of the most common environmental stresses that limits agricultural production through
disruption of physiological processes and reduces plant performance. Since in most parts of the world, including
in Iran, melon plants and generally pumpkins are cultivated in hot and dry areas, and in these areas the main
challenge is due to the limitation of suitable water for agriculture, the possibility of various types of stress,
including water deficit stress (partial or severe) in the cultivation of these plants is relatively high. From this
point of view, it seems necessary to study and know the tolerant cultivars and masses and ways to improve water
management. Among the physiological characteristics, leaf water status, membrane stability, photosynthesis
changes and related factors are of special importance in relation to tolerance of stressful conditions and
especially dehydration. A review of scientific sources shows that due to the relative importance of melons among
fruit vegetables, no comprehensive research has been done on the effect of water stress on the yield and stress
level evaluation indicators in Garmak and Dudaim groups. This research has tried to investigate and evaluate this
issue in some products of this group of vegetables that have been less studied.

Materials and Methods

This experiment was carried out in the form of a split plot design in the form of randomized complete blocks
and in four replications in the Mahan greenhouse complex located 25 km from Kerman province. Experimental
treatments include; There were three plants (Shahdad and Isfahan cantaloupe (Garmak) and Birjand dudaim
(Cucumis melo group dudaim)) and three levels of irrigation in order to apply stress (starting irrigation at matric
potentials of -45 (control), -55 and -65 kPa). The parameters of net photosynthesis rate, stomatal conductance,
leaf transpiration rate, leaf chlorophyll index, water potential, osmosis and turgor potential of leaves, water use
efficiency and leaf relative humidity were measured and evaluated.

Results and Discussion

Based on the results of the first and third tables, the three population were different in the changes in the net
rate of photosynthesis under different levels of dehydration stress, but the change process in them was largely
similar. The highest rate of net photosynthesis and leaf stomatal conductance was obtained in Isfahan cantaloupe
population plants under control irrigation (-45 kPa), which, of course, did not have a significant difference with
plants under -55 kPa dehydration stress, and the lowest rate of these traits in Birjand dudaim under irrigation at
matric potential -65 kPa was measured. A more severe level of dehydration stress (starting irrigation at matric
potential of -65 kPa) reduced the net photosynthetic rate in all three plants compared to control irrigation (-45
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kPa). It seems that under the conditions of this experiment, the reduction of the relative humidity of the leaves
occurs following the reduction of the water potential in the leaves and leads to the closing of the stomata in order
to increase the resistance of the mesophyll cells against the dehydration stress and parallel to these changes, the
reduction it happens in the amount of stomatal conductance and as a result the rate of net photosynthesis. The
rate of leaf transpiration in matric potentials of -55 and -65 kPa has decreased significantly compared to control
irrigation. The decrease in transpiration rate in plants under stress is probably due to stomatal closure and
reduction of stomatal conductance. Plants under stress prevent excessive water loss through transpiration by
regulating stomata. Based on the results of the second and fourth tables, by measuring the water potential,
osmosis and turgor potential of the leaves of the three population used, it was shown that the water potential of
the leaf decreased with the increase in the water stress levels. The slope of this decrease is such that the potential
values are equal to the osmotic potential values of the leaf and the turgor potential, which is the result of the
difference between the osmotic and water potentials of the leaf, also decreases, but it is the turgor pressure that
has increased and in a more positive way. even at the end of the stress period and at the most extreme level of
stress, it reaches zero. This same turgor pressure maintains the normal state of the membrane in cells under
dehydration stress. In fact, the extreme level of water stress in this experiment significantly reduced the osmotic
potential of the leaf. The highest amount of osmotic potential (8.5 Bar) for these plants was obtained in the usual
or control irrigation treatment and the lowest (22 Bar) in the more severe level of dehydration stress treatment
(watering as soon as the matric potential reaches -65 kPa) was obtained. At matric potentials of -45 and -55,
there was no significant difference between the three population in terms of leaf relative humidity percentage,
but in Garmak and Dudaim populations, the relative humidity of leaves was significantly reduced by applying
stress at the matric potential of -65 kPa. This is despite the fact that in the Isfahan cantaloupe, the decrease in the
relative humidity of the leaf was not significant. The existence of this difference in the reduction of the relative
humidity of the leaves in the conditions of stress between the three plants may be due to the genetic differences
in the ability of the stomata of the plants to lose water. In fact, more drought tolerant population (Isfahan
Garmak) compared to Shahdad Garmak and Birjand dudaim have better maintained relative humidity until the
end of the stress.

