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Table 1- Statistics of jujube cultivation in Iran based on the 1388 Census of Agricultural Organization of Southern Khorasan
Province (6)

Obwl o 55 &e> Mo IS Gl
Name of Province Total (ha) Total production (tonne)
iy ol 1168 1702
Southern Khorasan
S92y UL‘“IF 31 9
Razavi Khorasan
Ol 3 8
Isfahan
ol 6 15
Fars
oles 2 05
Kerman
o) 50 50
Lorestan
Yazd
S e 1260 1785.5
Total
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Table 2-Characteristics of sarbisheh jujube collection ecotypes

3, $y91a0n Joxo 3
Number Gathering place Code
1 olsilem sl Sari 8
Sari- Mazandaran
2 (5 el ade p IS5 Kangan 9
Kangan- Southern Khorasan
3 @92 ool pradpw Oleg Noghab 10

Noghab Sarbisheh- Southern Khorasan
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Ahghur- Southern Khorasan
OblS= AN
Kalale- Southern Khorasan
w9 glldm ol al e
Arabkhane- Southern Khorasan
@9 Qlol pmadppw Slig
Noghab Sarbisheh- Southern Khorasan
S92 Qlelpm oSwd
Bardaskan- Razavi Khorasan
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Table 3- Primers used for the ISSR analysis according to Lei et al.

U . . 3 -
T T $361 05 o st
Sl Sequence , ; Annealing temperature
Number ; (5°-3 primer sequence) o

1 UBC807 (AG)sT 5-AGAGAGAGAGAGAGAGT -3' 49

2 UBC808 (AG)sC 5-AGAGAGAGAGAGAGAGC -3' 49

3 UBC810 (GA)eT 5- GAGAGAGAGAGAGAGAT -3' 49

4 UBC811 (GA)sC 5-GAGAGAGAGAGAGAGAC -3' 49

5 UBC812 (GA)sA 5- GAGAGAGAGAGAGAGAA -3' 49

6 UBC814 (CT)sA 5- CTCTCTCTCTCTCTCTA-3' 49

7 UBC815 (CT)sG 5-CTCTCTCTCTCTCTCTG -3' 49

8 UBC834 (AG)gY*T 5-AGAGAGAGAGAGAGAGYT -3' 49

9 UBC840 (GA)YT 5-GAGAGAGAGAGAGAGAYT -3' 49

10 UBC841 (GA)sYC 5-GAGAGAGAGAGAGAGAYC -3' 49

11 UBC855 (AC)YT 5-ACACACACACACACACYT -3' 49

12 UBC864 (ATG)s 5-ATGATGATGATGATGATG -3' 45

13 UBC868 (GAA) ¢ 5-GAAGAAGAAGAAGAAGAA -3' 45

*Y=C,T
ISSR aaliiwls g0 (5155181 lawgi a0 dlow! JISWSia ol -4 Jgin
Table 4- Number of DNA polymorphic bands produced by ISSR primers

551 ol i Ll JS slawi JShnis sl dlaxs _ Kaia sy
primer sequence TOtaIBn:an? er of Number g;ﬁglsymorphlc Polymorphism (%)
UBCB855 (AC),YT 16 14 87.5
UBCS811 (GA),C 10 8 80
UBC864 (ATG), 15 13 86.6
UBC808 (AG),C 15 11 73.3
UBC812 (GA)A 12 11 91.6
UBC834 (AG),YT 16 13 81.2
Average 14 11.6 83.3
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Figure 1- The pattern of DNA amplification bands in jujube ecotypes using A: UBC855 and B: UBC864. A few examples of
polymorphic bands are shown by arrows
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Introduction: Jujube (Zizyphus jujuba Mill.) as a valuable medicinal plant and adapted to different climatic
conditions is widespread in many parts of Iran. Nowadays, beside the export of its fruit, jujube is also used as an
herbal medicine to treat the diseases, so it has a high economic value. Study on genetic diversity is the first step
to identify and preservation of germplasm. It is also considered as the basic principles of plant breeding. DNA
markers seem to be the best way in determination of the genetic diversity. Inter simple sequence repeats (ISSR)
markers are highly polymorphic and combine most benefits of Simple Sequence Repeats (SSRs) and amplified
fragment length polymorphism (AFLP) to the generality of random amplified polymorphic DNA (RAPD).

Materials and Methods: In order to study of the genetic diversity among 31 ecotypes collected from eight
Jujube-rich provinces, including South Khorasan, Razavi Khorasan, Mazandaran, Golestan, Qom, Isfahan,
Lorestan and Fars. Genomic DNA was extracted by CTAB method and polymerase chain reaction (PCR) was
performed with 13 ISSR primers in which six most efficient primers were selected. Cluster analysis based on
Dice similarity coefficient and Unweighed Pair Group Method with Arithmetic Mean (UPGMA) was carried out
and POPGENEe.3.2 software was used to determine the similarity of populations with each other.

Results and Discussion: 84 loci were amplified and 70 of them (83%) revealed a proper polymorphism with
the size between 200 and 2000 base pair. The average number of amplified and polymorphic bands per primer
was 14 and 11.6 respectively. Primers with di-nucleotide repeats produced more polymorphic bands than ones
with tri-nucleotide repeats. It seems that this is due to a higher frequency of sequences containing di-nucleotide
repeats in intergenic regions and higher possibility of mutation revealed in more diversity in comparison to gene
coding regions. Anchored primers with 1 or 2 nucleotides at the 5’ end make sure annealing only to the ends of
SSRs in template DNA, so avoiding internal priming and smear formation. In addition, the anchor lets only a
subset of the microsatellites to serve as priming sites. Primers (AC)gYT and (GA)gA with the higher percentage
of polymorphism is recommended for further analysis. According to the cluster analysis, the ecotypes could be
classified into seven main groups at the 0.85 level of genetic similarity. The most genetic similarity (0.95) was
observed between ecotypes from Kalaleh and Doroh and also Noghab and Dustiran and the least genetic
similarity (0.48) observed between Kangan and Borzaderan. POPGENe.3.2 software data indicated that
populations of Isfahan and South Khorasan had the slightest difference while populations of Isfahan and Razavi
Khorasan showed the most difference.

Conclusions: In general results demonstrated that the total diversity of jujube ecotypes in Iran is summarized
in the area of South Khorasan province. Given data showed that South Khorasan has been an original place of
cultivation of this medicinal plant, this area could be considered as one of the important centers of jujube
diversity. In addition, significant levels of diversity were observed among ecotypes belonging to Isfahan and
Mazandaran provinces.

Keywords: Genetic diversity, ISSR marker, Zizyphus jujuba
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Table 1. The effects of sterilization treatments on contamination and active percent of explants Myrobalan29C
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* Mean values followed by the sameletters within a column are not significantly different according at 5 % level
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Figure 1- The effects of sterilization treatments on contamination and active explant. Left to right. (Ethanol, 70%, 1 min)-
(Sodium hypochlorite, 10%, 10 min).
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Figure 2- Compersiune in different culture mediaof plants Proliferation vegetative rootstock Myrobalan29c. From left to
right. (DKW)- (MS).
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Figure 3- The effecte interaction between culture media x growth regulators on propagation proliferation rate of
Myrobalan29C
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Figure 4- Compersiune differente growth regulatorsBAP in culture media MS proliferation rate vegetative rootstock
Myrobalan29c. from left to right .A (Omg/LBAP).B(1mg/l BAP).C(2mg/l BAP).D(3mg/l BAP).E(4mg/l BAP)
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Table 2- The effecte interaction between culture media x growth regulators on the numbers, the length and quality of the
shoots and number leaf

S buse () 93 055 (o)l y 0UKS ol PEE W e aald Job S g dlaas CapdS’
Culture medium  Growth regulator(mg/L™)  Shoot number Shoot length Leaf number Quality

0 1.00d 1.95b 7.91c a

1 3.58ab 2.51a 10.16ab b

MS 2 6.16a 2.33a 10.33a b

3 3.25hc 2.31a 9.66b b

4 1.83c 1.86b 9.41b b

0 1.00d 1.39¢c 7.08cd ab

1 4.83a 1.22cd 6.99¢c cd

DKW 2 1.75¢c 1.06cd 5.49de d

3 3.92bc 1.04d 6.91cd bc

4 4.08ab 0.88d 5.16e cd

23l o 75 o (0 b me BB [Silo gt yb yd il gy (s pSilio
* Mean values followed by the sameletters within a column are not significantly different at 5 % level

4

UBA il 13 0,5 o2 slo MS CuiS bamo 3 g1l dudyy -5 IS5

Figure 5- Rooting in culture media MS contain 2mg/l IBA
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Table 3- The effecte interaction between culture media x growth regulators on rooting plants, numbar plants, number and
root length, leaf number and stem length and quality of explants

CuiS lause 0y BAS liis aalS dlaes ady, Job iy, dlam EU""_ Syl CuhsS
Culture growth BT Root Root als Leaf Quali
medium regulators(mg/L™)  Root Percent  length number | zaegTh number ty

0 1.75b 5.75ab 7.00bc 5.75bc 15.75a a

1 2.75ab 3.75bc 10.25ab 5.75bc 13.25a a

MS 2 3.25a 6.75a 10.75a 7.00ab 13.25a a
3 2.00b 5.50ab 13ab 8.75a 16.50a a

0 1.75b 2.75¢c 2.75¢c 6.50b 1.50a a

1 2.25ab 3.00c 3.50c 3.75¢c 14.50a a

DKW 2 2.50ab 3.62bc 11.00ab 7.00ab 13.75a a
3 1.75b 4.00bc 6.50bc 6.50b 14.00a a

Judb 03 75w 53 413 dxe WA Sily cygiw 2 40 Bl Bgys glyld b WSile
* Mean values followed by the sameletters within a column are not significantly different at 5 % level
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Figure 6- Compersiune plants acclimatization in substrate from right to left .A (Coco Peat and Perlite 3:0/5 V).B( Coco Peat
100%V). C (Coco Peat and Perlite 0.5:3V).D (Perlite100%V). E (Coco Peat and Perlitel:1V).
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Introduction: This study was conducted aimed to consider the effects of culture medium and the
concentration of growth regulators on proliferation, rooting and the acclimatization of Myrobalan29C. This study
was performed as a factorial experiment in a completely randomized design (CRD) with four replications where
each plot contained five explants. Given the role of trees rootstock of growth rate vegetative in the early
maturity, yield and disease resistance will be suitable rootstock that has an important role in program garden
management. In total rootstock of fruit trees have be propagation sexual and asexual methods, however, given
that in sexual reproduction the resulting dispersion characteristics and the resulting seedlings changed by
genetics, it is tried for decades to asexual propagation methods in specially tissue culture methods healthy
rootstock for mass propagation and used the development of orchards. Seedling rootstock Myrobalan had been
used in the past. The rootstock can be positive features cited the ease of access, to be cheap, good yields after
maturity. In study, the effects of NAA and BAP on proliferation of Gisala5 rootstock showed the most shoot
treated in mediacontaining 1mg/l BAP. Investigated Chinese plum in vitro micropropagation showed that 1/2
MS media had the highest percentage rooting, and acclimatization rooted plantlets to greenhouse conditions was
using the system miss successfully. Due to the importance and essential to achieve an efficient protocol for the
mass propagation of Myrobalan 29C in Iran, this study was conducted with the main purpose of evaluating the
most suitable media culture and plant growth regulators in micropropagation of Myrobalan 29C.

Material and Methods: The explants were collected from shoots of Myrobalan 29C rootstock maintained in
the experimental greenhouse of Khorasan Razavi Agricultural and Natural Resources Research Centre (of
Mashhad, Iran), on June 25, 2013. The explants were washed by water and dishwashing liquid to removed
surface contamination. Then they were divided to some parts containing one bud and were sterilized with ethanol
70% 1 min and sodium hypochlorite 10% at 10 min. Proliferation was performed in two kind of culture medium
(MS and DKW) that supplemented with plant growth regulators BAP (0, 1, 2, 3, 4 mg I™). The rootstocks of in
this step, after subculture three (21 days between each subculture), the numbers, the length and quality of the
shoots (explants strong growth, with no signs of vitrification, necrosis of leaf are yellowing terminal meristem),
b- less than 15% have the symptoms of vitrification, necrosis of leaf are yellowing terminal meristem, and c—
explant weak, 15-30% have the symptoms of vitrification, necrosis of leaf are yellowing Terminal meristem)
were measured. This stage was carried with four replications and each replicates with five samples. Two culture
media (MS and DKW) were used for rooting, which supplemented with indole-3-butyric acid (IBA) at four
levels (0, 1, 2, 3 mg I™). This stage was carried with four replications and each replicates with three samples.
After being rooted explants, the best cultured media and combination of rooting growth regulators number and
root length, leaf number and stem length and quality of explants were recorded. Acclimatization used in
substrate including Coco Peat - Perlite 3:0/5 V, Coco Peat 100%V, Coco Peat - Perlite 0.5:3V, Perlite100%V
and Coco Peat - Perlitel:1V).

Results and Discussions: Results showed that the 10% sodium hypochlorite for 10 min, with 4% decay was
the best treatment for sterilization. The results showed that the proliferation average was 6/16 in MS medium
with 2 mgl™* BAP and the most percent of rooting and root length were about 100% and 2/51 cm in MS medium
with 2mgl™ of IBA, respectively. The acclimatization of plantlets to greenhouse conditions was successful. The
highest rate of plantlets survival (about 70%) was obtained from substrate Cocopit and Prlit (1; 1 V). In the

1, 2 and 4- Master Horticulture, Assistant Professor and Professor, Department of Horticulture, Ferdowsi University of
Mashhad

(*- Corresponding Author Email: abedy@um.ac.ir)

3- Associate Professor, KhorasanRazavi Research Center for Agriculture and Natural Resource
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present study, explants year compared annual explant least contamination had enjoyed. It seems that the young

explants, smooth the surface of the skin, having the least amount of crack depend on the type of surface
depressions explants and the crack and lower depressions the surface explants increase surface contact area
disinfectants and also improve its impact. In this study found that the type of medium a significant impacted on
the health of plants and so the proliferation of explants was successful. Usually root production in plants under
the influence of synthesis, metabolism, and transport is auxin signaling pathways. Therefore acclimatization
directly affected the rooting of plants that had high quality and the best rate of induction.

Conclusions: The results of this research showed that we can duplicate Myrobalan29c¢ rootstock by in vitro
method. According in this research, MS media including BAP and IBA plant growth regulators are the most
suitable for micro propagation.

Keyword: Acclimatization, Disinfection, Rooting and Proliferation
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Table 1- Statistical describe the chemical and physical
properties of soils

sehl il he oSle Sl ey Sl
Param  Minim Maxim Aver Coefficient of

L Skew
eter um um age variation

oM 0.11 3 0.9 0.61 1.45
C 0.01 1.6 0.57 0.56 0.32
EC 0.22 4,58 0.31 0.75 1.08
pH 7.1 8.5 7.6 0.04 0.65
N 0.002 0.15 0.05 0.47 0.95
P 0.55 33.6 5.73 0.93 2.58
K 1445 600 383 0.27 -0.25

Clay 6 24 12 0.29 1.2
Silt 9 26 16 0.23 0.21
Sand 61 76 72 0.05 -1.02
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Table 3- Analysis of sensitivity of soil readily available

Salyly o Sl g 5
Parameter Relative sensitivity
C 1

N 0.866
P 0.807
oM 0.804
K 0.711
PH 0.677
EC 0.656
Clay 0.646
Silt 0602
Sand 0.600
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Table 3- Design an artificial neural network models based on sensitivity analysis results and minimum testing
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Model Input parameter Number of tests

1 Js SBcaél 1
Model 1 soil texture

2 Jse oS 1
Model 2 Carbon

3 oS+ Sk sl 5
Model 3 Soil texture + carbon

4 Jao it oS + S el 3
Model 4 Soil texture + carbon + nitrogen

5 J PH + J osle + )8 + S il 3
Model 5 Soil texture + carbon + organic matter + pH

6 Juw PH + 50505 + Jloslo + oS + S cély 4
Model 6 Soil texture + carbon + organic matter + nitrogen + pH

7 Jse PH + Jloslo + op)S + S cél+ EC 4
Model 7 EC + soil texture + carbon + organic matter + pH

8 Ju PH + quulty + ST o3lo + op)S + S cél+ EC 5
Model 8 EC + soil texture + carbon + organic matter + potassium + pH

9 Jse PH + qulty + ST odlo + joud + 59556 + o) + S b+ EC

Model 9 EC + soil texture + carbon + nitrogen + phosphorus + organic matter + potassium + pH
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Table 5- Statistical parameters calculated for the training and testing stages

e G99 dass o9yl R? 93901 RMSE ol R% (903l RMSE
Model Number of neurons R’ training RMSE Training R’ test RMSE test
L 45 0.713 0.046 0.119 0.075
Model 1
2 Ju 45 0.388 0.065 0.101 0.068
Model 2
3 J 50 0.633 0.057 0.584 0.062
Model 3
4 Js
45 0.63 0.054 0.58 0.053
Model 4
5 Jse
45 0.65 0.068 0.59 0.079
Model 5
6 Jse
50 0.67 0.056 0.60 0.057
Model 6
7 J 45 0.65 0.054 0.59 0.053
Model 7
8 Ju 50 0.68 0.049 0.061 0.068
Model 8
9 Ju 45 0.61 0.051 0.46 0.064
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Introduction: One of the most important requirements in planning production and processing of medicinal
plants in order to obtain high yield and high-quality is the initial assessment of the physical and chemical
properties of soil, which reduces the production cost by avoiding the use of unnecessary soil analysis. Summer
savory (Satureja hortensis L.) is one the most widely used medicinal plants that quality index of plant is related
to the quantity and the constituent of its essential oil content. Understanding the relations between the quantity
and quality of medicinal plants with the very physical and chemical properties of soil is very complex and the
estimation of parameters changes of medicinal plants affect by soil quality characteristics is more difficult.
Today, with the arrival of multivariable regression models and artificial lattice models in the research, many
complex relationships found in nature is understandable. Hence the need for estimation the biomass yield of
savory using fast, cheap and with acceptable accuracy is feeling.

Materials and Methods: The present study was performed at the Agricultural Research Station Neyshabur
as pot experiment based on a completely randomized design with three replications. Around 53 soil samples
were collected from different parts of Neyshabur city, and soil texture, organic matter, pH, salinity, phosphorus,
potassium, nitrogen and carbon content were selected as the easily available parameters. Before planting the
parameters were measured in laboratory. Approximately 90 days after planting seeds in pots containing soil
samples, the sampling of plants was done based on the treatments. For drying, samples were placed for 24 hours
in an oven at 40 °C. Finally, the relationship between the biomass yield and easily available soil parameters was
determined using artificial neural network by Matlab7.9 software.

