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Introduction

Major problems of pomegranate production, which is common in almost all of the world's pomegranate
growing areas, especially in warm and dry regions, is the splitting of fruit, which is the most damaging to
gardeners after pomegranate fruit moth. On the other hand, different studies indicate that girdling affects the
quantitative and qualitative characteristics of different fruit trees. In the gird, the trunk skin must be completely
removed so that the upper to lower skin relationship is completely cut off. The raw material that is absorbed by
the root and rising through the xylem is transformed into a sap in the leaf, and in the return path through the
phloem, it hits the barrier and accumulated above the wound site. Due to this process, sugar and plant hormones
and starch reach the upper part of the wound girdling in trees for various purposes, such as raising the percentage
of fruition of the plant, increasing size and increasing the quality and accelerating the fruition is done.

Material and Methods

An experiment was conducted to investigate the effect of girdling time on quantitative and qualitative
properties of two red peel sweet and tart varieties in the Mahdi Shahr city, Semnan province. The girdling was
taken at three full bloom days, two months after full bloom and four months after full bloom. To do a girdling, a
double-edged knife was plunged into the trunk, and the ring-like cutting was done around the trunk. So that the
layer of bark was cut from the trunk with a diameter of less than 2 to 3 mm continuously and separated from the
trunk completely, so that the relationship between the top and the bottom was cut off. To evaluate qualitative and
quantitative traits, 3 fruits were selected from the northern, southern and middle parts of each tree and transferred
to the laboratory for measuring morphological and physiological traits. Physiochemical traits including pH,
titratable acidity content, total soluble solids and morphological traits including weight, volume, average weight
of 100 aryls and percentage of fruit juice, Ariel seed weight percentage, and split percentage were investigated.

Results and Discussion

The results indicated that girdling at full bloom and two months after full bloom significantly reduced the
percentage of fruit blooming in both cultivars compared to the control (non-girdling) treatment. Also, among the
studied cultivars, percentage of splitting in red peel was higher than that of sour-sweet. In addition, girdling at
full bloom and four months after bloom was able to increase weight, volume, and average weight of 100 aryls.
Among two studied cultivars, sour-sweet showed higher soluble solids content and titratable acid percentage
than red peel. It can be stated that photosynthetic materials in the crown of the tree are blocked by conducting a
loop on the branch of the plant and prevent the transfer of these materials to the root. This allows the
carbohydrates from photosynthesis to be transferred to fruits that are growing. As a result, the fruit grows more
and subsequently increases its weight, volume, and number of aryls. In addition, the growth of root is reduced as
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a result of girdling and water, mineral salts, as well as growth regulators to the canopy and terminal meristem of
the plant are slowed down, thereby significantly decreasing vegetative growth to be seen in the tree.
Subsequently, with decreasing vegetative growth in the tree, the carbohydrate which is produced in the leaves is
allocated to the growing fruits. This also increases the weight and volume of fruit in the tree. Since the girdling
treatments are associated with meiosis (in full blooming stage) and in the stage of the growing of fruits cells (4
months after full bloom), it can be justified to enhancement of the weight and reduction of splitting percentage in
the fruits of trees which is girdled. The main reason for this difference is the tension entered into the girdled trees
at the interval between the application of the treatment and the wound healing.

Conclusion

According to the results of this study, it was found that the process of girdling results in weight and volume
enhancement of the fruit. In addition, the quantitative and qualitative traits investigated in the experiment were
different in the two cultivars of red peel sweet and sour-sweet. In addition, girdling was effective on the
pomegranate splitting, which is one of the important issues in the plantation of this fruit. However, the timing of
the girdling at the full bloom and the four months after full blooming had the greatest effect on reduction of the
severity of this complication.

Keywords: Pomegranate, Splitting, Trunk girdling
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Table 1- The ANOVA results for the effect of girdling time and cultivar on the morphological and physiological traits of

pomegranate fruits
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_ “{"’*“ﬁb obj 9211.4* 10108.4* 95.97* 20.20
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2oy ) 50 Jlainl o )3 5 jxe iy & s g % ¢ (o)1 Sxe pas NS
ns: Non-significant, *,**: Significant at 5% and 1% of probability level, respectively.
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Table 2- Simple effect of pomegranate cultivar on the quantitative and qualitative traits studied in the experiment

o) 2940 (139 Oguo x> T IARARSIE 550 45 bus] Ol BB aml  Jglore Sl dlge
Cultivar Fruit weight Fruit volume 100 aril weight ToH TA TSS

(©) (cm?) p (%) (‘Brix)

€500 Cangs iy 32358a 314.00 a 45.25a 408a 0.53 b 16.37b

ke’ 173.08 b 166.00 b 38.62b 3.46b 182a 18.04 a

5 (o sine glis (S b ()Mol Llod 31 S jnie Gy (5 53 53
There is no significant different between the same latter in each column
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Table 3- Simple effect of girdling time on fruit quantitative and qualitative traits of pomegranate cultivars investigated in the

experiment
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Figure 1- Interaction effect of girdling timexcultivar on percentage of pomegranate fruit cracking
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Introduction

Pears have a high nutritional and economic value worldwide. One of the major problem in growing pear
cultivars is their late fertility on seed bases. To solve this problem, using asexual propagation methods can lead
to the production of root trees. Cuttings are commonly used for proliferation either softwood, semi-hardwood or
hardwood. Clonal propagation is considered proper in rapid propagation of shrubs and trees species.
Adventitious root formation in stem cuttings is a crucial physiological process for vegetative propagation of
many plant species. Rooting ability of tree species through stem cuttings is affected by several factors
particularly plant growth regulators. Rooting of pear stem cuttings is time consuming. Auxin is effective in
stimulating root formation on cuttings. The most widely used auxins in rooting of stem cuttings are indole-3-
butyric acid (IBA) and naphtaleneacetic acid (NAA). Of these two auxins, IBA is the most widely used root
promoting chemical, because it is nontoxic over a wide range of concentrations. Applied concentration is an
important factor. Typically, a concentration of 2000 to 4000 ppm will result in good rooting for most shrubs and
trees.

Materials and Methods

In this experiment, pear (Pyrus communis) was used as mother plants. Stem cuttings were used as plant
materials in this experiment. The effect of different levels of indolebutyric acid (IBA) and naphthalene acetic
acid (NAA) was studied on the rooting of pears in a factorial experiment based on a randomized complete block
design with 16 treatments and 4 replications. The experimental treatments included IBA and NAA at the rates of
0, 1000, 2000 or 4000 mg L. Rooting percentage, rooting time, root number, root length, root volume, plant
height, leaf number and fresh and dry weights of cuttings were measured after about 130 days.

Results and Discussion

The results showed that the highest rooting (3.56 per seedling) was observed in cuttings treated with 4000
mg L IBA. Also, the highest root number was obtained from the treatment of 1000 mg L* NAA and 2000
mg L IBA with an average number of 0.16 roots per plant. According to the means comparison for the simple
effect of IBA on the rooting time, the highest rooting time was related to the application of 4000 mg L IBA.
The results revealed that plants treated with 4000 mg Lt NAA and 2000 mg L IBA grew the longest roots.
Also, ANOVA showed that among the applied factors, only the simple effect of IBA was significant on root
volume. Means comparison for the simple effect of IBA on root volume showed that the highest was related to
the application of 2000 mg L* IBA. According to the means comparison for the interactive effect of IBA x NAA
on cutting fresh weight, the highest fresh weight was, on average, 8.36 g in plants treated with 4000 mg L™ NAA
and 2000 mg LT IBA. As well, means comparison the effect of IBA x NAA on cutting dry weight showed that
the highest dry weight was 15.9 g related to the application of 4000 mg L™ NAA x 2000 mg L™* IBA. It was also
observed that 2000 mg L™* NAA x 1000 mg L IBA was related to the longest cutting with an average length of
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2.82 cm. Finally, plants treated with 4000 mg L™ NAA and 2000 mg L IBA produced the highest number of
leaves (15.9 g, on average). One of the effective factors in the success of vegetative propagation of plants with
stem cuttings, especially woody plants with hard-rooting stems, is the production of more roots in a short time.
Plant growth regulators, including auxins, play an important role in this regard. The effect of auxins on the
percentage and number of roots produced on stem cuttings has been shown by many researchers on various
plants, including plants with hard-rooting cuttings particularly in trees. The most widely used auxins in this
regard are IBA and NAA, respectively. The individual or combined effect of auxins for successful rooting
depends on a number of factors, including plant type, cuttings type, cuttings size, cuttings age, and the time of
year the cuttings were removed. In the present study, the combined effect of IBA and NAA had the greatest
effect on most of the measured traits.

Keywords: Auxin, Fruit plants, Hardwood cuttings, Plant growth regulators, Rosaceae family
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Table 1- Plant growth regulater treatments used in this research for rooting of Pyrus communis cv. ‘Bartlet’ cuttings

Slow 8,lowd 1BA NAA
Treatment No. (mg.1") (mg.It)

1 0 0
2 0 1000
3 0 2000
4 0 4000
5 1000 0
6 1000 1000
7 1000 2000
8 1000 4000
9 2000 0
10 2000 1000
11 2000 2000
12 2000 4000
13 4000 0
14 4000 1000
15 4000 2000
16 4000 4000
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Table 2— The ANOVA results for the effect of different levels of IBA and NAA on rooting percentage, rooting time, root
number and root length of Pyrus communis cv. ‘Bartlet’ cuttings

il iy aslio il an,s Ay, Job dudiy y dlaxs liaiy ol iy o yd
Source of variations df Root length  Root number  Rooting time  Rooting percentage
)‘,’S . 1 33.50m 0.645"™ 198.00™ 3.14m
Replication
ol Sy g 3 170.00™ 5.85™ 1180.00™ 785.00™
IBA (1)
el Sl e 3 2.38™ 0.687™ 20.52™ 74.02"
NAA (N)
I xN 9 131.00™ 1.89™ 258.00" 111.20™
b= 30 26.70 0.268 94.30 11.90
Error
e - 13.04 3.56 12.80 9.11
C.V (%)

I gime BB 3gmg pae ™ 000 0 9 ) Jloin] paws y3 I3 xe BMS] dgmg sy T g
™ and *: Significant at the 1% and 5% of probability levels, respectively and ": Non-significant.
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Table 3— The effect of different levels of IBA on rooting percentage, rooting time, root number and root length of Pyrus
communis cv. ‘Bartlet’ cuttings

Sl S gy Jowial Ay, Job

Audiy y 3l iy oloj

i liadsy w3
1BA Root length Root number Rooting time Rooting percentage
(mg.I) (cm) (day) g pereenad
0 36.25b 13.58¢ 68.25¢ 30.75¢
1000 36.83b 14.75b 76.50b 32.66¢
2000 44.08a 15.25a 79.75b 39.33b
4000 41.50a 14.50b 87.75a 48.66a

Amd e 3L 1, LSD (yge5 5l ookl b doyd & Jloisl o )3 I3 ixe M) 393 g pide i po j3 S yidie gy
In each column, means with the similar letters are not significantly different at 5% of probability level based on LSD test..
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Table 4- The effect of different levels of NAA on rooting percentage, rooting time, root number and root length of Pyrus
communis cv. ‘Bartlet’ cuttings

Sl Sl (U8 Al Job

gy olams el ol

s UL SRS
NAA Root length Root number Rooting time Rooting percentage
(mg.I) (cm) (day) 9P 9
0 39.08a 14.25a 77.91a 37.00b
1000 39.66a 14.50a 74.66a 35.91b
2000 40.16a 14.83a 74.50a 37.00b
4000 39.75a 14.50a 75.16a 41.50a

A3 o Lo 1y LSD 905 5l oolatl b duoyd & Jlosnl o 3 I3 gize W] 393 g pie gy j3 S yide gy
In each column, means with the similar letters are not significantly different at 5% of probability level based on LSD test..
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Table 5- The interaction effect of the different levels of NAA xIBA on measured traits of Pyrus communis cv. ‘Bartlet’

cuttings
el Sy gl sl Sl QI b JE g s e, gl i, e
NAA x IBA Root length Root number Rooting time (day) Rooting percentage

(mg.I") (cm) g y gp g
loNo 35.60cdef 13.33¢g 91.00ab 20.33g
loN1000 39.00cde 13.33¢g 63.00ef 33.33ef
1oN2000 41.00bcd 14.00efg 71.00def 33.00ef
10N 4000 29.30f 13.66fg 74.66bcde 36.33de
11000No 39.00cde 14.33def 79.33bcd 30.33f
11000N100 31.30ef 15.33abc 96.66a 29.00f
11000N2000 37.30cdef 15.66ab 76.33bcde 33.33ef
11000N4000 39.60cde 13.66fg 65.66def 38.00de
12000No 32.60def 14.33def 64.66def 39.66¢d
12000N1000 48.60ab 16.00a 59.00f 36.66de
12000N2000 44.00abc 15.00bcd 74.00bcde 34.00def
12000N4000 51.00a 15.66ab 69.33def 47.00b
12000No 49.00ab 15.00bcd 91.33ab 57.66a
12000N1000 39.60cde 13.33¢g 80.00bcd 44.66bc
14000N2000 38.30cde 14.66cde 88.66abc 47.66b
14000N4000 39.00cde 15.00bcd 64.33def 44.66bc

Amd o 3L |y LSD 905 5l o3litl b doyd & Jloin! o )3 I3 ixe WSl 2929 pie ygiw p jd S yido g
In each column, means with the similar letters are not significantly different at 5% of probability level based on LSD test.
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Table 6- The ANOVA results forthe effect of different levels of IBA and NAA on root volume, fresh and dry weights, plantlet
height and leaf number of Pyrus communis cv. ‘Bartlet’ cuttings

L) pove g 1 “?P— S g9 dlaad azals sl aold S (59 aold 5 (39 Ay y pSe
Source of &85! Leaf Plantlet Cutting dry Cutting fresh Root
variations df number height weight weight volume

o 1 0.5221 31,02 2417 31.90" 1,695

Replication

..\M.u‘ t_gq)u}; Jﬁ—\-‘:{l sk Kk ok * ok

3 5.82 315.00 30.02 472.00 5.065

IBA (1)
Al Sl e 0.972° 189.00" 5.54™ 39.70" 1,524
NAA (N)

I xN 9 4.156™ 480.00™ 6.841" 76.50™ 0.292m

= 30 0.885 54.20 2.87 12.06 0.629

Error

et - 13.03 17.59 36.90 16.60 26.50

CV (%)

*

B i W] 353 pae ™ 10 )3 0 ¢V Jlain] pdaw (0 o dxe BB 3g2g iy g
™ and " Significant at the 1% and 5% of probability levels, respectively. "™ Non-significant.

iyl oy M5 saald S dland g azals gl caald S g 55 (59 iy p g IBA cliseo zobw 551V Joda
Table 7- The effect of different levels of IBA on root volume, fresh and dry weights, plantlet height and leaf number of Pyrus
communis cv. ‘Bartlet’ cuttings

SO g kv 5 SUEA s 55 o
L9t gy Sy dlaxs axals el )| aold 09 aeld 5 039 ROOt duiy y x>
! ; . Cutting dry Cutting fresh
Leaf Plantlet height - : volume
IBA number (cm) weight weight (cm?)
(mg.I") (9) (9)
0 6.23b 40.75bc 2.73c 11.86¢ 2.24c
1000 7.45a 47.58a 4.06bc 21.73b 2.69bc
2000 7.33a 43.66ab 5.10ab 26.11a 3.30ab
4000 7.86a 35.41c 6.46a 23.57ab 3.70a

Amd o 3L 1y LSD 905 5l olitl b duoyd & Jloinl o )3 I3 xe Ml 293 g pie ygiw p 40 S yidha Ly >
In each column, means with the similar letters are not significantly different at 5% of probability level based on LSD test.

Table 8- The effect of different levels of NAA on root volume, fresh and dry weights, plantlet height and leaf number of Pyrus
communis cv. ‘Bartlet’ cuttings

NAA sl ‘Saalw‘ AW o aals glis)| 4ol SdS 09 S Fom >
(mg.I) Leaf number  Plantlet height (cm) Cutting dry weight  Cutting fresh weight Root vogume

) (¢) (cm°)

0 6.85a 43.41a 4.12a 18.60b 2.56a

1000 7.50a 35.91b 4.25a 23.00a 3.05a

2000 7.15a 44.08a 5.60a 20.40ab 3.42a

4000 7.37a 44.00a 4.38a 21.30ab 2.90a

Amd e 3L 1y LSD (905 5l ookl b doyd & Jloin! o )3 I3 ixe M3l 293 g pie ygiw pr 43 S yide g >
In each column, means with the similar letters are not significantly different at 5% of probability level based on LSD test.
A5 )l o oyl g 5,50 Slas 5 Slas Sos gaba) Oliis (s Sicasan
Slaw M w2 D 9) L)’i‘ )1 ‘..\..wl.:L;o LF")A"'“") suLb:LS
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Table 9— The effect of different levels of IBA xNAA on root volume, fresh and dry weight, plantlet height and leaf number of
Pyrus communis cv. ‘Bartlet’ cuttings

J U x 5 0 3 T P
AL el RS S s mals gy B o 7 092 o2
] Soslw! Cutting dry Cutting fresh
N i Leaf Plantlet height . . Root volume
IBA x NAA number (cm) weight weight (cm?)
(mg.I") (9) (9
loNo 4.46d 55.33efgh 1.53d 11.18f 1.83d
10N 1000 6.40c 68.66bcd 2.65cd 18.45e 2.50cd
10N 2000 7.63bc 64.33cdef 4.10bcd 11.01f 2.46¢d
10N 2000 6.43c 54.66efgh 2.65cd 6.73f 2.16cd
11000No 7.33bc 56.00efg 1.56d 19.66cde 2.50cd
11000N100 7.66bc 56.66defg 4.30bcd 23.98bcde 2.86bcd
11000N2000 7.53bc 82.33a 5.93b 24.33bcd 2.83bcd
11000N4000 7.26bc 75.33abc 4.46bc 18.95de 2.56¢d
12000No 7.76bc 66.33bcde 4.76bc 20.28cde 2.76bcd
12000N1000 7.63bc 54.66efgh 4.43bc 26.40b 3.03bcd
12000N2000 6.80bc 56.00efg 6.56ab 21.36bcde 3.96ab
12000N4000 9.93a 77.66b 9.15a 36.83a 3.46abc
l2000No 7.13bc 76.00abc 4.65bc 23.36bcde 3.16abc
12000N1000 8.30b 43.66h 5.13bc 23.16bcde 3.20abc
14000N2000 6.66¢ 53.66fgh 5.80b 25.00bc 4.43a
14000N4000 6.56¢ 48.33gh 5.78b 22.71bcde 4.03ab

Amd e Lo |y LSD yge5 5l ookl b doyd & Jloisl o )3 I3 ixe W3] 2939 pie (ygiw p 4> S yidke g >
In each column, means with the similar letters are not significantly different at 5% of probability level based on LSD test.

