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5 )lows [EYSRY) &S5k !

i T.vulgaris T.transcaspicus A T. transcaspicus B
Number Components Retention index

1 a-Thujene 928 0.2 1.02 0.91
2 a-Pinene 934 0.17 1.66 1.25
3 Camphene 950 101 5.33 3.78
4 Sabinene 973 1.02 - -
5 1-Octen-3-ol 976 0.5 0.5 0.8
6 B-Pinene 978 0.36 1.6 2.03
7 Myrcene 990 0.12 0.95 0.51
8 a-Phellandrene 1002 - 0.4 0.1
9 a-Terpinene 1015 0.48 2.88 1.89
10 P-Cymene 1024 4.05 6.1 43
11 1,8- Cineol 1033 0.4 0.22 0.37
12 y-Terpinene 1057 2.89 8.02 6.9
13 (E)-Sabinene hydrate 1061 1.05 0.98 0.92
14 Terpinolene 1087 3.02 0.3 0.1
15 Linalool 1098 1.3 - 0.2
16 Camphor 1143 0.52 1.07 1.6
17 Borneol 1161 0.2 2.01 2.3
18 Thymol methyl ether 1237 2.06 0.3 -
19 Carvacrol methyl ether 1241 0.17 0.55 0.51
20 Thymol 1293 64.75 48.02 50.77
21 Carvacrol 1303 6.78 10.06 12.3
22 B-Bourbonene 1358 - 0.2 0.5
23 B-Caryophyllene 1417 29 0.49 0.36
24 Aromadendrene 1439 1.05 0.5 0.2
25 a-Humulene 1454 0.35 - 0.1
26 Germacrene-D 1473 0.41 0.1 -
27 Bicyclogermacrene 1496 0.09 - -
28 B-Bisabolene 1503 0.14 2.6 1.9
29 y-Cadinene 1510 0.25 0.4 0.8
30 8-Cadinene 1522 0.54 0.6 0.7
31 (E)-o-Bisabolene 1533 0.74 - -
32 Caryophyllene oxide 1581 0.05 0.2 0.1
33 10-epi-y-eudesmol 1621 0.5 - -

Total (%) 98.07 97.06 96.2

Ol Brodgs an boyye ojlasl o yiSasS g (a9 S APIVY) (5295 9 ySa0 Silao giod

S35 il S0 5 0555 D (r2eg5ee OF/+5) lul s
‘\A/N\) L?’L“"P wai B 0395 dl}bwﬂ kj).: ).) W)) d.J d).u.u
(¥ 9 Y o JSis) ws osalie (VWVY) LEL gl g (509,500

- 3
slaass no oliv (la (1S dulio gl 4 4 g b
Cpyiim s SLwld yidogl A 0dg5 S CdS g5 s < pdugl
bl (Bl gtagl g 39 ammié 9 S5 Job S poye 9 Job

Wicbey g plab )55 e i)l il 20> o ey
alllas Uy (WRY) o lSon g LSl gy SLis g 5 5,Skes

9 &3S o ool bl dw jlas” LUs U"‘"?] calisee slacyisS]

29y (S9SN gSwg Se yuglual (qwyp il Job @l

sl L"’u—‘“’ﬁl sloS,y Stiow pyanl o a5 o lis (SEM)
€9 Jl slodd oS S (idgy S )S y ogMe Ll
(siubgy § Sy SBS S 0jlu31 155 o 0dmliio 5 gy S S
999 Sgliste cilisee (glacuingl Sy p> S S (SN g STy
Ot gy SpS ) GiS b okl slaJobe dlas g LS Ly
£95 3l s oSS g Sgliste il (slacuingl slaS
€55 90 2 w515 5 S| cnpin 09 4k e S S
S g ksl (Y JSb) ad sdalin 2L u-“"ﬁl PSS
ol Oglite (2L gl (g (sl S ol (sl Job
Sl gl A odgs S 3 by S8 o3Il (S5



AV 8l it gl (il (51321 g Tgmo (559098 90 oo guas dunsy Lo

ol Ll 5 e (LS ool )BTl sl sy s GlalS
OB (g8 ((PIol (SIS laas 5 il
lojng ol S Lel (2,5 )ikl 5 95 0850 Slse (23]
vaass by slaylidle gloae oS ST (VF) Cunl o 5
OlalS ) 01> (Sa Ll 3929 0 il Wy oS s (gl
Cgie (b bl (et lods (oS, S Usi 05
3 9 gy 2o slaplsl o) (g yob 4 g Wb e
L 0y sladisS o o gl (6,8l Slsss Jg Slosd mojes
O—dngl obS (291> 9 (sixio (lgl 3 Cuonl 4 dr g Ll Cglie
LS )8 (Sl 5 (P HlB Lo )90 50 S J> 4 b

el 43,55 Sjgo ol 3 ol sloae

EHT = 20.00 kV

EHT =20.00 kV

WD = 11 mm

WD= 12mm

A Vol 23 sl oS 58 ol 392 0ud sl plis)
ST Jelse (2 yare 9 3)05 (6 gadsS] plo 4 g 3 )Slee
Wi Sy 2y 9 Sp Jsb by g jhad Clio o Sles
S el o3l s (Y1) oS 5 (65l oLllns (¥)
0sSlee 1 5l (e slaglin cilise glo oy slo o]
S5 Jsb Sy ose 9 Jobo 0, Kilke (309 Jbo IS Bl Jsbo
Gglite b Ly puilsl bawgie 03l 5 J5 pla g 4wl Jsbo ¢3]
g jl glas)l BLad jlag)ls (lS 905 9 Giag)y Jore itan
9.9 Lo ;o Joloe cul & (6,85 5 bl (o0 g b b
o Syt 9 (299> QLS pudgalio )3 5135 oo (i Cagh)
celys 5 Jghite ol 3 0,15 (63b; Cuenl Ll 550 Slge