Results and Discussion: The results showed that soil variability, is a key element in the management of
valuable information on soil properties within a field and valuable information on soil properties within a field
nature puts at our disposal. In yield modeling with 10 parameters for 53 soil samples, the best makeup hidden
layer with Levenberg-Marquardt algorithm training as a hidden layer, 58 neurons, logsig threshold function for
hidden layer and Tansig for the output layer were selected. High values of R2 and low levels of RMSE
mentioned the proximity of the forecast data with measurement data and high accuracy of the model in summer
savory biomass yield estimation. To obtain the most sensitive parameters, the sensitivity analysis was calculated
using no-sensitive coefficient. So that, if the coefficient of a sensitive parameter is more than 1.0, the mentioned
parameter, is one of the critical parameters of model. Accordingly, the parameters of organic carbon, nitrogen,
phosphorus, organic matter, potassium, pH, salinity, clay, silt and sand respectively were selected as the most
sensitive parameters. The addition of input parameters increases the value of R2 and reduces the RMSE during
training, validation and test stages. This represents an increasing in the accuracy of model in estimation of
biomass yield via increasing the input parameters. Models 1(soil texture) and 2(carbon) are not enough strong for
biomass yield estimation. With increasing the experiment from 1 to 2, the potency of the neural network model
3(soil texture + carbon) significantly increased. Thus with an overview, the model No. 3 suggested as an
improved model because with the minimum number of imputes produced equal output comparing the models
with more inputs.

Conclusions: Based on the obtained results, it seems that with the improvement of artificial neural network
models and determining appropriate parameters, results to understanding the soil factors involved in the
formation of savory plant biomass and better planning. Till leads to a cheaper and better product. Also, results
showed that the artificial neural network has high accuracy in estimating the biomass plant Summer Savory. So
that, the 80% of yield variability of the study area, presents by using the data of 10 readily available properties of
the soil. Yield biomass of savory, largely depends on the soil texture, organic matter, carbon and the minerals of
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the soil. Since, this study is the first work to estimate the biomass of medicinal plants using artificial neural
network, therefore recommended to use this method to estimate the yield and essential oil of other medicinal
plants.

Keywords: Summer savory, Artificial neural network, Easily accessible soil parameters
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Table 1- Characteristics the irrigation water of date orchard

Na* Mg Ca* 50,7 cI HCO® CO&
(meg/l) (meg/l) (meg/l) (meg/l) (meg/l) (meg/l) (meg/l) EC(ds/m) pH
11.2 2.12 4.66 4.02 11.2 2.8 0 1.873 7.7
halejl Jomo (ladss SB- (S92 Jgsr
Table 2- Characteristics the soil of date orchard
.. 4 su!| pH
‘J‘!bM ‘;T . s
. 5 R o (e 2 5
Seeay R SBeRo Organic ~ CaSO.2HO WS Ec o F o S
; potassium s (me/100g) pH of (ds/m) ep
Soil texture (my/kg) phosphor ca(r;on saturated (ppm) (cm)
(mg/kg) (%)
mud
& 98 4 0.14 16. 45 8.1 1 0 0-30
Sandy- loam
& 30 4 0.13 12 8.1 1 2.4 30-60
Sandy- loam
o) 70 4 0.13 12.01 8.1 1 283  60-90
Sandy- loam
Oldss S lis polis (5525-3 Jgoa
Table 3- Characteristics the soil nutrient of date orchard
cd Pb Fe Mn Cu Zn  Mg® Ca* Na+ HCO; CI SO/ Gos
ppm meg/L Depth (cm)
0.013 0.32 1.24 2.03 5.92 0.36 2.4 4.4 6.7 2.8 6 48.7 0-30
0. 0015 0 1.04 1.84 5.12 0.22 1.2 3.2 6.4 3.6 6.8 1.1 30-60
0 0.11 0.96 1.63 5.28 0.39 31 03 8.7 2.4 5.2 4.4 60-90
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Table 4- The analysis of variance of date palm cv. Mazafati charecters

Means of Squares

Job i d 'y )
o940 (339 sgu0 ylod 023
S0V DF  Fruit 0940 Fruit TSS  TSSITA N K Fe Kernel
. ; . weight
weight Fruit  diameter
lenght
<
B)I)$ ‘ 2 0.45ns 0.05ns 0.014ns 3.69ns 0.03ns  0.0001ns  0.004ns 13.77ns 0.0013ns
oc
(A) pssiel il
Ammonium 2 42.78** 1.79ns 0.16ns 6.08**  57.81** 1.005** 0.012** 165.33** 0.43ns
sulfate
(B)“’*_“b’f' Sl 24.08** 1.34ns 0.39ns 20.36** 51.59**  0.176**  0.41**  213.77**  0.176ns
Potassium sulfate
Ax B 4 6.76* 0.31ns 0.052ns 1.98ns 6.92ns  0.025** 0.0008ns  15.11** 0.017ns
= 16 2.06 0.06 0.011 1.43 3.99 0.003 0.001 2.73 0.03
error
CV% - 9.90 6.99 9.12 5.61 7.60 5.68 12.23 11.19
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Table 4- continued

Means of Squares

SOV DE a by ls b Judg ks 5 Jedg s S g 9,8
Chlorophyll a Chlorophyll b Chlorophyll total Carotenoid
A 2 0.08ns 0.025ns 0.33ns 0.003ns
Block
A) Foeise oty 2 3.51** 0.65* 6.73* 0.59**
Ammonium sulfate
(B)pnlsy il 2.73%* 0.27%% 5.49%* 0.37%*
Potassium sulfate
Ax B 4 0.38** 0.01ns 0.42** 0.10*
= 16 0.042 0.02 0.023 0.04
error
CV% - 6.47 14.00 13.92 17.25
2oy 1 o )3 )15 Gxe g 00yd D aw j3 I dxe I ne pE Byxe oy dmx g ¢ NS (slacwdle
ns, « and = represent nonsignificant, significant at P = 0.05 and 0.01, respectively
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Table 5- Interactioneffect of ammonium sulfate and potassium sulfate intract on N, Fe, fruit weight, carotenoid, chlorophyll

and total of date palm cv. Mazafati leaves

pasigel ldgus
Ammonium sulfate (gr)
0 500 1000
oy Sl g
_ 750 1500 0 750 1500 0 750 1500
Potassium sulfate (gr)
0, Ca e s
(/°_) 09 0.83" 0.95° 0.93° 1.05¢  1.3% 1.51° 143  157° 1.7
Nitrogen
50 099 967  14.33° 1583 16°  1667° 18.17° 16.17° 18.13% 17.17®
Fruit weight (g)
! 122.67° 130.67°°  133° 132.67° 136%™ 137.67® 129 14033 1417
Iron (mg/g dw)
25555 077° 098 088" 12t 127 108" 141° 14
Carotenoid (mg/g fw)
el 2.17" 2529 2.82° 2.92° 332 433 2.8  411® 4°
Chlorophyll a (mg/g fw)
J5 sl 2.77° 3.3 3.76% 358° 452 556 3.83° 548" 546

Chlorophyll total (mg/g fw)

25 o oSOl (laabtin yg0j] 3l edlitul b doys 1 el graws )3 oSl BB (391 o dxe L5 a9 (595 > iglise gy
Different letters (a-f) indicate significant differences (P< 0.01) based on Duncan’s multiple range test
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Table 6- comparison of means for the effect of ammonium sulfate and potassium sulfate on potassium, TSS, TSS/TA and
chlorophyll b content of date palm cv. Mazafati

pysigel lidgus ooy, ol g
Ammonium sulfate Potassium sulfate
(9) (9)

0 500 1000 0 750 1500

TSS (%) 18.83° 20.33° 19° 17.67° 20.44° 20.06°

TSSITA (%) 32.67° 37.11° 37° 32.89° 36.44° 37.44°

f”_‘““* 0.6° 0.7% 0.7% 0.43° 0.78° 0.922
Potassium (%)

b Jos5,45 0.77° 1.15° 1.3% 0.88° 1.13° 1.21°

Chlorophyll b (mg/g fw)

23b oo S5l clasldais 903l 5 o3litnl b duoyd 1 Jlain) g 5 by Silo BMS] 390 515 sxe 4l Lyt (59 )> Coglie gy
Different letters (a-c) indicate significant differences (P< 0.01) based on Duncan’s multiple range test
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Blao By boyd 45 oud (5505l Wlho (S =7 Joua
Table 7- Correlation between characters of date palm cv. Mazafati

Pearson Correlation Coefficients, N = 27

o940 (339 a Judg,ls b Judg,l5 05 Judg s

e aiia s
Fruit TSS  TSS/TA N K Fe Chlorophyll  Chlorophyll Chlorophyll e
i Carotenoid
weight a b total
232 039 1.00
Fruit weight
TSS 0.56** 1.00
TSSITA 0.75** 0.63** 1.00
N 0.72** 0.33**  0.68** 1.00
K 0.60** 0.69**  0.63** 0.47**  1.00
Fe 0.76** 0.54**  0.77**  0.73** 0.79** 1.00
& Jeby s 0.74** 0.53**  0.76**  0.83** 0.67** 0.84** 1.00
Chlorophyll a
NIy
R 0.70** 0.36**  0.73**  0.83** 0.55** 0.82** 0.82** 1.00
Chlorophyll b
IS Jebs )l
Chlorophyll 0.74** 0.56**  0.83**  0.87** 0.70** 0.88** 0.96** 0.90** 1.00
total
Aﬁ’ﬁ”ls_ 0.55** 0.42**  0.70**  0.72** 0.53** 0.65** 0.79** 0.78** 0.8** 1.00
Carotenoid
2oy Lo 13 )15 Gxe 9 00yd D prdaws )3 )15 xe I gxe b CByme Ly 4 wx g+ ¢ NS clacwde
ns, = and = represent nonsignificant, significant at P = 0.05 and 0.01, respectively.
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Introduction: Date palm (Phoenix dactylifera L.) is one of the most important fruit species grown in Iran.
This plant is mainly grown in the south of the country, where pH of soil is high, resulting in poor nutrient uptake.
Furthermore, because of high yield and annual pruning of date palm, large amounts of macro and micronutrients
are removed from soil. So, annual fertilizing should be applied for good performance. Research shows that use
of manure alone or in combination with mineral fertilizers improves physico-chemical indices of fruits and
leaves of palm trees. Regarding to high nutrition dependency of date palm, it is necessary to evaluate the effect
of different fertilizers on physico-chemical indices of its leaf and fruit. The main objectives of this study were
thus to evaluate the effect of cow manure, ammonium sulfate and potassium sulfate on physico-chemical indices
in fruit and leaf of Mazafati date.

Materials and Methods: This study was conducted in bam zone, Kerman, Iran, in 2011- 2012. The area was
located at 28°53'40"'N latitude, 58°37'18"E longitude and 1050 m above sea level. A factorial experiment in a
randomized complete block design was performed during month of March. Factors included ammonium sulfate
(0, 500 and 1000 g/tree), potassium sulfate (0, 750 and 1500 g/tree) accompanied by cow manure (5 kg/tree). For
leaf and fruit analysis, sampling was performed during month of June. Physico-chemical indices including
nitrogen, potassium, iron, chlorophyll a, b and total, carotenoid, fruit weight, fruit diameter, fruit length, TSS and
TSS/TA were evaluated. Chlorophyll was measured by using the method of Lichtenthaler (1987). Total soluble
solid (TSS) was measured by using refractometer. Statistical analysis was performed using SPSS software and
the treatment means were separated by Duncan’s multiple range tests.

Results and Discussion: Results showed that because of supplying nitrogen, sulfur and potassium and their
significant effects on noted physico-chemical indices, the highest nitrogen and iron content, photosynthetic
pigments of carotenoid and chlorophyll (a and total) of leaf, and fruit weight were obtained in treatments of
ammonium sulfate (1000 g/tree) and potassium sulfate (1500 g/tree) combination with cow manure (5 kg/tree).
The highest potassium content of leaf, TSS and TSS/TA ratio of fruit were obtained by using ammonium sulfate
(500 g/tree) and potassium sulfate (1500 g/tree) in combination with cow manure. The general increase in
physico-chemical indices of fruits and leaves of date palm by the application of cow manure plus mineral
fertilizer might be due to the increase in the availability of nutrients especially available N, P and K in the soil. In
many reports, the effects of mineral fertilizers on nitrogen, potassium and iron content of the plant tissues were
discussed. For example, date palm (two cultivars including Zaghloul and Samany) treated by ammonium nitrate
and nitrobean (a bio-fertilizer) had the highest amount of leaf nitrogen and potassium. The highest rates of
nitrogen, iron and potassium in palm fruit were obtained from cow manure in combination with NPK. Nitrogen,
iron and potassium contents of the date and pistachio were increased by using ammonium sulfate fertilizer. Fruit
weight, length, diameter and dry weight increased, while fruit moisture content decreased by organic manures
either alone or in combination with mineral NPK as compared to the mineral N. Higher fruit TSS was obtained
by the application of organic manures alone or in combination with mineral NPK as compared with mineral
fertilization alone. Nitrogen concentration can be increased by using nitrogen fertilizer, for example ammonium
increased leaf nitrogen concentration more than nitrate. Mineral nutrient, especially sulfur and nitrogen supplied
by ammonium sulphate and potassium sulphate, increased the content of chlorophyll and carotenoid due to their
roles in the synthesis of these compounds. Higher potassium content of leaves promotes photosynthetic rate of
chloroplast, phloem transport of photosynthates to sink tissues and finally improves quality and yield of the fruit,
which is associated with high sugar content.

Conclusions: For feeding of date palm tree, cow manure fertilization alone is insufficient. Ammonium
sulfate and potassium sulfate alone or in combination with cow manure could improve physico-chemical indices
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of leaves and fruits. This mixed fertilizer, supplying nitrogen, potassium and sulfur macronutrients, had
significant effect on physico-chemical parameters, and subsequently improved the content of nitrogen, iron,
potassium, photosynthetic pigments (a, b and total, carotenoid), TSS, TSS/TA ratio and the fruit weight.

Keywords: Photosynthetic pigments, Nutrition, Minerals and TSS
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6- Tween 20
7- Kruskal-Wallis
8- Mann-Whitney
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1- Indole-3-acetic acid (IAA)

2- 2,4-Dichlorophenoxyacetic acid (2,4-D)
3- Kinetin (Kin)

4- 6-benzyladenine (BA)

5- 1-Naphthaleneacetic acid (NAA)
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Table 1- Analysis of Variance for Effect of Different Concentration of NAA and BA Combinations on Callogenesis
Percentage, Calli Diameter and Regeneration Percentage in Fritillaria imperialis L.

[CAPOVES I WIS NN Orlay o puiluo
Source of Variations Degree of Freedom Means of Squars
LIRSS o b8 (Kl
Percent of Regenaration Average of Callus Diameter
NAA 2 6.29" 0.350"
BA 3 9.67" 0.332"
BA x NAA 6 16.89” 0.321"
Error 36 0.018 0.135
(%) & y%5 g poo

CV (%) - 9.56 26.43

0L ¢ 75 Jlais! pdaw ;5 Jl5 gime coi )i 4y st g
* and ** Significant in 1% and 5% level, respectively
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Table 2- Mean comparison of the effects of different concentrations of BA and NAA combinations on callogenesis percentage,
Calli Diameter and regeneration percentage, leaf number, Average length of leaf and Average length of root in Fritillaria

imperialis L.
KW 5 pSlw 555 o 555 o
NAA cdils BA cdils ) A Sl slass E»* slass u»&#
ods ods s . Syl ady) Job
(mg/) (mg/l) <ljk e yd Sy : EW
NAA BA L.S'»’~‘} (Cm) Percent of Numbe (Cm) Numbe (Cm)
Concentratio Concentratio  Callus ~ Average of Regenaration rof Average r of Average
n n Indl;/ction D_Calluts Leafs IeEgtr]l of  Roots LeFr;gt? of
iameter
0 §O(()))a la. 7563‘)e 757 5° Z% : 2° O(.)ga‘)s
0 0.3 50° 1% 25° 1 1° 0° 0°
05 25° 0.75° 25° 1 0.5 0° 0°
1 100 2.5° 75° 4« 3 5° 2
0 50° 0.5° 0° 0° 0° 0° 0°
0.3 0.3 75° 1.07* 0° 0° 0° 0° 0°
0.5 75° 2° 75° 172 42 128 0.4°
1 100 1.75% 50° 2° 0.7 2° 0.2°
0 75° 1% 0° 0° 0° 0° 0°
0.6 0.3 100° 2.5% 75° 8° 1.7° 0° 0°
05 100° 2.25° 0° 0° 0° 0° 0°
1 100° 2.37° 75° 8° 1.6° 0° 0°

) )50 b (7 e s 13) ol Blod 31 ()l im0 ST g2y )3 Sy By b (sl Sl
Numbers followed by the same letter in each Column are not significantly differentns
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Table 3- Correlation between callogenesis percentage, Calli Diameter and regeneration percentage, leaf number, mean length
of leaf and mean length of root in study of different concentrations of BA and NAA combinations

oIS sep kS (ke Job (mle Jsb il
Ol pts 29l = oS i3l ey S g dlas Sy Ay g dlaxs Ay,
Source of Callus Average of Regeneration Number Average Number Average
Variations |nducti0n Ca“us Percent Of LeafS |ength Of Of ROOtS Length Of
(%) Diameter Leafs Roots
@i oodlS do
Callus Induction 1
(%)
o8 s (Sl
Average of 0.529** 1
Callus Diameter
ik aeyd
Regeneration 0.431** 0398**
Percent
Number of Leafs 0.061 0.443" 0.300" 1
Sy Job ol
Average length 0.170 0.531" 0.468™ 0.687" 1
of Leafs
Ay dlas
Number of 0.076 0.066 0.330" 0.404™ 0.464™ 1
Roots
ady) Jobo (nSile
Average Length 0.318" 0.285 0.423" 0.068 0.322° 0.329" 1
of Roots

01 75 Jloss) gdaw ;5 I sime o iy e gt
* and ** Significant in 1% and 5% level, respectively
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4- Anthurium andreanum
5- Ceropegia pusilla
6- Benzylaminopurine (BAP)
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1- Sanguisorba officinalis
2- Ziziphus jujuba
3- Rhododendron simsii
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Table 4- Analysis of variance for different concentration of NAA and TDZ combinations on callogenesis percentage, Calli
Diameter and regeneration percentage

[CAPOVES 37 WIS NN Orlay o puiluo
Source of Variations Degree of Freedom Means of Squars
@15 Pl e o b (ke U
Callus Induction (%) Average of Callus Diameter  Regeneration (%)
NAA 2 273437 0.69" 246.43"
TDZ 3 243.05" 0.44" 83.24"
TDZ x NAA 6 151.91" 0.32" 206.16
quo)" bL...wl
Error 36 0.31 0.05 0.60
CV (%) - 2.96 17.33 8.79

01 Jloss! g 53 ls e s
**Significant in 1% level

2133l 20y w5 a8 (eSSl (2l j gl wuoyd 2 TDZ g NAA (590,00 a3 o (SCLE p3T (3Kl aumnlio -5 Jga
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Table 5- Mean comparison of the effects of different concentrations of NAA and TDZ combinations on callogenesis
percentage, Calli Diameter and regeneration percentage, leaf number, mean length of leaf and mean length of root

NAA clilé  TDZ cdiké M’; e “"‘z be slass :’5" S s
(mg/l) (mg/l) o od ik o Sy »Jdsb Ay ads) Jg®
NAA TDZ s (Cm) Percentof  numbe O™ numbe  (C™

Concentratio Concentratio  Callus  Average of Regenaration r of Average r of Average
n n Induction Callus Leafs lengthof  Roots  Length of
(%) Diameter Leafs Roots
0 100 2% 75 52 22 2c 0.4°
0 0.1 75° 1.75® 50° 1¢ 0.5® o 0¢
0.3 25¢ 0.87¢ 0¢ 0° o° of 0¢
0.5 75° 0.25¢ 25° 4° 0.5% 2¢d 0.2f
0 50° 1.5% 0¢ 0° o° of 0°
0.3 0.1 75° 0.5° 75° 4° 0.9® 1¢ 0.5¢
0.3 25¢ 0.75% 50° 30 0.8% 8 1.6%
0.5 100 0.25¢ 50° 6° 3.2° 1° 22
0 75° 2.87° 0¢ 0° o° of 0¢
0.6 0.1 100° 1% 25° 1¢ 0.5® o 0¢
0.3 100 187%® 50° 1¢ 0.6® of 0°
0.5 100 2% 0¢ 0° ob 4b 1.2

85,5008 b (L7 Jleis] gdaw ) (o lel Llod 1 gyl sine T gt oy Sy By b (ol uSilie
Numbers followed by the same letter in each Column are not significantly differentns
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Table 6-Correlation between callogenesis percentage, Calli Diameter and regeneration percentage, leaf number, mean length
of leaf and mean length of root in study of different concentrations of BA and NAA combinations

oIS sepy kil (Sle Job (mle Jsb il
Oyt ol &3 R[4 @libae,y Sy ol Sy Al Slax ady,
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Table7- Analysis of variance for different concentration of NAA and Kin combinations on callogenesis percentage, Calli
Diameter and regeneration percentage

[CAPOVES I WIS NN Orlay o puiluo
Source of Variations Degree of Freedom Means of Squars
U o b (ke
Percent of Regenaration  Average of Callus Diameter
NAA 2 16.04** 0.16ns
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ns and **: Non Significant and significant in 1% level, respectively
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Table 8-- Mean comparison of the effects of different concentrations of NAA and Kin combinations on callogenesis
percentage, Calli Diameter and regeneration percentage, leaf number, mean length of leaf and mean length of root
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Table 9- Correlation between callogenesis percentage, Calli Diameter and regeneration percentage, leaf number, mean length
of leaf and mean length of root in study of different concentrations of Kin and NAA combinations
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Introduction: Crown imperial (Fritillariaimperialis L.) is an ornamental and medicinal plant native to
mountainous regions of Iran. This plant genetic resources is in danger of extinction, because of grazing livestock
and pest outbreaks. However, due to slow reproduction in natural conditions and traditional multiplication
methods such as scaling and Bulb division, many species of this genus are endangered. Using of biotechnology,
namely in vitro plant propagation, is a solution to the problems of reproduction of rare and endangered plant
species with difficult propagation and mass production of valuable genotypes. Therefore, micropropagation of F.
imperialis through in vitro regeneration is essential for conservation and commercial production.

