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Table 1- Farm soil analysis data

pH 7.2
EC (ds/m) 1.02
J5 o)l
N (%) 0.059
el BB ey
K (mg/kg) 216
ol LB jiud
P (PPM) L7
Jgloee s 3.7
Ca (meq/l) '
o 0.72

Organic matter(%)

SE (554500 3o

depth of (cm) 0-30
sampling
Skl o ) )
Soil texture Loam-clay-silt

P olals o A dgas 4 S 8 S Gyse Sloj bl

I sBgS (lond 4135 W -Y Jga
Table 2- Chemical analysis of fertilizers

Agoi EC (ds/m) o B s e B pply g5 o)l
Sample P (mg.kg™) K (mg.kg?) N (%)
oo 255 15 116 537 1.48
cattle manure
A b Congia 116 327 352 0.44
municipal solid waste
S 0.64 83 165 1.07
Organic matter
S Baliod s 50 53 25wl 3,90 T 3IUT gl - Jou
Table 3- Farm water analysis
Mg Ca K EC H Goos
(mg.LY) (mg.LY) (mg.L™Y) (ds.m) P *
15 15 1.4 0.6 6.6 <!

Water
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Table 4- Variance analysis of medium and ecotype effect on yield component in Satureja hortensis L.

abs e L S0 ok Job
S T i e B T
1 . oot dry oot fres 00
SOV af See((jr;/]ve)lght Seed per bush weight weight length
9 © © (cm)
S ns o *x *
Medium 4 0.00143 85235400 7°* 5.59 95.42 40.29
=5 2 0.00004™ 31666727  044™  613™  7.45m
Ecotype
X 0.00084"  164747.9™  0.027" 124 317"
Mediumxecotype
ks 42 0.0012 41854242 0.30 701 1029
Error
et 5.49 14.58 12.68 12.47 10.33
CV (%)
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***and " are significant at 1 percent, 5 percent and non significant, respectively.
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Table 4 continue- Variance analysis of medium and ecotype effect on yield component in Satureja hortensis L.

SLid s
¢ 1z O el 5
O nd5 molie REPR e g 40 J5 Dl P Syl el o g glis )l
?35 ¢ é - ! '?,\Il?c\ﬁi]r Number of &gy sl Bush fresh Height
o h (mm) flower Number of leaf ~ Bushdry weigtht (cm)
weigtht ()
()]
’;m_e 4 0.067 ™ 11725834.98™ 5044444.86™ 1872.48"™ 40660.19™ 94™
Medium
S|
e 2 0.11m 693665.15 ™ 945702.72™ 190.85 "™ 1818.45" 1321
Ecotype
igSIx
X 0.016 ™ 51523.02 " 59061.57 "™ 9.48 ™ 128.17™ 0.90™
Mediumxecotype
s
42 0.046 410434.2 299476.88 159.56 1406.95 15.24
Error
el 8.95 13.38 10.73 16.42 11.64 8.38
CV (%)
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*** and ™ are significant at 1%, 5%and no significant, respectively.



YOV L cwisslain jo (bl CunS g Cains 9.8 ,5hos 615l p i JT 6y 5T andllane

Wbl 0550 3, 8Mos 132 2 gl g CulS s il (ko dulio -0 Jgua
Table 5 - Mean comparison of media effect on yield component in Satureja hortensis L.

23241 158 5

o Seed woidht Agr p> pd Slam Ay y SUS (339 adyy P 059 adiyy Job
Treatment ee (rr%glg Number of seed per bush  Root dry weight(g)  Root fresh weight(g) Root length(cm)
Medium
2ald 0.64 2 9359.7 b 3.16° 16.23 27.8°
Control
|
oo > 0.612 15159 2 4542 23.14° 32.26°
Cattle manure
5 Al Cuw
SRS ) = 5 0.632 14597.7 @ 4492 21.992 31.592
Municipal solid waste
6_’“'5[5 0.63? 14948.9 2 478 22,582 31.822
Organic matter
byl 0.642 16069.3 @ 4792 22.13% 31.792
Complex
Aol oo ySSIs (glaseld Lz 90T il duoyd B o )3 I3 ixe WS 4Bl gty D S e by >
The same character have no significant differences in 5%level by Duncan’s multiple range test.
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Table 5 continue- Mean comparison of media effect on yield component in Satureja hortensis L.
JS pé P pF el el SS y Splsl 5 o5 Sy £lis )|
S (30 ko) oL Wy (5) lop s& (¢ 5) 1 (o o)
Treatment Flower width Number of ~ Number of  Bush dry weigth Bush fresh Height (cm)
(mm) flower leaf (9) weigth (g) 9
Medium
aals 2452 3019.5° 3978.3° 54,72° 219.52° 41.85°
Control
ol 2g8
2.384 5200.8 2 5575.32 8344 357.74 49.042
Cattle manure
S Al CungraS
Municipal 2338 5167.42 5160.52 79.97 2 333.462 46.312
solid waste
c a
J_"‘sl} 5224.72 5275.22 82952 356.512 47452
Organic matter 2.34
byl 252 5313.42 5503.9 2 83.51¢ 343.33 48.052
Complex

Al o 5SSIS ygejl oll o> B laws j3 5 ine BMES] 1815 ygi yb p3 S e by y>
The same characters have no significant differences at 5 percent level by Duncan test.
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Table 6- Variance analysis of media effect on quality and quantity of essentials oil in Satureja hortensis L.

o PRE PR o)l IR JosSTs,8 owilu!
Ol s 2alio of : Paracymene - terpinen (%) Carvacrol Essential oil (g per
h (%) : A} 100 g dry matter)
"M 4 0.933 = 2.324% 64.89 ™ 0.091™
Medium
=l 2 2.229% 6.91** 137.57* 0.055 ™
Ecotype
S 8 0.518+ 10.768* 205.927%¢ 0.006 ™
Mediumxecotype
s
28 0.038 0.274 30.38 0.036
Error
Syt 15.661 10.392 7.8 165
CV (%)
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.~ and ™ are significant at 1 percent, 5 percent and no significant, respectively.
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Figure 1- Interaction effect of medium and ecotype on carvacrol percentage in Satureja hortensis L.
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Figure 2- Interaction effect of medium and ecotype on y - terpinen percentage in Satureja hortensis L.
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Figure 3- Interaction effect of medium and ecotype on paracymene percentage in Satureja hortensis L.
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Introduction: Essential oils make up a large part of aromatic substances in plants. Generally, essential oils are
considered as remnants of main processes of plants metabolism, especially in stressful conditions. Summer savory
(Satureja hortensis L.) is one of the most important plants in Lamiaceae family, which it’s more than 30 species grown
in the East Mediterranean. It is one of the oldest plants that have been used as vegetables and medicinal and aromatic
plants. Dried summer savory has been introduced as one of the most pleasant spices that are planting in large areas of
farmland in many countries. Generally, the aerial parts of it, that is usually harvested at flowering stage, has therapeutic
effects such as facilitating digestion, stomach tonic, diuretic, astringent, carminative, anti-diarrhea and anti-worm.
Summer savory essential oil is used in food (conserves and beverages) and pharmaceutical industries. Various studies
on S. hortensis essential oil has been showed that it contains high amounts of phenolic compounds such as Carvacrol, y-
Terpinene, Thymol, p-Cymene, p-Caryophyllene, Linalool and other terpenoids.

Organic fertilizers have been known to improve the biodiversity and may prove a large depository for excess
carbon dioxide. These fertilizers increase the number of soil organisms by providing organic matter and micronutrients
for organisms such as fungal mycorrhizae, (which aid plants in absorbing nutrients), and can drastically reduce external
inputs of pesticides, energy and fertilizer, at the cost of decreased yield. Nevertheless they are as effective as chemical
fertilizers over longer periods of use.

The aim of this project was to study the effects of different organic matters on vegetative and reproductive growth
and percentage and components of essential oil in three Satureja ecotypes in Gorgan, Golestan, Iran climate.

Materials and Methods: This study was designed as a factorial experiment based on Randomized Complete
Block design with four replications and done in research farm of Agriculture and Natural Resource, University of
Gorgan in 2010. Treatments were cattle manure, municipal solid waste, leaves compost, the mixture of them and
control. Three ecotypes of summer savory studied in this experiment were Kordestan, Shiraz and Yazd.

The plants were harvested at full flowering stage, when they have the highest essential oil and were dried in oven
at 45 °C. The essential oils of dried samples were isolated by hydro distillation for 3 h, using a Clevenger-type
apparatus.

Statistical analysis was performed by SAS software and the mean comparison were measures by using Duncan
tests at 5% level of probability.

Results and Discussion: The analysis of variance showed that media had significant effect on yield components
in summer savory. There were no significant differences between ecotypes and media*ecotype effect on some
parameters of yield components. The cattle manure showed positive effects on bush height in this experiment. Hendawy
et al (2010) showed that the application of cattle manure and sheep manure had reached significantly the 5% level of
plant height and essential oils percentages. They concluded that sheep manure have macro and micro nutrients which
provide thyme plants with their requirements from these elements. Essential oil percentage also, tended to increase with
application of organic fertilizers either cattle manure, sheep manure or compost. Khalil (2002) showed the effect of two
kind of organic fertilizers on Rosmarinus officinalis and Jasminum spp growth parameters and yield components. In this
experiment organic manure treatments showed increasing in plant fresh and dry weight. This could be related to
positive effect of organic manure on soil texture and fertility. Ahmadian et al. (2006) showed that the animal manure
significantly enhanced the number of umbers per plant, the number of seed per plant, the biological and seed yield in
Cuminum cyminum. Animal manure significantly enhanced cumin aldehyde and p-cymene and decreased B-pinene, y-
terpinene and a-pinene in cumin oil.
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Due to the results, treatments had no significant effects on essential oil percentages, but were effective on essential
oil components. Hussein et al. (2006) showed that compost levels combined with different distances had a pronounced
effect on the various essential oil constituents in Dracocephalum moldavica. In this experiment, Although Shiraz
ecotype showed the maximum essential oil percentage (1.2 percent) but there was no significant differences between
ecotypes. Among essential oil components, the maximum percentages of Carvacrol achieved in mixture media and
Yazd ecotype. Control treatment showed the highest amount of y- terpinen and paracymene in compare to other media.
Shiraz and Kordestan showed also, the highest percentages of vy- terpinen and paracymene, respectively. Plants in
mixture media had maximum levels of Carvacrol (74.69 percent). Between ecotypes, Yazd had maximum Carvacrol
percentages. Between media, Control treatment was maximum contents of y —terpinen (5.48) and paracymene (1.76)
and other treatments had reduction effects on essential oil components. Between ecotypes, the highest y-terpinen
percentage (5/79) was in Shiraz ecotype and the highest p-cymene percentage (1/69) was in kordistan ecotype.

Conclusion: Therefore, by considering the fertilization of savory plants with different organic manure fertilizers
in the form of compost that are economic in each region is recommended.

Keywords: Carvacrol, Cattle manure, Ecotypes, Essential oil quality, y-terpinen
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Figure 1- The effects of drought and salinity stress on
height of Agropyron desertorum genotypes
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Figure 2- The effects of drought and salinity stress on turf
quality of Agropyron desertorum genotypes
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Figure 4- The effects of drought and salinity stress on
soluble carbohydrate of Agropyron desertorum genotypes
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Figure 5- The effects of drought and salinity stress on
Chlorophyll of Agropyron desertorum genotypes
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Table 1- Site collection of native Iranian Crested wheatgrass genotypes (Agropyron cristatum L.)
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Introduction: Drought and salinity are the most detrimental abiotic stresses for turfgrass growth across a wide
range of geographic locations. Most cool season grass species are not well adapted to extended periods of drought and
salinity stress. The decline in turf quality caused by drought and salinity stresses is a major concern in turfgrass
cultivation and management. Therefore, developing management practices for improving drought and salinity resistance
of turfgrasses has become imperative in arid and semiarid regions. Grass genotypes differ in their responses to drought
and salinity stresses, which involve changes in morphological and physiological aspects. Understanding of relative
involvement of each morphological and physiological characteristic in drought and salinity tolerance is important in
selecting grass genotypes to facilitate breeding of drought and salinity-tolerant genotypes. The purposes of this research
were to make selections of genotypes tolerant to drought and salinity stress for turfgrass management program.

Materials and Methods: To study some morphological and physiological responses of six Iranian crested
wheatgrasses (Agropyron cristatum L.) under drought and salinity, an experiment was conducted in the greenhouse of
College of Abureyhan, University of Tehran, Iran. Six Iranian Agropyron cristatum genotypes were collected from six
locations in Iran. Agropyron cristatum genotypes were planted in polyvinyl chloride tubes and kept in the greenhouse.
Pots were filled with sandy loam soil which had been sterilized in an oven at 160°C for 6 h. Irrigation was applied as
needed to prevent any visible stress during grass establishment. Grasses were watered three times weekly to maintain
plants under well-watered conditions and soil moisture at field capacity. The experiment consisted of three treatments:
1) well-watered plants were irrigated three times per week with distilled water (control), 2) Drought stress was imposed
by withholding irrigation for 45 days (drought stress), and 3) plants were irrigated daily with 100 mL of 9 dS.m~* NaCl
solution (salinity stress). To avoid primary salinity shock, the soil in each pot was drenched with 100 mL NaCl solution
at incremental electrical conductivity (EC) by 3 dS.m per day until the final EC reached 9 dS.m™. Data were subjected
to analysis based on a split-plot design with water treatments as main-plots and genotypes as sub-plots. Irrigation
treatment as the main factor in three levels (control, drought, and salinity) and crested wheatgrass at six levels were
considered as sub-plots. Studied characteristics such as height, turf quality, chlorophyll content, soluble carbohydrates,
relative water content, electrolyte leakage, root penetration, and effective root depth were recorded. Statistical
significance was tested using the analysis of variance procedure in SAS 9.1 (SAS Institute Inc., Cary, NC). Differences
between the means were determined using the Fisher’s protected LSD test at the 5% probability level.

Results and Discussion: The results of this study showed that drought and salinity stress decreased the quality of
crested wheatgrass masses, and reduced the level of quality varied among the masses. Throughout the experiment,
‘Sabzevar’ and ‘Damavand’ under drought conditions and ‘Sabzevar’, ‘Arak’ and ‘Damavand’ under salinity conditions
maintained higher Turf quality compared with other genotypes. Total chlorophyll content of ‘Sabzevar’ and
‘Damavand’ were higher than other genotypes under drought and salinity conditions. The maintenance of higher
chlorophyll content has been associated with better drought and salinity tolerance in plant. The soluble sugar content of
‘Sabzevar’ and ‘Damavand’ under drought conditions and ‘Sabzevar’, ‘Arak’ and ‘Damavand’ under salinity conditions
were higher than other genotypes during the experiment. Soluble sugar content is an important compatible osmolyte in
plants. Increased accumulation of soluble sugar content in stressed plants may be an adaptation process and resistance
strategy to abiotic stresses in plants. Throughout the experiment, ‘AEKQI’, ‘Sabzevar’ and ‘Damavand’ genotypes
under drought conditions and ‘Sabzevar’ genotypes under salinity conditions maintained higher relative water content
in compared with other genotypes. Higher RWC indicates the ability of the leaf to maintain its higher water content
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under stress conditions with the simultaneous capability of the root system to take up adequate water. Based on
morphological and physiological analysis for drought and salinity tolerance in investigated genotypes, the tolerance
ranking would appear to be ‘Sabzevar’ > ‘Damavand’ > ‘Arak’ > ‘Urmia’ = Takestan > ‘Hashtgerd’ under drought
stress and ‘Sabzevar’> ‘Arak’ > ‘Damavand’ > ‘Takestan’ = ‘Hashtgerd’> ‘Urmia’ under salinity stress. The results of
this study showed that ‘Sabzevar’ and ‘Damavand’ genotypes had good tolerance to drought stress, and ‘Sabzevar’ and
‘Arak’ genotypes had good tolerance to salt stress than other Iranian crested wheatgrass genotypes.

Keywords: Agropyron cristatum, Drought, Grass, Salinity
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Figure 2- Interaction effects of heat treatment xfungicide concentration on regeneration (%) of Narcissus twin scale explants.
(LSD, p=<0.05)
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Introduction: Success in tissue culture technique, especially in bulbous plants, depends on the microbial
contamination control during in vitro culture. Applying different treatments, such as heat treatment and usage of
fungicides, can control the microbial contamination and consequently increase the percentage of explant survival.

Materials and Methods: This study aimed to investigate the effect of heat treatment and fungicide on reducing the
contamination during in vitro culture of narcissus. So, an experiment was done as a factorial experiment in a completely
randomized design with two factors, including benomyl concentration in the medium (1 and 2 g/l) and heat treatments
(two levels, with and without heat treatment), with 10 replications. In order to sterilizing the plant materials, damaged
and infected scales were removed firstly and then bulbs were washed for 30 minutes with running tab water and a few
drops of dishwashing liquid. For applying heat treatment, bulbs were divided into two groups. In the first group, heat
treatment was not applied and in the second group heat treatment 54 °C was applied for one hour using water bath.
After this step, bulbs surface were sterilized by dipping in 70% ethanol for one minute and rinsed with sterile distilled
water, followed by immersing in 1.5% sodium hypochlorite solution for 30 min. After sterilization with sodium
hypochlorite solution, bulbs were washed three times with sterile distilled water under laminar air flow hood. After
sterilization step, bulbs were cut into 32 twin scales explants and cultured in MS medium supplemented with 1 mg/l BA
and 0.2 mg/l NAA + benomyl (1 or 2 g/l). After 30 days, the response of explants (number of produced bulbs,
percentage of explant survival, percentage of bacterial contamination, percentage of fungal contamination, percentage
of browning) was evaluated. Data preparation was done in the Excel program and data analysis was done using JMP-8
software. Mean comparison of the treatments was done by LSD test and finally the charts were drawn using the Excel
program.

Results and Discussion: The results showed that increasing the concentration of benomyl in the medium and
applying heat treatment had negative effect on regeneration potential of explants, so that the maximum regeneration
mean were observed when heat treatment was not applied for explants and medium contains 1 g/l benomyl. Using the
heat treatment and application of 2 g/l benomyl in the medium leads to the lowest regeneration amount. On the other
hand, evaluating the browning percentage of explants showed that the effect of treatments was significant in this trait.
Applying the heat treatment and using 2 g/l benomyl in the medium had severe effect on the increasing of explant
browning and the maximum mean was observed in this treatment. But reducing the benomyl concentration in the
medium and none application of heat treatment caused the lowest amount of explant browning. Contamination
percentage that includes bacterial and fungal contamination is an important parameter in this study. Explants that
cultured in the medium containing 1 g/l benomyl and applying heat treatment showed the highest contamination
percentage, which contains 21% fungal and 14% bacterial contamination. The lowest percentage of contamination was
observed when heat treatment applied and medium contains 2 g/l benomyl. However, this treatment caused the highest
percentage of explant browning that lead to reduction of explants regeneration potential. Researches showed that the use
of fungicides can help to control tissue culture contamination and according to previous studies, benomyl is the most
effective treatment against fungal infection. As benomyl is considered as a systemic fungicide, so it is useful to
eliminate the internal fungus. On the other hand, there are some reports about the positive effect of heat treatment on the
control of tissue culture contamination. As regards this investigations were done in 1914 to 1997 and then stopped, so it
seems that application of this treatment had no sufficient efficiency for contamination control during in vitro condition.
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Conclusion: Therefore, by considering the browning, regeneration and contamination percentage, non-application
of heat treatment and usage of 1g/l benomyl fungicide in the medium for in vitro culture of Narcissus twin scales
explants is recommended.

Keywords: Benomyl, Percentage of survival, Percentage of browning, Tissue culture
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Table 5- Correlation coefficients between studied characteristics in Echium amoenum affected by different densities and
application of organic and chemical (urea) fertilizers

Code «5' Trait céw 1 2 3 4 5 6

1 S5 2,5lee 1

Flower yield
2 g2 J7 b 0.21ns 1

Flower number per plant
3 9> B 5 s 0.38**  0.10ns 1
Flower fresh weight per plant
4 493 528 Bl S 027ns  0.30%  054% 1
Number of lateral branch per plant
5 i o Job 030  009ns  0.41%* 0.22ns 1
Lateral branch length

6 9 513_5)1 0.29* 0.03ns 0.41** 0.22ns 0.53** 1

Plant height

b xe Gglds pae g doyd g 9 SO Jlein] e (3 b dme il A NS g e
** and * are significant at the 0.01 and 0.05 of probability level, respectively and ns is non significant.
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Table 6- Analysis of variance (means of square) of some qualitative characteristics of Echium amoenum affected by different
densities and application of organic and chemical (urea) fertilizers

FlanSI Ol Cdlad glie S B Gl IS Mg Gl US bl e

S o
Source of variations Antioxidant activity Total phenol Total flavonoid Total anthocyanin
Plant density LS .$1,5 624.22** 389.17** 47868** 4.30**
Fertilizr 548 156.70** 272.56** 12353** 8.82**
Plant densityxFertilizer »osx 454, o515 1095.17** 629.43** 21834** 6.76**
Experimental error _il;l (sl 12.22 32.43 1380 0.0000001
CV (%) ©lyuis oy duoy> 14.79 12.61 19.48 11.41

b Grepie 5 doyd gy g SO Jloin! pdaw )0 b Sxe oS S NS g # ar
** *and ns are significant at the 0.01 and 0.05 of probability level and non-significant, respectively.