‘el oy (oW ouwd laduiy ) (saald ;3 sl g 15051 Wlho (o 03w (Siwmod — Y ¢ Joua
Table 10- The simple correlation between measured traits of rooted cuttings of Pyrus communis cv. ‘Bartlet’

sl y 2oy iy oloy Ay oluas ady) Job ady ) e aold 5 (39 aold SS9

’ - - ) wwls el S g 3laas
Rooting Rooting Root Root Root Cutting fresh Cutting dry Plantlet Leaf
percentage time (day) number length volume weight (g) weight (g) height (cm) number
(cm) (cm®)
wiliade) 2oy
Rooting 1
percentage
ity oloj
Rooting time 0.291° 1
(day)
iy 2o 0.215 0.06 1
Root number
) Jib 0.334° -0.009 0.286" 1
Root length (cm)
Ay p>
Root volume 0.393" 0.071 0.424" 0.174 1
(cm?)
Mlé )J U)s Hok Kk Kk *
Cutting fresh 0.471 0.18 0.600 0.387 0.300 1
weight (g)
Wl Sas g
Cutting dry 0.590™ 0.346" 0.293" 0.304" 0.265 0.761" 1
weight (g)
aalS elis)l
Plantlet height 0.113 -0.215 0.219 0.279 -0.044 0.156 0.206 1
(cm)
2 0.519" 0.056 0273 0.251 0.167 0.237 0520 0.266

Leaf number

*

Loy s g o> S Jlain] paw 3 b bxe cuig 4 g
" and * Significant at the 1% and 5% probability levels, respectively.
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Introduction

Fertilizer management is one of the main factors in achieving sustainable agriculture. Therefore, the
integrated agricultural system recommends the use of organic matter along with the optimal use of chemical
fertilizers. This method is a balanced way to improve the physical and chemical properties of the soil, which
leads to improved growth and increased plant yield. Organic fertilizers, especially livestock manures, have
higher levels of organic matter than chemical fertilizers, and can be considered as sources of nutrients, especially
nitrogen, phosphorus and potassium. One of these organic fertilizers is poultry manure, which in addition to
having macro and micro elements (manganese, iron, copper, and boron) is one of the cheapest fertilizers
compared to other fertilizers used. It is also richer in terms of nitrogen than other animal fertilizers. Soil fertility
is the factor that change the amount of active substances and essential oils. Micronutrients such as zinc, although
needed in small amounts by plants, play an important role in plant growth and development. The application of
zinc sulfate fertilizer improved the quantitative and qualitative attributes of basil, peppermint, sage, and
rosemary. Researchers stated that the application of a combination of chemical fertilizers and poultry manure has
increased the yield of garlic essential oil. Therefore, in recent years, integrated plant nutrition management has
been discussed. Integrated plant nutrition management is based on the simultaneous application of organic,
chemical, and biological fertilizers. Because organic fertilizers alone can’t provide the needs of high-yielding
plants. Combined application of organic, chemical, and biological fertilizers can improve the physical and
chemical conditions of the soil and increase organic carbon and nutrients. Savory is an aromatic medicinal plant
from the mint family. This plant has a lot of essential oils and is very important in the food, pharmaceutical, and
health industries. The aim of this study was to investigate the role of poultry manure and zinc sulfate in the
cultivation of savory.

Materials and Methods

The present experiment was performed as a factorial in a completely randomized design with 3 replications.
The factors consisted of poultry manure with four levels (0, 3, 6, and 9 t.ha) and the second factor zinc sulfate
with four levels (0, 50, 100 and 150 mg.kg* soil).

Results and Discussion

According to the obtained results, the effect of poultry manure, zinc sulfate, and their interaction on most of
the studied traits was significant. The highest height was observed in the treatment of poultry manure of 9 t.ha?
+ zinc sulfate in 100 mg. kg™* soil, which showed an increase of 79.26% compared to the control, and the lowest
height belonged to the control treatment. The total chlorophyll in the chicken manure treatment of 6 t.ha* + zinc
sulfate in 150 mg. kg™ had a significant increase compared to the control. The highest amount of leaf nitrogen

1 and 2- Former Student of Medicinal Plants and Assistant Professor, Department of Horticultural Sciences and
Engineering, Faculty of Crop Sciences, Sari Agricultural Sciences and Natural Resources University, Sari, Iran,
respectively.

(*- Corresponding Author Email: v.akbarpour@sanru.ac.ir)

3- Professor, Department of Soil Sciences and Engineering, Faculty of Crop Sciences, Sari Agricultural Sciences and
Natural Resources University, Sari, Iran
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was obtained in the treatment of poultry manure of 9 t.ha™ + 50 mg.kg™ with an increase of 82.03% compared to
the control. Zinc element was observed with a 222.75% increase in poultry manure treatment of 9 t.ha* + 150
mg.kg™. Poultry manure treatment of 6 tons per hectare + 150 mg.kg™ with 261.53% increase compared to the
control contained the highest percentage of essential oil.

Conclusion

The results of the study showed that the use of combined ratios of poultry organic fertilizer and zinc sulfate
has been effective in improving vegetative attributes, available plant elements, and essential oil content.

Keywords: Essential oils, Medicinal plants, Nutrition, Organic manure, Phytochemical traits, Zinc sulfate



SLEl pole 4yt

https://jhs.um.ac.ir

LAl

d"'.:'hﬁj‘% Jlae
VEY-YYS .o AFe) yliamo) oF oylads 5 als

o by o (Satureja hortensis L.) o, ol g SlS 5 5 SS5 995,590 o S5

SS9y DWW 9 By 58 5,8

s . *Y \ -
Shieg Jedese T g 58 Ay ' 8] 48,
WA/ /0) 1Bl 5 b

\f../.q/.“:u’;ﬂ;\{: .ca_')l:

daS

olyan I olgo | oslisial (&l (55,038 ol 5 il Sl 295 o0 wgmime il (53,0LES & () Sz )3 ol ol 51 (S 398 e
S ypla i g g Gl lp (core () (alrowd 355 b (013 3957 (Al Co e S (o0 drogi |y (aliond (sla3gS Aty Bpan b
2 J)sSl &ygony pols Slojl bl o 050 olS (B9 50 59y Slilgws g (e iy 298 B syl g Sl Bam il
e b gy g pod 986 5 (LS 3 (58 8 ¥ o) o slaz b By 355 Jgl pgiST8 )8 plonl 1,5 ¥ L ol MalS g ko G
e g2 ol GiiSam 2 9 59y Sllges (£ 0 I 055 51 el oty @l dr g Lo (ST £ S5kS 50 25 (e 104 Ve D o) s
sdaliie SB oSS 5 p)5 o Voo g9y Slilgus + S0 )3 (518 (ye S 368 Jloi ) Wi lis) (s D51 I stme () 3y90 Sl
S )3 55 (30065 Hlad 0 JS Judo IS g salis Hlawd 4y Blaie &g glas)l o yiaS g 0l LS ]38l Mo pd VRIS dald 4 Caws oS M
S 3 (58 (0 055 oS 3 S (595 Oliee i il dalS @ G (g5 JB GBIEL @ S5LS )5 g9y Clilgus p S e V00 4
555 Jlowi 53 (chuoyd YYVIVO ialidl b 69y yaie g ol Cawd dy dald o Copnd (cuoyd AY/Y il 8l b p,59lS )3 (co) Sligur p)5 oo B+ +
VEVIOY Ly )5 kiS5 p)5 eo VB+ 4 )l 53 (577 (£0 395 jlowd b odaliie p)SbS” 53 69y Sl p)5 (oo N0+ + LS )3 (5% (£
Olgw g Ey0 oS adl clacns jl ool oy L pils ikgh doui e wilul Mo pd (i (gl ald Ay Caws iul 381 Loy
sl 01 gBly Jige il 22y3 9 0l ot )3 polis (odyg) Clio 390 ) (59

290 oS (o> 355 g9y Slilgws ¢ plhondigid Cluosas @iss ¢ puilul g lS (o34

9 b sl b olag s 5l eolitwl olwl p adlbden (63,554,
Fazelian ) .l ool dgzg 4y ko> calio zolo> 53 (2LS o304
>3 (Satureja hotrensis L.)oj,— .(and Asrar, 2011
Abad et al., ) cowl jliclia odlgls 5|, lare o ale o gyl
(ol mloo ) g aib e b Guilul hls olS o) (1999
(Baher et al., 2002) 5,l> 4lgl, 8 ol iligs 5 gyl
ORIl Sl e U9 (2liond 355 L (ol 3957 (Al e
J(Gardner et al., 1990) s_sb o S5 (5,9, i 54 Jg
ladgS b awslio )5 ol sladgS yogas an I cladgS
Sloie @ Wlg o g diwn T olg o (o3b; polie (ol olowds
Jlomd s oty 5 58 ()9 059 A (2l polis I omlia

.

LV RY-T

o] | anols CoMw g ciligy wols 3 ogyls LS
&b L oy jolaieas GlalS cul jlosliiul 5)l)08 5 (0l
il gl Jlw o dS gyg bay cusl 0dgr lojen oLl (S5

Fs._l.c 05; )LDL.M] 9 &9)]) ullbl.of Aw)l L;ml.uu)‘.{ Myiwb [SVeNEY) -y 9 |
e e 5 (55,5188 pole ol sl5 pale oSl (UL it 5
b
(Email: v.akbarpour@sanru.ac.ir 2 e 03k 5 — %)
pode o5l (sly) pole S iily (SLS —wdige 3 pole 09,5 bl -¥
Sl (e @lie 5 5jp9liS

DOI: 10.22067/jhs.2021.67877.1006


https://jhs.um.ac.ir/
mailto:v.akbarpour@sanru.ac.ir
https://doi.org/10.22067/jhs.2021.67877.1006

\F+ Qla-m.e) ¥ G)Lo.af) Ad .\b s(é})sw el“o 9 F}l‘) LS'L"':L‘ F’h 4_,)*';,) fo

w4 olie jolie Qi (Sa 0 ol 38 5 Ve Lolyen
» oxlple (Jadhav et al., 2013) cuol odls (]38l 1)y Zow
Gl 04 zytae oS @i 4wl Copie cou sl o Jle
I sloags 1 lajen odlizal wl p (2LS 435 Ll o pie
4 6 e & ) assS o Ly ol sl (s 5 oot
5 Il slaagS plys B pme i 035bp LS (slajls el
bord 9 (S Ll 290 el Mg g (2bend
asly JLos a |y i polie o J oS Gialidl g oas S
b g ) e (S5l ) (5 pS ke el yglaie (3L
RS 355 > hor s sloags gy Bpe 5 JT slass o8
(9> oS plgis 4y 0jy0 olS Cupenl 4 dagi b yiomen )l
2 9y Slilg 5 (e 28 b Bun b sl iaghy
5 4 6y925 oS ol (plendgind 9 Sujglsiiee sl Sy

)5

W yg; 9 dlge

MalS ko B 3 oS ialjl g0ty pls Limgly
fae o b e 355 o) 956 S ol 5T L ol
o sl b g9y Clilgw pg> )9Sl 5 (S )3 (58 F T (i)
soaio (pdey g (S )5k )3 p)5 (oo N0+ Ve e jio)
e a2 b gledol )d L S5 jlend ans ojye y4 Tt
WAA ol cutigusd,yl Jgl 2yl o 1) o pd AD deli 068 g o yd A0
3 St 5 s s b s mgeasin slasr
2 0o Sslii ad (S ¥l am 03)S (L3L)4 anel S
YeXN0 olal an 0olS 0 (glalalS 4 WVAA olosh 3 wad )b
S 0,5 Eie Oy ol p caleSy SB S Gl &S g Sl
Pojye slis gols sla s ab ool H18 sl sae ¥ WS
SE obowd 5 (S8 Claogad (S 6ad )KL slad
WSB 905l Bab ol 0 B Y ) o Jos > Liolejl yiaw
355 Jlos WS ploS 59y 32 BraeeS 5 Bpacy slaseS

¥ CosIS lam b plosl CBlgSh g0 4 5 g ()l

i e ol 2L g el oy 3390 s cudlS ke 5 ol
9 5 O ey Job bl jlad oSy xdaws 05 dlasi (ol LD
Olje csmbag) ySar S (g asigy S 55 (g by Suis

Asiis,lS 5 IS Juds IS (Slinkard and Singleton, 1977) s
Ebrahimzadeh et al., ) _sla—uS] 51 culls (Arnon, 1967)

W d).;o)'lx1

s S T osle jlaie Stiddoy 5 s glbmoj y i
ooy sl aod £e 3l iy (lolge olpl 53 sl Sl
(Fernandez et al., 1993) u_il oo duo > S 51 eSS (55,5liS
robie 59 Y g (Hoslo (aulél el &5 olaig) 51 (S
ISl J1 oS 058 0 SB 5 olS s BB lie
pmolie sl 1 ogde 48 Wil o (£ 0 355 (I (sladgS )
Casd il s 31 (e (32 9 o ponl 5350) 9,500 9 951
o o (03958 5 5l g Canl (Bpae sbadgS plo b dglie )
slasss (Zhou et al., 2005) couwl ,5 28 505 el sladsS
Emam, ) aas o 5,5 olals sl 1y Llié yole £
Iy ol olice clalun! ples aiilys oo o> (slaagS Lol (2008
olals cueal (Malakouti and Tehrani, 1999) xjlw )b
ol 5 e bylyd culgdl 3 0550 0ole 32y (290
o=l 53 aS 035 il g 04350 03l lie )3 puss Jelse 51 S
Farzaneh et al., ) cwl ol SB )0 CBpacsS wolie i oo
3 b sdiogny 30,8 Cuto pil jl Lis sasie sl g} (2010
151> (5,9 @Y gane (&S Lo Shy 5 3Ses il
S99 L (ggy yulal (sdsos, wolic (Tavassoli et al., 2010)
2 Sl p G5 Jg bl GlalS Sl 2)90 o5 ke 4 4G
4,5 (Malakouti and Tehrani, 1999) x,l> 4lblS gei 9 A,
2 rmais ol 3 S ke 1Ll ol Sl iiggy & olalS S
GHLSB 51 ol (Sosglgid clotis ) ol A5l o id
o=l b base (Splie Jloel )03 9 (ol 2asite (sl
;| 9, [(Baybordi, 2006) us amles a5 M jlod ¢ juaie
Job oSt odlosby )i 5 s 53 &5 0392 B pannS polic

5 Lacl)iapg S pudglio « S Sy 5 Jed9)lS (aailiSs) o
Hemant Ranjan, ) ccuwl JJis sl lals o Lo uwg, s cole
5 g U3gaems laml culled 1> ope (g pais (1996
oill (Sog8 03,35 sladil osde ol Ab) slrosiS pudass
NS5 9 S ol S8 olaial )3 (ydgy sl S92 S
Malakouti and ) sl o yuaic 4l 59108 moMe 5l oLS
(Tehrani, 1999
5 S Ologad d9 by o (g9) Slilgu 368" il oolatl
Said Al-Ahl and ) (Ocimum basilicum L.) jlou, oS
5 - {(Mentha piperita) Jals ¢l (Mahmoud, 2010
A5 (Salvia  rosmarinus) s,l—;, 5 (Salvia officinalis)
oS sl Hlebsl o S imgs (Nahed and Balbaa, 2007)
OB e (Ee (013 355 5 (alend 395 S 5l 03latu
Cowl o (Allium: sativum) ;o w oLS uilwl 5y Slos 1500
NPK' olerd (sladsS (8 yno yizmen .(Singh et al., 2014)



\74

o0 y0 (ot beonlioid Wl 5 g SU59lgd 90 S S g oy eR 9 £l

OIS SB o2 bomnigSs 528 a1 jord gl - Jgaa
Table 1- Physico-chemical analysis of the pots soil
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Table 3- The ANOVA results (Mean Square) for the effect of poultry pellet and zinc sulphate on some attributes of Satureja

hortensis L.
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sErecd
Poultry pellet 3 105.3" 4rs 0.85™ 2744.66* 0.42 14.79+
(A)
S9yoldgw
Zinc su|phate 3 114.13™ 6.22"M 2.74# 5361.13"™ 4,96 45.46*
(B)
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Figure 1- The effect of poultry pellet on the leaf area of Satureja hortensis L. (LSD, p<0.05)
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Table 4- The interaction effect of poultry pellet xzinc sulphate on the height of main stem, number of nodes and root length of
Satureja hortensis L.
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Figure 2- The effect of zinc sulphate on the stem diameter of Satureja hortensis L. (LSD, p<0.05)
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Table 5- The ANOVA results (Mean Square) for the effect of poultry pellet and zinc sulphate on attributes of Satureja

hortensis L.
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Figure 3- The effect of poultry pellet (A) and zinc sulphate (B) on the aerial organs fresh weight of Satureja hortensis L. (LSD,
p=<0.05).
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Table 6- The interaction effect of poultry pellet xzinc sulphate root fresh and dry weight, shoot dry weight and the amount of
N and Zn of Satureja hortensis L.
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Table 7- TheANOVA results (Mean Square) for the effect of poultry pellet and zinc sulphate on some phytochemical traits of
Satureja hortensis L.
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Table 8- The interaction effect of poultry pellet xzinc sulphate on some phytochemical traits of Satureja hortensis L.
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Introduction

Narcissus (Narcissus tazetta) has high demand in flora markets due to its beauty, having a multi-floret
flowerhead and delicate fragrance. The appearance quality and vase life of cut flowers decreased after harvest
due to flower senescence, loss of petals turgor, reduced water absorption, transpiration, fresh weight loss, and
reduced water potential which reduces the economic and ornamental value of flowers at the consumer. One of
the important reasons for the poor postharvest quality of Narcissus tazetta is the loss of turgor and their high
sensitivity to browning of the petals. Browning mechanisms are chemically divided into enzymatic and non-
enzymatic browning reactions. Enzymatic browning, which causes important reactions and discoloration, is one
of the important factors affecting the quality and shelf life of fresh produce. Previous studies have shown that the
activity of polyphenol oxidase (PPO) and peroxidase (POD) is positively correlated with browning during the
postharvest storage of fruits and vegetables. Nitric oxide (NO) is recognized as a biological messenger in plants.
It is a highly reactive gaseous free radical. Optimum NO levels could delay the climacteric phase of many
tropical fruits and prolong the post-harvest shelf life of a wide range of horticultural crops by preventing ripening
and senescence. Nitric oxide also could prevent the activity of PPO, phenylalanine ammonialyase (PAL) and
POD, and keep the highest activity of superoxide dismutase (SOD).

Materials and Methods

Narcissus (Narcissus tazetta L. cv. Shahla e-Shiraz) cut flowers at their commercial maturity stage (Goose-
neck) were harvested from a production field in Farse province and. then they were transported to the laboratory.
Healthy and uniform cut flowers with the same number of buds, a similar size and growth status were selected.
Cut flowers were subjected to pulsed treatment of sodium nitroprusside for 24 hours on two levels (25 and 50
M) and then kept in containers. Samples were stored at 20 + 2 °C, relative humidity of 70-60%, with light cycle
of 12 hours light and 12 hours dark. In this experiment, various physiological and biochemical indices including
apparent quality (wilting index), cell membrane stability index (%), petal relative water content (%), color index
and browning using a colorimeter, relative weight using digital scale (g), flower diameter, PPO and POD were
examined.

