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Introduction

Barberries are a broad class of spiny evergreen or deciduous shrubs belonging to the Berberidaceae family.
They are of great importance due to their different parts' nutritional and medicinal properties and their
ornamental applications. Genus Berberis, the biggest genus in Berberidaceae, includes more than 660 species.
Barberry grows in Asia and Europe and has been used extensively as a medicinal plant in traditional medicine. In
Iranian traditional medicine, several properties, such as antibacterial, antipyretic, antipruritic and
antiarrhythmic, have been reported with unknown mechanisms of action. Incredible structural diversity among
barberries' active components makes them a valuable source of novel therapeutic compounds. Seedless barberry
(Berberis integerrima 'Asperma’) is one of Iran's valuable indigenous medicinal plants. Common asexual
propagation of this plant over the years and consequently low genetic diversity in populations of the seedless
barberry restricts selection outcomes in breeding programs. Utilizing the indigenous wild genotypes of the
barberry genus, which are easily able to cross-pollinate, is one of the best methods to increase genetic diversity.
Accordingly, several wild seedy barberry genotypes were identified from all over Iran, collected and established
in a collection in Mashhad; then, 16 genotypes were selected and their physical properties were studied.

Materials and Methods

In this study, ripe fruits of sixteen unique genotypes (i.e., Iranian seedless barberry and fifteen seedy
genotypes) were harvested in October- November 2015 and kept in a refrigerator in order to measure some of
their physical properties in fresh fruits (berry dimension, 100-berry weight, juice content and color indices). For
other properties, fruits were dried at room temperature. Fruit cluster length was measured by means of a ruler,
the number of berries/cluster and the number of set/aborted seeds in berry by counting, berry dimensions by a
digital caliper, weight of fresh and dried 100-berry, percentage of pulp and seed as well as fruit juice content by
a scale with 0.001 accuracy. Moisture content was determined using an oven with 75 °C temperature for 48
hours. Color indices, including L*, a* and b*, were measured using a portable colorimeter (Konica Minolta
Chroma Meters CR-410). This study was performed using a completely randomized design with three
replications. Data were analyzed by Minitab software version 16 using analysis of variance (ANOVA), and
differences among means were determined for significance at p<0.05 using the Bonferroni test.

Results and Discussion

The results indicated significant differences among genotypes. Based on the results, cluster length ranged
between 1.67cm (code 5-3) and 6.29 cm (code 10-1); moisture content was between 8.20% and 11.84% in
genotypes 8-3 and 13-2, respectively. The fruit juice content range of the studied genotypes was between 51.22%
and 71.87%. Genotype 2-1 had the highest dimension values and the highest 100-berry fresh weight (30.72g) and
dry weight (10.00g) fruits. The lowest weights of 100-berry were related to 14-1 and seedless barberry.
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Genotypes 5-2 had the highest pulp percentage (98.17%) and the lowest seed percentage (1.50%) and 10-1 had

the lowest pulp percentage (51.93%) and the highest seed percentage (48.07%). The highest number of set seeds

(1.73) and the lowest number of aborted seeds (zero) were found in (10-1) and (14-2), respectively. Based on the

results, seedless barberry had the lowest number of set seeds (0.00) and the highest number of aborted seeds

(3.27). Regarding fruit color indices, genotypes showed significant variability from orange to brown and dark

blue. Color indices L*, a* and b* ranged (from 22.83 to 38.13), (2.31 to 37.76) and (1.18 to 2.28), respectively.
Conclusion

In conclusion, it can be said that all genotypes have considerable variability in fruit traits (color, fruit
dimensions, pulp/seed percentage, moisture content, etc.). Based on the result of this study, genotype 5-2 was the
most similar genotype to seedless barberry. The seedless barberry populations have low genetic diversity due to
asexual propagation through suckers over many years. Indigenous genotypes can be a valuable genetic resource
for future breeding programs to improve the quantitative and qualitative characteristics of seedless barberry and
introduce new cultivars of seedless barberry with different colors and consequently different nutritional-
medicinal properties.

Keywords: Barberry diversity, Medicinal shrub, Seedless barberry, Seedy barberry, Small fruit
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Figure 1- Color diversity in the sixteen evaluated barberry genotypes
(Figure codes are based on herbarium codes in the Research Institute of Food Science and Technology.)
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Table 3- The fresh fruit color indices in the sixteen evaluated barberry genotypes

X s bl
Genotype Color indices
L* a* b*

Bidaneh 30.20° 30.62° 9.14%
2-1 30.74° 27.67°¢ 7.86%¢
2-2 38.132 35.70° 21522
4-1 27.45%¢ 25.98° 7.68%¢
5-1 22.83¢ 16.779 2.11f
5-2 30.84° 27.56™ 9.53¢
5-3 30.47° 26.95% 8.22¢¢
8-2 31.23° 26.49™ 7.39%
8-3 41.29° 37.76° 17.97°
10-1 27.630¢ 6.51° -1.589
11-1 23.34% 19.29¢ 2.747
12-1 26.7104 4.46° -2.129
13-1 31.39° 24.93¢ 7.04°
13-2 27.590-d 26.10° 7.81%¢
14-1 29.80° 18.28¢ 2.28f
14-2 29.44° 2.31° -3.239
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The same letters in each column indicate no significant difference based on the Bonferroni test at 5% of probability level.
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Figure 2- The pulp and seed weight percentage of the sixteen evaluated barberry genotypes (Bonferroni test, p<0.05).
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Figure 3- Set seeds (right) and aborted seed (left) in one of the evaluated barberry genotypes
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Introduction

Drought stress is one of the most important factors limiting plant growth and production and leads to a
reduction of more than 50% in the average production of most crops worldwide. Drought stress due to increased
soil osmotic potential, especially in greenhouses where fertilizer consumption is high, is one of the greenhouse
crop problems.

Material and Methods

In the present study, two concentrations of polyethylene glycol at three levels of 0 (D1), -1.48 (D2), 4-91 (D3
ds/m to create different levels of drought stress due to osmotic changes in culture medium and application of
KCI two levels (0 (K1) and 6 (K2) mmol / 1) was used to reduce the possible effects. The experiment was
performed as a factorial experiment in a completely randomized design with three replications. To apply drought
stress, pot water was measured using a tensiometer, and when the drought reached below the field capacity (FC),
irrigation with different concentrations of PEG and once a week spraying with KCI at the desired concentrations
was done. Cucumber seeds were planted directly in 5 kg plastic pots containing a mixture of potting soil,
including soil + sand + animal manure in the ratio of 1 + 2 + 0.5. The number of seedlings in each pot was 2 to 3
kg, which was reduced to one seedling seventeen days after sowing the seeds in the stage of three to four leaves.
KCI spraying and spraying began in the three to the four-leaf stage of the seedlings and lasted for about a month.
The plants were kept in the greenhouse during the experiment with an average temperature of 25 ° C and relative
humidity of 70%. At the end of the experiment, dry weight, fresh weight, chlorophyll, chlorophyll fluorescence,
flavonoids, carotenoids, proline, phenol, total protein, abscisic acid, superoxide, and ascorbate peroxidase,
antioxidants, and catalase were measured.

Result

The results showed that the effect of foliar application of potassium in all traits except chlorophyll
fluorescence and superoxide dismutase was significant (P <0.01). According to the obtained results, ccontrol
treatment increased the amount of antioxidants and catalase, but the application of K2 on most of the measured
parameters, including dry weight, fresh weight, chlorophyll, flavonoids, carotenoids, proline, phenol, total
protein, abscisic acid, and superoxide disodium showed a positive effect. In D3 with the addition of K2 the
highest amount of phenol and protein was observed. Also, the content of abscisic acid in all treatments increased
with the addition of K2 and the highest amount was observed in D3 which can be concluded that the use of
potassium at a concentration of 6 mM Acceptable cut. According to the results obtained in this study, it can be
stated that the plant tries to maintain its osmotic pressure in the face of drought stress, and this is done by
increasing osmolites such as proline and antioxidant enzymes that help maintain plant cell pressure and torsion.
Potassium application can reduce the adverse effects of drought stress by improving the activity of antioxidant
enzymes and preserving chlorophyll. Thus, the cell continues its vital activities and ultimately produces more
acceptable performance under these conditions. In other words, increasing the antioxidant activity in drought
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conditions along with the application of potassium leads to a higher inhibitory capacity of reactive oxygen
species and production stability in these conditions. Therefore, to compensate for at least some harmful effects of
stress and help the plant to return to normal growth conditions after re-irrigation, foliar application of such
elements can be effective in drought resistance of the plant and play a role. Based on the findings of this study, it
seems that the application of potassium with a concentration of 6 mM is the most effective.

Keywords: Antioxidant enzymes, Foliar application, Osmotic pressure, Polyethylene glycol, Stress
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Figure 1- The interaction effect of osmotic stress xpotassium content on shoot dry weight (A), shoot fresh weight (B),
chlorophyll index (C), fluorescence chlorophyll (D) of cucumber cv. ‘Miran’. 0 (D1), -1.48 (D2), and -4.91 (D3) ds.m™*
polyethylene glycol; 0 (K1) and 6 (K2) mM KCI.
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Introduction

Cauliflower is one of the world’s most important vegetable crops. The edible head of the cauliflower is
called curd, which is composed of many florets formed of aborted floral meristems. Curd has various
components with high nutritional value including glucosinolates, vitamin A and C, phenolic compounds, and
carotenoids, which exert beneficial effects on our health. Calcium is an essential macronutrient that plays a vital
role in maintains cell wall stability, integrity and determining the fruit quality. Several researches have explored
the effects of calcium salts on plant growth and quality in many horticulture crops. Various studies indicate that
Ca®* reduced peroxidation of lipid, increased activity of antioxidant enzyme and improve osmotic adjustment of
cell membranes. Plant roots absorb calcium from the soil solution in the form of Ca?* ions. The mobility of
calcium in plant is low, and the root uptake from fertilized soils is poorly effective in increasing the calcium
content in leaves and fruits. Deficiency of Ca will appear in younger leaves and in fruits, due to its low rate of
transpiration. Thence, it is necessary to have a constant supply of calcium to continue growing. The direct
application of liquid source of calcium on leaves and fruits may offer an alternative solution. The efficiency of
foliar application with Ca depends on the source of Ca and applied dosage. To our knowledge, however, little
information is available regarding the effect of different calcium sources on cauliflower. Thus, the aim of this
study was to investigate the effect of foliar spray of calcium sources on quality and antioxidant properties of
cauliflower cv. Romansco.

Material and Methods

In order to evaluate the effect of different sources of calcium on antioxidant properties and quality of
cauliflower cv. Romansco, the field experiment was carried out as a randomized complete block design with
three replication during 2018 at Research farm of faculty of Agriculture, at the University of Zanjan, Iran.
Cauliflower plants (cv. Romanesco) were cultivated by applying conventional farming practice for growing in
open air conditions. Different calcium sources including calcium nitrate (Ca(NO3),, 0.5, 1 and 1.5 %), calcium
chloride (CaCl,, 0.3, 0.6 and 0.9 %) and calcium lactate ( CsH10CaOg, 0.5, 1 and 1.5 g L) were sprayed in
vegetative stage and 10 days after curd formation for 2 times onto the leaves and curd until runoff using a
mechanical mist sprayer. Distilled water was used as a control. Potassium, phosphorus, total soluble content,
titratable acidity, ascorbic acid content, total phenols and flavonoids, free radical scavenging activity (DPPH)
were measured. Statistical analyses were performed with SPSS software package v. for Windows, and means
comparison were separated by Duncan’s multiple range tests at p < 0.05.

Results and Discussion
The results showed that foliar spray of different Ca sources significantly increased K content and decreased
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P content. The highest amount of K (5.6 pg mg*DW) was achieved in CaCl 0.9% treatment. The highest value
of flavonoids (0.86 and 0.85 %) was found in plants treated with CaL 1.5 g L* and CaCl 0.9%, respectively. In
this study, also it was found that foliar spray of CaN 1.5% and CaCl 0.9% increased respectively 49.3 and 40.4%
vitamin C content compared to control plants. Ca application with increasing phenolic compound and vitamin C
contents, improved antioxidant capacity and the maximum antioxidant capacity (26.19%) was found in CaL 1.5
g LT and CaN 1.5% treatments. Application of Ca sources increased TA and TSS content. The highest TSS
content (12.5 and 13.3 °B) was achievd in CaCl 0.9% and CaL 1.5 g L and the maximum TA (28.8%) was
found in plant treated with CaCl 0.9%. In this regard, foliar application of high level of calcium sources was
more efficient than of lower levels on cauliflower quality. Therefore, the leaf application of calcium can be
effective in improving the quality of vegetables, especially cauliflower.

Conclusion

Study results suggest that spraying different Ca source improved quality and antioxidant properties of
cauliflower cv. Romanesco, so that with the application of Ca salts increase K, vitamin C, phenol and flavonoids
contents. Among the calcium treatments used, higher levels of all three salts of CaCl, CaN and CaL had the most
influence, so these calcium treatments are recommended to improve the quality and antioxidant properties of
Romanesco cultivar.

Keywords: Antioxidant activity, Potassium, Total soluble solids, Vitamin C
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Table 1- Physical and chemical properties of the soil used in the experiment
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Table 2- ANOVA for of the effect of different sources of calcium on antioxidant properties and quality of cauliflower
(Brassica oleracea cv. botrytis ‘Romanesco’)
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1<
’_)S’ . 2 0.04"s 0.000003™  0.18™ 0.0003" 3.13" 2.19m 0.63™ 11.66"
Replication
s 9 0.44™ 0.004™ 5.27"™ 0.022* 15.82" 7.75™ 2.35™ 13.09"
Treatment
s
Error 18 0.07 0.00001 2.25 0.0005 0.59 0.99 0.57 4.06
Olpss Gy
5.11 1.48 15.93 3.27 0.37 10.84 6.74 8.14
CV (%)
w NS
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ns* and **: Non-significant, and Significant at 5 and 1% of probability levels, respectively.
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Figure 1- The effect of foliar spray of calcium (CaN: calcium nitrate, CaCl: calcium chloride, CaL: calcium lactate) on
Phosphorus (A) and Potassium (B) contents of cauliflower cv. ‘Romanesco’. (DMRT, p < 0.05)
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Figure 2- The effect of foliar spray of calcium (CaN: calcium nitrate, CaCl: calcium chloride, CaL: calcium lactate) on total
flavonoids content of cauliflower cv. ‘Romanesco’. (DMRT, p < 0.05)

el e )i B (S1aeSS )LE 59y 1 S
Slow (1aeST 2,)Ls S oSl dunl (lgime 5 cudly S peSas]
(Sayyari and Alvandi, 2017) cal i8] puudS b o0

(hpes ST cud 515

B Bl 1 (5l ine 18U S il gylio 3,8
STl b s e 10ls LS 45 il oIS las]
oS el )3 Sl 5T Cd b s g g2 oy YVIY
VB el Sy g 5 3 prS VD s SUSY b0 Lo
(¥ JS5) b Juols 0o d YOIA 9 YE/V b i 5 4y o pd

ale S5 Sl 5 b @YU (Stsod S]] clld
Ol )0 (SlaensS1 3l slam 3T g & aling g 2593536 5
5 OlaS 5 plsean U5 a8gade 5 Jib g & bty (lgime
bl il ol o 510lie pndS (S0 3,25 L S|
-8l el L ol 5 ol g 4 g |y Sl ]
OhbSer 5 )55 @l L piagg onl @l ol Cud (Slans]
o5 as o) Gl clads Jald ,> (Barzegar et al., 2018)
Lyad 0 p S V0 gV clale 3 puadS GlSY (5 p 0,5 08
4556 o Jib Jobs a1 5T s b Sl 5 g 3
il (slaog e oSl cud )b gl 5 S oSl ol
by an ilal sl cnl S cpiored 0l (il58l ) glasd
3l a1y a3l el oy ol (Su il i

& (eelisg

bz mlie jlow dlmosly (il jlg ayjor ol 4 a g b
= (P 0.01) o> SO Jloin! paws j> (g1 Gizo 3l S
At gl aS jghailen (Y Joio) codld & pelig 5o
s 4y 3 S s I3 ama e o5 Sl
e e US3) il L2l 58 @ ey ke (06
olelS 53 (15 Gja )5 Vv 3 eSS e WITP 5 WY) & (peling
P psS MO g eSSl do > VO b odds 8L Jeloee S5l
(¥ US5) 15 ol S ClSY 12

A ot co |y madS 2y0)LS 51 0 e el g Hlade il 38l
Syl 0125 38T (eloos 51 o s pnlS S 5,l551 Lt
bS] a8 5l i3 L g 5T ol Syl aiile
2 S QB &) pionen g S (o0 Bpane g (g )
29 ok olsd 435 Jl xS sle g Ol Wy g i ials
Garcia et al., ) sy cous 3151 cla JLoal, 1)y ialS asuis
So lomr Al S yeSwl (; Singh and Joshi, 20051996
3 Wlgi e oS ol (5y9p0 aling So (I S5 g ] ]
Sy les (Liuetal., 2014) sl cowsdss Lag i g bogeo
9 3 Sip o b gls pl ol (il & ol (slazne puudS
Michalojc) s 55 ¢ 255 4 (Barzegar et al., 2018) -l,\Son
Jles aS b (5,135 )l callas ol 4o (and Dzida, 2012



OAD . oSmilogy’ o8y IS ol a1 5T (o F 329 9 CondaS p2 anmalS o olio (S (Sl Jolono 53T (550 g (i

STy 5 YU Lol culled g adgigMe 5 b (glyie
HLalnS s oy (o)ll Ll cov 1) gals” SluwsT sl e b
b-é})ﬁp&-ml;)lo») w].)).’)] ))J)l{um MJW
u.uL_wyu‘ c..\_uyMﬁ J_,.e J_u.@ )‘ )_,])_.; dbulmksul
(Aghdam et al., 2013) coul 039 Sge sl sy g8l

Caio (Simuad 30,503 clllae (Barbagallo et al., 2012)
g Sgib LS 5 (dlome g (ShunST 5l cullad o s e
Osxed (Farhoudi et al., 2017) sl L Jald o 1) & yolisg
bl b g2l8 olS ,o (Khani et al., 2020) )Se 5 SB pols

Ol L e dS s S )55 4 ol Slgsen imgl oyl

14
_',—E 12
§ 10
9z
o O
a8 = 6
?5 =]
B 2
g L 4 A
= o |
control CaN CaN CaN CaCl CaCl CaCl CaL CaLl
0.5% 1% 1.5% 0.3% 06% 09% 05g1 gl 1.5gﬂ
MMJSLSL“JLW.-"
Ca treatments

w8y SIS © cpeling (lgime g (paandS CUSY : Cal cpumdS oy 415 : CaAC oS’ o1 i : CAN) ol (5 39 il Jodomo 51 - JSUS
< s ~l°9)7
Figure 3- The effect of foliar spray of calcium (CaN: calcium nitrate, CaCl: calcium chloride, CaL: calcium lactate) on
vitamin C content of cauliflower cv. ‘Romanesco’. (DMRT, p < 0.05)
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Figure 4- The effect of foliar spray of calcium (CaN: calcium nitrate, CaCl: calcium chloride, CaL.: calcium lactate) on DPPH
scavenging of cauliflower cv. ‘Romanesco’. (DMRT, p < 0.05)
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Figure 5- The effect of foliar spray of calcium (CaN: calcium nitrate, CaCl: calcium chloride, CaL: calcium lactate) on total
soluble solids content (A) and titratable acidity (B) of cauliflower cv. ‘Romanesco’. (DMRT, p < 0.05)
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Introduction

Inefficient and excessive use of chemical fertilizers in agriculture has caused soil erosion and pollution of
water resources and has also been effective in reducing the quality of crops. On the other hand, the use of
beneficial soil microorganisms as bio-organic enhances soil fertility, and results in healthier and richer
nutritional needs is a further harvest away from ecosystem contamination. Increase crop in terms of quantity and
quality without damaging the farm ecosystem, especially medicinal plants. Bio-fertilizers are the latest
development in organic farming. They are also a gift from modern agricultural science that should replace
chemical fertilizers on farms which play a vital role in maintaining long-term soil fertility and stability. Ocimum
basilicuum is a grown aromatic and medicinal plant that is a leafy vegetable of the Labiatae family. This plant
has different healing properties and is also used to flavor various food products due to its special taste.
Therefore, in this study with the aim of providing a practical solution to reduce the use of artificial fertilizers and
environmental pollution, the effect of vermicompost and biological fertilizers on the composition of secondary
metabolites and growth of basil (Ocimum basilicuum) was studied.