S G S STy B 52 (019) lionsd 5 JT 0295 31,15 5 cilisie GlaeST5 Jolike &1 1 (Slho dumnlla -V Joo
Table 7- Mean comparison of interaction effects of different densities and application of organic and chemical (urea)
fertilizers on some qualitative characteristics of Echium amoenum

. ; 8 s ol S 28593 e o
. wolawgisl o5
o E8 SISl clld olin Total phenol  Total flavonoid 7 ol Olie
% 5% g Antioxidant activity mg GAE.gl)  mg QE.100g") Total la?lthOCYg1\l/f\1/
.ml- mg.g* flower
= (mg.ml) (flower DW (flower DW mgg )
Compost cusgweS 97.55a 47.50bc 366.60bc 0.0026bc
Vermicompostcosg.eS s, 58.93¢ 35.66de 318.54c 0.0029b
S Cow manure 45 41.27i 38.39cd 491.29a 0.0028bc
Chemical fertilizer L5 57.99g 63.05a 419.29b 0.0023bc
Control sals 75.98c-e 23.11f 427.16b 0.0023bc
Compost cusgues 67.49f 52.51b 348.30c 0.0042a
Vermicompostcw gseS ooy 82.20c 43.27b-d 360.60bc 0.0040a
o) Cow manure o8 88.13b 34.95de 301.96¢ 0.0036a
Chemical fertilizer Lo 76.96¢d 71.36a 330.73c 0.0036a
Control sals 50.24h 52.76b 306.76¢ 0.0023bc
Compost cusgweS 70.61ef 42.03b-d 539.93a 0.0026bc
Vermicompost s oo, 72.27d-f 49.91b 539.65a 0.0028bc
™ Cow manure ¢45 96.64a 44.44b-d 494.45a 0.0026bc
Chemical fertilizer Lo 79.78¢ 26.20ef 300.99¢ 0.0021c
Control sals 76.92cd 52.00b 326.85¢ 0.0030b

5105 gyl e gl (Sl (glateldais el 5l olitul b wuoyd & Jlas! adaw 3 oS jie By 5 Bl iy (ola Sk (ot by
In each column, means followed by the same letters are not significantly different (p<0.05) based on Duncan’s multiple range test.
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Introduction: Maintenance of soil fertility as a permanent bed for continuous production of
agricultural products is one of the most important issues affecting the sustainability of food production.
In order to achieve healthy food production, application of ecological inputs such as organic fertilizers
are inevitable. Organic fertilizers are fertilizer compounds that contain one or more kinds of organic
matter. They can improve the soil’s ability to hold water and nutrients. They create a beneficial
environment for earthworms and microbial organisms that break the soil down into rich, fine humus.
Compost is organic matter that has been decomposed and recycled as a fertilizer and soil amendment.
Compost can greatly enhance the physical structure of soil. The addition of compost may provide greater
drought resistance and more efficient water utilization. Vermicompost is the final product of composting
organic material using different types of worms, such as red wigglers or earthworms, to create a
homogenized blend of decomposed vegetable and food waste, bedding materials and manure.
Vermicompost helps store nutrients and keeps them safe from leeching and irrigation, functioning to
balance hormones within plant physiology, and adding beneficial biology to soil. VVermicompost
improves soil aeration, enriches soil with micro-organisms (adding enzymes such as phosphatase and
cellulose), attracts deep-burrowing earthworms already present in the soil and improves water holding
capacity, enhances germination, plant growth and crop yield, improves root growth and structure. Cow
manure is an excellent fertilizer containing nitrogen, phosphorus, potassium and other nutrients. It also
adds organic matter to the soil which may improve soil structure, aeration, soil moisture-holding
capacity, and water infiltration. Plant density is the number of individuals of a given plants that occurs
within a given sample unit or study area. Planting density can impact the overall health of plants.
Plantings that are too sparse (the density is too low) may be more susceptible to weeds, while planting
that are too dense might force plants to compete over scarce nutrients and water and cause stunted
growth. Despite of many researches on the effect of organic fertilizers and plant density on different crops,
information on the effects of these factors for many medicinal plants is scarce, therefore, in this study effect of
organic fertilizers and plant density on morphological characteristics and yield of Echium amoenum in a low input
cropping system was studied.

Materials and Methods: In order to evaluate the effect of different fertilizers on quantitative characteristics of
Echium amoenum at different plant densities, a factorial experiment based on RCBD design with three replications
was conducted in 2011-2013 growing seasons, in Ferdowsi University of Mashhad, Iran. Experimental factors
included three plant densities (10, 5 and 3 plant per m?) and five different types of organic and chemical fertilizers
(municipal waste compost, vermicompost, cow manure, chemical (urea) fertilizer and control).

Results and Discussion: The results showed that with reduction of plant density, effect of organic fertilizers
on increasing the flower yield was exacerbated and at the lowest density, municipal waste compost, vermicompost
and cow manures increased flower yield 112, 79 and 223% compared to control, respectively. In all studied
densities, length of lateral branches in conditions of organic fertilizers application was more than control.
Municipal waste compost, vermicompost, cow manure and chemical fertilizer increased total phenol 106, 54, 66
and 173% compared to control, respectively. In plant mean density (5 plant per m?), application of municipal waste
compost, vermicompost and cow manure increased total anthocyanin 83, 74 and 57% compared to control,
respectively. In general, result of this study showed that application of organic and chemical fertilizers at optimal
plant densities, can improve growth characteristics and quantitative and qualitative yield of Echium
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amoenum.Organic fertilizers are the most significant resources for development of agricultural soil quality and
increase in the yield of different medicinal plants. It has been reported that this ecological inputs provide favorable
conditions for plant growth and development through improvement of physical, chemical and biological properties
of the soil, therefore, it can be concluded that improvement of the most studied traits in the present study were due
to use of organic fertilizers. Fallahi et al., (20) have reported the positive effects of organic fertilizers on the
improvement of quantitative and qualitative characteristics in chamomile (Matricaria chamomilla L.). It seems that
plants compete with each other over scarce nutrients and water in high plant density and cause stunted growth.
Some other studies have reported that suitable plant density can increase the growth and yield of some medicinal
plants such as coriander (Coriandrum sativum L.), Ajwain (Carum copticum L.), lemon balm (Melissa officinalis
L.) and anise (Pimpinella anisum L.).

Conclusion: In general, results of this study showed that application of organic and chemical fertilizers at
optimal plant densities, while improving growth and yield characteristics of Echium amoenum flower can be
ensured health of production of this important medicinal plant.

Keywords: Compost, Ecofriendly input, Medicinal plant, Total anthocyanin, Total phenol
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Figure 1- Produced callus from the petioles of Zamioculcas zamiifolia
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Figure 2— Produced callus from rhizomes of Zamioculcas zamiifolia
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Table 1- Mean comparison of the effect of BA, NAA and 2, 4-D combinations on some traits of callus production and shoot
regeneration from rhizome and petiole explants of Zamioculcas zamiifolia

dglg)’)la)yo Olhw
Measured traits
95 b oloj e F09 ol e m dlasxi olj e
o yd = -
o Eard oS Eor G S 2P
U] oeslS Fresh Fras L ] Num ol 5ty
3 Calogenesis Rt weight e Shoot ber Tim;a to sEart
slowd Percentage Time to sta_rt of Time to s_tart length of Rootin
Treatment (%) caltzgen()esw callus sho(cc)jtm;ng (cm) leave (dy) 9
2y @) a s jad
0 mg/l BA+0 mg/l 2,4-D + 43 rhizome))
0 mg/l BA+0 mg/l 2,4-D + 5 .05 petiole))
0 mg/l BA+1 mg/l 2,4-D + ¢4 rhizome)) 0.08 0.08 0.00¢ 00" 00" 00f _
0 mg/l BA+1 mg/l 2,4-D + 5 ,..> petiole)) 00¢ 0.0¢ 0.00¢ 0.0" 0.0f 0.0f -
0 mg/l BA+2 mg/l 2,4-D + s, rhizome 30! 37.5° 0.35' 29.5° 085%  35° -
g ¢ poxMizOme)) 357 33.0° 0.25" 28.0° 055¢  25¢ -
0 mg/l BA+2 mg/l 2,4-D + uj)yo) petlole)) 40f 355b 0.45ef 255¢ 1.00 cd 3.5¢ -
2 mg/l BA+0 mg/1 2,4-D + ¢4 rhizome)) 6.5° 37.0°% 0.50° 26.5° 0.75¢ 3.0°¢ -
- : 20f 28.5¢ 0.25 19.5 224°¢ 45° --
2 | BA 12,4-D |
Mg/l BA+O mg/l 2:4-D + o5 .. petiole)) 251 315° 0.30° 21.0¢ 200°  40° -
2 mg/l BA+1 mg/l 2,4-D + ¢,5, rhizome)) 245¢ 33.0° 0.65¢ 13,51 4,052 40° -
2 mg/l BA+1 mg/l 2,4-D + 5 ,.> petiole)) 32.5; 22.Oed 0.85;’ 14.0df 4,052 3.5; --
C e c -
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0 mg/l BA+0 mg/l NAA + 5 ,..> petiole))

0 mg/l BA+0.5 mg/l NAA + 445 rhizome))
0 mg/l BA+0.5 mg/l NAA + 5 .5 petiole))

- - - - - - 0.0¢
0 mg/l BA+1 mg/l NAA + 545, rhizome)) - - - - - - 21.5¢
0 mg/l BA+1 mg/l NAA + 5.5 petiole)) - - - - - - 18.02
1 mg/l BA+0 mg/l NAA + sy, thizome)) - - - - - - gig
1 mg/l BA+0 mg/l NAA + . petiole)) - - - - - - 245
1 mg/l BA+0.5 mg/l NAA + 45 rhizome)) - - - - - - fggebf
1 mg/l BA+0.5 mg/l NAA + 5.5 petiole)) - - - 0
1 mg/l BA+1 mg/l NAA + ¢4, rhizome)) - - - - - - 24P
1 mg/l BA+1 mg/l NAA + 5. petiole)) - - - - - - gég“ﬁ
2 mg/l BA+0 mg/l NAA + 53, rhizome)) . . . - - _ 26.03
2 mg/l BA+0 mg/l NAA + 5 ,..5 petiole)) - - - - - - 16.5¢
2 mg/l BA+0.5 mg/l NAA + 5, rhizome)) - - - - - - 1271-(15
2 mg/l BA+0.5 mg/l NAA + 5,5 petiole)) n n N - - - 19_'5d

2 mg/l BA+1 mg/l NAA + ¢4, rhizome))
2 mg/l BA+1 mg/l NAA+ 3, petiole))

35,05 aoyd Y ezl pdaws )3 (655 dme M (glal Ll I Sl (gl aelssin ygeil oliolyy gt yo 50 S o g b cla ke
Means with similar letters in each column are not significantly different base on Duncan’s multiple range test (p<0.01).
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Figure 3— Regenerated shoots from rhizomes of Zamioculcas zamiifolia

Wokolj olS S 2 5l o skl (g8 - £ JSUs
Figure 4— Produced callus from the leaves of Zamioculcas zamiifoli

o .

Wokiel5 alS as L 51 o syl (wgllS -0 IS
Figure 5—- Produced callus from the shoot of Zamioculcas zamiifoli

Wahelj oS S 0 51 (2155L -1 UK
Figure 6— Regenerated shoots fromleaves of Zamioculcas zamiifoli
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Table 2- Mean comparison of the effect of BA and NAA in combinations on some traits of callus production and regeneration

from leaf and shoot explants of Zamioculcas zamiifolia

PSRN b ok U” .. oloj & Oloj e
& - Eop U L e Eopi U
o oS oS L wlodsh  Spols e
Calogene 010 Fresh u‘{""‘“ Shoot Number h’f"w’
sis start weight of Time to length of Time to
s percgntag calogenesi callus start (cm) leaves start
Treatment (%) S (@) shooting rooting
) (day) (day)
0 mg/l BA+0 mg/l NAA + = _«(leaf) 0.0" 0.0 0.0° 0.0" 0.0° 0.0° 0.09
0 mg/l BA+0 mg/l NAA + 4aLi(shoot) 0.0" 0.0f 0.0f 0.0" 0.0° 0.0f 0.0¢
0 mg/l BA+0.5 mg/l NAA + < _(leaf) 0.0" 0.0f 0.0f 35.0° 1.50% 35¢ —
0 mg/l BA+0.5 mg/l NAA + 4aLi(shoot) 0.0" 0.0f 0.0f 37.02 1.35¢ 2.0¢ -
0 mg/l BA+1 mg/l NAA + = y(leaf) 0.0" 0.0f 0.0" 24.5¢ 1.75¢ 4.0% 21.5¢
0 mg/l BA+1 mg/l NAA + 4aLi(shoot) 0.0" 0.0f 0.0f 25.5¢ 1.65¢ 35¢ 24.0°
0 mg/l BA+2 mg/l NAA + S s(leaf) - - - - - - 245
0 mg/l BA+2 mg/l NAA + «ali(shoot) - - - - - -- 24.0°
1 mg/l BA+0 mg/l NAA + < _x(leaf) _ _ . 19.5¢ 2.40° 5.5¢ 25.52
1 mg/l BA+0 mg/l NAA + 4ali(shoot) - - - 21.0¢ 1.95¢ 3.5¢ 2552
1 mg/l BA+0.5 mg/I NAA + = »(leaf) - - - 17.5¢ 2.65°¢ 7.5° -
1 mg/l BA+0.5 mg/l NAA + 4ali(shoot) - - - 17.0° 2.50°¢ 5.5¢ -
1 mg/l BA+1 mg/l NAA + & (leaf) 20.5% 1.85¢ 7.0° 19.5¢
1 mg/l BA+1 mg/l NAA -+ 4aLi(shoot) - - - 21.5¢ 1.70¢ 4,5% 19.5¢
1 mg/l BA+2 mg/l NAA + & (leaf) - - - - - - -- 21.0¢
1 mg/l BA+2 mg/l NAA + 4aLi(shoot) - - - 1557 - -- 22.5¢
2 mg/l BA+0 mg/l NAA + = _(leaf) 55° 18.0° 0.33¢ 1657 3.20° 6.5¢ 24,52
2 mg/l BA+0 mg/l NAA + 43Li(shoot) 40°f 27.0° 0.27°¢ 10.5" 3.15 6.5¢ 25.00
2 mg/l BA+0.5 mg/l NAA + = y(leaf) 53.5¢ 19.0°¢ 0.82 ¢ 12,59 4.10° 8.0° -
2 mg/l BA+0.5 mg/l NAA +4ali(shoot) ~ 73.5b 26.0 0.94 ¢ 13.59 3.25" 750 -
2 mg/l BA+1 mg/l NAA + < _(leaf) 94.52 14.0° 1.10° 155f 4.00° 6.5¢ 1751
2 mg/l BA+1 mg/l NAA + 4aLi(shoot) 79.0b 16.5¢ 1.652 - 2.60° 6.5 19.0°
2 mg/l BA+2 mg/l NAA + = »(leaf) - - - - - - 22.0°
2 mg/l BA+2 mg/l NAA + 4ali(shoot) - - - - - - 23.0¢
4 mg/l BA+0 mg/l NAA + S y(leaf) 259 21.5%¢ 0.36°¢ - - - --
4 mg/l BA+0 mg/l NAA + 4aLi(shoot) 159 2750 0.45¢ - - - -
4 mg/l BA+0.5 mg/l NAA + < x(leaf) 30.0¢ 29.0? 0.92¢ - - - ~
4 mg/l BA+0.5 mg/l NAA + 4ali(shoot) 46.5¢ 29.52 1.02¢ - - --
4 mg/l BA+1 mg/l NAA + < x(leaf) 66.5 ¢ 28.0% 1.09°¢ - - ~
4 mg/l BA+1 mg/l NAA + 4aLi(shoot) 445¢ 26.0° 0.97¢ _ - -

35,05 30 yd Y Jlein ] pdaw )3 (6l ime WS (g )lal Ll I 4Sily (laaldtin g0l wlulp giw p 5> S jie Byl ol 1 Sibe
Means with similar letters in each column are not significantly different base on Duncan’s multiple range test (p<0.01)
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Introduction: Zamiifolia is a perennial ornamental plant and is one of the most important medicinal plants of the
Avracea family. The origin of this evergreen, low-anticipated plant is East Africa. Zamiifolia spreads through the leaves
and split rhizomes, which is very time-consuming. The traditional Zamiifolia proliferation method have been done by
dividing rhizomes and leaf cuttings, but the production efficiency is low due to the slow growth of the plant, tubers and
roots. In addition, due to the warm and humid environment, reproduction is limited to summer season. Due to the
traditional reproductive problems in this plant, tissue culture or microbial culture is the best way to replicate rapidly and
to achieve a large number of plants with the same genetic structure, as well as the elimination of diseases in the short
term and reducing the costs. The aim of this study was to compare different microorganisms in terms of calogenesis and
regeneration, as well as to determine the optimum culture medium for Zamiifolia tissue culture.

Materials and Methods: In this study, the explants prepared for the first experiment, including rhizome and
petiole and the explants for the second experiment were the leaeaves and shoots. In the first experiment, rhizome and
petiole were cultured in three replications in 2 MS medium containing BA (0, 2,4 mg /L) and 2,4-D (0,1,2mg /L) in
combination with vitamins, 30 g/l sucrose, 5 g / L agar and adjusted to 5.8 PH. The cultivars were cultured for the callus
induction under temperature of 27-25 ° C and light conditions of 16 hours light and 8 hours darkness. After 5 weeks, the
percentage of callus and fresh callus weight were measured. The callus generated from rhizome and petiole in three
replicates on ¥2 MS medium containing BA (0, 1, 2 mg / L) and 2,4-D (0, 0.5, 1 mg / I) for shoots and after the
observation of branches and leaf buds were grafted on to %2 MS medium containing BA (0, 1, 2 mg / L) and NAA (0,
0.5, 1 mg / L) for rooting. Traits such as time to shoot elongation were recorded at regeneration stage, and after 5
weeks, shoot length and the number of leaves were measured. The time to rootstock was also recorded. In the second
experiment leaf and shoot explants were cultured in %2 MS medium containing BA (0, 2, 4 mg / 1) and NAA (0, 0.5, 1
mg / L) in combination with vitamins, 30 g/l sucrose, 5 g / L agar and PH adjusted to 5.8. The cultivars were cultured
for the callus induction under temperature 27-25 °C and light conditions of 16 hours light and 8 hours darkness. The
time to reach the callus was recorded and after 5 weeks, the percentage of callus and fresh callus weight were measured.
The calli generated from the leaves and shoots were cultures on %2 MS medium containing BA (0, 1, 2 m g/ L) and
NAA (0, 0.5, 1 mg / L) for shoots and after observation of branch and leaves were transplanted to the %2 MS medium
containing BA (0, 1, 2 mg / L) and NAA (0, 1, 2 mg /L) for rooting. The traits such as time to shoot elongation were
recorded at the regeneration stage, After 5 weeks, the shoot length and the number of leaves were measured.The time to
rootstock was also recorded.

Results and Discussion: The results of the first experiment showed that the effect of the rhizome and petiole type
on the callus formation was significant at 1% level. So that the rhizome showed greater ability to callogenesis. The
results of the second experiment showed that the effect of the type leaf and shoot on the callus formation was significant
at 1% level. So that the leaf showed greater ability to callogenesis. The highest percentage of callosing (94.5%), the
shortest time to reach the callus (14 days) and the highest callus weight (1.1 g) in culture medium with 2 mg /| BA and
1 mg / | hormones NAA was observed in leaf samples from the second experiment. The best treatment in the shoot
elongation stage, which included the shortest time to shoot formation (10.5 days), the longest shoot length (4.10 cm),
and the highest leaf number (8 leaves) in the leaf extract with hormonal concentrations of 2 mg / 0 mg / L NAA was
observed from the second experiment. In the rooting stage, the best treatment for petiole extracts with hormonal
concentrations was 1 mg / | BA and 0.5 mg / | NAA with 14 days to rooting from the first experiment.

Conclusion: In this study, explants and various concentrations of growth regulators had significant effect on the
response to callus induction in Zamiifolia. In the first experiment, the rhizome and in the second experiment the leaf
showed a better reaction to callus induction. According to this research, it can be suggested that the treatments applied
in both experiments should be applied on all four leaves, petiole, rhizome and shoot samples, and the best culture type
and the best culture medium for the cultivation of Zamiifolia plant tissue should be determined in subsequent studies.

Keywords: BA, Micro propagation, Sub culture, Tissue culture
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1- Systemic acquired resistance
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3- Water Use Efficiency
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1- Pressure plate
2- Management Allowed Depletion
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Table 1- The analysis of variance for consumption water volume, water use efficiency, and plant yield of Catharanthus roseus
under salicylic acid, L-arginine, and drought stress conditions.

Ol o (ke
e ) Mean squares
S.0.V. 8| ; (PN .
3] ol > ,Sdos Prae 2 ol bpan I8
df . Consumption water volume -
Plant yield (g/plant) Water use efficiency (g/l)
(I/plant)
s 4 102.9" 0.18" 3.88"
Foliar application
S S 2 4.98" 27.99™ 0.32"
Drought stress
2 &JX&BLJW Kok *k Kk
Foliar applicationx 8 0.50 0.02 0.20
Drought stress
= 30 0.11 0.0009 0.001
Error
et 4.09 1.2 14
CV (%)

Cawl doyd Ve )3 (g1 dre odimd L s
** representing the significance at 1% level.
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Table 2- Mean comparision results of plant yield, consumption water volume and water use efficiency during plant growth of
Catharanthus roseus under salicylic acid, L-arginine, and drought stress conditions.

Suid i il Jobx olS > ,Sdos e Ol g Sl dpan l,8
Drouaht stress Foliar a lication Plant yield Consumption water volume Water use efficiency
9 PP (g/plant) (plant) (/)
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Salicylic acid 100 mg/I
b ee PR T Sl
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Myt 55 a4 188" 2.341

L- arginine 3 mM
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Same latters show no significant difference of data means in Duncan test at 5% level.
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Table 3- The analysis of variance for studied properties of Catharanthus roseus under salicylic acid, L-arginine, and drought
stress conditions
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Drought stress
Foliar application* 8 0.001* 0.33 0.37 0.01"s 0.006™ 0.0008™  8x10°* 0.02%  0.24™
Drought stress
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rror
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CV.
0.3 ~ a
a
] 0.25 - ab
3= bcd
.20
3¢ 027 def
7 2015 -
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control L-argl.5 L-arg3 SA100 SA200
S b Jobre
Foliar application
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Figure 1- The interaction effect of foliar application x drought stress on root/shoot weight of Catharanthus roseus.(DMRT,

p<0.05)
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Figure 3- The interaction effect of foliar application x drought stress on leaf prosperous of Catharanthus roseus. (DMRT,
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Introduction: Catharanthus roseus is a beautiful herbaceous plant, belonging to Apocynaceae family, which is
widely cultivated due to its unique and beautiful appearance. It is native to the Caribbean Basin and has historically
been used to treat a wide assortment of diseases. European herbalists used this plant for different conditions such as
headache and a folk remedy for diabetes. The effects of drought range from morphological to molecular levels and are
evident at all phonological stages of plant growth at whatever stage the water deficit takes place.The limitation of
water resources in our country is one of the important issues in landscape. However, we can alleviate the adverse
effects of water stress with the use of some biological and non-biological stimulators. Under severe stress conditions,
the antioxidant capacity may not be sufficient to minimize the harmful effects of oxidative damage. Therefore,
synthesis of signal molecules in plants is an important step in our better understanding of how plants respond to
environmental stresses. Several such signal molecules have been identified in plants such as jasmonic acid, ethylene
and salicylic acid (SA). SA is considered as a hormone-like substance, which plays an important role in regulating a
number of plants’ physiological processes including photosynthesis. Besides, L-arginine is an amino acid, which can
alleviate the adverse effect of drought. Among the 21 proteinogenic amino acids, arginine has the highest nitrogen to
carbon ratio, which makes it especially suitable as a storage form of organic nitrogen. Synthesis in chloroplasts via
ornithine is apparently the only operational pathway to provide arginine in plants. Therefore, the present study was
conducted to evaluate the effect of salicylic acid (SA) and L-arginine on morpho-physiological properties of C. roseus.

