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Introduction

The ever-increasing tendency to the use of medicinal plants in the world has grown concerns about their
cultivation and production processes. As medicinal plants are more compatible with the nature, special interest
and attention has recently been given to herb therapy, and use of medicinal plants, being limited by the rise of
pharmaceutical drugs, has become again common and widespread due to a number of reasons. Nigella sativa L. is
one of the herbs that has a variety of uses and has been being used in iran’s traditional medicine since old times.
Today this plant is considered as one of the most important kinds of medicine. Therefore, it is of great importance
to conduct some researches on the herbs around the country due to different ecological requirements. N. sativa
belonging to buttercup family, with the scientific name of Ranunculaceae, is an annual, dicotyledonous,
herbaceous plant. In several studies, N. sativa has been reported to have anti-oxidative, anti-inflammatory,
strengthening of immune system, and anti-histamine and oil extract properties. Furthermore, several effects such
as lowering blood sugar, lipids, and hypertension, excretion of bile and uric acid, protection of liver, kidney and
cardiovascular tissues as well as anti-seizure, anti-cancer, anti-microbial and anti-parasitic effects related to this
plant have been reported. The aim of the present study is to improve the yield and yield components and oil of
medicinal plant N. sativa by anti-transpiration compounds under drought stress conditions.

Materials and Methods

An experiment was conducted at Research Station,Faculty of Agriculture, Ferdowsi University of Mashhad, in
2012-2013. The research was performed using a split plot experiment based on a randomized complete block
design with three replications. The irrigation intervals (8 and 16 days) in main plots and anti-transpiration
compounds of chitosan (0.25, 0.5 and 1%), Plantogopsyllium mucilage (0.5, 1 and 1.5%) and arabic gum (0.25,
0.5 and 0.75 %) were put in subplots with three replications. Also, the distance between the main plots in each
block and distance between the two blocks were assigned as 100 cm and 200 cm, respectively; so that the moisture
content of a plot had no effect on the adjacent plots. Planting date was April16 and planting was performed by
hand in 0.5cm-deep furrows. Throughout the growing season, anti-transpiration compounds were applied
concurrently with the imposition of drought stress, administered weekly at sunset until the flowering stage.
Subsequently, yield, yield components, and oil content were measured.

Results and Discussion
Results showed that irrigation intervals had significant effects on all studied characteristics with the exception

@ @ ©2017 The author(s). This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).
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of 1000 seed weight. ncreasing irrigation intervals reduced percentage yield and yield components and oil of black
cumin grains. Anti-transpirants compounds did have significant effects on percentage of oil and yield and yield
components of black cumin grains. There were significant difference between different anti-transpirants
compounds in terms of oil and yield components yield and of black cumin grains. The 8 days irrigation interval
produced more grain yield compared with 16 days irrigation intervals (621.56 vs. 484.23 kg/ha). The highest oil
(27.74%) and lowest (21.74%), respectively, at treatment anti-transpirants compound chitosanl percent With 8
days irrigation interval and gam arabic 0.25 percent was obtained with 16 days irrigation interval and chitosan
stimulating abscisic acid synthesis in the treated plant would result in stomatal closure, reduction of stomatal
conductance, transpiration rate and water content. They also pointed out that the anti-transpiration effect of
chitosan was because of its stimulatory effect in increasing abscisic acid concentration in the treated leaves of bean
plant. As the above compounds are natural and biodegradable, as well as safer and less expensive than other
chemical anti-transpiration compounds, they can serve as a good alternative to the chemical compounds. Cognition
and expertise in water relations of plant and drought stress tolerance is considered as the main program in
agriculture and the ability to withstand this stress is of great economic importance.

Conclusion
The anti-transpiration compounds led to significant changes in terms of all the studied traits compared to the
control, indicating the effectiveness of theses natural compounds. Providing the appropriate conditions, 1%
chitosan treatment can enhance the yield under drought stress. Spraying by arabic gum did not improve the growth
conditions. According to this experiment, 1% chitosan treatment and 1.5% Plantago psyllium mucilage is
considered the most appropriate strategy to enhance the yield of Nigella sativa under drought stress.

Keywords: Anti-transrpirants compounds, Medicinal plants, Water stress, Yield
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Table 1- Physicochemical properties of the soil
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Table 2- ANOVA (mean squares) for the effect of irrigation interval and anti- transpirant compounds on the number of
capsules per plant, number of seeds per capsule, seed number per plant, seed weight per plant,1000 seed weight, seed yield oil
content, and harvest index in Nigella sativa.
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SOV df Capsules per number of plant Seed weight oo Seed yeild Oil percentage Harvest
plant capof seeds per per plant ) see p g index
capsule weight
R )I‘/&Jt 2 1.5* 8.49* 38140.19" 0.011* 1.25M™ 291.56 "™ 0.082"™ 0.87*
eplication
Sl e
Irrigation 1 271" 112.99* 22847.7 0.15* 0.18™ 286305.25" 182.49™ 16.06*
interval (A)
UJI;‘ le 2 1.26 0.12 7854.51 0.007 0.15 2201.46 1.14 0.35
rror a
Grisd LS5
¢ Am_" " 9 42.91* 963.44* 399691.6** 1.43* 2.12™ 260928.82** 27.53" 127.19*
ranspiran
compound (B)
AxB 9 5.89* 62.81% 24080.21™ 0.11* 0.90™ 39031.93* 11.65™ 20.58*
o s 36 3.08 5.39 168636.39 0.043 7.48 27076.4 0.86 31
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ns, * and ** :non- significant and significant at the 5% and 1% of probability levels, respectively.
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Figure 1- The interactioneffect of irrigation intervals xanti- transpirant compounds on the seed yield of Nigella sativa (LSD,
p<0.05)
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Table 3- The yield, yield components and oil content of Nigella sativa under different levels of irrigation intervals and anti -
transpiration compounds in Nigella sativa
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Treatments Number of  Number of Seed per plant Seed yeild Oil Harvest
capsules seeds per  number ) (Kg.ha!) (wiw) index
per plant capsule per plant ) (%)
d)‘:’:{i leﬁs
Irrigation intervals (day)
8 6.1a 61.48a 353.25a 0.78a 621.56a 27.05a 31.36a
16 5.6b 58.73b 314.22b 0.68b 484.23b 23.57b 30.32b
Brind A
Anti-transpirant
compounds
aald 4.79 56.7%h 180.73e 0.57f 454.31e 21.77e 29.16e
Control
o) i 7.24b 66982  471.76a 1a 65952 27742 333la
Chitosan 1%
o oI i 7.32a 65730 442.12ab 0.94b 640.66ab  27.28ab  33.16a
Chitosan 0.5%
Chitosan O“‘Z’;;/'/ el 6.3% 64.37c  389.24bc 0.94b 6185ab  26.19c  32.47b
. (1]
*o \/L,) ol Hsge 5.91bc 61.38d 342.29cd 0.67c 540.66¢ 26.84abc 30.37c
Mucilage 1.5%
222 ) ol Phiwge 5.89cd 57.93f 334.7cd 0.66¢d 547¢ 2658ch  30.18c
Mucilage 1%
o3 <18 0j sl Phsge 6c 57.39g 335.24cd 0.62ed 530.16c  26.74abc  30.17c
Mucilage 0.5%
w2 ./\_/a )E gee 5.17ed 57.93f 262.06de 0.61ef 561.16¢ 23.12d 30.26¢
Gum Arabic(GA) 0.75%
2o I8 e o 4.88gf 56.95hg 281.83d 0.62ed 493d 2384d  29.73d
Gum Arabic(GA) 0.5%
oy VB e oo 5.46ef 54.94i 296.85d 0.64cde 484ed 23.02d 29.60d

Gum Arabic(GA) 0.25%
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In each column, means followed by at least one common letter are not significantly different at 5% of probability level based on LSD
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Figure 2-The interaction effect of irrigation intervals xanti-transpirant compounds on the oil content of Nigella sativa seeds
(LSD, p<0.05)
&owo (GA Pluwge (MU (58 :Ch
595 V8 alols b o WIEIR1BINt 9, A alols L ¢,Ll :IR8INt

wlaalow A3 €9, ol5ue 9 3,Mos (g5l 3Kl w0 § 5 0d Ol 3 x (5, olgd Joliie 51 -£ Joua
Table 4- The interaction effect of irrigation intervals xanti- transpirant compounds on the yield, yield components and oil
contents of Nigella sativa seeds

Lo oS 3 JguS Slani JgwaS 53 &l dlani oLS ;3 il (339 Cild p ad L
Treatments Number of capsules per plant  Number of seeds per capsule Seed weight per plant  Harvest index

11Ky 6.45¢c 65.88¢ 1.02b 34.15a
11K2 7.36b 66.63b 1.06b 34.35a
11K3 8.2a 70.93a 1.14a 34.51a
1M1 6.29cd 57.86i 0.68d 30.22defg
11M2 6cde 59.25h 0.68d 30.27def
11M3 6cde 61.84f 0.69d 30.59cd
11G1 5.34fg 56.87Kj 0.64ed 29.73ghi
11G2 5.21fg 58.93h 0.64ed 29.81efghi
11Gs 4.97gh 59.35h 0.64ed 30.21defg
ILC 5.18fg 57.27ji 0.64ed 29.77fghi
12Ky 6.33c 62.87¢ 0.83c 30.80c
12K2 7.28b 64.83d 0.86¢ 31.98b
12K3 6.28cd 63.02e 0.86¢ 32.11b
12M1 5.7¢ef 56.92kj 0.57f 30.11defgh
12M2 5.7¢ef 56.87kj 0.64ed 30.10defgh
12M3 5.74def 60.92¢g 0.64ed 30.16defgh
12G1 5.58ef 53.01m 0.64ed 29.46i
12G2 4.55hi 54.971 0.60ef 29.65hi
12Gs 5.38fg 57.97i 0.58f 30.31cde
1.C 4.32i 57.92i 0.55f 28.55j

B85 g o sme MBI LSD 903l 5l oalitsl b duoyd & Jlosl gans p3 ()bl (a5 51 gt o 50 aliie g (gl (sla Sl
In each column, means followed by at least one common letter are not significantly different at 5% of probability level based on LSD
test.
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11=8 days irrigation interval, 12=16 days irrigation interval, K1=chitosan 0.25%, K2=chitosan 0.5%, K3=chitosan 1%, M1=mucilage
0.5%, M2=mucilage 1%, M3= mucilage 1.5%, G1=gum 0.25%, G2=gum 0.5%, G3=0.75%
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Introduction

Climate change predictions indicate that drought and extreme heatwaves will become more frequent and extreme
in many regions. Drought is the main abiotic stress that severely reduces plant yield across the globe. Thus, this may
have negative consequences for the agricultural soils, as it limits the availability of water and nutrients to soil
microorganisms and plants that develop on these soils. To cope with this situation, the use of organic amendments is
the best option. Recent studies have shown that the application of organic fertilizers can affect soil moisture and thus,
mitigate the negative effect of climate change on that parameter. Organic amendments increase soil organic matter
content thus improving soil physical, chemical, and biological properties, and therefore, can confer drought resistance
to soils. The application of organic residues has been presented as a great strategy against soil degradation in semiarid
environments. However, the interactions between organic amendments and drought in hollyhock plants are not fully
known. Here, we evaluate whether the organic amendment influences the physiological traits of hollyhocks and soil
properties under drought conditions.

Materials and Methods

The experiment was conducted in the research field at Ferdowsi University of Mashhad, Iran. The experiment
consisted of three factors (cultivars, organic amendments, and drought) with organic amendments and drought having
four and three levels, respectively. Drought treatments were controlled by a TDR at 80, 60, and 40% FC. The three
sources of organic amendments were used cow manure, rice hull and wheat straw. Seeds were planted in cocopeat,
perlite, and peat mixture trays in the greenhouse with an average temperature of 20 °C and under a photoperiod of 14
hours of light and 10 hours of darkness with a light intensity of 400 umol™* m?. In the 5-6 leaf stage, seedlings were
transferred in pots (18 cm high and 8 cm in diameter) containing field soil. The plants were transferred to the field
with four different substrates (field soil, field soil + manure, field soil + rice hull, and field soil + wheat straw) and
were exposed to drought stress for one month during the flowering stage. This analysis examined both the physical
and chemical properties of the soil, including changes in the macroelements nitrogen, phosphorus, and potassium.

Results and Discussion
Soil nitrogen changes were significantly affected by the interactions of ecotype with drought, ecotype with the
medium, and drought stress with medium. The highest nitrogen changes were recorded in Mashhad ecotype under
80% FC. Nitrogen content in amended soil had an increasing trend during the experiment, but the amount of nitrogen
had a decreasing trend in soil. In all media under stress, the amount of soil phosphorus was increased and the highest
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amount of phosphorus was observed in soil + manure at all irrigation regimes. The highest amount of potassium in
both ecotypes was observed in soil + manure. The amount of potassium in amended soils under stress significantly
increased, but in all organic amendments with increasing drought stress from 80 to 40% FC, the potassium content
decreased. In both ecotypes, soil salinity was increased in all culture media. Han et al. (2016) stated that the amount
of nitrogen, phosphorus, and potassium in the amended soil was higher than the substrates containing chemical
fertilizer. The medium EC was alkaline at the end of the experiment and the salinity of the culture medium increased
compared to the control. This study revealed a negative correlation between electrolyte leakage and dry weight in
hollyhock plants. Furthermore, all measured physiological and growth parameters were significantly affected by the
treatments. Notably, the Mashhad ecotype grown in soil supplemented with animal manure at 80% field capacity (FC)
exhibited the highest levels of physiological traits (SPAD and relative water content) and growth index (dry
weight).The application of manure + soil by providing macro elements reduces the negative effects of drought stress.

Conclusion
The type of crops grown in arid and semi-arid regions should be reconsidered. Also, some plants with high water
requirements should be replaced with plants with low and unexpected water requirements. Because hollyhocks are
low-expected plants that grow well in drought areas, so they can be considered as suitable species for cultivation in
low-input systems and can tolerate drought situations by 40% FC in amended soil.

Keywords: Nutrients, Organic matter, Ornamental Hollyhock, Stress
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Table 1- ANOVA for the effects of growth medium and irrigation treatments on the characteristics of Hollyhock
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Figure 1- The interaction effects of ecotype xdrought stress (a), growth medium xdrought stress (b), ecotype xgrowth
medium (c) on nitrogen changes and the interaction effect of growth medium xdrought stress (d) on the phosphorus content
of the growth medium in Hollyhock plant
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Experimental treatments: drought stress (80, 60, and 40% FC), ecotype (‘Mashhad” and “Tehran’), and growth medium (soil, soil +

manure, soil + rice hull, and soil + wheat straw) (LSD, p<0.05)
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Figure 2- The interaction effect of ecotype xgrowth medium (a), growth medium xdrought stress (b) on the potassium
changes of growth medium in Hollyhock plant
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Experimental treatments: drought stress (80, 60, and 40% FC), ecotype (‘Mashhad” and “Tehran’), and growth medium (soil, soil +
manure, soil + rice hull, and soil + Wheat straw) (LSD, p<0.05)
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Figure 3- The interaction effect of ecotype xgrowth medium on the salinity of substrates
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Experimental treatments: Ecotype (‘Mashhad’ and ‘Tehran’), and growth medium in Hollyhock plant (soil, soil + manure, soil + rice
hull, and soil + Wheat straw) (LSD, p<0.05)
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Figure 4- The effect of drought stress on pH of growth medium in Hollyhocks
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Experimental treatments: drought stress (80, 60, and 40% FC), ecotype (‘Mashhad’ and ‘Tehran’), and growth medium (soil, soil +
manure, soil + rice hull, and soil + Wheat straw) (LSD, p<0.05)
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Table 3- ANOVA for the effects of growth mediums and irrigation treatments on physiological and morrphologican traits of

hollyhock
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ms, ™" and ": non-significant, and significant at »<0.01 and p<0.035, respectively
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Figure 5- The effect of drought stress on the SPAD readings of Hollyhocks ecotypes under different growth media

Experimental treatments: drought stress (80, 60, and 40% FC), ecotype (‘Mashhad’ and ‘Tehran’), and growth medium (soil, soil +
manure, soil + rice hull, and soil + Wheat straw) (LSD, p<0.05)
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Figure 6- The effects of drought stress on the electrolyte leakage (a), water relative content (b) and carbohydrate (c) of
Hollyhock ecotypes under different substrates

Experimental treatments: drought stress (80, 60 and 40% FC), ecotype (‘Mashhad’ and ‘Tehran’), and growth medium (soil, soil +
manure, soil + rice hull, soil + wheat straw) (LSD, p<0.05).
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Experimental treatments: drought stress (80, 60 and 40% FC), ecotype (‘Mashhad’ and ‘Tehran’), and growth medium (soil, soil +
manure, soil + rice hull, soil + wheat straw) (LSD, p<0.05).
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Introduction

Poinsettia (Euphorbia pulcherrima) from the family Euphorbiaceae is used as potted and cut flower and has great
importance in floriculture industry. Appropriate application of nutrients and plant growth regulators has an important
role in increasing the quantity and quality of crops. The successful application of various nanoplatforms in medicine
under in vitro conditions has generated some interest in agro-nanotechnology. This technology holds the promise of
controlled release of agrochemicals and site-specific targeted delivery to improve efficient nutrient utilization and
enhanced plant growth. Nanoencapsulation shows the benefit of more efficient use and safer handling of pesticides
with less exposure to the environment. Thus, nanofertilizers can be substituted for conventional fertilizers. The role
of iron in the activity of some enzymes such as catalase, peroxidase and cytochrome oxidase has been demonstrated.
Iron is present as a cofactor in the structure of many enzymes. The results of some studies showed that in the absence
of micro-nutrients elements, the activity of some antioxidant enzymes decreased, which resulted in increased
sensitivity of plants to environmental stresses. The use of nano-iron fertilizer is an appropriate solution to remove this
problem. Some growth retardants such as cycocel, paclobutrazol, bayleton and daminozide reduced the plant growth.
Growth reduction in some ornamental plants enhances their overall quality and marketing. Cycocel is one of the most
important growth retardants which inhibits gibberellin biosynthesis and activity in plant. Today, a range of artificially
made growth-reducing compounds are used in the floriculture industry. The effect of plant growth retardants, depends
on the time and method of application, concentration, species and varieties type, type of target organ and
environmental and physiological conditions. Plant growth retardants reduce the division and elongation of stem cells.
These compounds also reduce stem length and growth by having a negative effect on gibberellin structure. Therefore,
the present study investigated the effect of different levels of nano-iron fertilizer and different concentrations of
cycocel on growth and development of poinsettia (Euphorbia pulcherrima Willd.).

Materials and Methods

These experiments were carried out based on a randomized completely block design in three replications to
evaluate the effect of various levels of nano iron chelated fertilizer and cycocel on growth parameters of Euphorbia
pulcherrima. Cuttings with a height of 15 to 20 cm, each with 3 nodes, were prepared from the mother plant of
poinsettia. Cuttings were placed in water within 24 hours for exudation of latex. Then, cuttings were planted in perlite
for rooting. After rooting (60-65 days), cuttings were transferred into substrates including cocopeat, municipal
compost and soil in ratio of 1:1:1. Poinsettia cuttings were grown in pots. Treatments include nano-iron fertilizer (O,
0.9, 1.8, 3.6 and 4.5 g.I"%) and cycocel (0, 500, 1000, 1500 and 3000 mg.I%). Application of EDTA-based nano-iron
chelate as foliar spray was performed on plants at the beginning of the experiment and 30 days later, as well as the
use of cycocel 30 days after the start of the experiment as foliar spray. Stem height, internode length, node number,
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https://doi.org/10.22067/jhs.2021.72172.1086


https://jhs.um.ac.ir/
mailto:b.kaviani@yahoo.com
https://doi.org/10.22067/jhs.2021.72172.1086
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jhs.2021.72172.1086
https://orcid.org/0000-0002-3583-561X

VPTGl oF o)losds KA wle> ((6559LeS @aluo g pole) Ll pole 4 205 YAY

root length, root number, root volume, leaf number, leaf surface, leaf total chlorophyll content, iron content in leaf
and the number and longevity of bracts were evaluated.

Results and Discussion

Results showed that the lowest plant height and the highest leaf number, root length, root volume, the number and
longevity of bracts were obtained in treatments of 1.8 g.I"* nano-iron chelate without or with the concentration of 1000
mg.l-* cycocel. In some traits such as root volume and chlorophyll content, the minimum amount was calculated in
the maximum of nano-iron chelate and cycocel concentrations. Suitable root characters were severely reduced through
the use of 3000 mg.I"t cycocel. Overall, the most suitable treatment, especially for reduction of stem height and
enhancing some vegetative traits (such as leaf number) and flowering (such as bract longevity) was 1.8 g.I"* nano-iron
chelate along with 1000 mg.I* cycocel. Research has demonstrated that cycocel application reduces plant height in
various species, including ornamental plants, as confirmed by this study. Furthermore, this study reveals a novel effect
of cycocel: it alters the weight of both aerial and underground plant parts, alongside influencing leaf iron and
chlorophyll content. Notably, plant growth retardants like cycocel are known to increase cytokinin content, which in
turn can lead to elevated leaf chlorophyll levels.

Keywords: Fertilization, Flowering, Foliar spray, Plant growth regulators, Soilless culture
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Figure 1- Poinsettia stem cuttings cultured in planting beds containing perlite (left) for rooting and a rooted cutting (right)
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Figure 2- Cultivation of poinsettia rooted cuttings in planting bed containing equal amount of cocopeat, municipal compost,

and field soil for growth and development. After three months (left) and after six months (right)
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Figure 3- Measurement method of leaf area using milimeter paper
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Table 1- Type of treatments and their symbol. Treatments symbol has been used to design the next tables. Treatments include
different concentrations of cycocel, nano-iron chelate, and cycocel together with nano-iron chelate. Totally, 25 treatments
have been used.

Jlow g9 (JawrgSo s 35 ¢yl YIS 5L :N) Hlows dlod
Treatment type Treatment symbol (N: nano-iron chelate, S: cycocel)
(e s 33 uogSolus 5 ool &3 5 (9) sals NSS4
Control (without iron Nano-chelate and cycocel in sand bed)
JosSals 2 3 o5 o B g ol S b 1808 NS,
Without iron Nano-chelate and 500 mg I cycocel
sl 2l 53 o5 oo Vooe g oal S b 2388 NGSs
Without iron Nano-chelate and 1000 mg I cycocel
JusSols 2 33 2.5 o 10+ 5 ol 3 b 136 NiSs
Without iron Nano-chelate and 1500 mg I cycocel
B T R N;Ss
Without iron Nano-chelate and 3000 mg I cycocel
JuosSols (a0 ol M 96 12 3 p )5 </ N,S;
0.9 g I*iron Nano-chelate without cycocel
JuosSolis 2 33 pS o 0 g ol 3 b 5l 355 <8 NiSs
0.9 g It iron Nano-chelate and 500 mg I cycocel
JusSols 2 3 p )5 o Voo g ol S b ) 53 5 <8 NoSe
0.9 g It iron Nano-chelate and 1000 mg I cycocel
JosSalo il 3 p 5 ko V00« g ol WM 5 2 )55 /A N,S,
0.9 g It iron Nano-chelate and 1500 mg I cycocel
J“’?g‘ﬁl‘“’):'ﬁ])‘)t")féi‘“v'“50“'C)M§}3U)iﬁ‘l)‘)t")§'/‘\ N,Ss
0.9 g I*iron Nano-chelate and 3000 mg I cycocel
JusSols o9 oal IS 55 320 3 2.5 VA NS4
1.8 g It iron Nano-chelate without cycocel
JuosSobio 2 33 p5 o B g ol 35 b 52d 53 5 VA NeSs
1.8 g I"*iron Nano-chelate and 500 mg I* cycocel
gl 5l 3 p S e Veee g oal Y b ) 3 2.5 VA NeSe
1.8 g I'*iron Nano-chelate and 2000 mg I cycocel
JusSols 2 3 5 o V8- g 5l 3 b 52 53,5 VA NSSe
1.8 g I'*iron Nano-chelate and 1500 mg I cycocel
JusSolo 2 3 p S o e ol 3 b 52l 53 )5 VA NeSe
1.8 g I"*iron Nano-chelate and 3000 mg I cycocel
JusSale g ol M 56 2 )3 )5 V7 N,S;
3.6 g I'iron Nano-chelate without cycocel
sSolo 5233 2.5 ko 0+ 3 ol S35 20 2 5 Y NS,
3.6 g I"tiron Nano-chelate and 500 mg I* cycocel
JusSol 2 33 p S e Ve g ol 3 b 2l 3 5 VI NiSe
3.6 g I'tiron Nano-chelate and 1000 mg I cycocel
JusSols 2 33 5 o V8- g sl 3 b 2l 3 5 VI NGSe
3.6 g It iron Nano-chelate and 1500 mg I cycocel
JusSolo 2 3 p S e T g ol 3 b 5l )3 5 VI NiSs
3.6 g Itiron Nano-chelate and 3000 mg I cycocel
JusSol o9 ool @IS 5 2 3 p.5 /o NeS4
4.5 g It iron Nano-chelate without cycocel
JuosSobio 2 33 p5 o B g ol 3 b 52l 53 5 ¥l NeS,
4.5 g It iron Nano-chelate and 500 mg I cycocel
JusSol 2 3 )5 e Vo g ol S b 2) 53 5 ¥/ NeSe
4.5 g It iron Nano-chelate and 1000 mg I cycocel
JusSol 2 3 )5 e N0+ g 5l S b 2d 53 5 ¥/ NeSe
4.5 g It iron Nano-chelate and 1500 mg I cycocel
JusSolo 2 3 p S o oo e g ol &3S 5 ) 55 .5 ¥/ NeSe

4.5 g It iron Nano-chelate and 3000 mg I* cycocel
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Table 2- ANOVA for the effect of different levels of nano-iron chelate fertilizer and cycocel on the stem height, internode
length, node number, leaf number, leaf surface and root number of poinsettia (Fuphorbia pulcherrima Willd.)

Oy 2slio a0 Slayo (il
S.0.vV d")‘i Mean squares
df Ay 3lazi S o S o 3lasd 8,5 dlaxs 8,5 5ko Job alw gl )
Root Leaf Leaf Node Internode Stem
number surface number number length height
(N) 56 555
Nano fertilizer 4 2.07** 27.90* 221/92** 65.85** 1.62** 67.90ns
(N)
() Jussele 4 2,77 120.13%  714/89% 3.83ns 0.55ns 428.00%*
Cycocel (S)
N xS 16 0.67ns 7.48ns 70.92ns 15.62* 0.29ns 53.40ns
ol sl 48 0.41 8.38 54.58 7.62 0.37 35.10
Error
Sl eyl - 7.88 21.36 22.29 12.40 17.14 15.19
C.V. (%)

b e pae I )3 0 5 SO Jlein e j3 I me cus gy 5 *
™ and *: significant at the 1 and 5% of probability levels, and ": Non- significant, respectively.