Results and Discussion

Sodium nitroprusside treatment reduced the browning process by reducing the activity of POD and PPO
enzymes. The effect of sodium nitroprusside was concentration-dependent. Sodium nitroprusside maintains
membrane stability by protecting the membrane and preventing lipoxygenase activity and scavenging free
radicals that have attacked the membrane. Sodium nitroprusside-maintained flower diameter due to its role in
eliminating free radicals, delaying the aging process and maintaining flower quality. Discoloration and browning
reactions of cut flowers reduce their appearance quality, leading to economic loss. The browning of the petals
due to senescence is one of the important factors limiting the vase life of narcissus. It has been shown that PPO

1 and 2- M.Sc. Student and Associate Professor of Department of Horticultural Sciences, Faculty of Agriculture and
Natural Resources, University of Hormozgan, Bandar Abbas, Islamic Republic of Iran, respectively.
(*- Corresponding Author Email: rastegarhort@gmail.com)
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and POD are the key enzymes for the oxidation of the phenolic substrate (especially simple phenols) and the
production of the brown compounds. It has also been suggested that the stability index of the cell membrane,
which represents the ion leakage of the tissues, is diminished extremely as the longevity is increased. Another
effective factor in determining the quality and vase life of cut flowers is the water-holding ability and water
balance of the cut flowers petals. Changes in the cut flower fresh weight could also be regarded as one of the
most important postharvest physiological disorders that affected the quality, vase life and commercial value of
the cut flowers. Fresh weight loss, which is one of the most important reasons for the wilting of the flowers, is
due to the less water uptake and more respiration rate.

Conclusion

Sodium nitroprusside treatment maintained the quality of Narcissus tazetta L. cv. Shahla e-Shiraz by

increasing the relative water content of the petals and maintaining the cell stability index, as well as reducing the
activity of browning enzymes (PPO and POD). Of course, the concentration used was very important. The best
results were observed at lower concentrations (25 M) of sodium nitroprusside.

Keywords: Membrane stability, Nitric oxide, Peroxidase activity, Polyphenol oxidase, Postharvest



SLLl pale 4 pid

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

T77-789 o 1401 e b o Lo 36 ol

L 5lmd N oy oS 5 oy pasls S S S 0Ad (glosgd SalS 5 cokS Lk

"iL”JﬁJf?;("iA“‘ J" P ria

*ZJK".») Anuw —ldl.é.ﬁv dotann
1399/12/07 2t 55 & b
1400/07/26 : 5 4y e

2>

(Narcissus tazetta L.cv. Shahla-e- ‘jl, s (Mo’ o8, (w5, oy paslis J5 sl pjl s dls po 53 MSite o odas 5 S

ol aalllae asb o o (oS IS @y bs (Slogad g (S3pet Jusds odes jobas a4 cawl ] cudld g5l s yes o390 olisS Shiraz)
ialejl 2 plosl (S 5 02y sl S (SlacS IS (05 (Sloged 1o S Sl 5 CusS Lai 2 Bl gt o 55 gy polaied
50 5 25) clale 93 )3 by pgyiimedw 50 SiaolisS (598 o ygods J,S5 dw b Bolas Meols’ o By eSO ysod ol
ahyS a5 > anls lyieas o] rioran 5 2o 2 55 Jsbo 5 plosl S 5 oy el slaJS (s ol 2 Sosony (Vo Seo
(sl CadS ity el Cunsty @l Golusl 11 285 )8 oy 3350 (SiSlsrsid g lresdbgn e (slaals (tlefl cpl 55 i
oanliie blug pg i Y ge9,5ee 25 b odd jlewi sla JS 13 Linlejl bl 55 (803 43/1) S8 U1 o ooz oyt ¢ (3/03) U5
W 3a9500 25 Jlas 13 55 (3547) (L7) WS plS S5y iy s 5 (AE) <5y @lyeeis 5 (503 2203) (1 (sloged (jwo (oS 4
305 4 S 2ty S 40 M]3l Sl (s focsinn ssbs dlogpigyisimeio Vo oo 25 g a5 atalite slugypg it
bl (10,5 69/5) wmls 4 s (wuo s T3/3) Jshoslis (o )lub Lais o St SEals )3 (o) sme 8l cpiomen clale oyl b ials
s alS 5 Jsloslit sl Ly Gspnds nlS S5 T s (sne i L lugpg it conlis e o Sl o5 ol

bl o i oy sl S oS 8 0 (clogad auls lae 3 s yige i (PPO) jlast i by o5l

2euS1 5 6l cudled lasT b L casls ol slid (ylul 2 g0alS gWaajlg

il )8 og (W bl Jold dlnie (g 4 slete
{(Hanks, 2002) s_sb o o2 9 oL b Ly 3l Jlois
Al 30 B ot jl ez (295 0 Glpl (o oS 5
gy 2ol g ol (Ol rde ()l pegad e
Oygao Gl wlgl s 5ol b wgl 5l 455 ol 28 0551
o gl W8, eay pasls 5. (Chehrazi, 2007) 5,5 .~
O Slogrd 9 (5305 Jddas i o 039) (U Culld il
.(Jowkar, 2005) 1ib o S plS & o
(s a slogad 9 (s ) (5205 Wle lelge (S joboey
2 LapsilS g S 3929 5 a8les (Slal (8 At (25 J1
byl e Jobo pialS ol LY 5l o)l Joloxe

doddo

25 (Narcissus tazetta) ol s L jlyis W35 5

gl sy 3late wlidol S y 1o 5l g o3b g 4l0Fgw S
Ot )l =S 465 opl il o (Amaryllidacea) LS,
Slazmel o SIS wu padls 5 lgeay oS cul o LS
Gaas 5,5 JS .(Jowkar and Sticklen, 2008) 345 oo o5l

018ty ( SLugl 09,8 HLitily g anidyl wlis S commitib cuija -2 41

OB o ol (ol mlie 5 () )oliS
(Email: rastegarhort@gmail.com e 04t gs = %)
DOI: 10.22067/jhs.2021.69103.1028



LA0L ylimey 4 o lais 36 alor (535918 @lio 9 poke) Ll pole 4 525 780

W sy 9 dlge

Jlasi 9 aLS ol o

2 oibefl ol 5L 5590 il (Mo’ 08y S 5 slaJS
Ol b &lgs 5l pds pise sbyylips 5 5l asjle (93,5 Ay
brda 53 g cadby )b Gl (Sydoga ) &ly o
A o3l sl el 3l g olislojl 4 (3l gy b olyens
2 oS gun b ond Soicrs) &b il edlisul b Waadle solod il
(ol 30) Lass elis)) )3 e gty Ol o (0y
Cp9p e cov Celw 24 Ssedy oy padlis sla 5 50 glad
93 5 (3 — gl Leow &8 18) lug g idmat )> daolisS
500 Gy, ey g a8 S Iy 5 (¥ 509,800 50 5 25)
i)l sl 209 2 5,5 5 slaoc] Jglowe (g5l 2 e
MolS gl B )3 515 oty g3y cnl N i
Jslome 23,5 plosl S5 p0 > S L5 2 5 1,53 L ool
485 b o aals plsie 4 o] izmen g a0y 2 )L
AL

oly S ilw anyd 2042 cLod > Ladiges : oo byl
12 § olisgy celos 12 ()9 JSiw b o )3 60-70 s cogho,
L5 S5 Syl el

otelail ol 1 1 K5ggh 0 9 il sid Sl g Sl
Slyome sl CpieS ol (S5glgn 58 Clisee lapadls
B o 5003 b Sosrd 5 Sy Gl (Sl Ol
el Called syl pasls el bordgn slagasls 5 JS
285 8 sy 2050 Sy w3l g ST B Ly

2131956 3L slajgy o pialeil g9, b Iyl cuinS
oS5 S cuaS ab plosl (ol ©jgoay (0l CuiS
L2 Cawd I oS 1y 058 bl 5 (uilw)yei S W5 oS Sl b
45 Spgmoinia ) ES gy s i (50 oa3L)
A A G sae )l aviliel olaly gpalls cois (o puSo5lyl
i) 5 (fgto CoadiS D) doops S D) e codS
. (Clark et al., 2010) ai b, (cans

1l oy anlxe ly (RWC) S5 O oo (slgime
S5 2,502 (J5 315 2) S5 o 5l Ll o) slaS 5
039 25 010001 s b Jlows (obide 3 036 (SpdS 4) Jsles
Lo jhiec] 4 cels D ety adiges s g (FW) 05

osedl Jgd )3 Laiges Coleg 53 (TW) b ool baoee
28,5 )18 oyl )3 35 Blo dnd 15 (lod > csl S oy

2- Relative water content

5l S (Jowkar, 2005) Lo b o ame oy pasls sl JS
S0k > Cadgasme g (oolatdl )l JialS ) wre Jelse
Wyt Al B b il b sloged «gigliS Y guace
lacSasdl 5 alos (Sla i (S35l (Sl slaceul
2 e o WY guae )3 A (glogrd as e dlog] s ¢ 19,50
Oisrie dle JWb sla ool cilisee sa i g s ole
K9 oo 355 Al g 9] 9 S 9000 SIS0 o puSTy
9 P ol 3 g (Johe lis laded (gmalinnSly el oS
e g 5 5 Jsbo e (slacSolsl slié ( Suslyen
Sl (b5 lolytges b STy 5 Sase] I3 L slares]
Slogad 4SSl lis Ollllas g o (slogrd (sl b L
5 Laoysiiss =1 & Slid Sl 5 pmlia] ey ol
> (Singh et al., 2018) sl o S5y (shosrd (s yosly 3l
oy L8 Sl S (olorlS oo ialjEl g Clisee (oliond Dlge
o oalatwl 15 Vb loj e 45 Ll (gpalls cunS Lais 4
T3] 48 ol (olond (slosle (SNP) bylug g sisieus -Cand
sbads oigan SLEL Sy cudlbpl e yos G2l Gl
2 ke (JiSew JsSlge 4 plied 5 2980 0olitnl oy pasls
.(Meena and Afjal Ahmad, 2016) ¢l sas aslis lals
9 () SBOS plp )3 olS Cunglio )3 (coge GBI S 5 0
(Zhu et al., 2022; Salehi-Sardoei and 5l iwsj,ie
Jl cbaisS o puilSe a3l b &S s yskas Khalili, 2022)
s 5 oL 0l ol 5T e G531 ok 5 (5]
oo pedld sl JS ol jes haljil cel 6y b basiye lag
35Lg ys g yis s dww .(Dwivedi et al., 2016) cowl osis JuMS
hb Wlgi e 03)ly (S 95 9 0lS (o 9 <L e 4
Zengetal,) aagp .08l oblis U ew aBg id
2 Slwgpg e Yy o Lo 0/1 clale cote ol gl (2011
A0l )55 |y S 5 Lol jas iiljil 5 cusS Lais
(Alipour et al., 2014) l)LSen 5 y5 Jo idgh 1> Cpicrod
S 5 S glyiedn b pg e jled 45 0b LS
slacale ) oSt b GlaJSosl, objem b s ]
01 clale 1> Lot gy o5 S5 50 ;¥ 09,500 1 40/5 0/1
) (PPO) jlust Jgib oy sl cullad sy 55 )3 ¥ 509,500
&S iad o ol aadly cpl sl )ob a1y gy g 03b Lials
OB oS sy Al e ) Wlgine by g e o
3ylS @l sl oy dalllae ol Lol 5l Cau e sl ac sl
9 ChS Ladn o latod) canlio CE a9 blg g e b
P 555 0d el IS (oSS e 3T 0 (sloged ials

g bl il Al pe )3 6yl 35 Cu



TBL w63y S 55 0y ey IS SlocS S (ks (glogtd (bS5 CapiesS Lk (i 5 et

Slid Bl e 1 o 00s 31,8 SIS 515 O/ e 5l
19315000 5 pus 5 (6550 kas (PHET) ;Ygo leo 50 ety
23,5 Souis 5l 4y 15 caeas ol 5 lwas 3 4 glos 4
9 S g, 3l eslil L (PPO) jlaast Jib Ly 5] (ot
Wb (5 ySeilsl yuss S L (Kar and Mishra, 1976) 1y
20 5 1, g0 o3Ls 3l o5 0/0504 1ol ¢jgdaze ol gy
L3I Sl B Jslowo 4 (g g 195 o> o] 1 o
80 a1, g5l o jlas 5l g S 40 ¢ iomiw Jbyn ¢l 05
) segil 420 oo sl > i ioxie 5 ailSlealel 5L 52y S
ol jlosls Ly gaad33 92 10 slosjojls o
w2551 Cllad ioxin [(POD) jlisnsSlyy w3l collad ioxiw
Liang et al., ) LlSen 5 SOW Gig) 5l esliuwl L sl STy,
s JSLE s Seo 161 L) .1 plosil &lpais oS L 2018)
sl cland 3l 4 (Ho02) (59,0 semS Ty yidg Seo 17 oly0n
1000 a1 o)liac 5l ysdg,Sue 33 ¢ iomiw jLoya (slp 03,5
2 3egls 410 ggo s 1> G upes 05 L 3 2 S
o8 I onliwl Ly a6 60 440 20 (oo Sloojojls
5590 SAS jl33la s ;1 oslizul b imgh (slwodls : o lel (gol8T
e 9ojl 5l eoliiwl L Lo puSilis duolie g 48,5 )|\8 oo
oy A plul (p <0.05) ao )3 O Jlais! pdaws )3 b (slaels
A el Excel il s 5l ool b 55 W jlaged

ob plis bedh uibjly 4320 5l ol ol g el cuas
5 ke Jolite )31 ionen g Jlod 5 ) (loj ool I &S
CpiS (a3l p 2oy 1 Jlazsl o ) ()l gtme 36 Lo
b S S log S | b LS 5 oy pasli S (g nlls
claeclale olos Lol el LialS gymiay anld g ond jlag
CoaS 5l ptalegl Jobo 3 02litl 590 Loy g s 255
53 509 )93 (5,8 g hiec]) sals b dwlie > o5V
4 byyo (3103) o palls cudsS (i (w5 J9)) oielesl L
(1/89) oS’ 2208 5 51 ¥ 909 S0 25 sylisg g s o
L JSs) 292 oo aals 4y by o
SoLb oS on paild S S gaiy)lil Jole o yiores
SladS cois (S g e oK) aile lelge 5 13l oo
Soy o plowl Sllllas guls ims o 53 pibicos |y ony pasls

3- Peroxidase

lsme (DW) wl cewsay i b 5l s bl S8 035 b
00,5 dulme 1 abasly 30,k 5l O s

EFW—DW} « 10 1)
(TW—-DW)

SbygS S IS A (gloged liee 9 ) (slayasls
(Minolta CR- gucSs, olSiws jl ssliu b S I8 5, cilise
5 (2 daly) Sy JS Slpss a5 (5 5031051 400, Japan)

3503181 ol (3 alaly) S WIS as (sloged Lasli

(535 5 55) 8% 5 (33 b o) D¥ ((ali) L (slagmsls

. (Granato and Masson, 2010).s -y

RWC (%) =

@)
S5, IS luis(AE®) = [(L2% — L1%)2
+ (2% — al®)2 + (b2* — b1%)2]1/2)
Browning Index (BI) = [100(x-0.31)] / 0.17 3)

where, X= (a* + 1.75 L*) / (5.645 L* + a* - 3.012 b*)(4)

oy J> g5 gty JS o JS b (5 S5l
A5 (5550l e Lo

Aol sy 5 el 51 S (slaed s oand 503t B9
59 <06 3 lajy, (98l 5059 — W calaly ol o &
g o 59y 5 s plan oyjg - Wiz
(RFW)% =W./W,-, X 100 ()

S lae ylul (asls 3(MSI) Jgw slis )lul asls
hy Syl el jlp)s S halad b))l oyl cuts 3200
S-S 5 0jluilen Clabad &y onds Jo sl S8 5l 5 il eolatal L
15 5688 53 o o3 Ol ;e 10 s 5 03,8555
Slsl gl ag ]y ons 33 S8 251 s 5 a5u) 50 e
40 slos 5 495l celn SO (b )3 Ladiges 03903
93 3l e 9 B 8 i3> 5 )90 1000 5 515 loaz >
by (EC1) 4 (oS cabin ol5sm 55 Loaign
43,5 <dl,8 (TetraCon 325, Germany) Jso yio EC olSiws
120 (Lo y3 oMy p> aids 15 s oay |y Loyl s
B3aore s 52 03 )18 jaunad! (L8 12 51,8 lods >
g s B yio EC olfiuws lawgi (EC2) 4l (S0 8l colan
1035 dnloee 4 dlaly 5l oalatul b g xSl cuis coles
(Ms1)(%) =[1-(EC,/EC;)x100] (6)

40 slolos ) adiges g xSl colin sy 4 EC, g ECy
3b o 31,3 lwas > 120 4

gl Caz (PPO) JlapeST i3 Ly T clled i

1- Membrane Cell Stability Index
4- Polyphenol oxidase enzyme



LA0L yliney 4 0jlacis 36 alor (53,918 @lis 9 pole) JLil pole &yt 782

jlosli—wl 4 S a5sly L5 Dwivedi et al., 2016)
sbad bl s 5 ol LIS Gl b ylog g tim

sLadS cuib il pm coS g QLS jee (I3l el (Jolo
W Jny DJJ)JJ\}L«J

Ol sl 0)ludld 5 Soue gl (0NN 5 oS
il csles Gkl ccwlio glacdale )3 3 log g e aS ob
s pmed g i)l 5 CosdS Gl el Bl e
Ashouri Vajari and )s5,5 o0 oy paslis sl |5 cuily il
ke L(Yang et al., 2010 ; Molaahmad Nalousi, 2015

IR

4.5 a a a a 75,6l aals

4 b #N 25 uM

3.; % g EN50uM
£ /
31 g, 2 %
1.5 %

1
O.g %
0 3 (53)) e 6 o
Time (day)

s S 88y 8 5 0 e L U5 6yl kS pab L 2 g g i e cilitee (SCALE X 3l ke 31 -1 JSd
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Figure 3- The interaction effect of time and different concentrations of sodium nitroprusside on the complication of petal
browning of narcissus cv. ‘Shahla-e-Shiraz’ cut flowers (DMRT, p<0.05)
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Figure 4- The interaction effect of time xdifferent concentrations of sodium nitroprusside on the luminosity index L * (a) and
overall color changes (EA) (b) of narcissus cv. ‘Shahla-e-Shiraz’ cut flowers (DMRT, p<0.05)
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Table 1- The effect of different concentrations of sodium nitroprusside and sucrose 2% on cell membrane stability index,
flower diameter, and relative fresh weight of narcissus cv. ‘Shahla-e-Shiraz’ cut flowers

o 2L (o (939
o3 a1y, oo S (55l pad L ‘:T’w &
- (POD) Cell membrane stability index ~OWEr  Relative weight
Treatment (U.g™ FW) (%) diameter of flower
(mm) branch
(@)

(oo ) sals 1.012 69.58° 32.412 84.38°
(550 sals 0.95° 70.48% 30.66° 87.122
Nyos,See 25 0.75 73.30° 33.08° 89.75%
Ngo5,See 50 1.07 72.04% 31.75% 89.447

(P<0.05) 35,15 , 555 b (gl cme BMB] (SOl (glaialssin y90;] 5l okl b dd S jie By (gh)b &8 oo, Silo gt o 4
In each column, means with similar letters are not significantly different (p<0.05) based on Duncan's multiple range test.
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Table 2- The effect of storage time (duration 9 days) on peroxidase activity, petiole cell membrane stability index, flower
diameter and relative fresh weight of flower branch, of narcissus cv. ‘Shahla-e-Shiraz’ cut flowers

’ ) L0 w9
ol STy Jw Ui gl pasls F okl Js
Time (POD) Cell membrane stability index Flower diameter Relative weight of
(day) (U.g*FW) (%) (mm) flower branch
(9

0 0.92° 87.41° 37.83° -

3 0.28° 84.59° 32.91° 92.19°

6 0.87° 74.66° 30.16° 88.10°

9 ‘1712 38.75¢ 27.00¢ 82.72°

(P<0.05) 35,15 , 555 b (gl dmo BMB] 5SSl (glatalssin y90;] 5l okl b dd S jiiie By (gh)b &S oo puSilo gt o 4
In each column, means with similar letters are not significantly different (p<0.05) based on Duncan's multiple range test.