Materials and Methods: This experiment was carried out as a factorial with two factors including the foliar
application at five levels (control, L-arginine 1.5 and 3 mM, SA 100 and 200 mg /L) and water stress at three levels
(100, 70 and 40% field capacity (FC)) in a completely randomized design with three replications. Water use efficiency
(WUE), the root/shoot weight, flower number, flower diameter, leaf chlorophyll content, peroxidase and superoxide
dismutase activity of leaf, and leaf macronutrients (nitrogen, phosphorus and potassium) were measured.

Results and Discussion: The results showed that WUE in plants under moderate stress (70% FC) was higher than
the plants in control and severe drought condition (40% FC). Root/shoot weight at no foliar application (control) x
40% FC and L-arginine 1.5 mM x 40% FC was higher than other treatments. The number of flowers in the treatments
of 100% FC and 70% FC was more than 40% FC. The highest flower diameter was obtained from the L-arginine 3
mM. Total chlorophyll of L-arginine 3 mM was higher relative to other treatments. Drought stress significantly
increased the activity of antioxidant enzymes. The lowest amount of phosphorus and nitrogen was observed at no
foliar application x40% FC. Therefore, according to the optimum application of water and amendment substrates, at
70% FC stress, L-arginine 3 mM and SA 100 mg /I increased the nitrogen and phosphorus content. Overall, L-arginine
3 mM and SA 100 mg /I increased the flower number and flower diameter significantly. Accumulation of these organic
solutes either actively or passively helps the plants to retain water within cells and protect cellular compartments from
injury caused by dehydration or maintain turgor pressure during water stress. Turgor maintenance plays an important
role in drought tolerance of plants which may be due to its involvement in stomatal regulation and hence
photosynthesis. Foliar application with arginine resulted in elevated proline levels and radiotracer experiments
demonstrated that both 3H and 14C from arginine can be recovered as proline. The physiological relevance and the
biochemical pathway of the conversion of arginine to proline in plants remain unclear. The most prominent hypothesis
is that ornithine, derived from arginine catabolism, is converted by 8OAT to GSA/P5C, which then serves as substrate
for proline synthesis by PSCR. This model has been doubted, since Arabidopsis SOAT was found to be exclusively
localized in mitochondria, while P5CR is localized in the cytosol.
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Conclusion: The findings of our study showed that water stress can morphologically and physiological change C.
roseus. There was no significant difference between 70% and 100% FC for root/shoot, flower number and flower
diameter traits. So, we can reduce the use of water to 70% FC increased the flower number and flower diameter and
can be used to alleviate the adverse impact of water stress.

Keywords: Growth stimulators, Macronutrients, Total chlorophyll, Water use efficiency
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Figure 1- Propagation of tussilago farfara by rhizome in the greenhouse and transfer to the field
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Table 1- Geographical characteristics of sample collection sites of Tussilago farfara L.
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Table 2- Average, minimum, maximum and coefficient of variation of Tussilago farfara L. traits with their symbols

o
o G ol oSl Bl Sl St
. ] Symbol : ) e
Trait Trait Unit Avrage Min Max CQ
1 Sy o Leaf area LA Cm2 46.13 29.13 61.26 5.67
S 0 .
2 P Leaf dry weight LDW G 0.5 0.29 0.67 20.99
»
. g Chlorophyll
3 do ks clale concentration cC _ 105.81 85.67 121.96 214
2
4 Sttaogih oo Photosynthesis P “m°'sc_1°2m 65 4.48 8.60 2
$ sl
5 » & Number of flowers per NF/P B 9.38 3.66 14.67 19.22
&g plant
Sl Job _
6 _ Stem height SH Mm 55.73 425 69 3.37
a.,\.l.h.!Jf
7 J5 ks Flower diameter FD Mm 9.74 8.48 12.02 4.42
8 J5 elas,l flower length FL Mm 15.33 14.58 16.01 0.94
0SS s .
9 s Flower dry weight FDW G 4.62 5.23 4 3.21
SES i .
10 Root dry weight RDW G 0.86 0.65 1.04 5.46
ad)
11 adyy Job Root length RL Cm 12.33 9.83 15 11.21
P b olS 3 oadd g pSoilnl Cho VY o 03l (Siwod Cul s -Y Joua
Table 3- Simple correlation coefficients between 11 measured traits of Tussilago farfara L.
1 2 3 4 5 6 7 8 9 10 11
. 1.00
0.877**
2 1.00
ns
3 0.014 0.052" 1.00
4 -0.293" -0.338" 0.110" 1.00
5 0.661** 0.390™ 0.291" 0.054" 1.00
6 -.286"™ -0.211" 0.301™ 0.822** -0.191" 1.00
7 0.542* 0.385™ 0.70™ 0.670" 0.580** 0.146" 1.00
8 0.679** 0.554** -0.342" -0.370" 0.534* -0.090™  0.791** 1.00
9 0.834** 0.734** 0.480" 0.028" 0.799** -0.012"™  0.739**  0.688** 1.00
10 0.492" 0.357** 0.503* 0.337" 0.579** 0.304" 0.388"™ 0.214" 0.605** 1.00
1.00
11 0.665** 0.584** -0.143" -0.316" 0.138" -0.222" 0.198" 0.360™ 0.340" 0.367™

O3a =V S5 oy Sid 59— Jeinls glisyl —A IS jlad -V s S asle Jobo —F @gy j> S olisd =0 jriawgid i —F Judo S clale - Sy Siid 59— S paw )

Ay Job -V ady) Sl

1- Leaf area 2- Leaf dry weight 3- Chlorophyll Concentration 4- Photosynthesis rate 5- Flowers per plant 6- Stem height 7- Flower diameter 8-

Flower length 9- Flower dry weight 10- Root dry weight 11- Root length

D xe p g Ao )d K g o guy Jlain | e )0 I gime SoldS 55 4 NS g e
*, **and ns significant at 5%, 1% level of probability and non-significant, respectively.
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Figure 4 - The number of flowers per plant in studied populations (LSD, p<0.05)
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Figure 7- Flower height in studied populations (LSD, p<0.05)
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Figure 8- Average dry flower weight in studied populations (LSD, p<0.05)
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Figure 9- Root dry weight in studied populations (LSD, p<0.05)
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Figure 10- Root length in studied populations (LSD, p<0.05)
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Figure 12- Photosynthesis rate in studied populations (LSD, p<0.05)
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Introduction: Coltsfoot (Tussilago farfara L.) from Asteraceae family is a perennial plant. T. farfara is
native and widespread from Europe to Western and Northern Asia and North Africa. Coltsfoot distributed in wet
mountainous regions of Iran, such as Azerbaijan, Tehran and Northern provinces. Its flowers and leaves have
been used traditionally for the treatment of cough, bronchitis and phlegm disorders. T. farfara leaves and flowers
have expectorant activity and are used for chronic dry cough and various pulmonary diseases. The extracts of T.
farfara were shown to exhibit various activities, such as antioxidant and antimicrobial activity. Biologically
active agents of T. farfara have been studied due to their antimicrobial and antioxidant characteristics.

Materials and Methods: For morphological study, the rhizomes of seven Iranian coltsfoot populations were
collected in August 2016 from different regions of Iran including Pol-e zangholeh, Damavand, Firoozkooh, Nur,
Deylaman, Kaleybar and Namin. The collected samples were planted in the same condition during 2016-2017 in
research field of Tarbiat Modares University in Tehran (51°1023" N, 35°44'17" E), with a randomized complete
block design experiment and three replications. The average annual rainfall and temperature of cultivating place
is about 220 mm and 16.4 °C. In order to study the morphological characteristics between different samples,
traits such as the number of flowers per plant, stem height, flower length, flower diameter, flower dry weight,
root length, root dry weight, leaf area and leaf dry weight had been measured. Morphological traits were
measured under the same conditions and for this research, were used ruler, caliper and balance. The leaves and
flowers were prepared for phytochemical studies. DPPH method has beenusedto evaluate
the antioxidant activity, and the ICsp was used to compare the antioxidant properties. The absorbance of the
samples was measured at 517 nm with ELISA reader. The radical scavenging capacity (RSC) was calculated by
the following formula: % In=[(As-As)/A]*x100, where In is DPPH inhibition, A, is the absorbance of the blank,
As is the absorbance of samples including extracts and BHT as a positive control. The phenolic contents of
different extracts were determined by Folin-Ciocalteu method and the aluminum chloride method was used to
measure total flavonoid.

Results and Discussion: Analysis of variance showed that there is a significant difference between all
evaluated traits in studied populations (p <0.01). Pol-e zangholeh population of T. farfara, has shown the best
performance for all morphological traits. The results of the flowers per plant showed that the Pol-e zangholeh
population was the highest and the Deylaman population had the lowest number of flowers. The maximum
length of the stem was related to the Pol-e zangholeh population while the population of Namin had the smallest
amount. Comparison of flower diameter showed that the Pol-e zangholeh population had the largest diameter
and Nur population of all the smaller. The results of the flower length showed that the maximum flower length
was related to the Pol-e zangholeh population and Deylaman population had the smallest amount of flower
length. Comparison of mean of flower dry weight showed that the Pol-e zangholeh population of T. farfara had
the highest value while the population of Nur had the smallest amount. Pol-e zangholeh population of T. farfara,
considered as superior populations and its flowering time were earlier than the others. It was found that there is a
significant difference (p <0.01) between different populations. This variation may be due to Population
differences of People, either due to differences in environmental conditions or sometimes due to the interaction
of the population and the environment. Our results also indicate the presence of comparable genetic potentials of
T. farfara in these population for any further cultivar development. Analysis variance showed that there was
significant difference between populations for total phenol, flavonoid and antioxidant activity (p <0.01) and the
Nur population had the highest total phenolic content and highest antioxidant activity. Comparison of antioxidant
activity of different extracts from leaves and flowers of T. farfara showed that the most antioxidant activity was
related to leaf extract of Nur population with 1C50 271 pg/ml closer to BHT (33 pg/ml) as a synthetic and

1, 2 and 3- Ph.D. Student of Horticultural Sciences and Assistant Professors, Department of Horticultural Science,
College of Agriculture, Tarbiat Modares University, Iran, respectively.
(*- Corresponding Author Email: m.ayyari@modares.ac.ir)
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industrial antioxidant. The least amount of this activity was related to Kaleybar leaf extract with 1C50 888 pg/ml.
Nur population showed the highest total phenol content with 242 mg GAE/g dried weight. Damavand population
showed the highest total flavonoid content with 40 mg QE/g DW extract.

Conclusion: Our results indicate the presence of comparable potentials of T. farfara in these populations for
any further cultivar development. Study of antioxidant activity in different habitats shows that Nur habitat is a
suitable place for the cultivation of T. farfara to increase the amount of phenolic compounds and antioxidant
activity.

Keywords: Antioxidant activity, Coltsfoot, Morphological study, Phytochemical studies, Total flavonoid
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2- Reactive oxygen species

3- Crocus sativus L.
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Figure 1- The interaction effects of drought x salinity stresses on days from planting to flowering of Narcissus tazzeta L.
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Figure 2- The interaction effects of drought x salinity stresses on leaf antioxidant activity of Narcissus tazzeta L.
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Figure 4- The interaction effects of drought x salinity stresses on total soluble sugar of root of Narcissus tazzeta L.
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Introduction: Salinity and drought have adverse impacts on crop production throughout the world,
especially in arid and semiarid areas. Salinity decreases crop growth and yield through modifications of ion
balance, water status, stomatal behavior, photosynthetic efficiency, salinity-induced nutrient deficiency and
changes to the soil structure. Drought is another one of the main factors limiting the growth and development

through the anatomical, morphological, and physiological and biochemical changes that the severity of drought
damage varies depending on the duration of the stress and plant growth stage. Water stress reduces relative water
content, photosynthesis pigments, stomatal conductance, biomass, growth and ultimately plant performance.
Narcissus (Narcissus tazetta L. cv. “Shahla’) belongs to the Amaryllidaceae family is grown as a cut flower,
landscape and medicinal plant that grows throughout the world except tropical regions. It is necessary to know
the tolerance of N. tazzeta to drought and salinity stress in order to produce optimal product. According to
previous studies, no complete research has been done on the effects of drought and salinity stress on N. tazzeta.
Therefore, the present study was carried out with the aim of investigating the combined effects of drought and
salinity stress on growth, flowering and biochemical characteristics of N. tazzeta.

Materials and Methods: This research was carried out in Faculty of Agriculture, University of Birjand, in
2017. A pot experiment was conducted in completely randomized deign with factorial arrangement and three
replications. The treatments included sodium chloride (NaCl) in four levels O (control), 20, 40 and 60 mM and
drought stress in four levels 30, 50, 70 and 90% of field capacity. The plants were harvested four months after
the start of salt and drought treatments. The investigation traits were included vegetative, reproductive and
biochemical characterizes. Measured traits were included root length, volume of root, root fresh weight, bulb
length, bulb fresh weight, shoot fresh weight, total dry weight, flower diameter, flower crown diameter, stem
diameter, days from planting to flowering, days from flowering to senescence, antioxidant activity, total phenolic
content and total soluble sugar of leaf and root. The data were analyzed by SAS version 9.4 and the means
separated by Duncan's multiple range test at p < 0.05. Excel was used to draw graphs.

Results and Discussion: The results of simple effects showed that drought and salinity stresses decreased the
values of flowering stem diameter, flower diameter, root length, root volume, root fresh weight, bulb fresh
weight, bulb length, shoot fresh weight, total dry weight and days from flowering to senescence. In contrast, the
values of the number of days from sowing to flowering, total soluble sugars of leaf and root, antioxidant activity
and total phenolic content increased under the influence of these two stresses. The results of interaction effects
showed that the destructive effects of salinity and drought stress were intensified in co-application conditions, so
that the lowest values of growth and reproductive traits were observed in the most severe stress (30% field
capacity x 60 mM salinity). Usually, root and shoot length in sodium chloride solution is reduced due to the
toxicity of ions and their negative effects on cell membranes. Drought stress and salinity reduce cell division and
also reduce the size of cells and consequently the length of the plant decreases. Delay in flowering is due to
multiple stresses (osmotic imbalance, nutrient insufficiency and cellular toxicity) that is caused by salinity and
drought stresses. These stresses produce ROS compounds that damage the proteins, lipids, carbohydrates, and
nucleic acids. Plants for scavenging and detoxifying these compounds from the cell surface use enzymatic
(catalase, superoxide dismutase, etc.) and non-enzymatic (phenolic compounds and carotenoids) defense systems
that increase the antioxidant activity of the plant.

Conclusion: The results of this study showed that drought and salinity stresses had negative effects on
growth and flowering traits, which was exacerbated by the combined application of these two stresses. On the
other hand, the highest levels of antioxidant activity, total phenolic content and total soluble sugars were
obtained under severe stress conditions (drought or salinity). Salinity and drought stress reduced the flowering
rate, quality of flowers and the flower life on the plant, but all the levels of stress reached to flowering stage.

1, 2, 3 and 4- M.Sc. Student, Assistant Professors and Associate Professor, Department of Horticultural Science,
College of Agriculture, University of Birjand, Birjand, Iran, respectively.
(*- Corresponding Author Email: hassanbayat@birjand.ac.ir)
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Also, the growth of narcissus plant was not affected by the highest levels of drought (30% crop capacity) and
salinity (60 mM) stress. In general, the results showed that both drought and salinity stress reduced the growth
and vyield of narcissus flower, but the destructive effects of salinity stress on the growth, ornamental and
physiological traits of narcissus flower were more than drought stress.

Keywords. Antioxidant activity, Flower diameter, Root volume, Total phenolic content, Total soluble sugar
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1- Indole-3-butyric acid (IBA)
2- 1-Naphthaleneacetic acid (NAA)
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Table 1- Effect of sampling time on some growth parameters of pepino in vitro

5,ld L . _
oboj 5 bt L5 Dl ’ Job Ay y Slaxi wiy Job Sy dluws S dsb
. Shoot length Root length Leaf length
Time Shoot number (mm) Root number (mm) Leaf number (mm)
i g3 5l dey 3 0.722 3.370 1.04° 6.37° 1.96° 9.43°
Changing growth after two weeks
i gy Sl s 23 e 0.812 6.222 1.542 16.93? 3.29° 3.00°

Changing growth after four weeks

D)5 S b ()l sine gl 1o )3 0 ezl s 53 (LSD) o stae oglss Johao (9051 olisl 2 gis yo0 53 ailiio gy by lo s Siliot
Means with the same letter in each column are not significantly different using LSD test at p<0.05.
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Table 2- Effect of different tissue cultures on some growth parameters of pepino in vitro

““'s Lo 0l L 3l 2 )ludls Job Audiy y 3l iy Job Sy Sl Srdeb
Tissue culture Shoot length Root length Leaf length
: Shoot number Root number Leaf number

medium (mm) (mm) (mm)
MS 1.352 6.41% 2.492 18.84 @ 4.03? 14,992

% MS 1.16° 7.842 1.96° 20.35? 3.962 11.42°

SH 1.05b¢ 6.222 1.59b¢ 13.15% 2.33° 6.39¢

B5 0.92¢ 5.45b 1.21° 7.01b 4.102 10.93°

S5 o b gl xe glis o )3 O Jleis! o p3 (LSD) jls e cglis Jslis yg03] oluol 5 gt y2 )3 ailite gy b ol Siloost
Means with the same letter in each column are not significantly different using LSD test at p<0.05.
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Figure 1- Effect of different treatments of BA and Kin on number of shoots per explant of pepino in vitro (LSD, p<0.05)
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Figure 2- Effect of different treatments of BA and Kin on shoot length of pepino in vitro (LSD, p<0.05)



IAA 5l oF o lods XY alo ((5559LiS @uluo g pole) Sl pole @y pis FVY

(lauband (393 aalpul 5 gy (gl y SWLAB LD (B 1 5 oS 3 i a3 S lond T Y Jgan
Table 3- Effect of BA and Kin treatments on some growth parameters of pepino in vitro

s Leaf number S y slass Spd kil K, o)Ll cuk
Treatment Leaf length  Shoot color  Shoot quality
MS (control)(sls) MS 4.37% 2.00¢ 1.20 %
WS )‘*‘-l » P)fuk"" -fo+ u“" J’)"’ ):'-‘.J')J P)ful*‘ -/o 4.00 de 457 de 200¢ 1.27 de
0.5 mg/l BA + 0.5 mg/l kin
oS i g3 e S e Vsl s )"‘J 2 PS5 her 10 5 G0 bed 6.77 de 200°¢ 147 de
0.5 mg/l BA + 1 mg/l kin
oS i g3 p S e ¥+ sl ish )“‘J 2 PSSkl 4.80 cde 11.53 bc 2.00¢ 3.00P
0.5 mg/l BA + 2 mg/l kin
oS i g3 )8 e 10+ o J‘)")“J)j P 6.46 abe 7.00 cde 2.00¢ 2.80b
1 mg/l BA + 0.5 mg/l kin
S i S e N opidl s )‘“J PeSde) e5.40 b 21.032 200¢ 1.73cd
1 mg/l BA + 1 mg/l kin
oSyl 3 p S e ¥+ (0l J’)"‘)‘JP P e ) 6.73 8.16 cd 2872 3.13b
1 mg/l BA +2 mg/l kin
oS i 53 )8 e 10+ o J‘)")“JP PRk ¥ 4.47 de 5.73 de 2.00¢ 2.13¢
2 mg/l BA + 0.5 mg/l kin
oS il )3 )8 e N+ (] J’)“)"‘JP P ke ¥ 14.21b 3.002 4.002
2 mg/l BA + 1 mg/l kin
L)“*“‘s)““‘)'> F)fgr\t!“’v+<}t‘.bl J‘)“)“‘J)J F;LA*QY 6.47 abc 4.4] de 2032 2.73b
2 mg/l BA + 2 mg/l kin
Ol 3 5 2 05 e Y 6.34 2 6.69 % 2.60° 2.87°
2 mg/l BA
ol Jojo i ey e ¥ e513b 7.29 cde 207°¢ 207°¢
4 mg/l BA
o3l B A 2 p 5 e P 4,00 % 331° 2.20° 1.00°
6 mg/l BA
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Means with the same letter in each column are not significantly different using LSD test at p<0.05.
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Figure 3- Pepino explants on medium containing 2 (mg/L) BA+ 1 (mg/L) Kin after 4 weaks
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1- Solanum nigrum
2- Stevia rebaudiana Bertoni
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Figure 4- Effect of aucxin different treatments on number of roots per explantof pepino (LSD, p<0.05)
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Figure 5- Rooted explants of pepino on medium containing 0.6 (mg/L) IBA
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Table 4- Effect of different treatments on the longest root length and root quality of pepino
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(12L) MS Loone 1.78¢ 2.00°
MS culture (control)

Sl Sy Jgsal 1) )3 o5 e /Y
0.3(mg/L) IBA 4.63? 3.33%

Sl S5 gy Jonl i 5 p )5 e + 18 3.35b 4.672
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Sl Segtasl U5 1) 53 )5 oo <17 2.03¢ 2.33b
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Means with the same letter in each column are not significantly different using LSD test at p<0.05.
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1- Solanum nigrum
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Figure 6- (A)Transferring in vitro rooted plants to the soil mixures, (B)Acclimatized plants in pots were filling with pit and
sand
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Introduction: Pepino (Solanum muricatum Aiton) is a diploid herbaceous plant belongs to the Solanaceae
family, which is growing in subtropical zone, originates from Andes in South America. It is commercially grown
for its fruit, which is appreciated not only for food but also for its appearance, in South American countries,
including Bolivia, Colombia, Ecuador and Peru, as well as in countries such as New Zealand and Australia.
Pepino is propagated by seed, cutting, and tissue culture methods. Most pepino cultivars are sexually fertile and
produce viable seeds, but their seeds have poor germination and high level of heterozygosis causing to highly
variable plants. Both mentioned negative aspects have limited the mass production of this plant through seed. In
this case, stem cutting is used as the most common way of propagating pepino led to transmission of viral
diseases and increasing propagation costs as two main limiting factors of pepino propagation. So,
micropropagation systems are a promising tool to produce disease-free clonal plant material with low costs.
Therefore, the present study was aimed to assess the effect of different media and plant growth regulators on
micropropagation traits of pepino.