Materials and Methods

This study was conducted in 2017-2018 to investigate the effects of vermicompost and biological fertilizers
on some traits of basil (Ocimum basilicuum) in of Azadshahr in Golestan province. In this experiment,
application of vermicompost at three levels (al: no application, a2: application at a rate of 10% and a3:
application at a rate of 20% by weight of soil) and application of biological fertilizers at three levels (b1: no
application, b2: use of Bacillus subtillis, b3: use of natural element compounds) were examined. The experiment
was carried out in a randomized complete block design with three replications in the exterior space as a pot
culture. The alcoholic extract used in this study was performed by soaking. The amount of total phenol
compounds was measured by the Folin Siocalto method and the total flavonoid content was measured by
aluminum chloride colorimetric method. Data obtained from experiments using the software SAS Ver. 9.1 and
comparison of means was performed using the least significant difference test (LSD) .Excel software was also

used to draw the graphs.
Results and Discussion
The results of analysis of variance showed that the application of vermicompost was significant on root fresh

and dry weight, fresh and dry weight of stem, stem length, fresh and dry weight of leaves and leaf area. Also, the
effect of biological fertilizers on root fresh weight and stem dry weight was significant. Comparison of means
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also showed that vermicompost 20% compared to control and vermicompost 10% in traits such as fresh weight
of root (5.14), dry weight of root (7.25), fresh weight of stem (25.23), dry weight of stem (2.25), length stem
(33.77), fresh weight of leaf (51.85), dry weight of leaf (8/08) and leaf area (75.13) had the highest values. No
significant effect was observed between vermicompost and biological fertilizers. The maximum amount of total
phenol in vermicompost treatments belonged to 20% vermicompost at 1.98 mg/g, and in biological fertilizers
treatments to Probio96 at 1.96 mg/g. Also, the maximum levels of total flavonoids in plants treated with
vermicompost were 20% and Probio 96 were 92.13 mg/g and 91.22 mg/g, respectively. The results show that
vermicompost had the greatest effect on target organs such as leaf area, fresh and dry weight of basil leaves.

Conclusion

The trade and cultivation of medicinal and aromatic plants is an important part of agriculture. Medicinal and
aromatic plants are the main source of known medicines. Therefore, obtaining methods to increase the yield and
therapeutic indicators of medicinal plants is of particular importance. In the growth of medicinal plants and
biomass production, the quality of raw materials used is important. Chemical fertilizers have several adverse
effects on the environment and human health. These effects can include leaching and displacement of various
soil layers, groundwater and surface water pollution, accumulation of heavy metals and nitrates, air pollution,
acid rain, and chemical accumulation in plants, animals, and human tissues. According to the findings, it is
generally recommended to use bio-fertilizers such as vermicompost and Probiot 96 as a suitable alternative to
chemical fertilizers in plant nutrition to protect the environment, human health and the positive economic effects
of medicinal plants

Keywords: Bacillus subtilis, Basil, Flavonoids, Phenol, Vermi-compost
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il 5> a8l 1033l s g @l 51 4B sy > SIS
She Cpani pobaie 4 SB 505l 5l Jols zuls s 1al luds
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3y90 (b polie Syl eolanwl b3 4 (Bacillus subtillis)
Sol b JB 5 J)sSb &g Shalof] MBS )15 )y
S S O ygods Bl Uiy LS5 aw b dolar JelS cla
350 SB 3l pbosd 5 (Sujsd Sluogad s jolatea 0 |2
gy da SLE 8l s (8 )5 Gygao (4l ydiges oolaiuwl
qolS” 50 (Gee and Bauder, 1986) us plboxl (s yi0g,0u0
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ol Uy plmsan S (5yslis jl edlat ol olee s
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32 ol p8b 3,5 deame las Cumes i3l L (et al., 2003
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a disbias Jille il (Sia > lp o8 (2l Sl e
Foslital b glgise 1y Slowy uono o pde ol pliy sy o 5l
S5stS Bkl 55ysliS 5 s loean I clasilon
b5 polie (gl soly JT cladll; CongeS 3,8 s SIS
(Najar and Khan, 2013) a2 o a3l)l yles> ywlpw > all;
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o3l ly 95 e, &S (Chang et al., 2002) uiS' o Jis
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olS oz g ol A, (§xo le RTS dgups sl Lmd).fbylm:
Bhardwaj et al., ) cowloa s Sisw 5 0a5),8 sla i 4
&l oaia] sloJlo 1> CusguaS 09 6558 41 9y cul §1 (2014
Naiji and ) 39 salss (¢ pKatin JByd (oo jlub (55,5l
.(Souri, 2014

Silogyls dnwgi 3 (ng )l plsiea 45l sl
048 )lgduel L an> aiie 9 (Mahfouz and Sharaf-Eldin, 2007 )
Sy Cawl (BLS 09,5 b (ol LS ansie &5 Jloys Jelgs
045 e linl by giae (Seigler, 1998) cuulas )3 )| )3 as g
OLS (B g glins (S (S e sl il )3 & s
) e Loyl 5l (65l plose (g52 9 as st g Ligib o Bl
(O. basilicum L.) >, oLS JS".(McChesney et al., 2007
iy 451 (Razmkhah et al., 2012) cool o)l o5, (sl
Saeid Nejad and ) 555 - odlaiwl Ladly j| 2l 5 Sy |
(O. basilicum L.) -l>v,.(Rezvani Moghaddam, 2010
4 dloygls g byl ol cilises sblie )3 45 cunl Siosil alS
Rajendran and ) 35 o ¢S olym) calisee bl )3 05
J(Pereira et al., 2011 Devaraj, 2004,

Naiji and Souri., ) sy g 20U bws & Lingh b
e Slga g g (il «SaygSsl a8 5 el (2018
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Table 1- The physical and chemical characteristics of the used soil in this experiment

. . . . . L. . [FY PRI .
S cal,  rwd BB mise e BB pedS eyt BB Al < Oraanic. el S S gl
Soil textur;e Available magnesium  Available calcium  Available phosphorous ml;%?er:c & EC
-1 -1 -1 -1
(mg.kg™) (mg.kg™) (mg.kg™) (%) pH (ds.m?)
w9 30 200 10.3 192 7.40 1087
Loamy sand
b3l 13 CowgeaS 059 srlonns Cloogad —Y Jouo
Table 2- Chemical properties of vermicompost in the experiment
o Say P o pelly SO T osle duo S ol A
Cu__ Zn__ Mn Fe K P N o ’ e S "
Organic EC
ppm (mg.kg?) matter " pH
(%) (ds.mt)
47 55 558 310 14 0.94 15 17.7 3.3 8.4
(VUgn292) Sjlom 255 03 jlww S 5 4y 325 —¥ g
Table 3- Analysis of biofertilizer compounds (Probio 96)
LR Sl ol Cunror a5 g 5500
pH EC (dSm™?) CFU/ml Microorganism
6.2 4.4 108 ol osksly

Bacillus subtillis




VP 5l Y o)lods FF wler (55,0l @lboo g pole) (SLEL pole 4 0

04

Ol 355 83ind Ui slgo £ Jgan
Table 4- Ingredients of Herban fertilizer
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o= » ((Heidarpour et al., 2020) 3,5y 350 1) ' Sl
S358158, 90 Olao guad

ORIBl & e (35 53 CuwgeeS (cnyg sle s (S35 sles
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s (290> OLBLS (59) o CwgneS (a)g Cuto 51 e
gl (Godara et al., 2014) ;..:5 (Verma et al., 2013)
(Sirousmehr, 2014) sy, 4 (Ansarifar et al., 2012) Lol
7= CgeaS (g ST (VoY) Jlgily g agle ol 0 (3138
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o 35S 51 US55 51 ikl 2oy i 5] CangeaS
CuvgeoS 055 (slBd,,)l8" e (Javed et al., 2013) o4 yip
sanliie oli 31l adnen IS 3,8des 5 J5 dlaw iol33l el
a$ ol ol Liulesl 6 s opisxen (Pant et al., 2009) i
o plil 0395 Cunj 5y s Aiile 3Sos 9 23 (sl il b
JoB slrogre yjg 9 oLS (slrotigy dlass o 5 slass ¢y lS
slodgs L dnliie )3 CwpeeS onyg od)5 Jd> 4 (29,8

(Joshietal., 2015) cusly aae8 LB Lil58l Sase

a3 93 9MS g JAd () jae
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L duwolio ;0 1) AV/O¥ o WYY i 40 sy a4y JS 34590

1- Satureja hortensis
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POjg ) S g iy Slino y CungeeS o) 28 ciliee
P S g g Sy SiS g gy ile Job Ble Siis
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L s it 2o yd Vo CungeaS (099 )3 S gdaw 9 S S0jg &
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3 K3z sssS (5 Jpin) St oy 5 205 b aulis 3
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Uhe 455 it ) S by oS p3 Jl olge (Sujelem
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=9 255-8 .(Purushothaman et al., 2018) x4-5 —» )4
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oy SiS g 9 A Job Laadld sl glas)l asle ad)
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Figure 1- The effect of vermicompost (VC) on the total phenol content of basil (LSD, p<0.05)
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Figure 2- The effect of biological fertilizer (Probio96) and Herbban on the total phenol content of basil (LSD, p<0.05)
2L :Control -47gxg 2 :Probio96 - 4L »» : Herbban

120
3 100
18 80
]
2 A
2 £4d
B =
Y : 40
g 20
0

Control

VC10%

VC20%

Oxy IS 239igde (e 2 CuwgroS 09,050 - UK
Figure 3- The effect of vermicompost (VC) on the total flavonoid content of basil (LSD, p<0.05)
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Figure 4- The effect of biological fertilizer (Probio96) and Herbban on the total flavonoid content of basil (LSD, p<0.05)
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Table 5- The ANOVA results for the effect of biofertilizer, Herbban and vermicompost on some traits of basil plant

©layo a50ke
Mean squares
S gale 4, . 5 P - P, c .‘g =
SOV 82 fe.a® 35, FE. 4P 5% PE. 38
N B \‘}g-g, ne 25 ;‘25; S 2 D5 ;‘2—% '5)“
© §5 Lz2 48 38® g 3 22 Yzg x%§
Df 3@ 75 S a35% 36228 Jg Xx6% 9§
L I
S5 2 117" 37.28™  0.70™ 65.24 " 0.25" 29.37" 3.63" 4.22"™ 127.04™
Replication
CusgueS 509 2 125"  368.4™ 0.703™ 19.03™ 2.89™  150.07" 55.4™ 485" 1103.17™
Vermicompost
(VG
S5edgm (slodgS 2 2.84" 12.2" 1.37™ 53.6M™ 0.23" 2.25™ 2.07m 2.20m 269.67"™
Biological
fertilizers (B)
VCxB 4 112" 5.99n 1.64" 96.6 ™ 0.12ms 3.81m 1.041 1.73m 134.93™
Lo 16 - - - - - - - - -
Error
Ol s g > - 23.08 21.42 8.34 20.83 18.26 7.75 21.71 22.84 17.08
C.V (%)

Bl e Mo yd g 9 S i pdaw )3 5l e glis g gyl mepis Sibles w4 ¥ g *E <ns
s **and *: non-significant, significant at p<0.01 and p<0.05, respectively.

25,8 &1yl (Foeniculum vulgare) abjly sl 1y aolie gls
3,50 ;5 (Noumavo et al., 2013; Koralage et al., 2015)
Ol b lis 55 (Asparagus racemosus) ass o jl gldisS
Py CwgraS 00)9 L oad Jlogd SB 5> IS asgigMs 5 IS
e oS JLalS 3,5 5 (Saha et al., 2010) ¢l
5 SliargS (e Gl g spSeda jibar Sijglen
256 So5e0em sogS (Amed et al., 2014) sgi0. baiggioMs

2- Cyamopsis tetragonoloba

LB sy ComngpaS ayg b 02 o ' s52 S

B Clled (IS cloadsig S ¢ Juxo dlgo it gl (liasss
s (Osoli and Taleshi, 2018) 3 IS (sl J5:d o (5l
by s 1y 2yl ol s plosl ol g9y &S (6,500 Buios
Sloee CotiS 50, Sloe waald log b duslie ) CungraS 05
Anwar et al., ) codl s olS  ( S5edon 3y Slos 5 il
35 (V) JU g Joaol (Yo V) cpdll Gy g Lo (2005

1- Brassica rapa subsp. chinensis
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(Bacillus subtillis) ulbisgw wghwl 58U sols 355 4
Al Glry ol (Glad8 S 5 il

Karthikeyan ) ol ybas SblS ulel 5 Sles 5 goe5 LB
; Fallahi et al., Hendawy et al., 2010) o4l (et al., 2008

Arazmjo et al., Ahmadian et al., 2010) <540 (2008
Moradi et al., ) a5L;l, 5 (Rubab et al., 2016) o,; (2010
s Galiel o (SOidden (sladgS 48U G ol olis (2011
oS )3 uill lgime sl g by igige siwgm g 5Slas i)
olea o o ol (Koralage et al., 2015) ais 5,155 abl,
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Table 6- The effect of biofertilizer, Herbban and vermicompost on some traits of basil plant

505 [531) R S 3 .o chw
> o .. Job » 0 ©79 Job PRy Sid
e Swis R a3l R ~ [533) &
Jow % ] i Al Al Sy Sy »
Treatment Fresh ) Root Fresh stem Dry_ stem Stem Fresh leaf : Leaf
root D t . weight - Dry leaf area
- ry roo lengt weigh length weight - >
weight Weight (cm) t(0) (9) (cm) © weight (g) (cm?)
@ @
sl 3.15° 2.92° 13442 13.34° 1.22° 26.44° 24.28° 3.77° 59.69°
Control
V* CusgpeS s s
o 3.004° 2.98° 13.112 15.18° 1.33° 27.00° 29.98° 4.43° 53.66°
Vermicompost
10%
¥ CasgraS 0y
o 5.14% 7.25% 12.82 25.232 2252 33.77% 51.85% 8.082 75.13%
Vermicompost
20%
el 3.20° 3.862 12,772 15272 28.55% 34542 5.21% 56.88 ° 41.3%
Control
97
IR 4.32% 4.81° 13552 19.112 1.782 29.552 38.12° 6.00 ® 67.66 *
Probio96
ok 3.82° 4482 13.112 17.872 1.50% 29.112 33.452 5.08% 63.94%
Herbban

L)l 50080 b gyl ixe coglis LSD (yg0jl 51 ool b o ys & Jloss! pdaw 53 cdinn S it gy ghyls a5 gla puSolie « g o 5
In each column, the mean followed by the sa,e letter have not significant difference based on LSD test at the %5 of probability level.
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Introduction

The aeroponic system is a promising technique for the future of agriculture, growing plants in an air or mist
environment without the use of soil or an aggregate medium. In aeroponic, plants are suspended in a closed or
semi-closed environment by spraying the plant's dangling roots and lower stem with an atomized or sprayed,
nutrient-rich water solution (30). Increased aeration of nutrient solution delivers more oxygen to plant roots in
aeroponic in compare to conventional hydroponic systems, stimulating growth and helping to prevent pathogen
formation (1). Cultivation of medicinal plants under controlled conditions of aeroponic and hydroponic systems
commercially provides a better result in terms of quality improvement, bioactivity and biomass production (5, 4).

Mint (Mentha) is one of the most important genus of Lamiaceae family. Different species of the genus have
high economic value, due to their active and aromatic substances and are used as raw materials in food,
cosmetics, health, beverage and pharmaceutical industries. M. piperita, M. spicata and M. suaveolens are the
most common and popular species of the genus for cultivation. M. aquatica is also a perennial plant of the genus
that is cultivated in Europe, North and Northwest Africa and Southwest Asia (2). Aeroponic system is more cost
effective than other systems. Because of the reduced volume of solution throughput, less water and fewer
nutrients are needed in the system at any given time compared to other nutrient delivery systems. However, due
to lack of research and sufficient technical information, the use of aeroponic system is not common among
farmers and greenhouse owners. In addition, many tips are not yet scientifically known about the cultivation of
different plant species in this system (4). Despite the benefits of aeroponics, no research has been previously
conducted on the cultivation of different species of mint in this system. Therefore, the present study was
conducted with the aim of investigation of growth, yield and morpho-physiological characteristics of five mint
species in the aeroponic system.

Methods and Methods

This study was conducted in greenhouses of faculty of Agriculture and Natural Resources of Lorestan
University in 2020. The experiment was performed as a split plot design. Mentha species (including M. aquatica,
M. pulegium, M. spicata, M. suaveolens and M. piperita) were considered as the main plot and harvest time (first
and second harvests) was used as sub-plot. In each experimental block, one row (with ten plants) of five mint
species was planted. In the early stages of growth, plants were fed with half Hoagland nutrient solution and then
with complete Hoagland solution. Finally, morphological and physiological traits and some biochemical
characteristics of plants were measured. After harvesting the first batch of plants and in order to better evaluation
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of species in the aeroponics system, all studied traits were measured about two months after the first harvest.
Analysis of variance was performed based on the experimental design using SAS software. The comparison of
means was also done with the least significant difference (LSD) test at the level of 5%.

Results and Discussion

The results showed that M. spicata and M. suaveolens had the highest leaf to stem ratio. The highest stem dry
weight and plant height were related to M. pulegium. While, the highest leaf area, leaf fresh and dry weight, stem
fresh and dry weight, stolon fresh and dry weight, shoot fresh and dry weight, total plant dry weight and relative
water content were related to M. aquatic, followed by M. piperita. In addition, M. piperita had shown the highest
fresh root weight. The highest amount of carotenoid and chlorophyll, photosynthesis rate and CO, under the
stomata was obtained in M. piperita. In this experiment, most of the yield-attributes traits including leaf area,
leaf fresh and dry weight, root fresh weight, shoot fresh weight and total plant dry weight, as well as relative
water content and photosynthesis rate were higher in the second harvest than the first one.

Conclusion

All studied species in this experiment were successfully growth in the aeroponic system. Due to high water
use efficiency, no need for soil and high crop production, mint cultivation in the aeroponic system can be a
healthy and profitable alternative to in soil cultivation approach. According to the results of the present study, M.
aquatica has shown higher performance than other species in terms of the yield attributes traits (including leaf
number, leaf area, fresh and dry weight of plant, fresh and dry weight of shoots and fresh and dry weight of
leaves). Among the other species, the highest shoot dry weight and plant dry weight was obtained by M. piperita.
Finally, the high potential of M. aquatica and M. piperita for cultivation in the aeroponic system can be
concluded.