Material and Methods: The bulbs of F. imperialis in dormancy stage obtained from Ilam mountainous
regions in Iran and theywere placed in wet vermiculite at 4 °C for 4-6 weeks. Then, Bulbs were surface-sterilized
with 70% ethanol for 60s followed by immersion in 5% (v/v) NaOCI solution for 20min with gentle agitation,
and they rinsed three times in sterile double distilled water. Explants prepared from the lower third of scales with
basal plate and were placed in MS basal medium supplemented with different concentrations of NAA and 2,4-D
for callus induction. Test tubes with bulb segments were maintained within 25+2°C in growth chamber at 16
hours light period by the illumination from white florescent tube light and 8 hours dark. After two months callus
were transferred to MS basal medium without PGRs. Then, callus excised to 0.5 cm pieces and were transferred
to MS basal medium supplemented with NAA in 0, 0.3 and 1 mg/I concentration.Three types of cytokinins with
different concentrations were arranged in three seperated experiments. Thefirst experiment medium contained
NAA with BA (0, 0.3, 0.5 and 1 mg/l), the second experiment NAA combined with 0, 0.1, 0.3 and 0.5 mg/l TDZ
and the third experiment MS basal medium included NAA with Kin (0, 0.5, 1 and 1.5 mg/l). After three months,
percentage of callogenesis, diameter of calli, percentage of regeneration, number of leaves and roots and length
of leaves and roots were measured. This experiment were carried out in completely randomized design with 4
replications.

Results and Discussion: In the first experiment application of NAA and BA on in-vitro multiplication of F.
imperialis were evaluated. Highest callogenesis and formation (100 %) was observed in mediums contained 0.3
mg/l NAA + 1 mg/l BA, 0.6 mg/l NAA + (0.3, 0.5 and 1 mg/l) BA. Also, callogenesis was obtained in medium
contained 0.5 mg/l BA without NAA. This result showed that only in medium supplemented with 1 mg/l BA
provided highest (100%) callogenesis, when NAA concentrations were low. However, high levels of NAA (0.6
mg/l) in all concentrations of BA were obtained maximum callogenesis. We concluded that NAA is essential for
callogenesis and enhancing its levels can increase callogenesis. Also, application of low levels of BA (0.4 uM)
in callogenesis mediums of Cynodon dactylon contained Auxins resulted in increment of embryogenetic calli
formation. In the other hand, presence of BA is essential for plantlet regeneration, however NAA is not
necessary. Plantlet regeneration was obtained in PGRs free medium. Statistical analysis of results showed that
different concentrations of BA and NAA had significant effects on percentage of callogenesis, diameter of calli,
percentage of regeneration, length of leaves and roots (P<0.01) and number of leaves and roots (P<0.05). Mean
comparison showed that maximum number of leaves (17 leaf in each treatment) and length of leaves (4cm)
obtained in media supplemented with 0.3 mg/l NAA + 0.5 mg/l BA. Correlation between the number of leaves
and other traits such as diameter of callus and length of leaves (P<0.01) and regeneration (P<0.05) was
significant.

In the second experiment, application of NAA and TDZ on in-vitro multiplication of F. imperialis were
evaluated. Analysis of variance showed that maximum callogenesis obtained in medium supplemented with 0.3
mg/l NAA + 0.5 mg/l TDZ and 0.6 mg/l NAA in all TDZ levels (0.1, 0.3 and 0.5 mg/l). The combination of 0.6
mg/l NAA with all concentrations of TDZ resulted in maximum (100 %) callogenesis. Highest diameter of calli
was obtained in medium contained 0.6 mg/l NAA without TDZ. Best plantlet regeneration was observed in

1, 2, 3, 4 and 5- Professor, Grajuated MSc Student, Associate Professors and Ph.D Student, Department of Horticultral
Science, Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili, Respectively
(*-Corresponding Author Email: echamani@uma.ac.ir)
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media contained 0.3 mg/l NAA + 0.3 mg/l TDZ.

In the third experiment, application of NAA and Kin on in-vitro multiplication of F. imperialis were
evaluated. Statistical analysis showed the highest callogenesis in medium supplemented with 1.5 mg/I Kin, 0.3
mg/l NAA + 1.5 mg/l Kin, 0.6 mg/l NAA + 0.5 mg/l Kin, 0.6 mg/l NAA + 1 mg/l Kin, 0.6 mg/l NAA + 1.5 mg/I
Kin.

Conclusion: The results of this study show the similarity of callus proliferation in all experiments. In all
experiments, medium supplemented with 0.6 mg/l NAA plus all cytokinin concentrations showed the highest
rate of callogenesis. The highest callus diameter (7.5 cm) was obtained in third experiment (0.6 mg/l NAA + 1
mg/l Kin), while callus diameter in the first (1 mg/l BA and 0.6 mg/l NAA + 0.3 mg/l BA) and the second ( 0.3
mg/l NAA) experiments was measured 2.5 and 2.87 cm, respectively. Regeneration results indicated that
Cytokinin is necessary for plantlet regeneration. Plant regeneration occurred only in medium contained both of
kin and NAA, while BA and TDZ could regenerate plantlets from Callus independent of NAA presence.

Keywords: BA, Cytokinin, in vitro Condition, Ornamental Plant, TDZ
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Figure 1- Effect of storage time on fruit weight loss of Kinnow mandarine.
Means followed by the same letter are not significantly differentns (P<0.01) based on Duncan’s multiple range test.
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Table 1- Effect of harvesting date on fruit weight change of Kinnow mandarine during storage

Cildy obo; o0 039 s
s Fruit weight change
Harvesting date (%)
;515 N
0b
6 December
;130
+2
21 December b
w15
+4.3b
5 January
«30
+125a
20 January
yoge 15
ok +14.3a
4 February

23,5 dgles (31 15) Jgl cusls p d Comas oga0 (359 s o yd ¥
*: Fruit weight change (%) was compared to the first harvest (6th December)
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Numbers followed by the same letter are not significantly differentns (P<0.01) based on Duncan’s multiple range test
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Table 2- Effect of harvesting date and storage period on the quantity and quality of Kinnow mandarine fruit

(WX

039

‘ N TS Lo AWnie s
Cuild 1 (3o L Fruit e Pulp Juice TSS TA TSS/TA H
Harvesting date ~ Storage  \yeight Meat weight  weight (%) (%) P
period (9) weight (9) ()
(day) (9
»15 30 90.5 bc 76.7a-d 42.2b-d 30.3bc 8.7d 1.53 ab 57e 3.15eg
6 December 60 89.0 bc 67.9 cd 37.1cd 31.7 bc 10.5bc 157 a 6.7 de 3.05fg
90 915bc  72.0b-d 36.7 cd 35.3hc 10.8a-c  1.33ad 8.2cd 3.36a-e
;5130 30 86.1c 66.5 cd 43.9d 31.3hc 9.2d 1.39 a-d 6.7 de 3.30 b-f
21 December 60 85.4¢ 64.6 cd 34.1d 30.5bc 9.8cd 1.49 a-c 6.6 de 3.22¢cg
90 85.3¢ 62.3d 34.2d 28.1c 10.8 a-c 1.18d 9.2a-c 3.52a
«>15 30 96.4 bc 69.4 bd 40.3 b-d 29.1c 10.5bc 1.52a 6.7 de 3.21d-g
5 January 60 100.3bc  75.2a-d  42.0b-d 33.2bc 11.4ab 1.21d 9.3a-c 3.43a-c
90 94.0 bc 68.3 cd 39.8 cd 30.5hc 11.7a 1.17d 9.4 ab 3.06¢9
«>30 30 121.8a 89.6a 523a 37.3a-C 10.4 be 1.28 b-d 8.4 b-d 3.50 ab
20 January 60 110.1ab  80.0a-c 47.9 ab 32.0 bc 11.5ab 1.24 cd 9.2a-c 3.48 ab
90 97.8 bc 70.5b-d  32.6b-d 27.8¢c 114 ab 1.17d 9.9a-c 3.21b-g
o 15 30 110.8ab  85.4ab 46.3 a-C 452 a 11.6 ab 1.16 d 10.3a 3.42 a-d
4 February 60 98.7 bc 741a-d 43.2bd 30.9bc 11.8a 1.20d 10.2 ab 3.06¢g
90 86.4¢ 66.7 cd 33.6d 33.1hc 11.8a 1.19d 10.0 ab 3.26 ¢c-g

asbged 5SSl (ol aiels din 03] 5 ookl b (P<O.01) s sine M) lyls (gt yo 55 S jiio gy b dlae]
Numbers followed by the same letter are not significantly differentns (P<0.01) based on Duncan’s multiple range test.
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Figure 2- Effect of storage time on fruit peel weight of Kinnow mandarine
Means followed by the same letter are not significantly differentns (P<0.01) based on Duncan’s multiple range test.
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Table 3- Correlation coefficients of qualitative and quantitative characteristics of Kinnow mandarine fruit

cin o 3y CubeS g AW (5 <l s Cusgy (338
- Fruit Meat Pulp Juice Peel pH TSS TA TSSITA
Characteristic . . . . ;
weight  weight  weight  weight  weight
0920 (139 1
Fruit weight
S O o
: 0.95 1
Meat weight
s 3 = =
. . 1
Pulp weight 0.96 088
<ok 048 058 049 1
Juice weight
S 039 048 053 052 030 1
Peel weight
pH 0.32 0.26 0.34 0.39 0.03 1
TSS 0.04 -0.08 0.15 0.20 -0.46 0.06 1
TA -0.14 -0.03 -0.19 -0.24 0.49 -0.37 -0.77" 1
TSS/ITA 0.13 0.02 0.21 0.28

2oL 5 Jlosol paw 3 s gee cud i

-0.47 0.25 0.91™ -0.94™ 1

9%

*and **: Significant at probability level 5 and 1%, respectively
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Introduction: Citrus is one of the most commercially important horticultural crops grown in tropical and
sub-tropical regions of the world. They are classified as non-climacteric fruits. Harvesting date and storage can
influence citrus fruit quality and shelf life. In Iran, some members of citrus family including sweet orange and
mandarin are produced as an export crop, so research on fruit quality and storage life is needed. There is no
available scientific literature regarding the effect of harvesting date and storage duration on retaining the
postharvest physicochemical properties of Kinnow mandarin under cold storage. The main objective of the
present study was to evaluate the effect of harvesting date and storing time on shelf life and quality of Kinnow
mandarin fruits under Jiroft weather conditions.

Materials and Methods: Investigations were carried out on mandarin (Citrus reticulata) cv. Kinnow grafted
on sour orange rootstock in an orchard located in Jiroft and Kahnooj Agricultural Research Center, Jiroft, Iran.
Fruits were harvested on 6" December, 21™ December, 5" January, 20™ January and 4™ February. After cold
storage for 30-90 days at 4-6 °C, the fruit was analyzed for quantitative and qualitative characteristics including
weight of fruit, peel, meat, pulp and juice, fruit weight loss, pH, total soluble solids (TSS), titratable acidity (TA)
and TSS/TA. Experimentwas arranged in a split plot based on randomized complete block design (RCBD). Data
analysis and similarity coefficient (Pearson's method) were performed using SPSS.16 software, and means
comparison was performed by using Duncan's multiple range test at 1 and 5% probability levels.

Results and Discussion: The results showed that the interaction effect of harvesting date and storage period
on the weight of the fruit, meat, pulp and juice and TSS, TA and TSS/TA was significant at 1% probability level.
Weight of harvested fruits from 6" December to 5™ January was constant, but fruits harvested on 20" January
and 4™ February were heavier as much as 12.5 and 14.3 percent, respectively, compared to 6™ December. Fruit
weight loss increased along with the increase in storage time duration, so that mean fruits weight loss
percentages were 3.5 and 16.5 at 30 and 90 days of storage, respectively, due to continued transpiration of the
fruits after harvesting. As a result of transpiration, water enters into the atmosphere through the pores existing on
fruit surface. The greatest fruit weight (121.8 g) was recorded for combination of harvesting on 20" January and
30-day storage. Fruits harvested on 20" January and 30-day storage had higher meat and pulp weight (89.6 and
52.3 g, respectively) and a significant correlation coefficient was detected between them. Changes of fruit juice
pH at different stages of fruit ripening and storage times did not follow a fixed pattern, though pH slightly
increased in some cases during storage, which can be due to oxidation of citric acid during storage. The
maximum TSS was recorded for harvesting on 5" January and 90-day storage (11.7 °Brix2 as well as 4"
February and 60- and 90-day storages (11.8 °Brix), while the minimum TSS was observed on 6™ December and
30-day storage (8.7 °Brix). The results exhibited that TSS content of fruit juice increased when storage period
increased, which was possibly attributed to the hydrolysis of starch and increase in sucrose content. However,
increase in TSS during storage is not always directly related to changes in the simple sugar content of fruit.
During storage and maturation of the fruits on the tree, TA reduced due to the use of citric acid in respiration.
Taste index (TSS/TA) in fruits harvested at full maturity was greater than that in fruits harvested in the fall.
Besides, TSS/TA increased during storage, so that the highest and lowest average TSS/TA ratios were related to
harvesting on 4™ February and 30-day storage as well as 6" December and 30-day storage, respectively.
According to the results, fruits did not reach full maturity until 5 January under Jiroft weather conditions.

Conclusion: Postharvest quality and shelf life of Kinnow mandarin fruits were affected by harvesting date
and storage duration. Delay in harvest resulted in an increase in fruit weight, TSS and TSS/TA. TSS and TSS/TA
were higher when fruits harvested on 4™ February. Fruit weight loss increased when the storage period increased.

1 and 2- Assistant Professor and MSc Student of Horticulture, Department of Horticulture, Karaj Branch, Islamic Azad
University

(*- Corresponding Author Email: smmiri@kiau.ac.ir)

1- Assistant Professor, Jiroft and Kahnooj Agricultural Research Center
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Overall, 4™ February is the best date to harvest Kinnow mandarin fruit in Jiroft.

Keywords: Fruit quality, Fruit weight, Storage, Total soluble solid
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Figure 1- Effect of nitric oxide treatment on chilling injury (%) of Washington Navel orange fruit during storage. C: control

fruit; N1: nitric oxide 0.25 mM; N2: nitric oxide 0.5 mM. For each column means followed by the same letter are not
significantly different (p<0.05).
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Figure 2- Effect of nitric oxide treatment on chilling injury (%) of Washington Navel orange fruit during storage
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Figure 3- Effect of nitric oxide treatment on electrolyte leakage (%) of Washington Navel orange fruit during storage C:
control fruit; N1: nitric oxide 0.25 mM; N2: nitric oxide 0.5 mM. For each column means followed by the same letter are not
significantly different (p<0.05).
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Figure 4- Effect of nitric oxide treatment on lipid peroxidation (Mg/gFW) of Washington Navel orange fruit during storage.
C: control fruit; N1: nitric oxide 0.25 mM; N2: nitric oxide 0.5 mM. For each column means followed by the same letter are
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not significantly different (p<0.05).
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Figure 5- Effect of nitric oxide treatment on hydrogen peroxide (umol/gFW) of Washington Navel orange fruit during
storage. C: control fruit; N1: nitric oxide 0.25 mM; N2: nitric oxide 0.5 mM. For each column means followed by the same
letter are not significantly different (p<0.05).
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Figure 6- Effect of nitric oxide treatment on catalase and peroxidase (U/mg protein) of Washington Navel orange fruit during
storage. C: control fruit; N1: nitric oxide 0.25 mM; N2: nitric oxide 0.5 mM. For each column means followed by the same

letter are not significantly different (p<0.05).
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Figure 7- Effect of nitric oxide treatment on total soluble solids (%) of Washington Navel orange fruit during storage. C:

control fruit; N1: nitric oxide 0.25 mM; N2: nitric oxide 0.5 mM. For each column means followed by the same letter are not
significantly different (p<0.05).
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Figure 8- Effect of nitric oxide treatment on ascorbic acid (vitamin C) content (mg/100 ml) of Washington Navel orange fruit
during storage. C: control fruit; N1: nitric oxide 0.25 mM; N2: nitric oxide 0.5 mM. For each column means followed by the
same letter are not significantly different (p<0.05).