Conclusion

Plants with the ability to regulate osmosis can be considered as drought tolerant plants. This adjustment in
the plants of this experiment occurred in the condition that in all three population, the osmotic potential
decreased by -19 to -22 Bar. This event is to some extent guaranteeing the performance of pure photosynthesis,
although at a low rate in these plants, in the condition that the water potential of the cell has become negative at
the level of severe water deficit stress, at the end of growth.
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Sl pale 4 5l

https://jhs.um.ac.ir ,
ps://jhs.um.ac R

OAA—-OVV -2 AEXA QLIMJU Al c)l.a.,.i': AR’ JJ.;-

(Cucumis melo) 5l sl &ske o565 4w LS w5 o July, S p O uis andllas

Y - T . ® .

sle aabls - DR e
VOV VY 8L s b
VBN /8 S5 b

\ACAVARVAR u:’Ji’\‘-Ci)U

CRVCES

390 (i gy 4 g9y o 908 b 48 ablio )3 039 4 ol Brae 1) 390 5,1l gl diess)) 3,505, SO lgis 4 gl o
o talojl o Shpl oo laaisS )3 (Al s 25 9 ol gy (B p 2 065 U5 Sl e sslaie 4 gy (Sl cunl 48518 a2 g8
A5 plosl WAA L o lale dilate 3 @dly (IS masizme 13 LSS Hlen b dolas JolS slacSsl LB o 0,5 slos,S )b &jao
e (sLrosss 55 5 (JSealsh 5 500 (215) ¥ ol slo Sl > el 555) ool o s £ 0ol oo (sl e
T Cn iy 45 200 ol 3l (SUe imed cpl il odel Cuwd 4 guls 09y dlagd g ool Koy AsS 90 5 A o (gguiiwd (ol ] og
> 3S1 63 )8 Jgeidee T line s Sy (1559) Calin 5 4l 1 @pe o a1 (03 ()8 J509See Vo) (i 4 el g
=00 S5 plo (sl Jundls 1 15 Sy 5ym5 sy b 020D (JBwbokS —¥0) sals (oylo] cov ol Ko)S 0395 sladigs ;> 4l p @pe yio
0395 dow y 2y JSwbolS =¥ S ple Juuiby ;5 Sy (S jw e cpppidin I ol ials wels oyl 4 cand JSwbslS -50 4
S ple Juwsly b (i o op o s 50 Jawamme 3)Slas ialS .003,5 sdalive dslllas 550 (L po (souiuwd 5 Gledol Ko )3 wligd o))
Sl 53 0355 dws 2 50 (60l Judlly ()30 .0 odaliie My (gouitnd g lediol Ko )T ligus Ko)S 0395 dw ya 4D JSwbslS —50
il Ko 8 5 33 a5 53 2K S 5o Jpuslly > 35 byt by (liee VL 392 355 23 (5l 9 Y0 Sl
Cwd 4o ladiol Ko )S 0395 53 g (JSawbolS =20 G ple Juwiln) s ol o5 G55 balyd 0 ol Bpae o) (lise oy yitin b odaliie
S el 3y50 (il 3,5 4 b 39 355 ok 5l 95D Sl Jpully 12 0355 & g 3 5 s Caghy b (o o
o S 5] (s 5 2ing Joy58 5 5% (55 Soalgo olize | iz 121 IS b el 5 SISl ~00 (sylel oS sl
bl (s 1y s o (ggind 0395 (gt 1Li gy ol 5l acenl 4zl J1B AalS cpl wd Joo0 e3game 5> cinds 5 pdaw SO lgie 4
25 A olel o5 Ll )3 S0 (posr 085 93 51 5 Jaxie |y 0395l g il (gl (15 Ll 5 (65 (S5l alais

So)S ol Bpan ol coiind « S plo Juwily 1 5alS sW051g

Al oS eple)S il suad oSl ( SLely (ukins g pole (150 L)) (wlis)lS S gol il g ol copar =Y o)
(Email: nzeinali@uK.ac.ir :Jstus oxiw s —)
DOI: 10.22067/jhs.2022.78942.1196


https://
https://jhs.um.ac.ir/
https://orcid.org/0000-0002-8349-2164
https://orcid.org/0000-0003-1208-9113
mailto:nzeinali@uk.ac.ir
https://doi.org/10.22067/jhs.2022.78942.1196