Signal A = SE1
Photo No. = 343

Date :4 Sep 2016
Time :15:10:56

Signal A = SE1
Photo No. = 344

Date :4 Sep 2016
Time :15:12:03

7

Asdgi Swlyd ooyl (Ldigs S (U 00l 51 (95N (9Swg See prgliad - UK
709,500 Vo dlal 45 by S5 i Sl jrgaad yieg See Yo Sl 53 (g S5 WL gl
Figure 1- SEM micrographs showing the leaf adaxial epidermis of T. transcaspicus A landrace
Above image: the peltate trichomes in scale 20 um, Bottom image: the capitate trichomes in scale 10 pm.
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Figure 2- SEM micrographs showing the leaf adaxial epidermis of T. transcaspicus B landrace
Above image: the peltate trichomes in scale 20 um, Bottom image: the capitate trichomes in scale 10 um.
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Figure 3- SEM micrographs showing the leaf adaxial epidermis of T. vulgaris
Above image: the peltate trichomes in scale 20 um, Bottom image: the capitate trichomes in scale 10 pm.
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Introduction: Thyme is a perennial plant belongs to Lamiaceae. Thymus is a well-known medicinal plant,
native to Southern Europe and its essential oil is manufactured commercially for use in cough drops, mouth-
washes, liniments, toothpastes, detergents and perfumes. The herb is approved by Commission E in the treatment
of bronchitis, whooping cough and upper respiratory inflammation. The Thymus genus comprises over 300
species of which, 18 are found in Iran, which grow wild in many regions and four of them are endemic. There
are serious difficulties in the taxonomical interpretation of the taxa belonging to the genus Thymus owing to the
high variability of populations with respect to many morphological and micro-morphological traits. The
morphology and different components of essential oils in different species of Thymus are variable due to
hybridization and polyploidization, despite its rare self-pollination. In general, intraspecific hybrids of the genus
Thymus seem to possess intermediate morphological characteristics and composition of essential oil in
comparison with the relevant characteristics of the parent plants. The accumulation of the essential oil takes
place in gland hairs, which are distributed on the surface of the epidermis of the aerial parts of the plant. The
content of the essential oil can depend on origin, climate, harvest, as well as drying and storage conditions. By
carefully examining the structural, phenotypic, chemical and genetic aspects of the natural populations of a plant,
it is possible to select either them or samples from them as an important step in the process of breeding the
desired medicinal plant.

Material and Methods: In order to have a comparison microscopically and morphologically characteristics
of Thymus vulgaris, two landraces of Thymus transcaspicus were studied in completely randomized design with
four replications at the faculty of Agriculture in Ferdowsi University of Mashhad. Inflorescence length, number
of flowers per inflorescence, shoot height, leaf, bud and flower length, leaf width, the largest diameter of canopy,
weight, fresh and dry herb yield, percent of essential oil, distinct and type of trichomes, were measured. For
glands morphological and structure analysis leaves were processed according to conventional techniques for
scanning electron microscopy (SEM). In order to obtain comparable results the leaves from the third node of the
apex were used for SEM analyses. Leaf samples were fixed in glutaraldehyde and paraformaldehyde. After being
dehydrated, they were coated with gold in the vacuum evaporator. Finally, the preparations were observed and
photographed with a KYKY-2800B SEM.

Results and Discussion: The ANOVA of the data showed that there was considerable variation for all
studied characters. Results of mean comparisons showed that the highest height, the largest diameter of canopy
and percent of essential oil were for T. vulgaris. Maximum inflorescence length, number of flowers per
inflorescence, leaf, bud and flower length, leaf width, was also recorded for T. transcaspicus. Results of essential
oil (EOs) analysis by GC/MS showed that thymol and carvacrol were the major compounds of all EOs samples,
with highest and lowest content observed thymol and carvacrol in T. vulgaris (64.75 and 6.78 %). T. vulgaris
produced more essential oil as compared to another thyme species. Two types of glandular trichomes are
distributed on the outside surface of leaf, namely, peltate ones (PGTs) and capitate ones (CGTSs). The glandular
hairs of Lamiaceae likely release various secretions, such as the essential oil and polysaccharide. When
trichomes got matured, essential oil could be found on all of the glandular trichomes on aerial organs of Thymus.
Besides essential oil, what else trichomes could secrete needs further study.

Conclusion: The essential oil is highly complex chemical compounds. The content and composition of it
vary depending on season, growing conditions, and plant species. High essential oil content is related to a much
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secretion of glandular trichomes. An application for variety protection was filed for ‘T. vulgaris’, now
recommended to producers in Mashhad interested in a thymol-rich thyme. We can carry out a selection program

to optimize quality and yield of thyme (T. transcaspicus L.) landraces, with used of T. vulgaris and crossing with
clones of T. transcaspicus.

Keywords: SEM, T. transcaspicus, Thymus vulgaris
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Table 1- Three-factor design ( Fe, Micro and NHsNOs3) was designed by Design-Expert software including 20 model points
used for in vitro shoot proliferation of Pyrus commonis cv. * Shekari’

s ol yb 5 lowi bl BTl P93 ;951 Py 4951

Treatment design points Factor 1 Factor 2 Fac;or 3
NH4NO3 Fe Micro
1 1 1 0.5
2 15 2 15
3 0.5 1 0.5
4 15 2 0.5
5 15 1 15
6 0.5 1.6 0.5
7 15 14 0.9
8 0.9 2 0.9
9 0.9 1.4 15
10 0.5 1 1.1
11 11 1.6 0.5
12 0.5 2 15
13 0.9 2 0.9
14 15 14 0.9
15 1 1.9 14
16 0.9 1.4 15
17 15 1.4 0.9
18 0.8 1.4 0.9
19 0.8 1.4 0.9
20 1 1 1

MLL;o (X\) MS cuis b ﬁ)lﬂA Yo dads RRVATY) ‘;53140) G yguas 0445 L?‘)JD bl
Design points were randomly assigned. Point 20 is MS amount (x1) of three factors.
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Figure 1- Points were designed by Design-Expert software for three-factor Fe, Micro and NHaNOs. Numbers indicate
replication in a point.
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Design Expert® Software Proliferated Shoot Number

Factor Coding: Actual
Proliferated Shoot Number

I4.33333
0

X1=A:Fe
X2 =C:NH4NO3

Actual Factor
B:Micro=1.5

0.803084

1]

C: NH4NO3

1.81495

8 uianii 3955 Tyl w3 NHaNO3 g p ydlio puili Codi * (6,8 p8, (M5 50 i (g9l pp 4L dlaas - ¥ USUS
Figure 2- The proliferated shoot numbers of Pyrus communis cv. * Shekari’ under different concentrations of Fe and
NH4NOs in in vitro condition.