Materials and Methods: Three separate experiments were carried out in institute of plant sciences of
Ferdowsi University of Mashhad in 2016. Pepino seeds were bought from company of Plant World Seed, UK,
were cultivated on MS medium. Grown plants were used as source of providing explants. Four mediums,
including MS, %2 MS, SH and B5 were used to determine the best culture medium for shoot regeneration of
pepino using single node explant. A factorial experiment was conducted based on a completely randomized
design. Some growth properties such as number of shoots, shoot length, number of roots, root length, leaf
number and leaf length were evaluated after two and four weeks. In proliferation experiment, MS medium was
compared with MS supplemented with different concentrations of BA (0.5, 1 and 2 mg L) and Kin (0.5, 1 and 2
mg L) applied as combined treatments, and also BA used alone at concentrations of 2, 4 and 6 mg L that was
conducted based on a completely randomized design. For rooting of explants, an experiment was conducted
based on a completely randomized design containing of two concentrations of IBA (at 0.3 and 0.6 mg L) and
three concentrations of NAA (at 0.3, 0.6 and 0.9 mg L?) in MS medium. Some growth properties including root
number and length, root density and root quality were evaluated after four weeks

Results and Discussion: Results indicated that micropropagation rate of pepino was affected by culture
medium type. The highest shoot length, number of root, root length and leaf number were obtained in MS
medium, although statistically there was no significant difference between MS and 2 MS media. The highest
number of shoots and leaf length were observed in MS medium, which led to a significant difference with other
media (Y2 MS, SH and B5). Overall, Based on obtained results MS medium was the best culture medium for
micropropagation of pepino using single node. In the proliferation experiment, the highest shoot and leaf number
and plant color were obtained with using 2 mg L™ BA + 1 mg L Kin, whereas the highest shoot length and leaf
length were observed in the 1 mg L1 BA + 2 mg L* Kin and 1 mg L' BA+1 mg L Kin treatments, respectively.
Increasing in concentration of BA up to 2 mg L™ in combination with Kin had a positive effect on shoot
proliferation, while applying BA at concentration 2, 4 and 6 mg L alone led to decrease in proliferation. Results
obtained from rooting experiment showed that the highest root number, root density and root quality were
obtained using IBA at the concentration of 0.6 mg L, whereas the highest root length was observed by applying
IBA at concentration of 0.3 mg L™, which led to a significant difference with other treatments. Furthermore,
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results indicated that the effect of IBA on rooting of pepino microshoots was more than NAA.
Conclusion: Generally, the best results were obtained by MS medium, 2 mg L'? BA with 1 mg L Kin for
shoot proliferation, and IBA at concentration of 0.6 mg L™ for the rooting of pepino nodal segments.

Keywords: BA, IBA, Proliferation, Rooting, Tissue culture
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Table 1- Mean square of traits (continued)
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Figure 3- Path analysis of bulb yield and bulb weight in 18 landraces of Iranian garlic
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Figure 4- Path analysis of Allicin yield in 18 landraces of Iranian garlic
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Figure 5-Cluster analysis of 18 landrace of Iranian garlic based on 37 standardized agromorphological traits
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Figure 6-Cluster analysis of 18 landrace of Iranian garlic based on standardized Allicin and bulb yield traits
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Introduction: Garlic is native to central Asia, with a three thousand years history of human consumption and use.
Global consumption has increased fourfold during the 24-years period from 1989 to 2013. Area under garlic cultivation,
average yield/ha and total production of the world were 1,468,811 ha, 18,092 kg/ha and 26,573,001 tons, respectively in
2016; and China produces about 80% of world garlic production. The maximum global record has been registered at
2012 with an average bulb yield of 45,270 tons per hectare belongs to Uzbekistan. The area under cultivation of this
plant in Iran is about 9000 hectares with an average yield of 10 tons per hectare. Garlic has been used both as a food
flavoring and as a traditional medicine, and these characteristics are affected by sulfur compounds. Alliin (CeH11NOsS)
with 177.22 molecule weight is a sulfoxide that is a natural constituent of fresh garlic. It is a derivative of the amino
acid cysteine. When fresh garlic is chopped or crushed, the alliinase enzyme, which contains pyridoxal
phosphate (PLP), cleaves alliin, generating allysulfenic acid, pyruvate (CsHsO3), and ammonium (NHs). At room
temperature two moles of allysulfenic acid as an unstable and highly reactive compound that through a dehydration
reaction form one mole of allicin (C¢H100S>) with 162.26 molecule weight, which is responsible for the aroma of fresh
garlic. In general, alliinase needs few minutes time to effect on every two molecules of alliin to form one molecule of
allicin, two molecules of pyruvate and two molecules of ammonium. The generated allicin is unstable and quickly
breaks down, for example during sixteen hours at 23°C it converts to a series of other sulfur-containing compounds
such as diallyl disulfide. Allicin is part of a common defense mechanism in garlic plants against pest attacks. It is
produced and activated after causing physical injuries. Iranian garlic has a good flavor, while with the exception of
Mazand cultivar so far there is no other introduced bred cultivar. In this effort, diversity of agromorphological traits,
bulb yield and allicin content of some Iranian landraces were studied to breed promising cultivar/s by single-bulb
selection method for Hamedan climatic condition.

Materials and Methods: The experiment was carried out on the basis of a randomized complete block design
(RCBD) with four replications in 2015-16 agronomy season at the Agricultural Research, Education and Natural
Resources Center of Hamedan Province Located about 6 km north of Hamedan at the altitude of 1740 meters above sea
level, longitude 48°, 52'E, latitude 34°, 52'N. The soil texture of the test site was loam with 24.4, 40.6 and 35 percent of
clay, silt and sand, respectively. The soil tillage operation included plowing with the moldboard plow, disc and leveler.
The furrow and stack were created with a width of 50 cm. Nine landraces from Hamedan province (Maryanaj, Bahar,
Sheverin, Soolan, Toyserkan, Heidareh, Toeen, Hossein Abad and Ali Abad, and other nine ones from Gorgan
(Golestan), Oromyeh (West Azarbaijan), Arak (Markazi), Bardsir (Kerman), Amol (Mazandaran), Ramhormoz
(Khuzestan), Isfahan (Isfahan), Tarom (Zanjan) and Zabol (Sistan) cultivated on plots having 2 ridges with 4 meters
long. Two rows were planted on the ridge with 25 and 10 cm spacing between rows and plants on the row, respectively
(40 plant m). Bulb planting was carried out on November 17, and first irrigation was rain-fed on 18" and 19" of
November, with 19 and 9.9 mm rain, respectively, and during the fall and winter seasons, all water requirements were
met through precipitation. Different landraces germinated from March 12" to March 16™. Pressure irrigation system
was installed by re-growing in spring and plants were irrigated every seven to 10 days, depend on air temperature
severity, until June 5. Harvesting of different landraces was carried out by hands from June 26" to July 6". Evaluated
traits for each plot included weight of 30 seed clove, date of germination and maturity, number of plant per plot,
chlorophyll a and b and carotenoids content of leaf, chlorophyll index by SPAD, relative water content of leaf, bulb
yield, and weight of 30 produced clove, total pyruvic acid, and non-enzymatic pyruvic acid. The evaluated traits for five
normal random plants (healthy plants on both sides, and on the opposite side of cultivation lines adjacent to the healthy
plant) of each plot were including height, crown diameter, number of leaf, number of fallen leaf, length and width and
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leaf area, dry weight of plant leaf, dry weight of plant root (to a radius of five centimeters around the bulb) height and
width and length of bulb, dry matter of bulb, number of skin layers, number and weight of clove, dry matter percentage.
Assessment were also considered based on traits such as, moisture percentage of bulb, leaf area index, sum of
chlorophyll a and b, loss weight of cuddle, harvest index, sphericity coefficient of bulb, total number of plant leaf, days
number of germination to maturity, enzymatic pyruvic acid and allicin. Traits measurements were done based on
"Descriptors for Allium". To measure pyruvic acid, 25 g of cloves with 25 ml of water were completely homogeneous in
a mixer and passed through a filter paper after ten minutes. Ten ml of filtrated extract was increased into 100 ml volume
with water and a half-milliliter of it was taken and added to 1.5 ml of 5% trichloroacetic acid solution, and after one
hour, 18 ml of water was added to sample. Then one ml of resulting solution and each standard solution were
transferred to separate test tubes. One ml of water and dinitrophenyl hydrazine 0.0125%, were added to each sample,
and were heated in bain-marie bath at 37°C for ten minutes. At the end, by adding five ml of 0.6% normal caustic soda
to the test tubes, the concentration of samples were determined in the presence of standard solutions (0.01, 0.225, 0.05,
0.1 and 0.2 pmol / ml sodium pyruvate) at 420 nm wavelength using spectrophotometer Pharmacia-Biotech model
Novaspec Il. To assess hon-enzymatic pyruvate activity, alinase enzyme must become inactivated, so 40 to 60 grams of
garlic clove is initially heated in microwave at 900 watts for three seconds for every gram of sample (120 to 180
seconds).

To find relationship between variables, the correlation coefficients between them were calculated. The study of the
relationship between traits with bulb yield and alicin yield was done by stepwise regression method. Causal
relationships and direct and indirect effects of traits on bulb and allicin were determined by path analysis method.
Analysis of variance, mean comparison of traits by LSD method at 1% probability level, correlation determination,
stepwise regression analysis and cluster analysis were done by Minitab software version 17.3.1, while Microsoft Word
and Excel 2003 softwares were used to draw the graphs and path analysis, respectively.

Results and Discussion: The results shown that Iranian garlic landraces have noticeable diversity of agro-
morphological traits, such as weight of 30 seed clove from 21 (Ramhormoz landrace) to 177 g (Hossein Abad landrace),
bulb yield from 2059 (Ramhormaoz landrace) to 12090 kg ha* (Soolan landrace), Allicin yield from 4.9 (Ramhormoz
landrace) to 53 kg ha (Ali Abad landrace), bulb weight from 12.8 (Ramhormoz landrace) to 48 g (Bardsir landrace)
and bulb diameter from 28 (Isfahan landrace) to 35 mm (Hossein Abad landrace), which are necessary for breeding
programs. It is also confirmed that the adapted landraces from one region may have acceptable production in other
regions. According to the present results, landraces from Oromyeh (10866 kg/ha), Arak (9941 kg/ha) and Bardsir
(11444kg/ha) produced high yield in Hamedan climatic condition, so that the maximum allicin content were produced
by landraces from Ali Abad (53 kg/ha), Maryanaj (51 kg/ha) and Oromyeh (51 kg/ha). Allicin content is calculated
based on the bulb yield, and enzymatic pyruvic acid content and its molar relationship with allicin. In the recommended
equilibrium of chemical reaction, the alliin coefficient on the one side is two and the coefficients of allicin and pyruvic
acid on the other side are two and one, respectively. Bulb weight directly and crown diameter indirectly had highly
correlation with bulb yield; and leaf area index, harvest index, bulb diameter and dry weight of plant leaf showed a high
correlation with allicin content. The cluster analysis used standardized traits to divide landraces into two main groups as
suitable and unsuitable sets to plant under Hamadan climatic conditions.

Conclusion: According to the results of the present study, it is recommended that Oromyeh, Soolan and Heidareh
landraces can be used as valuable populations for breeding and introducing the suitable cultivars for Hamedan climatic
condition through single-bulb selection method. Characteristics with easy and low cost assessment, such as crown
diameter, leaf area index, bulb diameter under field condition; and after harvest measurements, such as bulb weight,
harvest index, dry weight of plant leaf traits can also be considered as suitable selection indicators in breeding
programs. Thirdly, the current study indicated that the cost of preserving garlic germplasm resources can be decreased
by reducing the amount of stored materials, without the significant decline in genetic diversity.

Keywords: Cluster analysis, Garlic, Genetic diversity, Pyruvic acid, Stepwise regression
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Table 1- The primer of actin and list of used primers in the multiplex detection for ASPV, ACLSV and ASGV in apple

99 U £kl et (0"-¥) JIys St &
Virus name primer Sequence (5°- 3") Size(bp) Reference
ASG-F GGAAGACGTGCTTCAACAAGC
ASGV ASG-R ATCCAACAGCGGGAAACTGGG 236 1
ACLSY ACLSV-F TTCATGGAAAGACAGGGGCAA 219 1
ACLSV-R AAGTCTACAGGCTATTTATTATAAGTCTAA
ASPV ASPV247-F CAGTATTGTGCCTTYTAYGCRAAGC 247 4
ASPV247-R CCATAGAACGGATGCGGTACATYTG
ACTIN -F GTTCCCTGGTATTGCAGACCG
ACTIN ACTIN R CAAGGATGGACCCTCCAATCC 125 1
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Figure 1- The result of RT-PCR, in two mother samples of red flesh apple for ASGV (A), ASPV (B) and ACLSV (C). The size

of the tested parts was 247 bp (for the ASPV), 236 bp (for the ASGV) and 219 bp (for the ACLSV). The results of ELISA in
five mother samples (D).
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Figure 2- The percentage of ASPV, ACLSV and ASGV elimination at the end of thermotherapy treatments after eight
months of meristem culture of Malus pumila Mill. Explants (DMRT, p <0.01)
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Table 2- The results of the presence of ASPV, ACLSV, and ASGV viruses by using ELISA (tested in OD 405 / 492nm) and
RT-PCR in five maternal explants and meristem grown explants (0.2 mm2) after 14 days of thermotherapy at 38°C.
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Figure 3- Fruit of red flesh apple (A), a grown up explant from meristem (B1), in vitro shoot multiplication (B2), rooting stage
(C) and a number of adapted virus-free seedlings from ASPV, ACLSV and ASGV (D)
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Figure 4- The result of RT-PCR, in tow red flesh apple seedlings, free from ASPV, ACLSV and ASGV
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Introduction: Apple (Malus spp.) is one of the most economically important fruit crop worldwide. This crop is
highly affected by various virus infections, leading its considerable devastation and eventually results in yield loss in
the whole world. Among effective viruses, Apple stem grooving virus (ASGV), Apple stem pitting virus (ASPV), and
Apple chlorotic leaf spot virus (ACLSV) which have been firstly characterized in apple (Malus domestica), play
important roles in altering the plant defense mechanism, leading a low performance. According to the references, heat
treatments can reduce the movement of virus particles into the apical meristem through inhibiting viral RNA synthesis,
so high temperature over a long period is an efficient method for virus elimination. In additions, meristem culture is also
a common method to eradicate viruses from horticultural plants. This study was done to produce virus-free (ACLSV,
ASPV, ASGV) apple (Malus pumila Mill.) plantlets.

Materials and Methods: The effect of different thermotherapy duration (0, 7, 14 and 21 days at 38 °C) and the
sizes of apical meristems for meristem culture(less than 0.2 mm, between 0.2 and 0.7 mm and larger than 0.7 mm) was
assessed on virus eradication. Our plant material was a genotype of red flesh apple belongs to Budagovsky Bud.9
(Malus+pumila) "Niedzwetzkyana"” of Rosaceae family from Shahroud, that has high levels of important
phytochemicals like antioxidants, flavonoids and anthocyanins in its cortex, which in addition to attractiveness, creating
special healing properties in some disease. At first the presence of ACLSV, ASGV and ASPV were checked in mother
samples by ELISA and RT-PCR methods. Then we performed the thermotherapy treatments and later meristems were
cultivated and grown in vitro. Regenerated shoots from meristem were tested by ELISA and RT-PCR methods for all
three viruses. Samples that were diagnosed virus-free by both techniques, were proliferated, rooted and transferred into
the pots to be used for later propagation and establishment of the mother orchard.

Results and Discussion ELISA results for the presence or absence of ACLSV, ASGV and ASPV were
indeterminate; they were neither negative nor positive for each virus, indicating ELISA was not an accurate method to
study virus infections in our samples. Therefore, careful examination of initial infection of samples was performed by
RT-PCR. Examining mother samples by RT-PCR showed that all samples were infected by ASG, ASP and ACLS
viruses.

Results of RT-PCR testing suggested that the number of days in thermotherapy and the size of meristem had a
significant effect (P<0.01) on the ACLSV, ASGV and ASPV elimination. Increasing in the duration of the
thermotherapy decreased the survival rate of the explants and it was difficult to acquire virus-free explants after 21 days
treatments, because all the explants were destroyed in this treatment. The relation between the size of meristem and its
survival has been examined in different studies, whose results are consistent with the present research and confirms that
increasing the size of the meristem and the number of leaf primordium, will increase the vitality. However, it should be
noted that larger meristems are more susceptible to viral contamination. In the previous study, the percentage of ASGV
and ACLSV elimination was significantly influenced by the size of the meristem and the duration of the thermotherapy.
In the same study, ACLSV, ASGV and ASPV could not be detected in plants grown from meristems smaller than 1 mm
after 35 days of thermotherapy. They also showed that virus eradication was happened after shorter period of
thermotherapy if smaller meristems were cultured (0.7 mm). The results of our study were consistent with these
observations; ACLSV, ASGV and ASPV appeared to be eliminated more frequently from the smallest meristem
treatment (smaller than 0.2 mm) compared to the other treatments (0.2-0.7 mm and larger than 0.7 mm). Elimination
rates of ACLSV, ASGV and ASPV were different in each case and ASPV-free frequency obtained in regenerated
shoots treatment was higher than other viruses (ASGV and ACLSV). This observation was similar to the results of
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some previous studies. It could be due to differences in the morphology of the viruses and transmission factors in plant
cells that affect viruses, which has been investigated and confirmed in previous studies.

Meristem culture alone, without other treatments, had very low efficiency in virus elimination from explants. The
best results of virus eradication from apple explants was obtained after 14 days of thermotherapy, that we had 44.44%,
11.11% and 88.89% of virus-free samples from ACLSV, ASGV and ASPV, respectively. Generally, our results showed
that by increasing the thermotherapy duration, the elimination of all three types of viruses was increased. Many
researchers also found that thermotherapy is a very effective treatment in virus eradication.

Conclusion: Results showed that increasing the duration of thermotherapy (14 days) and reducing the size of
cultivated meristem (smaller than 0.2mm) increased the elimination rate of all three viruses (ACLSV ¢ASPV ¢ASGV)
from apple explants.

Keywords: Apple chlorotic leaf spot virus, Apple stem grooving virus, Apple stem pitting virus, ELISA, RT-PCR
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Table 1- ANOVA results of pinching and nitrogen spraying effect on vegetative traits of African marigold
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and ns: significant at 1% of probability level and non-significant, respectively.
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Figure 1- Interaction effect of nitrogen spraying xpinching on plant height of African marigold. (DMRT, p<0.01)

¥ Pinching # no Pinching

d8lw el
M
N W

Stem Diameter(cm)
=
L

o
n

c fb .bc ;/
7 /// 7 d/
7 . 7 wul
e ¥ ow
w7 87 B 8

Oigres sla clale
Nitrogen Concentrations (%)

S J5 Bl jhad 1 (g S i x (59,00 (oWl glne Jilie ST-Y UK
Figure 2- Interaction effect of nitrogen spraying xpinching on flower stem diameter of African marigold. (DMRT, p<0.01)
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Figure 3- Interaction effect of nitrogen spraying xpinching on branch number of African marigold. (DMRT, p<0.01)
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Figure 4- Interaction effect of nitrogen spraying xpinching on leaf number of African marigold. (DMRT, p<0.01)
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Figure 5- Interaction effect of nitrogen spraying xpinching on branch lenght of African marigold. (DMRT, p<0.01)
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Table 2- ANOVA result of pinching and nitrogen spraying effect on reproductive traits of African marigold
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Figure 6- Interaction effect of nitrogen spraying and pinching on flower number of African marigold. (DMRT, p<0.01)
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Figure 7- Interaction effect of nitrogen spraying and pinching on flower fresh weight of African marigold. (DMRT, p<0.01)
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Figure 8- Interaction effect of nitrogen spraying and pinching on flower dry weight of African marigold. (DMRT, p<0.01)
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Table 3- ANOVA results of PGRs effect on vegetative traits of African marigold

©lazpo il
Mean square
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SOV DE Fa3) ad L dlaws S o Doy Wl 43 Bl Job
Height Branch number Leaf number Stem diameter Branch lenght
1,5 o . . o
’_’i‘ . 2 3.64 5.14 0.10™ 0.365 5.58
Replication
et 6 42,70 67.30™ 407.40™ 0.698™ 143.31"
Treatment
s
12 0.580 0.140 1.100 0.149 0.080
Error
et - 12.10 37.00 9.50 31.00 21.00
CV (%)

b e pas g oy V i pdaw )3 (09 I dxe i 4 NS g**
** and ns: significant at 1%, and non-significant, respectively.
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Table 4- Mean comparison results of PGRs effect on vegetative traits of African marigold

L Lo sl alw yhad EESIRRIRES| S g dland aals Job
Treatments Height Stem diameter Branch number Leaf number Branch lenght
sals 23.16¢" 0.50¢ 2.00d 19.00d 2.25¢
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Sl ol 2 Sk Ve 28.00d 0.66¢ 2.66¢ 20.00d 10.75¢
100 mgL! GA;
Sz sl 2 S ke Ve 31.83b 1.50ab 12.00b 39.66ab 17.00b
200 mgL! GAs
Sl ol 52 p Sk ¥ 3425 1.70a 14.00a 4150a 23.00a
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Sl Sl Jyil 2 5 e 0 29.66¢ 0.50c 3.00d 13.50e 7.50d
50 mgL™! IAA
Sl Sl Jysis 5l 2 pSiee Ve 32.50b 0.75¢ 6.00¢ 23.50¢ 11.25¢
100 mgLt IAA
Sl Szl Jgsil 2 p S e N0 32.73b 1.00¢ 7.50b 39.00b 17.16b
150 mgL™* IAA
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*Means followed by the same letters in each column are not significantly (DMRT, p<0.01).
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Table 5- ANOVA results of PGRs effect on reproductive traits of African marigold

Slayo (e
Mean square

Olpts gl (g8151 ax )2 . o oo ... A5 U 50, dlans
S.0.v DF &5k J5 3las & 5 ois S5 Sl o ‘f;a n rfl;er to
Flower diameter Flower number Flower fresh weight Flower dry weight Yy numt
flowering
"’s . 2 0.48™ 2.58"™ 0.3733™ 0.0036™ 7.00™
Replication
e 6 2.66™ 10.03™ 0.4705™ 0.014™ 4.492™
Treatment
s
12 0.057 0.240 0.123 0.0005 0.050
Error
Sl e - 23.00 32.00 20.40 3.20 20.06
CV (%)
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**and ns: significant at 1%, and non-significant, respectively.
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Table 6- Mean comparison results of PGRs effect on reproductive traits of African marigold

o o JS slax J5 ks YT 5SS 59 B g,y lan
T y Flower Flower Flower fresh Flower dry Day number to
reatments ] h ; ;
number diameter weight weight flowering
aals 1.00d" 0.63d 2.00c 0.46e 70.00a
Control
Sl el o5 e Ve 2.00¢ 1.25¢ 2.30hc 0.49d 62.00d
100 mgL! GA3
Sl el o e Ve 4.00b 2.50b 2.50abc 0.52¢ 58.00e
200 mgL™* GA3
S ol 5 25 e Ve 6.00a 3.00a 3.13a 0.65a 31.00f
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Sl Joanl 1 2 p )5 (Lo B+
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* Means followed by the same letters in each column are not significantly (DMRT, p<0.01).