VT il Y 0L TV alor o(5559LiS @alios 5 poke) Sl pole 4325 OA

Cogby loime ials e g 0wl (Siid 55 sl g O
Seid i bl s s eady) Sl o Qo ialS 1) S (s
E95 »2 N9 (saw jl .(Colom and Vazzana, 2003) sl
el bds a5 i Jol (gpoml JLutb )3 iglsl
Caxdg ;0 SOl Ol o5 cidis )3 5 08 0 SaS uilw], e
o) b 3l piis a8 el slal g Joio oS wilinfygs
4,5 a5 3 oS el Y iy g Sloiso a1y olS puudplic
LwSled i (Suis i bylys 4> . (Bagheri, 1996) g
Colin Glise (hals dawly 4 jhwgd gl (oyiws JB (28
wow 5l .(Flexas etal., 2007) ub o yinlS Logse o (lasss,
@ 0 Canl 5> ALly5 ) iy dbonl 5 Wgi e Lials S
Do o e jiwed LialS a4 dsbl 3 g Sdgilio Cudgise sl
Sl i ehg & i sladely S5 5l L(Li et al., 2006)
slaasss lial 13150 ciiwsd baliss) slgse jials
sl gl ST 25 bl § (ROS) (y5emST Jlub 5 )5 STy

Gk 3 STl sla JLSGol.(Armand et al., 2015)
9 b iiSly (il 4 ot b Ji3g)lS 415 g (pgmsliensy
s NADPH L5 5l 5l 3,50 (5553 2 olse 58 (ialS g siwgsd
= (0 gtz 45 52) jriwgid ()0 la 28Ty sl ATP
oLl (gaaste (sla )35 .(Hosseinzadeh et al., 2016) g
Jd 3l e piwed lad SIS, (gleioe Lo ds oS pl 4 w5l
Fiowgd Ol 4 (s (35 Lulyd )3 4355, 9 b @ Lidg)lS
(Beyk Khurmizi et al., 2013; Hosseinzadeh suS o S8
alaly olS iy b balS 5 Slas Jgase yob 4 .(et al., 2014
= g0 Asls B liee a4y e BB Ol Hlade ST 95l cute
ol did ply dline opl (S5 job 0 b o ialS 5 Slas jlide o
23 (agy Slao orizen 9 3,Skes 55 )kl ke oS
5929 b aS Cunl JIIE 3l ogme (1S 5 (oS Slas o5y pdaw Wl
Sl gaS odlgls Y game ol 5L S o o pdlie cpl i
JSis Ol ) 9o odas poe 15 ol ¥ guame 1500 51y
Gl oiig ol o8 bulpd b g)lg) 5 dlis (ke B3 00
g CilS diugy Copiie WSy oy Ol 4 5l &S SV guae
03,5 > 398 4 ) (il 425 0590l 45 o ol il ()L
aS ol 0y o Gl (e g egr (sodgs 5l edlitwl ol
08) 4 Capnd (Std 5 byl 53 (6 pin Caoglie (oog sloodgs
(Soltani et cusl cuenl (ghly wisl sl wly o o bs sla
.al., 2018)

0550 3y50 yd ol Gladsd (slogee (sld giow oy )0 b jele
O e (o) sl pasls 5 3 Slas ol o8 slois sl