NHiNOs g o2l palie wili Co® (6,R0" ody M5 ;3 ol (5903 48 L dlui owly (g1 (il ylg 43005 i3 5 Sldiged —F Jgun
Slantiond (993 daglpu 5
Table 3- Sample ANOVA and summary statistics for proliferated shoot numbers response of Pyrus communis cv. * Shekari’
under different concentrations of Fe and NHsNOs in in vitro condition.

& Sl oz 3l a2 Sloye 0s5le F value p value (Prob>F)
Source Sum of squares df Mean square
Model 4 3035 8.39 0.0009
Fe 2.067 1 2.07 5.15 0.0379
NH4NOs 9.037 1 9.04 22.65 0.0003
Fex NH4NOs 1.212 1 1.21 3.04 0.1017
NHsNO3? 4921 1 4.29 12.34 0.0031
Residual 15 0.40
Lack of Fit 4.735 10 0.47 1.90 0.248
Pure Error 1.248 5 0.25
Cor Total 19.367 19
SD 0.63 R squared 0.69
Mean 1.19 Adj R squared 0.61
CV% 53.07 Pred R squared 0.35
Press 12.54 Adeq Precision 10.82

(1855 ~SeMS Slagyo goz) (illy w325 Joir -4l (20l pgd 42 )3 ol dboaiiz ol g Joo sl i)l 4255
ANOVA for Response Surface Reduced Quadratic Model. Analysis of variance table (classical sum of squares—type II).
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Figure 3- Proliferated shoot length of Pyrus communis cv. *

Shekari’ affected by NH4NOs (a) and Fe x Micro interaction

effect (b) in in vitro condition
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Figure 4- The leaf number of Pyrus communis cv. * Shekari’ shoots under different concentrations of Micro in in vitro
condition
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Figure 5- Chlorophyll and carotenoids of Pyrus communis cv.* Shekari’ leaf under different concentrations of Fe (a) and
Fex NH4NOs (b) in in vitro condition, respectively.
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Figure 6- Vegetative growth variation of Pyrus communis cv. * Shekari’ under different concentrations of Micro and
NHsNOs in in vitro condition
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Figure 7- Optimal values were predicted by Design Expert for three factors: Fe, Micro and NH4NOs that influence two
responses: Proliferated shoot number and Proliferated shoot length of Pyrus communis cv. * Shekari’ shoots in in vitro
condition
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Introduction: Micropropagation is important for both multiplication and preservation of a wide range of
nursery plants, including many fruit crops. A number of studies exist on optimization of growth in in vitro
condition for one or two cultivars, but often these results cannot be used for the other genotypes because
individual cultivars may differ greatly in their requirements. Therefore, genotype-specific medium are usually
empirically developed for many plants including pear. Pear cultivars and species are often recalcitrant to tissue
culture manipulations and Murashige and Skoog (23) (MS) basal nutrient medium at full or half strength or with
slight modifications is the most media were used. The QL, DKW, and WPM media are also used and they differ
mostly in types or amounts of calcium and nitrogen in compared with MS. Developing growth media for specific
and unique cultivars is complex and time-consuming. Currently, improved experimental design and using
statistical softwares allow much more efficient approaches to be utilized for the improvement of
micropropagation media and conditions. Improving of growth medium for in vitro propagation of plants depends
on type and quantities of mineral nutrients and plant growth regulators as important ones. The existence of
statistical softwares to manage effective factors is very needed to access an optimized growth medium for in
vitro propagation of plants. Design Expert is used as auxiliary software to identify essential factors in in vitro
culture. Since the in vitro proliferation parameters of Pyrus communis cv. * Shekari’ need to optimize for
growth better, we were designed and performed a multifactor surface response experiment by Design Expert
software to following two goals. First, to find optimized amount of some elements in medium and second, to
show the response surface method can be useful for improving in vitro culture.

Materials and Methods: One experiment was designed by Design Expert software and was performed to
improve in vitro proliferated shoots of Pyrus communis cv. * Shekari’ . Shoots were grown in a modified MS
medium (supplement with 1 mg I* of N6-benzyladenine) were used for this experiment. The experiment was
included 20 model points randomly based on three nutritional factors: NHsNOs (0.5-1.5x), Fe (0.5-1.5x) and
micro nutrients (1-2x) in different concentration of their MS amounts. Media enriched with sucrose (30 g I'Y) and
agar (8 g I'Y) after pH adjustment at 5.7. Cultures were grown at 25°C under a 16-h photoperiod with 70-90 uM
m2 s1 irradiance provided by a combination of cool- and warm-white fluorescent bulbs and were transferred to
new medium every 3 weeks. Several responses were recorded after two months: Proliferated shoot number,
proliferated shoot length (cm), total leaf number, leaf chlorophyll a (mg g?), leaf carotenoids (mg g?), and
vegetative growth (cm). Responses for each point were the mean of 5 replicates. Experimental design, model
evaluation, and analysis were done by Design-Expert® 8 (2010) software and the highest-order polynomial
model that was significant for each response was used for ANOVA.

Results and Discussion: Factors statistically were significant for responses according to ANOVA in linear,
2F1 and quadratic models. Reduced NH4NO3 (%0.5) and enhanced Fe (x1.5) induced the higher number of
proliferated shoots up to 4.43 folds of control according a quadratic model. NH4sNOj3 and FexMicro had negative
liner relationships with shoot length, while leaf number negatively was affected by micros. Fe and NH4NO3; were
effective factors on leaf chlorophyll a and carotenoids contents. Increasing Fe (x1.5) and decreasing NH4NOs
(x0.5) led to 2 folds higher production of chlorophyll a and carotenoids. Vegetative growth of Pyrus communis
cv. ' Shekari’ in a quadratic-order method (negatively controlled by NH4NOs; and micros) increased by high
values of proliferated shoot number and shoot length induced by reduced NH4NO3 (x0.5). Optimized amount of
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three studied factors based on two important responses, maximum amount of proliferated shoot number and
length, were 0.9, 1 and 0.5% for Fe, micro and NHsNO3 in MS medium, respectively.

Conclusions: Design Expert software and response surface method were used successfully for in vitro
optimizing of Pyrus communis cv. * Shekari’ regenerated shoots. Fe, Micro and NH4NOs, were the effective
factors for shoot regeneration responses in linear, 2FI and quadratic models. The multifactor investigation in
surface response design will enable us to predict an optimal medium for several effective factors and estimate
suitable responses. Outputs of these types of experiments provide a suitable background to increase optimization
accuracy for future experiments.