Dyl Cponl Lo |5 g bogae 6l j0 o] cullad e a5 ol
iyl Hlews a8 3l L (Yang et al., 2010) cldles
lom 3l Collab a5 Olis oge )3 iy g gt
Sl .5 o Lais |, JS sl i 5 03,5,k |, PAL 4 PPO
ol (Brown, 2004; Gheysarbigi et al., 2020 ) o plox!
Ay A ol (ilSTL Yoone (i (glogrd as,le a5 ol
9 2-dle bagye ] J8 55l by Loy oSl
Lo o (ol (b 0 ey dlanlyas o918l
(Zhou ldlles (5)l5S Ssd o Jids oMo 4 powse (sloged
ks luS 5 oS i ilialL as s o Las et al., 2011)
bl g cpl o g S o Ty il oo lz )B4 et
(Liang (slasdllas )3 545 0 (sloged ad)le jlod (£l &Y qne
550 1wy g st i jlaws 45" A5 3l LS et al., 2018)
lyimo 03,5 Lo |y PPO (o351 cdlad posyqs] oy el
(slosd sLa STy IS ysboas S o Lais Iy S 15 0 5
ooy 03 iiS AwS| a3l 4 smd o F) Sloj i
5 €l gy dalh b G ) 45 S 5 LS S
OiblS il 3l 090 3 a8l o sl Jolw sl oy
5 a3 a5 i (iulidl cosly PPO il coled
Aghdam et Aghdam et al., 2015: )95 o0 Wl olie 35
Llog g yisesw 3,8 (Aghdam et al., 2018b ; al., 2018a
dubly mopl el il sl (Joud oy pasls s S o
15 JgaS 01y sl sa S 55 Lo yas il 5 Sages]

.(Kazemzadeh-Beneh et al., 2018)

e i@ Ly adayly (0 ol San Jolwslie g)lul
L 5 (ROS) (3081 Jlub (sladioF (53Lasy 13 tyluog g st v
O—ST Jb sloaisS (il 5l 6 pSole )3 o ey A5
3,8 &8 sl Lis (Siddiqui et al., 2011) suiss )8 sl
LS cage Gt plise (Al o)k Sl blug g iim
o2 ()15 Canl 0 Indioy (A ey (alj3l g (35 Cas
» L ol bis 3 alS 58 Wl g s & ol
N gagSen 01 clale o (gygbots iS00 o] xS oo o
o o 00 e sl S 50 e gmnlinnSTyy talS Con
(Changli and Chanyou, 2011) cewl oid sali
Ll a5 ol gl (PPO) Sl S5 oo
251 i 5 5lesd 9 (6)l S o edlw Sl as o lis Waesh
a1l w31 ol 51 (s boisine 5 ol 5 slass e
duwlio pols .cdl W8,5 ey padls 5 S ,I5 (PPO)
(PPO) lagesl i3 o1 s o8 o oL (B JS5) (eSoles
Sl AN wglate slaclale ;> Llwgyg idpsdw jlasi)d
5L L o izman i (5, 5 jlaiocl) dals Jlos L
S s |y o ime BB 5 shadec] dald s 4 Cons
Lo b5 (6)ia Gice b Ladiges plas 13 PPO o] colles
Ceyw by oad jlad cladiged jo Liulidl cond Lol sl yioljel
23l Sl (1S (w85 59)) Oalejl bl 53 091 olen (5 5eS
5 (0732 U/g FW) Ly g yisimsdw yY 909,50 50 Jlews ;> PPO
oaalie (2/09 U/g FW) Jhaioc] jlas )5 ol cudled oyt
SlaS 5 oliiS w8 slam 3151 (S las] S8 L ol 08
oyl g 09 o LS > sloged Ky ddg cuw &S cal L8
ilopeislIPPO 5l o) (lalS o oS (6)leS5 5o e



787

w3 s e (o) S 5 oy el S5 GBS plS o (loged pelS g S a5 9 (Sl

2.5 . B i ) als
) %55l aals
#N 25 UM
1.5 BN 50 uM

sl 18y o5
PPO activity (U'g FW)

1
0.5
0
0 3 6 9
(553) o
Time (day)

s (Mo’ o8y o5 35 03 338 IS (PPO) lanmnS T3y 2 351 32 dlawg 19 pladms e cilidio (gaCdile X (yloj oo 51-5 JSS

Figure 5- The interaction effect of time xdifferent concentrations of sodium nitroprusside on polyphenol oxidase (PPO)
enzyme of narcissus cv. ‘Shahla-e-Shiraz’ cut flowers (DMRT, p<0.05)
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Introduction

Pomegranate (Punica granatum L.) from the family Punicaceae, is an important and exportable fruit crop in
Iran. At present, Iran is the leading producer of this fruit followed by India, Turkey and Spain. As the main area
under pomegranate cultivation in Iran are located in arid and semi-arid adjacent to desert regions. Low irrigation
water quality, lime induced Fe chlorosis, soil salinity, nutrient imbalance and soil-borne diseases are the most
limiting factors in this areas. Currently about 760 genotypes and cultivars of pomegranate have been identified,
collected and growth in Pomegranate Research Institute in Yazd province, central Iran. In rich collection, it is
likely that some genotypes are tolerant to adverse environmental conditions but neglected due to their low
quality fruits. These genotypes could be evaluated and used as potential rootstocks. ‘Rabab-e-Neyriz’ is one of
the most important pomegranate cultivar that is planted in parts of western south of Iran to gather ‘Khafr-e-
Jahroom’ cultivar. Fruits in ‘Rabab-e-Neyriz’ cultivar are big with dark red color arils. In the last decades, there
has been a tremendous towards using grafted/budded plants in fruit orchards. Moreover, the available reports
indicate that rootstock could affect the tolerance of scion to soil borne diseases, lime-induced Fe-deficiency
chlorosis and salinity stress that they can control with grafting on tolerance rootstocks. There are inadequate
formations on the effects of rootstock on scion of pomegranate. The aim of the study was effects of three
rootstocks; ‘Gorj-e-Dadashi’, ‘Gorj-e-Shahvar’ and ‘Post Ghermaz-e-Aliaghai’ on nutrient concentration of two
pomegranate cultivars; ‘Rabab-e-Neyriz’ and ‘Khafr-e-Jahroom’; as scion.

Material and Methods

In order to investigate the interaction of rootstock and scion on nutrient uptake in two pomegranate cultivars
‘Rabab-e-Neyriz’and ‘Khafr-e-Jahroom’, research was performed in the form of a factorial experiment in
complete randomized blocks design with scion factors at two levels (‘Rabab-e-Neyriz’and ‘Khafr-e-Jahroom’)
and the rootstock on four levels (‘Post Ghermaz-e-Aliaghai’, ‘Gorj-e-Dadashi’, ‘Gorj-e-Shahvar’and without
graft) with five repetitions. Omega grafting method was used to production grafting plants. One year grafting
plants were planted on farm with 2.0 m apart within rows and 4.0 m apart between rows. Non grafting cuttings of
scions that rooted same time with rootstocks were planted in farm as control. In the first summer leaf samples
were collected to determine macro and micro elements.

Results and Discussion

The results showed that the interaction of rootstock and scion is effective on the uptake of elements. The
concentration of elements in the scion varied depending on the type of graft combination. The highest levels of
phosphorus, potassium, and calcium of leaves were observed in the grafting plants of ‘Rabab-e-Neyriz’ scion on
‘Gorj-e-Dadashi’ rootstock, ‘Khafr-e-Jahroom’ scion on ‘Gorj-e-Dadashi’ rootstock, and ‘Rabab-e-Neyriz’ scion
on ‘Gorj-e-Shahvar’ rootstock, respectively. Also, the highest amounts of iron (75 mg/g dry weight), manganese
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(65 mg/g dry weight), and copper (25 mg/g dry weight) were obtained from the grafting plants of ‘Rabab-e-
Neyriz’ scion on ‘Gorj-e-Dadashi’ rootstock, ‘Khafr-e-Jahroom’ scion on ‘Gorj-e-Dadashi’ rootstock and, in
both scions on ‘Gorj-e-Shahvar’ rootstock compared to non-grafted plants.

Conclusion

The results of this research have shown that the amount of nutrients in the leaves of grafted pomegranate
cultivars is not only influenced by the rootstock, but also by the genetics of the scion. The concentration of
mineral elements in the scion is mainly related to the characteristics of the root system of rootstock, including the
lateral and vertical expansion of the root, which increases the absorption of water and minerals. Due to the
weaker root system, the ‘Post Ghermaz-e-Aliaghai’ has a lower concentration of mineral elements in the
cultivars grafted on this rootstock. According to the results of the present study, the reason for the higher
nutritional elements in plants grafted with the rootstocks of ‘Gorj-e-Dadashi’ and ‘Gorj-e-Shahvar’ can be
attributed to the greater growth power of these roots and their extensive root system. He attributed that wider
research is recommended in this field.

Keywords: Calcium, Grafting, Magnesium, Pomegranate, Potassium
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Figure 4- The interaction effect of rootstock xscion on the Na concentration of the pomegranate cv. Rabab-e-Neyriz and
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Figure 5- The interaction effect of rootstock xscion on the P concentration of the pomegranate cv. Rabab-e-Neyriz and
Khafr-e-Jahrom leaf grafted on different rootstocks (LSD, p<0.05)
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Introduction

Different aspects of light including intensity, quality (spectra), and duration (photoperiod) can influence
plant growth and development. The growth and development of ornamental plants are also influenced by light
intensity and quality. Energy saving in greenhouse production has received much attention lately. One reason for
the interest in utilizing light quality to modulate plant growth and morphology is the recent development of light-
emitting diodes (LEDs) as a lighting source in greenhouse production. Such small diodes can easily be placed
close to the canopy and can be used to apply a narrow-band light spectrum to the plants. Specific requirements
for light spectral distribution for specific processes like morphogenesis, photosynthesis, chlorophyll and
anthocyanin synthesis have been determined in different species. The aim of the current study was to investigate
the biophysical properties of chlorophyll fluorescence of Hypoestes phyllostachya plants in response to different
light spectra.

Materials and Methods

Research experiments were conducted on Hypoestes phyllostachya in a completely randomized design with
six treatments of different light quality and three replications. The seeds were planted in plugs and in a mixture
of 70% peat moss and 30% perlite. Seedlings were grown in natural greenhouse (control) and LED (100% Blue,
15% Blue +85% Red, 30% Blue +70% Red, 15% Blue +65% Red + 20% White and 30% Blue +50% Red + 20%
White). Since the main goal of the study was to compare the effect of LED light quality with sunlight in
conventional greenhouse conditions. The LED treatments were applied from fourth month old seedlings until
five weeks in a growth chamber with the light/dark regime of 15/9 hours, 23+5°C temperature, and 65+5%
relative humidity. While, their pots in the greenhouse with 55+5 mol.m2.d? DLI, 21+5°C average daily
temperature and 65+5% relative humidity (Data logger 8808 temp. + RH) were regarded as the control
treatment. After five weeks, the fluorescence chlorophyll was measured.

Selected leaves were dark-adapted prior to the measurements and OJIP protocol was applied using a
fluorometer (FluorPen FP 100-MAX, photon system instruments, Drasov, Czech Republic). The fluorescence
measurement was performed using a saturating. FluorPen software was used to extract data from the original
measurement. Data extracted were used to analyze the following data according to the equations of the JIP test:
fluorescence intensities at 50 ps (F 50 ps, considered as the F0), 2 ms (J-step denoted as FJ), 60 ms (I-step, FI),
and maximum fluorescence intensity (FM, FP). The JIP-test was used to quantify the amount of energy that flow
via the PSII. Performance index was measured on the absorption basis (Plass, @ multi-parametric expression).
Probability that a trapped exaction promote an electron in electron transport chain (ETC) beyond the primary
acceptor Quinone (QA—), maximum quantum efficiency of PSII (FV/FM), specific energy fluxes per reaction
center (RC) for energy absorption (ABS/RC), trapped energy flux (TRO/RC), electron transport flux (ETO/RC)
and dissipated energy flux (DIO/RC) were calculated according. Finally, the data were statistically analyzed with
SAS (9.4) software package, and the means were compared by LSD test at p < 0.05 level.
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Results and Discussion

Fast Chl fluorescence induction curves (OJIP) was the main parameters used for the screening of different
light treatments. OJIP test is shown to be a proxy to detect PSII bioenergetics and indicates changes in the status
and function of PSII reaction centers, antenna, as well as in donor and acceptor sides of PSIl. The maximum
quantum yield of PSII (FV/FM) and relative maximal variable fluorescence (Fm/Fo), significantly increased in
15% Blue +85% Red, 30% Blue +70% Red, 15% Blue +65% Red + 20% White. Plags, one of the OIJP test
parameters that provide valuable awareness about photosynthtic performance, considerably decreased under
control and 30% Blue +50% Red + 20% White treatment. Unlike Plags, ETO/RC did not show a significant
difference under different treatments. The specific energy fluxes per RC for energy absorption (ABS/RC)
significantly increased under control and 30% Blue +50% Red + 20% White treatment. TRO/RC increased in
plants under control and 30% Blue +50% Red + 20% White treatment. Treated plants under 15% Blue +85%
Red and 30% Blue +70% Red showed the lowest in dissipated energy flux (DI0/RC). During an ideal condition
without any additional stress, the total PSII pool can be completely inactivate and retrieve without a detectable
photoinhibition.

Conclusion

When plants exposed to 100% Blue and 30% Blue +50% Red + 20% White treatments as well as in control
plants, Fm/Fo, Fu/Fm and Plags significantly decreased. Also ABS/RC, TRO/RC and DIO/RC, significantly
increased.

Keywords: Leaf chlorophyll fluorescence, Light quality, Light spectra, Plantlet, Photosynthesis
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and *: non-significant, significant at p<0.01 and p<0.05, respectively
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Figure 1- The maximum quantum yield of photosystem Il (Fv/Fm) for Hypoestes phyllostachya in different light treatments.
(Control: Greenhouse light, 100% B (Blue), 15% B (Blue) +85% R (Red), 30% B (Blue) +70% R (Red), 15% B (Blue) +65%
R (Red) + 20% W (White) and 30% B (Blue) +50% R (Red) + 20% W (White)).
(DMRT, p<0.05).
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Figure 2- The maximum of relative variable fluorescence (Fm/FO0) for Hypoestes phyllostachya in different light treatments.

(Control: Greenhouse light, 100% B (Blue), 15% B (Blue) +85% R (Red), 30% B (Blue) +70% R (Red), 15% B (Blue) +65%
R (Red) + 20% W (White) and 30% B (Blue) +50% R (Red) + 20% W (White)). (DMRT, p<0.05).
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Figure 3- The absorption flux per reaction center (ABS/RC) for Hypoestes phyllostachya in different light treatments.

(Control: Greenhouse light, 100% B (Blue), 15% B (Blue) +85% R (Red), 30% B (Blue) +70% R (Red), 15% B (Blue) +65%
R (Red) + 20% W (White) and 30% B (Blue) +50% R (Red) + 20% W (White)). (DMRT, p<0.05).
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Introduction

Sweet Cherry (Prunus avium) belongs to the Rosaceae family, which due to vegetative propagation
problems, in vitro propagation is recommended to increase mass and disease-free production. Micropropagation
has many advantages over other vegetative methods. Although the most suitable organ that preserves the genetic
characteristics of the cultivar is bud meristem, plant regeneration from meristem culture is difficult in many
species of woody plants, so micro-grafting is a suitable technique to overcome these problems. The aim of this
study was to investigate the effect of scion size and origin of commercial sweet cherry cultivars interact with
micrografting on the vegetative rootstocks.

Materials and Methods

In this study, factorial experiment was used as a test unit in a completely randomized design (CRD) with two
factors in five replications and ten seedlings per replication. The first factor was cultivar in seven levels (B:
Bing, D: Dovomres, H: Haj Yousefi, P: Pishres, S: Siah- Mashhad, T: Takdaneh, Z: Zard) and the second factor
was scion type in four levels (M1R1: 2 mm in vivo explant, M2R1: 5 mm in vivo explant , M1R2: 2 mm in vitro
explant and M2R2: 5 mm in vitro explant). To prepare the scion, 1.5 to 2 cm long explants were isolated from
shoot tips and then disinfected with 75% ethanol and 20% Sodium hypochlorite. After rinsing with distilled
water, the shoot tips with 2 and 5 mm length were extracted for in vivo explants. In vitro explants were obtained
from shoo tips that was previously established in MS culture medium with supplement of 1 mg.I* of BAP. The
meristems were prepared in 2 and 5 mm and used as in vitro explant. 5 cm length in vitro shoots of sweet cherry
‘Gisella 6> was used as rootstock. Micro-grafting was performed according to the standard method for sweet
cherries. Micro-grafted plantlets were transferred to MS medium supplemented with 1 mg.I"' BAP, and kept
under low light (100 lux) condition for one week, then transferred to growth chamber at 27.1 °C photoperiods
16/8 hrs light/darkness (1500 lux). In order to induce root, grafted plantlets were transferred to Perlite: MS
medium supplement with 1 mg.I"' IBA. After rooting, plants were placed in polyethylene pots containing perlite:
peatmoss (1:1) for acclimation. Micro-grafting success indices were recorded in each of the micro-grafted
plantlets. The data were analyzed by SAS statistical software (9.1) and the means were compared by Duncan's
multiple range test (1 and 5 % of probability levels).

Results and Discussion

The results showed that in all indices there was a significant difference between scion types and cultivar
scion type interactions except grafting time, but there was no difference between cultivars (except longitudinal
growth of scion). Among the scion types, the 5 mm in vitro scion (M2R2) had the highest micro-grafting success
rate (42%), number of leaves (3.7), longitudinal growth (6.3 cm) and taken grafting time (two days). Finally, in

1, 3 and 4- Ph.D. Student, Assistant Professor and Associate Professor, Department of Horticultural Science, Faculty of
Agriculture, University of Shahrekord, Shahrekord, Iran, respectively.