dodlo

a5 4 ol o o 5 g0 ) (St i
Codgioma b So5gls b slaanld > JMS 5ol 511, (s pslias
(Armand et al., s 2> o JialS |y olS 5,Slos g aidlo axlgo
olalS (] 5 dles 1 s ol bl (il )5 &S b 4T 512015)
N g S Sid g 05 (g 3 e gl bges 5 cloj
o Ol Codgrzme o (ol Gl 3ble () 13 g g e
o5 o it dea I (A5 lgl g58g Jloso scunl (65,0l 4
) YU s S ) g 5 i 0 (038 b 32)
sloylSaly g Jooxie lmodgs g pB)) colid g adlllan e cpl 1
Sl Sy ol )3 oo a5 4 (6900 Of oo S5
g Friwgd Ol wlié (0l Sy Ol Cundg Sigls
ot blyd Jaos b b3l > gloig cumnl j ol L L ye Jolgs
4 @lS YL s gl diad J0)55 5 ol o5 (ogad 4155
Ao 5 lalpd 3 Ol jtin polie bais )3 Sy Ul (e
Oy 9k 1535 oS lacusg; (Siosemardeh et al., 2005)
SLid gblis gy wiiS Lais 1Sy 5 ) 6yt o oo,
OSee Sy YL s cogby (Blum etal., 1981) 5 sl
Sloia paiy; oUlg by sjeml wdas cubls )b 5l ol
) By o 9 Sy (sl 00 el O (o Sl 5 29 ool
Iy ol Jdo cpl a5 a8 o uSsio (ol bailgy (slin ! plo 1 yieg
Ul S Sl cansg Giules gl awlie (a3l
sla i bl s cou . (Sanchez-Rodriguez et al., 2010)
Sy 13 5035 Cond 311y 395 (6l Jpbo el e 8 5 S5
ol sladsbo jl Joloms dlgo o Lo S 5 Sy (85 1,3
Loy gl (bl dlamg 4 lie o)lly onlpls b o o9l
Syld ool e (S Sl colin lise g g0 e o ]
5 Am3 e i Jobo clid ]y alo (5 b 5 (S5 s
25 ol p plo Jood b 8 4 Jsho sl (5l 5
@ Jood jl padli plgis 4 5 conl by g alex 5l 15 4
ol yoy)l5S i ea (Sairamet al., 2002) sl o &3l o
bl 5 5 o Caghy gt L 3 (oS 08 o
5 4 Joo5 53 1S 31 Jalge o Sieree 1 (S Sl oo (s Jriwgid
les=e (Sajjadinia et al., 2010) 5,5 Gy e S_is
2y Sy Ol il (lien b 2Vl (Stusod S (oo Cash,
9 Ladsje) (oAb A & ot 1l )3 Sy (s Cugy) ials
5 09I JLl BBg5 4y oxie ()98 Gl L g jwgd Jials
(Flexas and Medrano, sgu oo (¢ 5iweid a3 > 1> (5,95 Cnilos
a3l S sl 9 15,8151 S oSl 4 425 :.2002)



DAY il oale 0395 s (s it 5 ol Ll (o5 ol s alllnn o il 5 y31 Lo

Sy sled g Ve e pumol quantam 2 s g iugd g by
Ol Jeasilty (6505l gl i (6 puSojll 5l,5 5l a3 YO
o=l (Zeinali et al., 2016) s oolatwl Hlis alaase | Sy
bl ol HLid b 5955 55 (gals JauaS S (gl o&ws
Mb% g_f)_s dLQ(.JI )I D)ﬁ_‘“’ o).la§ L)‘Jﬁ] C9)> odalio Lﬁ d;s)
030l gy oyl )3 48 33,8 e (69l s plsl (gl p cublasl
Ll cal jloyes p ol Cacnl 5l clles pbsl cae yus (655
o3ll oyly 55> Sy by (i) Cawd | il o S
yiogoruwl 0wl edleiuwl b Sy (6 jowl Juilly 0 (605
(Micro Digital Osmometer type 15, camlab, ) o, JLS
SdadS , uilw)ye Juowily .d )8 )a0 United  Kingdom
Ot el Cand 4 S hewl 9 Ol (ola sl M3
oS i Jlasl 0)93 (b )3 g cilies Jolye )3 Ol s Cash
Slals Syl Sladad jelaie ol 4 b (6 pS0jlul alS
2 lacSund Cygo 4 ogaste dlgiwl jl ealatwl b odg5 duw
Byze o5 (65050 i anwlne bl 5 59 ¢ sl ol
el G 4 Sy 55 ey S ST (60 ygmw Mo
o 89,8 oS | oolaiwl Ly Ju8g,S (adlis (650 5l0]
ool 5 Sy by S (aslis s s plool (Minolta-502)
SIS, Ll ey sl 5 350 losi 3o S5 g xSl
odlawl (L5 Yol Lionw 5o edliiwl 3)50 Sy ler
3,5

945355 3,50 SAS 9.1 )3 8le 5 5l eslawl U Juols ol
1tr el b oSl dugli oy 3 338,55 (s el o
A el o yd s daw 50 Sl (glaiel