Keywords: In vitro propagation, Pear, Response surface method, Micro, Fe.
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Figure 1- Effect of different concentrations of boron x sudden low temperaturestress of root or shoot on shoot and root dry
weight of tomato cv. Infinity
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Figure 2- The effect ofdifferent concentrations of boron xsudden low temperature stress of root or shoot on the relative water
content (A) and water potential (B) of tomato leaf cv. Infinity
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Introduction: Most plants, especially those that are native to hot areas, show signs of injury when exposed to
low temperatures. Damages caused by cold stress occurs at the cell and organs level, which reflects it at the plant
surface. Color change, chlorosis, general reduction of growth, cellular tissue destruction, non-absorption of
nutrients, reduction of photosynthesis, non-transferring photosynthetic materials are from early effects of cold
stress. Cellular responses to colds including loss of thoracic pressure, vacuolization, collapse of cytoplasmic
membrane balance, cytoplasmic flow loss, and general organ dysfunction. The susceptibility of the plant to frost
is different depending on the type of plant, variety, tissue morphology and other cellular characteristics, as well
as the cold conditions of the period, time and cold intensity. In addition, it seems that organs of the plant have
different degrees of cold tolerance. If the temperature of the aerial part is favorable, the low temperature of the
root zone can be one of the factors limiting the root system and plant growth. The consumption of balanced
boron content by neutralizing the negative effects of cold stress and mechanisms such as maintaining the
structure of the membrane, improving and increasing root growth, increasing the synthesis of proteins needed for
the plant, adjustment of stomatal movements and improved stomatal conductance, increased cell division,
increased nitrogen metabolism and chlorophyll production, and its consequence was increased photosynthesis
and dry matter production, increased activity of antioxidants, calcium / potassium ratio adjustment, optimizing
the transfer of calcium in the plant, adjusting the amount of water and conducting it in the cell, increasing the
moisture content and relative content of leaf water, transferring soluble materials and increasing water use
efficiency creates a relative resistance to low temperature stress. Although the root temperature is very effective
in plant growth, it has been less attractive. Therefore, the aim of this study was to investigate the effect of low
temperature of root and shoot on the ability to restore plant growth and physiological activity in the presence and
absence of boron.

Materials and Methods: In order to compare the impact of sudden low temperature stress of root and shoot
on recovery of vegetative and physiological traits of tomato, a research was conducted in two separate
experiments under controlled conditions in the greenhouse of Faculty of Agriculture, Isfahan University of
Technology. Two experiments were factorial based on completely randomized design with 10 replications
including two concentrations of boron (0, 0.5, 1 and 1.5 in ppm) and two temperature levels of shoot and root
sections (10 degrees’ Celsius temperature, and 11 rootstock temperatures and 22 ° C optimum and control
temperatures). Indicators included photosynthesis rate, respiration rate, stomatal carbon dioxide, stomatal
conductance, chlorophyll fluorescence, chlorophyll index, water use efficiency, proline, antioxidant, phenol
secretion from root and leaf extracts, leaf relative water content, soluble protein concentration, ion leakage, leaf
water potential, root and shoot dry weights and starch content. Finally, the analysis of the results was done by
statistical software statistic and comparing the meanings by LSD test at 5% level.

Result and discussion: The results showed that the highest amount of photosynthesis, root dry weight and
dry weight of the aerial part were in the consumption of 0.5 ppm of boron during abrupt stresses of low
temperature on the root after the recovery period. The highest amount of stem proline and electrolyte leakage
were also obtained from 0.5-1.5 ppm of boron consumption during abrupt low temperature on the shoot part.
According to the results, it was found that when stress has entered from the root zone to the aerial part of the
plant, the plant was in the better conditions after the recovery period. It seems that when a cold stress occurred
on the roots, the plant can produced more antioxidant substances, including phenol and proline, while
counteracting the relative water content of the leaves were more effective with radical agents. Thus, in normal
conditions, the roots of the plant operated at a lower temperature than the airspace. They also exhibited more
adaptations to the lower air at the lower temperature than the air section and the plant is less damaged. At levels
above the boron element due to the effect of boron toxicity and the production of excess free oxygen radicals, the

1 and 2- Former MSc student and Associate Professor, Department of Horticulture, College of Agriculture, Isfahan
University of Technology
(*- Corresponding Author Email: mhaghighi@cc.iut.ac.ir)
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plant probably suffered more severe damage than cold damage.

Conclusions: Sudden low temperatures stresses on the root and shoot had negative effects on the recovery of
the vegetative and physiological traits of tomatoes. When lower temperatures were imposed on the shoot, the
plant suffered much more damages. Consumption of 0.5 ppm of boron during cold stress by creating optimal
conditions for growth also caused the relative neutralization.

Keywords: Electrolyte Leakage, Photosynthesis, Proline, Root Dry Weight, Shoot Dry
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Table 1- Physical characteristics in different cultivars of apple (Mean + SE)
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Means in each column followed by similar letters are not significantly different at 0.05 probability level, using Duncan test.
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Table 2- Chemical Characteristics in Apple Different cultivars (Mean + SE)
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Means in each column followed by similar letters are not significantly different at 0.05 probability level, using Duncan test.
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Table3- Amounts of Anthocyanins, Flavonoids and Phenolic and Antioxidant Power of Different Varieties of Apples
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Table 4- Enzymatic Browning Index in Apple Different cultivars
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Table 5- The correlation between the physical and chemical characteristics of applecultivars
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Introduction: Apple is one of the most important horticultural crops in Iran. The aim of this study was to
investigate the effect of genotype on physical and chemical properties of fruit; to evaluate the amount of fruit
secondary metabolites and correlation between them with the enzymatic browning in some lIranian apple
cultivars. Recently red-fleshed apples have been attracted the attention of many researchers and fruit marketers
because the flesh of those cultivars contains a high amount of red pigment anthocyanins, which show strong
antioxidant activity. These cultivars have a better place in the market for the consumers because of the
attractiveness, quality and high levels of anthocyanins and other phenolic compounds in fruits. Development of
such new varieties with unique properties is important for improving the apple breeding and processing industry
in the world. Phenolic compounds and flavonoids are products of the phenylpropanoid pathway. They are
secondary metabolites and are responsible for different functions in the plant life cycle. Secondary metabolites
play an important role in the quality of food (color, flavor, and odor). Also production of secondary metabolites
may be a part of the plant defense system.