2- Associate Professor, Crop and Horticultural Science Research Department, Khorasan Razavi Agricultural and
Natural Resources Research and Education Center, AREEO, Mashhad, I.R. Iran
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successful micro-grafted plants, ‘Pishres’ cultivar had better results in rooting (32.8%) and ‘Zard’ cultivar in
acclimation (3.4%) traits. Probably the presence of leaves led to better nutrient supply and surface contact, so it
mostly improved the success of micrografting technique. In this study, micro-grafting success indices were lower
than previous reports using seedling rootstocks. This might be due to difficult grafting operations, poor
rootstock-scion communication, low physiological activity, and high in vitro oxidase activity. In the type of
scion, micro-grafting success rate of 5 mm in vitro scions (include leaf primordia), was better than 2 mm scions
(without leaf primordia). These results were consistent with most reports in sweet cherries and other stone fruit
that were more successful in micro-grafting using larger in vitro explant.
Conclusion

Based on our results, it can be concluded that the micro-grafting method in sweet cherry micro-propagation
is a fast practical method with high potential for production and regeneration of healthy orchards, which is also
possible for other cultivars. In micro-grafting success, in vitro explants are preferable to explants taken directly
from in vivo mother trees, and the use of larger explants for scion is recommended due to the presence of leaf
primordia in micro-grafting success. However, smaller-size explants are more likely to produce healthy plants.

Keywords: Acclimation, Leafy primordia, Shoot tips, Tissue culture, Virus-free
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Table 1- The ANOVA results for the factors affecting micrografting indices in sweet cherry
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e DF Micrografting successful Micrografting time Number of Shoot length
(%) (day) leaf (cm)
2 6 160.9 ns 3.6ns 0.35ns 9.7*
Cultivar (C)
SSsn &9
Scion type 3 3275** 94.6 ** 23.7 ** 81.4 **
(ST)
* * *
C xST 18 1735 3.03 ns 2.8 2.1
el obzdl 112 74.3 1.9 1.17 1.8
Error
b - 196 151 138 16.2
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Table 2- The effect of meristem size and scion origin on micrografting successful (%) in sweet cherry

P8, S £ P8yl )3 Nigy Culidge oy

Cultivar MIRL MIR2 Scion tyﬁ)\;zm M2R2 Micrografting success (%) in cultivar
B 26.6 cd 16.2 de 36.4 ab 485a 319A
D 19.5de 29.0 be 23.8cd 37.3ab 274 B
H 16.9 de 18.7 de 28.1bc 39.9ab 259B
P 24.8cd 32.6 bc 32.0bc 418 ab 328 A
S 16.0 de 15.1e 36.1ab 38.7ab 26.4B
T 17.8 de 35.6ab 241cd 48.1a 314A
z 18.2 de 19.4 de 33.7ab 39.8 ab 27.8B

S5 £ 200D 238C 30.6 B 420A 29.1
Scion type

MIRD :glaind o9 bamo (60 oo 93 digainy i SWign g9 9 Zady5 (T aliSS (St gio ol P oy i HI Ldwgy zls D o) ped Bl Ki 1)
M2R2: glaids (9 bams I (s o Juo g U905 50y IMIRZ s glainds 9y lame 5l (s t0 oo 35 dige3 5y IM2RI tiglainds (g baes 3l (5 o Juo g 490530,
bl e

Cultivars: Bing: B; Dovomres: D; Hajyousefi: H; Pishres: P; Siah-e Mashhad: S; Takdaneh: T; Zard: Z and Scion Types: 2 mm in
vivo: M1R1, 5 mm in vivo: M2R1, 2 mm in vitro: M1R2, 5mm in vitro: M2R2.
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«Means with at least one similar letter are not significant different based on Duncan’s multiple range at 5% of probability level.
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Table 3- The effect of meristem size and scion origin on taking time (days) in micrografted plant in sweet cherry

.. SN 5 . _
P8, Sei & PB,l 52 dgm 218 olej
Cultivar MIRL Mlecmn tyIF\)/?ZRl M2R2 Taking time(days) in cultivar

B 70f 6.3 ef 3.3cd 16ab 45B

D 4.7 de 4.6 de 2.7bc 3.0 bed 3.7 AB

H 5.2 def 4.3 de 3.0 bed 2.4 bc 3.7 AB

P 6.1 ef 4.9 de 4.6 de 1.8ab 4.3 AB

S 5.5 def 3.8 cd 3.3cd 2.2bc 3.7 AB

T 6.5 ef 5.7 def 3.5cd 14a 4.3 AB

Z 5.8 def 3.0 bed 3.1 bed 1.6ab 3.4A

Scion typeSsg, 5 58D 46C 3.3B 20A 3.9
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#Means with at least one similar letter are not significant different based on Duncan’s multiple range at 5% of probability level.
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Table 4- The effect of meristem size and scion origin on number of leave in micrografted plant in sweet cherry

P8yl JU\J% & P8yl 3 sy S dlaas
Cultivar Scion type Leaf number in cultivar
M1R1 M1R2 M2R1 M2R2
B 19f 3.6 de 3.6 bc 2.7 cd 40C
D 4.1cd 5.5bc 2.8 cd 3.1 bed 57A
H 3.0 def 4.2cd 3.0 bed 3.9bc 4.6 BC
P 2.6 ef 47cd 2.1 cde 3.2bc 5.3 AB
S 2.3¢ef 3.3de 3.0 bed 3.3bc 3.8C
T 2.5 ef 45cd 3.7bc 49a 41C
z 2.2 ef 3.9 cde 2.5cd 4.6 ab 4.7BC
J_*’% & 2.7D 42C 30B 37A 4.6
Scion type
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#Means with at least one similar letter are not significant different based on Duncan’s multiple range at 5% of probability level.
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Table 5- The effect of meristem size and scion origin on scion shoot length (cm) in micrografted plant in sweet cherry
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Cultivar MIRL MIR2 M2R1 M2R2 Scion shoot length (cm) in cultivar
B 19f 3.6de 4.1 cd 6.3 ab 40C
D 41cd 5.5bc 6.9 ab 6.2 ab 57A
H 3.0 def 4.2 cd 5.6 bc 5.7 bc 4.6 BC
P 2.6 ef 47cd 6.0 abc 79a 5.3 AB
S 2.3 ef 3.3de 3.9 cde 5.6 bc 3.8C
T 2.5ef 45cd 41cd 5.2 bc 41C
Z 2.2 ef 3.9 cde 5.5 bc 6.9 ab 4.7BC
Scion typesSsigy g9 27D 42C 52B 6.3A 4.6

Al o Sl claalsais ygeil 5l oolil b o yd & Jleais] pdaw )3 b uSibo oy 93 55 dime glds Doy 1S5l (Jgan 5D aliie pé 39 it
*Means with at least one similar letter are not significant different based on Duncan’s multiple range at 5% of probability level.
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Table 6- The ANOVA results for the effect of cultivar on rooting and acclimation percentages in micrografted plant in sweet

cherry
©lape 5xCbe
ICAJOVES I V1P o3l an yd Mean squares
S.0.v DF 2l sy wo &5 oy
Rooting percentage Acclimation percentage
) 6 18.3n.s 245n.s
Cultivar
ialejl ol 24 35.7 256
Error
Syt e - 174 237
CV (%)

Doy 05 ) Jlain] pdaw )d (g0 gime (g0 gime pis i 4 F 9 ¥ NS
ns, ** and *: non-significant, significant at p<0.01 and p<0.05, respectively
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Figure 1- Stages of micrografting in sweet cherry in vitro: A: Preparation of scion shoot tips; B: Preparation and cultivation

of meristem; C: Establishment of explant; D: Shoot proliferation; E: Scion and rootstock preparation; F: Micrografted plant;
G. Rooting; H. Acclimation of micrografted plant
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Figure 2- The rooting and acclimation percentage in micrografted plantlets in sweet cherry cultivars
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Introduction

Asparagus, scientifically named Asparagus officinalis. L is a perennial plant belonging to the Asparagaceae
family. Asparagus is a large genus in this genus that has about 200 species. The most important species for
agricultural purposes is A. officinalis. Somatic embryogenesis is the formation of an embryo from an-asexual

cell in vitro that similar to a seed embryo, is able to develop into a complete seedling. Somatic embryogenesis is
a complex molecular and biochemical process based on cellular potentiogenicity and a model in the study of
plant growth. In this unique process of embryogenesis, the growth cells acquire the capacity for embryogenesis
under conditions of cellular stress. Sucrose is the predominant sugar in plants for energy production and
facilitates vital functions. Sucrose is converted to glucose and glucose. Sucrose is the most common source of
carbohydrates used in plant tissue culture.

Materials and Methods

The present study was performed in the tissue culture laboratory of the horticulture department of Gorgan
University of Agricultural Sciences and Natural Resources in 1399 and 1400. Native Iranian asparagus seeds
with octaploid ploidy level were used in this experiment. Bs medium containing 2, 4-D with a concentration of 2
mg /I was used to induce the embryo. Concentrations of 3, 6, 9, 12 and 15% in liquid medium were used to
evaluate the effect of sucrose. The pH of the culture media were adjusted to 5.7. After the induction phase, the
samples entered the realization phase and the subculture were cultured in the previous environments but with the
aim of emerging the embryos (realization phase) while the hormone was removed from them. After 4 weeks in
the embryonic development stage, the number of globular and bipolar embryos was observed using a computer-
connected stereoscope at 20 and 40 micron magnifications.

Results and Discussion

The results obtained from this study showed that there is a significant difference between different
concentrations of sucrose in terms of embryogenesis formation at different stages of embryogenesis. According
to the presented results, change in sucrose concentration caused a change in the formation of embryos and the
highest number of spherical embryos was observed with a significant difference (p <0.001) in 9% sucrose
concentration. According to the comparison results, the concentration of 9% sucrose showed the highest amount
of bipolar embryo among other different concentrations. Statistical results of photosynthetic pigments and
anthocyanins showed that there was a significant difference between different concentrations of sucrose. As
shown in Figures 2 and 3, the highest levels of chlorophyll a, b, total and carotenoids were observed at a
concentration of 9% sucrose and the lowest amount of chlorophyll a at concentration of 12% and total
chlorophyll and carotenoids at concentration of 3%. Also, the results obtained from regression analysis showed
that the highest amount of photosynthetic pigments and starch was observed in 9% sucrose concentration.
Finally, in this study, it was found that the best concentration affecting the vegetative embryogenesis of
octaploid asparagus is 9% sucrose.
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Conclusion

Carbohydrates are the main constituents of the plant and are most used in tissue culture medium, especially
sucrose for growth and differentiation. It is noteworthy that high concentrations of sucrose are not only
nutritional but also change the osmotic pressure in the culture medium. The relationship between glucose status
and embryonic formation has been proven. In the meantime, the capacity of sucrose to support embryonic
growth is greater, so that increasing sugars such as sucrose increase the potential for embryogenesis. According
to the results of the present study, 9% sucrose in B5 culture medium showed an important role in chlorophyll
production and caused photosynthesis and carbohydrate metabolism in this medium to increase, and as a result,
the amount of sugar and its accumulation in culture explants. Increased in this medium and eventually caused the
emergence of embryos with photosynthetic pigments in the resulting seedlings. Increasing the level of sucrose
also prevents rapid germination and helps the development of the root system.

Keywords: 2,4-D, Carbohydrate, Embryogenesis, Photosynthetic pigments
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Table 1- Statistical analysis and mean comparison of photosynthetic pigments, sugar compounds and number of asparagus
somatic embryos in different consentration of sucrose

38w o ol o S 2 Judg i b Jubg 5 IS Jadg IS Mg,
Sucrose . (mg.g™*FW) (mg.g*FW) (mg.g*FW) (mg.gFW)
(%) S5 iy
Number of globular Number of bipolar Chlorophylla  Chlorophyllb  Chlorophyll Total ~ carotenoids
embryo embryo
3 2.33b 3.33ab 0.015¢ 0.022 ¢ 0.042 ¢ 0.012d
6 133¢c 2.33b 0.052 b 0.076 b 0.05¢c 0.035b
9 433a 4a 0.112a 0.209 a 0.132a 0.053 a
12 133¢c 3.33ab 0.014c 0.02c 0.073 b 0.02¢c
15 0d O0c 0.043 b 0.078 b 0.046 ¢ 0.021c
Pr>F <0.0001 <0.0001 <0.0001 <0.001 <0.0001 <0.0001
oy
CHIWE 27.66 24.59 16.37 11.17 14.04 14.77
C.V (%)
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Numbers with common letters in each column do not differ significantly according to Duncan's multiple range test at the 5% of
probability level.
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Continued Table 1- Statistical analysis and mean comparison of photosynthetic pigments, sugar compounds and number of
asparagus somatic embryos in different consentration of sucrose
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S)u)crose Anthocyanins Fructose Sucrose Starch Glucose Total sugar
(%) (Hmol.g FW) (mg.g'FW) (mg.g'FW) (mg.g"'FW) (mg.g"'FW) (mg.g"FW)
3 0.062d 6.30 b 5.24d 1197 b 1444 ¢ 35.69¢
6 0.147 a 6.67 b 7.09 be 12.70 b 13.27¢ 30.80d
9 0.082 ¢ 591b 6.10 cd 31.89a 23.53b 63.84b
12 0.086 ¢ 10.07 a 7.90 ab 1433 b 3044 a 70.54 a
15 0.131b 579b 8.82a 17.72b 23.57hb 17.41e
Pr>F <0.0001 <0.0004 <0.0048 <0.0001 <0.0004 <0.0001
C.V (%) 6.48 11.86 12.79 17.04 15.46 4.65
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Numbers with common letters in each column do not differ significantly according to Duncan's multiple range test at the 5% of
probability level.
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Figure 1- The effect of different levels of sucrose on the number of Asparagus officinalis somatic embryo
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Figure 2- The effect of different levels of sucrose on the chlorophyll content of Asparagus officinalis somatic embryo
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Figure 3- The effect of different levels of sucrose on the carotenoids and anthocyanins content of Asparagus officinalis somatic

embryo
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Figure 4- The effect of different levels of sucrose on the starch and glucose content of Asparagus officinalis somatic embryo
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Figure 7- Asparagus officinalis explants, three weeks after incubation in the realization phase in B5 liquid medium containing
2 ppm of 2, 4-D with different concentrations of sucrose. (a): Direct organogenesis and chlorophyll production in regenerated
shoots from liquid medium with sucrose 3%o. (b): Bipolar embryo formation (white arrow) in medium with sucrose 3%. (c):
Globular embryo formation (white arrow) in medium with 6% sucrose. (d): Direct organogenesis and chlorophyll production
in shoots formed from liquid culture medium containing 6% sucrose. (e): Bipolar embryo formation (white arrow) and direct
organogenesis (black arrow) in medium with 9% sucrose. (f): Bipolar embryo formation (white arrow) in medium with 9%

sucrose. The increase of anthocyanin can be observed in somatic embryo. (g) Direct organogenesis in liquid medium with
12% sucrose. (h) Non-formation of embryos and lack of organogenesis in liquid medium with 15% sucrose. (Bar= 1 mm)
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Introduction

Iron has a significant effect on the quantity and quality of agriculture products. Factors affecting the
absorption of this element increase its efficiency. Meanwhile, the pH of the nutrient solution plays an important
role in the absorption of iron. Iron is one of the essential elements for plant growth and plays an essential role in
chloroplasts. Due to iron deficiency, the activity of several enzymes such as catalase, cytochrome and oxidase
and ferroxin is significantly reduced. The amount of iron in the soil is high, but plants only absorb two-capacity
of soluble soil, which is negligible compared to the total iron. Soil environmental conditions affect the amount of
iron by the plant, so it is difficult to control the uptake of iron by the plant. It has the highest ability to absorb
iron and manganese at pH less than 6. For this reason, acetic acid was used to stabilize the pH of the solution.
Acetic Acid is a polar solvent and an organic compound. The use of inexpensive organic acid and citric acid in
agriculture, despite its positive effects on calcareous soils and their reasonable price is still not common in Iran.
Acetic acid has a carboxylic group and therefore has all the properties of an acid.

Materials and methods

This experiment was carried out in the form of double split-split plot in a completely randomized block
design on a strawberry plant of diamant cultivar in the research station of Mohaghegh Ardabili University during
the years 2015- 2017. Factors included Acetic Acid (0, 1, 2 and %3), iron in two levels (Sequestrin 25gr and
Nano 1gr) along with two levels of agricultural soap agents (0 and % 7/5) as foliar spraying. Foliar application of
pH nutrient solution from the three-leaf stage of plant (mid-April) to the end of May a total of five times 10 days
apart in both years. Two weeks after the last foliar application (June of the second year) plant growth indices
including, total chlorophyll, number of fruits per plant, fruit pH, total acidity, soluble solids, fruit volume, fruit
fresh weight, fruit dry weight, and leaf iron content and fruit yield per plant was measured.

Result

The results of this study showed that the three-way interaction of foliar application of Acetic Acid with iron
with agricultural Soap on the average concentration of leaf iron and number of fruits at the probability level was
%?5 and in total chlorophyll at the %1 probability level was significant, the best result in the mentioned traits was
the combination of treatment of Acetic Acid %2 with Sequestrin iron with soap Moyan (%7/5). The interaction
effect of Acetic Acid and iron type on traits of fruit pH, fruit volume, fruit fresh and dry weight at %5 probability
level and in yield at %1 probability level were significant. Fruit volume, fruit fresh weight and fruit dry weight
and yield showed the best results due to treatment combination of %2 Acetic Acid with Sequestrin iron fertilizer.
But for fruit pH trait, the best results were related to the treatment of Acetic Acid %3 on the leave of Sequestrin
iron. The Interaction of the iron and agricultural Soap was significant on the amount of soluble solids at %5
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probability level and the total acidity strawberries fruit was significant at %1 probability level. In the case of
soluble soild and Acidity, Sequestrin iron treatment and agricultural soap had the best results. According to the
results of this study, the combination %2 Acetic Acid with of iron fertilizer Sequesterin in combination with
agricultural soap Moyan (%7/5) due to the reduction in leaf area tensions improves the obsorption of iron and the
quantitative and quality characteristics strawberries.

Conclusion

Based on the findings of this research, it can be concluded that Acetic acid %2, has better result on the
absorption of iron fertilizer, along with agricultural soap (% 7/5) application than other treatments and
qualitative traits of strawberry fruit. In treatment %2 Acetic acid most measured traits such as total chlorophyll,
leaf iron, fresh weight, fruit dry weight and yield has shown a significant increase. Acetic acid by reducing the
pH of the cell sauce and increasing the activity of the reductase enzyme increase the iron solubility and easily
provides the iron to the plant. Due to the pH alkalinity of most soils in Iran, the use of Acetic acid in iron nutrient
solution on the absorption of iron Sequestrin in combination with % 7/5 of agricultural soap due to having a
hydrophilic head and a hydrophobic with %40 to %50 increase in effective of foliar fertilizers. As a result, with
more absorption it can be an advanced approach to better absorption of iron by plant and increase the quantity
and quality in the product.