Keywords: Aeroponics, M. piperita, M. aquatica, M. pulegium, Photosynthesis
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VFe) Sl oF o)lond FF oy (6359108 @ulio 5 pole) (Ll pple s Fo P

(S0MS g g )0y (soi il 5 u_,.i‘:)lﬁ SYMS] ol
9300420 (glys ()l olS laie 4 lanl > gl L(ANON, 2009)
Sl (oaied ey YW g A o 0dlatnl dipw dwdd gladyd
Sy il oy 55908 0 Dgd o odlitwl sime 3y 1Sl 4y SoS
Ui sls i o oalaiwl l0d 0,8 0t (gly odd jdgy glins
A S o SaS e puan 4 e glin sl (568 54l
.(Quattrocchi, 1974) 355 o Lo oy 4500 el a5 IS5
90 Sos 2l sl BaygiSh (p Fiare S aw 9 S olas
(Zargari, 2014) 59, o jleies gliss gloaisS (golaidl Jouilsy
bS5 YL plie oty Jdoe gl cladies Sloys (ol
o=l ol anasgigMs g b pliwgs] da g 5 das yuiluol ¢ Jid
eLin s oLz (sladisS uilwl olew s Sy 2529
(Kasrati et al., 2014) > )by x>5 b6 slacglas

Mentha ) j—w gliss (Mentha piperita) 1als gl
5 o=z, il (Mentha suaveolens) o glix 4 (Spicata
u—‘T el .(Ortiz, 1992) siiwa cuiS (slp baisS 1y Sge
el a5 sl dle g dlw pi> a5 50 (Mentha aquatica)
e g i b G Oygo 4 bbbl sy o yio Sl A 4
) 5o S (o iy it S8 (5 LB b oS 5
Sylite S8 g Loy b IS ) 5l g jhaslus Jolize oyt
e 4y b il sl a8 5w glis (Tiwari, 2008) el
SLaS 1 g (i Bl 5 (555 ) 9 e (sLadlo 4
b slojes chlite o)l (oSl (29> 9 Shgd o) b
sla S b ol acsls wul (oS Gl S Gl g (S
Yang et al., ) cowl 15 Sy o)l 0,lS sla Sy g conl Lhues
sl LalS o pSee J S 2ol Jls o il gl (2019
Dy oo ciS Lo bla g8 55 a8 cowl (oolaidl Lo 51 oyl
gl (SW &S Cunl e g (SlgS (e S JilS gl
9 3005 4 hle (i Yoano bl 29 0 Jool> Suuw gliss g o
)‘Dn_{)_g 9 )IJA_S‘JJ.) ‘)_la.m B3] Caound Jr Lmj).s S (om0 y0
5 =20 Cuols oy (Mentha pulegium) ws, gliss .ol
039) glgd 9 prgie deSlagu (layd > (b pulwlis
(Newall et al., 1996) 5,.5 o ,|,3 solatwl 5,50

Sl 3 olals s (g)glid ()ie (g5)lis
Il 55 G pawdss 0ai 58 lalae 3 g cuiSl g cuiSln
sl gy U aiwlie 1 po (sbapsiunw 3l ooliiol .ol b i
Wby d9upe (Lakhiar et al., 2018) 25 o a3l (o)l
Sggydud piumw o (65;5liS GY pasto CutnSy 3 Slas
Lakhiar et al., ) cul o ()55 (gouaie Slalllas jo cuiSlen 4

= 0ge adsn S |y pB dlge i cllad g 5 Slas oS
Feosks s Y S L pls dlyo 9 SV games a5 (Sl
3, 3559 Lapiuww (pl 33 SB 5 1jgslon Joloe jyn slacale
(Dorai et al., 2001)

@l ol Ghogn slagiy) eyt J (S T xiSlgn s
o=l ccwloa s a8 8 a0y ol darwgi g olie Culel &
5 Gl 4Bl (lodiiS Hlgauel (233l calises (slbyauiS 1> pituww
9 ondbal o ySaag B (o isie (on Fael)lS plgisas
s SLa o ciS L dumlio o olS widy (gl i (pycalio
Lakhiar et al., ) 395 0 dog S 90 culS sla by, plo
ol oanl (gl 0aiiSjlgael S5 S cuiSlgn piuww (2018
9 32 sl Sh3 Sty (lie polie 5 Ol SRS 1 (e oS
i ol 53 (Otazu, 2010) cwl olS sladis; g5y (5509
Joloe g 00d joame Syl dladze SO 0 o) (slaplul
CuiSlon g o0 3,lg dladste dy (ilhds olSiwd b (gdke Do (gol>
380ae I3l Jole o St 85 S o ity |y Loy (molgn
S o csls § Soggyid zoly (b pium b duslis > olS
35,83k 4 ol e o) sLilse 305 51 . (Asa0, 2012) ol
Gl g5 (gl cuiSTgn ST 510 )8 6,Lil pH g (gdxe lge
(Molitor cowl s edlawl cuddge b SLel calis sladisS |
eSS (and Fischer, 1997 ;Biddinger et al., 1998
@bad g @)glen (o plojlo ()15 3o cuiSlen pian wiile
) olS 5,Sdas g ials doyd Voo 95 QA L g 4 |y bl g8
(NASA, 2006) a2> 38l 1oy VO L ¥

dlgls jd Lo s oy inte 5l S (Mentha) glis s
4565 VA dgas Jols s oyl .ol (Lamiaceae) lebis
(Kumar, 2011) a5l eass g9 Jows (156 50l 9 Wl el ol
OS s e U’] aliss L;Lhd.;; JRIRREW u..{”b uo|9> S99
Wi oy IS ) Sl page 2o A i 0yl b
Cuwl 048" Seaedd g odxe slaglow (jloyd Fdids pulpwlis
Sgo ysly Judsay Guin opl e slaaisS .(Nezami, 2016)
Oloisdn g i J13y95 5 (Vb (o3laidl (351 5l jlase o Sl

1- Aeroponic
2- National Aeronautics and Space Administration



FoV  Lln 455 gy 599920 9 3909990 leogad 3 3,Shas iy (23 (sl K0 9 g gl

i e SBSS G (oel> duglie 65 @l 0gMe )1
Baal il yhagh oplpls (sl 48,55 O GlS )5 glias
Slmogad 93, Slos by dulie § ciS c bl o)
CodSlgn ClS s > glnd $95 7y Sodnied 9 39090
LB Ojgo

W yg; g dlge

93 Slos iy duglio 5 ciS Cbld wyp jodaie o
JeLt) £liss ciliseo 455 g (5ol 5 (Siolshyge Sluopas
Mentha pulegium <54 ¢Lis Mentha aquatica -l gl
s Mentha suaveolens .. glis Mentha spicata ju glis
ool wuiSlon oS wiumw > (Mentha piperita  Jals slix
ElaSel gyl & ppoas adlas ol 5 1nl o SLb labls
3 S m 53 s alssl WAA L )3 i) o8& apb
Lo 365 gty 5 (W2 00 Shawi L) Cys) Sy il coSsly
..A?.))f . s

Sl a4y batis joo SO ool Soby o ol adllas oyl
b 4 g9 0 Jod dae B Ol fue yb (g9, A able Y, V/0
I (o 31 el ¥ ol L) 5o ¥ Jobo 5 oo VY-
OA1)8 lpm yre il Oy laS d Elyg Ve Ayl o 3088
Slogl e il ¥ gLyl U (gyi0 8l & cuiSlen jl)ls lulE
2 bl gadsb ()hrSS sl pody il 4S5 S jl g w38
sladdy 50 oS5Ld b oSSus 50 51 s eolatwl S cailas
Ay alaazs gy Lo 50 i oolaiwl 568 cilasuiio b ol
i ey b il Sy o Gy s ) odlil | g 8,5 )3
Jsbo 08,8 & yp0 iudly agl Yo aids Yo o ) Jlswd el
Srae o0 (093 4 (B g A (lacSib) Sl il I 213
095 40 3lilo 9 13,5 Gany ol (950 4 Ll Sl g A oo A,
O30 4 EC g PH ol jlam Ad 0 (6yglcen (6,50 5
\Y4 $9%. wy )‘ uﬁ)fu,c )]).9 oslaiwl D)g0 ddxo g w‘.&.m D).f}.b
22,5 odlatwl cuiSlen olie Joloe Jgacas (ly 35 @l

dpegyl olS (5 S8 ) adlllas 3)90 glind WgS @y (slalis
Jolpe yo ud ool JLasl coiS ola piww an lalis .ab ans
b ol 5l e g 1055n o5 2l36 Jslowo L S i 3 sady]
() Jsi>) (Hothem et al., 2003) ws plosl JolS' 1ilSon Joloco

ol (Lynch et al., 2012 ;Kawasaki et al., 2014; 2020
sl 4y 35 CaiSlon v &5 3,5 eie (Hyden, 2006)
olals cois el glady) 5 )bpg i) 29> olals Wy sl
5 CiSlgn (Sloapiun godd JiuS lulyd )3 bgjw 5 29
S5 g e jClled (kS dgu a0l e Gl Siggrdes
Béhme and Pinker, ) 15" o palyd (g,l0 julde )0 0355 )
slepimw jl asllas pas (Chandra et al., 2014¢2013
sl )l g e (9l Kol 4 Shggrhen g cuiSlen
odlawl b .l 0uds )15 S a0 i Cov LS culs
Y g ddgi )3 by 5y el Ol Lisyslis ol
693> b 1) Ol ool et 5 Ol 35ia8” ol alex 5l (g5lsS
(Movahedi and  oiw) g (s>50 -(Ritter, 2001) d905 )y
S5, yw gyl lals as s S 45)158 Rostami, 2020)
9 5 0y « S 3 iy Jobo iy i) (Gl (ol g 5Ly
@YU 2 ySlos 5 (gtwgd sloopSS) (2lon plil 5 ady; Suis
Py e (lals ol culS plpls g CudSTgn w53
D53)S o BVl CekS 5 CueS g Car cuiSlgr plus
oW 5o (Bohme and Pinker, 2013) ;S 5 ooy dslllas pols
WL s oy ¢ goide o, ol (gl Glals 48 s
33 2V o3l 5 S g (LS 035505 W5 oy
Ol o2l 2 ogde il CiSlon w3 Cdby
ol HSD ydlie 4y i 35 LS bl g W3559,l8 w puelisg
Dy gl LB mle jd
slio Joly Slg5 oo (65)9L38 (e SSESS S ool
s il olie coel pace §) b clyags b ablie
sl oolawl ( BLS 8 cleMbl g cladss pae b 4 sl
ogMle Ca gy OIS g (l350liS” (e )3 CuiSlon i
P il (alS GladisS cuiS 3)50 55 (b SIS jeim (nl
g S (clhaia 5 G asde (gole Jl5 5l s
Sl 48,55 )15 (y 2 y90 VL Mg (e 4 (olitod sl
olalS oy pate j gl uin calise glaaisS (Calori, 2017)
Sr9503 i lpie 4 (63L) 2p)5 & gy 00 b 4 SLeL:
315 (c3lag s o (mdliar o)l (2lie mlio 3) (gl olS
Slagb) ke 9 i 5l (o cuiSlgn s cply 0pMe
S laingin g2y ool b il oo Clus &y labS cuis

259 CuiS e wims ) gl gladieS cuiS L bloyl o (gdga0me

1- Ocimum basilicum
2- Ocimum sanctum
3- Perilla frutescens
4- Elsholtzia ciliate
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Table 1- The components of Hoagland’s nutrient solution

Composition Stock solution Concentration
oSy aly Jolow clile chale
MgS0,.7H,0
goR I 24.6 ¢.100 mL* 2ml.L?
4V o jste Slilgu
Ca(NO3)2.4H20 1 -1
¥ Sl s 23.6 9.100 mL 5ml.L
KOs 13.6 9.100 mL* 1mlL?
- . .6 9.100 mL" ml.L-
Olind ppwlygige g
KNO;
s ol 10.1 ¢.100 mL! 5ml.L?
Sl iy
HBO; . .
el Ky 2.869.L 1mlL
MnCI2.4HzO 1 -1
SIF a8 5 1.82g.L 1mlL
ZnSO4.7H20 1 4
&I Vg, oy 0.22g.L 1mlL
CuS04.5H,0 .
o3l 0.09 g.L° 1mlL?
e Cldigw
NaMoOs; N 1
o2 Slidge 0.01g.L 1mlL
Fe-DTPA R
ol oM 50.0 ml.L

sly ald oo (lgie 4 gl 43,5 dnslre ¥ U sladlal,
W3,5 oolatwl olSiwd (gy58 s yuo pudal

() dad,
Chlorophyll a (FW) = (19.3xA663 — 0.86xA645) V/100W

(¥ sl
Chlorophyll b (FW)=(19.3xA645-3.6xA663) V//100W

(¥ dal,
Chl T (FW) =Chl.a + Chl.b

(¥ akl,

Carotenoids (FW)=(100xA470-3.27xChl. A)-104 (Chl. B)/227

Ritchie ) ;e 5 () Uog) i S ol o (slgimo
eSS, jolaie opl gl i (6503l (and Nguyen, 1990
Lmt’j (Fw) F 059 8 &0 pdises guo ilgl pd 4l drwgi e
VE Sl oy 9 48)5 )13 Jlatio Ol )3 ladigad g 05 (55031l
LS s dalsl 53 053,5 (£,50)10 (SW) Sy gledl 39 cslao
948,515 5LS ol and Ve slod b oyl po celo FA csony
5 ol slasl (ol 513 L 5,3 dle lal (DW) Siis oo
Slyoe Gliwe 8 0)lod dbaly )3 Jlod o3l 5 b (25353 595
RWC % = [(FW-DW) / (SW-DW)] x100 (0 akay,
33,5 <515 (CI-O1) o olSs b (dpul) iba,lS asls
s VPD ol (o)L c¥ols U Lo (clnygiSTs aol o

Sle 9 V=YD WS iy, (glod (Sile (talo] Jobo 0

900y Fr=Ve s Cugbey o s d )0 VA il cled
o Oloj 3 29 4B 1> @ye o g JgegSue Foe yg5 D
3Slas g 0y (2ol pslatedy ilize Glao (gy:S0jluil 2ul5
Jold (g2 3)90 S Shag A5 bl adlllas 390 liss (sloaigS
Pl 0 Shee Job i elisyl o5y ol Bl 4 Sy S
relsial L 5 0y 8 s ¢ yb g ool 4Bl 3l el ylad
I S S Sike S s S0l (elyr 508 (g Sl
o ol bawgi g (o po 5l Sy 03) 48 bz ol y2 pows 0)5
Oj9 S p SIS g 5 0jg b S ol (Sl (5 ) g S
ody) SIS g 5 ()9 gl SWS g 7 g Bl SS9 5
SyS0jlasl 15 g 5SS g 9 (alop pll SS9 5
o b 6y aSo3l] gyt gl 51 olitul b sy pos 505
N gyl g S5 J8e)lS b i)l @ i )lS (5 S ol
Ol e 03 b iz le S5 3 0lS Sy 5l jl e S
(4855 10 )3 55 ¥ ) a5l | (o 5 35 il 1o A-
Az gy (bl 2 e b Bl (Blo BT (09 Jglna
S=So3lasl Seie,lS g bg S l5ee (Lightenthaler, 1987)
Mapada ) yiegidg Sl olSiws 1 oslatwl b yogy oyl b .0
Lo Jaloo (5595 o jlads (UV-1800, Shanghai, P.R. China
8 Lubs,lS e 5 o8 jagil ST 5 SO V- (clagse Job
bl S 55 035 5 2 S e e a5 5 b
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Py VEFIVO) Bl 5 (i (&g )3 p)5 YFNY) Sy Std (g
o Pl 5 g (g 2 p)5 VVIFR) Bl Sis (g (g2 5
13 2y DY/-Y) il pLl KL 59 (s 3 oS FOAFA)
ol gl & bgsyo (652 )3 .5 DUYF) gy S SUiS (459 Wiy
4) (b gliai g ol glind 55 93 )3 slgil 5 (9 e g2
S Bjg o 9 (59 2 e S YIINY gAY L e
VIAF g DAY Ly i ay) il gliai 5 o gl 53 55 (gl
VASE) i) 55 G on ot il gliss A5 03 (Wgr 3 p )5
9 VYPA L cos 5 an) jow gl g o glini 5 (892 2 )5
Caad (pyipS g 1y 1) dBles & Sy Cand (5 i (VYSY
9 55 039 (eSS g Ny glisd 4 bgye (+/0FY) Bl 4 S
039 9 s Pl Siid (g Bl Sid g 5 ()jg oS Suis
Ol oM ity (3l s s g jow gl 4 Sy JS S5
o el 5 Lo 9 (W 53 p)S YNF) ade) 5 0jg (S
(Y J93n) el Cannd 4 s i 43 35 (W59 p p,5 AS/FY)

P9 (2 Sy omd oLt Cubldyy Sl (560ke duglie gl
o g ddllas )50 Slio (553590 ) Jol (2 4 S
S iy (4592 )3 pyS MIOY) Sy 5 ()39 Vb Sis926
(459 3 o5 VYY) a5 jg (W92 3 p)5 WW/AY) Sy
S JS S iy (4 2 eS8 VW) ales el 5 g
O 2 (e P BLVYIVY) Sy g (W92 )3 p)5 Y2IYY)
(¥ Jgiz) 48 osalia pg>

S ol it il g g5 Mt 1 Sike dumlie gl
) €L p9> 0 3 5 (WWY+) aTige 5 S Sl st
glim il (sladisS o gl 0 03 2929 ol L 05 esalida
Ay po op s e Al sdalide (AMB] Sy dlaw ol ]
boye (455 3 )5 VWAD) ady) S (359 5 (5l ke VAATY)
O 93 2 > gl ks plu b &5 g (Jald gl pgd (>
(D Jods) caily gyl xe S

Mg Jdan S g g claeis pob b
Sl a3 sdie dlge g Ol (Vb oL g e Y e
aS 5,8 o)l35 (Kernahan, 2016) lal S .asla s aslis
05— ord 3 9 0LeS A5y g9y Sy J S CuiSlgn i
ddyy (St 9 it o)l jl 5 S o0 ]S 3k Blge
e ke ) ady) (olsp CuiSlgn s S (00 (Sl oS
L aglie 53 5, Slas ialj8l a jomie ol Jole S o S
coiS Cote @l (Asa0, 2012) cuwl oM 455 (gla i
S sl alS t5le LalS (ctisS ) 6ol > CuiSlon
(Hayden, 2006) cuol oas

buog YL b oS 2 53 a9y 25 oS dSTied 5 jriwgid
Clo) LSl 558 il Wligy 658 <Yolg (g,uS0jlul olKas
S (g ,—S03lal(340,Handheld  Photosynthesis system
= u_‘))_am u;)f.b_wfld.) u‘).m L)"’L“)‘ » oK u;l )l.{ u»l.wl
o by o) ST L ol g,y 4 il glyscinl il
SS 5l 2,510 (uilul gl sl jslaieds .c8)S s oS
Oylys el ¥ Gnody 20slS b j0 905 ogdd ol Suis
WSt mrdew Slilga g odal cwdan Luilisl 505 02l
ool Ladiges (uill doy> 1035 (i cdoes g b (50
(35 5339) (25 aged 8 Ve Jloaal Cumsay il (9
On Cedldy 3l e ((Mumivand et al., 2021) 1,5)5 auobre
CuitS ol 3 LadssS ol e (b)) yglateds 9 (LS Jol
Jol ey 5l asy olo 90 dgan dalllas 550 lio plos ccuiSTlgn
1 Gl Slao b b b adlls oyl 45 g, o))
W8S Oyge o 9
35 la, S ibejl gyl Lulul p osls Luib)ly 4550
Ao Cdbp b g g kel 556 lsie 4 85 £9) Gloj )3 00
g b8 g SAS il il slisal L (o8 55516 lsie
(P9 9 Jol o) by g ol Jole plgisas glis sigS
L o Lol (ko dlio 03 48,5 155 )3 o Jole (lsie
plosl 3oyd B Jlois! gdaw )3 (LSD) by cime gl Jolas oy

RS 09365 9 $58198 50 Ol

9 2 LS 03555 9 SHlshyee Do (bl 435 @l
Slio o 655 31 oy Gl ¥ sl pli sladisS cudly olo;
WSy St g 5 (59 Sy pdew oSy ol Bl 4y Sy o
F Ol iy 922 Ol SS9 5 (g @l SuiS 5 5 g
g J5 LS (g 9 (2lon plil St g 5 g ) SiS
5 35 0ig Sy e Slio S b dee 203 8 Jleis] daw 5
o eIl 5 (g ddy) S g 5 (g ) w15 S
B oy WU o8 (gl tae yobs 3 g JS S8 (g
po oSy ol Gl e by g 485 blae plas,S
29 3 ine dmopd N Jleinl wa ) ady) SiS ()jg 9 Ay
(Y Jg)

g S0k s o3l I 560ke duslie @l ol
(455 2 prS VOV S0 5 (g e yraslo YYAR) S

1- water distillation
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Table 2- ANOVA for the morphological traits and plant biomass of mint species in two harvest time

Mean squares

Slar o pSbe
Es
F\KeY)
Euwy! PFES ) -
@ 3 Job slas | & 039
’ ols 5 Sala gl bl i = ” T Sy S
Oy alia P e . gl Sl . 7709
; Internod No. of L] Stem ory Leaf S Leaf fresh S
sov bt height e length node No. of diameter Stolon Leaf No. Leaf/ area weight #
. number stem Leaf dry
main weight
and
secondar
y branch
;:’l* 2 169.23" 1.68" 0.008"™ 12.4m 2.01" 31.52" 14654.5™ 0.024" 2.53™ 233.47"™ 0.595"
ep
s “ 4 208.52" 2.48" 3.40" 98.38" 4.61" 158.02  89346.85°  0.662" 312.93"  10876.44™  245.07™
pecies
s X Soh 8 62.29 0.8 3.03 32.33 1.26 49.75 20313.77 0.043 1.43 107.95 1.54
Rep x Species
by ol 1 29" 0.007" 1.63™ 10.2" 0.066" 10.2™ 23885.4"™ 0.019" 7.79" 246.61" 3.92"
Harvest time
65 X cuily oy
Harvest time x 4 56.48" 1.08™ 2.75" 54.35" 1.82 37.77  42665.05°  0.003™ 0.482" 18.91 0.370"™
Species
E”’” 8 80.11 0.922 3.76 38.40 1.02 21.44 8012.07 0.005 0.574 18.41 0.49
rror
et - 15.4 20.41 14.8 217 22.75 81.96 10.44 6.85 3.38 4.96 5.04
C.V (%)
i ) Gixe 546 pae 920y 0 9 ) Jlainl maw 3 (6 gixe (gonimd i i g4y NS 4*
** *and ": significant at the 1% and 5% of probability levels and non-significant, respectively.
Sl yr gloj 93 50 gLl SAgF (LS 835365 9 SG998 )90 o wily)lg 41300 -F Joda el
Continued Table 2- ANOVA for the morphological traits and plant biomass of mint species in two harvest time
Slayyo (:55ke
Mean squares
. . ’; - - 'é‘_\';‘r:.. MU)S -
FORSTY LA 039 [$31] [S37] ) ) [S37] [S3}] . [S31]
R L. - - e e & 'gs‘a'o‘.u‘ o
s aslio a il il Ry Suis gy e Ay PO Swis oS algp & Suis
o e . Root Root fresh . ; aLS .
S0V &3] Stemfresh  Stemdry Stolon O g! volume weight b3 Fresh weight S S5
- - fresh 9 of aerial Dry
Df weight weight : Stolon Root ; Dry
weight parts weight of .
dry dry aerial weight
weight weight parts of plant
‘Rffj‘- 2 09™.2746 18.97 502.45" 7.56™ 139.6™ 41,727 0.217 6913.87"™ 48.35™ 53.88"™
ep
. xd 4 19716480  35333"  248454°  36.70° 33908217  18046.63 66467  70507.06" 137879~ /0829
pecies
9 X Ssh 8 788.88 10.48 577.72 6.67 125.14 47.65 0.26 245221 32.23 35.36
Rep x Species
by olej 1 140.07 0.88"™ 9.13™ 0.007™ 6720.03™ 2992 14117 933.98 8.02™ 43.44™
Harvest time
65 X iy oy
Harvest time x 4 89.22" 0.544 " 10.08™ 0.098" 324.11" 68.34" 0.381" 258.41" 1.61™ 3.15™
Species
E”b 8 115.61 1.68 70.82 1.28 35.44 20.28 0.094 124.57 211 1.95
rror
et - 11.17 9.17 54.11 59.22 3.26 4.37 4.81 5.62 4.84 3.84
C.V (%)

At I gme 5l ps g Mo 30 9 ) Jlos] aw 3 ()b gxe godimd Ui cag ey NS
** *and ": significant at the 1% and 5% of probability levels and non-significant, respectively.