Materials and Methods: The fruits of ‘Morabaee-Mashhad’, ‘Top Red Delicious’, ‘Golab Kohanz’, ‘Winter
Banana’, ‘Golab-e Kermanshah’, ‘Early Devan’ and ‘Pepin’ apple cultivars were harvested manually from trees
at commercial maturity stage in Mashhad city, and ‘Red-flash’ apple cultivar was harvested in Shahrood city
(Bekran Village), Iran. Fruits were transported to the laboratory soon after harvest. The measured chemical
properties were consisted of total soluble solids (TSS), titrable acidity (TA), TSS: TA, total phenol content
(TPC) and Antioxidant. Titratable acidity (TA) was determined by Korean models GMK855 and reported g 100
g of malic acid. Total soluble solids (TSS) was determined at 20 -C with a refractometer and reported as °Brix.
The pH value of fruit was measured with a pH meter at 20°C. The pH differential method was used to determine
the total anthocyanin content. The absorbance of the solution was measured at 510 nm. The total phenolic
content was determined by a modified Folin-Ciocalteu reagent method. This experiment was conducted
according to the completely randomized design; with thirty replicates. Data were analyzed statistically by SPSS
statistical software and differences among means were determined for significance at p< 0.05 using Duncan’s
multiple range test.

Results and Discussion: The highest and lowest of enzymatic browning was found in ‘Pepin’ and Red-flash
apple cultivars, respectively. Red Delicious, Macintosh, and Liberty showed high levels of enzymatic browning.
According to some researchers, there is a strong correlation between the amount of browning and total phenol
content of apple varieties "Empire"”, "Rome", "Golden Delicious" and "Delicious"(Coseteng and Lee 1987;
Milani and Hamedi 2005). San et al. (2002) revealed that there was a direct correlation between fruit phenolic
content and antioxidant activity in 11 fruit species, indicating a significant contribution of phenolic compounds
in the antioxidant activity of fruits. The results showed that the effect of cultivar on physic-chemical properties
of fruit was significant at 5% probability level. The concentration of total soluble solids was significantly
affected by cultivar, the highest concentration of total soluble solids was observed for Red-flesh apple cultivar
while the lowest was recorded in Golab-e Kermanshah. Red-flesh and Golab-e Kermanshah cultivars had the
highest and the lowest anthocyanin contents andthe highest and lowest of pH values were observed in Red-flesh
and Golab Kohanz cultivars, respectively. The highest concentration of total phenolics was observed for
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Morabaee-Mashhad while the lowest was seen in Early Devan cultivars. The correlation between the enzymatic

browning and antioxidant capacity of fruits was -0.507*.

Conclusions: The present research confirms that Red-flesh apple cultivar as a native fruit has been of interest
to researchers and consumers because of its high amount of soluble solids, anthocyanins and flavonoids content,
high level of antioxidant capacity and having a specific flavor and taste. Therefore, it can be a worthy cultivar for

apple breeding programs and development in future.
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Figure 1- Chill requirement of flower buds for apricot cultivars according to Utah model
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Table 1- Variance analysis of cultivar and sampling date on the activity level of superoxide dismutase, catalase, peroxidase
and proline in flower buds of cherry and cherry cultivars
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Table 2- Changes of superoxide dismutase and peroxidase enzyme activities in flower buds of sweet and sour cherry cultivars
during flower bud dormancy period

I e eome i ool i
Cultivar ill Accumulation SOD Activity POX Activity
(cu) (U/mg protein) (U/mg protein)
369 600 a 0.231a
541 280 e 0.11d
PN 653 175i 0.067f
Sour cherry 820 80 q 0.03k
963 150.3m 0.056g
369 484.8b 0.153b
541 242.4f 0.073e
dgta 3,5 653 133.3k 0.046h
Zard Mash-had 820 64.641 0.0211
963 1140 0.039 i
369 45732 ¢ 0.121c
541 2188 ¢ 0.067 f
023385 653 133.3] 0.035 ]
Zoodras 820 60.8's 0.016 m
963 121.2n 0.03k
369 4176 d 0.087 e
St ol 541 194.8h 0.057 g
Siah Shabestar 653 121.81 0.041h
820 55.6t 0.011n
963 104.4p 0.022

2l oo 5S3 ygeil b o pd V Jlain] aws 53 5 dxe BB dgng oy U5 altie pf gy
Non-identical letters indicate significant difference at 1% probability level according to Duncan test
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Figure 3- Catalase activity changes in flower buds of sweet and sour cherry cultivars during the increasing of chill
accumulation (DMRT, p<0.01).
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Table 3- Variance analysis of cultivars and sampling date on fresh weight of sweet and sour cherry flower buds during chill
requirement supply
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Figure 6- Changes in the fresh weight of the sweet and sour cherry flower buds before and after incubation in the growth
chamber: a) Sourcherry b) Zard Mash-had c) Zoodras d) Siah Shabestar
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Introduction: The ability to tolerate cold will not be possible without stopping or inducing sleep, which is
one of the important steps in the life cycle of plants in temperate regions. This period is one of the important
factors in preventing cold damages in winter and spring in temperate regions. Various studies in controlled
conditions on plants have shown that in plants, when entering and leaving this period, various changes occur in
materials such as proteins, enzymes and hormones. In order to control the harmful effects of active oxygen
species, plants have defense mechanisms. Catalase, peroxidase and superoxide dismutase enzymes are a
defensive team whose common goal is to defend against the destructive effects of active oxygen species. This
study was carried out to determine the chill requirement and its relationship with the changes in the activity of
antioxidants enzymes and proline.