235 o o IS (ol i 25100 oo &2 Sy dpud 1 e 28 S5 £ b 2 e 5 oS oo

Sl Yo Lo Gias 203 7 (S n o)l cnlple o)l

&bo

1- Badge S., Panchbhai D.M., and Gajbhiye R.P. 2015. Nutrient content, uptake and yield in African marigold
(Tagetes erecta Linn) as influenced by pinching and foliar application of gibberellic acid. Indian Journal of

Agricural Research 49(6): 534-538.

2- Bora R.K., and Sarma C.M. 2006. Effect of gibberellic acid and cycocel on growth, yield and protein content of

pea. Asian Journal of Plant Sciences 5: 324-330.

3- Dabas H.K., Mitra L., and Dabas. S. 2001. Effect of different concentrations of GA3 MH and NAA on primary

branches of marigold (Tagetes erecta L.). Journal of Indian Agriculture 45(3-4): 265-267.

4- Dalal S.R., Nandre D.R., Bharad S.G., Utgikar S., and Shinde R.D. 2006. Effect of pinching on carnation cv.

Yellow Solar under polyhouse condition. International Journal of Agricultural Science 2(2): 356-357.

5- Dhaduk B.K., Kumara S., Singh A., and Desai J.R. 2007. Response of gibberellic acid on growth and flowering

attributes in anthurium (Anthurium andreanum Lind.). Journal of Ornamental Horticulture 10(3): 187-189.

6- Dorajeerao A.V.D., and Mokashi A.N. 2012. Growth analysis as influenced by pinching time in garland
chrysanthemum (Chrysanthemum coronarium L.). The Global Journal of Biochemistry and Biotechnology 1(2):

242-247.

7- Gou J., Strauss S.H., Tsai C.J., Fang K., Chen Y., Jiang X., and Busov. V.B. 2010 Gibberellins regulate lateral

root formation in Populus through interactions with Auxin and other hormones. The Plant Cell 22: 623-639.

8- Hussain K., Hussain M., Majeed A., Nawaz K., Nisar M.F., and Afghan. S. 2010. Morphological response of scurf
pea (Psoralea corylifolia L.) to indole acetic acid (IAA) and nitrogen (N). World Applied Sciences Journal 8:

1220-1225.

9- Khudus S., Prasad V.M., and Jogdand S.M. 2017. Effect of Plant Growth Regulators on Growth and Flower Yield

of Calendula (Calendula officinalis L.) cv. Bon Bon. Chemical Science Review Letter 6(22): 1290-1294.

10- Koriesh E.M., Dahab A.M.A., and Ali. E.W.M. 1989. Physiological studies on Chrysanthemum morifolium
Ramat. Effect of cycocel, gibberellic acid and nucleic acids on vegetative growth and some chemical components.

Assiut Journal of Agricultural Science 20 (1): 27-41.



YFAA 511l F o3lod Y by (65,908 qulis 5 pole) Ll pole 432 OYY

11-

12-

13-

14-

15-

16-

17-

18-

19-

20-

21-

22-

23-

24-

25-

26-

27-

28-

29-

33-

Kumar P., Raghava, S.P.S., Mishra R.L., and Singh. K.P. 2003. Effect of GA3 on growth and yield of China aster.
Journal of Ornamental Horticulture, 6(2): 110-112.

Kumar R., Mohan R., and Gaur. G.S. 2010. Effect of GA3 and Ethrel on growth and flowering of African
marigold cv. Pusa Narangi Gainda. Indian Journal of Horticulture 67: 362-366.

Kumar A., Kumar J., Mohan B.J.P., Singh J., Rajbeer P., and Ram. N. 2011. Effect of plant growth regulators on
growth, flowering and yield of African marigold (Tagetes erecta L.) cv. Pusa Narangi Gainda. The Asian Journal
of Horticulture.

Kumar V., Kumar V., Umrao V., and Singh. M. 2012. Effect of GA3 and IAA on growth and flowering of
carnation. HortFlora Research Spectrum 1(1): 69-72.

Kumar H., Kumar J., Dev P., Ram N., and Kaviraj J. 2016. Effect of Nitrogen and GA3 on growth and flowering
behavior of African marigold (Tagetes erecta L.) cv. Pusa Narangi Gainda. International Journal of Agricultural
Invention 1(1): 84 — 87.

Maharnor S.1., Chopde N., Thakre S., and Raut, P.D. 2011. Effect of nitrogen and pinching on growth and yield of
African marigold. Asian Journal of Horticulture: 6(1): 43-45.

Meena Y., Sirohi H.S., Tomar S.B., and Kumar S. 2015. Effect of planting time, spacing and pinching on growth
and seed yield of African marigold cv. Pusa Narangi Gainda. Indian Journal of Agricultural Science, 85(6): 797-
801.

Parhi R., Mohanti A., and Harichandan S. 2016. Performance of various characters in African marigold due to
different in pinching levels and planting dates. Annals of Agri-Bio Research 21(1): 44-48.

Phengphachanh B., Naphrom D., Bundithya W., and Potapohn. N. 2012. Effects of Day-length and Gibberellic
Acid (GA3) on Flowering and Endogenous Hormone Levels in Rhynchostylis gigantea (Lindl.) Ridl. Journal of
Agricultural Science 4(4): 217-222.

Prakash S., Anitha P., Giridharan M.P., Rajgopalan A., and Rao S.V.G. 2016. Impact of seasons and pinching on
growth and flowering in African marigold. Journal of Tropical Agriculture 54(1): 50-54.

Pushkar N.C., and Singh A. K. 2012. Effect of pinching and growth retardants on flowering and yield of African
marigold (Tagetes erecta L.) var. Pusa Narangi Gainda. International Journal of Horticulture 2:1-4.

Rathore 1., Mishra A., Moond S.K., and Bhatnagar P. 2011. Studies on effect of pinching and plant bio regulators
on growth and flowering of marigold (Tagetes erecta L.). Progressive Horticulture 43(1): 52-55.

Sable P.B., Ransingh U.R., and Waskar D.P. 2015. Effect of Foliar Application of Plant Growth Regulators on
Growth and Flower Quality of Gladiolus Cv. ‘H.B.Pitt’. Journal of Horticulture 2: 141.

Sajid M., Amin, N., Ahmad H., and Khan. K. 2016. Effect of gibberellic acid on enhancing flowering time in
Chrysanthemum morifolium. Pakistan Journal of Botany 48(2): 477-483.

Sasikumar K., Baskaran V., and Abirami K. 2015. Effect of pinching and growth retardants on growth and
flowering in African marigold cv. Pusa Narangi Gainda. Journal of Horticultural Science 10(1): 109-111.

Schmidt C., Bellé A.B., Nardi C., Toledo A.K. 2003. The gibberellic acid) GA3) in the cut chrysanthemum
(Dedranthema grandiflora Tzevelev.) viking: planting summer/autumn. Revista Ciéncia Rural 33(2): 1451-1455 .
Sehrawat S.K., Dahiya D.S., Singh S., and Rana, G.S. 2003. Effect of nitrogen and pinching on growth, flowering
and yield of marigold (Tagetes erecta L.) Cv. African Giant Double Orange. Haryana Journal of Horticultural
Science 32(1, 2): 59-61.

Sharifuzzaman S.M., Ara K.A., Rahman M.H., Kabir K., and Talukdar M.B. 2011. Effect of GA3, CCC and MH
on vegetative growth, flower yield and quality of chrysanthemum. International Journal of Experimental
Agriculture 2(1): 17-20.

Singh K. 2003. Effect of growth regulators and shoot tip pinching on calendula. Journal of Ornamental
Horticulture 6(2): 134-136.

Singh A.K. 2003b. Effect of growth regulators on growth and flowering in calendula (Calendula officinalis).
Indian Perfumer 47(3): 275-278.

Singh V., Singh A.k., and Sisodia A. 2017. Growth and flowering of marigold as influenced by pinching and
spraying of nitrogen. International Journal of Current Microbiology and Applied Sciences 6(7): 2283- 2287.
Swaroop K., Singh K.P., and Raju D.V.S. 2007. Vegetative growth, flowering and seed characters of African
marigold (Tagetes erecta L.) as in fluenced by different growth substances during mild off seasons. Journal of
Ornamental Horticulture 10(4): 268-270.

Vwioko E.D., and Longe M.U. 2009. Auxin and gibberellin effects on growth and fruit size in Lagenaria siceraria
(Molina standley). Bioscience Research Communications 21: 263-271.



Journal of Horticultural Science (532985 gabee 5 p5le) (FLEL pole @ 20

Vol. 33, No.3, Fall 2019, P. 511-524 R ON-OYF .o ATAA 7l F o)lods IV ul
ISSN: 2008 - 4730 g Yook - FYYe LS

Effect of Pinching, Spraying of Nitrogen and Plant Growth Regulators on
Vegetative and Reproductive Characteristics of African Marigold

M. Zamanipour!”
Received: 25-02-2019
Accepted: 06-07-2019

Introduction: African marigold is one of the most popular annual flowers in almost of countries. In the
most ornamental plants, the flowering and yield depends on the flowering branches that can be increased with
pinching. Nitrogen spraying is beneficial on the growth, production and quality improvement of marigold
flowers. Among plant growth regulators, auxin and gibberellin play a crucial role in regulating the development
processes of African marigold.

Material and Methods: This study was carried out in the research greenhouse of Velayat University of
Iranshahr in two separate experiments in December 2017. The beds were prepared after mixing the soil with
FYM (Farm Yard Manure) and the seeds of African marigold var. "African Double Orange™ were sown on the
bed at a distance of 10 cm between the row and 2 to 3 cm within the row. Transplanting of plantlets were
performed in the 3 to 4 leaves stages in distances of 45 cmx35 cm. Treatments of the first experiment were
contains of two stages of pinching (no pinching and pinching in 20 days after planting) and nitrogen spraying in
four stages (0%, 2%, 4% and 6%). A factorial experiment was laid out in a complete randomized block design
with three replications where each replication was comprised of six plantlets. Treatments of the second
experiment consisted of three levels of indole acetic acid (50, 100 and 150 mgL) and three levels of gibberellic
acid (100, 200 and 300 mgL") and distilled water as control. The first stage of auxin and gibberellin spraying, 20
days after planting and the second stage of spraying, was performed 50 days after planting.

On the harvest time (when the last flower harvested), measurement factors were contains of vegetative
parameters (plant height and diameter, branch number, leaf number and branch length) and reproductive
parameters (flower number, flower diameter, flower fresh weight and flower dry weight). Days taken to
flowering were counted from transplanting till the date of flower bud opening.

Result and Discussion: Analysis of variance showed that pinching and nitrogen spraying had significant
effects on plant height and diameter, branch number, leaf number and branch length per plant (P< 0.01). The
highest plant height (47.5 cm), plant diameter (2.5 cm) and branch length per plant (21.5 cm) obtained in no
pinching with 6% N treatment. This result showed that spraying of nitrogen could increase apical dominance and
growth of longitudinal growth of plant. The maximum leaf number (91) and branch number (10) obtained in
pinching 20 days after harvesting with 6% N treatment. When the apical dominance is removed, the lowering of
IAA (Indol acetic acid) concentration increased the new branches. Increasing in new branches and positive effect
of nitrogen spraying created new leaves. Analysis of variance showed that pinching and nitrogen spraying were
not effective on flower diameter but had significant effects on flower number, flower fresh weight and flower
dry weight. The highest flower number (7) were created in pinching supplemented with 6% N treatment. The
highest flower fresh weight (3.60 g) and flower dry weight (0.8 g) were obtained in no pinching and 6% N
treatment. Sing et al. (2017) reported that no pinching increased availability of more food material and better
allocation of energy pertaining to less number of flowers. Therefore, this action increased the fresh and dry
weight of flower. Analysis of variance showed that pinching and nitrogen spraying had significant effects on the
number of days to bud flower initiation. The highest number of days to flowering (75 day) were obtained in
pinching supplemented with 6% N treatment. Pinching of apical bud prevents from cell division in the lateral
meristem. Nitrogen spraying also increased vegetative growth of plant and therefore, resulted in delaying the
initiation of flower bud. The quality of seedlings significantly increased with gibberellic acid spraying compared
to indole acetic acid. As the concentration increased, seedling quality increased, so that the highest plant height
(34.25 cm), the length of each branch (23 cm), Leaf number (42), the number of branches (14), flower diameter
(3 cm), dry weight of flower (0.65 g), fresh weight of flower (3.13 g), flower number (6) and the minimum
number of days to flowering (31 days) were sprayed with gibberellic acid at a concentration of 300 mgL™.

1- Assistant Professor, Department of Agriculture, Faculty of Technical and Engineering, Velayat University, Iranshahr,
Iran

(*- Corresponding Author Email: m. zamanipour@velayat.ac.ir)
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Increasing the number of flowers by application of gibberellic acid treatments resulted from an increasing in
plant height and the number of leaves per plant. Increasing the number of leaves increased the production and
accumulation of photosynthetic assimilates, and these assimilates were directed to the flowers and resulted in the
production of more flowers.

Conclusion: Pinching and Spraying of nitrogen had significant effects on the vegetative and reproductive
traits of African marigold. Pinching reduced the apical dominance and induced more lateral branches that
ultimately increased the flower number of marigold., Nitrogen spraying was also effective on the growth and
quality improvement of marigold flowers and the highest number of flower and fresh and dry weight of flowers
induced with application of 6% N. In addition, the application of spraying of gibberellic acid had a direct
correlation with height, the number of branches and the diameter of flowers and inversed relationship with the
number of days to flowering. The concentration of 300 mgL-* gibberellic acid had the greatest effect on the
growth and reproductive characteristics of African marigold. Since, the African marigold is widely used in the
garden and park landscapes, the application of 6% nitrogen or 300 mgL ™ of gibberellic acid is recommended to
improve the reproductive characteristics of the flower.

Keywords: IAA, GA;s, Plantlet quality, Urea
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Table 1- Geographic coordination of collected Ferulago angulata ecotypes
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Habitat (Ecotype) Altitude (m)
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51°33737"
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Table 2- Treatment codes

slowd o5 Treatment code

i oS Ecotype (A)

2US W) auiS wulais Plant Growth Regulator
%405 Explant (D)

Al: Abnahr  A2: Gauoneh A3: Sisakht Ad: vezg
R &gl o (ow Sis
BAP (B) B1: 0 mgl?t B2: 0.5 mglt B3: 1 mgl?! B4: 2 mglt
NAA(C) C1l:0mgl?t C2: 0.5 mgl?! C3: 1 mgl? C4: 2 mglt
D1: Leaf 5,,  D2:Stem il D3: Root 4z,
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Table 3- ANOVA (mean squares) of evaluated traits in callogenesis step of Chavil

O pnds 2alio ©dl3l 4 yd Mean of Squares il po puSibo
Source of Variance df o SUEA
RPEN iy s Job S 09
) . ) Callus dry
Callus volume Callogenesis Callus length .
weight
<551 Ecotype 3 1.648** 21265.432** 56.277** 10.158**
BAP 3 0.793** 35117.798** 382.220** 94.511**
NAA 3 0.925** 39224.803** 395.873** 56.213**
ez, Explant 2 0.400%* 3403.096** 44,753** 25.650%*
BAPx ;o]
9 0.049** 389.074** 2.742** 0.688**
BAPxEcotype
EcotypexNAA
9 0.51** 145.184** 2.939** 0.308**
xS INAA
05 3 X oS
s 6 0.243%* 2839.644** 27.790%* 9.368**
Ecotype x Explant
NAAxBAP 9 0.026** 848.031** 8.507** 0.861**
BAP & 0555 %
7R 6 0.044** 516.017** 2.343** 1.55**
BAPxExplant
NAA S522) 6 0.023** 326.501** 3.580** 0634**
NAA xExplant ' ' '
=55 BAPNAA 27 0.022** 440.149** 0.327* 0.127
BAPxNAAxExplant ' ' ' '
ST x BAP xdig0i3
1 .049** 446.467** 1.775%* .649**
EcotypexBAPxExplant 8 0.049 6.46 > 0649
ST x NAAXL 50555,
1 .019** 7.352** 2.605** 492**
EcotypexNAAxExplant 8 0.019 397.35 605 049
BAPNAAxSgosh, 18 0.025%* 330.910%* 0.520%* 0.127
BAPxNAAxExplant ' ' ' '
5sS1x BAPXNAAX digei s,
) 54 0.026** 256.877** 0.643** 0.104
EcotypexBAPxNAAxExplant
salejl olisl Error 384 0.009 47.238 0.200 0.108
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Table 4- Mean comparison for Callus dry weight in callogenesis step of Chavil

Sl Ay SUBS (439 o A SS (4y59 Sl Ay SWiS (459
Treatment Svi!i;uk?tczg Treatment \c/:villlgur?t(zg Treatment Callus dry weight (g)

A1C3D1 2.36° B1C1 2.25¢ A2B1D3 2.52b-¢
A2C1D2 2.29%1 B1C2 2.36% A2B2D1 2.54b-¢
A2C2D2 2.46¢h B1C3 2.68b2 A2B2D2 2.55b¢
A2C3D1 2.56¢f B1C4 1.12f A2B3D1 2.5ed
A2C3D2 2.51%9 B2C1 2.384% A2B3D2 2.82b
A2C3D3 2.59¢d B2C2 2.530¢ A2B3D3 2.38¢f
A3C1D1 2.589 B2C3 2.862 A3B1D1 2.66%
A3C2D1 2.57¢f B2C4 1.19¢ A3B2D1 2.67%
A3C3D1 2.58¢ B3C1 2.57b¢ A3B3D1 2.67%
A4C1D1 2.75% B3C2 2.6%¢ A4B1D1 2.610d
AAC1D2 2.920¢ B3C3 2.76M A4B1D2 3.12

A4C2D1 2.880¢ B3C4 1.28¢° A4B2D1 3.362
A4C2D2 2.98bx B4C1 0.759 A4B2D2 3.132
A4AC3D1 3.218 B4C2 0.78¢9 A4B3D1 3.382
A4C3D2 3.07b? B4C3 0.89% A4B3D2 3.178
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Table 5- Mean comparison of the best quadratic interactions for callogenesis, callus volume and callus length in Chavil

B aw Job e Sy o> PN liv
Callus Callogenesis
Treatment Callus length (cm) Treatment volume Treatment g
(mm?) (%)
A1B2C2D2 8.20% Al1B2C3D2 1.30° Al1B2C2D2 96%
Al1B2C3D2 7.76% Al1B1C2D3 0.33sm Al1B2C3D1 91.678°¢
Al1B3C2D2 6.93%! Al1B1C3D3 0.37Fn Al1B2C3D2 1002
Al1B3C3D2 7.708bc Al1B1C4D3 0.42¢% Al1B2C3D3 962
Al1B3C4D2 7.16%1 AlB2C2D1 0.520ef AlB2C4D1 91.678°¢
Al1B4C3D2 7.53%¢ AlB2C2D2 0.56¢de AlB2C4D2 1002
Al1B4C4D2 7.20v AlB2C3D1 0.40em AlB2C4D3 1002
A2B2C3D2 7.13%i AlB2C4D1 0.43¢k AlB3C2D1 1002
A2B2C4D2 6.834m Al1B2C4D2 0.70b¢ A1B3C2D2 1002
A2B3C3D2 7.000 Al1B3C1D2 0.46%1 Al1B3C2D3 91.678°¢
A2B3C4D2 7.6024d Al1B3C2D1 0.32M Al1B3C3D1 91.678°¢
A2B4C4AD2 6.674" Al1B3C2D2 0.66¢d Al1B3C3D2 1002
A3B2C2D3 7.6284d Al1B3C3D1 0.31Ma Al1B3C3D3 1002
A3B2C3D3 7.518f Al1B3C4D1 0.349" Al1B3C4D1 1002
A3B2C4D3 7.662c¢ Al1B3C4D2 0.57% Al1B3C4D3 962
A3B3C2D3 7.240 AlB4C1D2 0.47¢ AlB4C2D2 1002
A3B3C3D3 7.628d AlB4C2D2 0.41¢ AlB4C2D3 1002
A3B3C4D2 6.674" Al1B4C3D1 0.30" Al1B4C3D2 1002
A3B3C4D3 7.663¢ Al1B4C3D2 0.5199 Al1B4C4D1 1002
A3B4C2D3 7.40%9 Al1B4C4D1 0.504" Al1B4C4D2 1002
A3B4C3D3 7.66%¢ Al1B4C4D2 0.70 A2B3C4D3 gQabe
A3B4C4D2 6.769" A3B3C3D2 0.307" A3B3C4D2 92abe
A3B4C4D3 7.658¢ A3B4C4D2 0.339m A3B4C4D2 1007
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Figure 1- Produced callus types from leaf explants of Abenahr’s Ferulago angulata ecotype in MS medium containing 2 mgl-
INAA plus 0.5 mglt BAP
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Figure 2- Growth of Ferulago angulata cells in cell suspension culture in MS medium containing 2 mgl-* NAA and 0.5 mgl*
BAP. A) Cell clumps suspensions, B) Color change in the culture medium due to increased cell density
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Figure 3- Growth curve of Ferulago angulata cell suspension from leaf explant of Abenahr ecotype in MS medium containing
2 mgl*t NAA and 0.5 mgl* BAP
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Figure 4- Growth curve of Ferulago angulata cell suspension from leaf explant of Abenahr ecotype in MS medium containing
2 mgl 2,4-D and 0.5 mgl* BAP