SIaio cduiy y poe by Job Clho (59, JwgSulw i (LGRS ¢ o] OIS oIl 345 Ciliseo pdlio 451 (wily,lg 1355 —F Jgua aold!
(Euphorbia pulcherrima) Jowid o sWaisT p 5,50k g 3laxi 5 Sy JS Judg, IS g oyl

Table 2- Continued. ANOVA for the effect of different levels of nano-iron chelate fertilizer and cycocel on the root length,
root volume, content of leaf iron and chlorophyll and number and permanent of bracts in poinsettia (Euphorbia pulcherrima

Willd.)
KAV T a0 Olaypo (ko
S.0V d"ji Mean squares
df &%k LS dlaxs Jadg IS ylade _ o ) )
eS| .. s Spopl e Adoy e ady, Job
» ) Leaf iron Root Root
Bracts Coloured bracts Total chl. content volume length
longevity number content
(N) 56 355
Nano fertilizer 4 41.55ns 10.02** 9.26** 40.87** 3413.33ns 58.42**
(N)
() Jussele 4 37.48ns 25.84** 2.44%* 328.10** 810.00ns 10.48*
Cycocel (S)
N xS 16 49.69ns 2.22ns 4.31*%* 537.60** 2248.33ns 7.16*
bl sl 48 52.27 1.91 0.15 4.48 1783.11 3.83
Error
Elptl eyl - 12.99 23.43 9.91 3.09 26.17 12.02
C.V. (%)

b re pie I o3 0 9 S Jloin ] o )3 Jb e gy g
and *: significant at the 1 and 5% of probability levels, and ™: Non- significant, respectively.

*k
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Table 3- The effect of different concentrations of cycocel on the stem height, internode length, node number, leaf number, leaf
surface and root number in poinsettia (Fuphorbia pulcherrima Willd.)

Wy lows Bl glas )l 8,5 5ko Job 8,5 dlaxs S g9 dlans Sy o by y 3las
Treatments Stem height Internode length (cm) Node number Leaf number Leafarea Root number
(cm) (cm?)

N1S1 46.43a 3.93a 30.30a 30.30a 17.88a 8.71a
N1S2 40.41b 4.10a 25.56a 25.56a 13.98b 7.92b
N1Ss 31.04c 3.63a 24.46a 24.46a 13.77b 8.52a
N1Sa4 38.91b 3.33a 22.86a 21.93a 11.64c 7.93b
N1Ss 38.35b 3.06a 21.93a 22.86a 10.49c 7.72b

3o s [y LSD el Lawgs o3 & Jlais] pdaw 53 )5 sine oA 33 pis ¢ygiw y > S o (gl
Means followed by the same letter within each column shows no significant differences at 5% of probability level by LSD test.

f(Euphorbia pulcherrima) Jgmd <os

Table 3- Continued. The effect of different concentrations of cycocel on the root length, root volume, content of leaf iron and
chlorophyll and number and permanent of bracts in poinsettia (Fuphorbia pulcherrima Willd.)

L los Ay Job Ay y > S o Hlado JS Jedg IS ylado Cbasly ooy Lasly g,E0b
Treatments  Root length Root Leaf iron Total chl. content Ny Bracts
(cm) volume (ml)  content (mg %) (mg.gt F.W.) Coloured bracts longevity (day)
number
N1S1 15.92abc 1.43a 65.43d 4.23a 8.71a 50.00a
N1S2 15.53c 1.36a 69.96b 4.21a 7.92b 49.66a
N1Ss 17.33a 1.56a 75.48a 3.76b 8.52a 58.00a
N1S4 17.04a 1.66a 68.25¢C 4.23a 7.93b 56.33a
N1Ss 15.62bc 1.40a 63.29¢ 3.33c 7.72b 55.33a

Amd o 5L |, LSD 905l bawgs o ys 0 Jlais] gdaw 55 )l ime 3MS] 343 pie ¢ygim yb )3 S jidio gés);
Means followed by the same letter within each column shows no significant differences at 5% of probability 0.05 level by LSD test.

Jomnid €ty 0lE iy 105 g 5 3 gebanw o5 53 31as 0,5 31utad 10,5 3o Job el £li5 )| 1 oyl YIS 93U 395 illiseo yyalio 31 —€ Joua
f(Euphorbia pulcherrima)

Table 4- The effect of different levels of nano-iron chelate fertilizer on stem height, internode length, node number, leaf
number, leaf surface and root number in poinsettia (Fuphorbia pulcherrima Willd.)

Ly, loud adlw glas 8,5 5bo Job 8,5 3laxi S g9 dlaas Sy o Qg g DS
Treatments Stem height  Internode length (cm) Node number Leaf number Leafarea(cm?  Root number
(cm)
N1S1 46.10a 4.01a 25.03a 31.72bc 13.53abc 7.84c
N2S1 47.80a 3.96bc 20.84cd 30.47bc 12.84bc 8.01bc
N3S1 46.16a 3.92¢ 19.73d 38.40a 15.32a 8.43ab
NaS1 42.60a 3.60bc 22.23bc 35.86ab 14.31ab 8.67a
N5S1 49.46a 4.33ab 23.47ab 29.27c 11.75¢c 7.85¢

13 o Ui 1y LSD (yg0j] bawgs duoy> & Jloinl pdaw y3 3 sine OS] 3939 ple cygins 3o 53 S yidio gyl
Means followed by the same letter within each column shows no significant differences at 5% of probability level by LSD test.
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Table 4- Continued. The effect of different levels of nano-iron chelate fertilizer on root length, root volume, content of leaf
iron and chlorophyll and number and longevity of bracts in poinsettia (Fuphorbia pulcherrima Willd.)

bled Ay, dsb adeyeme Spoalglle S ddglS e gl sy gl
Treatments Root length Root Leaf iron Total chl. content ) Bracts
(cm) volume (ml)  content (mg.I-%) (mg.gt F.W.) Coloured bracts longevity (day)
number
N1S1 14.16¢ 1.43a 90.86a 3.29¢ 5.33bc 50.00a
N2S1 15.63b 1.56a 56.97d 3.63b 6.10ab 55.66a
NsS1 19.39a 2.23a 50.75e 4.72a 6.96a 61.33a
NaS1 16.83b 1.90a 64.23c 4.87a 6.26ab 61.00a
NsS1 15.43c 1.30a 79.61b 3.25¢ 4.87c 56.66a

3o Lis |y LSD gl Lawgs doy3 & Jlais] pdaw 13 )5 sine oS 33 pis ¢ygias y > S o gl
Means followed by the same letter within each column shows no significant differences at 5% of probability level by LSD test.
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Table 5- The interaction effect of different levels of nano-iron chelate fertilizer xcycocel on the stem height, internode length,
node number, leaf number, leaf surface and root number in poinsettia (Fuphorbia pulcherrima Willd.)

Wy Lo a8lw glis 0,5 e Job 8,5 dlasi S o 3laai Sy o Ay y dlaxs
Treatments Stem height Internode length (cm) Node number Leaf number Leafarea Root number
(cm) (cm?)

N1S1 46.10a 3.93a 30.30a 45.76a 18.34a 8.20a
N1S2 40.16a 4.10a 25.57b 33.43a 14.84a 7.33a
N1Ss 30.83a 3.63a 24.46bcd 27.00a 12.62a 8.56a
N1Sa 33.96a 3.33a 21.93b-h 24.33a 10.11a 7.46a
N1Ss 34.06a 3.06a 22.87b-g 28.06a 11.74a 7.66a
N2S1 47.80a 3.96a 24.30bcd 41.06a 16.89%a 8.76a
N2S2 38.43a 3.30a 19.63e-h 32.49 13.89% 8.53a
N2S3 29.83a 3.03a 20.30d-h 24.66a 10.52a 7.76a
N2Sa 37.10a 3.00a 21.17b-h 27.13a 11.12a 8.36a
N2Ss 42.36a 3.03a 18.80fgh 27.00a 11.76a 6.63a
N3S1 46.16a 3.96a 18.37gh 46.03a 19.55a 8.86a
N3S2 40.20a 3.16a 18.30h 40.70a 16.67a 8.10a
NsSs 29.80a 2.65a 18.37gh 49.23a 16.22a 8.70a
N3Sa 40.16a 2.95a 20.83c-h 26.30a 10.35a 8.10a
NsSs 37.60a 3.33a 22.77b-h 29.73a 12.80a 8.40a
NaS1 42.60a 3.60a 20.30d-h 45.13a 18.91a 9.46a
NaS2 43.56a 3.30a 23.33b-e 35.06a 13.73a 8.50a
N4S3 29.80a 2.60a 22.60b-h 43.63a 16.82a 9.23a
N4Sa 40.70a 3.60a 21.67b-h 27.83a 11.04a 7.83a
NaSs 40.20a 3.30a 23.27b-f 27.62a 11.02a 8.33a
NsS1 49.46a 4.33a 21.97b-h 41.23a 16.74a 8.26a
NsS2 39.66a 3.93a 23.37h-e 25.03a 10.73a 7.16a
NsSs 34.93a 3.73a 24.83hc 26.96a 10.65a 8.36a
NsSa 42.63a 3.53a 22.90b-f 24.97a 9.79% 7.90a
N5Ss 37.50a 3.02a 24.30bcd 28.13a 10.86a 7.56a

13 o Ui 1y LSD (yg0j] bawgs 4o y> & Jloinl pdaw y3 s sine OS] 3939 ple ¢ygis b 53 S yiio gyl
Means followed by the same letter within each column shows no significant differences at 5% of probability level by LSD test.
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Table 5- Continued. the interaction effect of different levels of nano-iron chelate fertilizer xcycocel on root length, root
volume, content of leaf iron and chlorophyll and number and longevity of bracts in poinsettia (Euphorbia pulcherrima

Willd.)
B loss ady, Jgb ahyy e Sp ol e JS iy IS e oSy STy olas STy g 5l
Treatments Root length Root volume Leaf iron Total chl. content (mg.g Coloured bracts Bracts longevity
(cm) (ml) content LRW.) number (day)
(mg.I™)

N;S; 14.46fgh 1.43a 61.86gh 3.09i-1 7.55a 50.00a
NS, 13.80h 1.36a 112.40a 3.46hij 5.55a 49.66a
NSz 14.83e-h 1.56a 94.42bc 2.65Ilmn 4.45a 58.00a
N1S4 13.86gh 1.66a 88.50d 2.95i-m 4.15a 56.33a
N;Ss 13.83h 1.40a 97.17b 4.28¢ef 5.07a 55.33a
N,S; 15.00e-h 1.56a 52.39k 4.85de 8.21a 55.66a
NS, 15.13e-h 1.60a 45.76lm 2.35mn 6.50a 56.00

N,Ss3 15.03e-h 1.33a 79.93e 4.45¢f 4.95a 61.00a
NS, 15.93d-h 1.70a 65.269 4.03fgh 5.43a 56..66a
N,Ss 17.06¢-g 1.53a 41.50n 2.51lmn 5.40a 54.33a
N3S; 20.33b 2.23a 48.001 3.59ghi 9.15a 61.33a
N3S, 17.16b-f 1.53a 51.76k 5.35¢cd 8.14a 62.33a
N3Ss3 23.57a 2.13a 52.98ik 5.56¢ 8.20a 62.33a
N3S, 19.93bc 1.40a 42.45mn 4.25¢f 4.38a 51.00a
N3Ss 15.93d-h 1.63a 58.55hi 4.84de 4.95a 52.66a
N4S1 15.36d-h 1.90a 72.58f 6.39ab 8.02a 61.00a
N4S; 16.90c-h 1.76a 69.83f 6.61a 6.37a 56.00a
N4Ss3 18.00b-e 2.00a 63.57g 2.77k-n 7.26a 50.00a
N4S4 18.50bcd 1.53a 58.77hi 5.77bc 5.05a 51.66a
N4Ss 15.36d-h 1.63a 56.40ij 2.82j-n 4.60a 57.00a
NsS; 14.43fgh 1.30a 92.33c 3.02i-l 6.89a 56.66a
NsS, 14.66fgh 1.76a 70.12f 3.52¢hi 4.16a 54.33a
NsSs3 15.20e-h 1.53a 86.50d .37ijk 4.49a 54.33a
NsS4 16.96¢-h 1.83a 86.28d 4.15fg 4.15a 50.33a
NsSs 15.90d-h 1.26a 62.83g 2.19n 4.68a 57.00a

13 o Ui 1y LSD (yg0j] bawgs 4o y> & Jloinl pdauw y3 I sine OS] 3939 pe ¢ygis b 53 S yiio gyl

Means followed by the same letter within each column shows no significant differences at 5% of probability level by LSD test.
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Figure 4- The effect of different treatments on the plant height. Left to right: the control plant, plant treated with 0.9 g.I"!

nano-iron chelate and 1000 mg.I"' cycocel, plant treated with 1.8 mg.I"! nano-iron chelate without cycocel, and plant treated
with 3.6 mg.I"! nano-iron chelate without cycocel
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Figure 5- The effect of different treatments on leaf number. Control plant (left) and plant treated with 1.8 g.I-* nano-iron
chelate without cycocel
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Figure 6- The effect of different treatments on bract number. Right to left: control plant, plant treated with 0.9 mg.I"! nano-
iron chelate and 500 mg.I"! cycocel, and plant treated with 1.8 g.I"! nano-iron chelate without cycocel
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IS Jdg)lS 59y Jwgsols 5 onl &S g Blite 531 g JuugSoles
Al LB 3 g ) gae doy> S Jlois] aw 53 Sy
oo 1 o JS U kS ke (9) JugSiles g (ol S gl lize
olyon 4y (yal S gl 1) )3 25 VIF Jlog (aialojl (slaloss
e Gl sl Jlesd (5550 (JuwgSolo i 53 p)S (e B2
(0 Jg) 290 S 2 )3 (5 039 5 2 25 (sben £I7Y) IS Jido S
AL (5 05 )5 2 oS e YINA) S Jedg IS jlade (3208
pSke Yore 5 p)5 ¥ID) Jugols g (ol &S g 558" clale
Sy ol oM gl ag clale (0 Joss) As osalie () 5
JogSole dig bl 5 1) 3 2 S VI (S by IS cole Sy 00

Joli) 392 5l )3 )5 (oo VB o JS' Jidg IS e S48 (6l
(FoY

5 onl O b i Sl ol gk 5l ol @l

5 P gy My Sbuadld (Bp e Jesle
0l > Sliusts ol 8 sysboy ol JguiS iy (il
Job g 3l Sy w5 ola 0 S ple Jobo Bl gli)) la
adllas 39y 5l sime Sy ids IS 5 ] ke g 481, Sl ey,
s, (Kamali Jamkani et al., 2011) l,Sen § S JLS
s> Lis (Satureja hortensis) ojye olS )3 oyl @MS 398 4l 31
sg5 105 5 05 ok GBS s 5l (SeSshage Sl o
2l Gobine Gl s 5 2lgn plil Jsbo (s pSojlal o)l
3 b s al 365 gl e 4 s als )3 olea plul glis)|
0l Jlogi (LS )3 Joud ey a8l el oy pSl> adlllas
Aol Canddy JuogSolo g opl SMS b il (5 0,5 T/ cdale b
&5, (Ngan et al., 2020) ,Ken 5 45 lws aolie dous
o35 (Dianthus caryophyllus “Express golem”) S
)l sl el (sl 3 b osd jlas S 45 gygbey
4 Cod Gl SIS 9 )5 ()]g 9 s Adyy S g Jobo il
(Rajabbeigi et )| )Koa 5 Kol adlles )3 205 ald lals
Olyass 55 (Ocimum basilicum) jlow, (o, al., 2008)

2 (A1) (S5 sloassTy dlaw oyt doyloss plos g geme 51 (Y
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Introduction
Phosphorus (P) is one of the most important nutritional elements of plants and it is necessary for the development
of plant roots. Due to the high cost of chemical fertilizers, it is important to use cheap sources such as rock phosphate
(RP) to supply P needed by plants. The efficiency of RP is low and its use alone cannot supply the P required by the
plant. One of the ways to increase the efficiency of RP is to use phosphate solubilizing bacteria (PSB). Considering
the salinity of soil and irrigation water in many pistachio-growing areas of Iran, the use of salt-resistant PSB can
increase their resistance to salt stress in addition to supplying the P required by pistachios.

Materials and Methods

In order to investigate the role of PSB in supplying the required P of pistachio seedlings under saline conditions,
a factorial experiment was conducted in the form of a completely randomized design with 3 replications in greenhouse
conditions. The factors included PSB at three levels [control (PSBg), Pseudomonas sp. 1 (PSB1) and Pseudomonas sp.
2 (PSB2)], RP at two levels (0 and 30 mg P from rock RP) and irrigation water salinity at three levels (0, 5 and 10
dS/m). The bacteria used in this study were able to produce ACC-deaminase, indole acetic acid and dissolve tricalcium
phosphate in vitro. For inoculation, inoculum containing each bacterium with a population of 108 cells/ml was
prepared in the nutrient broth medium and each pistachio seed (P. vera L. cv. Badami) was inoculated with 500 pL of
bacterial inoculum. The plants were irrigated with non-saline water for four weeks and then with saline water until
harvesting based on experimental treatments. During the growth period, the soil moisture of the pots was kept at about
80% of the field capacity by weight method. Finally, shoot and root sampling was performed and various
characteristics such as shoot and root dry weight, chlorophyll, carotenoids, proline, soluble sugars, RWC, MSI and
phosphorus as well as sodium concentrations were measured. Analysis of variance of traits was performed using SAS
software and the means were compared using the LSD method with a probability level of P<0.05.

Results and Discussion

The results showed that water salinity decreased the dry weight of shoot and root, chlorophyll a, chlorophyll b,
carotenoids, relative water content (RWC) and membrane stability index (MSI) of leaf and p concentration of shoot
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and root of pistachio seedlings. Auxin produced by bacteria can directly increase cell division and growth or indirectly
increase ACC-deaminase production. On the other hand, proline, soluble sugars and sodium were accumulated in the
leaves of seedlings with increasing water salinity. According to the results, although the use of RP alone did not show
significant effect on the studied indicators, its simultaneous use with PSB had the greatest role in improving the growth
of pistachio seedlings, especially in saline conditions. The highest amount of dry weight of shoot (1.89 g.plant) and
root (1.59 g.plant), chlorophyll b (1.30 mg/g fresh weight), carotenoids (1.35 mg/g fresh weight), soluble sugars (59.1
mg/g fresh weight), proline (36.7 mg.g™* fresh weight), leaf RWC (91 %), leaf MSI (84%) and the P concentration of
shoot (0.39 %) and root (0.35 %) was obtained from the simultaneous application of RP and PSB (especially PSB,)
in non-saline conditions. The PSB increase soil P availability by reducing of soil pH by release of protons and organic
acids and mineralization by production of acid phosphatases. Bacteria, in addition to increasing soil P availability,
improve phosphorus uptake and chlorophyll content in plants by affecting root morphology and its development in
soil. On the other hand, inoculation with PSB (both separately and together with rock phosphate) reduced sodium
accumulation in the aerial parts and roots of pistachio seedlings.

Conclusion

Unlike pistachio trees, the tolerance of pistachio seedlings to salt stress is low. According to the results, the salinity
symptoms were visible in the pistachio seedling leaves at the water salinity level of 10 dS/m, which caused the drying
of the lower leaves and the burning of the edges of the young leaves. On the other hand, although the application of
RP alone did not have significant effect on increasing the tolerance of plants to salt stress, the simultaneous use of RP
with PSB increased growth, the accumulation of proline and soluble sugars, the concentration of chlorophyll and
carotenoids, the amount of RWC and MSI and P concentration of pistachio seedlings, especially in saline conditions.
Therefore, the use of PSB can help the growth and establishment of pistachio seedlings under salinity stress conditions
and increase the efficiency of RP and supply P needed by the seedlings.

Keywords: PGPR, Phosphorus resources, Salinity stress, Water absorption
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Irigoyen et al., ) ui jiogl £YD zgo Jsb ) jiogudg xSl
@ges jl p)S <10 (RWC) Sy Ol s e cpuass (510 (1992
Wl oz e 5 e b o3l E Jade O gl e Voo
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) Al 3l g (65505100 badiges SO Sl Colit e 505 00l

:(Sairam, 1994) 1 auslxe [adls cpl Hlade
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Table 1- The properties of the soil used in this experiment

ol ST 30 Ll o S Uy T o S o
Sseedy SN Organic oo Y P K Na Ca Mg
Texture EC matter aturate 1 1
(ds.m) (%) percentage (mg.kg?) (mg.I)
Sandy Loam  7.50 1.40 0.57 7.12 179 168 112 91

ol PSB2 0y)l8" ks s, i 59 50 Ll bl (g bxe
sl Cunddy @l 4 22 b 2y She 493 gobaw plad o el
Dme L8l Coge daw 93 o b Glawd Kiw ylojpd 3,8
95 gk ploS )3 Ay (Sl Jlogld ity 9 2lgp pll St (54
PSB2 555k (2Ll 42 51 03)5 ()98 gdaw (lod b awglio
Pl S5 (535 oyt 9 PSBa (65 5 sy Sl ol o
S0 JWd 2 o5 VO 9 VAR ply cos i s 4y 5 2l
Lol 50y Ll 3 PSBy g il Sias lojpod 3,018 51 a8
Gl M5 Joas eligesper iz slois St Y Jpss) 20,5
0ss SLSE > LS W) S0 g lise SlaS I s
ol )3 ()9 5 il 9 SB (gjddiols (Rl )5 ere i
Joisl sl 90590 Algs 4 axgs b (Mishra et al., 2010) )l
g Sl by jind JslxanS clapys Mool 5 (JAA) Kzl
Oygods Slgi oo oSl opl bhwg odd AJgi T 0 cond
Sygot bog odd Jobo Md) 5 peadl SRl coge i
Patten ) 394 jluels —ACC 3 aJg5 il 33 Corgo mains
“ACC ] 5 cyenST (390950 45 Loy oo Hlai 4 (& Glick, 2002
lSan 5 Ugylals i 15305 oo ol w5y b3l 55 el
s xSL L iy a8 658" 15,158 (Shaharroona et al., 2006)
ABy ddny (g Gl cage TAA oaiSag olS w) S e
2 g odd JSIL laady; Wy g ady) (o8 Cbltil 5 Jsb

MEJ5@|3A‘:|A3|.SJAQJ'3
Jlie 5 Lol clyil a8 ol ol bodly uilyly i ol
» LS)":?J g‘j S g Olawd Kiww «lawd 0aiS > sl S
(p<0.05) > sze dimy (sl Jlasl> iy 5 (olon pliil Sis 59
Sl e LIl a8 5,8 Lasiie il wls (Y Jgas) As
o plul S g5 e p et 0 Ve 9 0 4 ol
Lo pd DA 9 WY a1y did ) Siid (459 9 o 0 T8 9 VY Ll iy
Ll Sly Sl gl (Y Jais) ol Lials aals b awlis )

2 el 6y ol )3 sty slaledls glsn pll 4 s 4

g Fuugd p Gyph s WU 5 e pole 5 O o Gy
o plsl g ady) cuslio 05 (sl p3Y (5551 o (ol sl B
095 S g Sla SV g (60 0,5 e )8 ol LSl
Munns and ) dgd o okS My Mad Lials o @b Sy
Oig dex 5l elS Lingy oyl ws, alS (Tester, 2008
Gl ) Sitng bt (698 i o0 g sl Jlg S5
Ferguson et al., 2002 Azarmi et al., ) cwl oad )55
Lalyd 53 03298 (5o sne i lind S (slos 2,15 (2016
b gl (b j ol i aty lally Swis Gy el
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Table 2- ANOVA (mean squares) for the effect of PGPR on the growth, physiological and biochemical traits of pistachio

seedlings irrigated by different levels of water salinity

39 B
~ P . b by 5 o Jobme ladid (g
& oy el 289 orophyll S S o
S.0V ¥ Shoot dry ) Chlorophyll a POV carotenoids | eaf soluble Leaf
df : Root d b ;
weight tary sugars proline
weight
Slawd Kw
Rock 1 0.96** 0.34** 0.015* 0.003ns 0.10** 1568** 208**
phosphate
(RP)
$sL
Bacteria 2 0.56% 0.44% 0.48%* 0.28%* 0.14% 579%x 493%*
(PSB)
“S”w 2 1.74** 2.47** 1.23** 1.64** 1.16** 1275** 1617**
Salinity (S)
RP x PSB 2 0.005ns 0.044** 0.003ns 0.003ns 0.005* 73.7%* 10.5*
RP x PSB 2 0.006ns 0.020** 0.043** 0.004* 0.007** 104** 1.49ns
PSB x S 4 0.064** 0.050** 0.030** 0.016** 0.008** 6.24ns 33.6**
RPXES® 4 oo 0009* 0.002ns 0.003* 0.005** 36.2% 8.08*
EUI’QI’ZI’ 36 0.004 0.003 0.003 0.0009 0.0008 9.46 2.87
ot 5.54 6.65 3.79 3.63 2.93 8.69 9.93
CV (%)
- any i s O‘Tb yod Clale M i e Cdale e Cdale
" < < EA] 3 " H “
)‘2”06:} &3l S o d): = lgp el Root P sl ol Al
0. df RWC Wis Shoot P concentration Shoot Na Root Na
MSI concentration concentration  concentration
Slowd Sw
Rock 1 222* 642** 0.064** 0.008** 0.0006ns 0.003*
phosphate
(RP)
sk
Bacteria 2 1070%*  1181%* 0.13%* 0.063** 0.41%* 0.036*
(PSB)
d)w 2 1882** 3193** 0.059** 0.041** 0.416** 0.175**
Salinity (S)
RP x PSB 2 4.61ns 10.2 ns 0.013** 0.002** 0.0001ns 0.0002ns
RP x PSB 2 7.03ns 42.7%* 0.002* 0.0002ns 0.018** 0.004**
PSB x S 4 54.9** 40.2** 0.004** 0.0008** 0.003** 0.001*
RP : SPSB 4 19.4* 18.2* 0.002** 0.0005* 0.0008ns 0.0001ns
(k= 36 6.95 5.84 0.0004 0.0001 0.0007 0.0004
Error
Sl oy 3.89 4.45 10.2 6.33 9.03 6.28
CV (%)

o B gV Jlan ! pdaws )3 (6)b re (g )b xe pis i *

## NS
¢

ms **and *: non-significant, and significant at p<0.01 and p<0.05, respectively.
RWC: Relative Water Content, MSI: Membrane Stability Index
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Figure 1- The interaction effects of rock phosphate xsalinity (A), and PSB xsalinity (B) on the leaf chlorophyll a content of
pistachio seedlings (LSD, p<0.05)
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Nyl 58 55 awlienST sla i ply alS el slapius
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by Sy cadess)5 )i o piin 01> (al381 ()l gine 5k
5 (5 0is 5 2 P25 VYD) oy Ll 55 (638 38 &,
TIDA) 2o g2 piors o3 Vo (9 b 4y bogepo o e 0y 2e8
Azarmi ) o Sen 5 oo,3 (V" Jgi2) 552 (5 0jg 25 2 p S sbe
s S | aty cla o il & 13,5 3155 (et al., 2016
sloadelo)l5 cbale o udy (Bl corge Ciwgysld wligagagu
5 Jidoyls clale (nll pomen 0)S e lulyd > Sy
Bacillus spp. (sxSUL b osds il g6 sla Jls po Waaseiss, S
(Khan et al., 2021) cuol ol 5,155