EC ONL BEN2

(ala) ko L O

storageperiod (month)

QST N2 g ,¥90 Juo 0725 S i auwSTINL bl 2 C. Glo ,Wil (b JoU 5i&inily JW 3 gm0 PH (59 Gy danST slowd 51-9 JSUS
o Oyl (Sl (g1 diald W (19031 0 y3 5 g 4> i (Sl By > (6115 & 2l (nle (ygie 2 )3 Vg0 o 0/5 S i
Syl e b g b
Figure 9 - Effect of nitric oxide treatment on pH of Washington Navel orange fruit during storage. C: control fruit; N1: nitric

oxide 0.25 mM; N2: nitric oxide 0.5 mM. For each column means followed by the same letter are not significantly different
(p=0.05).
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not significantly different (p<0.05).
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Introduction: Chilling injury (CI) is the primary postharvest problem of orange (Citrus sinensis L.) and
many other horticultural crops during storage. Washington Navel orange fruits are susceptible to Cl during
storage below 5°C, and the main CI symptoms are surface pitting, browning, discoloration and decay. Several
promising methods have been developed to alleviate CI symptoms of orange fruit. These include postharvest
physical treatments with UV-C, modified atmosphere packaging, temperature conditioning, and chemical
treatments with plant growth regulators. Oxidative stress from excessive reactive oxygen species (ROS) has been
associated with appearance of chilling damage in fruits. The oxidation of ROS is due to their reaction with
numerous cell components coursing a cascade of oxidative reactions and consequent inactivation of enzymes,
lipid peroxidation, protein degradation, and DNA damage. Aerobic organisms have evolved well-developed
defense systems to establish a fine-tuned balance between ROS production and removal plants are protected
against ROS effects by a complex antioxidant system. This involved both lipid soluble antioxidant (a- tocopherol
and carotenoids) and water soluble reductants (glutathion and ascorbate) and enzymes, such as catalase (CAT),
ascorbate peroxidase (APX), superoxide dismutase (SOD) and peroxidase (POD). Previous studies have shown
that there is a positive relationship between the antioxidant enzymes activity and the chilling tolerance in
harvested fruits. Nitric oxide (NO) is an important signaling molecule involved in many plant physiological
processes. It has also been indicated that NO protects plant cells against oxidative stress by reducing ROS
accumulation. When exogenously applied, NO has been shown to result in an improved chilling tolerance and
reduced incidence of chilling injury in several fruits. The objectives of this study were to evaluate the effects of
NO on chilling injury, lipid peroxidation content, peroxide hydrogen content, and the induction of antioxidant
enzymes in Washington Navel orange (Citrus sinensis L.) fruit during storage at 5+1°C.

Materials and Methods: Washington Navel orange (Citrus sinensis L.) fruits were harvested at commercial
maturity from a commercial orchard in Kerman, Iran, and transported to the laboratory on the same day. Orange
fruits were treated with 0.25 and 0.5 mM nitric oxide for 5 min and then stored at 5+1°C and relative humidity of
85-90 % for 5 months. No nitric oxide use was considered as control. The experiment was arranged in
completely randomized design (CRD) with three replicates. Characteristics such as chilling injury, total soluble
solids, titratable acidity, pH, ascorbic acid, and activity of antioxidant enzymes (peroxidase and catalase) were
evaluated in the present experiment.

Results and Discussion: The results showed that use of nitric oxide in fruits reduced significantly chilling
injury, ion leakage, lipid peroxidation and hydrogen peroxide compared to control, though it increased activity of
antioxidant enzymes. According to these results, unlike organic acids which decreased in treated and non-treated
fruits, total soluble solids, ascorbic acid and pH of the fruits increased during storage, however, nitric oxide
treatment reduced the rate of changes, be either reducing or increasing, in the mentioned parameters compared
to control. So, fruits treated with 0.5 mMol nitric oxide showed the highest effect on the reduction of chilling
injury.

In the present study, the results indicated that NO significantly reduced CI of orange fruits during storage at
5+1 °C. NO has been applied to reduce the development of chilling injury symptoms in a number of horticultural
crops. Thus NO has the potential of application in postharvest treatment by alleviating chilling injury and
maintaining quality, and the aim of this study was to determine how NO alleviates the anti-oxidative systems,
probably one of the mechanisms of improved chilling tolerance, of orange fruit during chilling stress. This
indicates that the chilling tolerance of orange fruit was also enhanced by postharvest treatment with NO. Lipid
peroxidation and protective enzyme systems are often evaluated in studies of plant mechanisms under various
stresses. Low temperature disrupts the balance of active oxygen species metabolism, leading to their
accumulation and destruction of scavenging enzymes such as catalase and peroxidase. In the present study,
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exogenous per-treatment with nitric oxide at 0.25 and 0.5 mM significantly decreased the lipid peroxidation
content and electrolyte leakage of cold stored orange fruit compared to untreated fruits. The level of H,O, was
maintained by NO treatment, which led to an increase in chilling tolerance. It has been reported that the
improvement of chilling tolerance in harvested horticultural crops is related to the enhancement in activates of
antioxidant enzyme. Researchers found that chilling-tolerant mandarins have a higher antioxidant enzyme
activity than the chilling-sensitive ones. A number of postharvest treatments that induce chilling tolerance and
alleviate chilling injury also enhanced antioxidant enzyme activity. However, to the best of our knowledge, this
is the first paper reporting the beneficial effects of NO on CI of postharvest orange fruits. In this study, there was
a continuous increase in peel and pulp lipid peroxidation content in all fruits, but the application of NO
significantly delayed the increase of lipid peroxidation. Moreover, the change in membrane permeability
(revealed by H,O, content) showed trends similar to lipid peroxidation content; in other words, peel and pulp
H,O, content increased with storage duration, but NO markedly delayed the increase. NO has been considered to
be involved in a network of interacting signal transduction pathways, which regulate defense responses to abiotic
stress. The detoxification of ROS is dependent on antioxidant enzymes such as CAT and POD. The increase in
these enzymes’ activity contributes to the adaptation of plants to cold stress and ameliorates oxidative damage
such as lipid peroxidation (lipid peroxidation increase as indicator) and H,O, content.

Conclusion: In conclusion, application of NO reduced CI of oranges stored at 5£1°C and maintained oranges
quality as well. The chilling injury, lipid peroxidation, and peroxide hydrogen were significantly reduced by NO
treatment especially at 0.5 mM. Induced cold resistance by NO treatment may be due to the stimulation of
antioxidant enzymes, and protection against membrane oxidative damage, decreased lipid peroxidation and H,O,
content in orange fruits. These results may have implications for the use of NO in managing postharvest Cl of
other subtropical fruits stored at low temperatures.

Keywords: Storage, Antioxidant enzyme, Orange, nitric oxide
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Table 1- ANOVA of morphological traits in Hypericum perforatum as affected by Cd, Zn and Zeolite.
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SOV T a5 Mean squares
Source of sl olS glis ) ady, Job JS a8l slams WS/ JS slaw pedaw S dlaad Judg IS5
variance (df) oLS/ said No. of Sy S gl oloww o
_Plant Root length No. of flowering flower/Plant Leaf No. of Relative
height(cm) (cm) stem/Plant area black chlorophyl
(cm?) nodule/leaf I
content(SP
AD)
Sk 2 137" 252" 1.447 32.26™ 5.90" 0.46"™ 5.58 ™
Block
“’gj‘ 2 265.96" 8.67" 45377 208.26" 463 151.197 106.85 "
;” 2 362.79" 127.117 14.92" 101.157 8.69" 44.16"™ 9.71™
n
"*J%”‘)' 2 21.06"™ 2.86" 0.26™ 5.48™ 0.70™ 5.97™ 2557
Zeolite
it 4 3.80™ 9.61" 2.01™ 2.85™ 0.30™ 38.68™ 291™
CdxZn
- :.x . .
5 W_“ 4 27.42" 5.42 5.18™ 154.35 0.64™ 11.33™ 371™
CdxZeolite
- :.x o o
s 9 4 89.67 6.17 0.85™ 11.35™ 0.85™ 13.01™ 14.30™
ZnxZeolite
= Jo5X o, X -
edgX s v M 8 13.65™ 4.28 1.00™ 33.11™ 0.42"™ 10.42"™ 2.38™
CdxZnxZeolite
s 52 13.61 0.75 2.23 29.81 0.42 17.81 6.44
Error
Gl sne pas NS o> 1 Jlain] gaws j3 3 gno i 0u0)3 D ot o ;3 I ime *
*, **and ns are significant at p< 0.05, p<0.01 and not significant, respectively
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Figure 1- Mean comparison of the interaction effect of Zn and Zeolite on plant height of Hypericum perforatum.
Means which followed by the same letter has no different significantly by the Tukey’s test at 5% level of probability

Ca (ZN) g5) 9 e 5iSie onl Jto Bran o jolis 5 mjte
ey Jobw Lt )3 39290 JU slapuyn 35k 5l JUdl
polis )50l jl Ay e g Jsb GRS L eSS e
L onlplas oy SYL ) 28 o donal )5 5 03500 Canilon
PLE ddyy iy Ad) bl ass 0 g S0 pedlS iyl
(ZN) g9y Lial3dl b oS Gl s 4], 505 polis 39y dalsso
O alice dlge JUiml g aly Lil5dl ol cady, A5, «SB 5
(32) 2,5 o ©y900 5llas 20

ady) Jobo ylade oYL (g g uedlS (oS 5 51 50
Mk (505 g lass 93 y 2 yiio s )3 (e L 33/28)
(3 JS=s) 93,5 samliive CdaoZo zobaw y (y=io 5Lw28/44)
ZoZnsoClp jless pd aslBaw <l 3l ke duslio )0 cpinod
ZoZnoCdag yloass ) g (p—o 8l 36/26) (pSilie oy s
Lot ol (4 JS8) 03 Juols (1 526110) oo 50
Ol 2 el ol Sl g ady; Jsbo 59y 355 soanl Bl il
oS 3550 50 (33) o)) LSen 9 SOb (slaasl aisb o Cino
25 b |y b o) Sedum alfredi

ol sime b 8oy G sl gxbans )3 (ZN) (59 g paedlS
oD Jlans s )3 5 Cls et 0ol adyy Jsb
gk il L (L gas) 39 IS ,8b aay Jobo ljél
ado) Jobo (nyiuin o5 ()sba 4Bl el ady) Jsb quuedls
29129) o Jacie cpy5aS g weedlS OLE > (ji0 Lo 32/74)
OsSlse duglie b odaliie mpedl8 o (3 YL 33 (20 Lo
oy clale 58l a8 sl oLt 55 (ZN) eg) il zobaus oy
Ol Ly ZNso ghass )3 9 0 aidyy Jop-b a8l 4 pocte
S L 2 gl (s (e (533120)
Soln dunnlie 135 Juols ady Jsb (508 (e 528/86)
ol sles ol Cute ST SLsS 8 Sl pobaw 4 by
2 (e l3/BA) aiy; Jsbo jlaia (5 st 45 ol ity Jobo
et > (e BlLuwB0ITA) ke 508 5 Zio s 25Vl
(2Jgs2) 2ol consey g
33/61) ais) Jsbo o5 st w59y 9 waodlS” il 51 g 2
1 Cdig g Cdy wsedlS zgbau ,d cayi 4 1y (o 500 33/79 4
gl 1) (st gl 26/TA) Jlado 508 5 ZNso b S 5
Job Lials S cul odds asuie (ZJSN) sly olss CdyoZng
5 hs polie i > PN s ) el 5 o ity
g palS iy s Gy imayy s olie b gadls (9) il oo



509 .. ool U5 S35 r9091 308 Sloogas y Celgis 3 535 uaodls 5l alla

=B 2 (Sigled g0 Olio (5l bylow 03lw O 1 (Sl dumnslie =2 Jgu>
Table 2- Mean comparison of the single effect of treatments on morphological traits in Hypericum perforatum
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. Plant Root length No. of flowering No. of Leaf area No. of clative
Treatment height(cm) (cm) stem/Plant flower/Plant (cm?) black chlorophyll
nodule/leaf Content(SPAD)
oS
Cd
0 62.74° 32,742 9.48°2 38.74 2 3.80° 13.29° 99.31°
10 59.75° 30.89° 7.07° 35.22° 3.27° 13.55° 13.29°
20 56.46 © 29.29 ¢ 7.44° 33.25" 2.98° 17.52°2 16.28°
SS9
Zn
0 55.55 P 28.86 ¢ 7.29° 33.70° 2.70° 14.85°2 21.29°2
25 62.61° 30.86° 7.92%® 35.96 3.76 2 16.03 40.302
50 60.78" 33.20% 8.77%8 37.552 3582 13.48°2 67.29 2
s
Zeolite
0 58.78 30.74° 8.07° 35,522 3.28°2 15.332 69.28 °
5 59.62 2 30.83%® 7.88°2 44.35 2 3.24%2 14522 1.30%®
10 60.54 2 31.34°% 8.03° 36.26 3538 14512 59.30 @
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In each column, the data which followed by the same letter has no different significantly by the Tukey’s test at 5% level of
probability.
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Figure 2- Mean comparison of the interaction effect of Cd and Zn on root length of Hypericum perforatum.
Means which followed by the same letter has no different significantly by the Tukey’s test at 5% level of probability
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Figure 3. Mean comparison of the interaction effect of Cd and Zeolite on root length of Hypericum perforatum.
Means which followed by the same letter has no different significantly by the Tukey’s test at 5% level of probability
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Figure 4. Mean comparison of the triple effect of Cd, Zn and Zeolite on root length of Hypericum perforatum
Means which followed by the same letter has no different significantly by the Tukey’s test at 5% level of probability
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Figure 5. Mean comparison of the interaction effect of Cd and Zeolite on Number of flower in plant.
Means which followed by the same letter has no different significantly by the Tukey’s test at 5% level of probability
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Introduction: Among the heavy metals, cadmium, because of high mobility and bioavailability in soil and
also toxicity at low concentrations is very important. Cadmium (Cd) is known as carcinogen and can induce
many types of cancers. Human activities (metallic industries, contaminated fertilizer, herbicides or insecticides,
irrigation with contaminated groundwater, and use of contaminated sewage sludge) are largely responsible for
accumulation of different levels of Cd in soil. Saint John’s Wort (Hypericum perforatum L.) is a medicinal plant
and belongs to the family Hypericaceae which its extract, one of the best-characterized herbal medicines, known
as the Cd-hyperaccumulator, is widely sold for the treatment of depression. Hyperaccumulator plants are species
able to accumulate high amounts of heavy metals in their tissue at concentrations of 10 to 100 times higher than
tolerated by crop plants. Zinc (Zn) is an essential element occurring in several enzymes, where it plays a
catalytic or structural role. Cadmium and zinc have similar electron configuration, valence state as well as
affinity to S, N and O donor ligands and thus their geochemical and environmental properties are comparable.
The antagonism activity between Cd and Zn in the environment and their chemical similarity can lead to
interactions between Cd and Zn during plant uptake, transport from roots to shoots, or accumulation in edible
tissues. lon exchange is one of the methods used for the removal of several toxic substances. In recent years,
natural amendments, such as zeolite have been widely used to address trace metals contamination. Therefore,
adding zinc and zeolite to the growth medium of plant can be moderating the toxic effects of cadmium.

Materials and Methods: This pot experiment was conducted at the Experimental Field of Ferdowsi
University of Mashhad (FUM) from September 2013 to June 2014. Treatments consisted of three levels of
cadmium (0, 10 and 20 mg Cd kg™ soil), three levels of zinc (0, 25 and 50 mg Zn kg™ soil) and three levels of
Zeolite (Clinoptilolite) (0, 5 and 10g zeolite kg™ soil) arranged in a factorial based on Randomized Complete
Block Design (RCBD) with three replications. Cadmium sulfate (CdSO,-4H,0) and zinc sulfate (ZnSQO,4-7H,0)
were purchased from MERCK company. The zeolite used in this research was collected from the Semnan mine,
located in South of Semnan Province. After preparing the soil, the pots (30 cm in diameter with 18 kg capacity)
were filled with 18 kg soil and thoroughly mixed with appropriate amounts of cadmium, zinc and zeolite diluted
in distilled water. Seeds of H. perforatum L. cv. “Topaz” were obtained from the FUM Research Field. After 24
hours of soaking in tap water, the seeds were sown on the surface of moistened soil in each pot and germinated
after 10 days. Following germination, the seedlings (about 1.0 cm high) were thinned and only 10 seedlings in
each pot were kept. At the full flowering stage, these plants were harvested after 9 months. Plant height, root
length, flowering stem and flower number, leaf area, relative chlorophyll and number of black nodules was
measured. Chlorophyll (Chl) content were determined by leaf area meter (Li-Cor-1300, USA) and SPAD
chlorophyll meter. Data were analyzed statistically by using JMP 8 and Excel software. The differences between
averages were tested by Tukey’s test at P < 0.05.

Results and Discussion: The results showed that increasing cadmium levels lead to significant decrease of
6.28, 3.45,2.04, 5.49, 0.82, 15.71 percents in plant height, root length, flowering stem, flower number, leaf area
and relative chlorophvll, respectively compared with control. In comparison to control, the number of black
nodules in leaf significantly increased by 4.23 percent. Combined application of cadmium and zinc could
significantly decline the effects of cadmium on plant height and root length. Meanwhile, interaction effect of
cadmium and zeolite was detected significantly on root length and number of flowers. The results of three-way
interactions for root length were superior in Zn,CdoZ1o treatment. Cadmium is an inhibitor of uptake and
accumulation of essential mineral nutrients, reduces conductivity of stomata andwater potential of cells and
damaged photosystems; therefore, can decrease biomass production in stem, flower and root. The reduction of
Chl content could lead to enzymatic degradation of these pigments or inhibition of their biosynthesis, which
could be connected with Cd-induced deficiency of iron and zinc, decrease of magnesium content or cadmium
bond to essential thiol groups in both the protochlorophyllide reductase protein and other enzymes involved in
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the light dependent synthesis of 5-aminolevulinic acid. Heavy metal stress with impact on biosynthetic pathways
of pharmacologically active molecules can either increase or decrease them. Changes in black nodules number,
containing hypericin and other secondary metabolites in H. perforatum in response to heavy metals can help us
understand the role of this material in stress conditions. It could be assumed that high metal accumulating ability
of plants producing specific secondary metabolites in H. perforatum could be also connected with chelation of
toxic metals with mentioned substances.

Conclusions: Our results confirmed that the addition of zeolite and zinc presumably improved plant growth,
because of increased availability of essential nutrient elements such as K, Mg, Ca, NH4, and micronutrients in
presence of zeolite or decreased Cd sorption and transmission in presence of zinc.