Materials and Methods: The experiment was conducted at agricultural Research Station of Khalat-Pooshan
and the Laboratory of Flower Biology and Physiology of Fruit Growth in the Department of Horticulture,
Faculty of Agriculture, Tabriz University in 2015-2016. Flower buds needed for testing were selected from ‘Siah
Shabestar’, Zard Mashhad, Zoodras cultivars and a local genotype of sour cherry. Once a month, enough buds
were harvested and until the experiments began, they were kept inside the freezer inside an aluminum foil at -80
° C. In order to estimate the chill requirement, four replicates (4 geographic directions) from each cultivar and
from each replication four branches with the same length and diameter were removed. The amount of chilling
accumulation and chilling requirement in each month was calculated according to Utah model. In order to
estimate fresh weight, four replicates in each cultivar were selected and in each replication five buds were
selected from different parts of the branch. The statistical design used in the determination of the chill
requirement was a randomized complete block design. Enzymatic and proline data were analyzed in a
completely randomized design as factorial

Conclusions: Chill requirement: Based on the Utah model, the chill requirement of sweet and sour cherry
cultivars contains Zard Mashhad, Zoodras and Siah Shabestar were calculated 752, 780, 867 and 961 CU,
respectively. There was a significant difference in the activity of superoxide dismutase enzymes between
cultivars and different sampling times at 1% probability level. Siah Shabestar cultivars with the highest chill
requirement had the lowest SOD enzymatic activity and Zard Mashhad and Zoodras were intermediate cultivars
in terms of enzymatic activity. Sour cherries, which had the least chill requirement, showed the highest levels of
SOD enzyme activity. This is consistent with the results of some researchers regarding apricot stated that the low
chill apricot cultivars had the highest SOD enzymatic activity. The sour cherry had the highest amount of POX
enzymatic activity with the least amount of chill requirement, and also Siah Shabestar has the least chill
requirement. Like the two previous enzymes, the activity of catalase was highest in sour cherries and the lowest
was observed in Siah Shabestar. In terms of the presence of free proline, there was no significant difference
between the Zard Mashhad cultivars and Zoodras, while there was a significant difference between these two
cultivars and Sour Cherry and Siah Shabestar. Zoodras cultivar has the highest and our cherry has the lowest
amount of free proline. Between different cultivars, in terms of fresh weight of buds, there is a significant
difference at 1% probability level before and after placement in the growth chamber. The increase in fresh
weight of sour cherry and Zard Mashhad, Zoodras and Siah Shabestar cultivars were 25, 27, 31.5 and 33%,
respectively. The highest fresh weight before and after placement in growth chamber was observed in Siah
Shabestar and sour cherry was the lowest. In all the cultivars, the activity of all three enzymes were initially at
maximum (369 CU), then, with the cooling of the air and the initiation of deep dormancy, the activity of these
enzymes were greatly reduced (820 CU) and then again increased in the activity of this enzyme (963 CU), which
is similar to other studies.

1 and 2- M.Sc. Graduated and Professor, Department of Horticulture Science, Faculty of Agriculture, University of
Tabriz, East Azarbaijan, Iran

3- Assistant professor of pomology, Department of Horticulture Science, Faculty of Agriculture, University of Zanjan,
Iran

(*- Corresponding Author Email: akbarangooti9396@gmail.com)
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Conclusions: The results of this study showed that the antioxidant metabolism in plants is influenced by
seasonal cycle changes and enzymatic activity changes depending on temperature, so that sour cherry with the
least chill requirement has the most activity of the enzyme catalase, peroxidase and superoxide dismutase and
Siah Shabestar, which have the most chill requirement, have the least enzymatic activity. Accordingly, the
enzymatic antioxidant system activity of the flower buds was relatively high at the beginning of the dormancy
period, but decreased during the end of dormancy. Also, the amount of free proline at the end of dormancy and
the stage of dormancy breaking was highest and the lowest was in the deep dormancy period.

Keywords: Catalase, Bud dormancy, Peroxidase, Superoxide dismutase, Utah model.
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Table 1- Flowering time of quince commercial cultivars and promising genotypes
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Table 3- Mean comparison of cultivar, storage time and harvesting time on TSS, firmness and total phenol in the fruit of
some commercial quince cultivars and promising genotypes

“ . opoiels el Bl g SR gy
c T:_) N Sh:’ol:;;‘: tun.: V\/Izisgsht Jyle P b cdl Pectin Total phenol
ultivi ! TSS TA Firmness
(%) %) (%) TSSITA  olemd) (9/100g)  (mg/100gFW)

Isfahan At harvesting Om 15.88gh 0.65ijk 24.94g-j 9.68a 0.29abc 101.56¢
time

1 3.8hij 16fgh 0.56kIm 30.16d-g 8.92b 0.13f-i 79.99d

2 5.15ghi 17.11cde 0.51mno 35.66d 7.94d 0.26bcd 68.89%

3 8.8e 17.88abc 0.420pq 43.53c 6.78f 0.08h-k 50.1%h

4 12.44bc 18.44a 0.43nop 45.2bc 5.78g 0.05jk 32.17k

5 15.9a 16.77ef 0.32q 55.18a 5.01h 0.04k 17.96m

KVD4 At harvesting Om 10.88k 2.03a 5.38n 8.21cd 0.34a 117.91a
time

1 2.04jkl 11.66k 1.53b 7.77Tmn 6.74f 0.23cde 109.55b

2 3.9hij 12.55j 1.45bc 8.91Imn 5.81g 0.14fgh 101.20c

3 6.7fg 12.77ij 1.37c 9.35Imn 4.51i 0.16¢efg 83.84d

4 9.15de 12.88ij 1.17d 11.22Imn 3.24j 0.06ijk 59.90f

5 10.74cd 13.44i le 13.71klm 2.12k 0.04k 49.14hi

KVD2 At harvesting Om 13.44i 0.94ef 14.37kl 9.46a 0.32ab 64.56e
time

1 1.44Im 15.77h 0.85fg 19.32jk 8.52bc 0.17efg 57.18fg

2 4.97ghi 16.66¢fg 0.76gh 22.22ij 7.46e 0.12f-j 49.34hi

3 7.48¢f 17de 0.71hi 24.469-j 6.58f 0.10g-k 39.76j

4 8.95de 17.44b-e 0.66h-k 27.35f-i 5.75g 0.08h-k 26.561

5 13.01b 18ab 0.58j-m 31.56def 4.97h 0.03k 18.07m

Viduja At harvesting Om 17.11cde 0.72hi 24.14hij 8.66bc 0.25bcd 54.869
time

1 1.68kIm 17.15cde 0.67hij 25.35ghi 7.87de 0.19def 54.85¢

2 3.34ijk 17de 0.62j-m 29.2efgh 6.8f 0.13f-i 44.90i

3 5.54gh 17.33b-e  0.35Imn 33.73de 5.72g 0.10g-k 37.76

4 6.72fg 17.44b-e 0.38pq 50.82ab 4.65hi 0.06ijk 27.491

5 8.41ef 17.66a-d 0.35pq 53.66a 3.54j 0.04k 16.29m
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Similar letters in each column indicate no significant difference at 5% of probability level based on Duncan’s multiple range test.
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Table 4- Mean comparison of cultivar, storage time and harvesting time on TSS, firmness and total phenol in the fruit of
some commercial quince cultivars and promising genotypes