0L (69 gotams ) PSS )3 jialyly cul Mo 2 (sl tna 5T
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Olawd S b g 90y lojed 255 pezmen b ]38l
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bulyd 53 PSB2 65l gl b g S o (i iz o
(¥ Joi2) 8ol casday 5 (339 5 32 5 oo MY+ b il 5l
8155 Lo 351 b o ol sl Jgg 53 i lS ke ol
oz 5l Jidg )l sl > Jds (ol polie Qla hliEl e
Pl Gpas QLS Sl crizpn Abl K 5 oal qrjiie
h g b pb iy cp g 03l QLI el lae
LS jaud el Giol58l pogMe by g Sl aims o ialS
i3 oo il ) Jidg IS Clale 5 jaud Qo iy SGl5)90
aS" Wby las (Elhaissoufi et al., 2020) )Ken 5 (Bgunlell
Yo lind Ko b olyen lind 2155 s gl 3,8

S Giliél puiS b ga Judg IS
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Table 3- The interaction effect of rock phosphate xPSB on the shoot and root dry weight, and chlorophyll b and carotenoids
contents of pistachio seedlings irrigated by different levels of water salinity

St N Sali 'f)?:s h Sali "ts)Z:S b
: alinity (dS.mr alinity (dS.mr
Bacteria Rock phosphate 0 5 10 0 5 10
wstlgp plail SWds 59 sy WS 09
Shoot dry weight (g.plant?) Root dry weight (g.plant?)
PSB, RPo 0.96 fg 0.82 hi 0.61 k 0.87 ef 0.72 g 0.36i
RP: 1.01f 0.98 fg 0.67 jk 1.10d 0.75¢g 0.40i
PSB; RPo 1.32 cd 1.15e 0.75 ij 121c 0.81fg 0.44i
RP: 1.53b 1.26 d 0.92 gh 1.45b 1.09d 0.74¢g
PSB, RPo 1.49b l14e 0.74 ij 1.36 b 0.86 ef 0.58 h
RP: 1.89a 1.34c 1.02 f 1.59a 091e 0.62 h
b Judg 5 Mgy,
Chlorophyll b (mg.g* FW) Carotenoids (mg.g* FW)
PSBo RPo 0.92e 0.71¢g 0.45 k 1.08 ef 0.89i 0.58 m
RP: 091e 0.73¢g 0.43 kl 1.12 de 0.94 h 0.60 m
PSB, RPo 1.13c 0.84f 0.49 jk 1.29b 1.01g 0.71 k
RP: 1.15c 0.90e 0.53 ij 1.35a 1.14d 0.79
PSB, RPo 1.30a 0.93 de 0.56i 1.20c 0.94 h 0.66 |
RP: 1.24b 0.97d 0.62 h 1.23¢c 1.05 fg 0.88i

S5 g yl3 e BMiSI LSD 905l bl 2 duoy3 & Jlosn] prdaws 1 155 S jie By S s 5 o pSibo o o ¢l
Values followed by different letters have significant difference according to LSD test at p<0.05.
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Table 4- The interaction effect of rock phosphate XPSB on the soluble sugars, proline, RWC and MSI content of pistachio
seedlings leaf irrigated by different levels of water salinity

St N Sali "tﬁ)gs 9) Sali ':5)2:8 h
: alinity (dS.mr alinity (dS.nmr
Bacteria Rock phosphate 0 5 10 0 5 10
S gl lanid Sy odon
Leaf soluble sugars (mg.g™* FW) Leaf proline (mg.g"* FW)
PSBo RPo 14.6 k 23.11j 31.5efg 5.22h 9.73 efg 175d
RP1 175 jk 27.5 ghi 33.1ef 5.89 h 11.6 ef 215¢c
PSB; RPo 18.9 jk 245 hi 28.9 fgh 7.36 gh 12.3e 241c
RP1 24.4 hi 35.0de 472 b 10.0 efg 16.6d 31.0b
PSB, RPo 26.3 hi 28.7 fgh 35.6 de 9.13fg 16.5d 340a
RP1 33.0 ef 417¢c 59.1a 15.9d 22.0c 36.7a
S Ol o ldle Wi (g)lly padld
RWC (%) MSI (%)
PSBo RPo 68.0 ef 6l.1g 46,51 50.1 f 45.6 gh 339k
RP1 71.0de 66.2 f 4791 63.3¢ 49.2 fg 35.0 jk
PSB, RPo 73.5¢cd 68.0 ef 56.1 h 73.2b 59.2d 41.8 hi
RP1 773¢C 71.5de 60.3 gh 84.0a 64.5¢c 51.7f
PSB, RPo 84.2b 73.4 cd 61.3¢ 64.0c 51.9 ef 38.0ij
RP1 91.0a 72.7d 70.6 de 70.9b 55.8 de 45.3 gh

B gyl sine BMETLSD (yg0j] bl s deoy3 & Jlais] grdaus 5 35,5 S e Gy Sy Jilas 45 b 5s0ke Gy sl
Values followed by different letters have significant difference according to LSD test at p<0.05.
RWC: Relative Water Content, MSI: Membrane Stability Index
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Table 5- The interaction effect of rock phosphate XPSB on the shoot and root phosphorus content of pistachio seedlings

irrigated by different levels of water salinity

o o
. T Salinity (dS.m™) Salinity (dS.m™)
$A5h Ol K 0 5 10 0 5 10

Bacteria Rock phosphate o - T . .

2led el i Ay pund

Shoot P (%) Root P (%)
PSBo RPo 0.12 gh 0.15fg 0.07i 0.19 fg 0.14j 0.091
RP1 0.10 hi 0.17f 0.10 hi 0.18 gh 0.15 ij 0.12k
PSB; RPo 0.16 f 0.20 e 0.11h 0.22¢e 0.17 gh 0.14ij
RP1 0.25cd 0.31b 0.16 f 0.26 cd 0.20 ef 0.16 hi
PSB, RPo 0.23 de 0.28 bc 0.17 f 0.29b 0.25d 0.18 gh
RP:1 0.39a 0.41a 0.23 de 0.35a 0.27 bc 0.22¢e

)85 (gl me MBI LSD 9051 (bl 2 duoyd & Jlassl gdaws 53 35,15 S yiio CBys o JBlos a5 ol ke Cduo yo (glp
Values followed by different letters have significant difference according to LSD test at p<0.05.
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Figure 2- The interaction effects of rock phosphate xsalinity (A), and PSB xsalinity (B) on the shoot Na content of pistachio
seedlings (LSD, p<0.05)
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Figure 3- The interaction effects of rock phosphate xsalinity (A), and PSB xsalinity (B) on the root Na content of pistachio
seedlings (LSD, p<0.05)
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Introduction

Physalis peruviana L. is a short perennial shrub that is a member of the Solanaceae family. These fruits have
many benefits for human health because of their nutritional and bioactive compounds (vitamins (A, B, C and K),
essential fats and etc.) and reduced the risk of diseases such as cancer, malaria, asthma, hepatitis, dermatitis and
rheumatism. Therefore, it has received special attention for cultivation all over the world. Increasing crop
production and mitigating abiotic stresses are major challenges under extreme climatic environments and intense
farming activities. Crop management strategies such as deficit irrigation can decrease soil evaporation, runoff, and
plant transpiration, and increase water use efficiency (WUE) and water conservation. In addition to these practices,
organic input, which includes the application of organic materials such as compost and humic substances, is an
additional strategy that increases soil water retention and can potentially improve plant WUE. Water is crucial for
agriculture and needs to be used effectively due to climate change and drought in Iran. For this reason, to adapt to
water deficit scenarios, deficit irrigation applications are increasing in importance. Water availability is expected
to be a growth limiting factor that would affect fruit yield in Physalis peruviana due to reduced flower set and
elevated floral abscission rate.

Materials and Methods

In order to investigate the effect of humic acid on physiological characteristics, yield and fruit quality of
Physalis peruviana under deficit irrigation conditions, a split plot experiment based on randomized complete block
design with three replications was conducted during 2021. Treatments consisted arrangement of three levels of
irrigation (starting irrigation at 100, 80 and 60% ETc (crop evapotranspiration)) and three levels of humic acid (0,
1.5 and 3 kg ha?). The seeds of Physalis peruviana were sown in seedling trays contain peat moss. The seedlings
were grown under normal conditions (25+2 °C/day and 20+2 °C at night with 60-65% RH). Plant height, total
chlorophyll, fruit yield per plant, total soluble solid content, titratable acidity, vitamin C content and water use
efficiency were measured. Statistical analyses were performed with SAS V9.3, and means comparison were
separated by Duncan’s multiple range tests at p < 0.05.

Results and Discussion
The results showed that deficit irrigation significantly reduced growth, fruit yield, vitamin C and increased
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water use efficiency (WUE) and Total soluble solid content of Physalis peruviana. The soil application of humic
acid significantly increased total chlorophyll, fruit quality and yield, and decreased leaf electrolyte leakage under
normal and deficit irrigation, thus, the deficit irrigation 60 ETc% decreased the plant height by 18.6% and the fruit
yield by 22.2% compared to irrigation 100 ETc%. The maximum plant length (200.3 cm), total chlorophyll content
(2.42 mg g*FW) and fruit yield (4793.3 kg ha*) were observed in plants treated with 3 kg ha* humic acid under
100% ETc irrigation. The highest value of total soluble solid (12.6 B®), antioxidant activity (90.06 %) and WUE
(1.23 kg m®) were obtained with 3 kg ha soil application of humic acid under deficit irrigation 60% ETc. The
application of 3 kg ha-! humic acid under 100 and 80 %ETc irrigation increased the fruit yield by 25% and 4%,
respectively, compared to the control plants (non treated with humic acid) under irrigation100 ETc% and under
deficit irrigation 60 ETc%, with decreasing 11% fruit yield, water consumption was saved by 40%. Soil and crop
management practices that alter plant water and nutrient availability could affect the processes of crop
evapotranspiration and WUE, which can influence the yield and fruit quality by changing the internal nutrient and
water balance. Incorporating organic matter within a crop growth system either as leaf spray or soil mix is a
complementary strategy to improve crop growth and WUE. By inducing antioxidant enzyme activities, HS could
assist plants in stomata functioning, thereby closing stomata more efficiently under drought stress, which results
in plant water conservation. The reason of the difference between WUE values probably appeared due to the
differences on Physalis peruviana yield. WUE showed an upward trend with an increasing in irrigation.

Conclusion
Study results suggest that soil application of humic acid with increasing vitamin C, TSS and TA, improved
fruit quality. According to the results, application of 3 kg ha! humic acid is suggested to improve fruit yield and
quality of Physalis peruviana under normal and deficit irrigation conditions.

Keywords: Total chlorophyll, Total soluble solid, Vitamin C, Water use efficiency



Sl pole @ il

https://jhs.um.ac.ir

A

PPV o 60T 0l oY ol A U

2 5 ege AS Lol ad p 6)‘-3]"5 oS 5 Sepgp Aol (S5 5550 245
(Physalis peruviana L.) o3 » cuis Sy o ol b puae

H

oSS = Gl gd 125 =T S5 pll T AL S aebl < (g g g e el e

VBN /10 13l 5 b

VEANYYY 5 e st

LRV

byl cos (Physalis peruviana L.) o3y cuiy Swgye Ol Gpas 1) g og0 5 (olss by p Saogan duusl jl oy jolaiods
Jols ainloj] (el lows i Lpl VFe o Jlo )3 4S5 aw j3 (Bobas JolS (clacSsl 7yl LB )3 00 3,5 (slacs S & jgods inlojl ¢ gylulnS
U5 a8l L5 gl gy (S 13 2, SolS Y g V0 ho ) Seoget duw | o w9 (ol Tl do 3 5 g A N ee) )bl o aw
YYIY § 59 gyl a3 VWIS LialS casl io £+ g )lleS jload oS g pob e wls ialS 1) ogue 3,Shas 9 4y (6)l5 dme yoboas (6,lulnS
J99)1S 5 Ol Gpae llS @igy 1 ogs0 3,5os gy £l5,) Siogat sy | (ST 3,08 s o 3 Voo (65kol b dunslio 43 0900 3, Shos do 4
Wl u.ul)Bl L_S)ijgﬁJL")‘ d)Lj Jaal)_wm]) bwuwﬁbﬁs‘)ﬁlm J.al> .)‘947 £u9A_AA)|)MJ JJ[B Mwld\b)l °9"‘°L5‘°'“§U”19>5J§
VDY) & uabizy 3 (30 3 VAY) spmm i M8 i |5 53 5 3 5 oo YISY) S i (st Y < IVY) 3t gl
dlge 1S el s sy olS ol 5l do 3V 0+ (Gl balpd ot Sngm s 1Sl 13 p SOl Y (S0 L (5 0g 5 2 p S ke
)bﬁm)s P)f?l.f\“ gg.my.h .,\M‘L:o.\m )Lo..uuLQLf).) (WSA)M)JP;# \/YY’) u’l L.‘B).\a.o Lfl)lgﬁ(u’“i’)) a5 \Y/;Yl) 0940 J9l.’>m .\Al>
bl cod 1S 13 p,TolS ¥ Shoguts Ao | 31,8 o 3 Vo v bl v aals kS b dwslie jd b sdalie do 35 o)l blys )
5Sas o > WY EalS b ol 5l e 08 )lleS balps g3 g 0d agee 3,5des Hlabe o 3 ¥ g YO Liuli8l el ol ay o > Ae g Ve
9.)/;&&49 ‘;.JT g.é).aan U)I)K )%C«Q&)M)J P)f?l‘f‘“k&x@?‘.b .\ml.));)lg ‘CJLJA:bbe u.:9>45).\o .\.\o).)\c' u‘ g_é)m.o).) a0
9o ety )l 9 Jloy ()bl Laalyd o6 Lligg s 66 030 Culy Ssg o 030 CordlS

& oeling eJgbre wals Slgo ¢ JS LIS el U pmo IS 150 s03 1y

L j canl 413,95 1 o0 j Caenl 5l g ST i .(al., 2016
abais )3 &S Sloj o394 0,35 oyl (o jw Y guazme 5 Slos
s (YL (slod b lojon Lagas o> &) 4y Juad oo ) (Sl
Ay el cdom )D 5 a0 o Lil38l 1) olS 5% g s &S Cunl
dSpdise Syiwgl 3Sles g b ials g by, A5
3 e 4 e (JS jobay JleS (Giordano et al., 2021)
990 5 abewdsn (SOIPST ((KIedee ((SFlnid Claw
ﬁbuuhf))%ﬁm)w&g9wa5ﬁb‘ygo9bwuul»§
Salehi-Lisar & Bakhshayeshan-Agdam, ) aib awsl 4

canlio (e ladply b plgs o |y (s pé sla i (2020

Aodko

(Physalis peruviana L.) (udlud b ody Culy Suwgye
w9 $opel Log g ale alS Solanaceae oyl 4 leie
Sogee 3Jg5 Jdods oS -l (Fischer & Miranda, 2012) ¢!
g5 3)90 03515 by plax 3 Y s 5 gy el L
S b gite Sy 3y Sy Sy o Sl w85 )3
B A (lpelug g 9l g iud el (Sine dlge ¢ Sl ]
.(Ramadan & Modrsel, 2019) siL . K1 4E .C

OBLS (59080 9 2b) &S sl oae (15 S S
Meng et ) LS o 350 Sid doss 5 Suid bl )3 0594 |,

Olpl eilos eyl ol (g5 yalisS 0asiiily ¢ Ll pole 09,5 ¢luild g Hbabuwl iyl wlid )5 5ol (gooiild i yiay =V 4 ¥ <)

https://doi.org/10.22067/jhs.2023.80428.1226

(Email: nekounam@znu.ac.ir o Blian g5 — )
"Jl)?" ‘Ob;.})' ‘Ob;.‘,)' o Kisly ;d)‘”L&f 00l “J (Ao og)f ‘)l,,idb -¥


https://jhs.um.ac.ir/
mailto:nekounam@znu.ac.ir
https://doi.org/10.22067/jhs.2023.80428.1226
https://orcid.org/0000-0001-6578-0288
https://orcid.org/0000-0002-1921-4127

VPt bl (¥ o ot FA alor (655 @alio g pole) SLEL pole 4 pis YYY

b gy Wilo (A polie cenld 29u0 ) Wl g (SAiS
Ozfidan-) il p5e Sal g oWs (oS )3 0h9d ggy 9 2l
Jes e S ailen (55> (w9 (Konakci et al., 2018
] 5> goar | gl g o3gas Ll 1, S olie yolie g 038
Gl ) lie bl Wl oo i iny o5 amd )3 plalS 4y,
-0 Sooged Al (Turan et al., 2011) sjle wal,é lals s,
SRS 4 S s jl 55 als 5 S leiblo 3900 L Sl
295 alS buwg Ol Ol 290 Cow g 03905 S8 S 3 O
O Ll 50 Seaged Sl 3,08 b sl 05 s Sy o
[(Ozfidan-Konakci et al., 2018) 3,5 1,3 4345 )90 oIS
5,8 a8 WS o l5S (Aslani et al., 2019) 4, 5 (S
aw 5 B9 gl)] Gl el Senged dwl il )3 )5 e Vo e
5 Ll 55 Ko doul (8l Jolons 15 (5 sS 3 5y
5 a5 (Cucumis melo cv. Zard Jalali) o35 olS 5 JleS
ORI Jsloce dale dlge (flgie g ogee CubgS 0> 0gme (g
Saogd sl (S 55,8 a8 0l 3,155 (Azizi et al., 2016) sl
Raphanus sativus cv.) slagun o8, asyg oS
W opeling (gloime g oae 3 Slas ( uing,y M, (Watermelon
Barzegar ) suiso sgu |y 008 JS Jolone dals dlge g opiliwgs]
(etal., 2021

ObLS » Shogn SlS 5 3l 5)50 )3 o3k Slllae 4 S
2 Saogsd dowl Sl 350 50 (08 SleMbl Ll ol o plodl
O Ll yd 3 03 Cudy Swgpe 0gen (AS (ol 9,8es 9 00
2 Suaged dasl Bl gy Baa b gy cpl IV )l 3529 (oS
03y Cudy Sug e S|l cullsd § (Sofdansd Sluogas
A5 plsl (g)luleS bulyd 0w Ulgg s b,

w9 9 3lge
SacS3h ¢ B 53003 55 (GBS ooty g
SiogliS eaSuisly Sl asyze ) LSS aw 5 (Bolar JelS
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Table 1- Physical and chemical properties on the site of experimental field

i W] Y Y o
: Potassium Sodium Calcium ; EC R
Soil texture O.M. N . 1 Nitrogen ) bH
(%) (9kg?) (9kg™) (9-kg™) (%) (ds.m?)
) P9 0.94 0.2 0.13 0.12 0.07 1.49 74
Clay loam
ETc=ETox Kc (") J31s s (Physalis peruviana L.) o3y cuiy Suwgye sl yds
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[(Vaziri et al., 2008)
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Table 2- Average daily climatic parameters of Zanjan Synoptic station during the growth season (2021)

SNl i Cuagby (ibe
Rainfall (mm) Average relative humidity (%)
0% 124 28
June
o 7.9 31
July
e 8.8 41
August
25238 0.0 31
September
e 05 43
October

Jolas cled PSSl gled
Minimum temperature (°C) Maximum temperature (°C)
13.0 32.6
16.2 34.5
16.3 331
16.7 32.8
6.7 24.3
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(Sun et al., 2007) xol Cowses & dlae I
o)
a1l b= [(J 8 Cle—diges il )8 L] X 100

awlio 5 SAS VI jl58ls 5 5l odlizwl b ol (slaodly 3JUT
T 9 S g 1 SOl clasals dis g0l G2 b I lmodls (p ke
35,5 )15 o g 4o 3)90 o)
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Slow blie lpl )3 ol Gl Bl el Shogun dul 3,8 4
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.(Rajalakshmi & Banu, 2015)

JS by, ls= [20.2 (A645)+ 8.02 (A663)]XV/(Wx1000  (¥)

Seesl) oS il e I sl bl gl 5 BB 4ty
03105 ¥ Wolxo ) o3litsl b dyuuS g )0ed s b 25 LBy (Sl
3y30 Sl Yl (STiE hlao ) 5 (AOAC, 2000) 1 (5,5
A 00 ks a8 e 3100 s oo il N i
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(Mostofi & Najafi, 2005) wis Hlo WS Loyd cuns p
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v ookl b S yeSal dpwl clale . silgd jiegil Y-
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Figure 1- The effect of humic acid on the plant height of Physalis peruviana under deficit irrigation. (DMRT, p<0.05)
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Table 3- ANOVA for the effects of humic acid on the growth, yield and water use efficiency of Cape gooseberry under deficit

irrigation
Mean of Squares
JCAJOVES S VIS NEETIY) o ; . ]
on " ol glis JST«(J;f:I)“ Sy 030 3,Slas 1 e )8
Plant height chlorophyll Fruit yield per plant Water use efficiency
)l.)ﬁ . 2 3.3703 0.01 67.3 0.4469
Replication
. ‘S)U 2 3360.259** 1.424** 7900.765** 0.2464**
irrigation
el U’S ol 4 24.3703 0.013 196.582 0.0095
Error (Main plot)
&9& Ml 2 1991.592** 0.414** 2848.960** 0.089**
Humic acid
gl 4 145.002* 0.465%* 389.977* 0.0908**
Irrigationxhumic acid
wp e gl 12 24.75 0.011 88.49 0.0041
Error (sub plot)
Sy - 3.19 6.02 5.3 6.53

CV (%)

Do B gV Jleinl pdaws )d (6)b gixe (g Gxe pis i * g

# ww NS
¢

ms, ™" and ": non-significant, and significant at p<0.01 and p<0.05, respectively.
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eyl Lialial )3 Siogud dunl cuze 51 (Canellas et al., 2009)
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Figure 2- The effect of humic acid on the total chlorophyll content of Physalis peruviana under deficit irrigation. (DMRT,

p=<0.05)
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Figure 3- The effect of humic acid on the fruit yield of Physalis peruviana under deficit irrigation. (DMRT, p<0.05)
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Figure 4- Effect of humic acid on water use efficiency of Physalis peruviana under deficit irrigation. (DMRT, p<0.05)
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Table 4- ANOVA for the effects of humic on some qualitative properties of Physalis peruviana fruit under deficit irrigation
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Figure 5- The effect of humic acid on the titratable acidity of Physalis peruviana under deficit irrigation. (DMRT, p<0.05)
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Figure 6- The effect of humic acid on the total soluble solid content of Physalis peruviana under deficit irrigation. (DMRT,

p=<0.05)
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Figure 7- The effect of humic acid on the vitamin C content of Physalis peruviana fruit under deficit irrigation. (DMRT,
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Introduction

Taking into account Iran's unique meteorological and biological characteristics due to its geographic position.
This has contributed to the variety and abundance of plant species cultivated there. The Artemisia species, which
are among Iran's most valuable plants, are members of the Asteraceae family and are found across the country in
reasonably large numbers. Antioxidants now play an indisputable role in the food, pharmaceutical, and healthcare
industries. Given that the antioxidant capability is greatly influenced by the kind of solvent used, the technique
used to extract the plants that were harvested from each location, as well as other factors like the weather, altitude,
and light. The substantial antioxidant activity of phenolic and flavonoid compounds and their protective
significance in cancer illnesses are caused by these compounds' regenerative properties.

Materials and Methods
In this work, Artemisia aucheri, a medicinal plant, was gathered from Semnan, Mazandaran, and Isfahan in
Iran, and the antioxidant activity of these ecotypes was assessed. In this study, the quantity of total phenol and
flavonoids in polar (ethanol) and non-polar (ethyl acetate) extracts, as well as the proportion and diversity of
essential oil components, were assessed. Antioxidant content was also determined using the DPPH and FRAP
techniques.

Results and Discussion

The most active antioxidant is found in the Semnan ecotype. The polar solvent of ethanol showed the strongest
inhibition whereas the non-polar solvent of ethyl acetate shown stronger reducing activity, proving the importance
of the extraction solvent on antioxidant activity in various processes. The non-polar extract (ethyl acetate) from
the Mazandaran ecotype had the greatest flavonoid concentration, while the polar extract (ethanol) from the Isfahan
ecotype had the highest phenolic content. The ethanolic extract performed the best when assessing total phenol.
The most crucial elements of essential oils are oxidized monoterpenes. Oxygenated monoterpenes are present in
54.82% of the Semnan ecotype, 38.81% of the Mazandaran ecotype, and 24.41% of the Isfahan ecotype. In
comparison to other ecotypes, the Semnan ecotype exhibited the most oxygenated monoterpene compounds and
the greatest number of essential oil-containing compounds.

@ ©2024 The author(s). This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).
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Conclusion

These findings suggest that A. aucheri possesses abundant natural antioxidant sources and is useful in both the
food and pharmaceutical industries. A key aspect is the act of extraction, which is focused on the extraction's goal.
The solvent used during extraction significantly affects the outcomes. Regarding the chemical makeup of the
compounds, the solvent's polarity directly affects the solutes that are extracted. Since phenolic chemicals are more
attracted to polar solvents, they are found in plant samples. The kind of flavonoids found in plants and their degree
of polarity determine the variation in the quantity of flavonoid content between polar and non-polar extracts. On
the other hand, a variety of ecological, genetic, regional, and dietary variables may have contributed to the variation
in phenolic contents, essential oils, and antioxidant chemicals found in the three analyzed ecotypes.