Keywords: Cd-hyperaccumulator, Cadmium sulfate, Clinoptilolite, Medicinal plants, Zinc sulfate
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Table 1- Compares the average effect of salicylic acid on chilling injury of cherry tomato

Sl
Treatment
(Too) fhaie 1= o
distilled water

(Tor)sm) Sbousdlom jlaie I
distilled water-salicylic acid

(T10) e Gl sl Selndlo
salicylic acid-distilled water

(T12) sl Sndlorm s S lis

salicylic acid-salicylic acid

S35k paw o]
Chilling injury (%)
16.66°
12.49%

1.387¢

8.33°

Bl S5l (lasebais ge5l ;) eslizul b aoyd O Jleinl gaw y3 (bl blod 5l ()l gime BMS) o ot g >
Numbers followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test
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Figurel- Interaction effect of salicylic acid xtime on the acidity of cherry tomato fruit
Bars in column indicade standard error of means
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Figure2-Effects of salicylic acid and time on the total soluble solids of cherry tomato fruit
Bars in clumn indicadestandard error of means
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Figure3- Effect time on weight loss cherry tomato fruit
Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test
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Table 3- Analysis of variance effects of salicylic acid on taste index (TSS/TA) of cherry tomato fruit during time

Source of variations <l pai 2ol &85 an TSSITA b ol
Treatment ,los 3 19.30**
Time .l; 5 27.12**
Treatment X Time :\lo;X Lo 15 5.52%*
Error _slejl olis! 48 2.34
CV % &y oy 11.77

Jeinl 3o)3 1 5 oaw 13 )b gxe g )5 ime b i) 4 s g 3, NS
ns, * and **: non-significant and significant at 5 and 1 % levels of probability, respectively.
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Figure4-Interaction effects of salicylic acid xtime on the taste index of cherry tomato fruit
Bars in column indicade standard error of means
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Table4-Analysis of variance effects of salicylic acid on the attributes of proteins, carbohydrates and proline cherry tomato

fruit over time.
; Olayyo (o
Ol s 2alio w33l "?”f Mean square
Source of variation Dfegrees o 9 . YY)
reedom 7 Carbohydrate <l ,u g, 7
Protein Proline
N )L:’-" . 3 0.00014"™ 0.07" 0.0001™
reatmen
ﬁ“’)’ 5 0.0011" 1.73™ 0.00008™
ime
wloiX g ok
. ‘.ihu ;:0; 15 0.00030™ 0.12 0.00002"
reatmentxTime
i losl alandt
WI"E 2 )' 44 0.00044 0.031 0.00002
rror
Oy g oo
cv 2.11 1.51 4.60
(%)

Jeinl 3oy3 1 5 oo 13 )b gxe g )5 ime b i) 4 s g 3, NS
ns, * and **: non-significant and significant at 5 and 1 % levels of probability, respectively.
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Continued table 4- Analysis of variance effects of salicylic acid on characteristics guaiacol peroxidase, hydrogen peroxide,
Malondialdehyd(MDA) cherry tomato fruit over time

lay yo (Kileo
oyl gslie (< Mean of Square
TR & @l 42 a5 5 JownST s JoSUE o7 63 oalle
Sources of variations Degrees of S| 33 (359 youR STy JoSL bl (68 ¢y
freedom H,0, GPX MDA
( Hydrogen peroxide) (Guaiacol peroxidase)  (Malondialdehyd)
sl 3 0.00066"™ 0.0017" 129.74"
Treatment
ol 5 0.0010" 0.0044™ 637.94"
Time
ol 15 0.00039™ 0.0010" 71.43"
TreatmentxTime
alojl oledd 44 0.0005 0.0007 93.17
Error
Ol ot g pd
cVv 30.38 0.027 12.02
(%)
Jssl aoy3 1 95 polaw )3 I3 gxe g I3 gxe pé i 4 s 9 %, NS
ns, *and **

: non-significant and significant at 5 and 1 % levels of probability, respectively.
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Figure 5- Effect of Time on protein content of cherry tomato fruit
Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test
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Figure6- interaction effects of salicylic acid xtime on the carbohydrate content of cherry tomato fruit
Bars in clumn indicade standard error of means
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Figur 7- The effect of salicylic acid on proline content of cherry tomato fruit
Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test
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Figure 8- Effect time on proline cherry tomato fruit
Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test.
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Figure 9- Effects of salicylic acid on the enzyme activity of guaiacol peroxidase of cherry tomato fruit
Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test
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Figure 10- Effect of Time on enzyme activity of guaiacol peroxidase of cherry tomato fruit
Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test
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Figure 11-Effect of time on hydrogen peroxide content of cherry tomato fruit
Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test
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Figure 12- Effects of salicylic acid on malondialdehyde content of cherry tomato fruit
Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test
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Figure 13-Effect of time on malonidealdehyde content f cherry tomato fruit
Means followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test.
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Introduction: Fruits and vegetables play a major role in providing vitaminsand minerals that are essential in
the metabolism. In addition to providing vitamins and minerals compounds, they are called secondary
metabolites. Tomatoes are one of the most vegetables in diets of people around the world. Low temperature
stress associated with the production of reactive oxygen species causing damage can occur before or after
harvest, farm, transportation, storage and marketing. Today, a greater emphasis is placed on post-harvest storage
of agricultural products to increase productivity and make better use of labor resources, worker, energy and
money, rather than an increase in production. One of the most promising treatments is the use of salicylic acid
for prevention of the frost damage of post-harvest fruits and vegetables with different mechanisms such as
increased enzymatic and non-enzymatic antioxidant system activity. Salicylic acid is known as a signal molecule
in the induction defense mechanisms in plants. SA is a well-known phenol that can prevent ACO activity that is
the direct precursor of ethylene and decreases Reactive Oxygen Species (ROS) with increasing enzyme
antioxidant activity. Salicylic acid is a natural phenolic compound known as a plant hormone having positive
effect on storage life and quality of fruits. This study aimed to investigate the effects of pre- and post-harvest
application of salicylic acid on antioxidant properties and quality of tomato and its effect was evaluated on
prevention of chilling injury of cherry tomatoes during cold storage.

Material and Methods: This research was conducted in a greenhouse of Horticulture Department of
University of Maragheh. Treatments were included before harvest at fruit set stage with the control (distilled
water) and 0.75 mM salicylic acid spraying and after harvest, red ripened fruits were used for treatments control
and immersion in 0.75 mM salicylic acid. Then all the treated fruits were transferred to 1 C. Sampling of fruits
was done weekly and continued five weeks. In the last week of the experiment, fruits were kept for three days at
room temperature (24-25 C) to evaluate the effects of frost on the whole period. To determine the effect of
salicylic acid on percentage of cherry tomatoes injury, analysis of variance for a completely randomized design
with three replications was used. For other traits factorial experiment with completely randomized design was
applied. The treatments included salicylic acid treatment and six periods of storage. Duncan test was used for
comparison of means.

Results and discussions: The results showed that the effect of salicylic acid significantly reduced frost
damage in cherry tomato fruits during the storage period (P<0/01). Treated fruit with salicylic acid before
harvest showed the lowest damage of chilling in comparison with controls. Titratable acidity is directly related to
the concentration of organic acids present in the fruit which is an important parameter in maintaining the quality
of fruits. Titratable acidity increased gradually in all treatments except control and it seems to be influenced by
the postharvest SA. Cell membrane of injured tissue was exposed to transform from a crystal liquid phase to a
solid gel together and thus membrane permeability and ion membrane leak were increased (Wang et al., 2006).
Salicylic acid may be used in the pre-harvest cherry tomatoes had a large role in the stability of the membrane
and prevention of chilling injury. Salicylic acid was used before conception and chilling injury (Wang et al.,
2006). Salicylic acid may be used in the pre-harvest cherry tomatoes that had a large role in the stability of the
membrane and prevention of chilling injury. Application of salicylic acid before harvest on cherry tomatoes was
more effective in maintaining the quality of the fruit and preventing of chilling injury. Organic acids reduce the
consumption of sugars that occur during breathing and are directly related to metabolic activities (Jalili Marandi,
1383; Rahemi, 1384). It seems that spraying with 0.75 mM salicylic acid before conception, had a greater impact
on the accumulation of proline and resistance in the plants and so the fruit had the lowest percentage of frost and
high levels of proline matches. The maximum amount of proline in fruits at low temperature was obtained by
increasing the exposure time after fifth week.

1 and 2- Associate Professor and MS.c. Geaduated student of Departement of Horticultural Sciences and Enginering,
Faculty of Agriculture, University of Maragheh
(*- Corresponding Author Email: hajizade@maragheh.ac.ir)
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Conclusion: The results of the percentage of chilling injury, proline, carbohydrate and indicators related to
quality of tomato fruits cherry tomato showed that treatment with salicylic acid can be effective on chilling
tolerance during storage. Compared with the control treatments before harvesting frost cherry tomato had the
greatest influence on stability by increasing the number of applications of salicylic acid that also reduced the
effectiveness of this treatment.

Keywords: Cold stress, Cherry tomato, Storage life and Fruit quality
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Table 3 - Effect of sdate owing on fresh yield, leaf number, leaf length, leaf width, and plant height of spinach

S G Fars:“s;;;:l&d R Sy dob Sy sy Wy g3
. Leaf length Leaf width Plant height
Sowing Date Leaf number
J (tha') (cm) (cm) (cm)
5 4l
R Js 27.89b 12.5b 11.56b 6.06b 24.75b
22 Aug.
515
Sl 43.05a 14.75a 13.62a 9.06a 29.68a
5 Sep.
|
e s 20.47b 12.00b 9.62¢ 6.56b 23.00b
22 Sep.
15
e 26.14b 12.00b 6.60d 5.11b 14.12¢
6 Oct.
ol Jsl 12.27¢ 12.00b 5.69d 3.04c 11.37¢
22 Oct. ' ' ' ' '

(LSD %5) w5l ks (g)lol jhai jl cygiw oy alite gy b slacl
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Figure 2- The relationship between sowing date and spinach nitrate concentrations
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Table 4- Phenotypic correlations coefficients among traits of study of spinach

3, olie 1 2 3 4 5 6
Fresh yield
2 S dsk 081" 1
Leaf length
3 S oE 070"  0.62" 1
Leaf width
4 S dsb 041" 031" 0.44" 1
Petiole length
5 Sl 023™ 0.09™  0.11™ 0.17"™ 1
Nitrate
S | * * * *
6 S 3l 044" 0.40 0.54 0.34 0.04"™ 1

Leaf number

duoydl e )3l e P o 5 Tdaw I dme > gre e 1 NS
ns :Non-significant; * and **: Significant at 5% and 1% probability levels, respectively
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Introduction: The fresh, steamed and boiled spinach were used because of antioxidant compounds that have
great biological value. This plant is usually rich in nitrates that can play an important role in reducing heart
attacks. Each year, more than 30% of the area under cultivation leafy vegetables in Iran, was allocated to
spinach. Spinach growing in both spring and autumn or summer, has poor quality due to stem production. Higher
spinach yield have been reported in autumn cultivation (compared to spring or winter planting). The nitrogen-
rich lands, little light condition, excessive use of nitrogenous fertilizers and plants during the growing season
short cause some plants like spinach, are faced with the problem of nitrate accumulation. The accumulation of
nitrate in vegetables will be different depending on the species and genetic differences.

Materials and Methods: This research was conducted for two years in Kabootarabad Agricultural Research
Station of Isfahan in order to determine the most suitable planting prickly seed spinach. Each year, of experiment
was based on randomized complete block design with four replications and the results were reported based on
two-year combined data analysis. Five planting dates at intervals of 15 days from the beginning of September
had been adjusted. Prickly seed spinach was prepared from Seed and Plant Improvement Institute. In full leaf
development stage and before the harvest of each plot, 10 plants randomly were selected and measured attributes
including number of leaves, leaf length, leaf width and length of the petiole. In order to assess yield, two central
rows of plants per plot (surface equivalent to two square meters) were analyzed after removing two distance of
half a meter from each side. Nitrate samples were analyzed using ion analyzer. Statistical analyses of the data,
correlated traits were performed using SAS software and comparisons of means using LSD at 5%.

Result and discussion: According to the results, year had no significant effect on traits. 5 September sowing
date, GDD=571 was diagnosed as the best spinach planting date yielding 43 tons per hectare. Delayed planting
date of 5 September to 22 October showed significant yield reduction and the amount of nitrate accumulation in
plants also increased linearly. Number of leaves can be changed as one of the main factors influencing the
performance of spinach according to cultivar and environmental conditions and in some studies they were ranged
from 12 to 23. Amounts of nitrate accumulation in spinach were 2675, 2898, 3189 and 3571 ppm of fresh weight
in different planting date of 5 September (571 GDD), 22 September (354 GDD), 6 October (193 GDD) and 22
October (84 GDD), respectively. The different sowing date, petiole nitrate accumulation varied from 3513 to
4680 ppm. Nitrate accumulation was ranged from 2135 to 3125 ppm wet weight in leaf blade. Different planting
dates can influence on the length of day and intensity of light and thus can affect the amount of nitrate in plant.
After planting date of August 22, temperature and radiation also reduced, and therefore it is natural that reduce
the activity of the enzyme nitrate reductase and be more prepared conditions for nitrate accumulation. According
to the World Health Organization, the uptake of nitrate and nitrite per kg of body weight daily allowance, equal
to 0.06 and 0- 7.3 mg has been reported. The quality of light received by the plant also had an effect on nitrate
accumulation, and red light compared to blue light has a greater role in stimulating the enzyme nitrate reductase
activity and thus is more effective in reducing nitrate accumulation.

Conclusion: Climatic conditions affect the quantity and quality of vegetative organs. The results of this
study showed that unsuitable spinach planting date will reduce not only vyield, but also increases the
concentration of nitrate (over 2500 ppm of fresh weight) and it may causes risks for consumers.

Keywords: Plant height, Leaf number, Growth degree days (GDD), Petiole
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Table 1- ANOVA of the effect of polyethylene mulch on some growing traits in two potato cultivars

P>F
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s gobin “2> Requirement time to 80% e Plant height in Number of %
o ] percent growing Days to flowering time main stem Leaf
tuberization area
s
* 2 0.35 0.089 0.079 0.058 0.048
Block
LSt
Agria
Sl Sigs
Polyethylene 4 0.004 0.042 0.036 0.039 0.021
mulch
s
Error S
il
Sante
Sl Sigs
Polyethylene 4 0.012 0.022 0.010 0.026 0.018
mulch
L3
Error S
Oy g o>
. 7.97 9.45 18.32 22.32
cV 3.50

*
3 re BMB! (90 NS 9 20y3 5 g 1 o )3 l5 xe M) Dy by el 4«

*F

** *and, ns represent the significant effect (P<0.01 0.05, and non significant respectively).
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Table 2- ANOVAOof the effect of polyethylene mulch on tuber size, total yield and percentage of tuber dry matter in two
potato cultivars

P>F
595 2lass T XYW L gboas wo Sboas no 5K .
SOV DF  cibopt 35l pSags U 35 Luwgie 811 55 ;1 S, B ”. -"“‘)"
Ok e 72 Daysto Fohe Foho 55 Foushe Total 036 Sl
- <31 harvest Percentage of Percentage of Percentage of vyield Dry tuber
tubers smaller ~ average tuber size tubers larger percentage
than 35 mm from 35 to 55 mm than 55 mm
S
#~ 2 0.126 0.160 0.320 0.042 0.08 0.032
Block
LsT
Agria
il Jepss
Polyethylene 4 0.012 0.035 0.041 0.031 0.041 0.081
mulch
s
9
Error
sl
Sante
il pepss
Polyethylene 4 0.008 0.008 0.028 0.018 0.023 0.097
mulch
s
9
Error
u"“g\“;)’m 2.10 16.22 25.05 8.12 11.23 12.46

S gxe M 90 NS g 00yd D 9 1 Jlein] gaws y3 55 sxe M) gy by o5 o

£33

** *and, ns represent the significant effect (P<0.01, 0.05, and non significant respectively)
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Figure 1- Interaction effect of polyethylene mulch xcultivar on time requirement to 80% percent growing in tow potato
cultivars
Means followed by the same letter had no significant difference (P<0.05) based on Duncan’s multiple range test

Ju._.wbu_n Lf]) ols omgg.:)x ol:?f )5) Jﬁ]o uu..’x@ 9 Lmu*ni
5 e Jolse Lo a5 ol o polas 3,k j1.(22 419 9)
é_:).]o )] Ls_:])oA.C » MS.MM)J-C )9]04: Lf]) ois J.;..:])B » d‘du‘).:u
aldie OLuS 5 g el S p 31500950 090092 gslaw 2 6
olej 2 Blad (Sezdly Jidgy 25 B 556 (2) 225 o Jlos!
995 e @iy ol S Sle o sl @ (ljess 585
B g S g Gial38l dseiiyd o SB slod Giuliel g S Lawgs
4 Bl gd plesly 5 L i) Vb Cole)d g ady) ol
3lnit 3 Y Sy e dlse 1S53 5 5y 52 by ] Clato

33,5 50 (Swe iy 38l 4 39)9 dise
o 5l B/53 Lawgie jobas 3,8 slul (S ek Hlows g
Lo b S ulo b dwslie ) S SB g9 ol ) 5yt )]
olej 2 olals sl sl b by i o ) .08 sl
G SLE O slegd ) G 5 ALl pawes sy (25

1- Assimilates

e S L Bl 5 b S les 93 0 ol 08
L a8 oLl Ll gloj ooy 02 Soded 4 Cand )l xa
Joss g sl GhgS 9 & G Sy 39, O3 amsgie
Osl i 5 bl Jaijl g 8,5 g aliers B SB ps
S 93 2,8 2l g b (Sl (g0l 200 5 s 13 I sine
b Copndg (2ljode U 5oy olaas jlasjl 490 g ol (bl
ew 10 ()b bxe cglay 5 Azl S e Hlew b golie
(3 Jgie) wwsles oSSl yg0j] doy3 B
0155 1133 g sl oz dld o o ) (25 028
Ss039% 9 bordgn (S2isshse ( Sagll Slieti (6
oif ao Lagl (s as g lagglgnl (b Rled 4 jomie oS Conl
11 o o 8) 95 5 S5 sligily y oMl (9) 23,5
423 5 )55 CsS (s e s b) (o Joloe ( 2lj 02
sl S50 0ty cal 3 (L9 ol o) 455 5 (o)l
i o8 JIVL Col s a2 )3 g (g gabaw &S sl oad yasuie
sk 59 g Yt clale 9 VU g b Jlie 3 S (0 Ciloa



1396 3l <3 ooy 3L aler (639U 2abio 3 poke) Sl pole 4 pii D48

395 (ol 90,5 sbul b be S pl jl g poglae Cansg 5
Cad (25 loj 3 LS i )] 2 )% J> Slg e
eSS 58b sl (S gk sles 5 b bpSs plo &
3 S0l L glals elasyl Gils 8l g iy copu p Blad

2l el (30) o) Ken

A ol g 292 sy o sl B/14 bawgie yoboty (JalS ¢lis)|
2l e SB e Hlew b o )3 D prdaws 1 (gl dme oglés
3 Jss)
P e 0 Ylanl Glis ben S j> aig glis) ils8l
by S sllao (sled (b ol)d g Cugho ol (392 (g0 s
O s Sy 5] BlaS ey S il i S g oyl

(o0 jrw 33 BIE SUid 83lo o yd g iy Cldio 1 A g Sl e SBE 1-3 Jous
Table 3-The effect of polyethylene mulch on some growing traits and tuber dry matter percentage in potato

. o5 5 bl sl Sy g L e
e e 15008 U 5q, dlaas R it Sl » Tuber dry saé Suis a3k
Polyethylene inSs g 977 ° 99 Plant height in Leaf area
Ki Days to Y 2 matter
ind A flowering time (cm*® per
tuberization (%)
(cm) plant)
il ok 46.83° 62.5°% 6184.9°% 16.79 %
Clear polyethylene
Ll
e O 47.50° 57.33° 6411.3° 15.46
White polyethylene
o sl
ke 01k 51.83° 56.75° 6106.4 % 16.02 2
Black Polyethylene
Yo oyl
L ol 52.50 ¢ 56.83 " 50.41.8 ° 16.12°
Bilayer Polyethylene
St o 53.16 ° 50.83 © 5260.5 " 17.36°

Non Polyethylene

a3l ed (5SSI 05T 3 okl b (P<0.05) o sixe M) (glyls gty 55 S jiiio gy b dlael]
Numbers followed by the same letter in every colomn had no significant difference (P<0.05) based on Duncan’s multiple range test
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Figure 2- mean comparison of iteraction effect of polyethylene mulch and cultivar on number mean of main stem in potato
Means followed by the same letter had no significant difference (P<0.05) based on Duncan’s multiple range test
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Introduction: The advantages of plastic mulches have been known in production of agricultural crops. Their
capability have been demonstrated to help nutrition uptake, precocity and yield of fruit trees, and decreasing of
aphid population as viruses pest vectors. It is also demonstrated some advantages of plastic mulch on some traits
in potato such as increasing growth rate, yield and number of medium tuber size. Also, the effects of combined
use of straw, chopped and polyethylene as well as different levels of irrigation (60, 80, 100, 120% water
requirement) on yield and water use efficiency in potato have been investigated. In previous studies, it is
concentrated on the effect of the special type of plastic on growing aspect of potato and there is no comparative
assessment between different types of the mulches. So that in this research we evaluated the responses between
types of plastic mulches.