Keywords: Chlorophyll, Vitamin C, Yield
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Table 1- Some soil characteristics of the test site
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8.84 98 1.22 84 84 1.326

5 ol (398 Lawly) Lnig 05 (S o oy ol Jgono
3 ian) s Aol an g oy i Egetme 3 (ol Cudndyl Byl
b sl .S plosl (YRS 5 WWAY) Lo 95 2 0,500,
PTG (obe (123593 Lawlyl) oty (345 (S ool yo 51 (S
Laylowi p3l dusle (gl .8 )5 plowl Jlo 90 5o 50 olo i)
cbale (Amon, 1949) ;a5 5g, an S by S slacis
M.L_».u‘ 9 J9_1>m Jol> .)l}.n cuwh’.@ ©guo u] pH “5).3 L)'aj
AAss oo SS9 « 09u0 3 (g oo w2 gl S
Slgo colale L ySojlasl a6 pSojlul 3 Slas o 45 )3 bus
CAlw A v e =t Y Jie wdjieg Sl bwgs | Jele del>
059y 3 S el Sy 42 2 VY LS jiio) aaslyd joi8
/¥ NaOH i wiuS g)0a Ly (Ranjbar, 2012) uw,ls
5 (Sadegei et al., 2020) (,zepH) yogumili b oo PH ¢ Jloys
'b)L\:lT(AOAC, 1989) wdbld] u»s) Ls 0gx0 < u;..aL;9 UI)‘A
by b Jlomd 69l b ogee SS9 9 5 01y WD 55
o O A 485 (1 S0Le e 9 (B)led O 0 sl
Prendergast, ) 45,5 ¢l ooy Sl cons y ogeo
ClB g ] Sy Ly i Ly o5y 0l clalé (1989
.(Johnson, 1997) . (¢,So3lsl eil Gl b buwg
g00d plogl SPSS16 (o )Lal jl5le s 3l oxlizl b baosls 4y 1o
o 50 SOl (glaialy win 903l b 6 s (1Sile dunnlio
Sloolauwl L 30 La JSb .c8)8 ¢y o Aoy i Jloisl

WA ey EXCEL 3310 5

1-TSS
2- AOAC

Sl AF ologe blgh ) k5 350 (e sjlwoslel I
Olare sleys KR0g byl 1SS Al jl ciels o3, (Ko
o g b Jae o)l 4y g g N> 6k o ld S 3 oS
2@ Ve (ST oo bl Bl ) sy (o) e sl YO alols
e CaeS g Cagby Lais jolateds 3)5 CuiS @y i VO 2
olel Gialejl Jbo o -0 oalizil el (St glo 31 Jguamo
VO) )8 2 sl golus lipe 4 9 (Siid g0 & 35 LS
Ogmo G by saaile jlae 905 plosl (05 0 5
51 0d 4 Satolteal Jgdoo ) Lnjlos ol gy )5
L G yiwsSio ol cdops A (os i b plawd (6,54 €855
8y il Fe- EDDHA &y ds oy V0 dgis clale
S lw ol M 1o ¥ ggls O 13 Jolxe 6 565 ¢ e
N olege $gitS alo g 3 53 )5 Glise 4 el pad 8,8
B 5 Gtalesl (al 6 4 glailis (65,0l dine S
L oad 35 )bgd sl S ©jg0 @ (Solad Jol5 oS5k 25k
iwlejl slayleas 053 Tl Liolesl anly ¥A L ggemme o )5 ¥
V5L g £S5 YO (g yiwsSis) oal gl (oSl Jolne 90 4
(20> ¥ Vo) ) Satol sl golaw ¢ ol (alac S5 ()5
V1o g ali) olase 55ygliS (ol golaw 5 (23 oS
o Bjlos Jlosl ogos ai3)5 )18 (2308 (2S5 (Mo
b olase 5nldS glo (bl Jslome Sl U oS 05 © 50
g0 421y ($U g o ytagSin) onl o 93 12 5 035 ob 4 MholS
e 4y Sl s gloma g 03,8 o ] 1 S > wilSlas
Ojgmo QUL g)e )3 (B gl 3)S LSl (ol &) 0ad (e
)5 g slp 255 el Cug 3 3V Jolore jlade 5088
A e syt S bl S 4 1) S e



Vo) ylome; F oslods F'F alor (559l liuo g pole) SLEL pole s pii  ATA

1l e ] o pusgSan sl 5> by IS jasls taliél (2002
(Schultz et al., 2013) gl b &S 1l Sy ol el 51 b
sl ]y 5

oylias PH ials ccel o yuwsSu u.m] 5 duuol (Bl Joloo
Gk 5 Sl dl 9 Syl dles S ol L5ul Jole
g o0 Sy Jlb ol Ll el S sk ojlas pH LialS
G, L 5| (Abedi et al., 2004) sls _zal58l 1, S5 Ldg)lS 30
Sl 23,5 o gt g Jdo)lS Jhals cely oal 3908 S0
LS 5 Jlasl LialS b 5l ol seseS gliil Sy s Jlia
290 S0 (69 pimwgd 4y 93 (59 luamgid I (¢ 3iuogis
oS ;> (Mohamadipoor et al., 2013) 53,5 o siawgd inls
aBly 1alS Sy 53 g IS Cale ol 25108 b 3 (S5 jhg
Hemantaranjan ) cul 48,5 )18 o] 56 cov jwgsd olie
olals » Jube s wolial | s a5y .(and Garg, 1988
5oL (590 ol el & ol | ool b ead (il Jgoxs
losd (iSly canlio Zly

als dw blate Sl as” woby olis edls wslsylg 4500 gl
o300 315 (3o 2 (£55lS gl 5 ool 355 £ Szl s
9 S by JS 1155, 53 5 2mys iy Jeio! o 3 S 8]
90 Jolite SI.(Y oV Jgio) gy 40 sixe doys & Jloiis] el
2 oo asle Slge i 2 (655lS plo g ool s 4l
w0 gogue JSawl 5 dio)d gy sl pdaw
sl 4l 53 e (Y Jgiz) 331 o sne 2,35 )
5 35 09 e oz e ol PH Slio (ol g9 5 St
o j0 0, Slas 13 g do)d i Jlois] o )0 0500 SiiS
(Y 9 Y Jods) wngs )b pxe dopd & Jlois|

VYY) S5 Jdg IS e a7 cinly lis a0k dunlie
081 b 20> ¥ Sl dpud Jos S5 & bsryo (55 3 5 o
(\ JS_M)) R J_.4>1> (J._,.o).) V/Q) QS’L" L) L)J)W?iu)
Olalidl dny ot g b B3 4 o yiangSis (0l 39S 3 LS
Sanz et al., ) us Sy S Judg S aliSS, (glgims j3 (g)ld gime

Clholsd o8y (N pd Cgf commign 9 (ouig) Cluogad g balojl (Sl lowi ST il ylg a 325 Y Jgoo
Table 2- The ANOVA forthe effect of experimental treatments on vegetative and biochemical characteristics of strawberry

cv. Diamant
©la o (e
I JUVES 9 o Mean squares
~d .
Source of ] S5 Jadg s ) .
variance w33l ) Joloo ol 3150 JS ! Total Sy opbigow
Df pH TSS Tolat chlorophyll leaf iron
acidity content
Block ,I,ss 2 2.281™ 40/040m 3/160m 0.036" 0.002 s
Iron (1)l 51.841 ms 48.06™ *18.464 0.409* 0.003**
I oLzl
"’J‘.D ’ 2 3.715 40.040 1.713 0.006 0.0141
Main error
Acetic Acid (AA) Sl apul 3 0.541** 0.001"s 0.150* 0.020* 0.17*
IXAA 3 0.119* 0.001"s 0.067 ™ 0.098** 0.316*
err‘:‘::b A 0029 0.001 0.0360 0.006 0.001
So0ap (S) ygleo 1 0.184"s 0.006 "™ 0.062** 0.036** 0.001**
IXS 1 0.016™ 0.001* 0.001** 0.018™ 0.027*
AAXS 3 0.001"s 0.001ms 0.001"s 0.028* 0.022*
IXAAXS 3 0.001"s 0.001ms 0.115" 0.015 ** 0.046*
G20 5 ol 16 0.021 1.37 0.001 0.003 0.002
Sub sub error
CV (%)
Ol o5 - 9.18 8.64 18.6 8.21 15.80

o yd iy 5 S Jleis ] o 3 (g3 Gxe g I e puE (ixe dy )T Ay e g % NS
ns, * and **: non-significant, significant at 5% and 1% of probability levels, respectively
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Table 3- The ANOVA for the effect of experimental treatments on yield characteristics and yield components of strawberry

cv. Diamant
Olapo ke
Mean squares
. ‘ o . .
U)ﬁ:‘.”"é"”" ‘_gb"iééb b,ﬁob‘éﬂ .. b s
Source of variance 2= . done > o980 3 039 09
bf g B 7 o= Fresh 1 5 Sdos
Fruit Fruit volume iaht of 90 Yield
welgnt o Dry weight e
number fruit of fruit
per tplant
S 2 12.398"™ 14.938* 52.170* "$0.020 348.289™
Block
‘}m‘ 1 73.137** 96.333** *21.614 10.083* 141434.588*
Iron (1)
‘;“_0] oldl 2 0.366 0.170 1.127 0.623 253.932
Main error
Sl dp 3 1.540 2.085* 1.545%* 0.743* 1380.147 **
Acetic Acid (AA)

IXAA 3 2.414* 2.414* 0.399* 0.508* 875.0875**
= e 12 0.672 0.422 0.074* 0.172 125.645
Sub error

osle 1 0.008™ 0.008™ 1.845" 0.168™ 22.667™
Soap (S)
1xS 1 1.639* 1.203™ 0.068™ 0.103" 489.490"™

AAXS 3 "5.0.174 0.175™ 0.068™ 0.188 " 754.574™
IXAAXS 3 0.884* 0.385"™ 0.099" 0.105" 44,96™

3 3 BLUA;I‘

% u’B“S‘u f; o 16 0.290 0.324 0.343 0.095 217.868
U‘M Nl - 8.17 10.81 8.25 9.45 21.6

C.V (%)

woyd iy 5 Sy Jlois] i (3 (63 Gxe g I e puE (ixe dy )T Ay e g % NS
ns, * and **: non-significant, significant at 5% and 1% of probability levels, respectively.
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Figure 1- Interaction effects of acetic acid x types of iron fertilizersxsoap on total chlorophyll content in strawberry leaf cv.
Diamant (DMRT, p<0.05)
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Figure 2- The interaction effect of acetic acid x types of iron fertilizer x soap) on fruit numbers strawberry cv. Diamant
(DMRT, p<0.05)
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Figure 3- The interaction effect of acetic acid x types of iron fertilizer xSoap on iron concentration of strawberry cv. Diamant
leaf (DMRT, p<0.05)
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Figure 6- The interaction effect of acetic acid x iron fertilizer type on fruit volume of strawberry cv. Diamant
(DMRT, p<0.05)
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(DMRT, p<0.05)
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Figure 10- The interaction effect of of iron fertilizer type xsoap on the total acidity of strawberry cv. Diamant fruit
(DMRT, p<0.05)
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Introduction

The Genus Thymus is one of the most important genera of the Lamiaceae family. According to Jalas (1971),
Thymus is divided into eight sections: Micantes, Mastichina, Piperella, Teucrioides, Pseudothymbra, Thymus,
Hyphodromi, and Serpyllum. About 18 species exist in some areas of Iran and most of them belong to Serpyllum
Section and kotschiani Subsection. Chromosomal information is an important key for taxonomy, phylogeny,
evolution, genetics and breeding in thyme. Therefore, this work was carried out to study the cytogenetic
characteristics of genus Thymus belonging to the Subsection Kotschyani for breeding purposes and taxonomy.

Materials and Methods

Seeds were collected from 5 wild populations and germinated on wet filter paper at 20 °C. One cm long roots
were pretreated with 8-hydroxyquinolin and then washed in distilled water and fixed in carnoy solution for 24
hours. Hydrochloric acid (1N) was applied for 7 min to hydrolyze the roots. Staining was done by orcein for 24 h
at room temperature. Stained roots squashed in one drop of 45% acetic acid and examined by a ZEISS Axiophot
compound microscope. Cells in metaphase stage were photographed with a D450; Canon Inc. Japan digital
camera. Ten well prepared metaphasic cells were selected and some chromosomal characteristics such as total
chromosomal length (TL), long arm length (L), short arm length (S), the arm ratio (AR) [LA/SA], and
centromeric index (CI), were measured using Micro Measure ver. 3.3 software. The following karyological
parameters were determined: total chromosome form (TF%), intrachromosomal asymmetry index (A;) and
interchromosomal asymmetry index (A;). Karyotypic characteristics have been determined using the symmetry
classes of Stebbins (SC). Karyotype formula was determined from chromosome morphology based on
centromere position in accordance with the classification of Levan.

Results and Discussion

This study reports the chromosome number and meiotic behavior of 31 populations belonging to 8 species of
Thymus Subsect. kotschyani from Iran. In most species of this subsection, the base number of chromosome x =
15 and two diploid and tetraploid ploidy levels with chromosome number of 2n = 30 and 60 were observed. Only
in T. migricus species, the base number of chromosome x = 14 was reported with two levels of diploid and
tetraploid ploidy and chromosome numbers of 2n= 28 and 56. The chromosomes were mostly metacentric (m) or
sub-metacentric (sm) in all species Among the various species with basic number of x= 15, the highest
percentage of TF and the lowest amount of A; were observed in populations belonging to T. eriocalyx (T7)
indicating that this species has the most symmetric karyotypes. The lowest percentage of TF and the highest
amount of A; are in population of T. lancifolious (27) and T. fedtschenkoi (T28) species; this shows that the
species has the most asymmetric karyotype among the species of this subsection. The highest amount of A, was
observed in T. eriocalyx (T7) species, indicated the asymmetry between chromosomes and chromosomal length.
The difference in the number of chromosomes, ploidy levels and karyotype asymmetry in the populations and
different species may be related to different environmental conditions in their habitat, pollination system (cross
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pollination) or polyploidy (Aneuploidy) in this genus.
Conclusion

The results showed that basic chromosome number in most species is 15 (x= 15). Two ploidy levels (diploid
and tetraploid) were observed among different species. Chromosomes in most species, were metacentric and
sub-metacentric. Based on intra- chromosomal symmetry (A; and TF) T. eriocalyx species (T7) has the most
symmetric and most primitive karyotype and the species T. lancifolius (T27) and T. fedtschenkoi (T28) have the
most complete and the most asymmetric karyotypes. Also based on inter- chromosomal symmetry, (A2) T.
eriocalyx (T) species has the most asymmetric karyotype.

Keywords: Cytogenetic, Karyotype, Subsec. Kotschyani, Taxonomy, Thymus spp.
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Table 1- Different species of Thymus genus belong to subsection Kotschyani in Iran

oSy OB g5
Section Subsection

5

Species

Serpyllum

(Miller) Benth. | Kotschyani (Klokov.) Jalas

T. armeniacus

T. carmanicus Jalas

T. daenaensis Celak

T. eriocalyx (Ronninger) Jalas

T. fallax Fisch. & C. A. Mey

T. fedtschenkoi Ronninger

T. kotschyanus Boiss. & Hohen.

T. Lancifolius Celak

T. migricus Klokov & Schost

T. pubescens Boiss. & Kotschy ex Celak

T. transcaspicus Klokov

T. transcaucasicus Ronninger

T. trautvetteri Klokov
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Table 2- Geographic location and climatic conditions of studied Thymus transcaspicus Klokov populations
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o] Sty gw)| Ll 3 o L Wl $r
5] o5k 9, . 2l L33 PHA W - .
. - Altitude . (38 - o)
Province Location Longitude Average -
(m) . Average annual ’
(E) (Latitude (N) temperature (C°) annual rainfall Land use
(mm)
S5y ol o E58° 357 N370 27 5
i o 2300 . . 13.9 310 &
Razavi Tiwan 18 13 Grassland
khorasan
S5y ol NRESN 0 93" 057" .
Razavi ohloxels 2454 ES° 23 N36° 57 11.9 3379 ey
Gomakharan 14 17 Farming
khorasan
Sad plolp ; , , )
: E57° 03 N37°23 ols1
or) e
Kf'lloratshaﬂ Reiin 2150 10" 53" 135 210 Pasture
or
o gl Jsst, 2049 E57927° N37° 16° 27 253 o
Kr'lloorratshan Pakotal 47" 18" ' Farming
Obiows o55ud 2026 E53°"27' N36‘?I01' 11.2 267.9 o5l
Semnan Hiqu 48 Pasture
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Table 3- Geographic location of different populations of studied Thymus belonging to Kotschyani subsection

&se = 12 diged Joo
Reference Species Location
i iU s
T. eriocalyx o sl _)J
Lorestan, Azna, Sefid kooh
i sl —cosg L -
T. eriocalyx °_’g”w e 0y =Ll
Lorestan Province, Azna, Dare Takht, Oshtoran kooh
. sl oo s S
T. eriocalyx | a9 157980 Ol ) _
Lorestan Province, Doroud, Gahar Road, Saravand village
T. eriocalyx o Aigely 058~ al g~ 50 )
Markazi Province, Arak Shazand, Souraneh village, Rasvand mountain
. | 0o STl =55
T. eriocalyx . redlogs S .
Markazi Province, Arak, Qom Road Latehdar village, Absar Mountain
. L) o cdslis ddlato — Mo — )
T. eriocalyx )_’)S““J odd bl )P‘f Ole
YO oolyad 5 (s glS Hamadan Province, Malayer, Conservation area of Lashkardar
Kalvandi et al., 2012 T. eriocalyx 256 o0 bl adlate= IS pun gimlaen
Hamadan Province, Toysderkan, Tormeyanak village, Khangormaz mountain
GBI 095U el (gl yiiw —olislo,S
T. eriocalyx Kermanshah Province, 11 km Riad of Songhor to Bistoon, Ahmadabad village,
Dalakhani mountain
T. eriocalyx 2 ol & gt @B sl s
Kurdestan Province, Sanandaj Marivan old Road, Ariz gorge
T. eriocalyx He T’t“fm’s
Kurdestan Province, Saghez
. 35— 55
T. daenensis 0BT
Gazvin- Gagazan
. ST =958
T. daenensis PN e
Gazvin- Abgarm
T. daenensis s ol
Yoot ooy Kan 5 (g3lg> Zanjan- Kinevars
Javadi et al., 2009 . o — -log:
T. daenensis "lj“") "%U’
Zanjan- Riman
Cgall = 1 gs8
T. kotschyanus ’“J o9
Gazvin- Alamut
el =0k

T. kotschyanus

Zanjan- Abhar

et =t ol

T. migricus . .
East Azerbaijan, Heris
L il — 8,5 - 3
T. migricus U =By _ﬁ’b'”“l”)
East Azerbaijan, Jolfa
. B~ el
Ve el T. migricus o .
v ‘_”K‘“’ 5 sk g West Azerbaijan, Ghushchi
Yavari et al., 2010 Jibm ot b3
T. migricus STt oY
West Azerbaijan, Nazloo
L S ok 5
T. migricus G ‘f_b”‘l”)
West Azerbaijan, Band
T. lancifolius . S93) ool .
Razavi Khorasan Province
T. fedtschenkoi us ol
Razavi Khorasan Province
WA 5y ol
Y ‘f’&’&’d’w T. pubescens e ool .
Daftaril et al ., 2012 Razavi Khorasan Province
. 5y el 5
T. daenensis R el )
Razavi Khorasan Province
. 5y el )3
T. daenensis E52) O