S50 (5 i 3 S1403 9, Culad i 58 s £
a4 ol s (Vg V) Jghis 5l adel s 0 ol gy

Cd g palls &5 Olyess )3 (lghs cnl 3 Hlai )90 0395
L Loyl 55 s g Lol cings cgliio ol o8 L5 caliseo gglaw
WSjey Sl g palld Jwgid £ 5 i g aldie (3L 390>
-¥0) sl d)Lﬁi cod hhsl $e)S 0355 sladig 0 Sy
ot ladig b o)l gxe ciglis 4l a5 sal cnd & (JISuwbolS
3 Slao ol e o ieS g cills JSwbalS —00 o5 a5
Jubols =50 S ple Jumsly 0 (ylol cov win o (cguiind
Jidliy 53 )kl £98) (o o5 G5 P s b (55 05l
LS a3 Al gt £ JSbsk 50 ol
Sy oo sl el (bl —¥) aals (oylol 4 s

o=l e cplpls il suis plool guiws § So)S sladisS o o
Ol O e (55 53 £5b5e (nl U Cunl oad S gy
3 oy Sy S 5 alan 390 508 o U Sl 03,5

255 )18 gt (b))

W g, g dlge

S B 00 5,5 o5 b g & sl o
&ly lale UldS zeize 0 )L, s 0 5 (Bolat JolS o
la)los 00 5 1l WAA Jlo jo leyS liw! (g 505lS YO 5o

olimo! Ko S i Sas8) (ot cgho 039 4 el o]
(Cucumis melo var. cantalupensis (Garmak and Isfahan
(Cucumis melo var. dudaim s . (gscws 9 population))

o Jleel jekaie 4 (o)l] axdaw 4w o (Birjand population))
70 5 =00 fuald) 0 S il sla feily ) o)ll £955)
Ayl o Slpl es 0355 dw pl Gl glie g (J Kb ol
aailyy s angi b oS cunl o3gy )l 590 53 3uios oS g b
SLaogle i 3 YL Sl (59) 51 M55 )3 olS aw cnl oL
ol los pMel (15 Jlosl (sle (28,5 5 dr5 3)90
Sy s 4 S Ll 5 ) lisee Sl sl 4 5
5 IS L (Hadd g huds (35 pobaw b lalS ool (o5
o S0yl 251 Sogpals 5 falad Ko glo Jpuslsy lae) led
JSte jin o Ve Bos by (A slagalf 9,3 (ool 03,55
00 AN slacuwd 4 &S dwle 5 ¢ SLeb SB S 5 ]
Ly 0iS (NPKY-—Y oY) LolS 365 <K, jl 5 505 S csiogs
22 O b)less g9yl S U oS 3,5 elatul 5 0g
S5y alolidl 5 el 5350 65lel Sl S Sy s
acebolad) Joad (Ll b g 5oy £+ e 4y g 0 5l 0gee iyl
sl
Fogaadli 1 SIS S le Jouily (lime (65050l g
(Zeinali .3 ookl (Irrometer company, Inc. P.O. USA)
Jsane Jlg) b usblyo g catls clas obos .6t al., 2016)
als gy calisee (gl jialyly (oS0 jlul ai plosl LS pl (sly
IS Ly plojon 0 JSiS sloogen (w0 gl ol ()
Er s pSoilul.cd S g0 )l st Jleeh 51 oy ¥
Sy dw 59y S B85 Sy 9 Sl Culin cingid el
L oles (Jol a8l g9y piin U pgw 0,5 oy 4Bl dawogs SolS
LI- 6400- Lincoln, Nebraska, USA, o 5iwgid 5l sslitwl
Cgr Sy dw ol lp bodly (1Sike ¢ 4 ploal (Licor inc.)
fmm ek bl B o el jiingid &5 b eolatwl & o0
ST JSalishS Vs ,Lié G331 CO, (400 pmol )



VT il ¥ 0)lads TV alor (555918 @alioo 5 poke) Sl pole 41725 OAY

Wjgy b dia b (slajey colin ials .col jialS ops cla
Colin o3uys 50 )b oly o a1y olS W) 5 jiiwemd ials b
O o e 9 C8b Il 8 i Jlesl Sl (14,
00,5 sdalin gldijey colin o 5L b sxe MBS 05)5 pl6 )
Ui 093 Jsb 3 0315 (sleeges ,> .(Barzegar et al., 2011)
el GialS (5o e o 4 0lS o (slp Sy S e gl oS
3 Jpame 3Slas Lials” Lol Ly o5l )5 Sy mow Lials
5 st e 5y98 Li x5l cow .(Shao et al., 2008) >
JLod o ly phals plise oy (K5 03 ) slaijgy colia
g a8l ioli 8l edg s ol 0 By a5 cwl b o opl il