Keywords: Artemisia, DPPH, Non-polar extract, Phenol, Polar extract
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Table 2- Comparing the mean and standard deviation of DPPH antioxidant activity of ethanol and ethyl acetate extracts
(* e Bl p2uil £ (u85lo) DPPH JIS3],) ade Sl 61 Culled oy
(%)Antioxidant activity against DPPH radical (Mean + SD*)
Jgili! bl L
Ethanol Ethyl acetate
(Code)® 1 2 3 total 1 2 3 total
9515+1.31 88.73+3.18 58.99+2.72 80.96+2.41 71.04+3.69 64.52+3.47 9.09+1.59% 48.22+2.92
e s e J8ls * bl 0B las Gl ol A
A Standard deviation. B Province code. * Minimum. ** Maximum
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Table 3- Comparing the mean and standard deviation of FARP antioxidant activity of ethanolic and ethyl acetate extracts
(Sid 03l 0,5 1 (b 93 ool JgagySua) (lure 1,001 3 (3uSle) FARP JISul, auds (glgansT il Cllad
Antioxidant activity against FARP radical (Mean + SD*) (umol Fez+/g DW)

(Code)® Jgiti! bl !
Ethanol Ethyl acetate
1 2 3 total 1 2 3 total
11.55+ 14.04+ 18.41+ 18.20+
13.46+ 0.61 0.55 17.12 +0.94 070 18.54+1.38 109 17.65+ 0.48 0.99

Mo Sl lade Jlis * bl 18 B (jlne Gl ol A
A Standard deviation. B Province code. * Minimum. ** Maximum
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Figure 1- Evaluating the antioxidant potential of polar and non-polar extracts of 3 ecotypes of A. aucheriby DPPH method
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Figure 2- Evaluating the antioxidant potential of polar and non-polar extracts of 3 ecotypes of A. aucheriby FRAP method
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Table 4- Comparing the mean and standard deviation of phenol and flavonoids of ethanolic and ethyl acetate extracts of the
investigated species

(B ylore B0l £ (1S5ke) Jgid g 3 gigWd Ol pmazs
Variation in Flavonoid & Phenolic (Mean + SD*)

Sigighs
Flavonoid (mg QE.g* DW)

Jylil bl Juit
Ethanol Ethyl acetate
1 2 3 total 1 2 3 total
7.32 7.10+ 7.91+
6.55+0.44  7.70+£ 0.50 7.69 £0.33 +0.42 8.10+0.18 **8.562+ 0.27 021 0.22
Js e
(Code)® Phenolic (mg GAE.g! DW)
Jgiti! S liw! Sl
Ethanol Ethyl acetate
1 2 3 total 1 2 3 total
41.62+ 62.62+ 32.30% 22.60+ 37.12
56.63 +0.38 011 011 53.62+ 0.20 035 021 +0.04 30.67+0.20

e Sl e Jols * ol 8B las Gl sl A
A Standard deviation. B Province code. * Minimum. ** Maximum
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Figure 4- Evaluating the total phenolic content of polar and non-polar extracts of 3 ecotypes of A. aucheri species
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Introduction

The use of medicinal plants has surged in recent times, with a substantial portion of modern medicines derived
from botanical sources. This surge in demand underscores the potential of cultivating and producing medicinal
plants to not only bolster public health but also significantly contribute to a society's economic well-being.Salvia
nemorosa is an herbaceous, perennial, and medicinal plant. This valuable plant belongs to the Labiatae family.
The aerial parts of the plant, especially the leaves, contain essential oils. Furthermore, S. nemorosa contains
chemical compositions such as saponin, organic acids, diterpenes, triterpenes, polyphenols, and a bitter substance
called picrosalvin. In the plant tissue culture, the preparation of culture medium and formulation compatible with
the tissue of the tested plant is vital for efficient regeneration and plant growth. Generally, no specific culture
medium can be recommended for the growth of explants, and is necessary to make changes in the culture medium
in order to better respond to different types of explants. Carbon nanotubes are nanomaterials that can be added to
the culture medium and increase the growth rate of different parts of the plant such as roots, stems, and branches.
Cytokines also commonly participate in cell divisions and proliferate shoots by removing terminal dominance.
Considering the mentioned importance, this study was conducted to investigate the effect of carbon nanotubes,
kinetin, and their interactions on some morphophysiological and phytochemical properties of S. nemorosa under
in vitro conditions.

Materials and Methods

This experiment was carried out in the tissue culture and biotechnology laboratory of the Department of
Horticultural Sciences, Faculty of Agriculture, University of Mohaghegh Ardabili. This study was conducted based
on factorial design (completely randomized design) with five replications. The treatments included five levels of
carbon nanotubes (0, 10, 20, 40, and 80 mg/L CNT) and three levels of kinetin (0, 2, and 4 mg/L CK). The seeds
of S. nemorosa were sterilized with 70% ethanol for 40 seconds and then 2.5% hypochlorite sodium for 15 minutes
(then the seed were washed with deionized water three times 3, 5, and 15 minutes). The sterilized seeds were
planted in MS medium containing 30 g/L sucrose and 8 g/L agar, and then transferred to a growth chamber. After
40 days, the obtained seedlings were cut into single nodes by removing leaves and transferred to the main treatment
medium. After that, some traits such as fresh weight, number of branches, number of leaves, number of roots, leaf
area, root length, seedlings height, viability rate, germination rate, chlorophylls a, b, carotenoid content, phenol
content, and flavonoid content were examined. The obtained data related to the experiment were analyzed with
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SAS software, the comparison of data means was done with Duncan's test, and the graphs were plotted using Excel
software.

Results and Discussion

The results indicated that the interaction effect of carbon nanotubes and kinetin on the indices of fresh weight,
number of branches, number of leaves, number of roots, leaf area, root length, seedling height, survival percentage,
germination percentage, pigment content photosynthesis was not significant. On the contrary, the interaction effect
of two treatments on the content of total flavonoid and total phenol showed a significant difference. The highest
phenol content was obtained in the treatment combination of 80 mg/L of carbon nanotubes and 4 mg/L of kinetin.
On the other hand, increasing the concentration of carbon nanotubes up to 80 mg/L, the average shoot production,
number of leaves, leaf area, plant height, root number, root length, chlorophyll a, b, carotenoid, phenol and
flavonoid content. increased significantly. Also, by increasing the concentration of kinetin (4 mg/liter), the number
of branches, the content of chlorophyll a and b increased significantly.

Conclusion
The characteristics of the S. nemorosa plant, except for fresh weight, significantly increased under the influence
of carbon nanotube treatments. However, under the influence of kinetin treatment, only the number of branches,
chlorophyll a, b, phenol content, and flavonoid content showed a significant increase. Based on the results of this
study, carbon nanotubes can be used for proliferation and increasing the secondary metabolites of S. nemorosa.
Despite the results of this study, it is still possible to use higher concentrations of carbon nanotubes in future
research in order to increase the phytochemical properties and productivity of other medicinal plants.

Keywords: Chlorophyll, Cytokinin, Nanoparticles, Tissue culture
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Table 1- Characteristics of carbon nanotubes
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Single-walled Carbon Nanotubes (SWNTs, SWCNTSs) Manufacturing Method CVvD
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Figure 1- The seeds of Salvia nemorosa species

A p Sk Jlag e 4 by (305 dw) o1l g9l 5L
(oY JS) cusl 035y sl Lgsyo (335 93) o] 2508 9 (s
092 33k p o)l iz S sladly) 5 58 Sd dmg, 5
2 et cnl 130855 )5 adllhae 3)50 (e w0l gl
233k g @l ls Gl (S g 9b il e S de b clale
b g pyS e Voo cdale jlonlatnl () Son idgs 50 b sdalie
4 pme ool i 5 g pSike 93 ohen 4 () Ay 5l
.(Aghasi et al., 2018) 1,55 atwy > 2l55b 5 l5adLs oy i

S g locs 9 S 3 alaas

35516 5 Blize 518 3l o5 by 0558 5 Juobs gl
sbadble gJBJ“J Do )‘.)uJuw ‘5).3 a.‘a.w 9 L_?).f s ua>l.~u »
S Jlisl gwaw 3) @)bdgne ssbar ()5 Sladdy) gl il
awslio (Y Jgdo) oy )3 80 cov |y byasls ol (1o
Oial33l b aS s ol Sy ol jasls poesle ol il Sk
(S rgots <23l I3 55 005 5 S s S Ay b clale
Mg 1y (332 W) Sy olaws oy o i g p)S o A clale oS
—Y JSE) el sy aals 5l (dae cuia) 15 Sy oppieS )
0a3ls oS Sl 5b b Sl dulie (rizmen (il
(e ool ) 52 s (s o8 o 5 S
V¥) osiaS 5 oS A9 56 5 g2 oS e A e 4 g
23l (gls gme BB oS dal Cwday dals > (poye yio ko
sldy $b Gliswe seble b Jingh » (o Y JS3)
o (i O 3 85 S8 I8 gy 3y90 (554205 )3 (Gu)S
ke 5 o 59Sen b il 3 (o2e ¥Y) 5 slas 5 5y
Gy &S (6,50 Limgh 4o (Khodakovskaya, 2013) ws y5)l55
boojlis SO )8 sladly ol jl ool «d )5 &g 3955 olS
g Sy sls ol bl & e gy pS e £eoclale
ol & )5 slady) b c@dly 3 3,8 Sy maw e
e (slacuond Wby 4o ) g Ngde O yiap Lo 4 e
(Tripathi et al., 2011) Wb o yiol38l olS

b o5 Gy )l 595 g b @ Jds)lS (s pSeslul jolateas
0l5wd 45 sl Cawddy 6ylas .05 o3lazwl (Lichtenthaler, 1987)
A3 38 el ¥Ve 5 SEY SYD clazge Job 3 yregibsiSom]
145 Ao
Chlorophyll a = (19.3 « A663 - 0.86 « A645) V/100W
Chlorophyll b = (19.3 » A645 - 3.6 ~ A663) VV/100W

Carotenoides = 1000(A470) - 3.27(mg chl. a) - 104(mg
chl. b)/2

3) Sl (g polsl ol 05lae 13 392 90 (Jid LS 5 (50
L 5 yu# oS L (Slinkard & Singleton, 1977) el o
RS- JPSCS IV CAWRRN X PE PP
yiogidg Sl o&iwd 1 eolatwl b j2egil VEO 2o Jsb o S,
a5 esld

bog 2 portiegl] (onS) (hask A5 (5 Sojlul
ol b pbol (Kumar & Sharma, 2015) by o jlesS™ o,
A5 ollgs egil ¥V zoe Job yd bl

ol o ool oy 5 5 S5 gy ol adlis
M3dley b Giolojl 4 bgyye odel Cawndy (slmodls i ad )3 Jlas )
09551 35 BuSibo Aglio s 85 15 s 5 41555 330 SAS
5505 .83 plool do o iy Jlois! daws o 5SSl (glaiels wis
)5 wuy EXCEL 3816 5 5l ooldiwl b

oud gdji# dald wlaad
oS gl U plite 51 as sl ol besls b ylg 355
als ol p olSa S 9 p)S sldyd U calise sla
J5i2) 392 )l sime 0ys S Jloio] s )3 (5 250 005 5 9] 2
a3 L5 e gl &S o L 0 edhy 1Sl dwslis (Y
S ) ppSibke A il 4 by (305 )laz) 03d (gl
(@Y Ss) cusly o pme MR aall b &S 39 oS sl
i oy i &S 0y Sl 55 Wodly (S0l duanlio 55 B )b Sl



o4

w5 w2 p0 2133k 9 by g1 e 3 5155 LAY iU T ey )0 g ol s

I g0 05 Olko (B g S gl g (3155 LAY 9L U (Olaypo (aSSle) (il g a3 - Jgi

Table 2- ANOVA (mean squares) for the effect of carbon nanotubes and cytokine on the some traits of Salvia nemorosa
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Table 2 Continued- ANOVA (mean squares) for the effect of carbon nanotubes and cytokine on the some traits of Salvia

nemorosa
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Figure 2- The effect of carbon nanotubes (A) and kinetin (B) on the number of branches in Salvia nemorosa
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CNTO: control, CNT10: 10 mg.I"! of carbon nanotubes, CNT20: 20 mg.I"* of carbon nanotubes, CNT40: 40 mg.I* of carbon
nanotubes, CNT80: 80 mg.I"* of carbon nanotubes, CKO: control, CK2: 2 mg.I* kinetin, CK4: 4 mg.I" of kinetin (DMRT, p<0.05).
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Figure 3- The effect of carbon nanotubes on the number of leaves (A) and leaf area (B) in Salvia nemorosa
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CNTO: control, CNT10: 10 mg.I"! of carbon nanotubes, CNT20: 20 mg.I* of carbon nanotubes, CNT40: 40 mg.I! of carbon
nanotubes, CNT80: 80 mg.I"* of carbon nanotubes (DMRT, p<0.05).
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Figure 4- The effect of carbon nanotubes on the number of roots (A) and root length (B) in Salvia nemorosa
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CNTO: control, CNT10: 10 mg.I"! of carbon nanotubes, CNT20: 20 mg.I"* of carbon nanotubes, CNT40: 40 mg.I* of carbon
nanotubes, CNT80: 80 mg.I"* of carbon nanotubes (DMRT, p<0.05).
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Figure 5- The effect of carbon nanotubes on the seedling height in Salvia nemorosa
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CNTO: control, CNT10: 10 mg.I of carbon nanotubes, CNT20: 20 mg.I of carbon nanotubes, CNT40: 40 mg.I of carbon
nanotubes, CNT80: 80 mg.I"* of carbon nanotubes.
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Figure 6- Effect of carbon nanotubes (A) and kinetin (B) on chlorophyll a content in Salvia nemorosa
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CNTO: control, CNT10: 10 mg.I* of carbon nanotubes, CNT20: 20 mg.I* of carbon nanotubes, CNT40: 40 mg.I* of carbon
nanotubes, CNT80: 80 mg.I of carbon nanotubes, CKO: control, CK2: 2 mg.I-*kinetin, CK4: 4 mg.I"? of kinetin (DMRT, p<0.05).
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Figure 7- The effect of carbon nanotubes (A) and kinetin (B) on chlorophyll b content in Salvia nemorosa
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CNTO: control, CNT10: 10 mg.I"! of carbon nanotubes, CNT20: 20 mg.I* of carbon nanotubes, CNT40: 40 mg.I! of carbon
nanotubes, CNT80: 80 mg.I of carbon nanotubes, CKO: control, CK2: 2 mg.I kinetin, CK4: 4 mg.I* of kinetin (DMRT, p<0.05).
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Figure 8- The effect of carbon nanotubes on the carotenoid content in Salvia nemorosa
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Introduction

Heavy metals, like cadmium, lead, and arsenic, harm air, soil, agriculture, and human health. Plants suffer from
reduced growth, chlorophyll production, and enzyme activity due to heavy metal exposure. Reactive oxygen
species are produced, damaging biological molecules. However, plants have developed resistance mechanisms,
including antioxidant stimulation. Flavonoids, complex compounds in plants, enhance resistance to heavy metals.
Medicinal plants, rich in secondary metabolites like flavonoids, phenolic compounds, and alkaloids, show
resistance to heavy metals. Origanum majorana as a medicinal plant, contains compounds that contribute to its
heavy metal resistance. Based on limited studies, medicinal plants, particularly marjoram, have shown greater
resistance to environmental stresses due to their secondary metabolites and the ability to produce uncontaminated
essential oils in response to heavy metals like cadmium and lead. This study aimed to investigate the biochemical
responses and growth of marjoram plants when exposed simultaneously to cadmium and lead, as well as the mutual
effects of these two elements on marjoram behavior.

Materials and Methods

A factorial randomized complete block design experiment with four replications was used to study the effect
of Cd in four concentrations (0, 6, 12 and 24 mg.kg* soil) as well as Pb in four concentrations (0, 150 300 and 450
mg. Kg* soil). The concentrations were determined based on previous reports and a preliminary experiment. Soil
was prepared with appropriate amounts of cadmium chloride and lead chloride were added according to the desired
concentrations. The contaminated soil was then incubated at field capacity moisture for two months. Seeds have
been sown in germination trays. Seedlings at the three to four leaf stage were transferred to pots containing the
contaminated soil. Plant harvest took place 42 to 52 days after the transfer to pots, specifically when the plants had
just entered the flowering stage. The aboveground parts of the plants were harvested separately, and the roots were
carefully removed from the soil. Half of the plants were dried at 105 °C for 24 h to determine the dry weight, Pb
and Cd concentrations. The other half of the plants were used to measure biochemical traits including flavonoids,
anthocyanins, malondialdehyde, protein, proline and some enzymatic antioxidants. The data was analyzed using a
two-way analysis of variance (ANOVA), and the means were compared using the LSD test. A significance level
of 95% was applied using SAS 9.2.

Results and Discussion
In this study, various parameters were measured including the dry weight of aerial parts and roots,
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concentrations of lead and cadmium in the aerial parts and roots, lipid peroxidation (MDA), flavonoids,
anthocyanins, total phenols, proline, protein, and antioxidant enzymes including guaiacol peroxidase (GPX),
ascorbate peroxidase (APX), and catalase (CAT). The results of the analysis of variance showed that all the
mentioned traits were influenced by the individual effects of lead and cadmium. However, there was no significant
interaction between cadmium and lead on proline, protein, GPX, polyphenols, flavonoids, and anthocyanins. The
dry weight of aerial parts and roots decreased in the presence of cadmium and lead, while the concentrations of
lead and cadmium increased. However, this damage was more pronounced in the presence of cadmium compared
to lead. The presence of cadmium in a lead-containing environment had an inhibitory effect on lead uptake by the
plant, and vice versa. The highest level of MDA was reported in the combination of lead and cadmium
concentrations of 450 and 24 mg/kg, respectively. The analysis of enzyme activity showed that the maximum
catalase activity was observed in the combination of 6 and 450 mg/kg of cadmium and lead, respectively, while
the minimum activity was found in the control group. Similarly, the highest APX activity was reported in the
combination of 24 mg/kg of cadmium and zero lead, while the lowest activity was observed in the control group.
The use of cadmium and lead at the highest consumption level compared to the control group resulted in a 204%
and 40% increase in GPX activity, respectively. In the analysis of total phenols, flavonoids, anthocyanins, and
protein, an increase in cadmium concentration from zero to 24 mg/kg led to a decrease of 52%, 42%, 208%, and
81%, respectively, while protein decreased by 39%. These traits showed an increase of 14%, 14%, 58%, and 40%,
respectively, with an increase in lead concentration from zero to 450 mg/kg, while protein decreased by 24%.
Based on the results, it appears that the increase in secondary metabolites with the increase in heavy metals has
accompanied the plant's response to the prevailing conditions.

Conclusion

The study found that both cadmium and lead negatively affect the dry weight of plants, with cadmium having
a greater impact. This reduction is particularly noticeable in photosynthesis, pigments, electron transport chain,
and energy production. The highest concentrations of lead and cadmium (24-450 mg/kg) show the maximum
decrease. As the concentrations of these elements increase in the growth medium, their concentration in the plants
also increases. Lead has lower mobility and tends to accumulate in the roots compared to cadmium. Interestingly,
the presence of cadmium inhibits the uptake of lead by the plant, and vice versa. This leads to an average inhibition
of 39% for lead uptake by cadmium and 35% for cadmium uptake by lead in the aerial parts. The study also
observed an increase in secondary metabolites, which act as antioxidants and help the plant cope with the stresses
caused by cadmium and lead. These metabolites may also contribute to osmotic regulation along with the increase
in proline. Based on these findings, it seems that these plants can be used in green spaces contaminated with
moderate to low levels of cadmium and lead, particularly in mining areas.

Keywords: Antioxidant, Antocyanin, Flavonoid, Phenol, Proline
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Table 1- The ANOVA results for the root and shoot dry weight, lead and cadmium concentration in shoot and root and
malondialdehyde concentration in Origanum majorana under lead and cadmium treatment
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T dry Shoot concentration  concentration  concentration  concentration
weight dry
weight
’l;f 2 ™0.061  ™0.039 "262.11 "2.98 "1.93 ns0.17 ns28.47
Cd
O 3 28.47*  84.32* 13655.62%* 405.76* **5475.31 **923.21 **2566.46
P
*-’i 3 6.08** 20.33* 351671.51* 7076.39* **215.69 **61.27 **543.16
Cd x Pb 9 0.039* 1.07#* 2123.14* 113.54% **30.28 **11.54 *19.66
Total
error 60 0.013 0.19 300.03 14.12 3.63 1.04 6.44
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*and** : significant at the 5 and 1% of probability levels, respectively,and ": non-significant.
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Table 2- The interaction effect of CdxPb on the dry weight of root and shoot ( g.pot™!), concentration of cadmium and lead in
root and shoot and concentration of malondialdehyde)
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(‘g%'gpf) (g-pot™) (Hg.g" DW) (Mg.g*DW)  (ug.g*DW)  (ng.g" DW) FW)

CdO0 x pb0 4.99@ 9.32¢ 1.201 2.20" 3.10° 4309 26.30
Cd0 x ph150 4.58"b 9.11% 1501 2.20" 19.20 9 1.1¢ 26.841
Cd0 x ph300 4.28¢ 8.01¢ 1501 1.98! 37.204 256 b 30.78 9"
Cd0 x pb450 3.46¢ 6.08 % 1.291 1.94! 68.202 3122 38.79F
Cd6 x pb0 4.54b 8.66 ¢ 9.35¢ 22361 3i 4309 27.51N
Cd6 x pb150 4.49° 8.49 be 8.019" 19.321 17.36 fon 97 ¢f 28.32Mi
Cd6 x pb300 3.25¢ 6.70¢ 7.15M 16.331 33.98 ¢ 249¢ 32.30¢
Cd6 x pb450 2.04N 4449 5.66 14.024 60.28° 2992 4750 %
Cd12 x pb0 2.75f 5.51 ¢f 19.54¢ 38.91¢ 3i 4109 39.80°F
Cd12 x pb150 2509 499 17.33¢ 35.11fF 15.20 9" 86 ©f 4450¢
Cd12 x pb300 2.16N 4409 14.22¢ 31.11¢ 29.77¢ 2214 47.10 %
Cd12 x ph450 1.321 3.55h 12.05f 25.50" 49.30°¢ 2740 50.30«
Cd24 x pb0 1.441 3.57h 27.01% 61.322 261 3.70¢ 51.80b¢
Cd24 x pb150 0.951 2.391 21.54" 54.17° 12.35" 78f 55.40°
Cd24 x pb300 0.58k 1.611 19.41°¢ 50.19°¢ 21.47°F 2014 59.712
Cd24 x ph450 0.42k 1.211 16.88 ¢ 43.28¢ 38.11¢ 252°¢ 61.20°
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In each column and for each attribute, the means that have at least one letter in common are not significantly different based on LSD
test at the 5% of probability level.
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Table 3-The ANOVA results for the proline, protein, phenol, flavonoid, anthocyanin and CAT, APX and GPX enzymes
contents in marjoram plant under lead and cadmium treatment
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APX
)'If’" 2 ™58  ™0066 0054™ 00107 0.05 ™ 0.04 0.0204 %0.0004
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Total
error 60 3.70 1.32 1.61 0.004 0.000001 0.00001 0.01 0.0004
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*and** : significant at the 5 and 1% of probability levels, respectively,and ": non-significant
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Table 4- The effect of Cd and Pb on the proline, protein , phenol and flavonoid, anthocyanin and Guaiacol peroxidase enzyme
contents in marjoram plant
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In each column and for each attribute, the means that have at least one letter in common are not significantly different based on LSD
test at the 5% of probability level.
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Figure 1- The interaction effect of cadmium x lead on the catalase enzyme activity of marjoram plant (LSD, p<<0.05).
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Figure 2- The interaction effect of cadmium xlead on ascorbate peroxidase enzyme of marjoram plant (LSD, p<0.05)
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Introduction

Apple (Malus domestica) is considered as one of the important members of the Rosaceae family and is among
the most consumed fruits in the world. One of the biggest challenges for agricultural researchers is to increase the
quantity and quality of food to feed the growing population, without negatively affecting the health of the soil and
agricultural ecosystems. Due to the adverse effects of chemicals on human health and environmental safety, the
production of organic products has been considered as one of the most important issues in food production systems.
It is utilized in various forms, including fresh fruit or processed as industrial products. Based on the respiratory
and ethylene production pattern, apples are classified as climacteric fruits. Metabolic activities and ripening
continue after harvest, so apples have the potential to transform into highly perishable products after harvest. Post-
harvest treatments are certainly not the most suitable method for preserving the shelf life and quality of fruits
during the post-harvest period. Therefore, employing new and effective methods to enhance quality, control decay,
and consequently extend the post-harvest life of apples appears to be essential. Organic farming, as an agricultural
system to protect human health and the environment, can improve product quality and shelf life.

Materials and Methods

This study was conducted on an apple orchard (Malus domestica) in Zarabad area of Khoy city located in the
northwest of Iran (with the same management and growth conditions) in 2018-2019. The experiment was
conducted as a factorial in the form of a completely randomized block design in 4 replications. The experimental
factors included spraying fruit trees with nano-chitosan in 3 concentrations (zero, 5 and 10 ml) and ferulic acid in
3 concentrations (zero, 0.5 and 1 mM). Apple trees in three times, the first stage in the hazelnut time. Fruit drop,
the second stage 20 days after the first stage and the third stage 20 days after the second stage spraying, were
sprayed in the afternoon using a Cross mark PB20 manual sprayer. The harvested fruits were sprayed according
to the treatments were packed and labeled and transferred to the central laboratory of horticultural sciences of
Urmia University. After 24 hours of storage at the laboratory temperature, the measurement of the studied traits

started on the fruits, the control treatment in this experiment was distilled water with Tween 80 (0.1/v/v).

Results and Discussion
Compared to the control group, fruits treated with a combination of chitosan and ferulic acid exhibited a
significant increase in firmness after harvest. Notably, the most effective treatment involved a combination of 10

@ @ ©2024 The author(s). This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).
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milliliters of nano-chitosan and 1 millimolar ferulic acid, resulting in the highest level of firmness among all
treatments.As a result, the combined treatment of chitosan and ferulic acid can delay the aging process by reducing
the activity of enzymes involved in cell wall degradation and maintain firmness in apples, contributing to a positive
effect. According to the obtained results, fruits treated with nano-chitosan and ferulic acid showed a higher soluble
solid content compared to the control fruits, and this amount increased with the higher concentrations of nano-
chitosan and ferulic acid. The minimum level of TA was observed in the control treatment, and the highest level
was observed in the treatment with 10 milliliters of chitosan and 1 millimolar ferulic acid. The treatment with 1
millimolar ferulic acid and 10 milliliters of chitosan showed the highest percentage of TA content compared to the
control. The combination of nano-chitosan and ferulic acid treatment led to a reduction in fruit juice pH, with the
lowest pH observed in the treatment with 1 millimolar ferulic acid and 10 milliliters of chitosan, and the highest
pH observed in the control treatment. Vitamin C is the primary water-soluble antioxidant that directly reduces
damage caused by free radicals. According to the obtained results, the maximum content of vitamin C was
observed in the treatment with 1 millimolar ferulic acid and 10 milliliters of chitosan. According to the obtained
results, the maximum PAL enzyme activity was observed in the treatment with 1 millimolar ferulic acid and 10
milliliters of chitosan.

Conclusion

In general, the findings of the current study showed that pre-harvest treatment with nano-chitosan and ferulic
acid had a positive effect on the post-harvest quality of apple fruits. The fruits treated with the highest concentration
of nano-chitosan and ferulic acid exhibited the highest fruit firmness, titratable acidity, vitamin C content, PAL
enzyme activity, and the lowest pH compared to the control fruits. These results indicate that nano-chitosan and
ferulic acid treatment can be proposed as a promising and healthy method for improving the post-harvest quality
of apple fruits.

Keywords: Acidity, PAL, Pre-Harvest, Totatl-acidity
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Table 1- ANOVA for the phytochemical and biochemical properties measured of fruit under the influence of chitosan
nanoparticle and ferulic acid treatment on apple cv. Red Delicious.
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Figure 1- The interaction effect of chitosan nanoparticle xferulic acid on the fruit firmness of apple cv. Red Delicious.
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Introduction

The annual herb Trigonella foenum-graecum L. (Fabaceae) is cultivated worldwide as a semi-arid crop. It is
commonly known as Fenugreek and used as both a spice and medicinal plant. Fenugreek is used to treat many ailments
due to the presence of various bioactive compounds, like apigenin, luteolin, orientin, quercetin, vitexin, isovitexin,
saponins, amino acids, phenols, alkaloids, etc. Combining chemical and organic fertilizers offers a sustainable
approach to nutrient management. This integrated strategy enhances the effectiveness of chemical fertilizers, fosters
improved soil health, and minimizes nutrient loss from the system.Chicken manure is one of the types of animal
manure and a source of organic matter to strengthen all types of soil. In addition to having nutrients, it is one of the
cheap fertilizers compared to common fertilizers in the production of crops, and it is richer in nitrogen than other
animal fertilizers. Potassium is a critical element for plant growth and development, playing a vital physiological role
in plant health and resilience against biotic and abiotic stresses.