#*

%
<
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Table 3- The morphological traits and plant biomass in mint species

5 o5 ”f’f;’ Sud 33 I3)
o 339 i I ol Suis
ey che S e :{.. ol Saspy  TOR & »e .
e I Sy Sy Saic Slw Stolon o] Wl - oS Gy
aed Bl Leaf Leaf = Stem a8lw fresh O Root fresh oS Dry Dry
Species /Leaf area fresh > fresh  stem weight Stolon dry weight Fresh weightof  weight
weight ~ Leafdry  yejgh d weight (gplant-  Wweight aerial of plant
stem ht ry plant 9P
- weig t weight lant - (9.p ) ) of parts
(cm?) (gplant  @plant™ (g pla (g.pla (g‘pl aerial (g.plant-  (g.plant
,1) 1) nt 71) nt _1) ) parts 1) 71)
(g.plant
)
M. aquatica
&:’i gl 1.067° 32.99*  151.11*  24.13*  166.25° 22.69° 41.12% 5.872 118.63°  358.49% 52.02% 59.26%
M. pulegium ) b b . b b
gy gl 0.563¢ 18.19° 60.12° 11.72¢  121.49 21.147 1.63 0.248 69.91 183.24" 33.11 38.72°
M. picata
o £l 1.364% 16.58° 59.26¢ 9.49¢ 58.63¢ 7.13¢ 0.10° 0.001°  128.85°  117.99% 16.5¢ 22.23¢
M. suaveolens
gl 1.368° 17.32° 52.95° 8.414 32.97° 6.25° 0.68° 0.152° 28.06° 86.62¢ 14.81° 16.89°
M. piperita
s plias 1.121%® 26.76° 109.15°  15.95°  101.77° 1353  34.23* 3.96° 169.4% 245.16° 33.45° 44,745
)l gl e BB 2o y> B et gl ;3 LSD 9051 (bl ygmm st 53 ailiie g o gyl (cla uSilio
Means with similar letters in each column, are not significantly different based on LSD test at 5% of probability level.
ELS G598 )90 Olio 9 3,8dos sl 2 (093 9 Jol) Cedld gyl ST =€ Jgoa
Table 4- The effect of harvest time (first and second) on growth, yield and morphological traits of mint
Spioiy  Sp SRy Al P ol ol ales plail 5 o S 13 ks
- e Sas LA 3 S
Cwildyr lej Leaf fresh Leaf dry Root fresh © h‘”’f Le;;f ~rea
i i i i . Dry weight o
Harvest time (gvﬁgr?tg) (Q;Nsll g::_l) (gvﬁlagr::l) Fresh weight of y plar?t (cm?)
: : ) aerial parts (g.plant™)
(g.plant™)
Jol casls 83.65° 13.58° 92.98° 192.71° 35.17° 21.86°
First harvest
pgd cusby 89.392 14.32 112.96° 203.872 37.57° 22.88°

Second harvest

L5 )b e NS s> B ezl s 3 LSD 9051 oluolyr ygim s 53 aslitie g gyl (glapuSilie
Means with similar letters in each column, are not significantly different based on LSD test at 5% of probability level.

5 elS 5, Slas 5 by oS W3S asuie 8,8 pbl cuiSTes
9 4>L»L§M»>u)99¢u»)pf>r>‘j)4 )IM‘M‘}{) J9]os439_3 &LOJ)‘
L (Rostami and Movahedi, 2016) >4 4 s o6 ay
Olitl 4 oie CulSTgn i a5 3 L (6,505 alie adllae
=9k olals (Movahedi et al, 2012) . o juw
Sy Sy Job g gl 58 Gl g ol (JS)B e
i (2L 3y Slos g g phisl g andy) Sis 9 5 )
5 w25 .(Movahedi and Rostami, 2020) 15,8 W cuiSlgn
w=ob lals cous 3 5 (Bohme and Pinker, 2013) , <&,

g g s aa ]y eling @b g Sy cpedde o ol
CidS T i 50 2L 4Bl dlisd 5§ Sy pdaw 2L 0355 55

oL (Chiipanthenga et al., 2012) ) ,LSon 5 ol Kby

s 33 (o) o 53 038 3)Sles g pudplie by o5 200l
OHlSKe 5 LuweSla gy (S cuiS I jiin ply Ve cuiSlen
Slogpas 4>y | B 5g o (Hikosaka et al., 2015)
Pl ajey colis g jriwgd Cue g GlalBl Al ol (So5elg 53
455,5 odmlie CuiSlgn piwaw o (LActuca sativa L.) gals
3, Sdes yil5-8l (Pagliarulo et al., 2004) -, Ken 4 o)y, LY
byl 5o o WJg (Urtica dioica) 555 olS ady;y g (olgn plul
4S5, S )% (Hayden, 2006) il sl ol |y cuislan
5 pgi caald QLS cuiS (gly gasbe 435 cuiSlon i
i > (Valeriana officinalis L.) cdall Juiw 2 Jg
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Table 5- The interaction effect of species xharvest time on growth, yield and morphological traits of mint

Cudld g ylo oS S g9 dlaad A y o A y SUWiS 39
Harvest time Species Leaf No. Root volume Root dry weight
(ml) (g.plant?)
o el 910.5° 210.33¢ 6.23¢
M. aquatica
Gy gl 916.66° 168.33¢ 4.84¢
ol sy M. pulegium
First harvest s gl 729.66" 149.33' 4.98°
M. spicata
——Ls
M. suaveolens 839.16° 62n 1.74f
i gl
M. piperita 745.83° 245.66° 10.71°
o gl 1220° 246 8.25°
M. aquatica
Gy gl 760° 191.33¢ 6.39¢
P> eiby M. pulegium
Second harvest o glin 77733 164.33 6.47¢
M. spicata
R
M. suaveolens 836.66° 85.33¢ 2.41f
s gl
M. piperita 830° 298.33? 11.852

)85 ()b e NS 20 y3 B Lot o ;3 LSD 9051 bl gy 53 asliie g o gyl (gl uSilio
Means with similar letters in each column, are not significantly different based on LSD test at 5% of probability level.

SSlg i ) ()8 9o 4 (S p Sl | (S g 92l
Luo et) o)Lsen 4 ¢ .(Gopinath et al., 2017) kg o cuiS
Adgi )0 (3990 Hlwy (g CulSTen a5 W0 )S Lo (al., 2009
Saha et al., ) o)lSKen 5 baluw sl o (olgiol 3ble 3 gals
olyie SiglsST i i 53 ol o8y 422 awslis b (2016
3y Slas g 0y SiglsST pimmw 1 osd cuiS lalS a5 5,8
aslllas 350 pB)) Ciglaie 5, Slos 5 A5, ylaiee (pl sl YL
3959 3l Sl Lol wls a5y ()5 KoglsT bl 5 1,
‘o)_? Sl o« Sis 039 9= Oi9 bld ol ral.'é)l O Cglas
S99 1y ol cde 4 39 LS Slaw g 0, ke Job iy £lis)|
2 Jsmaze 3y Slos dinlio .50, ylo By o (S5 Solas
Beta) S, yuse (Ocimum basilicum) b, aisle Sbx jaw
(Petroselinum crispum) (¢, o= {(vulgaris subsp. vulgaris
oYy > 4 (Brassica oleracea var. capitata) gy »1S 4
=S 4545 (Capsicum annuum) cclaal> Jals wile (glogue
Cucumis ) ,L3 (Solanum lycopersicum var. cerasiforme)
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Ol (250 e gl g e lins el SWs iy gy
gL 9w £l 455 93 3929 cnl b 39 b 1) 3 See 5 )
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59 ol s 5l Calisee )]y (gl ime LS ol S s
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Table 6- ANOVA for some physiological and biochemical traits of mint in two harvest time

Olazyo (ko
Mean squares

Ble @ addlf bel Ul i sl abld I G Fonagis -8 23l 38des
oS A Chlorophyl Chlorophyl Total ; Caroten Sowt] o ,Lid Evapora Photosynthesi o oS oS | |
e ? la bl Chlorophyl < oid * I tion s il o o
S.O.v ol Spad 1 & . Essential Essential oil
g : y » 999 745 oil content ield
Df Relativ VPD Carbon y
e water dioxide
content
Sl 2 0.009™ 9.66™ 8.15™ 1.62" 0.003™ 0.562" 0.147™ 8.716" 84.78™ 653.15™ 0.0001" 0.141™
Rep
Species 4 221.46™ 25.39™ 349.52™ 210.72™ 6.74™ 47.86™ 0.342m 4.38™ 152.62" 8091.22" 0.1334™ 2.596™
@55
L5 X Soly 8 0.427 15.72 16.44 6.66 0.571 1.54 0.304 1.23 24.83 651.64 0.0009 0.033
Rep x
Species
cols 1 342.32™ 61.94™ 705.19™ 68.43" 0.472™ 46" 0.025™ 0.108" 12.22™ 1241.63™ 0.0075™ 0.162™
Harvest
X cuilsy 4 256" 53.49™ 61.55™ 5.05™ 0.088™ 0.842" 0.12" 0.057™ 1.91m 15289.89™ 0.0012™ 0.032"
@55
Harvest x
Species
s 8 0.645 4.58 6.48 8.43 0.308 0.173 0.122 0.16 0.882 2053.04 0.0001 0.0051
Error
Ol s gy 3.83 20.5 8.11 3.33 13.44 4 26.79 7.64 3.96 9.67 5.91 4.84
C.V (%)

Al I e 13U pae g Mo )3 B 5 ) Jleis] prdaw )3 (6 )ld sixe (godimd LS Cud iy NS o
** *and ": significant at the 1% and 5% of probability levels and non-significant, respectively.
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Table 7- Some physiological and biochemical traits of mint species

&g Ol g (glgimo g ) Frwogid
Species Relative water content Carotenoid Photosynthesis
(%) (mg.g™ FW) (mmol.m2s%)
ol gl 92.492 4.43° 23.45P
M. aquatica
Loy glis 77.88¢ 3.01¢ 32.392
M. pulegium
o glins 92.022 4.21% 19.62°
M. spicata
o glin
M. suaveolens 85.7° 3.29« 21.840
Slals gl
M. piperita 87.5° 5.69° 21.23°

515 gyl me BB ao > B Jlesn] aws 13 LSD 9051 (bl ¢y gyt 53 aliio g > (sl (sl puSibio
Means with similar letters in each column, are not significantly different based on LSD test at 5% of probability level.
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Figure 1- The effect of the harvest time on (A) the relative water content and (B) photosynthetic rate of mint (LSD, p<0.05)
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Table 8- The interaction effect of species xharvest time on some physiological and biochemical traits of mint plant

obj = a Jodg i b Judg S S oS ol SaSley el o Sdos
Cudild yy Species (Emorq?r;)\//l\})a Chlork())phyll Chl-cl)—?;alh | e &9y 25 il il
Harvest 9.9 (Mg.g FW)  (m 1F,):\X,) Spad Carbon Essential  Essential
time 99 99 dioxide ol oil yield
(umol.mol)  content  (g.plant?)
(%)
M. aquatica 23¢ 11.7% 34.36™ 14.042 413.93° 1.423% 0.339¢
o el
M. pulegium 12.5' 7.65° 20.15° 9.4 620° 1.366¢ 0.152°
Qg gl
M. spicata 19.27¢ 6.19¢ 25.46% 8.17% 404.73° 1.367¢ 0.126°
S glisi
Jsl casls M 11.18° 9.55% 20.73° 7.05° 463.03" 0.484¢ 0.039f
First harvest ~ Suaveolens
o glind
M. piperita 21.95¢ 9.91% 31.86% 11.34° 471.93° 2.4062 0.367%
s gl
M. aquatica 30.88? 8.29¢ 39.17® 14.312 455.56° 1.724° 0.420%
o el
M. pulegium 17.68° 7.89° 25.57% 9.85% 433.76° 1.461% 0.178¢
pgd cusby M. spicata 26.55° 17.84% 44,392 8.6% 476.4° 1.658% 0.158%
Second harvest e gliss
M 16.71° 9.4%¢ 26.11% 7.72¢ 464.93° 0.578¢ 0.048f
suaveolens
o glins
M. piperita 29.85% 15.95% 45.8% 13.442 478.63° 2.3612 0.379°
s gl

55 gyl e BB aoyd B Jlesn] paws ;5 LSD 9051 (bl ¢ygim st 50 duliio gy (sl (ol uSibio
Means with similar letters in each column, are not significantly different based on LSD test at 5% of probability level.
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2 g @l g o e by olouy (29l LS cuiS
J=B lal 9 2 5959)18 s eling W el cuiSlon i
Bohme et ) ud Joae coaS ulidl g oS ol o ase
[(al., 2013
Doy (Jald gl 4 bgsye (il 035k (3 5V 2l adlllas
bl 035 15 4y g s s e o gl sodisS o 51 e

9 Sl Olino Jlai | gliss aeisS (o pol> adllas >

Slyoe (S ot 2929 (29 BB Ogli olerdon
Ol S0t 9t e €L 5 al £l & bgrye o (s
Olie (riohe g cull 3l (Al gl 4 J39)l5" 5 2m904)lS
odad s oS A odalie &gy 13 (glaje;y 15 CO2 g jiiwetd
O 9290 SLatglds ol adllas 3)50 (LadeS (o g9
ol Lol o (S5 slacgles j ol gl caliso glaaisS
g asls iy 4 S sl (Jie and Kong, 1998) eS' 5 o~
SIS (900 cutSlon Lalpd )3 9ol 03 aw g (e g ady)
odaliie gty 50 ddlllas 3y90 pB)l o 9 39 (S iS5 YL
Brasica oleracea ) .o oI5 2LS &o5 i cuiS a0 )8
B. ) ,ux S, (B. rapa nipposinica) Ugj.e {var. chinensis
L. ) 5aLs" (O. basilicum) L=, {vulgaris subsp. vulgaris
Salvia ) L 4B. rapa subsp. Chinensis) s> S (sativa

S. lycopersicum wvar. ) w5 4555 4 (hispanica



1) 5l o o lods 18 ol (((5y9LinS @obuo g pole) SLEL pole 4y pis FVF

CuiSlon s )3 Cudse b Glalesl ol )3 adlllas 3,50 closi S
5 SB il pae ol Bpae (Vb lesily o 4 Bl )9
dt Al e CoiSlo s )3 Elisd CulS (Ll Jgazme 155
adllae ol 29 (S CudS (2 jKole yglagm g el by lgie
Olas g3 Slas ) Hlai jl glin sladisS oy oS ob s ol
s 3929 (5o re gl pbardn 5 S sidsise
a2 3y Sloe by oo | Lannsg cisbs 3 4 _olotisS ol
A il ol el a8 5 (oS 3 Slas WlgS o il andls
aalllas 3)50 (63,Slos 5 (555l58 )50 Slino el blod Il i
CuiS Cue W5 el YL Jowily 90 L5 s S0 5 e
Ly 3 (Jals gl ol ogMe 035 bled CulSlgn i 5
S35 ol b ccih basss plo b dwslio 0 1) oYL o Sles
o B by (g Blae oll p wl gl (SuiSady
Ol o J )l S e sl 455 QBRI 3 (g Olgis

gy S 3l el glsel pslaiedy o7 091> (LS 5> el
Cratl it 03l 3 Slos g (uill 033l ddlio 53 Mg o S
S 3y Sas g il 035 1 (ol Guilil 3o 55l (635
2 S o adlge Sl A0S 52 13 i plpls a0l (o)
o=l » (Mumivand et al., 2019) u_i salgs il 5Slas
0 S s oml ol 03l 5 (o gl 4 el 3929 b aallas
2 s Seid odlo A gy s 4 bl g yloyen Jalb el
99 Calgd 5 Ad lalb gl ) 5V (> ol uilel 5 Shes ol
2l o o 65V bl 03j b gl 5 ol gl 455

Ll L oS

5 35 A
e g poiyl L aseS miy cudS colil jils aslllas 5o

12-

13-

Aoled Gl 45635 40 Doy s . .
s ) don 8,8 )18 L5050 ciSlen wiw jd glin uin

&l

Anon. (2009). Mentha oil Seasonal Report retrieved from.
http://lwww.karvycommodities.com/downloads/karvySpecialReports/karvysSpecialReports 20111012113231.pdf.
Asao, T. (2012). (Ed.), Hydroponics: A Standard Methodology for Plant Biological Researches. BoD Books on
Demand.

Bohme, M., & Pinker, I. (2013). Asian leafy vegetables and herbs cultivated in substrate culture and aeroponics in
greenhouse. In International Symposium on Growing Media and Soilless Cultivation 1034: 155-162.
https://doi.org/10.17660/ActaHortic.2014.1034.18.

Biddinger, E.J., Liu, C., Joly, R.J., & Raghothama, K.G. (1998). Physiological and molecular responses of
aeroponically grown tomato plants to phosphorus deficiency. Journal of the American Society for Horticultural
Science 123(2): 330-333.

Calori, A.H., Factor, T.L., Feltran, J.C., Watanabe, E.Y., Moraes, C.C.D., & Purquerio, L.F.V. (2017). Electrical
conductivity of the nutrient solution and plant density in aeroponic production of seed potato under tropical
conditions (winter/spring). Bragantia 76: 23-32. https://doi.org/10.1590/1678-4499.022.

Chandra, S., Khan, S., Avula, B., Lata, H., Yang, M.H., EISohly, M.A., & Khan, I.A. (2014). Assessment of total
phenolic and flavonoid content, antioxidant properties, and yield of aeroponically and conventionally grown leafy
vegetables and fruit crops: A comparative study. Evidence-based Complementary and Alternative Medicine, 2014.
https://doi.org/10.1155/2014/253875.

Chiipanthenga, M., Maliro, M., Demo, P., & Njoloma, J. (2012). Potential of aeroponics system in the production
of quality potato (Solanum tuberosum L.) seed in developing countries. African Journal of Biotechnology 11(17):
3993-3999. https://doi.org/10.5897/AJB10.1138.

Dannehl, D., Taylor, Z., Suhl, J., Miranda, L., Fitz-Rodriguez, E., Lopez-Cruz, I., & Schmidt, U. (2017).
Sustainable cities: viability of a hybrid aeroponic/nutrient film technique system for cultivation of tomatoes.
International Journal of Agricultural and Biosystems Engineering 11(6): 470-477.

Dorai, M., Papadopoulos, A., & Gosselin, A. (2001). Influence of electric conductivity management on
greenhouse tomato yield and fruit quality. Agronomie 21(4): 367-383. https://doi.org/10.1051/agro:2001130.
Gopinath, P., Vethamoni, P.1., & Gomathi, M. (2017). Aeroponics soilless cultivation system for vegetable crops.
Chemical Science Review and Letters 6(22): 838-849.

Hayden, A.L. (2006). Aeroponic and hydroponic systems for medicinal herb, rhizome, and root crops. A
Publication of the American Society for Hortcultural Science 41(3): 536-538.