.(Shafiee et al., 2019) 54 oss 5 _séie S ol Jumsiliy

Sy dedgols padld
kel yg Gl &5 35 ol by (il )ly 4528 ol
O paad clilge 4y g JBulpslS 70 4 -¥0 Syl Joily
T 3 S ine S S Jido)lS adli (ol oS 15
Olie oy (V) Jodn) col o3y lis wo py S e

0395 dw y ) JBwlglS Y0 Sy ple feusilly )5 Sy (i s
Y Jos) L ssalie aalllas 350

aceldl )3 48) Sy oo Cagho) (1ol Gialejl ol bl o oS
54830 &) 1S 2 5 Ol pwily Gl JU> & (39550 (o2
sbadslw conglio (ialj-3 jolate 4 ladije) (4 A 4 oxie
LS Ol ol Shlge g 0nd ol o5 S5 il 53 Jdgie
e Bl Al Frgd £ a0 g (sljg) Calia e
Skl (6,555 saiss 45 4wl .(Cornic and Massaci, 1996) sl
oialS glasisy culin liz) (Sis 25 Jlesl b & cosl s
e RalS 4 o pb g 9 S o Cugb) s b0
L lasje, colia was ials .(Ritchie et al., 1990) ol
Lo JiSo Yiais) &8 ol o] ey 5 o oy s
A diy Jole o o8 5 (St A5 bl s ady ) L)l
JUSew ol bl oo Jrwgid GRals g Sy (5,05 Hhals dadijy,
.(Taize and Zaiger, 2007) col (ABA) S5 sumnl dol olons
bl 1> S 3y Gy 45 105 ol iz en
e sgo & 285 (] & s JSeslheS 50 500 S, 5
oS ot bl 0 5y e LialS Ll asly ials gl
il o g1y Colin yialS 5 badije, i diws Jdd 4 Ylais]
Gub 3l Sl ol Bl I gl oelas b ¢ 15 cod lalS
5,55, .(Chinnusamy et al., 2004) xS o (5 S ol> 3,5
Sy il ) sley colin i 4 (i Jlesl Bl oS el

Sl Ggbo 0395w (5901 348 Ol (B g 2 (5l ilies Zobm 31 (il g 520 gl ) Jgua
Table 1- The ANOVA results for the effect of different levels of irrigation on some physiological traits of three Iranian melon

population
s s &3ljl a2 g s . Sy g PO
Oy gl Degrees of Fwgls £ S sz, Colan oot Sy s Slos
Sources of Photosynthesis Leaf stomatal -~ Leaf .
o freedom transpiration ea Yield
variation rate conductance rate chlorophyll
index
)1{5;; 3 6.8M™ 4.67M™ 0.01m 27.50 " 12.41m
Replicate
e 2 37097 135 6.62" 477" 428,16
Irrigation (a)
| sllas
el 6 62.4 12.17 0.08 128.80 9.1
Main Error (a)
°°’_y 2 3262 0.941s 4.43m™ 700.19 " 35.70"
Population (b)
axb 4 16.98 0.12™ 012" 1.921 23.4™
o2 sl 18 253 1.73 0.26 5.47 3.18
Sub Error (b)
et - 11.46 5.76 17.15 7.63 14.55
C.V (%)

Sy dme pae™ o3 B Jleas! aws (3 jla dme® o yd V Jlein] pdaws (3 o me™
ns, *, **: Non-significant and significant at 5% and 1% of probability levels; respectively.
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Table 2- The ANOVA results for the effect of different irrigation levels on the water potential and relationships of three
Iranian melon population

) ) ]“ L’b @ “j s < P
Ol ydd @lio RS Sp ol deily  groml Jemily g 7 2 s Sosby
. ol el < Leaf relative
Sources of Degrees of Leaf water Osmotic humidity
variation freedom potential potential Turgor Water
potential efficiency
)_l)s:_ 3 0.97m 0.84ms 0.341s 4,90 1.87"m
Replication
. ‘5’}”“ 2 619.80 ™ 238.67 ™ 172.67™ 636.50 ™ 17321
Irrigation (a)
| ls
L’_\"’ < 6 1.09 0.93 0.64 17.25 4.53
Main error (a)
“’_5 2 6.79 " 43.30 ™ 13.28 3323.3™ 377.21™
Population (b)
axb 4 17.80 " 3.87m 217 3718.74™ 072"
oo bt 18 2.34 0.60 0.31 10.45 2.14
Sub error (b)
et e - 12.06 6.45 3.73 15.19 1.77
C.V (%)