Razavi Khorasan Province
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Table 4- of the ANOVA for thr chromosomal traits in some populations of Thymus transcaspicus Klokov

Ol o (b
Mean squares

ot s el JRERU N KRS I RN NSRRI s
0. Total Length of - Centromic
Chromosome Long arm Short arm Arm ratio index
(TL) (LA) (SA) (AR) CI)
W 4 0.139** 0.039** 0.25™ 0.016** 0.0003**
Populations
las
45 0.002 0.009 0.004 0.003 0.008
Error
Jopd ) Jlais ] o )3 o e coglas **
**: significant at 1% of probability level.
gl ilisee Bunen (455 (aigs ) Ol5a -0 Jgua
Table 5- Karyotypic details of Thymus species/populations
oz lasf X o SERE= o sc A A TR% KF
Species/ Populations Ploidy level
T. transcaspicus (T1) 15 30 2x 1.12 1A 0.21 0.13 43.86 30m
T. transcaspicus (T2) 15 60 4x 1.24 2A 0.23 0.14 43.17 58m + 2sm
T. transcaspicus (T3) 15 30 2X 1.35 1A 0.20 0.14 43.97 30m
T. transcaspicus (T4) 15 30 2x 1.42 1A 0.19 0.12 44.68 30m
T. transcaspicus (T5) 15 30 2x 1.22 1A 0.18 0.13 44.87 30m
T. eriocalyx (T6) 15 30 2X 1.54 1A 0.16 0.14 45.65 30m
T. eriocalyx (T7) 15 30 2X 1.27 1B 0.12 0.19 46.96 30m
T. eriocalyx (T8) 15 30 2X 1.74 1A 0.15 0.15 45.88 30m
T. eriocalyx (T9) 15 30 2X 1.61 1A 0.12 0.17 46.84 30m
T. eriocalyx (T10) 15 30 2X 1.32 1A 0.14 0.12 46.37 30m
T. eriocalyx (T11) 15 30 2X 1.30 1A 0.15 0.12 45.70 2M+28m
T. eriocalyx (T12) 15 60 4x 1.39 1B 0.15 0.18 45.90 60m
T. eriocalyx (T13) 15 30 2X 2.37 1B 0.17 0.18 45.03 30m
T. eriocalyx (T14) 15 60 4x 1.02 1A 0.17 0.13 45.14 2M+58m
T. eriocalyx (T15) 15 60 4x 1.09 1A 0.12 0.17 46.58 60m
T. daenensis (T16) 15 60 4x 1.56 1A 0.32 0.12 404 45m+6sm
T. daenensis (T17) 15 30 2x 1.51 1B 0.29 0.17 40.94 28m+2sm
T. daenensis (T18) 15 30 2X 1.51 1A 0.32 0.13 40.33 30m
T. daenensis (T19) 15 30 2x 1.38 1A 0.29 0.14 41.15 30m
T. kotschyanus (T20) 15 60 4x 1.16 1A 0.26 0.14 42.11 56m+4sm
T. kotschyanus (T21) 15 30 2X 1.15 1A 0.28 0.13 41.45 30m
T. migricus (T22) 14 28 2X 1.42 - 0.57 0.1 - 28m
T. migricus (T23) 14 56 4x 0.86 - 0.64 0.07 - 52m+4sm
T. migricus (T24) 14 56 4x 0.69 - 0.52 0.05 - 56m
T. migricus (T25) 14 28 2X 0.77 - 0.49 0.02 - 26m+2sm
T. migricus (T26) 14 28 2X 0.87 - 0.58 0.03 - 26m+2sm
T. lancifolius (T27) 15 30 2X 3.36 2B 0.37 0.15 38.24 25m+5sm
T. fedtschenkoi (T28) 15 30 2X 2.92 3A 0.36 0.13 38.71 23m+7sm
T. pubescens (T29) 15 30 2X 3.22 3A 0.29 0.09 41.05 30m
T. daenensis (T30) 15 30 2X 3.28 2B 0.42 0.16 36.32 22m+8sm
T. daenensis (T31) 15 30 2X 3.28 3A 0.28 0.12 41.53 30m

58 U8 KF g )5 IS USG5 0o y3 TR ¢ g093909,8 iy ()85 pae (a3 ls 1A2 (a9j909)S (1900 (B pae (adls AL pgjgag)S IS Jobo :TL
TL: total length of chromosome, Al: intrachromosome asymmetry index, A2: interchromosome asymmetry index, TF%: total form

percentage, KF; karyotype formula
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Figure 1- Mitotic metaphase of Thymus transcaspicus populations and related ideograms
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Introduction

Silicon (Si) is not an essential element for the growth of plants, but its role in improving the yield by
reducing the environmental stresses and crop durability is very important. Despite the abundance of Si in the
soil, the amount of dissolved Si available for herbal absorption might be limited. Therefore, using this useful
element through foliar application can be effective in the growth of the plants such as eggplant. On the other
hand, profitability is dependent on the high yield and quality per unit area in producing greenhouse vegetables.

Materials and Methods

To study the effect of foliar application of Si fertilizer from the source of Khazra Chelated Silicon
(commercial brand, contains 2% chelated silicon for plant at pH 3 to 11 and no silicate in the form of salt) in
different stages of the growth of eggplant and bush pruning in hybrid eggplant, a greenhouse experiment was
conducted in a soil environment as a split-plot in a randomized complete block design with 3 replications in
Minab region. In this experiment, the consumption of Si fertilizer as the main factor at 4 levels (0 and 2 per
thousand in the vegetative phase, 2 per thousand in the reproductive phase and 2 per thousand at the two
vegetative and reproductive phases) and the type of pruning as a sub-factor in 4 levels (two-branch training
system, three-branch training system, four-branch training system and no training system) were applied.
Eggplant seeds were transplanted in an environment containing sphagnum in November and then at four-leaf
stage they were transferred to the main field in December. The distance between the rows was one meter and the
distance between the plants in the row was 45 cm. After positioning the plant in the greenhouse and reaching the
appropriate growth, pruning and foliar application of Si fertilizer began and in the treatment without fertilizer,
spraying with pure water was used. Silicon fertilizer was sprayed on the eggplant leaves according to the
instructions recommended by the manufacturer every eight days. Once the eggplants reached a suitable
reproductive growth and started fruiting, fruit thickness, fruit length, the weight of each fruit, the number of the
fruits on each plant, and finally the yield of each plant were recorded in each pick. To evaluate the effect of Si on
the durability of eggplant after picking, 3 fruits harvested from each treatment were first weighed by a digital
scale, and then kept at room temperature for 2 weeks and after two weeks, the weight of each fruit was measured
again. Based on two recorded weights, the percentage of fruit weight loss was calculated. Furthermore, to
evaluate the effect of silicon fertilizer and plant pruning on resistance to fungal diseases, scores, from 1 to 9,
were given to the plants in each treatment. Plants without any fungal infection were assigned a score of 1, and
completely infected plants were assigned a score of 9.

Results and Discussion
The results showed that pruning improved the fruit length, the plant height, the fruit weight in each plant,

and the plant yield and reduced the percentage of fungal infection in the plant. Moreover, the silicon foliar
application positively affected the number of the fruits in each plant and increased the durability of fruits after
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harvesting. Silicon foliar application in the two vegetative and reproductive stages together and plant pruning in
a four-branch way resulted in maximum plant yield, improved crop quality, and improved greenhouse
management. The intensity of fungal infection was affected by different levels of silicon, plant pruning, and the
interaction of the two factors at a probability level of five percent. Comparison of interaction averages showed
that pruning and foliar application in vegetative and reproductive stages together significantly reduced fungal
infection in the greenhouse. The highest intensity of fungal infection was related to plants without pruning and
lack of silicon. Pruning improves airflow and modulates humidity in the plant canopy and as a result eliminates
the proper conditions for fungal growth. Silicon also prevents fungal penetration into plant cells by depositing in
the plant cell wall and strengthening plant tissue, and as a result inhibits fungal growth in the plant. Marschner
(2012) reported that silicon would increase resistance to fungal and bacterial diseases and pests. Plant diseases
are a major threat to agricultural production because they cause a serious loss of yield and quality of the crop.
Numerous studies have reported that Si is effective in controlling diseases caused by fungal and bacterial
pathogens in various plant species. Furthermore, given that one of the challenges for producers to deliver high-
quality crops to the target market is their durability after harvesting, it seems that silicon foliar application at the
two vegetative and reproductive stages might be effective to overcome such a challenge. Choosing a training
system depends to a large extent on the ease of work in the greenhouse, the production system, and the
superiority of the production rate. On the other hand, a significant increase in yield and crop quality was reported
for barley, rice, sugarcane, tomato, cucumber, soybean, and bamboo due to Si consumption during the growth.
Another important feature of silicon is that it increases plant damage under biological and non-biological stress
conditions as well as resistance against stress.

Conclusion

According to the results, four-branch training system of eggplant and also silicon foliar application in the
two vegetative and reproductive phases of greenhouse eggplant improved the yield components and increased
the durability after harvesting. Pruning the plant into four branches also improved yields. Therefore, using
silicon with four-branch training system is recommended, especially in traditional greenhouses without proper
ventilation systems.

Keywords: Branch pruning, Greenhouse vegetables, Post-harvest shelf life, Useful elements
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Table 1- Results of soil analysis of the greenhouse

ok Colsn Jos Fois g 48 o5 oy ol Al ey ome pKie
Depth P pH  Organic Total s Lida Sand Clay  Silt Fe Zn Cu Mn
carbon Nitrogen c T
(cm) EC P K
(ds.m?) (%) (%) - -
(mg kg™) (%) (mg.kg™)
0-30 2.04 7.31 1.06 0.09 12.38 152 42 46 12 411 0.56 0.14 421
ORRg5 (51521 8,95 Job )3 LS Jawe Lyl -F Jgu
Table 2- Greenhouse environmental conditions during the research period
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Table 3- Scale used to measure the severity (index) of fungi contamination (Powdery mildew)
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Figure 1- The effect of plant training system on fruit length of eggplant in greenhouse conditions (DMRT, p<0.05)
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Figure 2- The effect of plant training system on plant height of eggplant in greenhouse conditions (DMRT, p<0.05)
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Figure 3- The effect of plant training system on individual fruit weight of eggplant in greenhouse conditions (DMRT, p<0.05)
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Introduction

Nowadays, the application of chemical compounds is limited due to their harmful effects on human and the
environment health. The benefits of seaweeds as sources of organic matter and fertilizer nutrients have been
known to agriculture for centuries, especially in coastal areas extracts of these seaweeds have been used for
decades as foliar- and soil-applied treatments in crop production systems due to the presence of a number of
plant growth-stimulating compounds. Unlike chemical fertilizers, extracts derived from seaweeds are
biodegradable, non-toxic and non-hazardous to humans, animals and birds. Therefore, it is required to find a safe
compound that is utilized in the postharvest technology of fruit and vegetables. Pre-harvest application of
nutrient solutions such as seaweed increases the quality and quantity of crop and also enhance their storage life
and marketability. Various researchers reported that aqueous extracts of seaweed increased the yield and quality
of tangerine and orange, strawberry, grape, apple, and watermelon fruit. Thus, the aim of the current study was
to investigate the effect of pre-harvest foliar application of Seaweed extract on quality and quantity values,
antioxidant properties, and storage life of kiwifruits.

Material and Methods

This experiment was carried out on 10-year-old kiwifruit vines, in a commercial orchard located in Gilan
Province. Vines were selected with uniform size in terms of growth, yield and fruit load, then sprayed with
seaweed extract at four levels of 0, 1, 2 and 3 g.I" as a foliar spray and control vines only received water. Foliar
spraying was performed in three stages, (110, 125 and 140 days after full bloom stage) and Tween 20 was used
as a surfactant. This experiment was designed as factorial based on randomized complete block design with three
replications. The fruits were harvested in November with soluble solids content (TSS) of 6.5-6.2% and then
transferred to the post-harvest physiology laboratory of the University of Zanjan. The treated fruits were stored
for 90 days at 1 ° C with 90% RH. Sampling was done at harvest time and after 30, 60 and 90 days of storage
and some quantity and quality traits such as weight loss, tissue firmness, TSS, ascorbic acid, total phenol and
flavonoids, antioxidant capacity and the activity of superoxide dismutase (SOD) and phenylalanine ammonia-
lyase (PAL) enzymes were evaluated.

Results and Discussion

The ANOVA results showed that seaweed extract, storage time, and interaction of seaweed extract x storage
time had a significant effect (»p<0.01) on evaluated traits. All treatments maintained the antioxidant capacity,
total phenol and flavonoids content and PAL activity at a higher level compared with control. The amount of
fruit tissue firmness, TA and ascorbic acid decreased by increasing the storage time, and at the third month of
storage, the lowest amount was observed in the control fruit. Also, comparing the interaction of the mean of
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treatments and storage time showed that pH, weight loss, TA, TSS, antioxidant capacity, total phenol, flavonoids
and PAL enzyme activity increased by increasing the storage time. At the end of the storage time, the highest
level of TSS, weight loss and pH were observed in the control fruit. The lowest antioxidant capacity (48.14 %)
was observed in the control treatment at harvest time and the highest antioxidant capacity was observed in 3
levels of brown algae extract treatment at the end of storage period. Comparison of means showed that at the
first 30 days of storage, the highest PAL enzyme activity was observed in the treatment of 3 g / | of brown algae.
PAL enzyme activity significantly increased after the experiment. At the end of storage period, the lowest PAL
enzyme activity was observed in control fruit. Treatment of 3 g / | brown algae had higher PAL activity. PAL, as
a key enzyme in phenylpropanoid metabolism, catalyzes the conversion of phenylalanine to trans-cinnamic acid,
which is the first step in the biosynthesis of phenylpropanoids and leads to the production of secondary
metabolites such as lignin, phytolaxoids, and flavonoids. The direct and positive relationship of this enzyme with
the synthesis of phenols and flavonoids has been discovered in the fruits of blood orange, strawberry and
blueberry. The results of the comparison of the mean showed that the total phenol and flavonoids increased by
increasing the storage time. The lowest phenol (23 mg GAE.100 g FW) was observed in control fruit at harvest
and the highest (8.88 mg GAE.100 g FW) content of total phenol was observed in 3 levels of brown algae
extract at the third month of storage. Plants release phenolic compounds in response to some messenger
compounds that play an important defense role. Studies show that there is a positive relationship between total
phenol content and their antioxidant activity. Flavonoids are also polyphenolic compounds and are the most
important secondary compounds of plants. Under oxidative stress, in plants, the activity of propanoid pathway
increases, especially the pathway of flavonoids biosynthesis. Flavonoid compounds are abundant in plants and
show antioxidant activity. Seaweed extract enhances the antioxidant capacity of the fruit and thereby inhibits
oxygen-free radicals Treatment of 3 g/l seaweed extract had the best effect among the treatments applied in
maintaining firmness, fruit weight loss, TA, antioxidant capacity, total phenol and flavonoids and PAL enzyme
activity. All three levels of seaweed extract increased the amount of total phenol, flavonoids and antioxidant
capacity all over the storage time, but no significant difference was observed among the treatments levels. Based
on the results, the application of 3 g/l seaweed extract effectively increased the antioxidant capacity and PAL
enzyme activity during 90 days of storage time. As a result, seaweed extract treatment had positive effects on
maintaining the quality and increasing the shelf life of kiwifruit during 90 days of storage.
Conclusion

Seaweed extract is one of the natural compounds and compatible with human health and nature has medicinal
and nutritional value that can increase the shelf life and maintain fruit quality in the postharvest period. In
summary, foliar application of seaweed extract has a significant effect on fruit firmness, total soluble solids, total
acid, vitamin C, phenol and total flavonoids, total antioxidant activity and the enzyme phenylalanine
ammonialyase. The appropriate treatment for kiwifruit cultivar ‘Hayward’ is introduced. Among the applied
treatments, 3 g/l of seaweed extract had the best effect on firmness (40.40%), fruit weight loss percentage

(41.87%), titratable acid (25.37%), vitamin C (33.26%), antioxidant capacity (26.70%), total phenol (81.17%),
total flavonoids (103.67%) and PAL enzyme activity (153.75%) compared to the control in 90 days of storage.

Keywords: Antioxidant capacity, Foliar spraying, Phenylalanine ammonia-lyase enzyme, Total phenol and
flavonoids
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Table 1- The ANOVA for the effect of seaweed (Ascophylum nodosum) extract on evaluated characteristics of kiwifruit cv.
‘Hayward’during storage period
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S0V df s Ogawl pid J3B sl b K 039 Bl &
TA Firmness Weight loss pH
TSS
Block
< 2 0.081™ 0.082™ 0.003™ 0.001" 0.004™
obs
d‘°9é(§ g§\~1> clale
Concentration of brown a|gae 3 60137M 0222** :|.91].M 7483“ 0162“
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Sloyll oo - - o . -
.047 2 1.827 4.181 .052
Storage time (ST) 3 90 0-200 8 8 0.05
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L3
32 0.081 0.004 0.005 0.001 0.001
Error
Sl pd 481 3.85 1.89 0.01 0.84
C.V (%)

2oy 0 5 ) Jlainl mdaw )3 (g5 sime 9 (I gime pis S 4 % g NS
ns: Non-Significant, ** and *: significant at 0.01 and 0.05 of probability levels, respectively
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Continued Table 1- The ANOVA for the effect of seaweed (Ascophylum nodosum) extract on evaluated characteristics of
kiwifruit cv. ‘Hayward’ during storage period
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C.V (%)

Lo B o) Jloisl pdaw )0 (6l gime g ()b pxe pie iy 4 g NS
ns: Non-Significant, ** and *: significant at 0.01 and 0.05 of probability levels, respectively
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Figure 1- The effect of seaweed (Ascophylum nodosum) extract on firmness of Kiwifruit cv. ‘Hayward’ during storage period
(DMRT, p<0.05)
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Figure 2- The effect of seaweed (Ascophylum nodosum) extract on fruit total soluble solid of kiwifruit cv. ‘Hayward’ during
storage period (DMRT, p<0.05)
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Figure 3- The effect of seaweed (Ascophylum nodosum) extract on fruit titratable acid of kiwifruit cv. ‘Hayward’ during
storage period (DMRT, p<0.05)
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Figure 4- The effect of seaweed (Ascophylum nodosum) extract on fruit juice acidity of kiwifruit cv. ‘Hayward’ during storage
period (DMRT, p<0.05)
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Figure 5- The effect of seaweed (Ascophylum nodosum) extract on fruit weight loss of kiwifruit cv. ‘Hayward’ during storage
period (DMRT, p<0.05)
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Figure 6- The effect of seaweed (Ascophylum nodosum) extract on fruit vitamin C content of Kiwifruit cv. “‘Hayward’ during
storage period (DMRT, p<0.05)
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Figure 7- The effect of seaweed (Ascophylum nodosum) extract on fruit antioxidant capacity (%) of kiwifruit cv. ‘Hayward’
during storage period (DMRT, p<0.05)
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Figure 8- The effect of seaweed (Ascophylum nodosum) extract on fruit total penole of kiwifruit cv. ‘Hayward’ during storage
period (DMRT, p<0.05)
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Figure 9- The effect of seaweed (Ascophylum nodosum) extract on fruit total flavonoid content of kiwifruit cv. ‘Hayward’
during storage period (DMRT, p<0.05)
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storage period (DMRT, p<0.05)
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Introduction

The genus Chlorophytum (also known as spider plant) which is mainly cultivated as an ornamental plant for
its slash and colored leaves, specifically distributed in the pantropic regions. It is a perennial rhizomatous plant
with often short and indistinct rhizomes, while with thicker or slightly fleshy roots. The roots of these species are
considered as one of the important phytochemical components. This plant is a soil conditioner and can absorb
lead, cadmium, Se and As while its leaves accumulate mercury. It is also able to absorb toxic organic pollutants
such as formaldehyde and benzene and is also able to retain CO.. Leaf surface morphology has been shown to
affect the ability of a particular plant to retain contaminants. Chlorophytum comosum introduced as a plant that
requires high nitrogen. Nitrogen is an essential macro element for the growth and development of plants which
involved in many physiological reactions and it is one of the elements that plants need in all their activities. The
effect of N form on plant growth depends on plant species and nitrogen level of the soil. Plants absorb both
ammonium (NHz*) and nitrate (NOs3") from soil solution, and these two mineral forms are their most important
sources of nitrogen to supply the plant demand. Absorption of ammonium by plants requires less energy than
absorption of nitrate. It seems that most plants have the best performance in a certain ratio of nitrate to
ammonium (NOs/NH4* ratio). This ratio seems to regulate the distribution of absorbed nitrogen between the
branches and roots. It may also vary between species. The optimal ratio may also depend on the environmental
conditions such as pH, light intensity, and root zone temperature. This study was performed to determine the
effect of different levels of ammonium nitrate on growth, yield factors and ornamental aspects of the spider plant
as a desired ornamental product. The use of ammonium nitrate to meet the houseplants demand considering the
supply of both types of nitrogen sources, increases the yield and quality of these plant. However, despite the
importance of the nitrogen in the performance of this ornamental plant (Chlorophytum comosum), the desired
amount of nitrogen for its growth and quality has not yet been reported. Therefore, the present study was
conducted to investigate the effect of different levels of ammonium nitrate on the growth and physiological
characteristics of spider plant to find the best level of application of ammonium nitrate fertilizer as an easily
available source to increase the growth and visual quality of this plant.