3l e 9 il sles Jlas! 51 ey 4tin ¥ b sk 15, NAA

lisee ghaw Jlasl L Cyperus aromaticus sl cuis’ ;s



OYY L e Jolw s s 10 LS aiy goousaS pudisd g diged 3y y o 95| il

P =i Loy a8 Wb (et e Cpioen Awd b
(V0) cunl 0,5 Clabad gladigessy) Iyt S Slodigeln)

el pos i b Jolo 03, 55 24D Jlasl L il il

8 U e ]y Bl Mg g 2ljting €08 Wl e Hgei)
5 Pe sl 24Dl odlial b (pljaiy 8)0se olS > e
w5 le (pimen g 039y 02litul 3)90 sladigaisy) don 3 NAA
il ol e 556 opmST sl bae )3 oot s
Sl P 5se Galss JSis 4l 2/4-D o pols o ) (VY) ol
2,5 Jos NAA
Gymnema o> slacs, 5l edlaiwl L ( ddos b
9 BAP , 1) 55,8 Lo +/YY s3ls MS Loy 5 sylvestre
ok (el CiS e 9 (24 24D i 3 S (e < /FY
N ol oy oy JEsl b Joho (b cats (V+) 45 plol
S @le MS s he 4 Slll 4gly JsS gmn dig0i
bl oS g g Sl S0 924-D gl p)S e VD
S ladsls iS5 a8 ol Glis Slall gl Jsloo 1 ieto .y
oo Al Aol @3 o) B g 0l £955 S 4 o)k o)
(M) Bgd e bl dls o 3l lacais 5 oad iBgio Jobo A3,
SCV lade a5 oais )35 Pinus taeda L. gg; » slaslllas ;o
oS le (Sl Col a9 4Bl loljal cutSly gl e o) U
bl Loyl )3 (YA) 590 Lo Jobo cuiS jo ub) aBgy Juoay
e G9ie 9 el ) 4 Al oo Bl Lame )ty sla ol

| T gl e e il dy sla sl 4 o (gl Sy b g 2900l yobo 4y 265
e Olo=is an sl GBSl (S dgeiin) ol Stevia ) Lyl sLS <5,y g 0,5 laad (TF 5 YO) aind dsb]

oo Gl 5 2ljy @ (2STy L3 51 oS e 9 W90l MS S Loy e 55 d5geiisy lsic 4 (rebaudiana Bertoni
P YIVY L S 5 1o NAA 3 2,4-D Giliske (sl ilé b o0 los
9 €855 )18 bl 090 2liain (i LI I BAP Vg9 ,See

8 5 4o

Cope Loy wsSl coiS ol o 3aid gladisl 4 ases b

oo (ol > 5l o ot s oS 5 b 3l 5 (i
BAP (g0y98 jl o5 polie joi 13 NAA (50)90 23,5 oanlidie
Y au NAA ST ecbale ol ol 9058 o oliai el
2 2,4-D s NAA 50500 9> Joluw als ciS ol 00,5
BAP (50,50 il 58 clale oly an ay g 0 p,5 Lo ¥ clale
9 VF) Cwl oad oanline 0 e baiS plu )0 (olidin gqpb
Foe oS M5 lian Gl gl e 4 b S s (V-
2oLas 3l eolawl 5505 sl 6565 (g5l j3 a8 jobo Lo wiil o
=55 oyl 30 (YA 93 Gl od b diogd (S g Sal
iz gladiges, o g it slacussST as WS jasie
2 b ol 3l g (a4 (ST Ll ST S5
O sk dgs 04 48,5 Lp‘j 5yl s gle °l.‘.§u]af.’“&"|9'°
Dy usS ddllas 550 slacadsST den (gly umliwloj bylys

&l

1-Abrazeh M. 2004. Investigation of some ecological characteristics of Chavil (Ferulago angulata) in protected Dena

area. Ms.C thesis in Natural resources, Tarbiat Modarres University, Tehran. (In Persian)

2-Bhojwani S.S., and Razdan M.K. 1992. Plant tissue culture, Theory and practice. Elsevier, Amsterdam, London, New
York, Tokyo.

3-Daud Z., and Keng C.L. 2006. Effects of plant growth regulators on the biomass of embryogenic cells of Cyperus
aromaticus (Ridly) Mattf and Kukenth. Biotechnology 5:75-78.

4-Darderafshi M.J., Bahrami G.h., Sadeghi E., Khanahmadi M., Mohammadi M., and Mohammadi R. 2014. The effect
of Ferulago angulata essential oil on Staphylococcus aureus during the manufacture and preservation of Iranian
white cheese. Iranian Journal of Nutrition Sciences and Food Technology 8(4):13-20. (In Persian with English
abstract)

5-Dixon R.A., and Gonzales R.A. 1996. Plant Cell Culture: A Practical Approach. 2nd Ed. IRL Press.

6-Ehsanpour A.A., and Amini F. 2003. Plant Cell and Tissue Culture. Jahad-Daneshgahi-Esfahan Publisher. (In
Persian)

7-Evans D.E., Coleman J.0.D., and Kearns A. 2003. Plant cell culture: The basics. London, Taylor & Francis Publisher.

8-Farjaminezhad R., Zare N., Asghari-Zakaria R., and Farjaminezhad M. 2014. Establishment and optimization of cell
growth in suspension culture of Papaver bracteatum a biotechnology approach for thebaine production. Turkish



OYY L Jigr Jobw (hudss S jo (aLS oy grousaS pubisd § 45905 33 y e o5 Ll

Journal of Biology 37:689-697.

9-Farsi A.R., and Zulali J. 2014. Principles of plant biotechnology. Six Edition. Mashhad Ferdousi University Press.
Iran. (In Persian)

10-Foladvand Z., Fazelinasab B., darikvand R., and Gasmi-pirbaloti A. 2014. Optimization of Callus Induction and Cell
Suspension in Catharanthus roseus. Journal of Herbal Drugs, 5(3):157-163. (In Persian)

11-Ghasemian K.h., Nazeri S., Chehregani-Rad A., and Mirzaie-Asl A. 2012. The stages of somatic embryogenesis
derived from zygotic embryo of Dorema ammoniacum D. Journal of Cell & Tissue (JCT) 3(1): 21-27. (In Persian
with English abstract)

12-Gurel S., Gurel E., and Kaya Z. 2001. Callus development and indirect shoot regeneration from seedling of sugar
beet (Beta vulgaris L.) cultured in vitro. Turkish Journal of Botany 25: 25-33.

13-Hren M., Baebler S., Camloh M., Kovac M., Ravnikar M., and Zel J. 2006. Yew (Taxus x media Rehd.) cell
suspension cultures as a source of taxanes. Acta Physiological Plantarum 28: 3-8.

14-Hussain Z., Haroon M., Bano R., Rashid H., and Chaudhry Z. 2010. Protocol optimization for efficient callus
induction and regeneration in three Pakistani rice cultivars. Pakistan Journal of Botany, 42:879-887.

15-Janarthanam B., Gopalakrishnan M., Lakshmi Sai G., and Sekar T. 2009. Plant regeneration from leaf derived callus
of Stevia rebaudiana Bertoni. Plant Tissue Culture and Biotechnology 19(2): 133-141.

16-Khalil S.M., and Elbanna A.A.M. 2003. Highly efficient somatic embryogenesis and plant regeneration via
suspension cultures of banana (Musa spp.). Arab Journal of Biotechnology 7: 99-110.

17-Khawar K.M., Sarihan E.O., Sevimay C.S., Cocu S., Parmaksiz I., Uranbey S., Ipek A., Kaya M.D., Sancak C., and
Ozcan S. 2005. Adventitious shoot regeneration and Micropropagation of Plantago lanceolata L. Periodicum
Biologorum 107:57-61.

18-Koohi L., Zare N., Asgari-zakaria R., Sheikhzadeh-Mosaddeg P., and Daryani P. 2013. The role of plant growth
regulators and different explants on the tissue culture response and cell suspension in German chamomile
(Matricaria chamomilla L.). Journal of Crop Ecophysiology 2 (30): 203-214. (In Persian with English abstract)

19-Kwon T.H., Abe T., and Sasahara T. 1993. Efficient callus induction and plant regeneration in Sesamum species.
Plant Tissue and Culture Letters 10: 260-266.

20-Lee E., Mobin M., Hahn E.J., and Paek K.Y. 2006. Effects of sucrose, inoculum density, auxins, and aeration
volume on cell growth of Gymnema sylvestre. Journal of Plant Biology 49: 427-431.

21-Lukmanul Hakkim F., Kalyani S., Essaa M., Girija S., and Song H. 2011. Production of rosmarinic acid in Ocimum
sanctum (L.) cell suspension cultures by the influence of growth regulators. International Journal of Biological and
Medical Research 2(4): 1158-1161.

22-Molina S.M. 2004. In vitro callus induction and plants from stem and petiole explants of Salvia canariensis L. Plant
and Tissue Culture 14: 167-172.

23-Mortazavi R., Dehdari M., and Masoumiasl A. 2016. Study of Callus Induction of Medicinal Chavil Plant (Ferulago
angulata B.) Using Types of Explants and Growth Regulators. Agricultural Biotechnology 14(2): 73-80. (In Persian
with English abstract)

24-Mozaffarian V. 2007. Iranian Plant Culture Names. First Volume, First edition, Farhang-e- Moaser Publisher.
Tehran, Iran. (In Persian)

25-Mujib A., Bandhyopadhyay S., and Ghosh P.D. 2000. Tissue culture derived plantlet variation in Caladium an
important ornamental. Plant Cell, Tissue and Organ Culture 10: 149-155.

26-Murashige T., and Skoog F. 1962. A revised medium for rapid growth and bioassay with tobacco tissue cultures.
Physiological Plantarum 15: 473-497.

27-Mythili J.B., and Thomas P. 1999. Micropropagation of Pointed Gourd (Trichosanthes dioica Roxb.). Scientia
Horticulture 79: 87-90.

28-Ozgen M., Turet M., Altinok S., and Sancak C. 1998. Efficient callus induction and plant regeneration from mature

embryo culture of winter wheat (Triticum aestivum L.) genotypes. Plant Cell Reports 18: 331-335.

29-Palai S.K., Rout G.R., and Das P. 1997. Micropropagation of ginger (Zingiber officinale Rosc.): interaction of
growth regulators and culture conditions. Proceeding of Biotechnology of Spices, Medicinal and Aromatic Plants,
Kerala, 20-24.

30-Perez-Bermudez P., Cornejo M.J., and Segura J. 1983. In vitro propagation of Digitalis obscura L. Plant Science
Letters 30: 77-82.

31-Phillips G.C., Hubstenberger J.F., and Hansen E.E. 1995. Plant regeneration by organogenesis from callus and cell
suspension cultures. Plant Cell, Tissue and Organ Culture, Heidelberg: Springer and Verlag, 67-78.

32-Ramirez-Malagon R., Borodanenco A., Barrera-Guerra J.L., and Ochoa-Alejo N. 2001. Shoot number and shoot size
as affected by growth regulators in in vitro Cultures of Spathiphyllum floribundum L. Scientia Horticulture 89: 227-

236.
33-Richard D., Lescot M., Inze D., and De Veylder L. 2002. Effect of auxin, cytokinin, and sucrose on cell cycle gene



OYD . o Jolw s s 10 LS wiy (gaousaS pulicd g diged 3y y o 95| il

expression in Arabidopsis thaliana cell suspension cultures. Plant Cell, Tissue and Organ Culture 69: 167-176.
34-Senoussi M.M., Nora B., and Joe C. 2009. Impact of hypoxia on the growth and alkaloid accumulation in
Catharanthus roseus cell suspension. Acta Physiologiae Plantarum 31: 359-362.

35. Sarabadani-tafreshi R., Omidi M., Bihamta M.R., and Davazdahemami S. 2008. Study of in vitro embryo culture
and Effect of explants, different hormonal levels on callus induction and shooting of Ferula gummosa. Journal of
Medicinal Plants 27: 71-81. (In Persian)

36-Shahadati-Moghadam Z. 2001. Plant growth regulators. M.Sc. Thesis of agriculture, Mazandaran University, Iran.
(In Persian)

37-Sorbi E., Moradi a., Masoumiasl A., and Balochi H.R. 2017. Optimization of Callus Induction and somatic
embryogenesis in twoGenotypes of medicinal Chavil plant (Ferulago angulata L.). Plant Production Research
21(3): 41-62. (In Persian)

38-Silveira V., Floh E.I.S., Handro W., and Pedro Guerra M. 2004. Effect of plant growth regulators on the cellular
growth and levels of intracellular protein, starch and polyamines in embryogenic suspension cultures of Pinus taeda.
Plant Cell, Tissue and Organ Culture 76: 53-60.

39-Street H.E. 1977. Plant tissue and cell culture. 2" Edition, Blackwell. Oxford.

40-Taha H.S., EI-Bahr M.K., and Seif-EI-Nasr M.M. 2008. In vitro studies on Egyptian Catharanthus roseus (L.) G.
Don.: 1- calli Production, direct shootlets Regeneration and alkaloids determination. Journal of Applied Science
Research 4: 1017-1022.

41-Taran M., Ghasempour H.R., and Shirinpour E. 2010. Antimicrobial activity of essential oils of Ferulago angulata
subsp. Carduchorum. Jundishapur Journal of Microbiology 3: 10-4. (In Persian)

42-Zare A., Solouki R., Omidi M., Irvani M., Mahdi-Nezad N., and Rezazadeh S.H. 2010. Callus induction and plant
regeneration in Ferula assa-foetida L. (Asafetida), an endangered medicinal plant. Trakia Journal of Sciences 8(1):
11-18.



Journal of Horticultural Science (85,315 @ilio 3 psle) (SLLL pole @ s

Vol. 33, No.3, Fall 2019, P. 525-536 For n 4 OYD-BYS .o IVAA b ¥ o)lod FY uls
ISSN: 2008 - 4730 A Yook BVY. LS

The Role of Ecotype, Explant and Plant Growth Regulators on Cell Suspension
Culture of Ferulago angulata (Schlecht.) Boiss.

S.M. Alavil- A. Masoumiasl?®*- N. Zare3- R. Asghari Zakaria*- P. Sheikhzade Mosaddegh®
Received: 02-03-2019
Accepted: 27-08-2019

Introduction: The main habitat of Chavil, Ferulago angulata, in Iran is Zagros area. This plant has a
rejuvenating effect and is used to treat digestive diseases and intestinal worms. Because the different explants
show different amounts of callogenesis under the effect of different growth regulators, selection of an optimal
explant and suitable plant growth regulators combination has a significant effect on the production of callus and
their suspension culture. There is no reports on Ferulago angulata callogenesis and its cell suspension culture.
Therefore, this study was designed and implemented to optimize callus production and cell suspension culture in
this important medicinal plant.

Materials and Methods: Seeds of Chavil were collected from four different habitats in Kohgilooyeh and
BoyerAhmad Province in Southwest of Iran include Abenahr, Guayoune, Vezg and Sisakhat. Seedlings obtained
from embryo culture were used to prepare the explants. Various explants (leaf, root and stem) were cultured on
MS medium supplemented with different concentrations (0, 0.5, 1 and 2 mgl) of NAA and BAP. Callus traits
were evaluated and from the best culture medium, the best explants and the best PGRs composition for
callogenesis of each ecotype were used to cell suspension culture. In order to study the growth rate of cells in
suspension culture and plotting the curve of cells growth, two cell density indices and packed cell volume index
were evaluated. To determine the cell density index, every 3 days, 10 ml of cell suspension were transferred to
the graded falcon and centrifuged at 5000 g for 5 minutes, and the percentage of sediment cells was calculated as
the total volume. To determine the packed cell volume index, also every 3 days, 10 ml of culture medium
containing cells were transferred to the graded falcon and stored for 30 minutes to precipitate cells and cell
masses. Finally, the cell volume was recorded and was calculated as percentage of the total collected medium.

Results and Discussion: According to the callogenesis percentage, the best ecotype is Abenahr and best
explant is leaf explant. The highest level of NAA is 2 mgl?, and the best level of BAP is 2 mgl?, which causes
100 callogenesis percentage. The best medium for cell suspension culture is MS medium containing 2 mgl*
NAA and 0.5 mgl* BAP for callus was obtained from leaf explant of Abenahr ecotype. Along with these plant
growth regulators, 2,4-D was used in combination with BAP to form suspension culture. The results also showed
that 2 mgl™? 2,4-D plus 0.5 mgl* BAP were useful in producing suspensions. The difference between 2,4-D
+BAP and NAA + BAP combinations more cell volumes were observed, and cell suspension was created at a
faster rate and in less time, which is an advantage in research work. Growth rate of cell suspension originated
from the leaf explant was higher than root explant. In terms of culturing cell suspension, the Abenahr ecotype
was favorable compared to other ecotypes. During cell suppression culture of Cyperus aromaticus by applying
different levels of NAA, cell growth was increased up to 3 weeks after application, and then decreased. By
applying 2,4-D, cell growth also increased until the third week, and after the third week, cell growth declined,
which was very low growth rate compared with the NAA. In cell suspension culture of sugar beet, using 2,4-D
was much more effective than NAA on all explants. In the present study, 2,4-D was also more effective than
NAA for cell suspension culture of Chavil.

Conclusion: In general, the Abenahr was the best ecotype among of investigated. The explants in both callus
culture and the suspension culture, and the best combination of plant growth regulator in both culture was 2 mgl-
INAA plus 0.5 mgl* BAP.

Keywords: Callus, Genotype, PCV, Plant growth regulator, SCV
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Table 1- Analysis of variance for the effect of natural light and LED light quality on morphological indices of Solenostemon

transplant
Mean squares
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Sources of L1 Sy f | adlw Ay
variation Df Leaf Lea Internode Plant Stem Shoot Shoot d Root Root d
ea number length height diameter fresh ootary  cooch ootary
area weight weight weight weight
L'»jht 2 6.759™  185.200™ 517/380™ 30.954™ 2.961™ 4.985™ 0.0516™ 2.961™ 0.0116™
9
EUG;; 27 0.236 4.829 5.481 0.215 0.128 0.035 0.0006 0.089 0.0006
rror
Syt - 17.09 13.08 20.63 14.45 16.27 16.17 21.64 23.96 27.02
CV (%)
oy ) paw jd b xe **
**: Significant at 1% level.
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Table 2- Analysis of variance for the effect of natural light and LED light quality on physiological indices of Solenostemon
transplant
Mean squares
O puts 2alio &35l a4 yn JS Jud
? > = Wdg IS’ ‘. : ; ; ;
Sources of variation Df S g glod Total kA ,lS_ e
Leaf surface temperature chlorophyll Carotenoids Fv/Fm
Light - . . .
) 2 54.449 0.276 2.728 0.006
(%)
Error 27 1.120 0.008 0.167 0.001
(1) ' | | '
CV %
ol e . - 4.28 13.82 22.73 4.80
(©ly <o p2)
o pd O e 50 b Gxe F ao)d ) s (o ly jme P
**: Significant at 1% level, *: Significant at 5% level.
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Table 3- Mean comparison of the effect of natural light and LED light quality on morphological indices of Solenostemon
transplants

L B ) 85 ¥ 09 Sid ¥ 09 09
Sopoles g SRS LSl C 7 ek sl oY Suid
i = ol / o,Lwd L -
Light S, Leaf Leaf Internode § Stem 4
treatment number Plant i Shoot Shoot dry Root )
area length height | Crameter fresh weiaht fresh  Root dry
(cm?) (mm) 9 (mm) weight g weight iah
(cm) (@) welght
(9) (9) (9)
Blue+Red
oo 2920  21.00° 11.18° 3.07° 2,522 1.38 0.172 1,652 0.11¢
(08¢ )
White
(i) 3.632 17.00° 18.622 5.042 2.522 1.742 0.162 1.472 0.122
Control
s 1.99¢ 12.40° 4.24¢ 1.53¢ 1.58b 0.37¢ 0.04° 0.63° 0.05°

A5l o5 LSD 905l 5l oalil b (P<0.05) Jlo_sixe M) (gl gy 43 S jitio g > b (slaySilio
The values in each column followed by the same letters are not significantly differentns (P<0.05) based on LSD test.
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Table 4- Mean comparison of the effect of natural light and LED light quality on physiological indices of Solenostemon
transplants

S5 e S g slod JS Jsdy i SFE S g g 5 iles ol
Light treatment | eaf Surface temperature ~ Total chlorophyll ~ Carotenoids Fu/Fm
(C) (mg g™ fw) (mg g™ fw)
Blue+Red
o 23.33¢ 0.49b 1.26¢ 0.78°
(joR+)
White
. 23.41° 0.752 1.85° 0.832
(4i0)
Control
. 27.412 0.802 2.302 0.79°
(als)
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The values in each column followed by the same letters are not significantly differentns (P<0.05) based on LSD test..
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Table 5- Analysis of variance for the effect of natural light and LED light quality on morphological indices of Petunia
transplant

Mean squares

SleSglie @2 T Sl ) WS (39 SuS (59
Sources of &3 ~ S alass Blw 5 39 . iy ¥ 0439
iati Sy Al Ay
variation Df : Leaf Shoot fresh Root fresh -
Leaf area number weight Shoot dry weight Root dry
mean weight weight
Light
( i) 2 0.692" 10.133™ 0.163™ 0.0004" 0.001" 0.00037™
J
Error
() 27 0.144 13.229 0.010 0.0001 0.006 0.00003
CV %
o v - 24.69 26.87 28.45 27.25 19.09 26.15
(et . p2)

o3 O o p3 5 xS U8 a5 B e 1 b xe o3 Y paw yd Iy dae
**: Significant at 1% level, *: Significant at 5% level. ns: no significant effect at 5% level.
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Table 6- Analysis of variance for the effect of natural light and LED light quality on physiological indices of Petunia

transplant
i sl 4 Mean squares
) 5 W MHECSY = ) R . _ R R R
Source??v?riation g )Df " o gled S ey, 95,8 St s il
Leaf surface temperature Total chlorophyll Carotenoids Fv/Fm
Light
( i) 2 32.610™ 0.472™ 10.989™ 0.012m
J
Error 27 1.00 0.002 0.207 0.011
(1) | | | '
CV %
ol . - 4.18 4.37 20.89 15.46
(e <o p2)
o> B o )3 Y me 1 08B o )3 ) s )3 Iy re FF
**: significant at 1% level, ns: no significant effect at 5% level.
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Table 7- Mean comparison of the effect of natural light and LED light quality on morphological indices of Petunia
transplants

;s S g ibe aBlw 5 339 Wy ) Sl (39
Sog sl . -
. Leaf area average Shoot fresh weight Root dry weight
Light treatment (cm?) @ @
Blue+Red
L. 1.24P 0.28° 0.02°
(353+)
White
. 1.742 0.518 0.032
(4i)
Control X o b
(L) 1.64 0.29 0.02

3L e LSD (9051 ) eslial b (P<O.05) I sime M cll> gt b 53 S jiiie gy b by uSobeo
The values in each column followed by the same letters are not significantly differentns (P<0.05) based on LSD test.
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Table 8- Mean comparison of the effect of natural light and LED light quality on physiological indices of Petunia transplants

S99 o JS Jedg s Mg )l Sy daw glod
Light treatment  Total chlorophyll  Carotenoids | eaf surface temperature
(mg g™ fw) (mg g fw) (°C)
Blue+Red
T 1.06° 3.12% 22,91
(3o5+ )
White
. 1.06° 2.37° 22.83°
(ta8es)
Control
1.442 1.05° 26.00?
Al

A8l oo LSD 09»)'1 Sloslazwl b (P<0.05) jlo sxe BMB] (gl)ly ygiw s 5> S e B9y b b, SSlio

The values in each column followed by the same letters are not significantly differentns (P<0.05) based on LSD test..
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Introduction: The light is not only a photosynthesis energy source but also is a plant growth and
development stimulation from germination to flower initiation process. The light quality plays an important role
in all steps of growth process particularly in photosynthesis and morphological properties of plant species.
Studies have reported that, LEDs present the maximum PAR efficiency among artificial lighting systems. LED
lamps contribute to energy saving by 75 and 30 percent as compared to incandescent light bulbs and fluorescent
lamps, respectively. LEDs emit blue, red, orange, yellow, green, red, and infrared light and can be used as a
hybrid spectrum. For these reasons, an experiment was conducted to investigate the effect of quality of LED
light on morphological and physiological characteristics of Solenostemon and petunia.