Material and Methods: this research was conducted under field conditions. A factorial experiment was
designed based on randomized complete block design with three replications. The experimental treatments
consisted of mulch in five levels (clear, white, black, double layer and control (without mulch)) and two cultivars
(Agria and Sante). Each plot was designed in 4 m?. For every plot, ridges were divided into complicated double
rows with 50 x 150 centimeters wide. Irrigation tapes were placed between every duplicated row. Water

requirement was calculated through corrected evapotranspiration (ETo) by Penman-Monteith equation with
considering 90% water use efficiency. During the growing season some characteristics such as requirement time
to 80% emergence, tuberization time, plant height in flowering time, number of stems and leaf area have been
measured. Harvesting time was recorded along with measurement of tuber weights. Total yield was measured by
random selection of one m? in each plot. Harvested tubers were separated based on three sizes; edible tuber
(large tuber), average tuber and small tuber size. Tow-way analysis of variance (ANOVA) of data was carried
out using SAS software and means were compared byDuncan’s Multiple Range Test at probability level of 5%

Results and Discussions: The results of the experiment showed that application of plastic mulch and cultivar
had significant effect (P<0.01) on most of growing traits. Effect of cultivar and plastic mulch had no significant
different on tuber dry matter. Mean comparison of 80% emergence date, number of main stem, growth duration,
ranking of tubers size and total yield showed significant effect between cultivars and plastic mulches. Sante
cultivar with clear mulch reach in shortest time to 80% emergence (11.3 days) and tuberization time (46.46
days). Significant difference between polyethylene mulches in emergence date is due to the effect of mulch
characteristics on soil temperature and moisture. Consequently, soil microclimate would be changed and growth
habits of potato plantinclined to suitable responses. Clear plastic mulch had highest plant height and number of
main stem compared to other mulches and control treatment. Leaf area also affected by mulches; so that four
types of plastic mulches had more leaf area comparison to control. Significant effect of mulch treatments on leaf
area can be related to conservation of moisture and reduction of water stress. Meanwhile, increasing of uptake
and transferring of mineral nutrient can be promoted growth rate. All this reaction can increase leaf area in
plastic mulch treatments. Totally, application of plastic mulches could improve growth rate, growth duration and
total yield of potato.

Conclusions: The result of this research showed that polyethylene mulch can obviously increase growth rate
as well reduce growth duration. Also, plastic mulch can significantly increase total yield and positive reaction
effect on tuber size. Different types of plastic mulches showed different responses on growth traits and total
yield. It seems clear mulch be more capable in the most traits and total yield compared with other plastic.

Keywords: Cultivar, Marketable, Polyethylene mulch, Tuber dry matter
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Table 1- Effect of cytokinin on regeneration parameters of TCL explant of Lilium spp. under In vitro condition
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Table 2- Effect of explant size on regeneration parameters of Lilium spp. under In vitro condition
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Figure 1- Effects of cytokinin and explant size on A) root no, B) leaf no, C) Regeneration percentage of Lilium spp. under in
vitro condition.
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Table 3- Effect of cultivar on regeneration parameters of TCL explant of Lilium spp. under in vitro condition
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Lesoto 100a 6.66a 3.70b 100a 5.41b 0.37b
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Table 4- Effect of cytokinin on regeneration parameters of TCL explant of Lilium spp. under in vitro condition
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Table 5- Interaction of cultivar and cytokinin on growth characteristics of Lilium spp. under in vitro condition
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TDZ 100a 6bcde 4abcd 100a 6de 0.263def
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Introduction: Lily (Lilium spp.) is a genus of herbaceous flowering plants, which consisted of many
beautiful ornamental species with large prominent flowers. Most species are native to the Northern hemisphere
temperate, though their range extends into the Northern subtropics. Some specific hybrids of Lilium spp. have
been developed as cut flower in controlled conditions and in some cases can be grown as pot plant. Propagation
rate of lily in natural clonal propagation methods is very low and one year produces of 1-2 bulblets per bulb
scale. There is also possibility of disease transmission; so that, tissue culture techniques has provided an efficient
method for its micropropagation.

Materials and Methods: In this study, two separate experiments under In vitro conditions the bulblet
regeneration from thin cell layer (TCL) explants of Lilium spp. was investigated. In the first experiment, after
two months the effect of TCL explants with 1, 3 and 5 mm thickness on MS medium containing 1 mg/l BA, 2ip
and kin in combination with 0.5 mg/l NAA on regeneration parameters were assayed. In the second experiment
to determine the effect of cultivar and cytokinin types, 3mm thickness TCL explants of five cultivars (Robina,
Donato, Nymph, Lessoto and Roxana) were tested on MS medium containing different plant growth regulator
(PGR) compounds including BA, kin, 2ip and TDZ at concentration of 1 mg/l in combination with 0.5 mg/I
NAA. The regeneration parameters were assayed after four months. In all experiments, the medium was adjusted
to pH 5.8 and autoclaved at 121 for 15 min. All cultures were incubated at 25 + 2 C with a 16 h photoperiod
under cool white flourescent lights (30 umol/m?).

Results and Discussion: According to the first experiment results, plant growth regulator of BA in all of
surveyed parameters except root number was better than other PGRs and explants with 3 mm thickness was the
best in all of parameters. The interaction of PGR and explants was significant, however maximum bulblet
regeneration was observed in TCL explants with 3 mm thickness in all of PGR treatments (100%). While 1 mm
thickness TCL in 2ip and 1 and 5 mm thickness TCL in Kin had the least regeneration percentage. Results
revealed that the interaction of explants and medium is a key factor for suitable establishment, regeneration and
growth of TCLs. Bulb dormancy is one of the limiting factors in regeneration of bulbous crop species. It seems
under In vitro condition explants size and PGR combination of media especially cytokinin affected on breaking
of dormancy. Maximum number of leaves and dry weight of bulblets in medium containing BA was significantly
higher compared with other treatments. Most of studies confirmed the positive effect of BA on regeneration of
lily. The function of cytokinin in plant promoted cell division and differentiation, which lead to growth and
maintaining cells in meristematic status.

Result of second experiment showed that cultivar was one of the effective factors on regeneration trait.
Oriental lily cultivar "Roxana" had the highest number of roots, bulblets, dry weight and length of plantlets and
"Nymph" cultivar showed the lowest percentage of regeneration, dry weight, length of plantlets and rooting
obtained. In all of cultivars BA induced more organogenesis percentage and plantlet dry weight, while TDZ
induced more rooting percentage. The interaction of cultivar and PGR treatments on percentage of regenerated
bulblets and rooting were significant. "Nymph*" cultivar had minimum percentage of regeneration and rooting in
medium containing TDZ and Kin. Furthermore, "Roxana" cultivar in medium containing BA showed the best
dry weight comparison to other treatments.

Conclusion Lily has widely used in the floral industry as a cut flower or potted plant. In recent years, tissue
culture was developed as reliable and highly effective method to overcome its limitations of vegetative
propagation. The most advantage of this method is high multiplication rate and disease free propagation. In this
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and Research, Branch of Khorasan Razavi
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study, bulblet regeneration of lilium Spp. from TCL explants under in vitro condition was considered as a highly
efficient procedure for its micropropagation. With optimization of TCL system some parameters such as
exogenously applied plant growth regulators, cultivar, explants types were investigated. Favorable conditions for
bulblet regeneration were achieved with 3 mm thickness TCLs in MS medium containing 1 mg/l BA with 0.5
mg/l NAA. This protocol can be used for rapid micropropagation of many cultivars.

Keywords: Auxin, Bulb explant, Cytokinin, In vitro culture, Micropropagation
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Table 1- ANOVA of effects of pretreatment and spray with forchlorfenuron on morphological, phytochemical and
antioxidant characters of Persian shallot (A. hirtifolium)

Olay o il
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ns, * and** are non-significant and significant at 5 and 1 percent probability levels, respectively
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Table 2- The effect of pretreatment and spray with forchlorfenuron on morphological characters of Persian shallot (A.

hirtifolium)
09398 45 598 S oo S 0l Sl Sl S SdS Gje
Forchlorfenuron (mg/l) Leaf number Fresh weight of bulb (g) Bulb number Dry weight of bulb (g)
s 0 3.45b 90.400 b 1.00 18.494 ¢
e o 5 4.33a 91.047 ab 1.00 19.344 b
Pretreatment 10 4.49a 91.769 a 1.00 19.692 a
0 3.81b 90.133 b 1.00 18.855 ¢
@l Jolome 50 3.89 ab 91.612a 1.00 19.093 b
Spray 100 4.70a 91.627 a 1.00 19.348 a
150 3.96 ab 90.915 ab 1.00 19.380 a

3,5 20,35 Jlassl pdaw 13 5SSl (clasebin 905l 5l oalatal b (g)ls gme M) Hluss Cgpn b (slajloss 0 dunlio 09,5 ¢ Coduo 4o 5
Values followed by the same letter within a column indicate they are not significantly different based on Duncan’s multiple range test
at 5% probability level
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Figure 1- The interaction effects of pretreatment x spray with forchlorfenuron on dry weight of Persian shallot (A.
hirtifolium)
Values followed by the same letter within a column indicate they are not significantly different based on Duncan’s multiple range test
at 5% probability level
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Table 3- The effect of pretreatment and spray with forchlorfenuron on phytochemical compounds of Persian shallot (A.

hirtifolium)
09098515 598 E5 -4
Forchlorfenuron "’w”’ J5 2 a'“*”
(mg/l) Protein Total phenol Allicin (mg/g FW)
(mg/g FW) (mg GA/g FW)
L 0 9.766 ¢ 0.647 b 0.862 a
e ot 5 10.435b 0.887 a 0.859 a
Pretreatment 10 10.805a 0.772 ab 0.855 a
0 10.106 0.526 b 0.863a
il Jolme 50 10.377b 0.790 b 0.862a
Spray 100 10.426 ab 0.971a 0.855a
150 10.435 a 0.787 a 0.854 a
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Values followed by the same letter within a column indicate they are not significantly different based on Duncan’s multiple range test

at 5% probability level
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Figure 2- The interaction effects of pretreatment x spray with forchlorfenuron on protein content of Persian shallot (A.
hirtifolium)
Values followed by the same letter within a column indicate they are not significantly different based on Duncan’s multiple range test
at 5% probability level
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Figure 4- The interaction effect of pretreatment x spray with forchlorfenuron on peroxidase and ascorbate peroxidase

activity of Persian shallot (A. hirtifolium)
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at 5% probability level
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Introduction: Allium hirtifolium commonly known as Persian shallot is an important wild medicinal plant
from Alliaceae family. Persian shallot commonly known as mooseer in Iran is a perennial diploid plant that is
native to Iran and grows as a wild plant throughout in the Zagross Mountains range, western and southwestern
Iran. It is a bulbous herb and usually consists of a single main bulb or rarely two bulbs. Each bulb has a weight
of about 8-15 times of a garlic clove. The bulbs of mooseer has been widely used as a traditional herb and spice
plant, added to a variety of foods such as salads, pickles, yogurt and different sauces. Conventionally, Persian
shallot propagates through bulbs and seeds but these two methods are not commercially efficient due to low
growth rate of bulbs and deep dormancy, low viability and germination rate of seeds. In addition, the natural
habitat of this plant is under increasing pressure as a result of excessive incorrect harvest that caused to damage
the plant density in Iran rangelands. So, improving the efficiency of A. hirtifolium propagation is necessary. A
number of positive effects on the growth and productivity of some plants through cytokinin application have
been registered by earlier research. The current study aimed to evaluate the effects of pretreatment and foliar
application of forchlorfenuron as a safe cytokinin on improving the bulb production, phytochemical compounds
and antioxidant attributes of Persian shallot.

Materials and Methods: This experiment was done at research green house of Tabriz University in 2015-
2016. For pretreated of Persian shallot bulbs, they were soaked in 0, 50 and 10 mg I™ forchlorfenuron solutions

for 24 h. Then they were cultured in pots contained perlite and vermicompost with 3:1 ratio. Foliar application
was applied 2, 4 and 6 weeks after culture with 0, 50, 100 and 150 mg I™* concentrations of forchlorfenuron. At
the end of growth season the number of leaves, number of bublets, fresh and dry weight of bulblet were
recorded. The phytochemical compound (protein, phenol and allicin), antioxidant enzymes (catalase, peroxidase,
ascorbate peroxidases and superoxide dismutase) and antioxidant activity of bulbs were assayed with
spectrophotometry methods.

Results and Discussion: Foliar applications of plant growth regulators such as cytokinins in agriculture
crops are reported to be useful in controlling multiple physiological processes, including flower initiation, shoot
elongation, bulb production, fruit set and as well as affected the quality characters of products. In this study
despite the bulblets number that did not influence by treatments, pretreatment and foliar application of
forchlorfenuron significantly increased the leaves number, fresh and dry weight of bulbs in comparison with
control plants. The highest leaves number (4.49 per plant) was obtained from pretreatments. The highest fresh
weight (91.77 g) was recorded at 5 and 10 mg I pretreatment and 100 mg I (91.63 g) foliar application. The
interaction effect of treatments on dry weight was significant and the highest dry weight (19.75 g) was recorded
at 10 mg I pretreatment with 100 and 150 mg I™* foliar application. Allicin content did not show significant
variation between treatments and in average was 0.859 mg g™ FW. Total phenol content significantly influenced
by treatments and the highest phenol content (1.585 mg GAE g™ FW) was recorded at 5 mg I* pretreatment with
100 mg I"* foliar application. The antioxidant enzymes included catalase, peroxidase and ascorbate peroxidase
that showed significant increasing under forchlorfenuron treatments. Due to significant effects of
forchlorfenuron on antioxidant compounds and enzymes of Persian shallot bulbs, the assay of antioxidant
activity also showed a significant increasing in treated bulbs. The maximum percent of antioxidant activity
(74.522) was obtained from 100 mg I"* foliar application. Exogenous application of cytokinins plays an effective
role by protecting the fluidity and integrity of plant cell membranes. They properly mediate enzymatic (SOD,
APX, and CAT) and non-enzymatic machinery with the result of preventing cell membrane damage by oxidative
stress.

Conclusions: Considerable improvement in biochemical and antioxidant attributes of Persian shallot was
recorded with pretreatment and foliar application of forchlorfenuron. The present data support the potential uses
of the forchlorfenuron for improving the production of weighty bulbs with the high antioxidants attributes in

1 and 2- Phd Students and Assistant Professor of Horticultural Science, Faculty of Agriculture, Tabriz University
(*- Corresponding author: Email: s.alizadeh@tabrizu.ac.ir)
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Allium hirtifolium. Pretreated and foliar application at 5 mg I'* and 100 mg I concentrations of forchlorfenuron,
respectively showed the best results and is recommendable for A. hirtifolim production.

Keywords: Allicin, Antioxidant enzymes, Bulblet, Pretreatment, Cytokinin, Foliar application
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Figure 1 - Effect of different levels of ferozinc fertilizer on the bunches weight of table grape cv. Khoshnaw
Column followed by the same letter are not significantly differentns (P<0.01) with Duncan test.



1396 5l 3 o5les 3L alr 1(5359LES @aliow 5 poke) Sl pole 4 525 D80

212 a
210 =s
= ER RS
= 208 e
o O L ————
3.2 206 T L
&2 ===
TE m ° ==
g =N ===
20z \ I
o \ SESSEEE
198 R
Before flowering) ) 2.5 ;| J.3 After flowering)) 2.5 ;| sx (Both) ¢ ,»

b Joloee oo
Foliar application time

Uudgs o8 )9l Aigh (139 2 (W Jglome S (Sayle ;I -2 JSW
Figure 2 - Effect of different flowering times on the bunch weightof table grape cv. Khoshnaw
Column followed by the same letter are not significantly differentns (P<0.01) with Duncan test
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Table 1- ANOVA analysis of the effect of ferozinc fertilizer and different foliar times on quantitative and qualitative
characteristics of table grape cv. khoshnaw
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Figure 3 - Effect of different ferozinc levels on fruit weight in a bunchof table grape cv. Khoshnaw
Column followed by the same letter are not significantly differentns (P<0.01) with Duncan test
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Figure 4 - Effect of different foliar times on the fruit weight in a bunch of table grape cv. Khoshnaw
Column followed by the same letter are not significantly differentns (P<0.01) with Duncan test
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Figure 5 - Effect of different ferozinc treatments on ratio TSS/TAof table grape cv. Khoshnaw
Column followed by the same letter are not significantly differentns (P<0.01) with Duncan test
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Figure 6 - Effect of different foliar times on the TSS/TA ratioof table grape cv. Khoshnaw
Column followed by the same letter are not significantly differentns (P<0.01) with Duncan test
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Figure 7 - Effect of different ferozinc levels on the vitamin Cof table grape cv. Khoshnaw
Column followed by the same letter are not significantly differentns (P<0.01) with Duncan test
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Figure 8 - Effect of different foliar times on the vitamin C level of table grape cv. Khoshnaw
Column followed by the same letter are not significantly differentns (P<0.01) with Duncan test.
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Table 2-Compare the average of interaction of different ferozinc fertilizer levels and different foliar times on the Vitamin Cof
table grape cv. Khoshnaw
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Figure 9 - Effect of different ferozinc levels on Fruit juice reaction (pH) of table grape cv. Khoshnaw
Column followed by the same letter are not significantly differentns (P<0.01) with Duncan test.
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Figure 10 - Effect of different foliar times on fruit juice reaction (pH) of table grape cv. Khoshnaw
Column followed by the same letter are not significantly differentns (P<0.01) with Duncan test.
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Introduction: Table grape (Vitis vinifera L.) is one of the most important small fruits in Iran produced in a wide
range of climates from temperate to tropical regions. Khoshnaw cultivar is one of the most important table
grapes in Iran. Vineyard soil in many parts of Iran is calcareous, leading to the decrease in the availability of
micronutrients and exposure of vines to severe nutritional disorders. Lack of imbalanced fertilization is one of
the reasons for the reduction in yield as well as fruit quality of vineyards. Iron, magnesium and zinc are essential
nutrients that play an important role in increasing production and product quality. Zinc and iron deficiencies are
the most common micronutrient disorders that have been observed in many vineyards of Iran. Other common
deficiencies include manganese, boron, copper, and molybdenum. Most vineyards of Boyer Ahmad located in
regions, where soil temperature is very low in spring, and obviously under these conditions and just when the
grapevines need to make most of the mentioned elements, absorption of nutrients from the soil by the roots is
reduced. However, there is high amount of lime (> 60%) in the soil of the same area in this condition with high
pH (7.9). Therefore, under this situation, vines cannot uptake iron and other micronutrients including zinc and
boron. The fertilizer sources and time of their application are two important factors. The aim of this study was to
determine the best concentration and application time of Ferozinc fertilizer on the quantitative and qualitative
characteristics of table grape cv. khoshnaw.