Materials and Methods

To investigate the effect of chicken manure and potassium sulfate on yield and biochemical traits of the fenugreek
medicinal plant, factorial research was conducted in the form of randomized complete block design in three
replications in the crop year 2021-2022. Experimental treatments included chicken manure at three levels (0, 1000,
and 2000 kg.ha*) and potassium sulfate at four levels (0, 1.5, 3, and 5 per thousand). To determine the seed yield after
full ripening, the seeds were collected from one plant in each plot, weighed, and recorded. Arnon's method was used
to measure the pigments in the leaves at the full flowering stage of the plant. To measure the amount of total phenolic
compounds in the leaf using the Folin Cicalto method, antioxidant using 2,2-diphenyl-1-picrylhydrazyl (DPPH)
method, total sugar using anthrone method, total flavonoid using aluminum chloride reagent method was used in the
full flowering stage of the plant.

Results and Discussion
This experiment revealed that chicken manure significantly boosted crop yield and improved most biochemical
traits, with the exception of sugar and antioxidant content.The amount of antioxidant activity decreased with

@ @ ©2024 The author(s). This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).

https://doi.org/10.22067/jhs.2024.85718.1307


https://jhs.um.ac.ir/
mailto:mh.aminifard@birjand.ac.ir
https://doi.org/10.22067/jhs.2024.85718.1307............
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jhs.2024.85718.1307
https://orcid.org/0000-0002-9490-2616
https://orcid.org/0000-0001-9336-7466
https://orcid.org/0000-0001-9189-8271

VPt bl (¥ o lods FA alor (655l @alio g pole) SLEL pole 4 pis YA

increasing levels of chicken manure and soluble sugar was not affected by this manure. Treatment of 2000 kg.h!
chicken manure has the highest phenol with 10.793 mg.g?* dry weight, flavonoid with 4.475 mg.g? dry weight,
Chlorophyll a with 2.591 mg.g™* of fresh weight, Chlorophyll b with 3.055 mg.g* of fresh weight, and seed yield with
1185.8 kg.h. Regarding the impact of Soluptas on biochemical traits, all except phenol and antioxidant content
peaked at a concentration of three parts per thousand. Notably, these peak levels were statistically indistinguishable
from those observed at five parts per thousand. Treatment of 5 per thousand Soluptas also increased 28% seed yield,
13% soluble sugar, 20% phenol, 31% flavonoid, and 97% chlorophyll b. In the interaction effect in the treatment, it
was observed that the highest amount of the two fertilizers had the highest amount of yield and biochemical traits,
except for the antioxidant, whose activity level decreased with the increase of fertilizer levels. The results showed that
the highest amount of soluble sugar in fenugreek leaves was related to the level of no chicken fertilization with
Soluptas 5 per thousand at the rate of 21.53 mg.g* dry weight. The highest levels of both treatments (2000 kg.h* of
chicken manure and Soluptas 5 per thousand) caused an increase in grain yield (1396 kg.h'), phenol (12.86 mg.g
DW), and chlorophyll b (3.62 mg.g? FW) compared to no fertilization (control level). The highest amount of
chlorophyll a was related to the interaction of 2000 kg.h'of chicken manure and Soluptas 3 per thousand at the rate
of 3.11 mg.g* of fresh weight.

Conclusion
Overall, chicken manure exhibited the strongest positive influence on the greatest number of traits among the
single treatments. When considering the combined effects, a combination of 2000 parts per thousand chicken manure
and 5 parts per thousand Soluptas appears to be optimal for enhancing the fenugreek plant's properties.

Keywords: Chlorophyll, Organic fertilizer, Phenol, Soluptas, Yield
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Table 4- ANOVA for the effect of chicken manure and Solupotas application on the biochemical and yield traits of fenugreek

©la o (a0ke
o ay Mean sguares
o ’x}.’ é{ " . RV . . ")E JLc'l
8K " g o1 i a Ja b Js
SOV ddf) - T et Chlj:)”:u Chl(:'.::):]sll 1>
Phenol  Flavonoid Antioxidants  ggJyble ap Y bp Y Seed
sugar yield
Sl . .
2 0.344"s 0.455" 3.131™ 15.73 0.532 0.007ms 219.44m
Block
. e 5 2 10.306™ 3.136™ 189.29™ 4.510m 0.384" 2.669™ 168369™
Chicken manure
ol 3 5.657" 2.129" 282.190* 9.554" 0.375" 1.431* 125437*
Solupotas
oolaglgms X (£ 50 358 . X X X N N
Chicken manure x 6 8.169 0.119" 37.275 8.182 0.418 0.632 115351
Soluptas
s 22 0.867 0.233 10.052 2.80 0.111 0.06 21395
Error
e - 9.49 12.41 7.69 8.70 13.97 9.77 13.74
CV (%)

o gime GMB pas g a0y Y 90 Jlain! zolaw ;o )b sixe i gy NS g s e
*, **and ns are significant at 5% and 1% of probability levels, and non- significant, respectively.
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Al (lopign Sl 52 wlagow 355 9 (£0 395 03Lw 51-0 Jgaa
Table 5- The simple effect of chicken manure and Solupotas fertilizer on the biochemical traits of fenugreek

o o Ji g oSt sl Jelowe a3
Treatments Phenol Flavonoid  antioxidants Soluble sugar
(mg.g* DW)  (mg.g* DW) (%) (mg.g* DW)
oErdF
Chicken manure (Kg.ha?)

0 8.952° 3.532° 45.31° 18.59°
1000 9.685° 3.662° 40.98° 19.322
2000 10.793* 4.475 37.371° 19.81°

ool ggw
Soluptas (in 1000)
0 9.092° 3.376° 46.59° 17.85°
15 9.579% 3.603° 44.04° 19.25°
3 9.627° 4.143° 40.58° 19.55%
5 10.943* 4.437° 33.68° 20.312

A 3 ime Juoyd i Jlein] gaws j3 LSD (yge3l oluoly ey 55 aliia Gy (sl slael
Numbers with the same letters in each column are not significant at the 5% of probability level based on the LSD test.

Al 3,Mos 9 S 2 gl 1 eliaglgw 395 9 (£ 50 395 03Lw 1 =T Jgua
Table 6- The simple effect of chicken manure and Solupotasfertilizer on the leaf chlorophyll and yield of fenugreek
W o a Judg 5 b Judg,ls 4l >, Slos
i Chlorophylla  Chlorophyll b Seed yield

TIEAMNS  (mgglFW)  (mgglFw) (ko)
(US> 13 0,5 9kS) (£ 30 355
Chicken manure (kg.ha)

0 2.248° 2.198° 949.17°
1000 2.332%® 2.285° 1058.3°
2000 2.5912 3.055% 1185.8%

ol
Solupotas (in 1000)
0 2.47® 1.959° 892.22°
15 2.25° 2.525° 1083.3%
3 2.63° 2.671% 1136.6%
5 2.19° 2.8942 1145.5%

i I3 gxe duoyd gy Jlein! o ;3 LSD g0l Lol g s 5> doliie Bgys gyl dlacl
Numbers with the same letters in each column are not significant at the 5% of probability level based on the LSD test.

Al (2bowign Gl 51 (wlaggw 395 x (50 395 Jilie 51 -V Jga
Table 7- The interaction effect of chicken manure XSolupotas fertilizer on the biochemical traits of fenugreek

B o S ST Jolore

Phenol - Soluble sugar
Treatments R Antioxidants (% _
(mg.g* DW) 0 “(mgg*DW)
o3 R lgw
Chicken manure  Solupotas
(Kg.ha't (in 1000)
0 8.91¢%e 49.282 16.64°
0 15 8.14¢ 46.23%%° 17.16%
3 10.13° 44,83%° 19.052<d
5 8.61% 40.89° 21.53%
0 10.22%¢ 43,05 17.05%
15 8.35¢ 44,58%° 19.91%
1000 3 8.80%® 43,10 19,323bcde
5 11.35%® 33.20¢ 20.98%
0 8.12¢ 47.43® 19.85%cd
2000 15 12.232 41.32¢ 20.70%
3 9,94 33.81¢ 20.29%
5 12.86% 26.94° 18.42°de

A I3 ime Juoyd g Jlein] gaws )3 LSD (yge3l oluoly ygiw p 53 aliie Gg > (sl olae]
Numbers with the same letters in each column are not significant at the 5% of probability level based on the LSD test.
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Table 8- The interaction effect of chicken manure XSolupotas fertilizer on the yield and leaf chlorophyll content of fenugreek

o s 5 Shos a Jdo b Jus 8
i . i Chlorophyll a Chlorophyll b
1
Treatments Seed yield (kg.h?) (Mg.g™ W) (Mgt FW)
20 295 oligow
Chicken manure Solupotas
(Kg.hat) (in 1000)
0 2.16¢de 2.29¢
0 15 2.37bcde 2.10¢
3 11562¢ 2.465cde 2.11¢
5 115020¢ 2.00% 2.26¢
0 2.43bcde 1.41°
15 1.91¢ 2.05¢
1000 3 11365 2.32bece 2.87°
5 2.6430¢ 2.79¢
0 2.832 2.16¢
15 2.49bcd 3.41%
2000 3 11160 3.112 3.01%¢
5 1.92¢ 3.622

A 3 ime 2oy iy Jlein] gaws j3 LSD (yge3l poluolyy gty 55 aliia Gg o (sl slael
Numbers with the same letters in each column are not significant at the 5% of probability level based on the LSD test.

Foe S ad silen (g)h plalS Joame i il
1 oalawl imd o s 30 1y i)y Jgamme cunsS aSd ciiwn
wonl g B ool Jal3l posde i lyg5 51 opmly T ool
Ol (S3gden 5 (plend (038 Oluogad Wlgi 0 e pole
595 45 w5 odalie Liolojl oyl olewdgn 9 3,Sles @law )
(HManSIl el 5 Jslore w8 of5e it Slio dam ) (£ 0
Jolore 48 g cdl ialS £ 398 aaw il Bl b Sl ol
losbon Cdio p Gulizglge x5 308,55 )18 508yl b cow
(SnST 5l cdld g 3 ol jpa Slis den 45 05 osnlis
taw b &S Wog e cp YL b e 0 dw paw o (Sed
oy ol bjleys blate 3l sl gy gxe AU i )0
9 3 8des Clio (i (il ((Spae 395 93 ghaw (n VL &S
2ot Gl o a1 ol oty 0 s |y tliosiie
us)f LT V) Qlﬁs’uo Egome a8l u».mlf Oi b O])'fr" ‘d%f
9 30355 Voo gaw lod 93 53 ey 390 gshaw G 3 &S
Olas 5 ab 5,Slee (158l & Sliwd gy elugaw o 0 ¥
..).);u.c .)LQ(.MMJ 41»1».».«» olﬁf d‘).v chsLM»ya

len g (Sl ¢ aivs ol edel Cansy s ab
dsS b aldiids ool olS 4385wy b (Salehietal., 2017)
3,80as bl )5 (A5 355 45 s, a5 ol 4y e 9 I
5 liwsy owomen 3B a5l slerd GbdgS 4 cus | 4l
ol 93y 4y 3 Slos oy iy (Rostaei & Fallah, 2016) »M3
Fio 3l oad s allid (aydy 90 + Wl @) S o 1,
OOF (oleosd 395 203 Dot (£ )0 395 huoyd O+) (Gidls 355
ary 3)8as (ol 058 ke 5 £55 3 59y o ilojl )3 008
Oliweds (30 058 &S 2 LS ol ()5 &g (GOSSYpIUM)
35 My ) Ak aSles (pyuie S T
sy dlie 2uls > .(Houshyarifard & Qaranchik, 2009)
oV 53 bty (Bl sbne o ool o3 1S ALLed olS
J5 38k fasine I3l s (0 Vo 53 oSk ¥ ) s
GS0d kot ) pwomes (Naser, 2017) s sald 4 Cans
VO 5 WY Ver) plewd i85 Hleg pd allid b 5 Slee
(ol Sllgs 5 Jo2 5 Sland pgus o)) 5 S 53 £S5k
.(Esmaeilian & Jalali, 2022) cusls 1y iol38l oy yio

S 5 Ao
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Introduction

So far, more than 40 different types of alkaloids have been known in poppy (Papaver somniferum L.) as a
valuable medicinal plant, the most important of which are morphine, codeine, thebaine, noscapine, and papaverine.
The biosynthesis of these alkaloids may be strongly influenced by a variety of biotic and abiotic elicitors. In fact,
microbes as biotic elicitors can affect the production of poppy alkaloids. Among them, plant growth promoting
rhizobacteria (PGPR) can be noticed, which stimulate and improve plant growth through various mechanisms such
as mineral phosphate solubilization, plant hormone production, siderophores secretion, nitrogen fixation, etc. The
use of PGPR agents can not only lead to an increase in plant biomass, but simultaneously, due to their role as biotic
elicitors, they cause to an increase in the biosynthesis of secondary metabolites in plants. These biotic elicitors
target plants’ defense mechanisms and result in triggering a series of metabolic changes throughout the plant. The
use of PGPR agents to stimulate the plant to produce secondary metabolites has several advantages: First, in some
plants, defensive metabolites are active biological compounds that lead to the induction of food production with
high added-value in the plants. Secondly, physiologically, with the increase in the synthesis of secondary
metabolites, the resistance of the plant against pathogens also increases. Accordingly, the present study was
performed with the aim of investigating the effects of bacterial strains with the ability to solubilize inorganic
phosphate as biotic elicitors on the amount of morphine, papaverine, and noscapine alkaloids in P. somniferum.

Materials and Methods

In this research, the solubility of inorganic phosphate by four bacterial strains including Enterobacter
xiangfangensis S2, Pantoea dispersa S7, Pantoea stewartii S25, and Pseudomonas canadensis S36 was evaluated
quantitatively using Sperber broth medium. Under greenhouse conditions, the effect of foliar spraying of P.
somniferum plants with a suspension of the bacterial strains (108 CFU.ml%) on the amount of morphine,
papaverine, and noscapine in the plants’ capsules, stems, and leaves was investigated. About three weeks after the
appearance of capsules in poppy plants, the aerial parts of the plants (stems, leaves, and capsules) were sprayed
with the bacterial suspensions. One week after foliar spraying, poppy plants were harvested in order to determine
the amount of the desired alkaloids. Three pots were considered for each treatment and there were three poppy
plants in each pot. Alkaloids were extracted based on an alcoholic method and detected using HPLC. Morphine
and noscapine standards were prepared at a concentration of 1000 ug.ml? and papaverine standard at a
concentration of 250 pg/ml. Then the mixture was prepared in proportions of 1, 1:50, 1:10, 1:50 and 1:100 and
injected into the HPLC set to draw the calibration curve. All the experiments were conducted in a form of
completely randomized design with three replications for each treatment (P<0.05).

©2024 The author(s). This is an open access article distributed under Creative Commons
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Results and Discussion

The results showed that the highest (458.67 pug.ml™) and the lowest (130.47 pg.ml?) phosphate solubility were
related to S2 and S36 strains, respectively. S7 and S25 strains were not statistically significantly different from
each other and after S2 strain, they were placed in the second statistical position. In the bacterial strains’ treatments,
the level of morphine in the stems and leaves as well as the capsules increased significantly in most cases compared
to the control. The amount of papaverine in the stems and leaves decreased significantly, but it had no significant
changes in the capsule. Also, noscapine showed a significant increase in the stems and leaves and reached from
0.8 mg.g* DW in the control to 8.12 in the S2 treatment. While, the amount of noscapine increased significantly
in the capsules, only in the S2 and S36 treatments. Other strains did not show significant differences with the
control for noscapine content in the capsules. The results showed that the interaction effects of the type of the
alkaloids and the use of phosphate solubilizing bacterial strains on the concentration of the studied alkaloids in
poppy stems, leaves and capsules are significant (P<0.01).

Conclusion
It can be concluded that there is no need to apply genetic engineering to increase the production of valuable
secondary metabolites by medicinal plants. Rather, this goal can be achieved much cheaper by using bacterial
elicitors. Accordingly, by selecting compatible and efficient bacterial strains with phosphate solubilizing activity,
the amounts of morphine, papaverine, and noscapine alkaloids in the aerial parts of P. somniferum as a valuable
medicinal plant can be noticeably increased.

Keywords: Alkaloid, Bacterium, Elicitor, HPLC, PGPR
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Figure 1- Comparison of the ability of bacterial strains to solubilize inorganic phosphate in Sperber broth medium (DMRT,
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Table 2- ANOVA for the solubility of phosphate by bacterial strains (£<0.05) (n=3)
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Figure 2- The effect of phosphate-solubilizing bacterial strains on the amount of morphine, papaverine, and noscapine
alkaloids in poppy stems and leaves (DMRT, p<0.05) (n=3)
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Table 3- ANOVA for the effect of phosphate solubilizing bacteria on the alkaloids of P. somniferum leaves and stems
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Figure 3- The effect of phosphate-solubilizing bacterial strains on the amount of morphine, papaverine, and noscapine
alkaloids in the poppy capsule (DMRT, p<0.05) (n=3)

P. somniferun JowsS b1 5 Slid 008 Jo 5 5 5L 51 (il ylg 4355 £ Joua
Table 4- ANOVA for the effect of phosphate solubilizing bacteria on the alkaloids of P. somniferum capsule
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Introduction

Onion stands as one of the primary and extensively consumed vegetables at global scale, with numerous
genotypes, both native and imported, being cultivated in the country annually. The southern provinces of the
country have allocated about 50 percent of the cultivated area to onion cultivation. Therefore, selecting superior
genotypes compatible with southern regions is essential to achieve maximum yield .Considering the long history
of onion cultivation as one of the native plants of our country, there is a lot of genetic diversity in this plant.
However, to date, inadequate breeding programs have been conducted to develop new, high-yield varieties in our
country, leading most farmers to rely on local cultivars for cultivation. Therefore, it is necessary to design
targeted breeding programs to produce new varieties superior in yield potential, flavor, aroma, resistance to pests
and diseases, and other characteristics. In this regard, collecting diverse onion germplasm and evaluating genetic
diversity in it is one of the basic steps for designing targeted breeding. The main purpose of this project is to
evaluate genetic diversity in yellow and white onion cultivars in terms of morphological traits and selecting
superior genotypes. The results of this project are a necessary prerequisite for long-term plans for the production
of new varieties of onions.

Materials and Methods

The research was carried out in the Faryab region, situated in the southern part of Kerman province. We
assessed four commercial yellow onion hybrids- Rio Bravo, Soberana, Eiden, and Ascro Goldeneye -and four
commercial white onion hybrids-Minerva, Cirrus, Macran, and 4043-using a 4x4 Latin square design during the
2022 growing season. Various observable traits, such as days to bulbing, days to maturity, onion bulb diameter,
plant height and leaf length, fresh and dry plant weight, number of edible layers, fusarium infection percentage,
and average tuber yield were recorded. To analyze the data, we used descriptive statistics to show the maximum,
minimum, and average values of the traits, along with variance analysis, correlation analysis, and mean
comparisons.

Results and Discussion
The analysis of variance revealed significant variations across the measured traits. Within the yellow onion

©2024 The author(s). This is an open access article distributed under Creative Commons
B Attribution 4.0 International License (CC BY 4.0).
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genotypes, Rio Bravo displayed the shortest maturity cycle, averaging 113 days to maturity, while Aiden
exhibited the longest maturity duration with an average of 141 days. The Sobrana cultivar consistently
outperformed other varieties across all investigated traits and was introduced as the best yellow onion cultivar.
Bulb yield displayed strong and positive correlations with bulb diameter, bulb length, plant height, leaf length,
number of edible layers, and both fresh and dry plant weight. However, the correlation between days to maturity
and bulb yield was low, suggesting that the duration from planting to maturity did not affect the enhancement of
bulb yield in yellow onions. The findings indicated that in contrast to yellow onion cultivars, white onion
cultivars exhibited a longer average duration to bulb formation and maturity, alongside a lower bulb yield.
Among the white onion genotypes, Minerva displayed the earliest maturity, while Cirrus was observed as the
longest maturing genotype. Cirrus cultivar exhibited the highest average bulb diameter, bulb length, plant fresh
weight, plant dry weight, leaf length, and bulb yield. Conversely, the Macran genotype displayed the lowest
mean values for bulb diameter, bulb length, plant fresh weight, plant dry weight, and bulb yield. Additionally, a
significant and strong positive relationship was observed among bulb diameter, bulb length, plant fresh weight,
and plant dry weight. Typically, onion quality is often assessed based on bulb diameter, where larger bulb
diameters tend to correspond with higher bulb yields. Evidently, both in yellow and white onion cultivars, those
with higher yields also demonstrated larger bulb diameters.

Conclusion

In the southern regions of Kerman province, the early maturity of onions is very important. Among the
yellow onion genotypes, Rio Bravo was the earliest variety. The Soberana cultivar had a higher bulb yield
compared to Rio Bravo, but it matured approximately twenty days later than Rio Bravo. Among the white
varieties, Minerva was also the earliest maturing variety. However, the Cirrus cultivar had a higher bulb yield
compared to Minerva. Yet, in comparison to Minerva, it was both later to mature and more susceptible to
fusarium. The selection of onion varieties can significantly depend on the specific conditions of the region and
the needs of the farmers. If timing and fusarium sensitivity are crucial factors for farmers, Minerva and Rio
Bravo, with lower susceptibility to fusarium, might be suitable options. However, if bulb yield and product
quality hold greater importance for farmers, Soberana among yellow onions and Cirrus among white onions are
recommended. Additionally, considering breeding goals, these varieties can be utilized in onion breeding
programs according to breeding objectives.

Keywords: Bulb weight, Earliness, Genetic diversity, Yield



Sl pole @ il

https://jhs.um.ac.ir

»\‘://‘0’»/1 52 ;)

£14-0Y4 o 8T DLl Y ojled YA Al

Cgx lsrso] Lld s Allium cepa L) dwiw 5 5,5 3 pl,l alllas 5 o3,

3l S Ol

io.:‘j L;Z;.a‘ L " .:‘j; d.k.q:u ‘...»ls Y b.amr-; @JA)L"‘ At —‘wu )&-@-ﬂ
ALER VAR VA RN FRYS .CUU

VEYAYYY b b

LRV

Slapliol Xgd oo CuiS )9S > G)lg 5 (ag Sl pel 3L o] Ao o Cuwsl e 3 Spany 5 ol o | (S5l

Sl o bl b JS5lo iy (lacaisl (S nlple Sloals polaidl jly cuiS |y ctS ) daw jlaoyd B 39> )38 a9
2 (%5 3l 085 e 9 M Sl o) Jk) (2B Sle pB) )l oy p Baa b adllae (il 3 sl (55908 5yl 3)Sdas Sl Jpas
5 bl oS il gz o @ly ik oSl 13 )5 oz b oY e b B 3 bl plo)S sl Csiz lgmg] bl
SiS g W 5 Ojg (Shed sbaY olus @y glii)l sl Jsb w0sd jlad iy U gy s ((a3Egw U ) daai el (i lio
ot Aoy Sy g )3 ()l tme Sglis uilyly 438 @l B S bl 250 sl 3Shes 5 paylish 4 (Sog)l dop Sy Jobo iy
PB)l gt (355 Slefoslrsns o (ke 5l Tojiee pB)l codsl sty gulis (ollyy ol (s S59lsh g0 lao Llod 55 5 aud Sl P
Sl gVl oxé 3,Skee b Byl i (i o) og b 5 (055 5k) Ul pB)l 5 50 (Dm0 pgrylih & a8 (Sogll oy b g 10095
g 5 Gy 0 Jsbo 0ad Jab jlo g5 93 10 )3 3)S (e sl (Ol slaasly )3 ool (sl omen 5 Glo)S il (g Bble
DS & ol e i Blial g o Sles (il (gl asecs jn Wil i oas 5 Slee b (g)b xe 5 Cuto YU (Siiwer digy SS9 9

b o aizn g 5 o Jod Ly alex 5l (s Jb
Przygocka-Cynaetal.,) u)l> oY obSh as 5 (Sl
L,\.S)J R WID J.J.)é\.s bL; ‘J)‘ su.sl.\.c (.J"’))l » 05)4; (2020
o1 WIS Sygbar )l 08 g5 (S Sl s
B ExSe Sllss 3 b Gbdss 13, 5 el
Joyd B dgas jodS pei> oLl L(Baghali et al., 2012)
59y ke Byl iloaly olaidl sl culs 4 |y s pj mdaw
aS Alud uLuSlb.))f JI)T PP ‘_gl.am>93 ul)Jl 50 cuiS dy90 JAJ)
38hes pogde )3 352y (o)) ol Clio (S odlFa 4
5 Bl oy S5 ly Jobo sle o sl clis Sl
sy (Bagheban etal., 2012) sswa dsg 3y50 jlo solpa

D903 plaBl iy g SIS ()59 9 kB b ol

03 (yjg 2 pNbes ¢()395 (S5 98 SIS ol

.