Materials and Methods: Research experiments were conducted on Solenostemon escutellariodes ‘Wizard
Scarlet’ and Petunia x hybrida ‘Scarlet Eye’ in a completely randomized design with three treatments of
different light quality and 10 replications. The seeds were planted in 105-cell seedling trays and in a mixture of
70% peat moss and 30% perlite. Seedlings were grown in natural greenhouse (control) and LED (50% blue +
50% red and 100% white light). The light intensity was 60 = 5 pmol.m2.s™ for LEDs and the daily greenhouse
cavity was 5 = 14 umol.m2.d". Since the main goal of the study was to compare the effect of LED light quality
with sunlight in conventional greenhouse conditions. The LED treatments were applied from the germination
until seedling production stage in a growth chamber with the light/dark regime of 18/6 hours, 23+1°C
temperature, and 50+5% relative humidity. While, their tray in the greenhouse with 55+5 mol.m?2.d* DLI,
21+5°C average daily temperature and 50+£5% relative humidity (Data logger 8808 temp. + RH) were regarded
as the control treatment. After eight weeks, the morphological and physiological traits were recorded. Finally,
the data were statistically analyzed with SAS (9.4) software package, and the means were compared by LSD test
atp <0.05 level.

Results and Discussion: At the end of study, some morphological and physiological traits were evaluated.
The results showed that the leaf area average (3.63 ¢cm?), height (5.04 cm), internode length (18.62 mm), stem
diameter (2.52 mm), shoot fresh weight (1.74 g) and chlorophyll fluorescence (0.83) of Solenostemon seedlings
in 100% white light were more than 50% blue + 50% light green and greenhouse light. Also, the highest leaf
area temperature (27.4 ° C), total chlorophyll (0.8 mg g fw) and carotenoids (2.229 mg g* fw) were related to
control treatment and the highest number of leaves (21), shoot dry weight (0.165 g), fresh (1.65 g) and root dry
weight (0.114 g) were observed in 50% blue + 50% red light composition. According to the results of petunia,
white LED light increased leaf area (1.74 cm?), shoot fresh weight (0.51 g) and root dry weight (0.03 g). The leaf
surface temperature (26 °C) and total chlorophyll content (1.44 mg g* fw) in the control group were higher than
the other treatments, and the carotenoids content (3.12 mg g* fw) was obtained in 50% red + 50% blue LED.
The leaf surface temperature and total chlorophyll content in greenhouse light were higher than other treatments
and the highest carotenoids (3.119 mg / g) were obtained from 50% red + 50% blue LED.

Conclusion: Light quality has a great impact on the growth and development of plants and is a powerful tool
for controlling various processes. The results showed that different light sources with different qualities had
different effects on different plant species and that LEDs could replace natural light in growing chambers and in
areas where light was insufficient. Due to the increased quality and reduced transplant losses in the transplant

phase and their low utilization, they are justified in terms of production costs. It should be noted that in addition
to light; temperature, humidity and other environmental factors are also effective in transplant production. Based
on the measured indices in Solenostemon, it can be concluded that the red + blue LED light transplanting stage is

1, 2 and 3- M.Sc. Student and Assistant Professors, Department of Horticultural Sciences, Faculty of Agriculture,
Shahre-kord University, Iran, respectively.
(*- Corresponding Author Email: mghasemil352@gmail.com)
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superior to other treatments .In petunia, white LED treatment caused the highest shoot and fresh and dry weights
of roots and leaves respectively. Like Solenostemon, the highest chlorophyll and leaf surface temperatures were

related to the control treatment and was superior to the petunia transplant in terms of the sum of measured
indices of white light treatment.

Keywords: Leaf chlorophyll fluorescence, Light quality, Morphology, Transplant
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Figure 1- Effect of different levels of salinity stress on calli growth in Dianthus barbatus
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Table 1- Effect of different levels of salinity stress on final growth rate, fresh weight and dry weight of Dianthus barbatus calli

Sy O 5039 S 59 2w, ES
Salt stress treatment  Fresh weight Dry weight  Final growth rate

(g I NaCl) ()] (9) (mm)
0 (control) 0.77 a 0.018 a 0.61af

1 0.66 b 0.017 a 0.31b

3 0.45b 0.011b 0.10 bc

6 0.37 bc 0.011b 0.09 bc

9 0.36 bc 0.010 b 0.08 bc

12 0.28 ¢ 0.008 b 0.05c
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The means with common alphabets are not significantly different at the 5% probability level using Duncan's multiple range test.
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Figure 2- Effect of different salinity levels on total protein content in Dianthus barbatus calli (DMRT, P<0.05)
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Figure 3- Effect of different salinity levels on glycine-betaine content in Dianthus barbatus calli (DMRT, P<0.05)
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Figure 4- Effect of different salinity levels on betaine aldehyde dehydrogenase activity in Dianthus barbatus calli (DMRT,

P<0.05)
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Figure 5- Effect of different salinity levels on superoxide dismutase activity in Dianthus barbatus calli (DMRT, P<0.05)
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Figure 6- Effect of different salinity levels on catalase activity in Dianthus barbatus calli (DMRT, P<0.05)
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Figure 7- Effect of different salinity levels on peroxidase activity in Dianthus barbatus calli (DMRT, P<0.05)
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Figure 8- Effect of different salinity levels on malondialdehyde content in Dianthus barbatus calli (DMRT, P<0.05)
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Table 2- Correlation analysis between the activity of different studied enzymes and their related products
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** Significantly correlated at 0.01 probehility level by Pearson Correlation Test.

(1) %Liuwulc 3 ] Cawl 015 oo)liS alisee pidioee lawgs
5 (AY) LysS g Lisg (V) ghlen 5 Yol (YA) s 2j> 9 Vsl
Pl SSue ol slaaiy 355 Slillle )3 (M) il5 9 BSIs
S ddgr 00l I, 8 Sid 556U con gl ddad (90 lazes
DESVPRINNSI S W] E O ) FPTNER JIPJONK s I
Grg= T Il 5 sk 1) (el 005 o o g ptalS
u&mUboi&W@j\«fﬁb&)M&Ys@xlgd
blugl pas dagl (SuSs 2 9 008 gon do Joloo uilysi jLid
(FA 5 F5) 1l 1o iy 5> ok s iigh 5 Jokos o053
Olie 45 md e (Lt Lo pig iy 1503 (s I (o
S Al oo A5 i ol 3 Cod (LS 8L (159
S Suo sladsgeisy (OA) hHlSen 5 BlST Lingh j> A8
S by (69, 4o 1, (Sweet William) "sllg cusgw' o8,
155905 odlitie Lol 13,8 Ly matw 20,08 L bl jles bawgs
4ol )3 g 0dd (g CElu Sl cge (6)98 o &S
)95 4 Gy > 4Bl LT (sladiy )3 S92 90 (Sl (nigy Jlada
OBy Fw e sk 0193 oo sloail B ) (S Al oo Sl
(OF) gl sisme 55 (0 )18 (25 il cod s o8 ol
BB jgrden G5 (o e I 6l &5 L3905 )15
@b 5l g5 oo JS g cale )3 il il (med 2 g
3 e L g Oliee G018 1 oMo (598 A5 3L i
sl cdld jrals czge Sl o Laguig iy (Lot lo
P c2ge Gygd BT (F4) 2925 (lalS 10 3290 lagy ]
ge s Ll &8 0 Slil (la JIS03)) 5 ()T b (sloisS
5 oS L allie can lS » Jslue sl p3ilse 1 (S
I U g (g pomml 0aiiS clablone LS 5 goos o] ke il
A5 1550 )5S (YA) oySed 5 LSILe 08l oo (5 3am] 01218
09 W55 (0 )3 (5)98 S oy 3 &5 Sloj GlalS e
CloodiS Jods jugw plSe 3,5 3)ly (sl dedo oLS 4 4SS

3 )

sle sl Ly Ja5,8 oS asly s slaay i) als
95 =9 5 (F) (Sl 5 653l (OY) GhlSen 5 Jous
GO 48 (80) GhlSen 5 lellige rizren 5 (1F) oK
5 38 (e (S22 5 6)9-8) S5 e 31 L lesges
Srgd S5 4 d2lge plin p3 ) ialS b oo Billae 9
oy Jop 2l 5o o Jrilty (s3liogiosn (3)55mmy S 4
sl g (VF) 183 5 b gl | &S 13l
ol Ay GialS g dig aby ke b et ()9 AT
D3y oo 5 Slind (49,0 L 3 by (g Rl cage
cdld rals lals 3 ()b i ol Sl (S e )
(_'ﬂ JLod 4 4 COz s ialS Coge &S Cul LasoT & i gi8
g OWlabw (cdinggy )3 (YY) 2980 o5 j 0lS (1jg 9 5y Ol
oS sladsgeinn) 595 2 S)9=8 U (y 0 b (BF) oS
9 35 oj9 45 bl Ll ((Stevia rebaudiana Bertoni) b gl
6395 5 b oS (gl gine sl 4 gt ol (sladiy Sz
S 5 48 Kidges odalie 5 o3l gl jsbo 4y 5,5 o0 )13
sobdn Ladin i g 55 (g amadw A8 Y5 (e B
P35 o VF g VY i i 4 g s ) a8 (5l ixe
Gopd G5 Jole |y Lo ety SS9 5 (g GalS s o ol oy
o 0329 4y cilise (sl s (595 2 e 218 550
OLSen 5 (s Aidg05 S5 il Jltd el g el
5ol 18 gy G5 b cov 1) Sua olS (slaaiy oS (Y0)
LS e e Gl L a5 Bl gyt iy Ailes 50
Oiped b oo lalS (L5 jls s U badiy A) eae
i Jols slaain g9y p ol (25 Jlesl L (81) 03595,
(JSM sl (o cale) (s Gljal L o8 aaidly > S5
Vool cdale o5 0S5 o iy Lials o, 4 e dig Ad) e
b pialS (L5 Gliwe 4o b Ay 55 803 Yo g oy
8 QR E5S S 0dlgils Ll (lalS )3 atp A8y (LalS



IWAA 5l oF oyl XY alo (5559l @uluo g pole) Sl pole 4y pis  OF

Olie ys 359y Cliis (S0 53 )03 g jl b a1
alllas 3)90 olS Canglio 4y gl JUgensd AT ygm o5l b
S9y 238 gk 3 (V) ghlen 5 (ol pl cunl 039 Cglate
ly Fslaie oI (Calendula officinalis L.) jlg, ddson oLS
e e i bl b oo 4 Wdges i)l Ll 3905 Amliie
oS o b )l_o.u A Cond )l;}o._w.b .\»_».SI)JW p.:).j L»v.]l’ﬁ
y ymel oyl s Ll il inlS s g i3l Il jlag dduen
s (356 g JLab (3 (slmdsisS Aol s gos
sl C)] L dlge jo olS L;31.\,,..515231
o) Ol 69 i il b asdl ) iogs adllas p3 o
saalie o] (gl (—ialS 159y g b e Liul58l i (superbus
weg—ady slaliie B35 535 (W) ghlen 5 (Jlpn 235 oo
o $35loy Ol & (Thymus daenensis Celak) s> il
Sy o VB w3l cdlad (il case 5)5d (15 4L 5
35 (V) 2ol 9 63,58 ymaeal 3 S (o (253 (gl
sl sl 5l edld (e (Il cage (5)9 (A 8L )
(Nigella sativa L.) slialuw olS 3 jlawsTy 059 45 (Sl
1953 SlnS] 5l a3l cullsd p3 ialbl K, cpl g o0
ol 003,85 sdalidio 55 (g 5ewl LED yeoed ;K00 gla Wi 4
olS laaiy g9y 2 plas> adllas 3 33 (FY) hen 5 (onindio
BT i I3l Ly oS Wil (el G o S5 )3
0o 3\)'] JLSoaly s 185 calisee Lgl_mw.i)‘j Colled liee
23,5 0 03938 5l g 5YB 65U gemd STy gu

IS (V) ohlSen 5 555 cizman 5 (V) ollSan 5 5256l
Sygi i ot oad dbu dwsS g (gla JISG0l) a8 Wages
Olee d o )d g 0d b sl clad o o wlianSTy el
Hhﬂidboyu as u)“bui Shams o iolsel ], .\.;.l.m.\.ﬂdboﬁln
03 S lgis @ b Selgdanl (glinnsTy Joame
aS" adl s isly pbsl Dianthus superbus (gg; y &5 (glasllles
olali8 L ail i lalS  wladlliopgle Slege ol
L as asadl )y i cood )l ddined ol 59y y (sladllas yo
ying a8l s b 4o wlaall e yglle (slgime (i il

3o el l38l 5ok ) sl M zeen (e
Cuaglio Soul g ol 900 Ol Lai )3 LS (slaJsho Jusgiom
Clgonl gazs (V) Y58 5 Bpil lei oSS 03l (25l 5
Olg_;.c a oT fa ) )'I as J_J.}bu_.o EPs & I) U'SL"_U“"‘”M?
Olals 3 (oS 5 5y9 i Slallas ) pge pa3Ls
Colgomwl il dl (FA) 4 LSan g 26L 500 (gow jl blodgedsly
RSN KV 1 -] [FCIRPp S g | PEI PR W g
S Ulodgal S5)155 g il ype ol (o sk YIFS] S
o Gl pials g Johe slalie ()lul ) st Cps Y5
P olels 4 aad o ol Gldlas yled oo W) 58 gl
Clgol g 4> (Jolate (lacuglio cilisee (gla il
Oibgin slaa bl (YO) ias o lis 305 5l il pans IS
S, g sten (\‘\) pldo g (&m0 sl b asdl, jis gladiy
o ol cnl g Bl Gl Bl es)pd A5 gohaw GRIBIL J8)3
259555 b g 0j)lS" (slain gun o5 29 Fhe iy Cunglio )3 (5920
200,50 odnlie id 50 p 5 VY il mdaw o >
(H202) (3503 dpuSTyy alar 51 Jlb (1308 lgil jloe & 2o
St g (6590 diilod (awjpé SLa i (b > 4 29 s
lom il 5l ) Sod (S 55 VB (FY) sl o gens g abxl
b b cengoa S el gila w81 s ial S | s
o b ol 3l g 20,5 e (3mST 5 Ol & (y0maSTy
53 5 31 (T0) S e 2RI Jobo 53 1) (595 um ST
oils Jds b 3la sl 51 S5 09,5 o lgie 4 lajlunsTy
a5 5)h egte sladSlas (S uSlgl blas ) &y Sloyins
93051 JLSGaly oais I ¢ oS clid as >0 o op yiene
(Y 9 A) il 055 rhm Sy slol 018 SIS

C>go T C.‘a_w uwl)el as” Wiloaly UL»; ol ©lidss
51 g olT JLSonly eaiS s Lo 3l culled lise yial3l
2 STy o YUK Ghgewd duwsSTyiow amen (Sl
(F7) Ll 5y ()90 (i3 ogeadd 335 o Cilisen LS
oo 3 Sl (69) 2 3985 Glgf ) Sl gl diiles 5o
ol il 8l coge (6y9b (5 Hlesd a5 A8l > (gladnd (49

cosg glmaiy ) 5luSly 5 ;YU bgowd denS g oo 3l
4 oS cuwlie Cuogliio yguoyd (13905 (15,135 el 23,5 o0 SIS



OFN i 5 oLS a3 gl (B35 g (6 ol ciliblons gy s asls p slaiond (3950 )b i il

Oy Oliwe (1381 5 09Me (OSMOProtection) (1uissg y gowl
L 565950 ol il oo 3l cullad ol jue (205 does )3 JS
Ol Gl czge ol cnl il il (i Gl (]38
a8l (i ladin ) (b sob 4 b e gia
slacald ol e sl ST ol abslowe pilSe p3.03,8
9 )YL}‘S ‘)’wa MSI))?AA}) .)I)T Jl_ig‘.)‘) am)&;} dlmﬂ,:/u]
8l iolial gyl ixe yeb 4y LD e (il b (GlawmSTys
ege ) O‘}ﬁ.ﬁ odiS RS )f)Lo% e O‘?’:" & .\,».Lm.\ﬂdaoyl.o
e oaimd iyl ol cdly ol38l 55 doesyd (Wb e o
glad s (6, 8 1ol L bl o baly 4 odyly L (i
L 69 OIS 4 Ja5)8 olS bl AT gladiy glite slaguly
SlopislSe dadiy 4 Had A5 G40 )l o8 pele duy o slas
4 81 5 dged Jos 9> 4 olS Cpl 0 i 4 Cwglie o 5D
Syoml Clablre (slapjilse (Jg e2)S A5 (il o ge (5

253yl Jos 4y (65 5l> ety Jlgj 9 S pe ) Sl il

d)‘}i“k-“’

g Cslyy ole ozl (idgh b il g yiae Allie oy
alwgindy b o olisle S ssly oMl Sl slKiily bl Mol

So=xe g (Jle coles s olisle S dsly oMl ol31 ol 5]
23,5 (o0 (108 5 Sl odaghy 25k

e plSin 33 (VF) oSen 5 (LS sleulio yobo 4 23,5 (0
(035 4l Sl 4 laa i 25 L 4Bl A G 0
P aslallesdle e « Ko cdale ol b Loges osnlin
9 835 gyt Gigi dilen b oo SRl (alS L
Sosh U5 cod (Morus alba L) slacg p jo (0F) oS
ol e ol bl ke S (al3dl b a5 sl
Sl b Joho (sLi GgpalinnSly j padls Sy wladlooyglle
Ol yain y o o)l oo Siuaod sLie jlolg o i b g
o9 S ks g el grolinnsTy 298 yude Lol opglle
s Jlansl @)l (o 5 g 0 ol Jolo sl

ool yal cpl e g Glgly (nl S 290

S 5 4ol

sladiy Joos abwl g gub Sl ol ingh mbs

sladly Coglio Jbb (e )3 g (sl ()0 bame )5 J&5)8 IS
e S )lS L ()58 5l (U (sladied (993 GBS 4 5,58 olS
O sy 03 Jood bl (139 (b > 4 4 ST Bl e
2 oS bl JialS ()ed (i bl s cod gl g 5 aly
S 300,55 059,55 b g 05918 vy (5 sl jl Sz
lalitlors 13 dlas ) LA &y Cuoglie ilies clap plSe LS00
L godd Jlad g5 aor (O] JLsial, (slaoaiiS )85 5 (gjaml

Pl Sy il ioli 8l o) e jobo a4y T e ]38l

&l

1- Aeby H. 1984. Catalase in vitro. Methods Enzymology 105: 121-126.

2- Ahmadpour Dehkordi S., and Balouchi H.R. 2012. Effect of seed priming on antioxidant enzymes and lipids
peroxidation of cell membrane in Black cumin (Nigella sativa) seedling under salinity and drought stress. Electronic
Journal of Crop Production 5(4): 63-85. (In Persian with English Abstract)

3- Ali A, Afrasiab H., Naz S., Rauf M., and Ighbal J. 2008. An efficient protocol for in vitro propagation of carnation
(Dianthus caryophyllus L.). Pakistan Journal of Botany 40: 111-121.

4- Al-Khayre K.M., and Al-Bahranny A.M. 2002. Growth, water Contene, and proline accumulation in drought stressed
callus of date palm. Biological Plantrum 48(1): 105-108.

5- Arakawa K., Katayama M., and Takabe T. 1990. Levels of Betaine and Betaine Aldehyde Dehydrogenase Activity in
the Green Leaves, and Etiolated Leaves and Roots of Barley. Plant Cell Physiology, 31(6):797-803.

6- Arakawa K., Takabe T., Sugiyama T., and Akazawa T. 1987. Purification of betaine-aldehyde dehydrogenase from
spinach leaves and preparation of its antibody. Journal of Biochemistry 101: 1485-1488.

7- Ashraf M., and Foolad M.R. 2007. Roles of glycinebetaine and proline in improving plant abiotic stress resistance.
Environmental and Experimental Botany 59: 206-216.

8- Ashraf, M., and Harris, P.J.C. 2004. Potential Biochemical Indicators of Salinity Tolerance in Plants. Plant Science
166: 3-16.

9- Ayse S., and Alikamanoglu S. 2013. Antioxidant enzyme activities, malondialdehyde, and total phenolic content of
PEG-induced hyperhydric leaves in sugar beet tissue culture. In Vitro Cell Developmental Biology Plant 49: 396-
404.

10- Azizi M., Chehrazi M., and Zahedi S.M. 2011. Effects of Salinity Stress on Germination and Early Growth of
Sweet William (Dianthus barbatus). Asian Journal of Agricultural Sciences 3(6): 453-458.

11- Boominathan R., and Doran P.M. 2002. Ni induced oxidative stress in roots of the Ni hyperaccumlator, Alyssum
bertoloni. New Phytologist 156: 202-205.



IAA 5l oF o lods XY alo ((6559LiS @uluo g pole) Sl pole @y pis  OFY

12- Bradford M.M. 1976. A rapid and sensitive method for quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anals of Biochemistry 72: 248-254.

13- Cai X., Niu G., Starman T. and Hall C. 2014. Response of six garden roses (Rosax hybrida L.) to salt stress.
Scientia Horticulturae 168: 27-32.

14- Chandra S., and Rawat D.S. 2015. Medicinal plants of the family Caryophyllaceae: a review of ethno-medicinal
uses and pharmacological properties. Integrative Medicine Research 4: 123-131.