Materials and Methods

This research was conducted based on randomized complete block design (RCBD) with four treatments and
three replications. Treatments include four levels of ammonium nitrate of 100 (control), 200, 400, 600 mg™* kg
of soil. Treatments applied first at the substrate preparation process and then was applied in the one third depth
of each pot, monthly. Desired factors such as morphological characteristics (plant height, leaf number, stolon
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number, fresh weight, dry weight, root fresh weight, root dry weight, root volume, root depth, root length, pot
weight, leaf area) and physiological characteristics (total chlorophyll, total protein, texture nitrate and proline)
were evaluated. Also soil analysis was performed before starting of the experiment. Statistical analyses of the
data for examined traits were performed using SAS software and comparisons of means using Duncan's multiple
range test, at 5% probability level.

Result and Discussion

The results indicated that the application of ammonium nitrate fertilizer significantly improved most of the
studied traits. Supplying ammonium nitrate fertilizer at desired level meet the nitrogen demand of Spider plant
during the growth and improved production of biomass. The plant height, leaf number, fresh weight, dry weight,
root fresh weight, root dry weight, and leaf area were increased by increasing ammonium nitrate level. Nitrogen
fertilizers play an important role for increasing plant yield by expanding shoots and producing sufficient
carbohydrates. In addition to plant growth, they also affect plant morphology. Maximum amount of protein,
nitrate of tissue and total chlorophyll observed in 400 mg*kg of ammonium nitrate level. Nitrogen is one of the
essential elements that plays an important role in the production of chlorophyll and protein, therefore the use of
nitrogen fertilizers leads to synthesis of chlorophyll and protein at higher level. The highest amount of proline
(11.20 pgt mL) was measured at 600 mg—kg of ammonium nitrate level and the lowest (3.57 pg™ mL) in the
control, because with high consumption of nitrate, the plant needs more water and nitrogen is a structural
component of proline. Accumulation of proline helps the plant to survive and recover after drought stress.

Conclusion

According to the results of our experiment, application of nitrogen fertilizer had a positive effect on growth,
and consequently led to increase the plant vegetative yield. Treatment of 400 mgkg of ammonium nitrate level
increased growth and yield factors and the ornamental aspect of Spider plant as a desired ornamental crop.
Application of 400 mg*kg of ammonium nitrate level are recommended to access an acceptable quantitative and
qualitative yield in this plant.
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Chlorophytum comosum (DMRT, p<0.05)
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Figure 2- The effect of different levels of ammonium nitrate on the leaf number (A) and leaf area (B) per plant of
Chlorophytum comosum (DMRT, p<0.05)
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Introduction

Lisianthus (Eustoma grandiflorum) from Gentianaceae family is from wild flowers of north and west
America. Lisianthus, a relatively new floral crop to the international market, quickly ranked in the top ten cut
flowers worldwide due to its rose-like and blue flowers. It is also widely used as a flowering potted and bedding
plant. Lisianthus ‘Mariachi Blue’ is cultivated as a cut flower. Salicylates have very beneficial effects on plant
growth and development. The effect of phenolic compounds in many biochemical and physiological processes
including photosynthesis, ion adsorption, membrane permeability, enzyme activity, flowering, stimulation of
plant resistance systems, heat production and plant development has been proven. The most famous member of
this group is salicylic acid, which as a simple phenolic compound, is naturally produced by plants. Salicylic acid
(SA) is considered to be plant signal molecule that plays a key role in plant growth, development, and defense
responses. Polyamines (PAs) are ubiquitous and biogenic amines that have been implicated in cellular functions
in living organisms. In plants they have been implicated in a wide range of biological processes including cell
division, cell elongation, senescence, embryogenesis, root formation, floral initiation and development, fruit
development and ripening, pollen tube growth and plant responses to biotic and abiotic stress. Sodium
nitroprusside is a nitric oxide releasing agent. Nitric oxide is a gaseous free radical that can disperse very rapidly
through cell membranes due to its gaseous nature and medium shelf life, without a carrier. Nitric oxide (NO) is
an unstable environmentally-friendly gas radical that is used to protect the postharvest longevity of different
horticultural crops. In addition to controlling harvested crop senescence, NO is involved in many plant
processes, €.g., germination, growth and development, photosynthesis, pigment synthesis, defensive system, and
many others. In the present study, we investigated the effects of foliar application of salicylic acid, spermidine
and sodium nitroprusside on some morpho-physiological characteristics and vase life of lisianthus flowers
‘Mariachi Blue’.

Materials and Methods

This study was conducted based on a completely randomized design with 10 treatments, 4 replications which
each replication containing 2 pots. The treatments were included spermidine at concentrations of 0.5, 1 and 2
mM, salicylic acid at concentrations of 0.5, 1 and 1.5 mM, sodium nitroprusside at concentrations of 50, 100 and
200 uM and control (without any application of growth regulators) as foliar application at intervals of 15 days
for 2 months. Plant characteristics including leaf area, stem length, fresh and dry weight of leaves and flower,
number of buds, flowers’ length and diameter, photosynthetic pigments and vase life were assayed. To perform
analysis of variance and compare the mean of the studied traits, SAS software version 9.1 was used. The means
were compared using the Tukey multi-domain method at a probability level of 1%. Also, Excel (2016) software
was used to draw the chart.
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Results and Discussion

The results obtained from analysis of variance in this study showed that the effect of growth regulators used
in the study was significant at the level of 1% probability on all morphological traits measured, photosynthetic
pigments and vase life of lisianthus flowers. Mean comparison graphs showed that salicylic acid, spermidine and
sodium nitroprusside had a positive effect on some morphological traits, photosynthetic pigments and vase life
compared to control. It can be concluded that, salicylic acid caused to increase all parameters except the flowers’
fresh weight compared to control. Spermidine increase stem length, leaf fresh weight, flowers’ fresh and dry
weight, length, and diameter, chlorophyll index, chlorophyll b, and carotenoid and vase life of flowers. Also,
sodium nitroprusside had beneficial effects on all parameters in this research except leaf area, leaf dry weight,
chlorophyll a and vase life of flowers. Salicylic acid plays an important role in regulating some physiological
processes of plants such as growth and development, ion uptake and transport, stomatal conductivity, and
membrane permeability, which is effective in plant photosynthesis and with increasing photosynthesis, plant
growth rate increases. Polyamines such as spermidine are involved in a wide range of developmental stages
including cell division, embryogenesis, root growth, and flowering. Sodium nitroprusside is involved in the most
important plant processes such as photosynthesis, respiration, growth and cell division. Probably, these growth
regulators, due to their effect on plant growth, flowering, as well as photosynthetic pigments, have caused the
increment of plant biomass and vase life.

Conclusion

In the present study, the effect of salicylic acid, spermidine and sodium nitroprusside on some growth and
flowering characteristics, photosynthetic pigment and vase life of Eustoma grandiflorum ‘Mariachi Blue’ was
assayed. According to the results of the present study, it can be concluded that these growth regulators improved
growth indices, flowering parameters, photosynthetic pigment and vase life of flowers. According to the results,
the appropriate concentrations for salicylic acid were 1 mM, for spermidine, 1 mM and for sodium nitroprusside
were also 50 and 100 pM.

Keywords: Chlorophyll content, Flower diameter, Growth regulator, Nitric oxide, Polyamine
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Table 1- Nutrition program used for Lisianthus cv. ‘Mariachi Blue’ in 1000 L solution
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Table 2- The ANOVA results for the effect of foliar application of growth regulators on some growth indicators of Lisianthus
cv. ‘Mariachi Blue’
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Figure 1- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the leaf
area of lisianthus cv. “Mariachi Blue’ (Tukey, p<0.01)
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Figure 2- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the stem
length of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)



VEe) oybinn oF o louds F'F ol o((5559Li qalio g pole) SLil pole 4y pis AYY

0.8 a ab

0.7 bed
0.6

a-d a4 bed

0.4
0.3
0.2
0.1

Sy POk
Leaf fresh weigth (g)

control] 0.5 1 1.5 0.5 1 2 50 100 200

SA (ml\%i Sp (mM), SNP (ER/[) A Lnga.L:;S(.S_'I\.L[:I‘_}T

p:'%) ool 34 fﬁ #0539 2 ((SNP) Wl g9 i ol g (Sp) 20 yn] (SA) Sl .a.:.w‘) J.Jv) dlﬁb&&fwﬁ.\éﬁ -y IS

‘ob 2yl
Figure 3- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the leaf
fresh weight of Lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 4- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the leaf
dry weight of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 5- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the flower
fresh weight of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)



AYD s Sig 5 2y aliwg 290 w2 9 (52 eyl (Sl lsins! (5 31 (23 Jolomo il 031350 9 (5

5 b s (ime il eel cilug pgyismtn )V gog e
(Y JS5) S aald 4 Cans

Js s
scdale &S 550 0 odnlin 1Slo duslio Hlge5 4y dsgi b

0+ g pdueyuwl )Wo o Lo V o« Sudlodiwl jYoo LoV 5 +/0
s J5 4lad ) gize (uli8l el bolog g i dus Y 909,500
d9dn il 8l b Sudludgnl ;Yoo Jo V cdale .50 sl 4

JS S G5

Opue pawl glacdale olad (1l duslie HIged 4y dasgi
039 P=me Ll el Sl ;Yoo dio V clale 55 4
059 dsled 35 adls cpl jad sald & cuws 5 Sis
clale 4 bgye p)5 - /FV0) J5 Suid b9 Gl cnpider 1 JS
039 OpyeS a8 Cnl ;S5 A 25V g e el Vg0 Lo )
(£ JSs) 29 dalis 4y basye (p)5 +/¥4Y) 5 Siis

5 Jsb
Vg clac ale a8 ams o ol bosl Sile duglio

(A JS3) 392 20l 4y bgyye 55 5 5lab o yieS Voo 900 g Cptvopel Vs ko ¥ g ) Sl ;Y50 Lo
0.8 ab ab a ab b

B 0.6 c be be e be 3¢ e
= .

5304 ?.
= %

\2 202 7
= %

w5 0
E control| 0.5 1 1.5 0.5 1 2 50 100 200
= sA Sp Snp

SA (mM), Sp (mM), SNP (UM) 1.3,  glaersS palas
o) el jd S5 Sis (39 2 ((SNP) wulwg pg55 maiw 9 (SP) 2oyl (SA) Sl swl) sy (goaiS mulild (36 -1 JSUS

4 M
M 2lbsb
Figure 6- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the flower
dry weight of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 7- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the flower
length of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 8- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the flower
diameter of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 9- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the
number of buds lisianthus cv.‘Mariachi Blue’ (Tukey, p<0.01)
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Table 3- The ANOVA results for the effect of growth regulators on some physiological traits and vase life of lisianthus cv.
‘Mariachi Blue’
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Figure 10- The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the
chlorophyll index of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Figure 11 - The effect of growth regulators (salicylic acid (SA), spermidine (Sp) and sodium nitroprusside (SNP)) on the
chlorophyll a content of lisianthus cv. ‘Mariachi Blue’ (Tukey, p<0.01)
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Introduction

Plant size control is one of the most important factors in the production of ornamental plants. Plant size can
be limited by a variety of methods, including genetic control, environmental conditions, and the use of plant
growth retardants. Lily (Lilium sp.) is one of the most important cut flowers with different species and cultivars.
Some lilies can grow up to one meter in height. Usually the appropriate height of the stem for pot use is 40-30
cm, which is achieved by using growth regulators. This study aimed to investigate the role of uniconazole and
cycocel to control height, quantitative and qualitative characteristics of Lilium.

Materials and Methods

This study was carried out in a factorial experiment based on completely randomized design. Uniconazole
(0, 5 and 10 mg L) and cycocel (0, 1000 and 1500 mg L) were the first factor and application methods of the
above compounds (immersion application and foliar application) was the second factor. Disease-free bulbs (with
a circumference of 15 cm) Lily (Longifiorum x Asistic cv. Eyeliner) was purchased from Saei Gol Company in
Tehran. To apply the immersion treatment, the bulbs were immersed in a solution of cycocel (CCC) and
uniconazole (UN) for 7 minutes before planting. Then they were planted in plastic pots. In foliar spraying
treatments, the bulbs were first planted in pots and when the stem height reached 10 cm, they were sprayed with
CCC and UN. Water was used for control treatment. Leaf number, plant height, total chlorophyll, total phenal,
flower diameter, enzyme activity (PPO, GPX or CAT) and time of budding were measured. Analysis of variance
was performed using SAS software and mean comparisons were analyzed by the least significant difference test.

Results and Discussion

The effect of growth retardant, the application method and their interaction was significant on stem height.
The shortest plants were observed in foliage application of 10 mg L™* UN which was not significantly different
from the concentration of 10 mg L't UN in immersion method. The mechanism of growth retardants is to inhibit
the biosynthesis of gibberellins. Therefore, they act as anti-gibberellins to reduce plant height. Uniconazole
inhibits the biosynthesis of gibberellins by blocking kaurene oxidase, a P450 enzyme. The largest diameter of
lily flowers was observed in immersion application of 1500 mg L™ CCC however, there was no significant
difference between flower diameter of mentioned treatment with immersion method of 1000 mg L* CCC and
foliar application of 10 mg L UN. Growth retardants increase endogenous cytokinin levels, resulting in
increased cell division and improved flower growth and flower diameter. The effect of growth retardant on
number of leaves was significant. The highest numbers of leaves were observed in 1000 and 1500 mg L CCC.
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The effect of growth retardant, the application method and their interaction was significant on chlorophyll and
phenol contents. The highest chlorophyll content was observed in immersion application of 10 mg L™ UN.
Growth retardants appear to increase chlorophyll content due to increased cytokines. The results of this study
showed an increase in total phenol in plants treated with uniconazole 10 mg L. Growth retardants have been
reported to increase phenol content by increasing plant resistance to environmental stresses. Catalase enzyme
activity was significantly affected by growth retardant. The highest activity of CAT enzyme was related to CCC
at 1500 mg L1, The effect of growth retardant and their interaction was significant on GPX enzyme activity. The
highest enzyme activity was obtained in plants sprayed with 1000 mg L'* CCC. Growth retardants have been
reported to increase enzyme activity, causing plant resistance to environmental stresses and delaying lipid
peroxidation and membrane degradation.

Conclusion

Considering that one of the most important goals in the present study was the production of dwarf lilium, it
can be said that uniconazole 10 mg L™ (foliar application and immersion) had a significant effect in controlling
stem height compared to other treatments. The effect of this treatment on other traits such as flower diameter,
total chlorophyll and total phenol was also significant.

The time of budding, leaf number and activity of CAT and GPX enzymes was better in cycocel treatment
with a concentration of 1500 mg L*. Therefore, the use of uniconazole can be recommended for the production
of dwarf plants, considering that it works better in two important traits, including controlling stem height and
increasing flower diameter. It is also suggested that since the cycocel treatment was effective in increasing
enzymatic activity, the effect of this treatment on plant resistance to environmental stresses should be
investigated.

Keywords: Chlorophyll, Enzyme activity, Flowering, Growth inhibitors, Plant height
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Table 1- The ANOVA results for the effect of different concentrations of growth retardants and their application method on some
measured properties of Lilium cv. Eyeliner
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Figure 1- The effect of application method (A) and different concentration of cycocel (CCC) and uniconazole (B)(UN) on the
time of flowering in Lilium cv. Eyeliner (LSD, p<0.05)
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Figure 2- The effect of cycocel (1000 and 1500 mg L") and uniconazole (5 and 10 mg L) on the Lilium estem height
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Table 2- The effect of different concentrations of growth retardant (Cycocel and Uniconazole) and their application method on some
measured characteristics of Lilium cv. ‘Eyeliner’
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In each column, the means with simmilar letters have not significant difference based on LSD test at 5% of probability level.
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Figure 3- The effect of cycocel (CCC) and uniconazole (UN) on the leaf number in lilium cv. Eyeliner (LSD, p<0.05)
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Table 3- The ANOVA results for the effect of different growth retardant concentrations and their application
method on the enzyme activity in Lilium cv. Eyeliner
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Figure 4.-The effect of application method (A) and different concentration of cycocel (CCC) and uniconazole (UN) on the catalase
activity in Lilium cv. Eyeliner (LSD, p<0.05).
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Figure 5-The effect of cycocel (CCC) and uniconazole (UN) on the PPO activity in Lilium cv. Eyeliner (LSD, p<0.05).
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Figure 6- The interaction effect of cycocel (CCC) and uniconazole (UN) and their application method on the GPX
activity in Lilium cv. Eyeliner (LSD, p<0.05).
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