LY RUMY
Y gase Cpyinke jl o (Alliumcepal.) Sl b
23 1) oolaBl (5] (megd ((KjpensS Sl g 0392 ()b
3 psl dolis glgl j3 5 0yl ol pab okS ol (FAO, 2020)
dloye 3 i o] Bpae g 39500 o3litel SVl g gguile g
(Sherbeny et al., 2022) 5,5 o pbol &b 5l w v 5 juw
bS5 5l 8 ple ol (048 ofg 5 S ) Sy Ceond 93 2

& dn 9 Kby (6558 g ol sl ol )5 gozmiiily sy =¥ oV

Fal dapd olStils og5ygltS 0aStih (LS S5 g 25 098 o alS

RUNIPRAVK SRNP 4

o8l ¢ 2lS Cladgr (g59ld 0uSiimgy (LS (605 4 5 S Hbobiwl =Y

Ol gl (loyS ymb e

(Email: sardoueinasabs@gmail.com 2 phane B g3 — %)
https://doi.org/10.22067/jhs.2024.85799.1310


https://jhs.um.ac.ir/
https://orcid.org/0000-0003-2589-3637
https://orcid.org/0000-0002-5767-9734
mailto:sardoueinasabs@gmail.com
https://doi.org/10.22067/jhs.2024.85799.1310

VFo¥ bl ¥ o louis FA wlr (((65)9biS @oluo g pole) SLEl pole aspis YYY

3 S0l 3 (S5 £ i) g Sk egite wedip)l Sgleer
5ol Gua sl wedin oolpa Sl gy wlel sl
Lld 5l i 93)5 5l pBl > (S5 £95 b)) @b ol el
Bhlie b 55k 5y (slaniys S 5 (Seigsbign Cli
$290% 31 S 2ol ol )l Jole bl ployS Gl (gt
e g0 s laan,ly alg sbioly j sy sladely (olp

il e

b g, 9 dlge
Ol el (SyteskS VF > gBly L)l adais > iagsy ()l
aaBd ¥V g a0 OV claiwe 4 loyS qlwl g )0 zegS
W)l g Jlod adB5 VA 5 423 VW ol (ope By b
P lor @yl dsyd AVl ke, A plosl b yd mdaw 15200 V45
o A e Slls )k huwgie 5 5,5 ls 4> V8 ailate
5 o5 Sk wal8l ) boges dilaio opl clon 5 Ol canlyio
VakiliShahrbabaki & ) sl (b 25 5 SCis
ol 555 by 3l o pd Ho> «3si5 ol,> (Rashidi 2018
b Gyt slaz g SBAS5 Sl 5 ol Bluge glgey )
2 () J92) FoXY 5 S (gl dy e pB)) ol s Sl
I8 i)l 00 WY oy Jlo )3 FxF 55Y mpe 2 )b B

Z

izh)S

oS Bk il o) sl Slio ple g il 3Ses o3lpa
Slao cpl 855 e 5 Cuple 5l leMbl il 5y slbcwis;
ol diopllss ol doliys yo )3 bl byl o Cuxes yb 50
> ol 3 Sy Pl e 3 Sl BB (S5 g55

; Rivera et al., Tanikawa et al., 2002) cuwsl oud j5)l55
ohKen ¢ Lelg, .(2016; Manjunathagowda et al., 2021b
LSy sl s 5l YL (S5 ge5 (Rouamba et al., 1994)
B g 5 Gy e 093 il JS E)b Gy S 9,8 5
5 (Mallor et al., 2014) )\ Kea 5 jollo 55,8 (5,155 1) sae
OIS Sl sl Sl Sl Gl ln @Y (SB) g5
uly (Portaetal, 2014) Ko 5 Ujg adlasyd .ailos S
9 o5 Clio b5l oYL £95 Gly slacnY (S5 g55 (b))
D'Ennequinetal.,) 4 ,Kea 5 Sl (63 05 sdmlin a8
S5 655 Sl o8 BV 3 (KBS £95 ey Ba L (1997
5 ¥ Oy bl gB)l Gl kb (S ol clis bl 5l oYL
L5 oyl5 adjly 5T b cwsls 5l 5, dlaws o 5l Sis
obls (o plysa by ) g ctS (SYob axu )b 4 g
b3l 3929 obS (nl 53 (63b5 slems (SBT 95 (0loygdS (oo
sloanly g lp (S8 @olpa sloasky (98T gy
a3l gy cpl il snis plosl bo yodS j0 3 Sles 5y g L
S ne gladan)ly Wy slp dedin (SNl sl Sk

dioly ool 53l (ygp0 Bl wil gn b Shy SN

oialejl yd andllae 3590 by P, Claswivn —Y Jou

Table 1- Basic information of onion cultivars used inthe experiment
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Figure 1- Box plot and descriptive statistics including mean, maximum (number at the top of the box) and minimum (number
at the bottom of the box) for the examined traits in yellow onion cultivars
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X1: Days to bulbing, X2: Days to maturity, X3: Bulb diameter (cm), X4: Bulb length (cm), X5: Plant height (cm), X6: Number of
edible layers, X7: Plant fresh weight (g), X8: Plant dry weight (g), X9: Leaf length (cm), X10: Bulb yield (g)
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Table 2- ANOVA results for phenotypic and yield traits of four yellow onion cultivars
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= == and ns: significant at 1% and 5% of probability levels and non-significant, respectively.

X1: Days to bulbing, X2: Days to maturity, X3: Bulb diameter, X4: Bulb length, X5: Plant height, X6: Number of edible layers, X7:
Plant fresh weight, X8: Plant dry weight, X9: Leaf length, X10: Bulb yield
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Table 3- The phenotypic and yield traits forfour yellow onion cultivars
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] X1 X2 X3 X4 X5 X6 X7 X8 X9 X10
Cultivars
—
93 67.75 113.25¢ 8.78 7.9° 68.75 g 201° 152,25 57.75 152.47b
Rio Bravo
e
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Soberana
o1
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Ascro Goldeneye
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X1: Days to bulbing, X2: Days to maturity, X3: Bulb diameter (cm), X4: Bulb length (cm), X5: Plant height (cm), X6: Number of
edible layers, X7: Plant fresh weight (g), X8: Plant dry weight (g), X9: Leaf length (cm), X10: Bulb yield (g)
Values with at least one commonletter have no statistically significant difference based on Duncan’s multiple range test (p<0.05).
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Figure 2- Correlation between phenotypic and yield traits in yellow onion cultivars
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Plant fresh weight, X8: Plant dry weight, X9: Leaf length, X10: Bulb yield
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Figure 3- Box plot and descriptive statistics including mean, maximum (number at the top of the box) and minimum (number
at the bottom of the box) for the phenotypic and yield traits in white onion cultivars
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Table 4- ANOVA results for phenotypic and yield traits of four white onion cultivars
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Table 5- Results of averages comparison of the measured traits in four white onion varieties
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X1: Days to bulbing, X2: Days to maturity, X3: Bulb diameter, X4: Bulb length, X5: Plant height, X6: Number of edible layers, X7:

Plant fresh weight, X8: Plant dry weight, X9: Leaf length, X10: Bulb yield X11: Percentage of contamination with Fusarium
Values with at least one common letter have no statistically significant difference based on Duncan’s multiple range test (p<0.05).
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Figure 4- Correlation between the phenotypic and yield traits in white onion cultivars
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Introduction

Hyssopus officinalis L. belongs to the family Lamiaceae, and is one of the endangered endemic species in Iran.
This plant is rich in essential oil, flavonoids, monoterpene glycosides, trypanocidal terpenoids, rosmarinic acid, and
linolenic acid6. The main compounds of the essential oil from H. officinalis L. collected from natural habitats are a-
pinene, Sabinene, 3-Carene, Beta-Pinene, Cis- Pinocamphone, Myrtenol, Pinocamphone and Camphor. The
environmental factors cause changes in the growth, quantity, and quality of active substances (such as alkaloids,
glycosides, steroids and volatile oils) in the medicinal and aromatic plants. Among environmental stresses, water
deficit stress plays an important role in the biosynthesis of secondary metabolites in medicinal and aromatic plants
in arid and semi-arid regions like Iran. Drought stress has detrimental effects on growth and yield and can upset the
balance between the antioxidant defense system and free radicals by stimulating a series of biochemical reactions,
where free radicals cause cell damage. In sustainable production systems of medicinal and aromatic plants, stable
quantitative and qualitative functions can be achieved under conditions of environmental stress and it is possible to
improve the production of secondary metabolites in these plants under adverse environmental conditions. Therefore,
this study was done to evaluate the organic elicitors on the physiological and phytochemical properties of
H.officinalis to determine and introduce the best elicitor under water stress.

Materials and Methods

This investigation was done from spring (May) 2022 to fall (September) 2023 at the Research Farm (latitude.
32°20' N, longitude. 50°51" E, altitude. 2061 m). Based on the Koppen climate classification, the climate of the area
of study is classified as cold and semiarid. The present study was conducted in a randomized complete block design
(RCBD) with three replications to investigate the effect of foliar application of different organic elicitors (chitosan,
salicylic acid and phenylalanine) with control level (without any spraying) on the physiological and phytochemical
characters of H. officinalis L. In each year, treatments were performed in 3 stages (end of vegetative, beginning of
flowering and 50% of flowering) and in full flowering, harvesting was done. 3 irrigation regimes (4, 6, 8 day interval)
in main plots and foliar application of elicitors in sub plots were done. The essential oils were extracted by hydro-
distillation and analyzed using GC/MS.

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
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Results and Discussion

According to obtained results, applied organic elicitors significantly influenced the physiological and
phytochemical characters of H. officinalis L. However the assayed traits showed slightly variation during the
studied years. In two years, the highest chlorophyll content (17.12-17.31 mg.Kg* FW) and total phenol content
(1.77-1.81 mg.g! DW) were obtained in chitosan (0.5 mg.I"Y) and phenyl alanine (1000 mg.I'!) treatments
respectively. In most of measured characters, plants treated with chitosan (0.5 mg.I) and phenyl alanine (1000
mg.IY) were in the same group. Amounts of some characters in plants treated with phenyl alanine (2000 mg.I%)
and salicylic acid (3 mM) lesser than control plants. The main constituents of essential oil were Sabinene, 3-
Carene, Beta-Pinene, Cis- Pinocamphone, Myrtenol, Pinocamphone and Camphor (cyclic monoterpenes) that
made the most components of essential oil plants. Among of elicitors, the chitosan effect on increasing of
physiological and phytochemical characters such as the chlorophyll content was higher than other elicitors.
Applied elicitors showed significant effects on essential oil content and composition of H. officinalis L. The highest
essential oil content (0.89-0.91 %) was obtained from the treated plants by chitosan (0.5 mg.I"). According to the
biennial results of the chemical analysis of the essential oils from plants treated with treatments by GC/MS, the
most important chemical compounds that determine the quality of H. officinalis L. essential oil including Beta-
Pinene (17.93-18.53 %), Pinocamphone (24.97-25.12 %) and Cis-Pinocamphone (42.87-45.12 %) were identified.
Cis-Pinocamphone belonging to bicyclic monoterpene was the predominant constituent of essential oil of H.
officinalis L.

Conclusion

According to the results of this study, water deficit stress caused significant phytochemical changes in the H.
officinalis L. essential oil. The main constituents of the volatile oils of H. officinalis L. were Sabinene, 3-Carene,
Beta-Pinene, Cis- Pinocamphone, Myrtenol, Pinocamphone and Camphor were identified in the H. officinalis
essential oil. Generally, Foliar application of chitosan and phenyl alanine significantly increased the monoterpenes
compounds in essential oils of Hyssopus officinalis L., so that the content of these compounds and essential oil
content in treated plants by organic elicitors 63% was more than the control plants. Finally, the application of
chitosan at 0.5 mg.I"* can be a good strategy to improve physiological and essential oil quantity and quality of H.
officinalis L. in cold and semi-arid climates.

Keywords: Chitosan, Cis-Pinocamphone, Foliar application, Irrigation, Phenyl alanine
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Table 1- Physicochemical and climatic properties of experimental field

Olpo g Jlw
Properties Year
2022 2023
. 82 83
P (ppm)
- 209.2 212
K (ppm)
9% 0.09 0.08
N (ppm)
e o 0.41 0.42
EC (ds.m)
ot 0.77 0.85
Organic Carbon (%)
el 7.4 7.3
pH
Al s 3111 309.3
Average rainfall (mm)
2 ol 116 112
Average temperature (°C)
Apdy slod (:S5ke
Average maximum 22.6 218
temperature (°C)
AeS (slod (Lo
Average minimum -12.4 -12.1

temperature (°C)

ol Caa oaliiwl 3590 f Claswin -F Joio
Table 2- The properties of irrigation water

iy, P N oS colw
s e oS ey e . & o]
- CI Mg2+ Ca2+ K* Na* J”bu éi)"sn - |:|
HCOs (meq.Ih) (meq.It) (meq.I) (meq.I) (meq.I') DS EC P
(meg.I') (mg.IH) (us.cm™)
3.42 0.91 1.43 2.28 0.16 0.763 247.93 387 8.11

Gl Caa o3kl 3,90 f Claswin —F Jgua doldl
Table 2 Continued- The properties of irrigation water

Ol i &9 e o o w03l W @by s
NOs zZn Mn Cu Fe cd SO4* COs*
(meq.I") (meg.I") (meq.I") (meq.I") (meq.I") (meg.I") (meg.I") (meg.I")
23.67 0.001 0.001 0.001 0.009 0 0.001 0.21
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:(Arnon, 1975) lis (FW) ol jo 48l dnwgs S p cp 5 oles 5l g8 /0 Sy o

9% R.W.C= (FW-DW) / (TW-DW)
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Table 3- Combined ANOVA (mean squares) for physiological properties in Hyssopus officinalis L. subsp. angustifolius Bieb.

Ol s 2olio silan s odem JSTJO-::;I,E b Judg,l5 a Judg 5 JTsO‘i;f o
S.0.V, dfy Proline chlorophyll Chlorophyll b Chlorophyll a phenol R.W.C
Ju 1 141" 9.28" 0.93" 11.5™ 0.14" 114~
Year (Y)
(i) o5 4 08 0.86 117 0.15 1.22 0.6
R (Y)
Irrig:t;‘;‘] ® 2 182" 8.9™ 146" 7.9” 26.05™ 15.9™
AxY 2 11.08"™ 388" 765" 17.77" 12.88™ 21.04”
helulos Sl 8 1.01 017 0.17 0.56 121 0.17
Ea
E"jit;’;"(B) 6 22.8™ 3.2™ 12.09™ 15.87™ 15,77 16.1"
AxB 12 1092 11" 8.8~ 2014 14.89™ 19.3”
BxY 6 9.67" 107" 6.34™ 15.20™ 11.96™ 9.89"
AXBxY 12 0.82 0.07" 0.9™ 1,00 1.1m 0.09"
o2 dL"’E")‘ gl 72 05 0.09 08 11 0.87 0.11
b
Sl 3.74 5.12 8.6 6.53 5.88 445
CV (%)

#% NS
¢

o B gV Jlas! paws )3 (g)b pxe (o) xe pis g ¥
2 SOV: source of variation, Ydf: degree of freedom, *CV: coefficient of variation, *, ** significant at P=0.05 and P=0.01 levels of
probability respectively, ns: not significant.
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Table 4- The physiological and phytochemical properties in Hyssopus officinalis L. subsp. angustifolius Bieb. plants affected
by Elicitors by irrigation interval 4 day

Jlw o T 5 Jadg s b Judg 5 a Judg 5 55 Jgid O o Slgino
Year Treatm:ent* Proline Total chlorophyll ~ Chlorophyllb  Chlorophylla  Total phenol RW.C
(Hg.g™ FW) (mg.kg™ FW) (mg.kg' FW)  (mg.kg'FW)  (mg.kg™' FW) (%)
CJ):tS | 22.77+0.6% 13.99+0.8% 4,01+0.01° 9.99+0.7¢ 1.14+0.02° 58.99+1.2°
ontro
Sl el 1 21.89205° 14.55+0.6° 4.02+0.02° 10.4+0.5 1.16+0.03° 59.11+1.1°
Salicylicacid 2 19.1+09f 14.1+0.8% 5.01+0.02%® 9.1+0.6% 1.17£0.01° 59.1+1.3°
2022 oY s 1 16.58+0.6% 13.58+0.5°¢ 4,02+0.01° 9.58+0.9° 1.77+0.02% 60.22+1.4%®
Phenylalanine 2  17.66x0.5 13.78+0.7¢ 5.02+0.01%® 8.78+0.4 1.21+0.01% 60.32+1.5%®
Oligs 1 18.82+0.4f 14.82+0.8" 4.01+0.02° 10.82+0.7° 1.22+0.01¢ 61.42+1.1°
Chitosan 2 16.56x0.9°¢ 15.11+0.6° 5.02+0.03% 10.11+0.8% 1.21+0.01% 63.5+0.92
LSD 0.78 1.00 1.00 0.97 0.99 0.66
Ciﬁol 23.21+0.3 ¢ 12.87+0.3°¢ 4.12+0.02° 8.75+0.2¢ 1.16+0.01° 54.02+0.8°
Slalo sl 1 224404 13.64+0.5°¢ 4.34+0.01° 9.31+0.1% 1.17+0.02°¢ 59.23+1.3°
Salicylicacid 2 20.31+0.5° 14.23+0.6 4.42+0.01° 9.81+0.2° 1.18+0.02° 58.31+1.1°
2023 oY s 1 176306 17.31+0.7° 5.7+0.02? 11.63+0.3° 1.21+0.01% 57.91+1.2°
Phenylalanine 2  18.71x0.4 f 16.82+0.4% 4.91+0.01% 11.91+0.2%® 1.18+0.01° 60.55+1.3%
Oliss 1 17.65x0.3f 16.91+0.32 5.22+0.012 11.71+0.4° 1.23+0.02¢ 61.64+1.4°
Chitosan 2 15.99+0.4°¢ 14.53+0.5° 4.51+0.02° 10.03+0.3° 1.19+0.02°¢ 62.8+0.9°
LSD 0.91 1.00 0.95 1.00 0.97 0.74

S 9 a5 Y s om0 a5 IYD N isS omd 3 pS Y Y YT b ond 0 a5 ) ) YT b Ve e ¥ Y Sl dusl Y90 oo V0 1 Spmudlis sl
L e 09,5 (ghyly s aliie Bgy () gt > &S golacl
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5 g.I*
Numbers in each column that have same word, have same group.
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Table 5- The physiological and phytochemical properties in Hyssopus officinalis L. subsp. angustifolius Bieb. plants affected
by Elicitors by irrigation interval 6 day

Jlw Lo oo S5 Jedg 5 b Jdg k5 a Judg S 55 Jgd <l (o Slgpmo
Year Treatment* Prq}lne Total chlf)lrophyll ChIoroplhyII b Chloroehyll a Total plhenol R.W.C
(Hg.g™ FW) (mg.kg™ FW) (mg.kg"FW)  (mg.kg” FW)  (mg.kg™ FW) (%)
Js 27.91+1.1°¢ 14.12+0.8" 2.02+0.03¢ 12.1+0.5% 1.15+0.2°¢ 52.9+1.1°
(Control)
Sl Spuol 1 28.65+1.3 15.55+0.6° 3.0240.04°¢ 12.53+0.4% 1.17+0.1°¢ 55.38+1.2"
Salicylicacid 2~ 27.73+0.8° 15.1+0.8"° 3.01+0.05° 12.1+0.3% 1.18+0.1°¢ 56.42+0.9°
2022 oY b 1 28.63£1.1° 14.58+0.5° 3.08+0.02° 11.5+0.5° 1.21+0.2¢% 57.39+0.8°
Phenylalanine 2 29.71+0.9% 15.78+0.7° 3.02+0.03¢ 12.7140.4% 1.34+0.1¢ 58.44+0.7°
Ahigas 1 27.07+0.8° 16.82+0.8% 3.81+0.02" 13.01+0.6% 1.51+0.2¢ 59.55+0.8°
Chitosan 2 28.63+0.7% 17.1240.6° 4.01+0.03° 13.1240.72 1.26+0.2¢ 59.64+1.1°
LSD 0.94 0.95 1.00 0.99 1.00 0.86
(Control) s 28.12+0.8% 14.25+0.7% 2.15£0.02¢ 12.1x0.3* 1.23+0.01% 52.43+1.2°
Slelllo sl 1 28.92+0.9% 15.14+0.8° 3.15£0.05° 12.01+0.4° 1.290.02¢ 55.62+1.4%
Salicylicacid 2  28.820.7% 15.82+0.8" 3.8+0.04% 12.02+0.3° 1.49+0.03° 56.55+1.3°
2003 oY s 1 29.02+0.8* 14.93+0.9° 3.9+0.03" 11.04+0.5° 1.81+0.02* 58.39+1.1°
Phenylalanine 2 29.17+0.7% 15.94+0.9° 3.82+0.03% 12.12+0.4® 1.72+0.01%® 58.12+1.1°
liens 1 28.11+0.9¢ 16.92+0.8° 3.52+0.02¢ 13.41+0.6% 1.66+0.02° 54.15+1.2°
Chitosan 2 28.54+1.1° 16.25+0.7% 4.15+0.01° 12.11+0.7%® 1.54+0.01% 57.22+0.9°
LSD 0.84 0.98 1.00 1.00 0.89 0.95
IO 30nS md 3 e VDY ligaS ind 3 e S Y Y VT b gm0 p)S VY YT s Vge e ¥ Y Sl sl (Yoo (uo VB 1) Siliandlio dpusl
A pes

i dlde 09,5 (ghyl> i Gl Bgy> (ghyld gt ya ) &S eolas]
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 11g.l'1, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2:
05g.I
Numbers in each column that have same word, have same group.
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Table 6- The physiological and phytochemical properties in Hyssopus officinalis L. subsp. angustifolius Bieb. plants affected
by Elicitors by irrigation interval 8 day

] . a Jadg,l5 55 Jgd ]
o o o2 S Jedosls b Jubg 5 Chlorophyll Total Ol o (5lgim0
W Proline Total Chlorophyll b (mg.kg a phenol R.W.C
Year Treatment (Mg.g* chlorophyll 1 ' 1 1 "o/
) FW) FW)
S 28.98+0.9% 11.01+0.5¢ 2.01+0.2¢ 9.01+0.3¢ 1.15+0.02°¢ 50.02+0.9°
(Control)
Sl sl 1 31.92:0.8°  12.62+06° 3.11£0.1° 9.5140.4° 1.280.02° 51.52+0.9%
Salicylic acid 2 32.771.1% 13.55+0.7 ¢ 3.65+0.2% 9.89+0.3° 1.12+0.01°¢ 52.55+0.8°
2022 oYl 1 30.02+0.7° 12.7440.5°¢ 3.64+0.05°¢ 9.11+0.5% 1.55+0.03 51.41+0.7%
Phenylalanine 2  30.69:0.8" 12.63+0.7°¢ 3.13+0.1°¢ 9.53+0.4° 1.58+0.01° 53.62+0.9°
Oliss 1 30.11+0.9° 13.57+0.6°¢ 3.17+0.1°¢ 10.4+0.6™ 1.63+0.01° 52.31+0.8°
Chitosan 2 31.88+0.8% 13.44+0.6° 4.14+0.2° 9.31+0.7¢ 1.59+0.01° 53.44+1.1¢
LSD 0.95 1.00 0.88 0.95 0.96 1.00
S 29.55+0.9° 11.14+0.3¢ 2.14+0.01¢ 9.01+0.2¢ 1.17+0.03¢ 48.91+1.1¢
(Control)
Slodloswl 1 3262:0.8°  10.92£0.4¢ 2.020.02¢ 8.91+0.3¢ 1.23£0.02% 50.52+0.9¢
Salicylicacid 2  34.1+11° 11.55+0.2¢ 2.56+0.03¢ 9.01+0.3% 1.25+0.01¢ 49.55+0.7¢
2023 oY s 1 32.39+0.7% 11.7440.6¢ 2.75+0.02¢ 9.02+0.4% 1.59+0.02° 52.69+0.7¢
Phenylalanine 2  29.58+0.8" 12.22+0.5% 2.23+0.01¢ 10.02+0.4° 1.61+0.01 49.98+1.1¢
" 1 33.25+0.9° 12.57+0.7¢ 2.47+0.0¢ 10.11+0.5° 1.63+0.03° 51.48+0.7%
oligs 31.630.8
Chitosan 2 P 13.14+0.3¢ 3.01+0.04° 10.14+0.4¢ 1.55+0.02" 50.37+0.9¢
LSD 1.00 1.00 0.95 1.00 0.95 1.00

S 0 eSS i 3 psS IYB Y s i) 0 e S Y Y oYl i i) 0 a5 ) ) oYl s Ve e ¥V Sl sl Y50 o V0 1) Sl s
it dldie 09,5 (ghyld citud alie By gy g o > &S (goluel
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5 g.I"*
Numbers in each column that have same word, have same group.
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Table 7- Combined ANOVA (mean squares) for the essential oil content and main constituents in Hyssopus officinalis L.
subsp. angustifolius Bieb.