Materials and Methods: The experiment was conducted to investigate the effect of foliar application of
some micronutrient elements before and after flowering on quantitative and qualitative characteristics of table
Grape cv. Khoshnaw in Yasuj during 2012. An experiment was conducted in private vineyards in Chitab district
of BoyerAhmad region. The average annual precipitation was 676.7 mm. The minimum and maximum
temperatures of this area varied from -7.8 °C to 35.3°C during the year. The average minimum and maximum
temperatures in growing season were 13 °C and 29.5°C, respectively. 15-year-old own-rooted vines were trained
by using head system. The vines were spaced 2.5 x 3 m. They were pruned by using spur pruning which left
about 60 buds on each vine. The experiment was arranged as factorial based on randomized complete block
design with two factors and four replications. The first factor included different levels of Ferozinc fertilizer (0,
500, 1000, 1500, and 2000 mg/l) and the second factor included different spraying times (before flowering, after
flowering, and both times). The quantitative factors measured were the average of bunch weight, and average of
fruit weight per bunch; and qualitative factors were percent of soluble solids (TSS percentage), the reaction of
juice (pH), total acidity (TA percentage), TSS/TA ratio and vitamin C, respectively. The data were analyzed
using MSTATC package program and means were separated using Duncan's Multiple Range Test at P < 0.05
and P <0.01.

Results and Discussion: Results showed that the effects of Ferozinc fertilizer application were significant
(p<0.01) on the average of bunch weight, average of fruit weight per bunch, TSS/TA ratio, pH and vitamin C
content. Moreover, the effect of foliar application time on all traits was significant, except for juice pH (p<0.01).
Based on the results of mean comparison, the interaction effect between different levels of Ferozinc fertilizer and
times of foliar application on vitamin C content and pH of grape juice were significant (p<0.01). The highest
cluster weight (220.222 gr), average fruit weight per cluster (215.887 gr), TSS/TA ratio (31.29), pH (3.68) and
vitamin C (2.849 mg/100 cc fruit juice) were obtained in the treatment containing 1000 mg/l Ferozinc fertilizer
and both application times (before and after flowering).

Conclusions: In general, the results of the present study showed that the unavailability of optimal nutritional
conditions in control treatment increased the quality of fruits. Therefore when the plant is faced with nutrition
abnormalities, moderate consumption of elements could enhance quantity and quality of products. According to

1- Department of Horticulture Science, Shiraz Branch, Islamic Azad University, Shiraz, Iran
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education Center, AREEO, Shiraz, Iran
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the results of this research, application of ferozinc fertilizer at concentration of 1000 ppm before and after
flowering is recommended to improve the quantitative and qualitative characteristics of table grape cv.
Khoshnaw under irrigation conditions in this area.

Keywords: Bunch weight, Flowering time, Vitamin C, Vineyard, Yield
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Table 2- Analysis of variance effect of irrigation and species on biochemical traits of of two species Tagetes erecta and
Tagetes patula

Ol po (ke
Mean of Squares (MS)

OlodS aae @il arye STy Olyswl sl 6 gl e 35
S.0.V df Ascorbate Peroxidase Malondialdehyde Catalase Peroxidase
Block <ol 2 2.71x10™ "™ 0.0021 ™ 3.175x10™M "™ 9.734x1070"
Irrigation ¢ L] 2 1.49x10°" 0.021™" 3.87x10™M"  1.733x10°™
Speciesass 1 3.89x107 ™ 0.0096 ™ 9.90x102™  3.892x10' ™
Cskixes 1.620x10°"™ 0.0041"™ 3.37x10™°™  1.920x10°"™

Irrigationx Species
s Error 10 9.4x10™" 0.00025 4.48x10™8 2.7x10™
(C.V%) 11.82 14.64 16.8 14.9

2oy3 1 P o 3 Jbline g Joline e gl s 4 FF g% NS
n.s,*, **: non-significant and Significant at 1and 5% , respectively
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Continued Table 2- Analysis of variance effect of irrigation and species on biochemical traits of two species Tagetes erecta
and Tagetes patula

Mean of Squares (MS) la po (3K5ko

& @ adidy S b 5 IS Judg S Jidg s claks IS Judg 5
Ol gty <33 Chlorophyll Chlorophyll Chlorophyll Chlorophyll Chlorophyll
S.0.V df (a) (b) ( Total) concentration ( Total)

Blockcssl, 2 0.09” 0.01™ 0.006 ™ 50.75 "™ 0.006 ™
Irrigation ¢ L] 2 148" 05" 0.489 " 117.55" 0.489 "
Speciesss 1 0.03™ 0.02"™ 0.219™ 37.78™ 0.219™
SwlXas o
Irrigationx 2 0.51 01" 0.061 "™ 6.23™ 0.061 "™
Species
Errorias (1) 0.01 0.0072 0.013 23.3 0.013
(C.V%) 15.96 11.81 21.08 14.41 21.08

2oy3 L P s 3 Jbline g Joline pué Coglis s 4 e g % NS
n.s,*, **: non-significant and Significant at 1and 5% , respectively
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Table 3- Comparison of mean effect of level irrigation on some biochemical traits of two species Tagetes erecta and Tagetes
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Continued Table 3- Comparison of mean effect of level irrigation on some biochemical traits of two species Tagetes erecta
and Tagetes patulA
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Introduction: With regard to decrease of precipitation and poor distribution of rainfall during the dry
phenomenon of urban, green spaces face problems. In fact, one of the most important environmental stress is
drought stress at different stages of plant growth such as seed germination, seedling establishment and crop
production. The effect of drought stress, plants photochemical activity ceased Calvin cycle enzymes and
chlorophyll content also varies in the process of photosynthesis under drought stress. Under drought stress,
reactive oxygen species (ROS) such as hydrogen peroxide (H,0O,), superoxide radicals (O, “°) and hydroxide
(OH ") increase their accumulation in cells that can lead to oxidative stress. To neutralize ROS, antioxidant
enzymes systems in plant such as superoxide dismutase (SOD), peroxidase (POD), catalase (CAT) and ascorbate
peroxidase (APX) are active. The response of antioxidants depends on the lack of water, the intensity of the
stress and the type of plant species. Also, it is well known that photosynthetic systems in higher plants are most
sensitive to drought stress. Indeed, drought is one of the factors affecting photosynthesis and chlorophyll content.
Some of researchers reported that chlorophyll might estimate influence of environmental stress on growth
because these parameters were closely correlated with the rate of carbon exchange. The aim of this study was an
investigation of effect of water deficit different levels on antioxidant system and lipid peroxidation in two
species of marigold. Therefore, an experiment was carried out as factorial in a randomized complete block
design with three replication at Shahid Chamran University of Ahvaz in 2014 year.

Materials and Methods: Experimental treatments were irrigation with three levels: 100% ETcrop (no
stress), 75% ETcrop (moderate stress) and 50% ETcrop (severe stress) and two species of marigold (African and
French). Catalase activity decreased absorption at a wavelength of 240 nm through catabolizing on the basis of
H,O, according to Beers and Sizer (1952). Peroxidase activity decreased absorption at a wavelength of 470 nm
that was measured by using Hemeda and Kelin (1990). Ascorbate peroxidase enzyme extracted from leaf based
on defects in the wavelength of 290 nm that was measured by Nakano and Asada (1987). The final product of
membrane lipid peroxidation malondialdehyde concentration as the reaction thiobarbituric acid (TBA) was
measured. Also, chlorophyll a, b and total chlorophyll were calculated by Arnon’s equations and chlorophyll
content index (C.C.1) was measured by chlorophyll content meter (SPAD-502).

Results and Discussion: Results of analysis of variance showed that irrigation treatment had significant
effect on chlorophyll a, total chlorophyll (Chl a+b), chlorophyll content index and catalase peroxidase, ascorbate
peroxidase enzymes activity and malondialdehyde while there was not significantly difference between two
species of marigold on any of the measured biochemical characteristics. Also, results revealed that amount of
leaf chlorophyll a and total chlorophyll (chl a+b) were reduced by increasing water deficit. In fact, amount of
total chlorophyll, chlorophyll a, b and chlorophyll content index were higher in plants that were received 100%
ETcrop than 75 and 50% ETcrop. ,The results of enzyme activity were similar to total chlorophyll and
chlorophyll a and b. Amount of decreased chlorophyll a and total chlorophyll in plants were received 50%
ETcrop were 24% and 47.46%, compared with 100% ETcrop, respectively.

Conclusion: Result showed that different levels of irrigation were significantly different at 5% level on
catalase, peroxidase, ascorbate peroxidase enzymes activity and malondialdehyde concentration. Catalase,
peroxidase, ascorbate peroxidase enzymes activity and malondialdehyde concentration were increased by
reducing the amount of irrigation while there were no different between two species of marigold and interaction
between species and irrigation was not effective on measured indexes.

Keywords: Drought stress, Enzymes, Irrigation, Malondialdehyde, Oxidative stress
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1- Intersected-lines Model

2- Five-Parameters Beta Model
3- Dent-like Model

4- Papaver somniferum L.

5- Triticum aestivum L.

6- Quadratic Polynomial Model
7- Cicer arietinum L.



B0L o Il 5,0 Gile @95 93 5 (5 yawsd pus (30 JEn 3518 (sWolod cyass

2oy lad ol b ool (slaled )3 adlllas 3y90 4565 4 ya )
Gl 4 bl il YU elalos ,o Lol sl Jilal i alss
a3 45 clod ) sy g A Cdn (oS pae sladigS j o
A G Bgte o Sl a3 )3 40 )3 50,8 ld 43S 55 4 o] Kl
Sled 3 (A b g 508 (B (o> w2 )3 )h (Sl At
a3l Sl a3 20 (olod p> a cdn y> ¢ 3, Kl 4,5 15
U Loy (il 151 (Slo (eoasio ol )5 (2 Jgds) ol s
(30 5 6) a8l oo s il o g 20> 1 o (glabais

SlLed ao cod U_i)’d\_ﬂ}? Sy ui;.:f]ﬁ & ilw @5 Lgl)g
a0 lales dix g aile o (éjol.m.n ]o9]a>) sl g0 sla Jas
sla Jde duslio (gly jlas 3y90 (slajlze polds .055,5 odlatul 4o
il Co s ooy glp iy Jae QLR jglate 4 i
o=l du dagi b sloads &3 Joda 0 bod & s calisre joly
P die e 4 Cud Sl Co s Chrog jslate 4 L )lre
00,8 eolawl Sidiles Jlod,)l8 slod (s cps olS 2 (clp
OSle o g 038 dgi |y Gl Jl 85 S S (e
(33 51) 5yls (6o elas layye

oz glaasss )3 ablite byl Jas3 oo 4 sl
e s coan jd il My Jhe 5 (s b g jo,8 ol o3l
Olyesi 5 6555 (Su g 2ty (6 Se 58 dlad Slaye (:50ke
O3S L Jae ool (g5 y 0 L 45 00,8 angi )
sLaais 55 gobie bas s ey 39 i 5l sl
Ao coan pd ale s Jde g (e g 308 b (S e
fhlie byl (oo e 5.3 Jyis) 328l | s o
Sy 9 yS Saled (sl alblin j5b 4 9ol o Sy Sy
bs oo gl Jome | dine glod 298 00 a5 s glod
N oPre ey an a4l slod 5 0l dwlxe (Jguw )
Al oo A (slod I jidi 5 5268 glaled )3 (Sgaw )5 kS sl
S 5rn sl il (ol blie b Jae os 355 (24)
eSS gl Jae oy 5, 5ile 42 3 38 13 clos 15 Sy
Jae 31 (17) San g 250 59,58 (11) ol Jloo)l8 (slaled
o3l | gy 5 25 L) (slales (e (sl glolie boglas
L5 50 ym sla dide (g 01 plosl llllas 5 55,8

1y dilo sy sl oo litiste (B p ol osel Cwd 4 Folite
[ 6 o il
owlie (bge g2 9 0)29> ¢ Sojl (il (Smiby sy

HS1 ((S50lys ey Jolis) gos e g (153519.(12) Sl

4- Amarabthus retroflexus L.
5- Cardaria draba L.

6- Hordeum spontaneum Koch.
7- H.murinum L.

M g odlae sl JLiod) slales fpni cg>
sbalod 5 (jasler Copw o (S f e S) slara
(X)M)Jhmﬁ;udlgqbbL@pdmbﬂémldm
48,5 5135 )3 (Y jgme) dily it plgie @ (Sjalen ooy
(13 411 10) 54 o

(25) 525 ©Volao ) oliul b gblite boks) (clSS g5 Jdo

f= if(T<T,, region 1 (T), region 2 (T) 2)

Region 1 (T)=b (T-Ty) (3)

Region 2 (T)=c (T-T) 4)
(32) 2 &Yoo 5l osliul b aiile ol Jae

f(t):T(OTl_—_TTl;)) To<T<To1 (5)

=g Ta<T<T.

F()=1 Tou<T<To 6)

F(t)=0 T.<T or T>T, .

25 ©Yoleo 5l oolizul L2 ds > (slales i Jao
+CcT4=a+bT (7)
To=b+ 2cT
ley ey 0ad ;95 OVolee oled j3 8105y
Hal as8)S 315 ) g )S) ulyS Glysa € 5 DA (e
3 2 .

O oo 5 ALl Jbges Jlod I oo o jliel (gl
A eolawl (8 aoleo)

Y(0i-Pi)2 2 _
S0 R 1 ®)

500 (555 01l olie iy AP 5 Of dsles oyl 55 &
5 o3laial b b sl il o climlin i SleO g oid o i
oeil 31 o3l Ly i Silio duslie g 3JUT SAS 9.1 1381 o5
= Loodls s (glym i plol wo 3 5 Jlaisl pdaw 4> LSD
Nisle s 5l s Jae 55l (slp 5 @rCSINYx/100 5l boyd o

43,5 salawwlSigmaplot ver 11

— Ul Aoy 4 sl o Sl el g 4335 5 ool il

S Led 8L cood o)y S e 3 Gidler copw g S

20) 5 )5 Slean pliies plo gl b @ls ool (1 Jgiz) 18,5
(20,

1- Quadratic Polynomial Model
2- Residuals Graph
3- R2 adjusted



1396 31 3oleus 3L alor 1(53,9LE8 @alivo 9 poke) Sl polke 4y pis 602

g (st S8y iy (5Lod 5 Lol 9935 00 gl (o
9 21) 39 aalp yio 55 5V slaled 13 g dusy o o & 3o
L S5 (b o 4 05 5 o) Al slalod sl (26
s ol Wl o y0 (4SS 90 @y s dlo s BU sl ply
b (A S g (il e Ol bl oS dm e LS

ol glatio walizes sladisS ;o b Jae

oy Lile Hlais 2b S 5l eolatwl b lgi o 1y Led 4 lalS
ORI TSNV U SR I R PR | PRV SN S I |
ORI oy o ek 4 diag Cn ) sled 2 9 Wb I
Sl 5ol (o Sy () Ak Slod & (o) B Led iy
Ceypw iblS ccel basw s copl 5l 1,8 50 Lo isli8l el

Blisee sled pili Cod |t pd 9 iy SR ¢joy8 ylde il o2 (J5ailgn Cus ot g dwoyd Ol po (il =1 Joua
Tablel-Mean squares of seedgermination percentage and germination rate of perenial rygrass, Fescue, Prostrate knotweed
and Annual sowthistle under different tempratures

P a4 Wla po Sike Mean of squares
gevey) &5 389> awe > Germination percentage 3419 e mwGermination rate
SOV df b ez Bl wcdr Al e Ol Mpcds (A e
Perenial Fescue Prostrate Annt_JaI PR 309 Prostrate Annt_JaI
rygrass knotweed  sowthistle Perenial  Fescue knotweed  sowthistle
_ _ _ _ rygrass. _ _ _
Lo df  63869.62  5476.27  3106.48  4519.85 0.3217 0.238 0.1410 0.1995
Temperature
cllas 9 12.291 2.63 12.0 6.008 0.0005 0.0513  0.0005 0.0002
Error
CV 30 7.64 4.08 14.02 7.71 7.55 6.54 13.26 7.19

M‘)J;S\.j d\au;‘ chu Br ‘)\Ju_'u..q ekl
** :Significant at %1 level of probability

Blisee sled jil Cond |t pad 9 Sy 8D (0,8 U8 ¢ aild o2 Jjdilgn Mo yd (il dmulio -2 Jous
Table 2-Mean comparison of seedgermination percentage of perenial rygrass, Fescue, Prostrate knotweed and Annual
sowthistle under different tempratures

L Fidlgx a0y

Temprature Germination percentage
OC -
1> o2 PR iy Cdp o
Perenial Red Fescue Prostrate Annual
rygrass, knotweed sowthistle
2 3.5 15.25 2.75 3.75
5 23.25 38.0 12.25 19.5
10 68.0 64.72 44.0 64.5
15 98.5 98.5 61.5 775
20 98.75 88.0 64.5 74.25
25 91.75 64.75 55.0 63.75
30 63.5 24.5 5.25 11.0
35 11.25 3.75 1.25 2.5
40 1.25 0 0.5 1.0
45 0 0 0 0
LSD 5.06 0.78 1.67 1.18
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Table3-Cardinal temperature based on three non-linear regression models

Lod bW bohs Juo Jile lady Jue 2 ax > gl Ao Wi
3,5 ol Intersected-lines Model Dent-like Model Quadratic Polynomial Model
Temperat - 5 :
ure ez ol abcdr e ol avces e oW scdr
ol a8 Pros:r R o 08 Pros:r R o 08 Pros:r R
Pereni Red K ta € Annual Pereni Red K ta € Annual Pereni Red K ta € Annual
al Fesc no v:g sowthis al Fesc no v:g sowthis al Fesc no v:g sowthis
ryegr ue tle  ryegr ue tle  ryegr ue tle
ass ass ass
al 4.12 2.0 2.85 2.0 3.17 2.31 2.95 3.05 4.22 2.11 2.23 2.0
Base
osllas 26.66 24.86 19.95 17.77 - - - - 24.22 2285 22.08 22.21
Optimum
SBgd Cgllas - - - - 25.60 2496 2221 18.29 - - - -
wollas - - - - 25.14 2349 19.94 18.05 - - - -
Sks
Ao 43.27 4448  42.85 44.86 43.38  43.17 4497 40.41 4391 43.70 42.68 42.11
Maximum
R? 0.89 0.89 0.87 0.94 0.88 0.86 0.90 0.95 0.70 0.72 0.67 0.75
adjusted
»5le i 0.003 0.008 0.0007 0.0005 0.003 0.008 0.0006 0.001 0.006 0.014 0.001 0.001

RMSE
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Figure 1- Predicted (lines) germination rate of Perennial ryegrass and Fescue at different constant temperatures using by

Intersected-line, Dent-like and Quadratic Polynomialmodels
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Table 4- Equations of regression models

g5 Je
Species Model
bl bgha Jao Wle ladd Jao ayd gl dlos Wi
Intersected-lines Model Dent-like Model Quadratic Polynomial 2
Model
PPN Regionl (t)= (- Region 1 (t)_= (-0.0008(1_5-t)+ Y=-0.0103+0.00§7X-
0.0028(26.6291-t)+0.0301(t- 0.0111(t-min t))/(15- min t) 0.00056329x

Perenial ryegrass
¥ed min 1))/(26.6291- min 1)

Rerion2 (t)= (0.0301(max t-
t)-0.003(t-26.62))/(max t-

26.6291)
30,8 ok Region1 (t)=(0.0042(25-
Red Fescue t)+0.0652(t-min t))/(25-min t)
Region2 (t)= (0.0652max t-t)-
0.0047(t-25))/(max t-25)
A Can Region 1 (t)= (-0.0002(20-

t)+0.0054(t-min t))/(20- min
t)

Region 2 (t)= 0.0054(max t-

t)- 0.0005(t-20))/(max t -20)

Prostrate knotweed

Region 1 (t)= (-
0.0004(17.7479-t)+0.0057(t-
min t))/(17.7479- min t)
Region 2 (t)= (0.0057 (max t-
t)-0.0006(t-17.7479))/(max t-
17.7479)

Annual sowthistle

Region 2 (t)=
(0.0111(25.6464-t)+0.318(t-
15))/(25.6464-15)
Region 3 (t)= (0.0318(max t-
t)-0.003(t-25.6464))/(max t-
25.6464)

Region1 (t)= (0.005(21.5971-
t)+0.054(t-min t))/(21.5971-
min t)

Region 2 (t)=0.054(23.5134-
t)+0.0757(t-
21.5971))/(23.5134-21.5971)
Region 3 (t)= (0.0757(max t-
t)-0.0064(t-23.5134))/(max t-
23.5134)

Region 1 (t)= (-
0.0003(22.3070-t)+ 0.0062(t-
min t))/(22.3070- min t)
Region 2 (t)=0.0062
(31.4035-t)+ 0.0017 (t-
22.3070))/(31.4035-22.3070)
Region3 ()= 0.0017(max t-
t)+0.0006666(t-
31.4035))/(max t — 31.4035)
Region 1 (t)= (-0.0004
(42.1874-t)+0.0059(t-min
t))/(18.2184- min t)
Region 2 (t)=
0.0059(42.1874-t)-0.0005(t-
18.2184))/(42.1874-18.2184)
Region 3 (t)=)-0.0005(max t-
t)+(0.0005228(t-
42.1874))/(max t-42.1874)

Y=-0.0114+0.0056x-0.0001x°

Y=-0.001+0.0005x-
0.00010103x?