Sols 3 .
Cwild g oylo; il , Ll oo e b ot W S5 Js9
] IS Jolee o> Total phenol
Harvesting time Storage time TSS TSSITA (Mg/100gFW)
(%)
At harvesting time 149 15.09i 77.38bc
1 14.5fg 17.29h 66.79
1 2 15.41de 18.68hi 51.669
3 15.91cd 22.84fgh 35.95i
4 16cd 26.22¢f 21.86k
5 16.75b 31.81cd 15.38l
At harvesting time 14g 16.57i 87.57a
1 15.08ef 19.6hi 78.6b
2 2 15.66de 22.48fgh 72.76d
3 15.91cd 27.36def 60.52f
4 16.5bc 30.64cde 42.51h
5 15.1ef 33.87c 27.39j
At harvesting time 15ef 19.95ghi 89.22a
1 15.66de 25.06fg 80.79b
3 2 16.41bc 30.83cde 73.83cd
3 16.91ab 33.10c 62.20f
4 17.16a 44.09b 45.22h
5 17.5a 49.9a 33.34i
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Similar letters in each column indicate no significant difference at 5% of probability level based on Duncan’s multiple range test.
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Figure 1- Interaction effects of cultivar xharvesting time on TSS percentage in the fruit of some quince cultivars and
genotypes (DMRT, p<0.05)
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Figure 2- Interaction effects of cultivar xharvesting time on TSS/TA in the fruit of some quince cultivars and genotypes
(DMRT, p<0.05)
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Figure 3- Interaction effect of cultivar xharvesting time on fruit firmness in the fruit of some quince cultivars and genotypes
(DMRT, p<0.05)
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Figure 4- Interaction effect of cultivar xharvesting time on total phenol in the fruit of some quince cultivars and genotypes
(DMRT, p<0.05)
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Figure 5- Effect of storage time on fruit decay and
browning in the fruit of some quince cultivars and
genotypes (DMRT, p<0.05)
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Figure 7- Effect of harvesting time on TA and pectin in the
fruit of some quince cultivars and genotypes (DMRT, p<0.05)
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Figure 6- Effect of cultivar on fruit decay percentage in the

fruit of some quince cultivars and genotypes (DMRT,
p=<0.05)
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Figure 7- Effect of harvesting time on wheight loss in the
fruit of some quince cultivars and genotypes (DMRT, p<0.05)

35 4ol

Jodome aale dlyo e oy g 000 S5 S 4 i L

g allas )50 slacis) 5 pB)) (lia (ol g 5 B el
oa3Ld glos 4 S5 plad 5l g gy ol aSiul 4 aa i b 3
Obej ooy sl gylan Liogo (Sdes) (sl St (oo
bwgio job a4 sl cutlyy olgl dagdyg 08) sl p cudly
dlge Glise Sl olej cnl > 88y ol Milioe JS o3 51 g 5 VA
Sl clio g 039 J3)05 1 (agllae wab (a3LE 5 Jlre el



YA L isuasl slouis) 9 o)l i golan Sloylil cudild g cowlio culld  loj (s

S5k KVDA 5 et 5 ogys “a” slaceisiy 5 pB)) oo
4 2580 dpogi pols 0y Lulyd bl 3 ole e I e
o oldal “a” g a5t (sl e Sl plej ol 53 g
i g b (S Ld g ol s ) 65568 g plo nl
1y ol > anle gy (6,05 bl KVD2 osgrg cusls uulie
odlas s 53 0gee (S Clho e cpl Jsb 3 o & 5 )l
L 00,8 sdaliie 050 50 Gluls g ylud o 5S4l s Laos
9 Jsloxe dal> dlge (39 05 1 )3 wab (aSLE (39 (ol 4 25
Jo-8 9 0eSs polie (392 3b5 55 9 i BB el (e (92 YU
s s 3 oslital sl g5 ool KVDA g 53 S

Seie 3 1) (5555 @ 8) “a” cutlayy ploj c slie (FY) piis
00,8 pMel IS plod alsyo jl dmy 5oy VAN imy olo ygo pgd damd
b oledal “a" catlyyy (gl gloj npite 35 (T) (ool 9 B e
ogee (! (6)I 093 Jsb (nyosllas 5 (23S 5l ey Gy VA
33)S )5S ol gy 1y bl
o3l )Ll s it (aile b adlllae 350 pB )1 a5 03525 L
sl Bl ole y Ll 5 (3 Lol cinly jlis 1y (6 5L iy
Loy lacsg) g plE)l aiB)S 353 4 Collasl pabs g 0
ool s ) Wl g g8l 51 b Callasl pals g 00ly Cawd
b g slae watly VL ol sals dlse oloj ol > KVD2 L

i 11 08,55 555 4y 1y )il Ggllasl abs 5 3,8 Lais |, 365

&bo

1- Abdollahi H. 2012. Evaluation of productive and vegetative traits an compatibility of new cultivars and genotypes of
quince. Final Report of Research Project. Seed and Plant Improvement Institute, Karaj, Iran 165p. (in Persian with
English abstract)

2- Alipour M., Abdollahi H., Abdousi V., Ghasemi A., Adli M., and Mohammadi M. 2014. Evaluation of vegetative
and reproductive characteristics and distincness of some quince (Cydonia oblonga Mill.) genotypes from different
regions of Iran. Seed and Plant Improvement Journal, 3: 507-529.

3- Amiot M.J., Tacchini M., Aubert S., and Nicolas J. 1992. Phenolic composition and browning susceptibility of
various apple cultivars at maturity. Food Science, 57: 958-962.

4- Amodio M.L., Colelli G., Hasey J.K., and Kader A.A. 2007. A comparative study of composition and postharvest
performance of organically and conventionally grown Kiwifruits. Journal of the Science of Food and Agriculture,
87: 1228-1236.

5- Angelov T. 1975. Studies on fruit respiration in some quince cultivars with reference to determining the optimal
harvesting date. Gradinarska | Lozarska Nauka, 12: 11-18.