&l 4,3 ol . G)IS—T' =l _. ) = . . .
et @51 Essential U".ﬁl“ 3- Beta- oFelgy J5 e : Oy 2988
S0V, df oil Sabinene Carene  Pinene ~ Cis- Myrtenol  Pinocamphone  Camphor

pinocamphone

- - - - - . "

1 22.1 7.44 2,93 8.95 0.220s 151 11.93 7.93
Year (Y)
() S5 4 18 055 0.11 0.12 0.51 0.72 0.24 0.45

R (Y)

d)l:eW

Irigation 2 252" 561" 146" 10.9” 1411 149" 211" 17.6™

@

J: id\’(l*f‘ 2 37.12" 433" 544~  2251% 11.12% 19.11" 5.99" 10.04™
db

Lolgbes 8 234 021 0.11 0.33 101 0.22 0.21 0.24
Ea

Sy
Elicitor 6 318" 4117 411" 2117 1417 141" 2411 24.30"

(B)

x L5)L.‘j
S o 12 2954" 332" 10.8™ 19.17 12.4% 223" 148" 21.8"
AxB
JL;;;”“ 6 15.44™ 255" 9.88" 188~ 9.88" 11.12" 10.14™ 11.08™
X gyl
XS 12 1.02% 0.09™ 0.120 0.05" 0.91" 0.15™ 0.09™ 0.42%
AxBxY
ls
wishes T2 15 0.11 0.43 0.43 0.65 0.24 0.12 0.55
Ep
Sy o
10.12 34 . 422 4. 11 . 71
& o 0 6.3 8.6 33 6 6.6 5

o3 B gV Jleis! maw jd (g)b gxe (o) Gixe pis i * g

#% NS
¢

2 SOV: source of variation, Ydf: degree of freedom, *CV: coefficient of variation, *, ** significant at P=0.05 and P=0.01 levels of

probability respectively, ns: not significant.
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Table 8-The essential oil content and main chemical composition (%) in H.officinalis L. plants affected by elicitors with
irrigation interval 4 day

T

Year Treatment* Essential oil Sabinene 3-Carene Beta-pinene Cis- Myrtenol e P Camphor
Pinocamphone
= 0.69£0.05¢ 1605005 124019 141501 B 390080 18.9+0.9° 150,01°
.69:0. .69:0. 240 .10 d 940, .90, 50,
(Control) 4£0.5
Sabodlos ol 1 0.7+0.02¢ 1.94+0.1¢9 1.2+0.19 14.5+0.2°¢ 36.420.6¢ 4.7+0.01° 20.8+0.8° 1.6+0.02°
salicylic acid 2 0.71+0.01¢ 1.9740.2° 1.3£0.1% 15.3+0.3¢ 37.1+0.8°¢ 4.790.0° 19.740.7% 1.71#0.03°
2022 oVl b 1 0.71x0.08° 1.99+0.3° 1.540.2° 16.2+0.2° 38.1£0.5° 4.85£0.03° 24.97:0.6°  1.890.01°
Phenylalanine 2 0.72+0.03 2.030.1° 1.540.1°¢ 16.4+0.5° 38.7+0.7°¢ 4.91+0.052 23.7240.7% 1.7240.022
g 1 0.74+0.04¢ 2.11+0.1°¢ 1.6£0.1¢ 15.1+0.2°¢ 39.1+0.8% 5.01+0.01* 22.4+0.6% 1.74+0.01%
Chitosan 2 0.76+0.02¢ 2.1740.1° 2.1:0.1° 15.4+0.3¢ 39.76:£0.6 5.12+0.02% 23.6+0.6° 1.76+0.022
LSD 0.95 1.00 1.00 0.9 1.00 0.95 0.98 1.00
(C(;Jr:;il) 0.71+0.01¢ 2.69+0.05° 2.06+0.02° 14.22+0.4° 36.4+1.1% 4.85+0.1° 18.42+0.7° 1.52+0.01°
Sl 10 1 0.74£001° 321:01°  214%011°  14.50:0.5° 38.4+1.4° 4.1240.1¢ 22.1:0.8" 1.2¢0.01¢
salicylic acid 2 0.720.02¢ 2.97:0.1% 1.930.1° 16.030.2° 35.11.2¢ 4.44+0.05° 23.14+0.65%  1.2520.02¢
2023 oVl s 1 0.89:0.03 3.4420.1° 2.660.1° 16.09+0.3° 41.2¢1.2° 4.32£0.1° 24.01£0.64°  1.33:0.01°
Phenylalanine 2 0.85:£0.02% 2.95£0.2% 2.51#0.1° 16.24+0.5b 39.7+1.40¢ 4.5520.1° 24.31¥0.65°  1.41%0.03°
g 1 0.88+0.03? 3.11+0.12 2.55+0.05% 15.56+0.4% 39.78+1.1% 4.22+0.1° 22.5+0.6" 1.45+0.02°¢
Chitosan 2 0.91+0.022 2.85+0.1° 2.11+0.1° 15.49+0.6° 42.87+1.5% 3.99+0.05¢ 24.10.72 1.5+0.01°
LSD 0.88 1.00 0.95 1.00 0.95 1.00 1.00 0.95
Sl 3 a5 10X lienS omd ) p S IV (ignS o) 3 p S Y Y VT b o 3 )5 Y ) YT i Vs (e ¥ Y (Sl ol Vg0 o V/0 ) Silinnls ]
ik dylio 09,5 () i alie Bgy> gyl ygiw o yd a5 golael
*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I'*, Phenylalanine 2: 2 g.I'%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5 g.I*
Numbers in each column that have same word, have same group.
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Table 9-The essential oil content and main chemical composition (%) in H.officinalis L. plants affected by elicitors with
irrigation interval 6 day
98015 9ig s
Js logs W it A ot o Jss S hols
2% o o o Beta- i 7 Pinocampho e
Year Treatment* Essential oil Sabinene 3-Carene - Cis- Myrtenol P Camphor
pinene Pinocamphon ne
e
(COJr:;ZI) 0.69+0.01¢ 2.69+0.01° 1.9+0.02° 15.69+1.1° 35.4+1.1¢ 4.17+0.1% 15.42+0.7¢ 1.55+0.01°
Sobls ol 1 0.75+0.02° 3.01+0.02° 2.22+0.02% 16.86+1.2° 38.53+1.2° 4.23+0.2° 17.1+0.9°¢ 1.51+0.02°
salicylicacid 2 0.7120.03° 255+0.01°  1.98+0.03° 16.01+0.9° 36.1:+1.1 4.13+0.05¢ 15.14+0.8¢ 1.21+0.02¢
2022 oVl b 1 084:004° 312002  25120.01°  17.98:0.8°  44.63x14° 4.55£0.1° 20.0120.7" 1.420.02°
Phenylalanine ~ 2 0.79%0.01° 2.9+0.01° 2.43+0.022 16.99+1.1° 42.7+1.5% 3.88+0.05¢  23.31+0.85%  1.49+0.01°
g 1 0.85+0.03* 3.11+0.01° 2.31+0.042 17.56+0.92 43.92+1.2% 3.92+0.1¢ 20.5+0.9° 1.45+0.02°¢
Chitosan 2 0.89+0.04% 2.91+0.02° 2.05+0.02° 18.53+0.8a 45.12+1.12 3.99+0.05¢ 23.1+1.1% 1.59+0.02°
LSD 1.00 1.00 1.00 0.95 0.95 0.95 1.00 1.00
(COJr:;r-:JI) 0.61+0.01° 2.12+0.01° 1.7+0.02% 14.77+0.9° 36.4+1.1% 3.99+0.1¢ 19.77+1.1% 1.43+0.01°
Sllos ol 1 0.72+0.01% 2.32+0.01° 2.32+0.02° 16.94+0.8° 39.1+0.9¢ 4.01+0.1¢ 21.1+1.1° 1.29+0.01°
salicylicacid 2 071#0.02¢  221#0.02°  1.77+0.01° 16.54+1.1° 37.1+1.1° 3.77+0.2¢ 20.88+0.7° 1.22+0.03¢
2023 oY1 1 0.82+0.02° 2.58+0.03" 2.42+0.01% 17.03+0.9% 42.85+0.8% 4.2+0.2% 23.53+0.6% 1.55+0.03"°
Phenylalanine 2 0.81+0.01° 2.4+0.01% 2.43+0.01% 16.55+1.1° 42.11+1.2° 3.92+0.2¢ 22.2+0.6® 1.32+0.01°¢
g 1 0.73+0.04¢ 3.2+0.02¢ 2.12+0.02° 17.11+0.8% 39.5+1.1% 4.2+0.1% 23.5%0.72 1.45+0.04°
Chitosan 2 0.86+0.022 3.3+0.032 2.090.01° 17.93+1.12 42.12+1.3b 4.87+0.1 25.12+0.8¢ 1.19+0.04¢
LSD 0.95 1.00 0.95 1.00 1.00 0.95 0.95 0.87

)3 )5 0 oS nd 33 a8 VDY (lignS ad j3 p) S VY VT i ol )3 )5V Y VT i Ve oo YoV Sl sl (Y go oo /0 1) Silimndlis ]
ik Ao 09,5 () i aliie Bgy> glyd g o 40 a5 golusl

*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I'*, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5 g.I"- Numbers in each column

that have same word, have same group.
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Table 10-The essential oil content and main chemical composition (%) in H.officinalis L. plants affected by elicitors with
irrigation interval 8 day

e

(9805 gt~ e

J e . Ol o5-v _ Jeime 9B 29808
Year Treatment* Esse_nnal Sabinene 3-Carene _Beta— . Cis- Myrtenol Pinocamphone Camphor
oil pinene pinocamphone

(Control) s 0.65+0.02% 1.92+0.02% 1.12+0.04¢ 12.59+1.14 33.89+1.4¢ 3.77+0.1¢ 19.1+0.7°¢ 1.12+0.01¢
Slonllos ol 1 0.69+0.0119 2.02+0.01¢  2.21+0.04% 14.88+0.8° 37.1+#1.2¢ 4.01+0.2¢ 18.1+0.8° 1.22+0.02¢
Salicylic acid 2 0.72+0.03% 2.11+0.03°¢ 2.01+0.01° 15.59+1.2° 39.77+0.9 3.99+0.2¢ 13.14+0.9° 1.33+0.03°¢
2022 oYl s 1 0.84+0.02° 2.44+0.04% 1.51+0.03°¢ 17.11+0.9° 38.88+0.8°¢ 4.55+0.1° 15.53+0.89 1.41+0.04°¢
Phenylalanine 2 0.75+0.03° 2.55+0.01° 1.88+0.01° 17.55+0.8° 40.12+1.1° 4.77+0.2° 20.2+0.7° 1.29+0.01%
g 1 0.81+0.02° 3.01+0.03? 1.99+0.03° 17.86+0.9° 41.16+1.2° 4.81+0.3 19.5+0.8¢ 1.67+0.03°
Chitosan 2 0.71+0.01¢ 2.95+0.04  2.23+0.01° 17.91+1.22 42.55+0.9° 4.31+0.2° 18.12+0.6° 1.65+0.03°

LSD 0.95 0.98 0.95 0.95 0.95 1.00 1.00 1.00
(Control) Jzs 0.65:0.01% 2.21+0.01° 1.71+0.02" 12.59+1.24 36.8+1.1% 4.39+0.02° 14.17+1.14 1.23+0.014
Sdomalls gl 1 0.61+0.01° 2.37+0.01° 1.69+0.04" 14.45+0.8° 35.1+1.149 4.11+0.02¢ 18.96+0.8°¢ 1.1740.024
Salicylic acid 2 0.59+0.02¢ 2.21+0.02¢ 1.55+0.02°¢ 12.83+1.4¢ 34.12+0.9¢ 3.92+0.03¢ 17.14+1.2°¢ 1.18+0.01¢
oYl Jus 1 0.63+0.02° 2.44+0.04° 1.71+0.03% 15.01+1.1¢ 37.71+0.7¢ 4.43+0.03° 19.53+0.9°¢ 1.32+0.04°¢
2023 Phenylalanine 2~ 0.61x0.01° 2.63+0.03° 1.82+0.02° 14.91+0.8° 38.81+1.1° 4.12+0.04¢ 21.240.7° 1.29+0.02%
Ol 1 0.7+0.03¢ 3.19+0.02* 1.92+0.02° 15.21+1.2° 39.12+0.9°¢ 4.41+0.04° 19.81+1.2%¢ 1.51+0.01°
Chitosan 2 0.65:0.02% 2.91+0.03° 2.02+0.01° 15.11+0.9° 38.91+0.7°¢ 4.22+0.03¢ 21.12+0.9° 1.42+0.02°¢

LSD 1.00 0.95 0.95 1.00 0.98 0.95 0.96 0.88

s o 38 olisl 1) 3 p S IO s o 3 psS YO N i ol 3 e Y eV b il 3 S ) 1 VT b Ve Lo ¥V Sl sl ¥ se s V0 ) (Silidl gl

Kk dylio 09,5 ()b i alie Bgy> (ghyl>

*Salicylic Acid 1: 1.5 mM, Salicylic Acid 2: 3 mM, Phenylalanine 1: 1 g.I"%, Phenylalanine 2: 2 g.I"%, Chitosan 1: 0.25 g.I"%. Chitosan 2: 0.5 g.I" Numbers in each
column that have same word, have same group.

38 1y peilel Jlade 095 LSy (9 9 o il 8l s & Jlole
(dsslS g Gl deye i e egponlil S sl Sl
Ali et al., 2021; ) ws aalgd ulol 3 Sas il 4 oo
Jiwge S9d sow ;I .(Abdul-Hafeez & Ibrahim, 2021
e pogil 4 Clindies Jutgil p3 4y Jlail b baadgn 5
lauded Jolys Jlasl opl b a8 Wb oo sl Slawdgs T
oz b S cloaygise LS5 dgde Jobs (GPP)
«Sleg)l el oo 3l 4l )3 5 005 g9, (GT) oyt Lol
dlisgts o i 29y 00 iy gl e Gy o 25Ty
by pgge odlo (i 290 U (GTS) jlitus i LS o231
Thakur & Kumar, 2020; Bohlman & Keeling, ) 1l o )
2§ Fhgid 033l cdonils )3 g (§5gd (o jSS) (e (pingR
oeobol saimy LSis LS 5 p By ol 5l g ool Lalal 1y By
bopsSs i 50 biden 5 5t 4 4 dags b Llodgs 138,80 5
@ olol Wi S e (Lol Sl Wgd 00 S o) lawgs
bgiyo olS 496 mudgilio )3 3550 sbmpl 9 o) » ol 436
.(Pandey et al., 2017) >q. oo
Alizadeh et ) ljens alos 3l calises sS oo (IS jobay
Abdi et al., 2022; Momeni et ) Sl sl 4 (al., 2020
e oo slom3l (355 b ) ere (i85 (al., 2020

o) Vb cage Mo (St (A5 Sl 0 Sy aw lals

ORI ) bl e Jlade g 0dd Sy p3 (JSg) Slaosd o515
olSy stwes olyuss (Pradhan et al., 2017) aeo
el g Cosl (S0 iy 5 395 5w g aingige dloa Sl (s d90 5
LBl g polie 4 Gl 3 (2LS (sla Jobo S plo s
B eg g e ;> SWST LYs 5l (S6 &5 dwyo o @ g
SolSils M 4 bgye o ibojl 3y50 ol il bS5
Sasani et ) uib (65,50 gl 51 650,00 a5 5l GluS 5 (g 5twen
oS WS o Jlo obowd slaply ol (ol S e (al., 2021
omeSllsid qas g (Soidediee 5 (Sigdsd laguly
s 3 g0 JUsb b 6165 s S o 4 gly (b 39550
Sl e uilil Slgie 5 458 clacdplio (2B lagj oo
L owilel wluSys L(Ali, 2021; Babaei et al., 2021) b o
& oVl b g Sl sl 03290 JI LS5 ok Joloxe
O3l 53 (B sl 51 g aal dnal s &2 (g3llely >
S emlBE o (IS ka5 pulld oSS
Jgwe €8l 5> il s Gl cage oS ol )amg S
(Caser et al., 2019; Kulak, 2020) s 0 bS5 oyl i
SRl Jdsa plgie |y el jlade (ad puie B ) (So
Oleidlo 3 2l polie Gl (il b 5 ol (g5ttmgd clid
ey 15 2 el Sn Gl 38 ] o il sl IS 5,518
—008 45 o jl 585 oo e Sy p3 il 0aiS el 5 slmosd
2y s by plelis gbls Lulsl susSmi s b



FYO o By5 2910 oS loamdyind 5 (S59dae 3md S F9 2 (6usy GBS 20 £l Jalono I 1 15,0k Sl

>, (Khosh Eqgbal et al., 2020) cuol (yo b 5 00l g
ool 028 ()15 I S 5 plgisar (Folite LS 5 g
9 Jses (Fathiazad et al., 2011) l,) Jloud 1 bl Juis po
sl o y)155 (Saebi et al., 2021) o) ol 51 Jolgl5m

0ol g o 0550 03lo (e &S 03)5 SIS (olmgs 5
b (Rl ()3 dne jobody dald & S b (S AT 5
B il a0 & i 25 s 3 50 3 i B2 Jy 08
Khosh ) 5¢ yis sMe (Sis 55 )3 ol (il g cudly angs
(il g g > Ml L Sus i .(Eqbal et al., 2020
> o B b o 1) pulel plesd S5 g dop
Ol aS A yasudie ayldie (glaalllas 4> (Pradhan et al., 2017)
Ol JoSusls Jte (lie 59y 2 il ime 5 G381 I (St
(Ocimum basilicum)  yias ylouy 50 (bl oo LS 5 51 (S
mMe d> 3 Sis i (Malekpoor et al., 2017) cul asls
Jgess 2l oo 9 0850 CLS 5 (B (liee Conl il bawgia g
Thymus ) obs cpogl ogyhs ol » 1, b Sy S
Abdi et al., 2022; Askary et al., ) aa> 158 (daenensis L.
b ol & e lisnS 3pl8 &ST canl sl 5,155 (2018
42,5 (Origanum vulgare ssp. hirtum) 56550 olS )5 Jgid
o3l S8 ey o gtb L 5o hal3l oS ) o0 i
a3l Jib L sl 9S8 g SWsgal (3T b Jusd 5 (s jtmmgen
S, a8 5,8 jastie (6,590 Lislesl (Heng et al., 2012)
B3 gl obS 53 adggMe LS 5 Sl 4 e g
(Emami Bistgani et al., 2017) x> ,5

(S 5 Al
Slao a8 il yd g e pols Limgh 5 odel Caunddy gl
Cov oS opl 2 p g besdstd 9 (Soiolnd
P S ebls > (Yl b g oligns sbajles (5L gl
Comd St Gl ol G gy Gib 5 e bl sleoygd
Syl oslatwl b g5 olS bl 5ySles ol )l aald
Ol Vb 8l (Bl sk (A5 llpd cod Gligns
P 1B S IS4 5 3k S gy Ui silel )9 Jles )3 il
oy a8l bl 3 Slas b & A sdalie l5enS i )
3 Bp b )3 S e b s 55 uilsl (glierd OS5
YL ekl b cov olSy Sp g ol ols s
oleg pd .85 548 sald b alie 09,5 50 ealiwl )50 (s 200
Bl slone by i Ll coB o CBS w5
sy S lysar () o pySisdee Voo o) YT b 5 g (lignS

Gl Gl Jdoa Vel g8 5,18 408 o olalS a5l
g b baye sloml Gl g 0f wla (G5 ilS (€O,
Hawrylak-Nowak et ) sas o s |y Suilu! (gloioee daidei 5
siwew (al., 2021; Abdul-Hafeez & Ibrahim, 2021
oyl 4 oS Cusl oS saigassy Ll cov agl ccdsbe
bl il 0yl Sy iuwei® Cod )b 0594 0LS S 5905 348
5 ) Jolss ol gl ol ad) p S e 5l S
3y Comd g oo oLS 0,550 dlae iuli8l & e &S e
(Hawrylak-Nowak et al., 2021)

u.a.L?u )L.B) ‘5:9)‘.) uLmLf b).:}o .)190 ).)Jl.o.n ‘_55\»& L)w..: (W)
~Wlhoole i (SB35 jo 5 (S oloj o 4zl )
» Jy s (Rosmarinus officinalis) (¢)lj, oLS 0 (yw
oluSy .cdl wlel (Lavandula angustifolia) yess g slawl
Salvia) (IS mye > Joudlol 5 (iged il 0%
obuy ol ol S by cél el (officinalis
ols » (Kulak, 2020) susl il58l (Ocimum basilicum)
(Thymus ) cpiogl (Alyssum desertorum) aegud g,
objss  (Calendula officinalis) k. ai.s wulgaris
ojy sbaisS 4 (Yadegari, 2017) (Borago officinalis)
Loy ials 4 e ol i (Yadegari, 2022) (Satureja)
SbropSS) GialS 33)5 (o (il 0350 Slge I (S 55 g il
33 s Jhsa Cunl S puizmeds Ol 39008 plKin )3 (g kg
SlopSdaS jw Gials g aofSS) gy —dud (ladcgeca
o5l ply 4y laSSy — g (slo uSliaS 50 b g (SlAISS,
Caodbg IS slacuSn g ded glns] o 58 S b g )9
J(Caser et al., 2019; Esch et al., 2019) .l

Gkl agl lacdglie juw Sopd b (SWs G
ol 5l (B a8 ne g 29 GllS > (Ssbe lojus
bl 3 Slos 1> dau0 .(Emami Bistgani et al., 2017) 395 o0
Slge Cla ey jd HRl38l Jdody cunl (S ljenS” 51 ookl b
OtFsise Fsm b g Sy (2085 slhoad ol 3 i b g 2lie
Ghasemi Pirbalouti et al., 2017; Hawrylak-) sl
ol olendsnd &35 s wloly (Nowak et al., 2021
mome pelgi 3o opl 3 Bgj el e OlS S
lord OS5 ol e ol 9 JeSme (9ielin
ol 438)S )13 ) 3)90 () SKig s 5 (6 )k o By il
o B3 ilwl OS5 Sk &S D (asuie (4855 )



VPt bl (¥ o ot FA alor (655l @aliuo g pole) SLEL pole 4 pis FFF

oS 3 Shes ialdl ol s 4 g i gl Lials ol Wil e
25 518 odliial 3)50 By olS il (S

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Abdi, L., Asghari, H.R., Tolyat Abolhasani, M., Amerian, M.R., & Naghdi badi, H. (2022). Effect of salicylic acid
on growth and phytochemical characteristics of Thymus daenensis under drought irrigation. Plant Process and
Function, 11(48), 195-210. (In Persian)

Abdul-Hafeez, E.Y., & Ibrahim, O.H.M. (2021). Effects of chitosan and BABA foliar application on flowering and
chemical characteristics of German chamomile ‘Bode-gold’. South African Journal of Botany, 139, 241-245.
https://doi.org/10.1016/j.sajb.2021.01.037

Adams, R.P. (2007). Identification of essential oil components by gas chromatography/ quadrupole mass
spectroscopy. Allured Publishing Corporation, Carol Stream, IL.

Aghaei, K., Ghasemi Pirbalouti, A., Mousavi, A., Naghdi Badi, H., & Mehnatkesh, A. (2019). Effects of foliar
spraying of L-phenylalanine and application of bio-fertilizers on growth, yield, and essential oil of hyssop (Hyssopus
officinalis L.  Subsp.  Angustifolius).  Biocatalyst  Agriculture  Biotechnology, 21, 101318.
https://doi.org/10.1016/j.bcab.2019.101318

Ahmad, B., Khan, M.M.A., Jaleel, H., Sadiq, Y., Shabbir, A., & Uddin, M. (2017). Exogenously sourced y-irradiated
chitosan-mediated regulation of growth, physiology, quality attributes, and yield in Mentha piperita L. Turkish
Journal of Biology, 41, 388-401. https://doi.org/10.3906/biy-1608-64

Alavi Samany, S.M., Ghasemi Pirbalouti, A., & Malekpoor, F. (2022). Phytochemical and morpho-physiological
changes of hyssop in response to chitosan-spraying under different levels of irrigation. Industrial Crops and
Products, 176, 114330. https://doi.org/10.1016/j.indcrop.2021.114330

Albergaria, E.T., Oliveira, A.F., & Albuquerque, U.P. (2020). The effect of water deficit stress on
the composition of phenolic compounds in medicinal plants. South African Journal of Botany, 131, 12-17.
https://doi.org/10.1016/j.sajb.2020.02.002

Ali, B. (2021). Salicylic acid: an efficient elicitor of secondary metabolite production in plants. Biocatalysis and
Agricultural Biotechnology, 31, 101884. https://doi.org/10.1016/j.bcab.2020.101884

Alizadeh, Z., & Fattahi, M. (2021). Essential oil, total phenolic, flavonoids, anthocyanins, carotenoids and
antioxidant activity of cultivated damask rose (Rosa damascena) from Iran: With chemotyping approach concerning
morphology and composition. Scientia Horticulturae, 288, 110341. https://doi.org/10.1016/j.scienta.2021.110341
Alizadeh, A., Moghaddam, M., Asgharzade, A., & Mahmoodi Sourestani, M. (2020). Phytochemical and
physiological response of Satureja hortensis L. to different irrigation regimes and chitosan application. Industrial
Crops and Products, 158, 112990. https://doi.org/10.1016/j.indcrop.2020.112990

Arnon, D.1. (1975). Physiological principles of dry land crop production. In: U.S. Gupta (Ed.) Physiological Aspects
of Dry Land Farming. pp. 3-14. Oxford Press.

Askary, M., Behdani, M.A., Parsa, S., Mahmoodi, S., & Jamialahmadi, M. (2018). Water stress and manure
application affect the quantity and quality of essential oil of Thymus daenensis and Thymus vulgaris. Industrial
Crops and Products, 111, 336-344. https://doi.org/10.1016/j.indcrop.2017.09.056

Babaei, K., Moghaddam, M., & Farhadi, N. (2021). Morphological, physiological and phytochemical responses of
Mexican marigold (Tagetes minuta L.) to drought stress. Scientia Horticulturae, 284, 110-116.
https://doi.org/10.1016/j.scienta.2021.110116

Bates, L.S., Waldren, R.P., & Teare, I.D. (1973). Rapid determination of free proline for water-stress studies. Plant
and Soil, 39(1), 205-207. https://doi.org/10.1007/BF00018060

Bohlman, J., & Keeling, C.I. (2008). Terpenoid biomaterials. Plant Journal, 54, 656-669.
https://doi.org/10.1111/j.1365-313X.2008.03449.x

Caser, M., Chitarra, W., Angiolillod, F., & Perrong, I. (2019). Drought stress adaptation modulates plant secondary
metabolite production in Salvia dolomitica Codd. Industrial Crops and Products, 129, 85-96.
https://doi.org/10.1016/j.indcrop.2018.11.068

Dere, S., Giines, T., & Sivaci, R. (1998). Spectrophotometric determination of chlorophyll-A, B and total carotenoid
contents of some algae species using different solvents. Turkish Journal of Botany, 22(1), 13-17.

Dzung, N.A. (2011). Enhancing crop production with chitosan and its derivatives. In: Chitin, Chitosan,
Oligosaccharides and Their Derivatives, Kim, Se -kwon. Taylor and Francis. Boca Raton London New York.
Emami-Bistgani, Z., Siadat, SA., Bakhshandeh, A., & Ghasemi-Pirbalouti, A. (2017). Interactive effects of drought
stress and chitosan application on physiological characteristics and essential oil yield of Thymus daenensis Celak.
The Crop Journal, 5(5), CJ-00231. https://doi.org/10.1016/j.¢j.2017.04.003


https://doi.org/10.1016/j.sajb.2021.01.037
https://doi.org/10.1016/j.bcab.2019.101318
https://doi.org/10.3906/biy-1608-64
https://doi.org/10.1016/j.indcrop.2021.114330
https://doi.org/10.1016/j.sajb.2020.02.002
https://doi.org/10.1016/j.bcab.2020.101884
https://doi.org/10.1016/j.scienta.2021.110341
https://doi.org/10.1016/j.indcrop.2020.112990
https://doi.org/10.1016/j.indcrop.2017.09.056
https://doi.org/10.1016/j.scienta.2021.110116
https://doi.org/10.1007/BF00018060
https://doi.org/10.1111/j.1365-313X.2008.03449.x
https://doi.org/10.1016/j.indcrop.2018.11.068
https://doi.org/10.1016/j.cj.2017.04.003

AL

e o) 519500 olS (o1 buonligind 9 (K359l b L (S g 2 gy GBS o (Ll Jokxe Wl il (550l ol 0

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Esch, E.H., Lipson, D.A., & Cleland, E.E. (2019). Invasion and drought alter phenological sensitivity and
synergistically lower ecosystem production. Ecology, 100(10), 34-45. https://doi.org/10.1002/ecy.2802
Fariaszewska, A., Aper, J., Van Huylenbroeck, J., & De Swaef, T. (2020). Physiological and biochemical responses
of forage grass varieties to mild drought stress under field conditions. International Journal of Plant Production,
14, 335-353. https://doi.org/10.1007/s42106-020-00088-3

Fathiazad, F., Mazandarani, M., & Hamedeyazdan, S. (2011). Phytochemical analysis and antioxidant activity of
Hyssopus  officinalis L. from Iran. Advanced Pharmaceutical  Bulletin, 1(2), 63-67.
https://doi.org/10.5681/aph.2011.009

Ghanbarzadeh, Z., Mohsenzadeh, S., Rowshan, V., & Moradshahi, A. (2019). Evaluation of the growth, essential
oil composition and antioxidant activity of Dracocephalum moldavica under water deficit stress and symbiosis with
Claroideoglomus etunicatum and Micrococcus yunnanensis. Scientia Horticulturae, 256, 108652.
https://doi.org/10.1016/j.scienta.2019.108652

Ghasemi Pirbalouti, A., Malekpoor, F., Salimi, A., & Golparvar, A. (2017). Exogenous application of chitosan on
biochemical and physiological characteristics, phenolic content and antioxidant activity of two species of basil
(Ocimum ciliatum and Ocimum basilicum) under reduced irrigation. Scientia Horticulturae, 217, 114-22.
https://doi.org/10.1016/j.scienta.2017.01.031

Gorni, P.H., Pacheco, A.C., Moro, A.L., Albugquerque Silva, J.F., Moreli, R.R., & Rodrigues de Miranda, G. (2020).
Salicylic acid foliar application increases biomass, nutrient assimilation, primary metabolites and essential oil
content in Achillea millefolium L. Scientia Horticulturae, 270, 109436. https://doi.10.1016/].scienta.2020.109436
Govindaraju, S., & Indra Arulselvi, P. (2018). Effect of cytokinin combined elicitors (L-phenylalanine, salicylic
acid and chitosan) on in vitro propagation, secondary metabolites and molecular characterization of medicinal herb-
Coleus aromaticus Benth (L). Journal of Saudi Society Agriculture Science, 17(4), 435-44.
https://doi.org/10.1016/j.jssas.2016.11.001

Hayati, A., Rahimi, M.M., Kelidari, A., & Hosseini, S.M. (2021). Effects of humic acid and iron nanochelate on
osmolytes content of black cumin (Nigella sativa L.) under drought stress conditions. Journal of Medicinal and
Aromatic Plants Research, 37(5), 809-821. (In Persian). https://doi.org/10.22092/ijmapr.2021.354715.2995
Hawrylak-Nowak, B., Dresler, S., Rubinowska, K., & Matraszek-Gawron, R. (2021). Eliciting effect of foliar
application of chitosan lactate on the phytochemical properties of Ocimum basilicum L. and Melissa officinalis L.
Food Chemistry, 342, 128358. https://doi.org/10.1016/j.foodchem.2020.128358

Heng, Y., Xavier, C., Frette, S., Lars, P., Christensen, S., & Kai, G. (2012). Chitosan oligosaccharides promote the
content of polyphenols in Greek oregano (Origanum vulgare ssp. hirtum). Journal of Agricultural and Food
Chemistry, 60, 136—143. https://doi.org/10.1021/jf204376j

Kheiri, A., Mohajjel Shoja, H., & Sarajoughi, M. (2020). Study on the effect of drought stress and methanol spraying
on dehydrinel gene expression in Carthamus tinctorius. Genetic Engineering and Biosafety Journal, 9, 67-75.
Khosh Eqgbal, F., Ghasemi Pirbalouti, A., Enteshari, S., & Davarpanah, S.J. (2020). Qualitative and quantitative
effects of drought stress on essential oil compositions of hyssop (Hyssopus officinalis L.). Journal of Plant Research,
33(2), 292-303. (In Persian)

Kulak, M. (2020). Recurrent drought stress effects on essential oil profile of Lamiaceae plants: An approach
regarding stress memory. Industrial Crops and Products, 154, 1-17. https://doi.org/10.1016/j.indcrop.2020.112695
Malekpoor, F., Ghasemi Pirbalouti, A., Salimi, A., & Momtaz, H. (2017). Effects of chitosan on gene expression of
chavicol-O-methyl transferase and phenylpropanoid components of Ocimum basilicum (purple cultivar) under water
deficit. Journal of Biology Society, 30, 391-401.