Hikosaka, Y., Kanechi, M., Sato, M., & Uno, Y. (2015). Dry-fog aeroponics affects the root growth of leaf lettuce
(Lactuca sativa L. cv. Greenspan) by changing the flow rate of spray fertigation. Environmental Control in
Biology 53(4): 181-187. https://doi.org/10.2525/ech.53.181.

Hothem, S.D., Marley, K.A., & Larson, R.A. (2003). Photochemistry in Hoagland's nutrient solution. Journal of


http://www.karvycommodities.com/downloads/karvySpecialReports/karvysSpecialReports_20111012113231.pdf
https://doi.org/10.17660/ActaHortic.2014.1034.18
https://doi.org/10.1590/1678-4499.022
https://doi.org/10.1155/2014/253875
http://dx.doi.org/10.5897/AJB10.1138
http://dx.doi.org/10.1051/agro:2001130
https://doi.org/10.2525/ecb.53.181

P\Y

L 45 iy (65909 8 9 S5 99 90 Dloguas g0 ySles iy (b 55l ol 0R g Wig Cigding

14-

15-

16-

17-
18-

19-

21-

22-

23-

24-

25-

27-

28-

31-

32-

33-

34-

35-

36-

Plant Nutrition 26(4): 845-854. https://doi.org/10.1081/PLN-120018569.

Jie, H., & Kong, L.S. (1998). Growth and photosynthetic responses of three aeroponically grown lettuce cultivars
(Lactuca sativa L.) to different rootzone temperatures and growth irradiances under tropical aerial conditions. The
Journal of Horticultural Science and Biotechnology 73(2): 173-180.
https://doi.org/10.1080/14620316.1998.11510961.

Kasrati, A., Jamali, C.A., Bekkouche, K., Wohlmuth, H., Leach, D., & Abbad, A. (2014). Plant growth, mineral
nutrition and volatile oil composition of Mentha suaveolens subsp. timija (Briqg.) Harley cultivated under salt stress
conditions. Industrial Crops and Products 59: 80-84.

Kawasaki, Y., Matsuo, S., Kanayama, Y., & Kanahama, K. (2014). Effect of root-zone heating on root growth and
activity, nutrient uptake, and fruit yield of tomato at low air temperatures. Journal of the Japanese Society for
Horticultural Science MI-001. https://doi.org/10.2503/jjshs1.MI-001.

Kernahan, K. (2016). U.S. Patent Application No. 14/341,781.

Kumar, P., Mishra, S., Malik, A., & Satya, S. (2011). Insecticidal properties of Mentha species: a review.
Industrial Crops and Products 34(1): 802-817. https://doi.org/10.1016/j.indcrop.2011.02.019.

Lakhiar, I.A., Gao, J., Syed, T.N., Chandio, F.A., & Buttar, N.A. (2018). Modern plant cultivation technologies in
agriculture under controlled environment: A review on aeroponics. Journal of Plant Interactions 13(1): 338-352.
https://doi.org/10.1080/17429145.2018.1472308.

Lakhiar, I.A., Gao, J., Syed, T.N., Chandio, F.A., Tunio, M.H., Ahmad, F., & Solangi, K.A. (2020). Overview of
the aeroponic agriculture—An emerging technology for global food security. International Journal of Agricultural
and Biological Engineering 13(1): 1-10. https://doi.org/10.25165/].ijabe.20201301.5156.

Lightenthaler, H.K. (1987). Chlorophylls and carotenoids: pigments of photosynthetic biomembranes. Methods in
Enzymology 148: 350-382. http://dx.doi.org/10.1016/0076-6879(87)48036-1.

Luo, H.Y., Lee, S.K., & He, J. (2009). Integrated effects of root-zone temperatures and phosphorus levels on
aeroponically-grown lettuce (Lactuca sativa L.) in the tropics. The Open Horticulture Journal 2(1).
https://doi.org/10.2174/1874840600902010006.

Lynch, J., Marschner, P., & Rengel, Z. (2012). Effect of internal and external factors on root growth and
development. In Marschner's mineral nutrition of higher plants (pp. 331-346). Academic Press.

Mateus-Rodriguez, J., De Haan, S., Barker, 1., Chuquillanqui, C., & Rodriguez-Delfin, A. (2011). Response of
three potato cultivars grown in a novel aeroponics system for mini-tuber seed production. In Il International
Symposium on Soilless Culture and Hydroponics 947: 361-367.

Movahedi, Z., & Rostami, M. (2020). Production of some medicinal plants in aeroponic system. Journal of
Medicinal plants and By-product 9(1): 91-99. https://doi.org/10.22092/JIMPB.2020.122079.

Movahedi, Z., Moieni, A., & Soroushzadeh, A. (2012). Comparison of aeroponics and conventional soil systems
for potato minitubers production and evaluation of their quality characters. Journal of Plant Physiology and
Breeding 2(2): 13-21. (In Persian)

Molitor, H., & Fischer, M. (1997). Effect of several parameters on the growth of chrysanthemum stock plants in
aeroponics. In International Symposium on Growing Media and Hydroponics 481: 179-186.

Mumivand, H., Aghemiri, A., Aghemiri, A., Morshedloo, M.R., & Nikoumanesh, K. (2019). Ferulago angulata
and Tetrataenium lasiopetalum: Essential oils composition and antibacterial activity of the oils and extracts.
Biocatalysis and Agricultural Biotechnology 22: 101407.

Mumivand, H., Babalar, M., Hadian, J., & Tabatabaei, S.M.F. (2010). Influence of nitrogen and calcium carbonate
application rates on the minerals content of summer savory (Satureja hortensis L.) leaves. Horticulture
environment and biotechnology, 51(3), 173-177.

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.

Newall, C.A., Anderson, L.A., & Phillipson, J.D. (1996). Herbal medicines. A guide for health-care professionals.
The pharmaceutical press.

Nezami, S., Nemati, H., Arooei, H., & Bagheri, A.R. (2016). Effect of soil moisture regimes under controlled
conditions on growth and biomass in mentha species. Journal of Plant Production 23(2): 51-72. (In Persian)
Nooshkam, A., Mumivand, H., Hadian, J., Alemardan, A., & Morshedloo, M.R. (2017). Drug yield and essential
oil and carvacrol contents of two species of Satureja (S. khuzistanica Jamzad and S. rechingeri Jamzad) cultivated
in two different locations. Journal of Applied Research on Medicinal and Aromatic Plants 6: 126-130.

Ortiz, E.L. (1992). Encyclopedia of herbs, spices, and flavorings. Dorling Kindersley.

Otazu, V. (2010). Manual on quality seed potato production using aeroponics. International Potato Center.
https://doi.org/10.4160/9789290603924.

Pagliarulo, C.L., Hayden, A.L., & Giacomelli, G.A. (2004). Potential for greenhouse aeroponic cultivation of
Urtica dioica. In VII International Symposium on Protected Cultivation in Mild Winter Climates: Production, Pest
Management and Global Competition 659: 61-66. https://doi.org/10.17660/ActaHortic.2004.659.6.


https://doi.org/10.1081/PLN-120018569
https://doi.org/10.1080/14620316.1998.11510961
https://doi.org/10.2503/jjshs1.MI-001
https://doi.org/10.1016/j.indcrop.2011.02.019
https://doi.org/10.1080/17429145.2018.1472308
https://doi.org/10.25165/j.ijabe.20201301.5156
http://dx.doi.org/10.1016/0076-6879(87)48036-1
https://doi.org/10.2174/1874840600902010006
https://dx.doi.org/10.22092/jmpb.2020.122079
https://doi.org/10.1016/j.indcrop.2021.113381
https://doi.org/10.4160/9789290603924
https://doi.org/10.17660/ActaHortic.2004.659.6

1) 5l o o lods '8 > (((5y9LinS @obuo g pole) SLEL pole 4 pis FVA

37-

38-

40-

41-

42-

43-

44-

45-
46-

47-

Quattrocchi, U. (1974). CRC World dictionary of plant names: Common names, Scientific Names, Eponyms,
Sonyonyms, and Etymology. 111 MQ.

Rakocy, J.E., Bailey, D.S., Shultz, R.C., & Thoman, E.S. (2004). Update on tilapia and vegetable production in
the UVI aquaponic system. In New dimensions on farmed Tilapia: proceedings of the sixth international
symposium on Tilapia in Aquaculture, held September (pp. 12-16).

Ritchie, S.W., Nguyen, H.T., & Holaday, A.S. (1990). Leaf water content and gas - exchange parameters of two
wheat genotypes differing in drought resistance. Journal of Crop Science 30(1): 105-111.
https://doi.org/10.2135/cropsci1990.0011183X003000010025x.

Ritter, E., Angulo, B., Riga, P., Herran, C., Relloso, J., & San Jose, M. (2001). Comparison of hydroponic and
aeroponic cultivation systems for the production of potato minitubers. Journal of the European Association for
Potato Research 44(2): 127-135. https://doi.org/10.1007/BF02410099.

Rostami, M., & Movahedi, Z. (2016). Evaluating the effects of Naphthalene acetic acid (NAA) on morpho-
physiological traits of valerian (Valeriana officinalis L.) in aeroponic system. Iranian Journal of Plant Physiology
6(3): 1751-1759.

Saha, S., Monroe, A., & Day, M.R. (2016). Growth, yield, plant quality and nutrition of basil (Ocimum basilicum
L) under soilless agricultural systems. Annals of Agricultural Sciences 61(2): 181-186.
https://doi.org/10.1016/j.a0as.2016.10.001.

Spinoff, N.A.S.A. (2006). Innovative partnership program. Publications and graphics department NASA Center
for Aerospace Information (CASI).

Taheri-Garavand, A., Mumivand, H., Fanourakis, D., Fatahi, S., & Taghipour, S. (2021). An artificial neural
network approach for non-invasive estimation of essential oil content and composition through considering drying
processing factors: A case study in Mentha aquatica. Industrial Crops and Products 171: 113985.
https://doi.org/10.1016/j.indcrop.2021.113985.

Tiwari, S. (2008). Plants: a rich source of herbal medicine. Journal of Natural Products 1(0): 27-35.

Yang, T., & Kim, H.J. (2019). Nutrient management regime affects water quality, crop growth, and nitrogen use
efficiency of aquaponic systems. Scientia Horticulturae 256: 108619.
https://doi.org/10.1016/j.scienta.2019.108619.

Zargari, A. (2014). Medicinal plants. Publisher of Tehran University. Third edition, p. 567. (In Persian)


https://doi.org/10.2135/cropsci1990.0011183X003000010025x
https://doi.org/10.1007/BF02410099
https://doi.org/10.1016/j.aoas.2016.10.001
https://doi.org/10.1016/j.indcrop.2021.113985
https://dx.doi.org/10.1016/j.scienta.2019.108619

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

Research Article
— Vol. 36, No. 3, Fall 2022, p. 619-630

Effect of Cinnamic Acid on Morphophysiological Characteristics of Cucumber
Seedling under Chilling Stress

Z. Darabi!, F. Ghanbari?, J. Erfani Moghadam®

Received: 08-10-2021 How to cite this article:
Revised: 23-10-2021 Darabi, Z., Ghanbari, F., & Erfani Moghadam, J. (2022). Effect of Cinnamic
Accepted: 02-01-2022 Acid on Morphophysiological Characteristics of Cucumber Seedling under

Available Online: 25-11-2022 Chilling Stress. Journal of Horticultural Science 36(3): 619-630. (In Persian
with English abstract)
DOI: 10.22067/jhs.2022.72749.1093

Introduction

Low temperature is one of the most important environmental stresses that cause damage to plants and limit
the geographical distribution of plant species. Plants of tropical and sub-tropical origin, such as cucumbers, are
sensitive to cold stress and severely damaged at low temperatures. Plants have evolved a set of defense
mechanisms to adapt to low temperatures. These mechanisms include the regulation of gene expression and
physiological and biochemical changes that increase plant resistance to chilling stress. Cinnamic acid (CA) is
one of the most important phenolic acids present in all plants and has antimicrobial properties against fungi and
bacteria. The application of this compound in some plants causes oxidative stress and leads to the activation of
antioxidant enzymes. Therefore, in the present study, the effects of exogenous cinnamic acid treatment on cold
stress tolerance in cucumber seedlings have been investigated.

Materials and Methods

This research was conducted in the greenhouse and laboratory of the Department of Horticultural Sciences
of Ilam University in 2019. Cucumber seeds (Super Daminus cultivar) were planted in a 1: 1: 1 ratio of field soil,
manure, and sand. In the fully developed two-leaf stage, seedlings produced were sprayed using cinnamic acid
(at concentrations of 0, 50, 100, and 200 uM). Foliar spraying treatments were applied at the mentioned
concentrations until the surface of the leaves was completely wet. 24 hours after foliar application, all plants
were exposed to cold stress at 3 ° C for 6 hours in six consecutive days. After applying the cold treatment, the
seedlings were transferred to the greenhouse and 72 hours later, the traits were measured.

Results and Discussion

The results showed that exogenous CA application increased the growth characteristics of cucumber
seedlings subjected to chilling stress. Improving the growth and development of plants under stress conditions by
cinnamic acid treatment has been reported in other studies, which is consistent with the results of the present
study. It has been reported that cinnamic acid treatment, by causing oxidative shock in plants, leads to plant
defensive responses to stress conditions, and through this, plants can better withstand stress conditions. These
defense responses include increasing compatible solutions and improving the antioxidant system. In the present
study, the use of cinnamic acid treatment increased proline, chlorophyll, and total phenol and reduced of
membrane lipid peroxidation, and these changes led to a decrease in the apparent effects of cold on cucumber
seedlings.

The use of chemicals that can mitigate the effects of cold on the plant can also help maintain plant growth
under cold stress. In the present study, the application of cinnamic acid improved the growth of cucumber
seedlings under cold stress conditions. Cinnamic acid pretreatment by inducing antioxidant compounds reduced
the effects of cold on cucumber seedlings and improved plant growth in chilling conditions. Also, cinnamic acid
treatment increased the growth of pepper plants under salinity stress, cucumber under drought stress, and wheat
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under drought conditions, which is consistent with the results of the present study. Therefore, it can be said that
cinnamic acid improves plant growth under stress by changing physiological and biochemical processes. The
results showed that the application of cinnamic acid improved the growth of cucumber seedlings under chilling
stress conditions. Cinnamic acid pretreatment caused a significant increase in relative water content (25 to 32%),
chlorophyll (108 to 125%), proline (152 to 244%), and total phenol (31%) compared to the control, therefore
improving the adaptabilities of cucumber seedlings to chilling stress. The application of cinnamic acid also
reduced the damage to cell membranes. The electrolyte leakage and malondialdehyde accumulation of cinnamic
acid-treated seedlings were lower than that of control seedlings.
Conclusion

In general, the results of this study showed that the application of cinnamic acid reduced the effects of cold
stress on cucumber seedlings. These results were associated with increased proline, chlorophyll, phenol and
relative water content, in this way, the rate of ion leakage and accumulation of malondialdehyde in cucumber
seedlings were reduced under cold stress. In general, the results showed that cinnamic acid treatment (especially
concentration of 200 uM) can effectively reduce the effects of chilling on cucumber seedlings and improve their
growth under cold stress.

Keywords: Chilling injury, Chlorophyll, Malondialdehyde, Proline, Total phenol
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Table 1- ANOVA for the growth traits, relative water content, ionic leakage and malondialdehyde in cucumber cv. Super
Dominus seedlings treated with cinnamic acid
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Figure 1- The effect of different concentrations of cinnamic acid on fresh and dry weight of cucumber cv. Super Dominus
shoots subjected to chilling stress (Duncan, p<0.05).
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Figure 2- The effect of different concentrations of cinnamic acid on fresh and dry weight of cucumber cv. Super Dominus
roots subjected to chilling stress (Duncan, p<0.05).
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Table 2- ANOVAfor the physiological and biochemical traits in cucumber cv. Super Dominus seedlings treated with cinnamic

acid
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Table 3- The effects of cinnamic acid on some physiological and biochemical traits of cucumber cv. Super Dominus seedlings
under cold stress
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Values followed by different letters had significant difference according to Duncan’s multiple range test at p < 0.05
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Figure 3- The effect of different concentrations of cinnamic acid on leaf chlorophyll content of cucumber cv. Super Dominus
seedlings subjected to chilling stress (Duncan, p<0.05)
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Figure 4- The effect of different concentrations of cinnamic acid on chilling index of cucumber cv. Super Dominus seedlings
subjected to chilling stress (Duncan, p<0.05)
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Introduction

The evaluation of morphological, phenological and agronomical characteristics is one of the first steps for
the initial study of germplasm. It can also be conferred as basic information for the breeder to study genetic
diversity for particular purposes. Chrysanthemum (Chrysanthemum morifolium) is a perennial herbaceous plant
of the family Asteraceae with simple coniferous leaves and alternate arrangement on its branched stems and has
composite flowers. The first stage in breeding programs is to study genetic variation of the selected plants. This
study was conducted in order to evaluate the genetic variation of flower traits for selected Chrysanthemum
genotypes for three years. Researchers use different methods to estimate genetic diversity of plants including
DNA markers, isozymes and morphological traits. Use of morphological traits that are easily measured and have
high heritability is a convenient tool to assess the level of genetic diversity of plants.

Materials and Methods

The origin of the tested genotypes was from the gene bank of the Research Institute of Flowers and
Ornamental Plants. The results of random crosses between different chrysanthemum clones were evaluated. The
research was conducted for four consecutive years. The aim of the first year experiment was positive selection of
genotypes. In fact, the best genotypes were selected. In addition, negative selection of different genotypes was
performed. During this selection period, similar genotypes were removed. Selected genotypes (20 genotypes)
were evaluated based on a completely randomized design with three replications using seven morphological
traits including number of flower per plant, period of flowering, flower diameter, number of petal row, petal
length, Fresh weight and dry weight of flower. Statistical analyses including analysis of variance, correlation
coefficient, and heritability, phenotypic and genotypic coefficient of variation were estimated using SAS 9.0
software.

Results and Discussion

After performing Bartlett test and confirming the uniformity of variances, combined analysis was performed
for three years. The results of analysis of variance showed that the effect of the year was significant only for the
number of flowers per plant and the flowering period. The results of three-year analysis of variance showed that
there was significant difference among the genotypes for the number of flowers per plant, flowering period,
number of petal rows, fresh and dry flower weight. There was a significant difference (p<0.05) among the years
only in flowering period and number of flowers per plant. The highest variation observed between flowering
period and flower diameter. The highest coefficient of phenotypic and genetic variation obtained for the number
of petal rows, flower fresh weight and petal length. The lowest coefficient of phenotypic and genetic variation
obtained for fresh and dry flower weight and number of flowers per plant. The highest positive genetic and
phenotypic correlation coefficient estimated between flowering period with flower diameter, number of rows of
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petals and fresh weight of flowers which is important for the simultaneous breeding of these traits. The results of
this study showed that flower diameter, flowering period, petal length and number of petal rows showed high
general heritability. Therefore these results indicate that the selection process for these traits is effective and can
be used in the breeding programs. The results of this study showed that highest number of petal rows belonged to
B136 genotype. Genotype 31 with forty-three days of flowering period had the highest flowering length
compared to other genotypes. GenotypeC85 had 202 flowers per plant. These genotypes can be used as parents
especially to increase the flowering period and the number of petal rows due to the general heritability of over
fifty percent of these traits. It is also suggested that traits such as petal color and resistance to important pests
(including black chrysanthemum aphid, flower thrips pest) and important diseases (including Fusarium wilt,
verticillium wilt and leaf spot) should be studied. The superior genotype can be selected if statistically significant
difference observed among of genotypes.

Conclusion

It is a fact that chrysanthemums has characteristics such as variation of flower shape and color, plant size,
form and flowering period that is widely used in landscape. In this research significant difference observed
among the genotypes. Also some of measured traits had a high general heritability due to the positive and
significant correlation of these traits that can be used to improve other genotypes and their traits.