(8 gme pIe™ o )3 B Jlain] e 3 3 xe” (o d V Jlein] pdaws (5 jlo gxe™
ns, *, **: Non-significant and significant at 5% and 1% of probability levels; respectively.
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Table 3- The results of comparing the average effect of different irrigation levels on some physiological traits of three Iranian
melon population

L &bl ol

) S5l Junily Fowogd £ Spldig cale Spgmcem T 38es
839 Irrigation levels Photosynthesis Leaf stomatal Leaf transpiration 2 oS
Population with matric rate conductance rate o I_reafh | Yield
potential (kPa) ~ (umol COzm?s?)  (mmol COzm?s) ~ (mmol H0.m?s)  CMOrOPIL (100 hat)
g Ko )5 45
Shahdad 17.1+0.01° 0.926 @ 4.60° 24+06° 19.80 ¢
cantaloupe
g Ko )5
Shahdad -55 16.9+0.02° 0.743 ¢ 1.77¢ 21+0.2° 17.70¢
cantaloupe
g Ko )5
Shahdad -65 11.3+0.02¢ 0.508 © 0.93¢ 18+05¢ 11.10°¢
cantaloupe
ool oS
Isfahan -45 20.1+0.02° 0.987 @ 3.46° 24+08° 24.40%
cantaloupe
ool oS
Isfahan -55 17.9+0.04° 0.840° 1.82¢ 21+0.2° 22.70°
cantaloupe
ol S S
Isfahan -65 11.6+0.03¢ 0.6774 0.94¢ 19+04¢ 17.20¢
cantaloupe
2 (Sgrd
Birjand -45 16.5+0.03° 0.765 ¢ 4.84° 21+0.7° 22.30°
dudaim
Ay (S gk
Birjand 55 15.2+0.04° 0.542°¢ 167¢ 19+06° 21.70 b
dudaim
Ay (S gk
Birjand -65 89+0.05¢ 0.411f 0.95¢ 16+04°¢ 16.20 ¢
dudaim

...\J)L\} Oﬁib dlml:.\;% O}o)‘-l )‘l o3l b o)) JLo.bl E]a..w 2 LS)‘J‘_r'-’“’ L’;gl.éj' d)Lo-l )laa )‘l ULAS\; J5)> L;l)b L;Lmu.f;lm
Means with the same letters do not have a significant difference at the 5% of probability level based on Duncan's multiple range test.
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Table 4- The effect of different irrigation levels on the water potential and relationships of three Iranian melon population

L &bl zolw
i S pile ity Sp ol daily ol Jodly  uilw)ygl il Ol Bpae 9,5 Sy d Cogb,
83y Irrigation levels Leaf water Osmotic Turgor Water Leaf relative
Population with matric potential potential potential efficiency humidity
potential (kPa) (Bar) (Bar) (Bar) (%) (%)

g S S
Shahdad -45 -1.5+0.072 -9+0.072 7.5+0.022 3.93+£0.02°¢ 96+02%

cantaloupe

Sigd Ko S
Shahdad -55 -105+£0.03°  -13.5+0.03" 3+0.00° 9.50 +0.04" 85+0.32

cantaloupe

g Ko )5
Shahdad -65 -21£0.03°¢ -21£0.03°¢ 0+0.00° 12.10 £ 0.006 @ 59+0.6°¢
cantaloupe
ol S
Isfahan -45 -3+0.032 -85+0.032 55+0.012 5.80+0.05° 99+0.3°
cantaloupe
ol S S
Isfahan -55 -12+0.06° -11+0.06° 1+0.00° 9.87 +0.05° 86+0.3°
cantaloupe
ol S
Isfahan -65 -19£0.06 -19£0.06 0+0.00°¢ 12.34£0.032 77+0.1°
cantaloupe

S S g
Birjand -45 -10£0.07° -11+0.072 1+0.00° 3.40+0.02°¢ 98+05°

dudaim

A2y (S gead
Birjand -55 -13+0.04°P -14 +0.04°P 1+0.00° 9.10+0.012 83+052

dudaim

A2 S g
Birjand -65 -21+0.05°¢ -22+0.05°¢ 0+0.00° 9.36+0.042 54+03°

dudaim
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Means with the same letters do not have a significant difference at the 5% of probability level based on Duncan's multiple range
test.
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