Y=-0.0009+0.0005x-
0.00010601x2
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Figure 2- Predicted (lines) germination rate of Prostrate knotweed and Annual sowthistle at different constant temperatures
using by Intersected-line, Dent-like and Quadratic Polynomial models
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Introduction: The presence of broadleaf weeds not only reduces the aesthetic quality of the turfgrass, but
more importantly they compete with desired turfgrass for water, nutrients, and light. Weed management after
seeding is an important component to successfully establishing a healthy stand of cool season turfgrass. Weed
seed germination is a key process because determines both the number of weeds that could potentially emerge
and the timing of their appearance in the turfgrass. Temperature is of the most important factor regulating

germination of non-dormant seeds in irrigated, annual agroecosystems at the beginning of the growth season
where light, nutrients, and moisture are typically not growth limiting. Also prostrate knotweed (Polygonum

aviculare L.) and annual sowthistle (Sonchus oleraceus L.) are two annual common broad leaf weeds in cool
season turfgrass. Prostrate knotweed is very competitive in infertile and compacted soils and often invades
turfgrasses along driveways, sidewalks, and beaten paths across lawns. Annual sowthistle is found in open
habitats that include waste areas, turf, and roadsides. The aim of this study was to evaluate different nonlinear
regression models to describe response of germination rate to different temperatures in perennial ryegrass
(Lolium perenne L.), fescue (Festuca rubra L.), prostrate knotweed and annual sowthistle.

Materials and Methods: This experiment was based on completely randomized design with 4 replications at
Islamic Azad University in the laboratory of Science Research Branch in 2015. The seeds were treated with
different temperatures (2, 5, 10, 15, 20, 25, 30, 35, 40 and 45°C) Twenty five seeds were placed in each petri
dish for each species in per replication. Ten milliliters of distilled water were added to each petri dish and the
filter papers were regularly moistened to ensure saturation throughout the germination tests. Petri dishes were
placed in germinator with 16 hour day, 8 hour night and 60% relative humidity. Seeds were considered
germinated when the radicle protruded at least 2 mm from the seed coat. Germinated and rotted seeds were
counted and discarded at 24 hour intervals until no germination had occurred over four consecutive days. The
germination percentage was obtained by dividing the number of germinated seeds at any time by the total
number of seeds germinated multiplied by 100. Data from this experiment were first subjected to analysis of
variance and means of treatments were compared using the least significant difference at the 5% level of
probability. The following nonlinear regression models were used to quantify the response of the germination
rate to temperature and to determine cardinal temperatures.

Results and Discussion: The analysis of variance showed that temperature had a significant effect on all
seed germination percentage and germination rates. Seed germination percentage and rate increased to a point
with increasing the temperature. Germination model based on temperature can be used for the prediction of
cardinal temperatures. Cardinal temperatures are required because a portion of the crop model is developed for
prediction of the timing of germination. Non-linear regression models have been used to quantitatively describe
development rate in many plants. Three regression models (Intersected-lines, Dent-like and Quadratic
Polynomial) used to predict germination rate and cardinal temperature. Root mean square of error (RMSE) and
R? adjusted were used to find the appropriate model(s). Intersected-lines model was superior compared to other
models in perennial ryegrass, fescue and annual sowthistle and Dent-like model was superior for prostrate
knotweed. It was concluded that this model can be used to quantify response of turfgrass and common weeds of
turfgrass germination to temperature and to obtain cardinal temperature of germination. Also base, optimum and
maximum temperatures were for perennial ryegrass 4.12, 24.66 and 43.27°C; fescue 2.0, 24.86 and 43.48°C ;
Prostrate knotweed 2.95, 19.94-22.21 and 44.97°C and annual sowthistle 2.0, 17.77 and 44.86°C, respectively.

Conclusions: These results show that fescue germinated earliest among the studied species, because it had
the lowest base temperature. In comparison to perennial ryegrass, using turfgrass seed with more fescue seed
causes sooner turfgrass establishment and less weed competition. Because of their narrow leaves, young
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(*- Corresponding Author Email: mdianat@ut.ac.ir)
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seedlings of prostrate knotweed grow upright and appear at first glance to be grass seedlings. With maturity,
most plants grow prostrate, especially with traffic or mowing, so mechanical control of this species in turfgrass is
impossible andit could be controlled with pre-emergence herbicide. Pre-emergence herbicides are applied prior
to the germination of weeds; thus, predication of timing germination help us in decreasing prostrate knotweed
competition with turfgrass and its proper management.

Keywords: Fescue, Germination rate, Perenialrygrass, Regression models, Seed germination percentage
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Table 1- The studied genotype and collection places
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Figurel: Cluster analysis of genetic relationships of 56 walnut genotypes using the NTSY Spc v2.02 software according to
UPGMA method and Dice similarity coefficient on data from 9 ISSR primers
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Figure 2: Component analysis (PCO) of ISSR molecular marker data
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Introduction: Persian walnut (Juglans regia L.), belonging to the Juglandaceae family, has its natural origin
in the mountainous regions of central Asia and especially northern forests of Iran. Most walnut genotypes are
seedling and sexually reproduced. Conducting studies on the genetic structure of these genotypes to identify,
select and maintain their genetic resources is important. Identifying and collecting local varieties of fruit trees is
considered as the first step on the path of breeding programs and lack of information regarding plants genetic
characteristics causes the breeding work to be done slowly. Various methods have been used for studying genetic
diversity and determining the genetic relationship between European and Asian varieties of walnut and
identifying commercial walnut varieties, among which we can mention: Morphologic indices, Alozyme, Isozym,
RFLP, RAPD, AFLP and ISSR markers. ISSR molecular marker was used in order to investigate genetic
diversity of some genotypes of Persian walnut (Juglans regia L.) in Mashhad orchards. .

Materials and Methods: To begin with, about 56 walnut trees from 4 orchards in Mashhad (Esteghlal (1),
Golestan (2), Alandasht (3) and Emam Reza (4)) were selected and tagged from 2014 to 2016. In the spring of
2014 with the beginning of trees growth and opening of leaves, a number of leaves from each genotype were
collected. After DNA extraction, the quality of samples by agarose gel (1 percentage) and electrophoresis
method and quantity of them via spectrophotometer device at 260 and 280 nm wavelengths were determined.
First, 24 primers of ISSR marker were prepared and after initial evaluation on 5 random genotypes, 9 primers
with high polymorphism and repeatability were selected for further investigation. For PCR reaction, Amplicon
kit (code 180 301, made in Denmark) was used. Gel electrophoresis images of primers that produced
polymorphic bands with suitable resolution were analyzed manually. After scoring the bands, in which 0 used
for showing the absence of a band and 1 showing the presence of a band in each sample, 1 and 0 numbers were
changed to matrix by using NTedit software. Genetic similarities of samples were calculated by using NTSY Spc
software, SIMQUAL method and DICE similarity coefficient. Dendrogram by cluster analysis was drawn by
using UPGMA method. Principle coordinate analysis (PCO) was performed using the NTSYS software and
grouping samples were evaluated in a two-dimensional plot.

Results and Discussion: Results showed that from 9 primers in total, 118 bands amplified were in 300 to
3000 base pairs, while 29 bands were polymorphic. The number of amplified fragment for each primer was
different so that UBC 844 (14 bands) had the highest and UBC 890 (8 bands) had the lowest amplified bands.
The average amplified fragments for each primer was 9.83. The percentage of polymorphic in various primers
was different. Maximum polymorphism (80%) of the primers was observed in UBC830. In general, according to
the percentage of polymorphic bands, low adjustment to any changes in the environment was indicated. This can
be used as an indicator to determine the value of diversity and genetic erosion. In genotypes cluster analysis,
clustering was performed based on Dice similarity coefficient and UPGMA method, and 10 clusters were
formed. ISSR molecular marker somewhat revealed genetic diversity among walnuts genotypes, whereas the
genetic diversity was lower than expected. In general, by reviewing the findings in other parts of the world about

walnut genetic diversity and comparing them with the results of this study, despite existing high genetic diversity
among walnuts in many areas, some reports of low genetic diversity among walnuts populations have been
published and unfortunately in recent years these reports has made more attention. Based on the results of
several studies reporting low genetic diversity among walnuts, the following factors can be effective in this
problem: natural disasters, human impacts such as deforestation and selection and propagation of superior
genotypes, and sometimes walnuts self - pollination. In this respect, there is concern that if this trend of
decreasing genetic diversity in the walnut population continues, this invaluable crop will be in danger of
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extinction. So we should think about a remedy. Finally, this investigation can be used as a start for conducting
more researches in the region to maintain and manage this valuable crop germplasm and maximize genetic
diversity for performing breeding programs in the future.

Keywords: Base pair, Cluster, Local varieties, Primer, Similarity
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3- Amplified fragment of Length Polymorphism
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5- Simple Sequence Repeat
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ADSSR 23 F*- TTTGGGATGTGACCAGACTT o
R-AACGTTGGGTTCAATGAAAA
F-CACCTTACACGGCCATTGAT

ADSSRA5 b AAAACTTCGGGCATTTCCTT 52
F-ACCTCAACGATTCCAACGAC

ADSSRE5 L TCCATAAACACCCCTTCTCG 52
F-ACAAGAAGGGGAGGATTGAG

ADSSRO9 o ATAGTCGCGTAACCCCTCTT 57
F-ACCACATTCTGGAAAACGAA

ADSSRO6 T AATGCTCTTGGCTTCGAC 58
F-CTGGATATGGGGAGATGTGG

ADSSR63 b ATTGGACCAGCCAAAGACAC 56
F-GTTGGTCACGAACTCATGCT

ADSSR62 o CCAATCACCTCCTTGTGT 52
F-ATGTCGAGGAGGAGGAGGAT

ADSSRS8 B AGGGAGAGGGAGAGGGATTT 52
F-ACAACAACCGCCACCACCAT

ADSSRO4 b CAGGCGTATATCGCTGTTGCTG 58

Absorag  F-CGTTGATGGAGTTGACTGAG o

R-ACAACAAAATCGTCGTGAGG

F= Forward primer, R= Reverse primer*
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Figure 1- A single spore ofthe white button mushroom in early stages growth (100x)
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Figure 2-Variation in growth rate of single spore isolates of the white button mushroom two weeks after the cultivation .a)
Slow growing strain, b) Medium growingstrain c) Fast growing strain
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Table2- Determining the growth rate of single spore isolates of the A. bisporus

W 4D Sy Co g (1SS0 oS o Laylas dlaxi Lyl o 1918
The average growth rate for the week  The type of class The number of isolates  The relative frequency of isolates
oo 3 51 a8 sy 28 L 5 212
Less than 3mm slow growthVery '
3to6 mm Slow growth
6 t0 9 mm Moderate growth
ok 9 ) i & %) 107 66.87
Higher than 9 mm Fast growth
S e 160 100
Total

=/ C

Sy sy (W& g oy Cod Blod jIALDISpOrus sladglas o -3

Shod )y (3 (Slawty 590 41 @orbunso (Sl 53 9 (Sl y Wb (& (g1awd ) iy (2
Figure 3-Variation ofA.bisporusisolates in terms of colony growth type, a)Apprised, b)Strandy, c¢) Strandyand at the end
apprised, d) Appressedconcentric ring
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Figure4 — Banding patterns generated by AbSSR45 primer on agarose gel,m: DNA ladder 100bp plus,
1: Heterokaryons control, 2-19: Single-spore isolates
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Table3-Summary results Evaluation of bands obtained from SSR markers.
g jgen oule dlaki Sy oy olla dlaad ALS sladla

No. homo locus No. hetero locus A15 isolates
0 10 1=control
0 10 2
10 0 3
10 0 4
0 10 5
7 3 6
0 10 7
10 0 8
4 6 9
0 10 10
10 0 11
1 9 12
0 10 13
0 10 14
0 10 15
10 0 16
0 10 17
10 0 18
10 0 19

18

19

16

r T T T T T T T T T T T T T 1
02 04l iy 08 1)

Coefficient similarity
SSR (sl )L 51 ol LA.DISPOrUS (ya ,5 902 alaa 7 (gl UPGMA g, b duui paw s 0159 ;053-5 800
Figure5—- UPGMA dendrogrampresentation forSSR markers differention of 7 homokaryon isolates ofA.bisporus
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Table 4-The genetic similarity matrix 7 homokaryonisolates (A.bisporus) based on SSR data
3 4 8 11 16 18 19

1
06 1

8 03 017 1

11 05 03 06 1

16 04 04 03 03 1

18 03 05 02 02 05 1
19 03 05 02 04 03 06 1
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Introduction: Edible white button mushroom (Agaricusbisporus) is the most common edible mushroom in
Iran and the world. The yield of this mushroom is less than the average of yield in the world because of strain
degeneration and using strains with low yield. Most of the current hybrids are either identical or very similar to
the first hybrids. Ongoing breeding programs are exploiting the variability in Agaricus germplasm to produce
new varieties with better traits including higher yield and resistance to biotic and abiotic stresses. One of the
breeding programs is F; production from parental homokaryons crossing. These homokaryonsis were isolated
among germinated basidiospores on the culture media. During the last decades, various molecular markers based
on nucleic acid polymorphisms (such as Restriction Fragment Length Polymorphism, Random Amplification of
Polymorphic DNA, Amplified fragment of Length Polymorphism, Inter Simple Sequence Repeat, Simple
Sequence Repeat markers) have been used to differentiate homokaryons and heterokaryons. Microsatellites
consist of short tandem repeat motifs distributed throughout the genome. Microsatellites are usually highly
polymorphic due to a high degree of variation in the number of repeats among individuals. Microsatellite
markers are multiallelic and co-dominant and thus tend to be more informative than other marker systems.
Microsatellite markers have been widely developed in animals and plants and more recently in fungal species.
The presence of microsatellites in the genome of A. bisporus was previously reported.

Materials and Methods: In this research, 160 germinated basidiospores were collected from commercially
cultivated strain A15 and they were grown on compost extract agar (CEA). The mycelial growth rate of these160
isolates was evaluated at 25°C on CEA medium. 18 isolates with slow growing rate were selected from 160
isolates. In the next step, co-dominant SSR markers were used to homokaryons detection. Ten SSR primers
showed polymorphism in parental control samples that were used to this experiment. The isolates were divided
into two general homoallelic and heteroallelic groups and seven isolates from homoallellic group, which showed
one-band pattern, characterized as putative homokaryon. Genetic similarity was calculated by NTSYSpc
software version 2.02 e using UPGMA method. In the next step of experiment, the isolates (4 and 8) had
minimum genetic similarity that was crossed to produce hybrid. In order to confirm the hybrid formation, PCR-
SSR reaction with a primer (AbSSR 45) was performed.

Results and Discussions: Basidiospores were collected and allowed to germinate on CEA medium. Putative
homokaryons were different in colony morphology and growth rate compared to the original heterokaryons.
Mycelium samples showed different colony morphology including tomentose, apprised and strandy mycelium.
Different growth rate can be affected by genetic factors in nucleus and mitoconderia. After four weeks,
mycelium browning was appeared in liquid compost extract medium and created a disturbance in DNA
extraction. To solve this problem, DNA was extracted from three-week old mycelium. Mycelium browning may
cause by phenolic compounds produced by mycelium and enzymes that catalyze melanin biosynthesis reactions.
Ten primers were used to homokaryon isolation. These primers were situated on the 9 linkage groups of 13
haploid chromosomes. Seven isolates were distinguished as putative homokaryon that showed one-band in all
primers on the gel electrophoresis. The results of genetic similarity calculation showed that this index was
variable between 0.17 to 0.67in 7 homokaryon isolates and the minimum genetic similarity (0.17) was observed
between isolates 4 and 8. These two isolates were crossed and the result of this crossing was N1 hybrid. Also,
other homokaryon isolates were crossed and mating incompatibility was observed in some of them. According to
these observations, it is suggested that in future studies, in addition to genetic similarity, sexual incompatibility
should also be considered. Hybrid N1 produced aerial mycelium and had higher growth rate in comparison to
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parental homokaryons and similar to heterokaryon control, had two-bands pattern. This two bands pattern
indicates the presence of two non-sister nucleuse in each cells. Finally, the results showed that SSR marker can
result to accurate detection of homokaryons.

Conclusions: The aim of the present study was screening homokaryon isolates of A.bisporus using SSR
markers to obtain hybrid. Results showed that growth rate of homokaryon isolates were lower than the
heterokaryons. Since, SSR markers were able to show high polymorphism in the isolates, thus it can be said that
these markers are suitable to homokaryon screening. Final result of this study is N1 hybrid that can compare to
commercially cultivated strains.

Keywords: Genetic variation, Morphological variation, Heterokaryon and Codominant marker
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