Keywords: Chrysanthemum, Genetic variation, Selection and heritability



SLLl pole 4yt

https:// jhs.um.ac.ir

LAiade

d"'.:'hﬁj‘% Jlae
FYV-FFY. o AF+) 5mly ¥ o kot F'5 Al

35503 e slacisis 4o B Shy Fp s ahils s (S5 ps o p
(Chrysanthemum morifolium)

v " Y R . #\ & .
Mwm—dﬁjﬁ,ﬁ— )ybdalf)‘;]@e
AERA ARSI

\\‘“/"\/Wu;aﬁ.,\;_ @)U

2SS

o el ol 29 0 Pl Gl (g9 2 (0154 sy &Sl (S Dlse )3 35290 £55 lixe 51 Ml (Mol sl y 53 dl yo g
i b (Chrysanthemum morifolium ) (3gqls J5 bl slacaisss 1 J5 (Soilsbyse Sluogad 5y (S} g5 )y joliie
P S ol Slas gy bcaie; om 4 2l lis Jlo aw (b 3 byl 4350 guls b pll dolas JolS slaSsl #)b B Jlo aw
S 0153 Jsb Slio sl 45 35 il csla Lo i cabls 35y (s lal I3 sinn sl S5 i 5 SIS i, i g2l 0193 Jsb i
Oty S oaaliiie Sy lab g (w3 JS 09 Jgbo Clao cp 55 £55 st b 329 )l o gine Coglis gy 5> JS slasi 5 o
G55 9 a3 Sy b S 5 20l Cesd 4 SIS s g S 5 (35 o5l oy ol Slio sl (S5 9 (9% Sl G pd
b L (235 0)9> Jsbo (i St (sigtd 5 (SBF (Stumnad ol w2ty ol sy By S ol 3 9 S5 S 5 5 g Co S
Slio a8 3l lis adllas oyl ol g Jalgs cusnl Sl Slav oyl lojen Mol cas 45 13,5 359l IS 5 159 9 S8 sy sl (S
s a8 cslil siimdlis jal cpl 45 392 (VL (o0 5 3y Gls Syl ) olus g SIS s (23S 0593 Jobo S5 kb
B136 55j 4 baspe S8 sy aliws oy s 3503 03l (SMol (sladaly p3 Slas ol 5l olgs oo g 0350 e Slao ! (gl Lin S
395 amr py Jlw p3 0ad (cuyp Sl Gg) b @ Cand |y (23S Jsbo 0 5Vl (235 059 Jsbo gy 4w 9 e b 31 g g
Job il cas (ogasy Wy Hleie & lacwss ool 5l oy e 45 Dg Lo 1y gy yo 45 iy S VY 5lias L CBS Cusgij by jolaid
a5 ool Olas pl do > ooy (YU eses (g pbcilyy a4 dngi b i)l plu Spl5 Cayd) ol (501581 g (23 J5 090

S2991> ¢ (SuBS £935 ¢ soges (s i)y g Ll 1 gl (sLrojlg

Shafee 2008 and; Langton et al., 1999) ._iL o <, M
o glsiwl dhwey (mubs sk oS -yl (Christopher, 2003
b Jlo s U1y 005 sl S oo pid S p 5l gy S & oS
o 2SS dalB b g e e gy 4 ol ogdle g A8 e
o ool 45 sl (gl 50 5 I (SNl sladelyy 4D g
;Christopher, Patil et al., 1992Langton et al., 1999) 5> 3
5l e (YN=2X=0F) asbliKa 5 08,5 ((g394l> S5 .(2003;
Gl Golate g puxio calizee (gladisS g pl3)l 3 pgjaeg,S dluss Ll
buwg &5 (6399 ) (Kjglsr9e Clio @)ly 0925 g g5 4 ]
Sarangi ) deu o aidlyy i3 5 5118 dslllas 590 calises i
9 (Y gV JS5) (oagls > IS gaiio g ooy sd e (et al., 1994

.

LV RY-T

Al 1 2LS (Chrysanthemum morifolium) (g44l>

L 130, K8 o3kws (slacS L (Asteraceae) awl yiwl oy 5 ale
u_:D]J_f <l O] Coadio gladdln 5 4bb o woliie u*"‘)]

(ElmEh pole Cliiod iou dagh Hliil g jbabel e =Y g )
liged Glojl (glior gl (b glie 5 (555508 (gl (DlikosS 5o
ol (e ¢35l g5 9 bigel
(Email: Behmoradi@hsri.ac.ir 2 o 0Ny i )
5 objgel liid plojl (io; QLS 5 JS 0aSingly (otagh ol ¥
Olnl «More «(55)5LiS gy

DOI: 10.22067/jhs.2021.72920.1094


https://jhs.um.ac.ir/
mailto:Behmoradi@hsri.ac.ir
https://doi.org/10.22067/jhs.2021.72920.1094

VFe) Sl oF o)lond oFF oy (635918 @alio 5 pole) (Ll pple s FYY

O 3 08y o sl 4y yoxie olS ol oduzmy Hlaws (Su§ S 5

Lo edgly (il o 1 5obliSa ol sxims J5 5] 11S1) 01,5
gl el 4 o (Jlo gl 0 (23 S5 cublB p 0gMe Wi

Pr2 9 5) £95 g uleiion Mg (55658 sl g 0392 Yl
and ; Patil Christopher 2003Shafee 2008) . )ls (s i J§
J(etal., 1992

AN
AN 5>
/m%}!{/‘"’-a\

=

APARRS
G
SENDYV L),

SO ASY
SR

-

Fully Reflexed

Anemone Centered

Spider Form

Spoon Shaped Quill Shaped

©39915 43 J5 oo gl S -y JSUS
Figure 1- Different shapes of Chrysanthemum morifolium flower

859913 33 J5 () (gl 0589 (Camnly) 5 libiu] 0,8 —F JSUS
Figure 2- Standard form (right) and spray form (left) of Chrysanthemum morifolium flower.

Slao o wsllash bLs)l o)l (St o gl s oy

Abdmishani et ) s ad o SialS |y (1558 Cé i e oko
; Arora, 1999; Salehan, 2017; Sandhu et al., al., 2000
.(1993; Sarangi et al., 1994 and Shafee, 2008

590 M (5 eyl wlaw S by ol (Raghava et al., 1992)
—cSlyy s I8 0 Sas 5 0lS o JS ol (S ojlul (2 S
Pl S £55 s Cnpie (e Wi (YL
JS ojlasl g 0LS o 5 ol 5 0kS o S5 5, 5es Slas 390

2 o 3L e & 5 22l e oy oS Slao 51

iy goygly cle ol 4 wyS o )8 Llame Jolse
ool el oolatdl g ppe Slio  Siupod adlllas ikt Lo
Patil et al., 1992) 5,l> cucal SMol gladaly )3 plgy iy 55
Ui gl lojed (5538 (645 0 ,S0by yel opl (Sharma, 1998,
S 53 P8 el JUis iy ol o K, ]
Syt G35 S | i Sy Sgmge A Joy55 50 S
Syl o (s 5 (5555 (Shad b 4 & 0 Sk



YO

699300 ilisio sl )0 S5 B (T Hg By GRSy g (SwilS E9 (owyp ol eR g jeile 530

G 5S oy oS3 Sl s 53 (K55 SsUsS adllas
39300 M )l o omlp (6555595 (sl |y lise (sl
| 53 Al S5 gl Wl ol b S 5 55 oy 5
; Kearsey et al., 1996; Desh et al., 1998) sus uJo
Ods 4y idgh D s 4 (Moradiashour et al., 2019
sk asby )3 oslitul e (ST E95 (g solate 4 Jlo
=Sy sl glite cladlly (i3S 0 Lo 4 ean] (ool5 4

)5 plosl (6,5

g, 9 2190
iy oLalS g JS5 esSdaghy () bl gy Ve slas
EL’;J g O_g.‘ 3 NS AS pgh Or‘.l ralqd\ dl)-.‘ Moo
3)9—0 (§399l> ikiie Lol (Solal b I I Jol>
LAYAY) Jlae Jlw slae (b 53 Gl i35 )15 obj)l
oo i 35 <ol Jluw 53 b plol ouSiing sy cpl jo (WAS
K35 Sl 5y ey @ly )3 &5 oS Ojge by
Ladlw (il (b o5 0 ploxl lagaisi) (hie (23S ol 2 09Mle
AY) pila 5 po—e > Jluw )3 2500)5 Slo il slacuisi)
dw Sl d (b sl Jlo 5l oas Qbasl slacuie; (A o AY
Y+) Lagesisss 4 (ol JLlS sloSsh b &pp0m Jlo
CoiS SOV 50 g oad ad )5 las >l leie 4 (e
e ¥ g 4 cindy & ol ol 5ls () Jgin) S5
3039 pelae 9 Lacaigy J> (S5 £95 s pSojlul yslat

o5l g dgy £las)l o (613 dizeg Cute (Siuuod Adg0d onlive
JS olass g (2alS L 59, olaws ( S 5,Sloe g 0kS > S olaws (IS
daws oy y3 I8 3 Sos g J5 ojlil olS jd 5 5 Shas g iy yd
Py Cligiod L3505 0dnlia olS )3 J5 3 Sos g gy )3 JS
by Lis (6999l csgi; AV o (Sirohi et al., 2000) 1)Ko 4
P 5ol Slio gy @YU G 5 (Se) g5 il &S
Cdydin (pimed 9 iy 21 392y Suuwd Jlad g olS &
P S IBolas oSy o 43l sl Glaw ol oYL (S5
593 95 ulp Gmen 3)5 sdaliie Suud Jlad g 5 &
AL o s Clico plos (sl (K655 55 cnlps & Cam
Patil et ) ,Ken g Joby adlles o (Sirohi et al., 2000) w>s
E55 (oS oV L ol o (6399l Cuieis VO o (al., 1992
Sy Wi oaalie Slaw ples sl pB)l (i 3 ylixe
9 S o S ol gl (VL (S5 Sy 5 (ooges
9 Y b wgl R ) A 0dyg] Gy ddg D 5 ol
Oy i 45 40,5 saalie (Longton et al., 1999) I, Ko
0935l 08y 4 bgrpe 06 (g 5 399> S5 ABle Jsb (1S
Jsmad b L aslie ) ol Jad 3 ojb (55 oyl 52
et A8 sdaldio g > S 039 ot g el Casy
On ey 9 Ll> dinjly 0 bgrye job Jad 1> S 09 (0508
ayly 4 bgipe (235 s g gli5)] (5 (59 Sl (sl g9
Longton Jawe, J8he 4 g5 cnl (235 5l (s &5 92 (9395
ol aaliyy o 5 als po sl 4] & as5 L (et @l., 1999
2 6P asliy &S cuwl aLS dlge )3 39390 45 (l5ee 5l ML
; Sandhu et al., Hedge et al., 1997) 595 —» plssl ol (59,
Omanastio 4y SledMbl ) (1993 and Sarangi et al., 1994
3y90 (BLS dlgs Clasuie 4 dx g b b A4S o S8 SlilizMo]

JUo dus (b )3 0l (o2 (39915 S cudgij - Jgu
Table 1- Chrysanthemum morifolium genotypes studied during three years

8 )lows

" i1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
0.
o aLs
Genotype B9S 33 80 48 A87 BI136 125 178 Al43 22 165 A105 31 116 100 115 48 F3 C85 BI117
code

) S5 Jgb (el YA @se 4 s 3 YO ol p3 opols,l5 5
Syl oy Sl g 4y > S5 0SS5 ke
(S 2 2 39290 S lS ) Slaws oyt 5 )led)
ol oyl B 3 igb i s S0l ) ol slaosls
8)S )48 uilylg asond 0y9 e 45 ST dw b Bolas oS sl

Jodlygiss sl 1 ptaloil ol 53 2Ll 2050 Slio

23S 0593 Jo b 13l 4 5,le (Sirohi et al., 2000) UPOV
oS 0231 U g, 30355 5 (a8 oyl b 5y shass ki)
@) J5 b (&5 2 )3 39250 5 ol (h)led) W p3 JS Slas
o p5) 5SS s e @) 55 s (W e 3 ke



1) 5l o o lods 18 > (((5y9LinS @obuo g pole) SLEL pole 4 pis  FYF

25 Jse G 3l O § MSEMSET saloxs | (8%0x) (S5
o) 53,5 =0 35911 (MPa) (sogae (g pipcaslyy (W atal))
i by

W2 = 52 / &pne " alas

P 3 otaleil ol slaosly gyl (slauloss 5 jo5 5
Kearsey et al., ; ) 10,5 oslazwl Excel 4 SAS (¢,lol (cla,l38l
olsal ol slacwis; ( Moradiashour et al., 20191996
lose 4 Jlo ke a5 8,5 )15 50T 5590 Lol Jlo dw )3 o
9 b adyS p I ) Col pite Blyie cgi) g (ol e
i 2y90 F g s F oo nid ey (8L el (bl
is8)S )8 ot 9 4325 3)90 (g cdle

a232) Jlo di (o Lacasd 935 slacals Jalad g dajad
(s
o il o uilyly (155 a0l 9 <)l 9ol plsl 5l g
OU bl 4525 Joto s 038 pal Jlo dw S pe 4 jo8
0y90 Jobo g aig 0 5 olasy Glaw dyg0y0 s Jlw il as 2l
D55 Peo Glas ple p calie gl Jls g 034 Jbd xe (23 5
g0 039l Wbl sl Slio @l a5 it e sl

2o 2 sl g S e o (Sl 0l e Gl po (Sl
a8 SSw ol a4 Slaye ke 3k el ol
OSlee) 95 9 (a9 illgsS Oizmen 9 (S el
(50085 b ilises lao oy bl adlas (¢l .(Sharma 1998;

Lasl slapuilylssS ool (955 5 aipid (Siumad ol
Shafee Sarangi et al., ; 1994) 158 dwbro lao
el 5 2355 51 o0kl b (Fg) (ouish (oSinmsad gl (2008
Jo 8 4 d2g b (uilylasS g (uilyly y3lie 35900 5 il lgsS
204535 dusbro (Valaly) 45

rgzagxy/XISZQXX 62gy ) c\]a)l)

gy 5 Fax (S5 rillysS Ao =2 Bgxy «Jgerd ol
b Yo X clao (gl (S35 (uilly alSize = 5 4
oMl (¥ abasly) 325 Jge 8 51 ( Toh) (g (Sirod dpmsle ;>
A3 )8

rph=6gxy+ Sxy /\/(Szgx/r"" 82)(/1') (Szgy/r"" Szylr) Y dJaél)

By 5 8% 5 (me uil)lysS Ao s Byy Jgoib il 2
bl Yo X lao (gl oo (il ly alSize s> i 4

Sl ang L X Ciio (ogas sicilyg 0,0 ol
FMS) Jles Sl pouSilie glds | Ola yo y, Silse (50

oobayly ) =G sl o s (MSe) Las Ol po 1L

E3991> SCigif 43 8 (55 03Il Ol (DS G 5 9 jlame Syl (S (Sl ((nle) (orgs Lol gl Y Jgoa
Table 2- Results of descriptive statistics (mean, minimum, maximum, standard deviation and coefficient of variation)
measured traits of Chrysanthemum morifolium genotypes

i pSibe Jilas Sl e Oyl o0
Trai - . Standard Coefficient of
raits Mean  Minimum Maximum deviation variation
Ay 2 J5 3 124.94 5 202 36.5 17.12
Number of flower per plant
B e sk 30.26 7 43 24.24 21.32
Period of flowering (day)
%JS’B 44.02 18.45 76.81 12.2 24.41
Flower diameter (mm)
S5 i, Sl 11.43 1 32 2221 19.32
Number of petal row
S5 J 33.16 12.15 65.88 24.07 26.54
Petal length (mm)
S5y "}’_ 10.52 5.4 167.37 25.83 29.69
Flower fresh weight (g)
J5 S i 3.79 1.12 33 42,52 31.32

Flower dry weight ()
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Table 4- Estimation of variance components, phenotypic, genotypic coefficients of variation and heritabilty for different traits
in Chrysanthemum

o . 1321 " f e .
Sy &y owibyly S . 2595 O oS o b
oo Yo Estimation of Compgfnen s variance Variation Coefficient
Traits Heritability b 5 shee i 55
(%) Phenotypic Genotypic Environment Phenotypic Genotypic
&gy 5 ol
Number of flower per 21 732.61 153.84 577.99 67.66 17.947
plant
25 0593 Jobo
Period of flowering) 58.5 1101.37 644.301 157.08 48.286 27.197
(day)
J5 s
Elower 61.2 26681.15 16328.863 1874.76 39.842 32.751
Diameter (mm)
SRS e, 2 51.2 704.42 360.663 545.84 48.370 15.989
Number of petal row
S5 sk 53.9 7410.25 3993.99 3873.07 50.681 28.193
Petal length (mm)
B 5ok
Fresh weight of flower 17.6 1866.31 328.47 877.66 55.013 32.558
@)
“’_‘S s 125 601.83 75.228 374.73 35.448 20.311
Dry weight of flower (g)
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Table 5- Phenotypic (below of diagonal), genetic (above of diagonal) correlation coefficient of traits in chrysanthemum

genotypes
el 1 2 3 4 5 6 7
Traits
L 0 J5 sl 1 046" 016 001  -043°  -016  -0.44"
Number of flower per plant
i 2o 25 °”°_J’]° -0.49" 1 0.80™ 0.51" -0.61" 0.36 0.24
Period of flowering (days)
3-__)5 - 0.18 0.82* 1 0.40" -0.51" 0.35 0.38"
Flower Diameter (mm)
S5 3, s 002 052 041" 1 0.01 -0.05 031
Number of petal row
S-S5 ok -0.44" -0.67" -0.52" 0.01 1 -0.02 -0.06
Petal length (mm)
G'JS’:‘”? -0.17 0.38" 0.36 -0.07 -0.03 1 0.57™
Flower fresh weight (g)
-5 K8 0 -0.45" 0.25 0.39" 0.33 -0.08 0.59" 1

Flower dry weight (g)

o b0 Y Jleis] maw (> =[OVl iSa S o /DN | 555 (Siumed ol s g Moy B Jlain | pdaw 3 =+ /YVA I 5o oS o +/YVA Gl 1355 Siused culps
A Sl
Correlation coefficients greater than 0.378 and less than -0.378 at the 5% of probability level and correlation coefficients greater than
0.516 and less than -0.516 at the 1% of probability level are significant.

$2991> sl 15 U5 55 (059 9 J5 S ciigr )3 JS Sl ( (235 8,93 Jgb Olao T Jgua
Table 6- The traits of flowering period, number of flowers per plant, flower diameter and fresh weight of flower in
Chrysanthemum morifolium genotypes

5 5 S5 slaxs
EAOR byl Fouer o ol Sy by oged  PIOD IR0
h No. Genotype Diameter No. Genotype Number of No. Genotypes 9 NO.Genotypes
weight (mm) flower per (day)
plant

167.37a 6 76.81a 9 202a 19 43a 13
153ab 9 73.06ab 11 188ab 7 31b 14
142.67ab 5 67.10abc 19 188ab 4 29b 8
140.67ab 17 62.83a-d 10 187ab 16 26b 12
139.67ab 3 51.35a-e 8 187ab 9 25b 17
121.33ab 13 49.49a-f 1 187ab 11 25b 16
120.33ab 11 47a-f 3 186ab 2 24b 19
110.5ab 4 45.1b-f 15 111 abc 1 23b 3
95.67b 16 43.11b-f 12 109 abc 3 22b 2
90.67b 1 41.01c-f 16 104.5 abc 12 21b 9
88.67b 19 40.5¢-f 18 99.9 abc 8 20b 7
86b 12 38.6¢-f 6 95.67 abc 5 20b 4
82.4b 14 36.62c-f 2 93 abc 17 20b 5
82b 8 35.11c-f 4 92 abc 20 20b 1
75.41b 15 34.38def 7 87.5 abc 15 18hc 11
74b 20 28.4ef 14 78.33 abc 10 17hc 15
73b 18 27.14ef 5 54.3bcd 13 16¢ 10
46.33bc 7 23.12¢f 20 35.2cd 14 15¢c 18
33.19bc 10 20.2f 17 24.3cd 6 13c 6
5.4d 2 18.45f 13 5e 18 7c 20

s I3 me 4V Jlesn] ans 53 5S5Is (glasals six g0l Lololp 25,15 S e By S JBlis 45 ol nSike o glis o iales] lews b (gl g giw pa
In each column and for each experimental treatment, the difference between the means having at least one common letter is not
significant at the 1% of probability level based on Duncan's multiple ranges test.
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Table 7- The flower dry weight, petal length and number of petal rows in Chrysanthemum morifolium genotypes
J S 59

Sl iy, las Bewgioled ST I 9 i oo
Number of petal No. Genot Petal length No. Genot Flower dry weight No. Genot
petal row 0. Genotypes (mm) 0. Genotypes @ 0. Genotypes
32a 6 65.88a 17 33a 6
25ab 5 55ab 5 27a 9
22b 9 44.15ab 9 26.94ab 5
17b 11 38.47b 11 24.13abc 17
14b 13 36.73b 10 12.7abcd 3
10b 2 32.1b 19 11.13bcde 13
9b 10 26.01b 8 10.63bcde 11
7b 17 23.92b 1 9.94cde 4
6b 16 22.57b 15 9.46cde 16
5b 7 22.21b 16 9.19cde 1
4b 15 21.33b 18 8.95cde 19
4b 14 20.22b 3 8.58cde 12
4b 3 19.67b 2 8.5cde 14
4b 19 18.15b 7 8.4cde 8
4b 12 17.96b 6 8.1cde 15
4b 8 17.43b 14 7.9cde 20
1b 20 14.73b 4 7.64cde 18
1b 4 14.48b 20 6.94de 7
1b 18 13.79b 13 3.75e 10
1b 1 12.10a 12 1.12f 2

s I3 ime LN Jlesn] paws 53 5SSIs (glasals dix g0l Lolwlp 25,15 S yiie By S JBlis oS olanxSike w9l o ialejl Jlews B (sl g gt yp g
In each column and for each experimental treatment, the difference between the means having at least one common letter is not
significant at the 1% of probability level based on Duncan's multiple range test.
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Introduction

Reduction of water available to the plant leads to many morphological, physiological and biochemical
changes in plant cell and plant organs activity will be directly disrupted. In addition to the defense systems in the
plant itself, there are other ways to increase plant resistance, including the use of plant growth regulators.
Salicylic acid is known as one of the common compounds used for environmental stresses and an essential
molecular signal in plant fluctuations in response to environmental stresses. This substance has a protective
effect and improves the growth process of the plant. This combination stimulates the plant immune system by
inducing transcription of a specific group of genes involved in the defense and development of systemic
resistance. Physalis is a small fruit of the Solanaceae family that originates in tropical and subtropical regions of
South America. This genus has 80 species in the world, of which the famous species Ph. minima L., Ph.
angulate L., Ph. philadelphia L., Ph. alkekengi L., Ph. peruviana L., Ph. pubscens L., Ph. ixocarpa L., among
these species, Peruviana species is considered due to its unique taste and high yield.