15- Compton M.E. 1994. Statistical method suitable for the analysis of plant tissue culture data. Plant Cell Tissue 37:
217- 242,

16- Dash M., and Panda S.K. 2001. Salt stress induced changes in growth and enzyme activities in germination
Phaseolus mungo seeds. Biologia Plantarum 44(4): 587-589.

17- de Azevedo-Neto A.D., Prisco J.T., Enéas-Filho J., de Abreu C.E.B., and Gomes-Filho E. 2006. Effect of salt stress
on antioxidative enzymes and lipid peroxidation in leaves and roots of salt-tolerant and salt-sensitive maize
genotypes. Environmental and Experimental Botany 56(1): 87-94.

18- Doel J.M., and Wilkins H.F. 1999. Floriculture: principles and species. Prentic-Hall, Inc. New Jersy, USA. 613p.

19- Ebrahimi M., Zamani G.R., and Alizadeh Z. 2017. A study on the effects of water deficit on physiological and
yield-related traits of pot marigold (Calendula officinalis L.). Iranian Journal of Medicinal and Aromatic Plants
33(3): 492-508. (In Persian with English Abstract)

20- FAO. 2010. Extent and causes of salt-affected soils in participating countries. Available on URL:
http://www.fao.org/ag/AGL /agll/spuch/topic4.htm.

21- Galbally J., and Galbally E. 1997. Carnations and Pinks for garden and greenhouse. Timber Press, Portland Oregon,
USA. 310p.

22- Ghasemi Ghasareh M. and Kafi M. 2015. Floriculture: Princiles and Practicals. ElIm Afarin Publication, Esfahan,
Iran. 313p.

23- Ghorbanli M., Ahmadi F., Monfared A., and Bakhshi Khaniki G.H. 2012. Effect of salt stress and its interaction
with ascorbate on catalase, ascorbate peroxidase activity, proline and malondialdehyde in Cuminum cyminum L.
four weeks after germination. Iranian Journal of Medicinal and Aromatic Plants 28(1): 14-27. (In Persian with
English Abstract)

24- Gill S.S., and Tuteja N. 2010. Reactive oxygen species and antioxidant machinery in abiotic stress tolerance in crop
plants. Plant Physiology and Biochemistry 48(12): 909-930.

25- Giri J. 2011. Glycinebetaine and abiotic stress tolerance in plants. Plant Signaling and Behavior 6(11):1746-1751.

26- Grieve C.M., and Grattan S.R. 1983. Rapid assay for determination of water soluble quaternary ammonium
compounds. Plant Soil 70: 303-307.

27- Gunes A, Inal A., Alpaslan M., Eraslan F., Bagci E.G., and Cicek N. 2007. Salicylic acid induced changes on some
physiological parameters symptomatic for oxidative stress and mineral nutrition in maize (Zea mays L.) grown
under salinity. Journal of Plant Physiology 164: 728-736.

28- Haouala F., and Jaziri F. 2009. In Vitro Propagation of Carnation (Dianthus Caryophyllus L.) Under Salt Stress.
Pakistan Journa of Biotechnology 6(1-2): 27-30.

29- Haouala F., Hannachi C., and Zid E. 2003. Exploitation de la variabilité soma-clonale pour la recherche d’oeillet
(Dianthus caryophyllus L.) tolérant & la salinité. Tropicultura 21(1): 16-21.

30- Harati E., Kashefi B., and Matinizadeh M. 2017. Investigation of Reducing Detrimantal Effects of Salt Stress on
Morphological and Physiological Traits of (Thymus daenensis Celak.) through Salicylic Acid Application. Plant
Production Technology 8(2): 111-125. (In Persian with English Abstract)

31- Hashemi Esfahani S.A. 2008. Modern Floriculture Extension. Sepehr Publication, Tehran, Iran. 192 p. (In Persian)

32- ICARDA. 2002. International cooperation Highlands regional program. Available on: URL: http//
Www.icarda.cgiar.org.

33- Irma T., Jolan C., Gabriella S., Ferenc H., Attila P., Gabriella K., Agnes S., Margit S., and Laszlo E. 2002.
Acclimation of tomato plants to salinity stress after a salicylic acid pre- treatment. Acta Biologica Szegediensis
46(3-4): 55-56.

34- Kar M. and Mishra D. 1976. Catalase, peroxidase and polyphenol oxidase activities during rice leaf senescence.
Plant Physiology, 578:315-319.

35- Li-Ping B., Fang-Gong S., Ti-Da G., Zhao-Hui S., Yin-Yan L., and Guang-Sheng Z. 2006. Effect of soil drought
stress on leaf water status, membrane permeability and enzymatic antioxidant system of maize. Pedosphere 16: 326-
332.

36- Lutts S., Almansoure M., Kinet J.M. 2004. Salinity and water stree have contrasting effects on the relation ship
between growth and cell viability during and after stress stress exposure in durum wheat callus. Plant Science 167:
9-18.

37- Ma X., Zheng J., Zhang X., Hu Q., and Qian R. 2017. Salicylic Acid Alleviates the Adverse Effects of Salt Stress
on Dianthus superbus (Caryophyllaceae) by Activating Photosynthesis, Protecting Morphological Structure, and
Enhancing the Antioxidant System. Frontiers in Plant Science 8: 600



http://www.fao.org/ag/AGL/agll/spuch/topic4.htm
http://www.icarda.cgiar.org/

OFY i 5 oLS a3 gl (A5 g (6 ol ciliblons gy s asls p slaiond (3950 )b i il

38-Makela P., Peltonen-Sainio P., Jokinen K., Pehu E., Setala H., Hinkkanen R., and Somersalo S. 1996. Uptake and
translocation of foliar applied glycinebetaine in crop plants. Plant Science 121: 221-230.

39- McCord J.M., and Fridovich 1. 1969. Superoxide dismutase. An enzymic function for erythrocuprein
(hemocuprein). Journal of Biological Chemistry 244(22):6049-6055.

40- Minami M., and Yoshikawa H. 1979. A simplified assay method of superoxide dismutase activity for clinical use.
Clinical Chemistry Acta 92: 337-342.

41- Miri H.R., and Moghadam A.Z. 2015. The Effect of External Usage of Glycine Betaine on Corn (Zea mays L.) in
Drought Condition. Iranian Journal of Field Crops Research 12(4): 704-717. (In Persian with English Abstract)

42- Moshashaei A., Jowkar M.M., and Farshadfar E. 2019. Callogenesis optimization and the effect of in vitro osmotic
stress on Dianthus barbatus (L.) calli. Journal of Plant Process and Function 7(27): 237-252. (In Persian with
English Abstract)

43- Munir N., and Aftab F. 2009. The role of polyethylene glycol (PEG) pretreatment in improving sugarcane’s salt
(NaCl) tolerance. Turkish Journal of Botany 33(6): 407-415.

44- Munns R. 2002. Comparative physiology of salt and water stress. Plant, Cell and Environment 25: 239-250.

45- Nisreen Y., El-Kichaoui A., and Ayesh B. 2015. Enhancement of Salinity Tolerance in (Dianthus caryophyllus L.)
using in vitro Selection Technique and Isolation of Potential Salinity Tolerance. Islamic University- Gaza Deanship
of Postgraduate Studies, Faculty of Science, Department of Biological Sciences. pp: 67-87.

46- Orcutt D.M., and Nilsen E.T. 2000. The physiology of plants under stress, soil and biotic factors. John Wiley and
Sons. New York, USA. pp: 177-235.

47- Oz Aydin S., Dirmenci T., Tumen G., and Can Baser K.H. 2006. Plants used as analgesic in the folk medicine of
Turkey. Proceedings of the 4" International Congress of Ethnobotany (ICEB 2005). pp: 167-171.

48- Parida A.K., and Das A.B. 2005. Salt tolerance and salinity effects on plants: a review. Ecotoxicology and
Environmental Safety 60: 324-349.

49- Patade V.Y., Lokhande V.H., and Suprasanna P. 2014. Exogenous application of proline alleviates salt induced
oxidative stress more efficiently than glycine betaine in sugarcane cultured cells. Sugar Technology, 16 (1): 22-29.

50- Razavizadeh R., and Ehsanpour A. 2004. Studying the tolerance of Medicago sativa L. calli to drought stress under
UV-C irridation. Iranian Biology Journal 17(2): 1-12. (In Persian with English Abstract)

51- Rostami M., and Mazaheri S. 2010. Effect of salinity stress on Dianthus barbatus seed germination. Medicinal
Plant National Conference. Sari, Iran. (In Persian)

52- Sakthivelu G., Akitha M.K., Giridhar P., Rajasekaran T., Ravishankar G.A., Nedev T., and Kosturkova A. 2008.
Drought- induced alteration in growth, osmotic potential and in vitro regeneration of Soybean cultivars. Plant
Physiology 34(1-2): 103-112.

53- Salmalian M., Ghasemnejad A., and Mashayekhi K. 2017. The study of quantitative and qualitative changes of
Stevia rebaudiana Bertoni. Callus under the influence of salicylic acid and salt in solid and liquid culture conditions.
Quarterly Journal of Ecophytochemisrty of Medicinal Plants 19(3): 23-39. (In Persian with English Abstract)

54- Sotiropoulos T.E. 2007. Effect of NaCl and CaCl, on growth and contents of minerals, chlorophyll, proline and
sugars in the apple rootstock M4 cultured in vitro. Biologia Plantarum 51: 177-180.

55- Soundararajan P., Abinaya M., Yoo G., Park M., Sowbiya M., and Byoung R.J. 2015. Silicon Alleviates Salt stress
by Modulating Antioxidant Enzyme Activities in Dianthus caryophyllus ‘Tula’. Environmental Biotechnology
56(2): 233-239.

56- Sudhakar C., Lakshmi A., and Giridarakumar S. 2001. Changes in the antioxidant enzyme efficacy in two high
yielding genotypes of mulberry (Morus alba L.) under NaCl salinity. Plant Science 141: 613-619.

57- Sunita D., and Gupta A.K. 2002. Tissue culture studies in carnation (Dianthus caryophyllus L.). MS Thesis. College
of Agriculture. CCS Haryana Agricultural University, Hisar, India. pp: 68-96.

58- Takahashi R., Liu S., and Takano T. 2009. Isolation and Characterization of Plasma membrane Na+/H+ antiporter
Genes from Salt-Sensitive and Salt- Tolerant (Sweet William). Journal of Plant Physiology 166: 301- 309.

59- Tehranifar A., and Kharrazi M. 2016. In Vitro Culture of Carnation (Dianthus caryophyllus L.) Focusing on the
Problem of Vitrification. Journal of Biodiversity and Environmental Sciences 5(13): 1-6.

60- Thakur M., and Sharma A.D. 2005. Salt-stress-induced proline accumulation in germinating embryos: evidence
suggesting a role of proline in seed germination. Journal of Arid Environments 62: 517-523.

61- Varier A, Vari A.K., and Dadlani M. 2010. The subcellular basis of seed priming. Current Science 99(4): 450-456.

62- Yildirim O., Aras S., and Ergul A. 2004. Response of Antioxidant System to Short-term NaCl stress in Grapevine
Root stock-1616¢ and Vitis vinifera L. cv. Razaki. Acta Biological Cracoviensia 46: 151-158.

63- Zhang F.Q., Zhang H.X., Wang G.P., Xu L.L., and Shen Z.G. 2009. Cadmium induced accumulation of hydrogen
peroxide in the leaf apoplast of Phaseolus aureusand Vicia sativaand the roles of different antioxidant enzymes.
Journal of Hazardous Materials 168(1): 76-84.



Journal of Horticultural Science (532985 grleo 5 p9ke) (FLEL pole & 20

Vol. 33, No.3, Fall 2019, P. 549-565 i OFA-078 .0 ITAA 50l ¥ o)lod FY
ISSN: 2008 - 4730 AR Yook - FYY 4L

Effect of in Vitro Salinity Stress on Growth Parameters, Osmo-protection and
Oxidative Stress of Dianthus barbatus L. Calli

A. Moshashaei'- M.M. Jowkar?*
Received: 28-04-2019
Accepted: 05-10-2019

Introduction: Dianthus barbatus L. from Caryophyllaceae is an important herbaceous landscape ornamental
plant in the temperate regions throughout the world. Although this ornamental plant is used as bedding plant, it also has
other extensive applications such as cut flower and pot plant. Besides, in some countries the leaves of Dianthus
barbatus are used for treatment of digestive disorders in their traditional medicine. Landscape and its quality, plays an
essential role in human life. Nowadays, maintenance and development of urban landscape in many regions such as Iran
is facing major challenging issues. Soil and water salinity are the most important challenges of urban landscape.
Considering the challenges which landscape development faces in many parts of the country and the importance of this
plant in landscape, the effect of salinity on D. barbatus during in vitro condition was studied in order to obtain some
basic physiological information for future stress studies on this plant.

Materials and Methods: In vitro sterile plants were initially obtained from seeds by culturing them on basal MS
medium. Calli were obtained by culturing leaf, stem and root explants on previously reported callogenesis optimization
medium which was MS medium supplemented with 2uM BAP + 6uM NAA. Calli proliferation was then conducted on
the same media. Proliferated calli with same size were subjected to MS medium supplemented with the mentioned plant
growth regulators and various NaCl concentrations (0, 1, 3, 6, 9, 12 gl'%) in order to induce salinity stress. Various
physiological aspects and stress related mechanisms such as growth, osmo-protection and oxidative stress mechanisms
were consequently studied in the stressed Dianthus barbatus calli. Studied growth features were calli growth, final
growth rate, fresh and dry weight. Total protein content, glycine-betaine content, and the activity of betaine aldehyde
dehydrogenase (BAD) were studied as a part of osmo-protection mechanism. On the other hand, the activity of free
radical scavenger enzymes such as superoxide dismutase (SOD), catalase (CAT), peroxidase (POX) and
malondialdehyde damage biomarker content were studied in stressed calli as a part of oxidative stress mechanism. Total
protein was measured using Bradford method. Glycine-betaine content was measured using spectroscopy method by
KI-1, reaction agent. The activity of betaine aldehyde dehydrogenase was evaluated using spectroscopy method by
reduction with NAD*. SOD activity was measured using spectroscopy method and formation as an indicator. CAT
activity was measured using spectroscopy method by measuring hydrogen peroxide breakdown. POX activity was
measured using spectroscopy method by nitro-blue tetrazolium reduction activity. Malondialdehyde content was also
measured by using spectroscopy method.

Results and Discussion: Results indicated that by increasing salinity level, calli growth and consequently fresh
and dry weight reduced. Calli growth was dramatically reduced as salinity level reached above 1 gl. This slow growth
was also observed at high stress levels such as 12 gl. By salinity increment, total protein content of the stressed calli
significantly reduced. On the other hand, BAD activity increased as a result of salinity stress and consequently glycine-
betaine content also increased significantly. The highest level of glycine-betaine content and also the activity of BAD
activity were observed in 12gl* NaCl treated calli. A significant correlation between glycine-betaine content and BAD
activity was observed. The activity of free radical scavenger enzymes such as SOD, CAT, POX also significantly
increased by salinity stress increment. The highest activity of the mentioned free radical scavenger enzymes were
observed in 12 gl* NaCl treated calli. CAT had the most activity among the mentioned studied free radical scavenger
enzymes. The highest increase in POX activity was half of the control and also half of the activity increment of other
studied free radical scavenger enzymes. Although the activity of free radical scavenger enzymes increased, the level of
malondialdehyde damage biomarker also increased as the result of salinity stress increment. The highest amount of
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malondialdehyde content was seen in the 12gl* NaCl treated calli. A significant correlation between malondialdehyde
content and the activity of free radical scavenger enzymes was observed.

Conclusion: In general, the calli of Dianthus barbatus cultured in vitro are sensitive to salinity stress induced by
more than 1 gl* NaCl; indicating the stress tolerance threshold. The tolerance and resistance mechanisms performed
well under stress condition and the stress calli resisted to salinity up to 12 gl** NaCl and survived without chlorosis.

Keywords: Betaine aldehyde dehydrogenase, Catalase, Glycine-betaine, Malondialdehyde, Superoxide
dismutase






Contents

Study of Different Organic Media on Yield Components, Quality and Quantity of Essential Oil of some
Savory (Satureja hortensis L.) ecotypes in Gorgan

Kh. Hemmati- B. Ardavanpour- M. Ghazaeian- V. Akbarpour

Study of Morphophysiological Responses of Iranian Crested Wheatgrass Genotypes (Agropyron
cristatum L.) under Drought and Salinity Stresses

M.H. Sheikh Mohammadi- N. Etemadi- A. Nikbakht- M. Arab- M.M. Majidi

The Effect of Heat Treatment and Fungicide on Controlling the Infestation of Narcissus tazetta L. In
Vitro Culture

M. Kharrazi- A. Tehranifar- A. Sharifi

Evaluation of Morphological Characteristics, Quantitative and Qualitative Yield of Echium amoenum as
Affected by Plant Density and Application of Chemical (Urea) Fertilizer and Different Organic
Fertilizers

M.B. Amiri— P. Rezvani Moghaddam- M. Jahan

Optimization of Callus Production and Regeneration of Zamiifolia (Zamioculcas zamiifolia)

M. Sayadi Nejad- S.M. Sadeghi

The Effect of Salicylic Acid and L-arginine on Morpho-physiological Properties and Leaf Nutrients of
Catharanthus roseus under Drought Stress

M. Abaspour Esfaden- S. Kallaterjari- F. Fatehi

Cultivation and Comparing Morphological and Phytochemical Characteristics of Seven Population of
Tussilago farfara L. in Tehran Climate Conditions

M. Norani- M.T. Ebadi- M. Ayyari Noushabadi

Effect of Drought and Salinity Stress on Growth, Flowering and Biochemical Characteristics of
Narsicuss tazetta L.

A. Naseri Moghadam- H. Bayat- M.H. Aminifard— F. Moradinezhad

Effect of Medium and Plant Growth Regulators on Micropropagation of Pepino (Solanum muricatum
Aiton) in Vitro Condition

M. Aghdaei- S.H. Nemati- L. Samiei- A. Sharifi

Study of Agromorphological Diversity, and Path Analysis of Bulb Yield and Allicin Content of Iranian
Garlic Landraces under Hamedan Region

M.H. Alemkhoumaram- A.H. Keshtkar- A. Mirzaie Asl

Culture Efficiency on Virus Elimination from in Vitro Shootlets of Red Flesh Apple (Malus pumila Mill.)
N. Kazemi - A.A. Habashi- W. Asadi

Effect of Pinching, Spraying of Nitrogen and Plant Growth Regulators on Vegetative and Reproductive
Characteristics of African Marigold

M. Zamanipour

The Role of Ecotype, Explant and Plant Growth Regulators on Cell Suspension Culture of Ferulago
angulata (Schlecht.) Boiss.

S.M. Alavi- A. Masoumiasl- N. Zare- R. Asghari Zakaria- P. Sheikhzade Mosaddegh

The Effect of the Light-Emitting Diode Spectrum Compared to the Greenhouse Natural Light on the
Quality of Solenostemon escutellariodes "Wizard Scarlet' and Petunia x hybrida 'Scarlet Eye' Transplant
P. Dehkhodaei - S. Reezi- M. Ghasemei Ghehsareh

Effect of in Vitro Salinity Stress on Growth Parameters, Osmo-protection and Oxidative Stress of
Dianthus barbatus L. Calli

A. Moshashaei- M.M. Jowkar

361

375

386

403

416

432

449

466

479

498

509

523

537

550

567



Published by:

Editor in charge:
General Chief Editor:

Editorial Board:
Tehranifar,A.
Arouiee, H.
Khanizadeh,SH.
Davarynejad, GH.
Haghighi, M.
Tavakkol Afshari, R.
Azizi, M.
Sharifani, M.M.
Shoor, M.
Ebadi,A.
Fallahi,E.

Farsi, M.

Kafi, M.

Lahouti, M.
Zamani, Z.

Publisher:

Printed by:
Address:
P.0.BOX:
Tel:

Fax:
E-Mail:
Web Site:

HORTICULTURAL SCIENCES

(AGRICULTURAL SCIENCES AND TECHNOLOGY)

Vol. 33

No. 3 2019

College of Agriculture, Ferdowsi University of Mashhad, Iran.

Valizadeh,R.(Ruminant Nutrition)
Tehranifar,A. (Horticultural Sciences)

Horticultural Sciences
Horticultural Sciences
Research Scientist
Horticultural Sciences
Horticultural Sciences
Seed Physiology
Medicinal Plants
Horticultural Sciences
Horticultural Sciences
Horticultural Sciences
Horticultural Sciences

Plant Breeding and Genetics
Floriculture and landscaping

Plant Physiology
Horticultural Sciences

Ferdowsi University of Mashhad.

Prof. Ferdowsi University of Mashhad.
Prof. Ferdowsi University of Mashhad.

Prof. Ferdowsi University of Mashhad.

Asso.Prof. Ferdowsi University of Mashhad.
Bioproducts and Bioprocesses, Agriculture and Agri-Food Canada.
Prof. Ferdowsi University of Mashhad.

Asso. Prof. Isfahan University of Technology.

Prof. Ferdowsi University of Mashhad.

Prof. Ferdowsi University of Mashhad.

Asso.Prof. Gorgan University of Agricultural Science & Natural Resources.
Asso. Prof. Ferdowsi University of Mashhad.

Prof .Tehran University.

Department of Plant Sciences, University of Idaho.

Prof. Ferdowsi University of Mashhad.

Prof .Tehran University.

Prof. Ferdowsi University of Mashhad.

Prof. University of Tehran, Iran

Ferdowsi University of Mashhad, press.

College of Agriculture, Ferdowsi University of Mashhad, Iran.

91775- 1163
+98-0511- 8795620
+98-0511- 8787430
Jhorts4@um.ac.ir
http://jm.um.ac.ir



	01- Hemmati Final.pdf (p.1-13)
	02-Sheikh mohammadi.pdf (p.14-26)
	03-Tehranifarr.pdf (p.27-36)
	04-Amiri,reviewed.pdf (p.37-53)
	05- SaiYADI.docx-1.pdf (p.54-64)
	06- Abbaspour(1).pdf (p.65-80)
	07-norani.pdf (p.81-97)
	09-aghdaee.pdf (p.98-110)
	10-Keshtkar.pdf (p.111-127)
	11-kazemi (1) (1).pdf (p.128-138)
	12-zamani pour.pdf (p.139-152)
	13-masoumiasl14.8.pdf (p.153-164)
	14-Ghasemi.pdf (p.165-176)
	15-Jokar_Corrected.pdf (p.177-193)