Marinova, D., Ribarova, F., & Atanassaova, M. (2005). Total phenolics and total flavonoids in Bulgarian fruits and
vegetables. Journal University of Chemistry Technology Metallurgy, 40(3), 255-260.

Mohammadi, H., Amirikia, F., Ghorbanpour, M., Fatehi, F., & Hashempour, H. (2019). Salicylic acid induced
changes in physiological traits and essential oil constituents in different ecotypes of Thymus kotschyanus and Thymus
vulgaris under well watered and water stress conditions. Industrial Crops and Products, 129, 561-574.
https://doi.org/10.1016/j.indcrop.2018.12.046

Momeni, M., Ghasemi Pirbalouti, A., Mousavi, A., & Badi, H.N. (2020). Effect of foliar applications of salicylic
acid and chitosan on the essential oil of Thymbra spicata L. under different soil moisture conditions. Journal of
Essential Oil Bearing Plants, 23(5), 1142-1153. https://doi.org/10.1080/0972060X.2020.1801519

Mozaffarian, V. (2008). A pictorial dictionary of botanical taxonomy. Latin-English-French-Germany-Persian.
Germany: Koeltz Scientific Books.

Mumivand, H., Ebrahimi, A., Morshedloo, M.R., & Shayganfar, A. (2021). Water deficit stress changes in drug
yield, antioxidant enzymes activity and essential oil quality and quantity of tarragon (Artemisia dracunculus L.).
Industrial Crops and Products, 164, 113381. https://doi.org/10.1016/j.indcrop.2021.113381


https://doi.org/10.1002/ecy.2802
https://doi.org/10.1007/s42106-020-00088-3
https://doi.org/10.5681/apb.2011.009
https://doi.org/10.1016/j.scienta.2019.108652
https://doi.org/10.1016/j.scienta.2017.01.031
https://doi.10.1016/j.scienta.2020.109436
https://doi.org/10.1016/j.jssas.2016.11.001
https://doi.org/10.22092/ijmapr.2021.354715.2995
https://doi.org/10.1016/j.foodchem.2020.128358
https://doi.org/10.1021/jf204376j
https://dx.doi.org/10.1016/j.indcrop.2020.112695
https://doi.org/10.1016/j.indcrop.2018.12.046
https://doi.org/10.1080/0972060X.2020.1801519
https://doi.org/10.1016/j.indcrop.2021.113381

VPt bl (¥ o ot FA alor (555l @alio g pole) SLEL pole a5 pis FFA

39.

40.

41.

42.

43,

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

Naderi, S., Fakheri, B.A., & Seraji, M. (2014). The effect of chitosan on some physiological and biochemical
characteristics of ajowan (Carum copticum L.). Crop science Research in the Dry Areas 1(1),101-117.
https://doi.org/10.22034/csrar.01.01.05. (In Persian)

Pandey, P., Irulappan, V., Bagavathiannan, M.V., & Senthil-Kumar, M. (2017). Impact of combined abiotic and
biotic stresses on plant growth and avenues for crop improvement by exploiting physio-morphological traits. Front
Plant Science, 8, 1-15. https://d0i.10.3389/fpls.2017.00537

Poorghadir, M., Mohammadi Torkashvand, A., Mirjalili, S.A., & Moradi, P. (2020). Interactions of amino acids
(proline and phenylalanine) and biostimulants (salicylic acid and chitosan) on the growth and essential oil
components of Savory (Satureja hortensis L.). Biocatalyst Agriculture Biotechnology, 30, 101815.
https://doi.org/10.1016/j.bcab.2020.101815

Pradhan, J., Sahoo, S.K., Lalotra, S., & Sarma, R.S. (2017). Positive impact of abiotic stress on medicinal and
aromatic plants. International Journal of Plant Sciences, 12(2), 309-313. https://doi.10.15740/HAS/1JPS/12.2/309-
313

Rahmani Samani, M., Ghasemi Pirbalouti, A., Moattar, F., & Golparvar, A.R. (2019). L-phenylalanine and bio-
fertilizers interaction effects on growth, yield and chemical compositions and content of essential oil from the Sage
(Salvia officinalis L) leaves. Industrial Crops and Products, 137, 1-8.
https://dx.doi.org/10.1016/j.indcrop.2019.05.019

Rajabzadeh, Sh., Ghasemi Pirbalouti, A., Yadegari, M., & Rahimi, T. (2024). Physiological and phytochemical
responces of Rosa damascena Mill. To the foliar application of different elicitors. Journal of Essential Oil Bearing
Plants, 27. https://doi.org/10.1080/0972060X.2023.2255613

Rajabzadeh, S., Ghasemi Pirbalouti, A., Yadegari, M., & Rahimi, T. (2023). Evaluation of the foliar application
effect on the chemical compositions of Rosa damascena Mill. essential oil of Chaharmahal va Bakhtiari province.
Eco-phytochemical Journal of Medicinal Plants, 10(2), 80-95. (In Persian).
https://doi.org/10.30495/ejmp.2022.1954175.1682

Saebi, A., Minaei, S., Mahdavian, A.R., & Taghi Ebadi, M. (2021). Quantity and quality of hyssop (Hyssopus
officinalis L.) affected by precision harvesting. International Journal of Horticultural Science and Technology, 8(3),
291-304. https://doi.org/10.22059/ijhst.2020.298266.346

Sasani, N., Paques, L.E., Boulanger, G., & Singh, A.P. (2021).Physiological and anatomical
responses to drought stress differ between two larch species and their hybrid. Trees, 35, 1467-1484.
https://doi.org/10.1007/s00468-021-02129-4

Shaykh-Samani, A., Ghasemi Pirbalouti, A., Yadegari, M., & Rajabzadeh, F. (2023). Foliar application of salicylic
acid improved the yield and quality of the essential oil from Dracocephalum kotschyi Boiss. under water deficit
Stress. Journal of Essential Oil Bearing Plants, 26, 769-779. https://doi.10.30495/iper.2022.1952014.1771
Thakur, M., & Kumar, R. (2020). Foliar application of plant growth regulators modulates the productivity and
chemical profile of damask rose (Rosa damascena Mill.) under mid hill conditions of the western Himalaya.

Industrial Crops and Products, 158, 113024. https://doi.org/10.1016/j.indcrop.2020.113024

Xiaolu, W., Jie, Y., Aoxue, L., & Yu, C. (2016). Drought stress and re-watering increase secondary metabolites
andenzyme activity in Dendrobium moniliforme. Industrial Crops and Products, 94, 385-393.
https://doi.org/10.1016/j.indcrop.2016.08.041

Yadegari, M. (2022). Effects of NPK, botamisol, and humic acid on morphophysiological traits and
essential oil of three Satureja species under drought stress. lranian Journal of Medicinal and
Aromatic Plants Research, 38(1), 61-80. (In Persian).
https://doi.org/10.22092/ijmapr.2022.356264.3073

Yadegari, M. (2018). Foliar application effects of salicylic acid and jasmonic acid on the essential oil composition
of Salvia officinalis. Turkish Journal of Biochemistry, 43(4), 417-424. https://doi.org/10.1515/tjb-2017-0183
Yadegari, M. (2017). Irrigation periods and Fe, Zn foliar application on agronomic characters of Borago officinalis,
Calendula officinalis, Thymus vulgaris and Alyssum desertorum. Communication in Soil Science and Plant Analysis,
48(3), 307-315. https://doi.org/10.1080/00103624.2016.1269796

Zakerian, F., Sefidkon, F., Abbaszadeh, A., & Kalateh, S. (2020). Drought stress and micorrhiza fungi effects on
physiologic and essential oil characters of Thymus sahandica Bornm. Iranian Journal of Horticultural Science,
51(1), 189-201. (In Persian). https://doi.org/10.22059/ijhs.2018.267489.1521

Zamani, S., Ghasemnejad, A., Alizadeh, M., & Alami, M. (2016). Investigating the effect of salinity and salicylic
acid on the activity of phenylalanine ammonialyase enzyme and Phenylpropanoids compounds of Cynara scolymus
L. in vitro. Eco-phytochemical Journal of Medicinal Plants, 3(4), 28-39. (In Persian).
https://doi.org/10.30495/ejmp.2016.694504

Zandalinas, S.I., Mittler, R., Balfagon, D., Arbona, V., & Gomez-Cadenas, A. (2017). Plant adaptations to the
combination of drought and high temperatures. Physiology of Plant, 162(1), 2—-12. https://doi.org/10.1111/ppl.12540


https://doi.10.3389/fpls.2017.00537
https://doi.org/10.1016/j.bcab.2020.101815
https://doi.10.15740/HAS/IJPS/12.2/309-313
https://doi.10.15740/HAS/IJPS/12.2/309-313
https://doi.org/10.1080/0972060X.2023.2255613
https://doi.org/10.30495/ejmp.2022.1954175.1682
https://ijhst.ut.ac.ir/?_action=article&au=691903&_au=Ali++Saebi
https://ijhst.ut.ac.ir/?_action=article&au=692067&_au=Saeid++Minaei
https://ijhst.ut.ac.ir/?_action=article&au=692069&_au=Ali+Reza++Mahdavian
https://ijhst.ut.ac.ir/?_action=article&au=616136&_au=Mohammad-Taghi++Ebadi
https://ijhst.ut.ac.ir/article_80696_b3ef1724bc9e04404807a51420d60559.pdf
https://ijhst.ut.ac.ir/article_80696_b3ef1724bc9e04404807a51420d60559.pdf
https://doi.org/10.22059/ijhst.2020.298266.346
https://doi.org/10.1007/s00468-021-02129-4
https://doi.10.30495/iper.2022.1952014.1771
https://doi.org/10.1016/j.indcrop.2020.113024
https://doi.org/10.1016/j.indcrop.2016.08.041
https://doi.org/10.22092/ijmapr.2022.356264.3073
https://doi.org/10.1515/tjb-2017-0183
https://doi.org/10.1080/00103624.2016.1269796
https://doi.org/10.22059/ijhs.2018.267489.1521
https://doi.org/10.30495/ejmp.2016.694504
https://doi.org/10.1111/ppl.12540

PP o Bg5 2910 oS loamidyinsd 5 (S59dae 3md S F9 2 (6usy GO 20 £l Jalono 11 5,0k Sl

57. Zawislak, G. (2013). Morphological characters of Hyssopus officinalis L. and chemical composition of its essential
oil. Modern Phytomorphology, 4, 93-95. https://doi.org/10.5281/zen0d0.161195


https://doi.org/10.5281/zenodo.161195

Journal of Horticultural Science

https://jhs.um.ac.ir o

Research Article
Vol. 38, No. 2, Summer 2024, p. 451-463

Application of Gamma Aminobutyric Acid Treatment on Frost Damage and
Antioxidant Properties of Cavendish Banana (Musa acuminata cv. Cavendish)
during Cold Storage

Z. Pakkish'“/'*, S, Mohajerpour?, S. Saadati'*?

1, 2 and 3- Associate Professor, Graduated M.Sc. and Assistant Professor, Department of Horticultural Sciences, Faculty
of Agriculture, Shahid Bahonar University of Kerman, Kerman, Iran, respectively.
(*- Corresponding Author Email: zahrapakkish@uk.ac.ir)

Received: 30-12-2023 How to cite this article:
Revised: 25-02-2024 Pakkish, Z., Mohajerpour, S., & Saadati, S. (2024). Application of gamma
Accepted: 02-03-2024 aminobutyric acid treatment on frost damage and antioxidant properties of cavendish
Available Online: 02-03-2024 banana (Musa acuminata cv. Cavendish) during cold storage. Journal of
Horticultural Science, 38(2), 451-463. (In Persian with English abstract).
https://doi.org/10.22067/jhs.2024.86061.1314

Introduction

Fresh fruits and vegetables are physiologically active and perishable after harvest. Continued metabolic
processes such as transpiration or respiration may significantly affect their quality and thus shorten their useful
life. Since keeping at low temperatures and without freezing for a long time effectively reduces the physiological
activity of the products, it can be used as a strategy to maintain the quality of the products and increase their life
after harvesting. Among the most economically important tropical fruits, ripe green bananas are very sensitive to
cold and when stored below the threshold temperature, they show all the symptoms of frost damage. While banana
cultivars, maturity stage, and ripening all influence cold sensitivity, there's a growing interest in extending the
shelf life of produce using natural, plant-friendly compounds. Gamma-aminobutyric acid (GABA), a naturally
occurring four-carbon, non-protein amino acid found in plants, animals, and bacteria, is a promising candidate in
this area.Abiotic stresses such as cold, heat, drought, ultraviolet rays and low oxygen can cause the accumulation
of GABA in plants. Generally, the purpose of this research was to investigate the effect of gamma-aminobutyric
acid treatment to improve freezing and antioxidant properties of Cavendish banana at 5 degrees Celsius for 24
days in 90% relative humidity.

Materials and Methods

Cavendish banana fruits (Musa acuminata cv. Cavendish) at the time of commercial maturity (ripe green) were
obtained from a banana garden in Kerman and immediately transferred to the horticultural science laboratory of
Shahid Bahoner University, Kerman. Healthy and uniform fruits were selected in terms of size, shape, color, and
degree of ripening, and after washing with water and drying them, frost tolerance, malondialdehyde, and
antioxidants were measured for zero day. GABA (Sigma-Aldrich, USA) required after weighing was dissolved in
water and prepared in two concentrations of 2.5 and 5 mM. The fruits were divided into three groups of 54 and
each repetition included 18 fruits. The first and second groups were immersed in GABA solution of 2.5 mM and
5 mM for 5 minutes, respectively. The third group was immersed in distilled water for 5 minutes and was used as
a control (Khaliq et al., 2023). Each treatment was repeated three times. Then, all the fruits were dried in the air
for one hour and kept for 24 days at 5 degrees Celsius and relative humidity of 85-90%. Biochemical observations
were measured on days 0, 4, 8, 12, 16, 20 and 24 of storage.
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Results and Discussion

The results of this research showed that frost damage gradually increased during the storage period and the
control fruits showed significantly more frost damage symptoms than the fruits treated with GABA. GABA
treatments of 2.5 and 5 mM at the end of the storage period reduced the amount of frost damage by 55.64 and
69.95%, respectively, compared to control fruits. As shown in Figure 1b, MDA content as an index of membrane
lipid peroxidation in the control and GABA-treated fruit showed an upward trend, which was associated with the
destruction of banana fruit membrane under cold stress. Compared to control, banana fruits treated with GABA
showed lower MDA accumulation during the entire storage period at 4 degrees Celsius. On the last day of storage,
GABA treatment with a concentration of 2.5 mM and 5 mM reduced the amount of MDA in banana fruits by
30.99% and 59.80%, respectively, compared to the control. Post-harvest treatment with GABA reduced frostbite,
ion leakage and MDA levels in banana fruits, thereby maintaining fruit quality during low temperature storage.
GABA treatment increased the activity of catalase (CAT), ascorbate peroxidase (APX), peroxidase (POD) and
superoxide dismutase (SOD) enzymes in banana fruit compared to the control under low temperature storage. The
activity of antioxidant enzymes CAT, APX, POD and SOD increased significantly until the 20th day of storage at
low temperature, especially in the 5 mM GABA treatment compared to the other two treatments, and then
decreased slightly at the end of the storage period. An increase in the concentration of oxygen free radicals,
including hydrogen peroxide, leads to an increase in catalase enzyme activity. Catalase enzyme is often present in
the peroxisome and causes the decomposition of hydrogen peroxide into water and oxygen. The specific activity
of catalase enzyme increased during cold storage, especially in GABA treatments, so it seems that this enzyme is
an efficient scavenger for removing hydrogen peroxide and thus causes better protection of cells against
peroxidation. In the ascorbate-glutathione cycle, the ascorbate peroxidase enzyme reduces the amount of hydrogen
peroxide by using ascorbate as an electron donor. In the present study, the activity of ascorbate peroxidase enzyme
in GABA treatment was significantly higher than the control, which indicates the importance of the role of
ascorbate peroxidase in plant tissues against oxidative damage. Guaiacol peroxidase enzyme is another antioxidant
enzyme that decomposes hydrogen peroxide into water and oxygen. Peroxidase enzyme plays a role in the
oxidation of precursors of phenolic compounds, lignin production, and removal of free radicals. The activity of
peroxidase enzyme showed a similar trend in all three treatments, although its activity in GABA treatments was
more than the control. Therefore, this enzyme effectively eliminated free radicals in banana fruits. In confirmation
of these findings, it was reported in research that the activity of peroxidase enzyme increased in fir cuttings during
the cold period. In research, post-harvest treatment of GABA with a concentration of 5 mM reduced frostbite and
increased the activity of antioxidant enzymes such as CAT, APX, POD and SOD in peach fruits.

Conclusion
The results of this research showed that the applied post-harvest treatments reduced the signs of frostbite and
preserved the antioxidant properties of banana fruits. Among the treatments, 5 mM concentration of GABA was
the most effective treatment in the storage period. Therefore, GABA treatment can be used as a practical solution
to reduce frostbite and preserve the antioxidant properties of Cavendish bananas during long-term storage.

Keywords: Antioxidant enzymes, GABA, lon leakage, Malondialdehyde
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Figure 1- The effect of GABA treatment (G1 = 2.5 mM and G2 =5 mM) on the chilling injury (a) and lipid peroxidation
content (b) of banana fruits during storage at 5 °C
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The averages with at least one common letter in each sampling time have no significant difference at the 5% probability level using
the LSD test.
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Figure 2- The effect of GABA treatment (G1 = 2.5 mM and G2 =5 mM) on the DPPH radical scavenging activity (a) and
hydrogen peroxide (b) of banana fruits during storage at 5 °C
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The averages with at least one common letter in each sampling time have no significant difference at the 5% probability level using
the LSD test.
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The averages with at least one common letter in each sampling time have no significant difference at the 5% probability level using
the LSD test.
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Introduction

Success in tissue culture technique, especially in bulbous plants, depends on the microbial contamination
control during in vitro culture. Decontamination is considered as a fundamental challenge in the technique of cell,
tissue and plant organ culture. Although there are various methods for this purpose, the development of disinfection
methods specific to each species is considered an important factor in the establishment and success of the tissue
culture system. Applying different treatments can control the microbial contamination and consequently increase
the percentage of explant survival. This plant is among the poisonous plants of pastures and the chemical
compounds present in it have important medicinal effects, so that the existence of alkaloid and glycosidic
compounds has been reported for it. These chemical compounds are used to treat rheumatic pains, lymphatic
system diseases and also as liver cleansers. This ornamental plant also has the ability to produce pots and its export
is possible in pots . Currently, in order to overcome the issues of the usual methods of propagation of this
ornamental plant and to produce pollution-free plants, the use of in vitro cultivation methods in this plant has
become very important. bulbes is one of the most common explants of inverted tulip tissue culture, but it often
faces very high internal and external fungal and bacterial contamination. In the in vitro culture of onion plants, the
existence of fungal and bacterial contaminations are one of the main problems that can affect the efficiency of this
type of propagation methods. Fungal and bacterial contaminations are one of the most important problematic
factors in different in vitro culture methods. Internal contamination usually appears several weeks after planting.
These contaminations may not be seen externally, but they affect the growth, division and greening of small
samples. Mercuric chloride is mainly used as a surface disinfectant along with sodium hypochlorite and it controls
the spectrum of bacteria and fungi and increases the disinfection efficiency. The results of the study showed that
mercuric chloride relatively controls the bacterial and fungal contamination of the samples, but it reduces the
survival percentage of the samples in high concentration. It seems that some plants are sensitive to mercuric
chloride and determining the appropriate amount of this substance plays a very important role in preparing a
healthy and living specimen. Determining the duration of disinfectant treatment was also considered in various
researches, so that sometimes carbendazim 1% fungicide for 20 minutes, 70% alcohol for 60 seconds, sodium
hypochlorite 2.5% for 10 minutes. And 0.1% mercury chloride was used for 7 minutes to sterilize aloe vera sample.
Considering the importance of plant tissue culture techniques and the need to create new protocols to reduce
contamination and increase the number of healthy cultures, the main goal of this study is to create an efficient
protocol for the disinfection of Fritillaria spp. onion explants in order to increase the efficiency of in vitro cultures.
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Materials and Methods

This study aimed to investigate the effect of time and different concentrations of sodium hypochlorite,
carbendazim fungicide and mercuric chloride in inhibiting the contamination of inverted tulip bulbs (Fritillaria
spp.) in tissue culture environment. So, an experiment was done as a completely randomized design at four
replications in the biotechnology laboratory of Zanjan University during 2023. The experimental treatments
consisted of 0.1% fungicide at different times (30, 25, 35 and 40 minutes), 5 levels of sodium hypochlorite (0,1,
1.5, 2, 2.5 and 3%) at different times (7, 9, 10, 12 and 15 minutes), 70% Ethanol at two different times (0,60 and
90 seconds) and mercury chloride (0,0.1 and 0.2%). Bulbs that collected from nature were transferred to the
Biotechnology Laboratory of the Faculty of Agriculture, Department of Horticulture, Zanjan University and kept
them in the refrigerator at 4°C for two weeks. After this period of time, the bulbs were washed with detergent and
then remained in water for 30 minutes. Then they were disinfected by using the above-mentioned treatments: It
should be noted that at the end of each step, Fritillaria bulbs were washed with sterile distilled water. Also, after
the end of the disinfection treatments, the desired explants were cultured in MS basic culture medium. The
statistical analysis of this experiment was carried out using SAS software, version 9.1. The differences between
mean values were compared using Duncan’s multiple range test method at the 5% significant level (p < 0.05).

Results and Discussion

The control of fungal and bacterial contamination, especially in relation to bulbous and bulbous plants that are
in direct contact with the culture medium, is one of the basic steps in in vitro culture conditions. Applying different
treatments including the use of fungicides, alcohol, sodium hypochlorite and mercuric chloride in the cultivation
environment can help control fungal and bacterial contamination in the Fritillaria spp. plant. However, the
application of such treatments can have a negative effect on the regeneration potential of the explants, so it is
important to choose the appropriate treatment in a way that controls the fungal and bacterial contamination and on
the other hand preserves the regeneration potential of the explants. This study investigated the effectiveness of
various disinfection protocols on Laleh-Avgagun onion explants. While the lowest contamination (0%) was
achieved using 0.1% fungicide for 40 minutes, 70% alcohol for 90 seconds, 3% sodium hypochlorite for 15
minutes, and 0.1% mercury chloride, this treatment significantly reduced explant survival and regeneration,
causing browning. Conversely, applying 0.1% fungicide for 30 minutes, 70% alcohol for 60 seconds, 2% or 2.5%
sodium hypochlorite for 12 or 10 minutes respectively, and 0.1% mercury chloride effectively reduced
contamination while maintaining explant survival. This optimized protocol improved the growth and regeneration
ability of the explants.Therefore, in the conditions of in vitro cultivation, the use of the mentioned treatments is
recommended to control contamination and optimal reproduction of the bulbs of Fritillaria spp. plant.

Keywords: Disinfection, Extinction, In vitro, Mercuric chloride, Micropropagation
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Table 1- ANOVA for the effect of soaking time in Carbendazim fungicide for decontamination and survival of Fritillaria spp.
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Figure 1- The effect of soaking time in carbendazim fungicide for decontamination (A) and survival (B) of Fritillaria spp.
Bulbs. (DMRT, p<0.05)
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Table 2- ANOVA for the effect of soaking time in Alcohol for decontamination and survival of Fritillaria spp. Bulbs.
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Figure 2- The effect of soaking time in alcohol for decontamination (A) and survival (B) of Fritillaria spp. Bulbs. (DMRT,
Pp=<0.05)
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Table 3- ANOVA for the effect of different concentrations of sodium hypochlorite for decontamination and survival of
Fritillaria spp. Bulbs
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Figure 3- The effect of different concentrations of sodium hypochlorite for decontamination (A) and survival (B) of Fritillaria
spp. Bulbs. (DMRT, p<0.05)
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Table 4- ANOVA for the effect of storage time in sodium hypochlorite for decontamination and survival of Fritillaria spp.
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30 4
. (@
25 —
< b
n Q\i |
> o 20 A
Y s c c
S
3 E 15 ‘
S IS
2E 109
v g
D 5 4
Q e
0 T T T T T 1
0 7 9 10 12 15
2 Sl b 53 (51N ol
Sodium hypochlorite time (min)
100, @ b (b)
c
i d
80 e £
a2~
g8 601
s
32 40
3 5
Yo 20 -
0 T T T T T
0 7 9 10 12 15

2w S S omd 53 (6 Lo
Sodium hypochlorite time (min)
O35 WY ol 5l () oo o (B) (o901 &, (5152 wacims S S gd sl ilieo (glagylo; 3l £ JSUS

Figure 4- The effect of different times of sodium hypochlorite for decontamination (A) and survival (B) of Fritillaria spp.
Bulbs. (DMRT, p<0.05)
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Table 5- ANOVA for the effect of different concentrations of Mercury chloride for decontamination and survival of
Fritillaria spp. Bulbs
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Figure 5- The effect of different concentrations of mercuric chloride on decontamination (A) and survival (B) of Fritillaria
spp. Bulbs. (DMRT, p<0.05)
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