Material and Methods

An experiment was conducted at the Faculty of Agriculture research greenhouse of Lorestan University
Khorramabad, Iran. (latitude 33> 29 N, longitude 48> 22" E, altitude 1125 m) in May 2018. The experimental
design was factorial based on completely randomized design with three replications. The treatments consisted of
3 levels of deficit water stress (95, 85, and 75% field capacity) and four salicylic acid concentrations (0, 0.5, 1,
and 2 mM). Physalis seedlings were grown into pots containing soil, sand, and manure. In this research,
chlorophyll (Chl a, Chl b, total Chl) and carotenoid content, chlorophyll fluorescent parameters (FO, Fm, Fv, and
Fv/Fm), fresh and dry weight of fruit, fruit diameter, fruit number, TSS and vitamin C, proline, leaf anthocyanin
and shoot soluble sugar, fresh and dry weight of leaf, leaf area, root volume and plant height, were measured.

Results and Discussion

The results showed that the effect of deficit water stress and salicylic acid treatment on the measured traits
including photosynthetic pigments, chlorophyll fluorescence, fresh, and dry weight of fruit, number of fruits,
amount of vitamin C, proline, soluble sugar, fresh and dry weight of leaves, leaf area, plant height and root
volume were significant. Foliar application of salicylic acid at a concentration of 2 mM under water stress under
75% of field capacity increases the concentration of photosynthetic pigments including chlorophyll a (25.69%),
chlorophyll b (14.08%), total chlorophyll (6.70%), and carotenoid (7.26%) and increased chlorophyll
fluorescence parameters including Fm (5.2%) and Fv (1.92%). Salicylic acid at a concentration of 1 mM had
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better results on quantitative and qualitative traits of fruit including a number of fruits (2.67%), fresh weight of
fruit (10.61%), and dry weight of fruit (0.6%). Under stress conditions of 75% of field capacity, application of 2
mM salicylic acid reduced the concentration of proline (31.2%), soluble sugar (11.69%) and leaf anthocyanin
(4.93%). Therefore, according to the results, the best levels of irrigation for breeding Physalis (Physalis pruviana
L.) are 85 and 95% of field capacity, and the concentration of 2 mM salicylic acid as a natural modulator has an
effective role in reducing the effects of dehydration stress. Stress significantly reduces the maximum efficiency
of photosystem Il (Fv/Fm). This adverse effect on Fv/Fm may be due to its role in inhibiting electron transfer, as
well as destroying the reaction centers in PSIl. Accumulation of proline under stress is because proline, as a
compatible osmolyte, removes all types of active oxygen and protects the cell, and provides the necessary
conditions for the plant to absorb water. Salicylic acid increases the chlorophyll synthesis and protects the
chloroplast membrane from stress by removing destructive free radicals by stimulating the biosynthetic of the
photosynthetic pigment pathway and reducing the chlorophyllas enzyme. It also prevents the ethylene formation
by inhibiting of ACC- synthetase enzyme, which in turn prevents the degradation of chlorophyll. Salicylic acid
regulates the various physiological processes such as plant growth and development.
Conclusion

According to the results, the application of salicylic acid under low irrigation stress, as a growth enhancer
and stress modulator, showed good results and improved physiological traits such as increasing photosynthetic
pigments (chlorophyll and carotenoids), Fm, Fv and maximum efficiency of photosystem Il and improvement of
biochemical traits (proline, soluble sugar and leaf anthocyanin) at a concentration of 2 mM and increase in fruit
traits (fresh and dry weight, number of fruits, vitamin C and fruit diameter) at a concentration of 1 mM. Growth
and morphological traits also showed an increase in fresh and dry leaf weight, leaf area, plant height at a
concentration of 2 mM salicylic acid at low irrigation stress levels. Therefore, salicylic acid can be used to
reduce the destructive effects of deficit water stress and increase the quantity and quality of fruit if the Physalis
plant is grown in arid and semi-arid regions.

Keywords: Fv/Fm, Leaf anthocyanin, Plant growth regulator, Vitamin C
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Figure 1- The effect of the deficit water stress on the carotenoid content of Physalis pruviana L. (Tukey, p<0.05)
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Figure 2- The effect of salicylic acid on Fv/Fm of physalis pruviana L. (Tukey, p<0.05)
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Figure 3- The effect of deficit water stress on the Total Soluble Solid (a) and the effect of salicylic acid on fruit diameter (b) of
Physalis pruviana L. (Tukey, p<0.05)
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Figure 4- The effect of the salicylic acid on the leaf anthocyanin content of Physalis pruviana L. (Tukey, p<0.05)
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Table 2- The interaction effect of the deficit water stress xsalicylic acid on the morphological traits of Physalis pruviana L.
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FC (%) Salicylic acid Root volume Plant height (cm) Leaf area Leaf dry weight Leaf fresh weight
(mM) (cm’) (cm?) ) )
0 30.66% 60.00¢ 15.00% 10.12¢ 49.83°
95 0.5 30.0%4 61.33° 15.90% 11.33% 51.95¢
1 31.33° 66.00° 22.16° 12.98° 68.92°
2 31.66° 68.33% 25.50° 14.86° 76.02°
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1 30.66 41.33" 11.80" 8.89%" 44.67°
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In each column, means followed by the sme letter have not significant different based on Tukey test at 5% of probability level.
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Introduction

Datura stramonium L. is one of the medicinal plants that have a special role in the pharmaceutical industry
due to its alkaloid compounds. Datura is one of the most important medicinal species that is a rich source of
alkaloid compounds. Important phytochemical compounds in Datura, especially alkaloids, have been considered
by the pharmaceutical industry. Datura (Datura stramonium L.) is an annual plant of the Solanaceae family,
which is native to North America and is found in abundance in the coastal areas of northern Iran from Astara to
eastern Mazandaran. Important phytochemical compounds in tattoos, especially alkaloids, have been considered

by the pharmaceutical industry. Tropane alkaloids are one of the most important compounds in plants of the
Solanaceae family and the anticholinergic effects of these compounds have made their use common in medicine.
Important tropane alkaloids include hyoscyamine, ascopolamine, and atropine in D. stramonium. Plant growth is
a set of specific biochemical and physiological processes that interact with each other and are affected by
environmental factors such as temperature, light intensity, etc. that are affected by the date of planting. In the
meantime, analyzing the amounts of photosynthetic pigments is a way to justify and interpret the plant's
reactions to different environmental conditions during the growing period, through which it is possible to
transfer and accumulate photosynthetic products. Due to the importance of D. stramonium and its widespread
use in the pharmaceutical industry, Since Datura plant has not been adequately studied in the literature, the
purpose of investigating three different planting date and planting density levels in this plant is to determine their
proper values which increase the alkaloids and photosynthetic pigments, resulting in grain growth and yield
increment.

Materials and Methods

This research during two consecutive years (1397-1397 and 1397-1398) in Shahid Fozveh research station
affiliated to Isfahan Agricultural Research and Training Center and Natural Resources located 25 km west of
Isfahan (Latitude: 32°36'37" N, Longitude: 51°26'52” E . 1612 m above sea level), which according to the
Gauchen division has a mild semi-desert climate. The experiment was performed as a factorial experiment in the
form of randomized complete blocks with three replications. Treatments included three densities (6, 10 and 14)
plants per square meter and planting date in autumn and spring. Autumn planting of D. stramonium for the first
year of the experiment was done on 3 January and in the second year on 30 December. In the spring planting of
D. stramonium, due to the long growing season, in order to be productive during the growing season, first the
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seed of the plant was planted in the planting trays and then in the 3 to 4 leaf stage the seedlings were transferred
to the main land. In both years of testing, the seeds were sown on the date of spring planting in March. Field
operations including plowing, disc, leveling, preparation and preparation of atmosphere and ridges were carried
out in the field. According to different fertilizer levels and density levels, each replication included 9
experimental plots. The length of each plot was 5 m and its width was 3 m, which included 5 rows with a
distance of 60 cm. The distances of the plants on the ridge were considered as 15, 20 and 33 cm 33, respectively,
according to the densities (6, 10 and 14 plants per square meter). The distance between the replicates was 1 m
and the distance between the plots from each other was considered a planting line. The data were analyzed using
SAS software version 9.4. The means were compared with LSD test at 5% level and graphs were drawn using
EXCEL software version 2010.

Conclusion

According to the results, the density of 6 plants per hectare on the date of autumn planting improved seed
yield and increased hyoscyamine and alkaloids. In fact, the density of 6 plants per square meter in this study
increased grain yield and the amount of hyoscyamine and ascopolamine. At low plant densities in this study,
including densities of 6 and 10 plants per square meter, the amount of photosynthetic pigments increased. Also,
maintaining the amount of chlorophyll in young leaves causes a delay in the aging process and increases the
durability of the leaf surface, which will have a significant effect on the transfer of photosynthetic material to the
seed. More and slower nourishing material is transferred to the grain, so the grain filling period will be longer.
The results show that by selecting proper levels of plant density and planting date as two of the most important
crop management practices, the number of tropane alkaloids in Datura as one of the important active ingredients
in the pharmaceutical industry increases.

Keywords: Ascopolamine and Hyoscyamine, Datura, Phoattosynthetic pigments
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Table 1- Physical and chemical properties of the studied soil in two years of experiment
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2019 3.5 6.5 275 8.5 0.06 45 28 34
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Table 3- ANOVA for photosynthetic pigment contents of Jimsonweed plant in two cropping years 2018 and 2019
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anting date
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= * and ™: significant at the 5% of probability level, significant at the 1% of probability level, and non-significant respectively.
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Figure 1- The content of photosynthetic pigments of Jimsonweed plant in the different planting dates in the two cropping
years 2018 and 2019 (LSD, p<0.05)
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Figure 2 - The content of photosynthetic pigments of Jimsonweed plant in different plant densities in the two cropping years
2018 and 2019 (LSD, p<0.05)
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Figure 3- The content of hyoscyamine and ascopolamine alkaloids of Jimsonweed plant at different levels of plant density

(LSD, p<0.05)
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Figure 4- The content of hyoscyamine and ascopolamine alkaloids of Jimsonweed plant in different planting dates (LSD,

p=0.05)
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Figure 5- The interaction effect of plant density xplanting date for the scopolamine yield of Jimsonweed seed (LSD, p<0.05)
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Figure 6- The interaction effect of planting date xplant density for the hyoscyamine yield of Jimsonweed seed (LSD, p<0.05)
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Figure 7- The grain yield of Jimsonweed at different levels of plant density in autumn and spring planting dates (LSD,
p=0.05)
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Introduction

Table grape is one of the most important horticultural crops in Fars province however in recent years climate
change has caused negative effects on phenology and reduced the quantity and quality of its product. Around the

world, shade net is used for a different of crops, from fruits and vegetables to nursery plants to protect against
strong sunlight, wind, hail and bird injury. Shade net are commonly used in vineyards for early, late harvest,
protection from hail, snow, storms, and the prevention of the negative effects of pests and diseases in many
countries such as Japan, Thailand, Australia, Chile, the United States and Turkey. This study was conducted to
investigate the effect of color type and shading percentage on some characteristics of grapes of Rishbaba cultivar
in one of the vineyards of Kavar city in 2019.

Materials and Methods

The experiment was performed as a factorial experiment based on randomized complete block design with 3
replications with canopy color factors (green, red and white) and shading percentage (30% and 50%) and without
canopy (control). Kavar city is located 45 km southeast of the center of the province and has a longitude of 25°
and 42 and a latitude of 29°% and 11 ". The altitude is 1510 meters above sea level and the average rainfall is 290
mm, the average annual temperature is 22, the maximum temperature is 44 and the minimum temperature is
minus 4 degrees Celsius. In this study, some characteristics of vegetative and biochemical traits such as shoot
length, number of nodes, internode distance, leaf area and chlorophyll, some environmental indicators (leaf
temperature, light intensity and some characteristics of quantitative traits berry and cluster weight and some
qualitative traits Similar soluble solids, taste index and vitamin C were examined.

Results and Discussion

The results showed that green cover with 50% shading had the highest vegetative growth in terms of shoot
length (20.87 cm), internode distance (3.80 cm) and leaf area (188.33 cm?) and the lowest shoot length (42 cm)
and (48.25 cm2), internode distance (2.97 and 2.58 cm) and leaf area (133.07 and 139.68 cm?) were related to
control and white canopy treatments, respectively. Shade net with red color has the highest number of nods
(22.77) and with 50% shading the highest amount of total chlorophyll (30.47 mg / g fresh weight), cluster weight
(691.67 g) and vitamin C (4.10 mg per 100 ml juice). The white color of the shade caused the highest leaf
temperature (29.17 ° C) and light intensity (538.67 watts per square meter). In general, shading reduced the
temperature of grape leaves and increasing the percentage of shade had a decreasing effect on light intensity. The
shade net also reduces the amount of sunlight reaching the trees and lowers the level of evapotranspiration,
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which reduces the symptoms of plant water stress and thus increases photosynthesis, plant yield and fruit size.
Conclusion

Among the different net colors, the highest leaf temperature (29.17 ° C) was related to white color and the
lowest (26.92 °C) was related to red and green colors. Among the different colors of the nets, white color had the
highest intensity of light (538.67 watts per square meter) and the lowest intensity of light (540.67 watts per
square meter) related to green color. The white color of the shade net had an increasing effect on the taste index
and the green color had a decreasing effect compared to other colors. Uncoated vines (control) had the highest
amount of soluble solids, while green cover with 50% shading had the lowest amount of soluble solids.
According to the results of this study, the red canopy had an increasing role in increasing the quantity and quality
of bearded grapes, the green canopy caused vegetative growth and the increase in vegetative growth with the
percentage of shade had a direct effect. The shade net protected the vines and the crop from sunlight and
prevented sunburn. The green canopy with 50% shading had the most positive effect. All treatments had a
positive effect on the vegetative growth of vines and among them, green canopy with 50% shading had the
greatest effect. All treatments had a positive effect on crop uniformity in terms of size and color and red canopy
with 50% shading had the most positive effect on quantity and quality of Rishbaba grapes compared to other
treatments.

Keywords: Climate change, Leaf temperature, Shoot length, Vineyard
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Figure 1- Symptoms of sunburn in the out condition (middle side) and completely healthy leaves under the shade (left side)
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Table 2- The interaction effect of shading xnet color on some vegetative characteristics of grape cv. Rish Baba
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Means with the same letter in each column using the LSD test at 5% of probability level are not significantly different
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Table 3- The interaction effect of shading xnet color on some physiological characteristics of grape cv. Rish Baba
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Means with the same letter in each column using LSD test at 5%o0f probability level are not significantly different.
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Table 4- The interaction effect of shading xnet color on some quantitative traits of grape cv. Rish Baba
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Means with the same letter in each column using LSD test at 5% of probability level are not significantly different.

Ggldy S > O+ addib b it 9 2als b a5 29 Aoy O+ 2
Voo 2 pS e YIF) & el (ljee (a8 9 Sl (6l e
S92 403 O (o mdayls Ly s S5y & by (oo Ol 2 Lo
5 sl 93 48 el ] 5T S & iy (O Jpi)
& opoling 78+ 305 S5y sl s Suilen (glacallad
Lee and ) 53,5 o ool b jw 9 0900 31 oyl (liE 030

.(Kader, 2000

)*—“’u*—“’y)‘-‘wbkwﬁwm):\* LSQ‘DA"-’.L*’M)'DS-\:.-“’-W
Joda) cusly (o) me OMB) Lo 3 e 508 iy 5 duoyd O
bl 45" (Ombadi et al., 2016) jimgs b sadss oyl dows (O
Slyen b Lols Jals (clanda sguy el dphu 4l szl
b do)d o K) gy piiSeny 3 U @l b
¥IN) & nelitg Olise oy 9 294 Jocsine & coling oliee
d"l—‘“’l—’)-"ﬁ Li_:)du]oy)n(ow ul M&\.. 5 [g)fL;LA

Lley o8 3951 (85 Olio (B g1 Gl ) x (3l (iiSed 1 -0 Jga
Table 5- The interaction effect of shading xnet color on some quality traits of Rish Baba grapes
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Means with the same letter in each column using LSD test at 55 of probability level are not significantly different
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Introduction

Portulaca oleraceae is used in many countries for a variety of purposes, including human nutrition and the
conversion and pharmaceutical industries. The edible parts of Portulaca oleracea are the young organs,
especially the brittle leaves and stems. Over time, this medicinal herb has been forgotten. Drought, on the other

hand, is a factor in the decline of crops and horticulture around the world. Given the vastness of arid and semi-
arid regions in Iran and also the reduction of access to water resources, appropriate arrangements should be made
for the optimal use of water in the agricultural sector. Changing the planting pattern and using useful and
resistant alternative species such as drought-tolerant medicinal plants can enable the optimal use of limited water
resources. GABA is an important non-protein amino acid that plays a positive role in increasing plant resistance
to stress.

Materials and Methods

This experiment was carried out in 2020 as a factorial based on a completely randomized design with three
replications in the vegetable research greenhouse of the Faculty of Agriculture, Shahid Bahonar University of
Kerman. Experimental treatments included different levels of GABA (0, 20, and 40 mM). Treatment with
different concentrations of GABA was done in two stages of 6 and 12 leaves of portulaca oleracea and foliar
application and application of dehydration stress in three levels of control, medium and severe at irrigation
intervals of 7, 14, and 21 days from 6 leaf stage of plants to the end.

Results and Discussion

According to the analysis of variance, the effect of GABA at different concentrations and dehydration stress
on plant height was significant at the level of 5% probability. Based on the mean comparison test, the highest
plant height was obtained in GABA treatment of 40 mM and irrigation intervals of 7 days (control), and the
lowest of this trait was obtained in GABA zero treatment and irrigation intervals of 21 days (highest stress level).
The results of analysis of variance showed that the effect of GABA at different concentrations and dehydration
stress on vegetative yield was significant, the interaction between irrigation intervals and GABA was significant
at 5% level. Based on the mean comparison test, the highest vegetative yield was obtained in GABA treatment of
40 mM and irrigation intervals of 7 days and the lowest in control treatment and irrigation intervals of 21 days.
According to the results of the analysis of variance table, the effect of GABA at different concentrations and
dehydration stress on the amount of malondialdehyde was significant at the level of 1% probability. Based on the
means comparison test, the highest amount of this trait was obtained in the control treatment. Comparison of the
mean of the data showed that the effect of GABA at different concentrations and dehydration stress caused a
significant difference in the probability level of 1% in the proline content of the data. Based on the mean
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comparison test, the highest amount of proline was observed in GABA treatment of 40 mM and irrigation
intervals of 21 days and the lowest amount was observed in control treatment and irrigation intervals of 7 days.
As can be seen in the comparison table of means, the highest activity of superoxide dismutase enzyme was
obtained in GABA treatment at 40 mM and irrigation intervals of 14 days and the lowest in control treatment and
irrigation intervals was 7 days (Table 2). The results of this study showed that the effect of GABA at different
concentrations and dehydration stress on the activity of catalase was significant at the level of 1% probability. As
can be seen in the comparison table of means, the highest level of catalase activity was 40 mM in GABA
treatment and 21 days irrigation intervals and the lowest in GABA treatment was 40 mM and irrigation intervals
were 7 days.

Conclusion

The results of this study indicate that GABA is able to greatly alleviate the oxidative stress caused by
dehydration in Portulaca oleracea. This effect is quite evident in oxidative parameters, especially the activity of
antioxidant enzymes. The concentration of 40 mM GABA was the most effective treatment in mitigating the
effects of irrigation. The results show that the use of GABA makes Portulaca oleracea tolerant to dehydration
stress.

Keywords: Carbohydrates, GABA, Proline, Soluble sugars, Superoxide dismutase
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Table 2- The quantitative and qualitative traits of Portulaca oleracea under the influence of irrigation intervals and GABA

treatment
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intervals (mM) g yield content (uM.g sugars aldehyde dlsm_utase Iprotein)
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7 0 15.34 ¢ 1110.8°¢ 93¢ 0.461 221 0.339 181 4.7¢
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Introduction

Kelussia odoratissima Mozaff is a native species of Iran which is a rare and endangered species. It grows as
a wild in cold and mountainous bioclimatic and is used in traditional medicine to treat various diseases such as
cardiovascular disease, gastric ulcer, respiratory and intestinal inflammation. The change of status from
dormancy to germination can be eliminated by using some treatments in accordance with the natural conditions
of the mother base habitat. However, some physiological needs of dormant seeds can be met by scratching
(mechanical and chemical), washing in running water, dry storage, cold and humid conditions, light, smoke, and
plant growth regulators. The aim of this study was to investigate different strategies including pretreatment,
leaching and constant germination temperature on seed germination characteristics and Kelussia seedling
growth.

Materials and Methods

The experiment was conducted in Petri dishes at Seed Technology Laboratory of Agricultural Sciences
Faculty of Shahed University. K. odoratissima Mozaff seeds were collected from their natural habitat in
Fereydounshahr, Isfahan province in 2019.

This study was performed in the Crop Physiology and Seed Technology Laboratories of Shahed University,
Faculty of Agricultural Sciences, from 23.09.2019 to 22.11.2019. The cultivation was in Petridish at constant
germination temperatures after priming and leaching. The experiment was performed as a factorial experiment in
a completely randomized design with three replications. Each replication included 36 Petridish and 20 Kelussia
seeds were planted in each petri dish. Experimental factors include constant germination temperatures (1, 5, 10
and 15°C), duration of rinsing with running water at 15°C (24, 48 and 72 h) and hormone pretreatment with
gibberellin (0, 250 and 500 ppm). Before applying the hormonal pretreatment and temperature, the seeds were
washed in running water in such a way that seeds were placed in a strainer that was not immersed and water
flowed on the seeds for the specified periods of time for this treatment. In this case, germination inhibitors were
washed from the seed surface. According to the test period and laboratory conditions, the laboratory temperature
could be controlled at 15 °C with a thermometer and cooling devices. Then, for hormonal pretreatment, the seeds
were placed in containers containing gibberellin solution with concentrations of 0, 250 and 500 ppm and
refrigerated at 4°C for 72 h. After washing the seeds, 20 seeds were placed in Petridish with a diameter of 10 cm
and a height of 2 cm on Whatman filter paper No. 1 and at temperatures of 1, 5, 10 and 15°C with 16 h of light
and 8 h of darkness passed. Due to the fact that germination in seeds grown at this temperature at 15°C was zero
in all treatment compositions, it was excluded from statistical analysis. To analyze the data variance, the SAS 9.1
statistical software was used. The comparison of means of traits was performed using the Duncan test at 5%
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probability level.
Results and Discussion

Germination traits, growth indices and physiological parameters of seedling photosynthetic pigments under
the influence of leaching, temperature, gibberellin and the interactions of leaching in temperature, leaching in
gibberellin, temperature in gibberellin and the combination of leaching treatment x temperature x gibberellin
showed significant differences. The results showed that the optimum germination temperature was 1°C and
about 54% of seeds were able to germinate at this temperature without using any pretreatment. However,
pretreatment of seeds at a temperature of 1°C with gibberellin at 250 ppm and washing for 72 h increased the
germination rate to 65%. It has also been shown that treatment with gibberellin at 250 ppm seedling length and
gibberellin at 500 ppm improves seedling fresh and dry weight in three leaching treatments at 10°C. Chlorophyll
and carotenoid content of seedlings was observed in the combination of 24 hours leaching treatment, temperature
of 5°C and gibberellin priming of 500 ppm. Due to the wide variety of species of Apiaceae and also the variety
of type and depth of sleep, various treatments to break dormancy and stimulate seed germination of plants of this
genus have been proposed, the most important of which are wet and gibberellin. It should be noted that the
germination ecology and appropriate treatments to break dormancy in different plant species, plants of the same
family, same species and different ecotypes of the same species can be completely different.

Conclusion

According to the results of this study, seed treatment with 72 hours of cold water washing, 1°C and
gibberellin pretreatment with a concentration of 250 ppm was able to show the highest germination percentage to
achieve High germination is recommended. In addition, at 5°C under gibberellin pretreatment and leaching
showed a relatively high germination percentage. Accordingly, gibberellin hormonal pretreatment at low
temperatures was effective in achieving more germination under priming conditions. Is. On the other hand, a
concentration of 500 ppm gibberellin increased seedling weight and photosynthetic pigments. In general, a
temperature of 1°C followed by a temperature of 5°C was effective in increasing the germination of celery seeds
and was able to record better results. Also, the suitable seedling growth temperature for mountain celery is 10°C
and the application of Gibberellin hormonal pretreatment improved the growth characteristics of Kelussia
seedlings.

Keywords: Chlorophyll, Germination temperature, Gibberellin, Keluss, Leaching
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Figure 1- The interaction effect of temperaturexLeaching xGibberellin on germination percentage of K. odoratissima seeds
(DMRT, p<0.05)
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Table 1- ANOVA for the effects of temperature, Leaching and Gibberellin on Kelussia odoratissma Mozaff.
Characteristics of seed germination
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Figure 2- The interaction effect of temperaturex Leaching x Gibberellin on seedling length of K. odoratissima (DMRT,
p<0.05)
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Figure 3- The interaction effect of temperaturex Leachingxgibberellin on seedling fresh (A) and dry (B) weight (DMRT,
p<0.05)
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Figure 4- The interaction effect of temperaturex Leachingxgibberellin treatments on length (A) and weight (B) index of seed
vigor of K. odoratissima (DMRT, p<0.05)
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Table 2- ANOVA for the effects of temperature, Leaching and Gibberellin on Kelussia odoratissma Mozaff. characteristics of
seed germination
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o ) Mean squares
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2
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s **and *: non-significant, significant at p<0.01 and p<0.05, respectively
T10, T25, T50, T75 and T90: time required to obtain 10, 25, 50, 75 and 90% of geminated seeds expressed in hours, respectively.
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Table 3- Comparison of the average effect of temperature and Gibberellin on germination traits

Vo U oloj o3 Yo U by o por U yly  aedVo U yb; Wt T RS
L R - _ _ o .
Temperature  Gibberellin il w0y il il ler il
T10 T25 T50 T75 T90
0 12.63bc 15.53hc 20.35hc 25.17hc 28.07bc
1°C 250 ppm 10.14d 13.45d 18.96d 24.48d 27.79d
500 ppm 8.73d 12.27d 18.18d 24.09d 27.63d
0 12.69bc 15.58bc 20.38bc 25.19hc 28.07bc
5°C 250 ppm 9.22d 16.68d 18.45d 24.22d 27.69d
500 ppm 10.88cd 14.07cd 19.38cd 24.69cd 27.87cd
0 14.70ab 17.25ab 21.50ab 25.75ab 28.30ab
10°C 250 ppm 15.28a 17.73a 21.82a 25.91a 28.36a
500 ppm 14.69ab 17.24ab 21.49ab 25.74ab 28.29ab

0 Jleas) o 1 5SSl (g051) 1) w02 b (gl ixe oglds S ytiio g > (gl (ol puSilo i 5o )
The same letters among cultivars within the same column are not significantly different (Duncan test at 5% significant
level).

Sl Olio p (gl g o3 S1-£ Jgaa
Table 4- Comparison of the average effect of temperature and Leaching on germination traits

0+ U b e U yboj
. Vo U obj o Yo U b Yo U b
Lo stgein] e o sailgs -dilga o yd 54l oy -ailgs o>
; PVl Mo, iV .. iVl Moy ..
Temperature Leaching 110 Tos s 175 &
T50 T90
24 h 11.50b 14.58b 19.72b 24.86b 27.94b
1°C 48h 13.52ab 16.26ab 20.84ab 25.42ab 28.16ab
72h 6.48c 10.40c 16.93c 23.46C 27.38c
24 h 14.34a 16.95a 21.30a 25.65a 28.26a
5°C 48h 13.46ab 16.22ab 20.81ab 25.40ab 28.16
72h 5.00c 9.16c 16.11c 23.05¢ 27.38¢c
24 h 14.67a 17.23a 21.48a 25.74a 28.29a
10°C 48 h 15.13a 17.61a 21.74a 25.87a 28.34a
72h 14.86a 17.38a 21.59a 25.79a 28.31a

(i Jlain) s 53 5SSl 9051) 35,05 o b ()l sime oglds S jie g o (sl (slanpSilie gy 5
The same letters among cultivars within the same column are not significantly different (Duncan test at
5% significant level).
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Table 5- ANOVA for the effect of temperature, Leaching and Gibberellin on photosynthetic pigment contents of
Kelussia odoratissma Mozaff.Seedlings

. . Judg IS (glgione .
oy ol O adde )l Gl b Jadg IS lgine Total Mg slgione
P sl Chlorophyll a Chlorophyll b otal Js Carotenoid
f variation &b phy phy
Sources 0 Df content content chlorophyll content
content
> 2 0.30** 1.59** 3.40** 3589.63**
Temperature
@w‘ 2 0.46** 2.92%* 5.15** 6218.43**
Leaching
o 2 0.65%* 3.85% 7.60% 9498.80**
Gibberellin
sl 4 0.32% 1.10% 3.04% 5328.30%*
TemperaturexLeaching
Gl 4 0.3+ 1.70% 3.95% 8545.90"*
TemperaturexGibberellin
UJ)M}X "JW‘ . 4 0.39** 1.39** 3.89** 8418.34**
LeachingxGibberellin
O X (gl o> 0.24%* 1.03** 2.25%* 4327.99**
TemperaturexLeachingxGibberellin
s 54 0.007 0.084 0.31 575.14
Error
Ol yoss o g
ol - 11.80 15.36 20.84 22.65
CV (%)
o3 05 ) Jlain] o )3 (5 gme (gl me pis s A F g S

ms, ** and *: non-significant, significant at p<0.01 and p<0.05, respectively.
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Figure 5- The interaction effect of temperaturex Leaching xGibberellin on chlorophyll a (A), chlorophyll b (B), and total
chlorophyll (C) content of K. odoratissima (DMRT, p<0.05)
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Introduction

Pomegranate (Punica granatum L.) is a nutrient dense fruit with a high health value and one of the most
important Iranian fruit crop. Historical evidence reveals that the primary origin of pomegranate is Iran and that it
has been spread from this region to other areas. A vast range of pomegranate varieties can be found in Iran; 760
original, decorative and wild ones. Pomegranate juice contains a high amount of total soluble solid (TSS),
anthocyanins, polyphenolic compounds, vitamin C, sugars and proteins.Pomegranate is considered as one of the

most tolerant fruit crops capable of growing under arid and semi-arid climatic conditions. Cultivar and growing
region climate are the main factors determining chemical composition of pomegranate fruits; Significant
differences in various fruit quality parameters such as organic acids, phenolic compounds, sugars and water-
soluble vitamins have been reported in previous studies. The aim of present study was to compare and evaluate
physical and biochemical characteristics of fruits and different polyphenolic compounds in juice of six
commercial Iranian pomegranate cultivars.

Materials and Methods

This research was conducted in 2017 and 2018 years in a commercial orchard in Arsanjan region of Fras
province. Six Iranian pomegranate cultivars included ‘Malas Yusef Khani’ (MYK), ‘Bajestani (BK), ‘Khazr
Bardskan’ (KHZ), ‘Malas Dane Syah’ (MDS), ‘Rabbab’ (RB) and ‘Zard Anar Arsenjan’ (ZA) were studied. The
trees were planted in randomized block design and spaced 5 and 3 m between and along the rows, respectively.
The trees were grown under drip irrigation with routine cultural practices suitable for commercial fruit
production. Orchard management was conducted uniformly according to optimized available recommendations
(based on soil and water samples analysis) for the orchard site. Fruits were harvested randomly from orchard and
some physicochemical characteristic of fruits were measured. Fruit length and fruit diameter measured by
manual caliper, fruit and above ground weight was determined by digital scale. The fruit juice percentage was
calculated by calculating the percentage of aril juice. TSS (Total soluble solids) expressed in Brixe was
measured using a refractometer. The titrable acidity (TA) was determined by titration to pH 8.1 with 0.1M
NaOH solution and expressed as percentage.Total anthocyanins, total polyphenols, vitamin C and anthyoxidant
activity were measured spectrophotometrically. Polyphenolic compositions of juices (Gallic acid, Catechin,
Caffeic acid, Chloregenic acid, p-Coumaric acid Vanilin, Trans-ferulic acid, Hesperedin and Ellagic acid) were
also measured using HPLC analysis. The chromatographic analysis was carried out on Agilent Technologies
1200 series HPLC system. Chromatograms were recorded at 280 and 320 nm. Each compound was quantified by
comparing its peak. Data was analyzed by SPSS software and means were compared using Duncan’s multiple
range tests at 5% probability level.
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Results and Discussion

Significant differences were found among studied pomegranate cultivars for various physical fruit
characteristics, quality parameters and polyphenolic composition of fruit. ‘Malas Daneh Syah Yazd ’was the best
in comparison to other cultivars. ‘Malas Daneh Syah Yazd’ had the highest fruit weight (332 g), fruit length (8
cm), fruit diameter (8 c¢m), TSS(15.77 Brixe), anthocyanin content (26.98 mg 100 ml?), polyphenol content
(514.37 mg 100 mlY) , ascorbic acid content (9.23 mg 100 ml?) and antioxidant activity (52.2%). Also, the
amount of polyphenols in this cultivar was relatively high. This cultivar had high amount of some polyphenol
content such as cathechin (223.5 mg L), Hesperidin (30.55 mg L) and Ellagic acid (43.02 mg L) with no
significant differences with highest amount. ‘Rabbab’ had the highest aril weight (340 mg) and moderate levels
of other fruit characterestics, this cultivar had the maximum polyphenols such as gallic acid (163.1 mgL™),
catechin (264.2 mgLY), caffeic acid (265.1 mgL™), p-Coumaric (74.41 mgL™) acid, vanillin (18.21 mgL™) and
ellagic acid (43.5 mgL). Zard anar’ pomegranate cultivar which was native to this region in terms of most
biochemical properties had a low a‘mount .Therefor, among the studied pomegranate cultivars® Malas Dane
syah’ and was the best. This cultivar had the highest fruit characteristics and polyphenol content such as ellagic
acid.

Conclusion

The results of this study showed significant differences among studied pomegranate cultivars. ‘Dane syah
Yazd’ had the highest physical and chemical characterestics of fruits. Previous studies showed that theses
cultivars had good growth characteristics and high yield in comparison to other cultivars. Therefore, among the
studied cultivars, ‘Dane syah Yazd’ is introduced as a suitable cultivar for this region. Also, ‘Rabbab’ Neyriz
cultivar can be considered as a cultivar with high antioxidant properties of fruit juice due to having the highest
amount of measured polyphenolic compounds, especially alginic acid.

Keywords: Anthocyanin, Antioxidant, Polyphenolic compounds, Vitamin C
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Table 1- ANOVA results for the quality parameters of orchard irrigation water
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Table 2- Results of the soil sample analysis from the experimental region
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Figure 1- Fruit image of the studied pomegranate cultivars
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Table 3- ANOVA results for the physical characterestics of fruits in some pomegranate cultivars
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Table 4- Some physical and chemical characterestics of fruits in various pomegranate cultivars
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Cultivar Fruit weight diameter Total acidity Anthocyanins Ascorbic acid Antioxidant activity
© s (%) (mg.100 mi) (mg.100 mI) (%)
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In each column means followed by at least a common letter, are not significantly different at 5% of probability level based on

Duncan’s multiple range test.
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Table 5- ANOVA results for physical characterestics of fruits in some pomegranate cultivars
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ns, *and **: Non- significant and significant at 5% and 1% of probability level, respectively
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Introduction

Medicinal plants have played an essential role in the development of human culture. Medicinal plants are
resources of new drugs and many of the modern medicines are produced indirectly from plants. Although the
production of secondary metabolites is controlled by genes, their production is considerably influenced by
environmental conditions, so environmental factors cause changes in the growth of medicinal plants as well as
the amount of active substances. Essential oil quantity and quality are affected by the different environmental
conditions. Physiological, morphological and genetic variations were seen in populations of species that occurred
in different habitats. These variations were created in response to contrasting environmental conditions. In many
plant species, studies on the pattern of variation in populations have shown the localized populations are adapted
to the particular environmental conditions of their habitat. The genus Phlomis L. (Lamiaceae) includes about 113
perennial herbs or shrubs distributed in Asia, Europe, and Africa. Some of the Phlomis species have been
reported for their traditional uses as analgesic, diuretic, tonic, anti-diarrheic agents and to treat various conditions
such as gastric ulcer, inflammation, diabetes, hemorrhoids and wounds. In Flora of Iran, this genus is represented
by 20 species, including Phlomis olivieri Benth.

Materials and Methods

This study was conducted to evaluate the morphological and phytochemical diversity of eleven populations
of P. olivieri Benth. from different districts of Hamedan province in 2021. Traits such as plant height, stem
diameter, leaf length and width, fresh and dry weight of the flowering branch, inflorescence length, fresh and dry
weight of the plant, number of inflorescence cycles, essential oil percentage were measured. In order to
investigate the physical and chemical properties of soil, soil samples were collected from a depth of 30 cm. Then
they were transferred to the soil laboratory. Plants samples were collected in the flowering stage and were dried
at 25-30°C. They were stored in envelopes at 22+3°C away from the sun. For extracting the essential oil of the
samples, 100 gr of the plant was milled and then distilled with water. Hydrodistillation lasted for 4 hours. The
main components of essential oil were identified and determined by gas chromatography in the Institute of
Medicinal Plants in Karaj. Gas chromatography was carried out on Agilent 6890 with capillary column
30m*0.25 mm, 0.25 um film thickness. The grouping of populations based on morphological and phytochemical
traits was done by cluster analysis in SPSS using the Ward method. Also, the traits correlation (quantitative) was
done using the Pearson method.

Results and Discussion
According to the results, the highest fresh and dry weight of flowering branch (6.96 g and 3.48 g) and also
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the highest fresh and dry weight of the plant (11.77 g and 5.86 g) belonged to the Koohani population. The tallest
inflorescence (24.2 cm) belonged to the Jowzan population and the shortest inflorescence belonged to the
Gammasiab population (8.9 cm). The highest stem diameter (4.45 mm) was observed in the Garin population.
The maximum plant height (49.4 cm) was related to the Rahdarkhaneh population, which was not significantly
different from the Garin population, and the minimum was related to the population of Garmak (31 cm), which
was not significantly different from the population of Gammasiab (33.50 cm). Also, 31 compounds were
identified in this plant essential oil that caryophyllene, germacrene D, and (E)-B-Farnesene had the highest
percentage of essential oil constituents. In this study, the highest amount of essential oil (0.04%) was related to
the Koohani population which had the lowest altitude among other populations. Therefore, it seems that
environmental factors, as well as genetic factors, have been effective in creating diversity in morphological and
phytochemical characteristics of this plant.
Conclusion

The results obtained from this study showed that P. olivieri Benth. populations gathered from different
regions of Hamedan province, had a high diversity in terms of essential oil content. The results showed that in
addition to genetic factors, environmental and climatic factors also affect phytochemical traits. In this study, the
highest amount of essential oil was produced in the Koohani population (located in Nahavand city) with the
lowest altitude among other populations. According to the research on the essential oil components of P. olivieri
in different regions of Iran, the components of its essential oil and their percentages are completely different; so,
some of the components that are seen in one region, are not observed in another region, and this issue
emphasizes on the effect of climatic conditions. This difference is quite evident even in the studied populations
in a province.

Keywords: Altitude, Essential oil, Flowering branch, Inflorescence
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Figure 2- Cluster analysis of the studied populations of Phlomis olivieri Benth. according morphological traits
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Figure 3- Cluster analysis of the studied populations of Phlomis olivieri Benth. according phytochemical traits
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