6- Ardekani E., Davari Nezhad G.H., and Azizi M. 2013. Effect of foliar application of salicylic acid before harvest on
shelf life, quality in post harvest and antioxidant activity in apricot cv. Nouri. Journal of Horticultural Science, 26:
448-459. (in Persian with English abstract)

7- Ashour Nezhad M., Ghasemnezhad M., Aghajanzadeh S., Fattahi Moghadam J., and Bakhshi D. 2013. Evaluation of
storage life and postharvest quality of kiwifruit cv, 'Hayward' fruits produced in conventional and organic
agricultural systems. Journal of Agricultural Science and Sustainable production, 22: 1-12. (in Persian with English
abstract).

8- Awad M.A., and De Jager A. 2000. Flavonoid and chlorogenic acid changes in skin of ‘Elstar’ and ‘Jonagold’ apples
during and after regular and ultra low oxygen storage. Postharvest Biology and Technology, 20: 15-24.

9- Ayfer M., Koksal A., Celik M., Kaynak L., and Turk R. 1983. Researches on the cold storage conditions of the
quince. Symposium of the storage, market preparation and delivery of the products in Turkey. TUBITAK, p. 48-57.

10- Brown B.I. 1989. Temperature management and chilling injury of tropical and subtropical fruit. Acta Horticulturae,
175: 339-342.

11- Burdon J., and Clark C. 2001. Effect of postharvest water loss on ‘Hayward’ Kiwifruit water status. Postharvest
Biology and Technology, 22: 215-225.

12- Chen J.L., Yan S., Feng Z., Xiao L., and Hu X. S. 2006. Changes in the volatile compounds and chemical and
physical properties of ‘Yali” pear (Pyrus bertschneideri Rehd) during storage. Food Chemistry, 97: 248-255.

13- Crisosto C.H., Garner D., and Saez K. 1999. Kiwifruit Postharvest Quality Maintenance Guidelines. Central Valley
Post harvest Newsletter, 8: 1-11.

14- Elgar H.J., Watkins C.B., and Lalu N. 1999. Harvest date and crop load effects on a carbon dioxiderelated storage
injury of ‘Braeburn’ apple. Horticultural Science, 2: 305-309.

15- Eshghi M., Hajnajari H., Kalantari S., Damyar S., and Rasouli V. 2011. Changes in physical and biochemical traits
in native summer-ripening apple cultivars during cold storage. Journal of Agricultural Engineering Research, 1: 59-
70. (in Persian with English abstract)

16- Etienne A., Genard M., Lobit P., Mbeguie-A-Mbeguie D., and Bugaud C. 2013. What controls fleshy fruit acidity?
A review of malate and citrate accumulation infruit cells. Journal of Experimental and Botany, 64: 1451-14609.



WAA (yliw) o o)l Y alo (5559LiS @bus g pole) SLEL pole syl PO

17- Farooq R.A., and Khan I. 2012. Physico- chemical quality of apple cv. Gala fruit stored at low temprature.
FUUAST Journal of Biology, 2: 103-107.

18- Franck C., Lammertyn J., Ho Q.T., Verboven P., Verlinden B., and Nicolai B.M. 2007. Browning disorders in pear
fruit. Postharvest Biology and Technology, 43: 1-13.

19- Ghafir S., Gadalla S., Murajei B., and EI-Nady M. 2009. Physiological and anatomical comparison between four
different apple cultivars under cold-storage conditions. African Journal of Plant Science, 3: 133-138.

20- Ghasemi A. 2002. Collection and identification of different quince genotype (Cydonia oblonga Mill.) in Isfahan
province. Final Report of Research Project. Agriculture and Natural Resources Research Center of Isfahan, Iran
123p. (in Persian with English abstract)

21- Gorji Chakespari A., and Mobli H. 2010. Post harvest physical and nutritional properties of two apple varieties.
Journal of Agricultural Science, 2:61-68.

22- Gunes N.T., Dumanoglu H., and Poyrazoglu E.S. 2012. Use of 1-MCP for keeping postharvest quality ok Ekmek
quince fruit. Acta Horticulturae, 1; 297-302.

23- Halinska A., and Frenkel C. 1991. Acetaldehyde stimulation of net gluconeogenic carbonmovement from applied
malic acid in tomato fruit pericarp tissue. Plant Physiology, 3: 954-960.

24- Harker F.R., Feng J., Johnston J.W., Gamble J., Alavi M., Hall M., and Chheang S.L. 2019. Influence of post-
harvest water loss on apple quality: The use of a sensory panel to verify destructive and non-destructive instrumental
measurements of texture. Postharvest Biology and Technology, 148: 32-37.

25- Harker F.R., Redgwell R.J., Hallet I.C., Murray S., and Carter G. 1997. Texture of freshfruit. Horticultural Review,
20: 212-224.

26- Hoseini Farahi M., Aboutalebi A., and Panahi Kord Laghari K.H. 2008. Study on fruit firmness changes in Golden
and Golden Delicious apple cultivars, post harvest in attention to rootstock type, cultivar and calcium chloride
treatment. Journal of Agronomy and Horticulturae (Pajouhesh and Sazandegi), 1: 74-79.

27- Hudina M., and Stampar F. 2004. Free sugar and sorbitol content in pear (Pyrus communis L.) cv. Williams during
fruit development using different treatment. Acta Horticulturae, 576: 279-288.

28- Kalt W. 2005. Effects of production and processing factors on major fruit and vegetable antioxidants. Journal of
Food Science, 70: 11-19.

29- Khosh Ghalb H., Arzani K., Malakouti M.J., and Barzegar M. 2008. Changes of sugars and organic acids contents
in two Asian pear cultivars (Pyrus serotina Rehd.) during fruit development and postharvest storage and its effect on
fruit shelf life, quality and internal browning disorder. Journal of Water and Soil Science, 12:193-204. (in Persian
with English abstract)

30- Konopacka D., and Plocharski W.J. 2002. Effect of picking maturity, storage technology and shelf life on changes
of apple firmness of 'Elstar', 'Jonagold' and 'Gloster' cultivars. Journal of Fruit and Ornamental Plant Research, 10:
11-22.

31- Kovacs E., and Meresz P. 2004. The effect of harvesting time on the biochemical and ultrastructural changes in
Idared apple. Acta Alimentaria, 33: 285.296.

32- Kupferman E., Spotts R., and Sugar D. 1995. Practices to reduce postharvest pear diseases. Tree Fruit Postharvest
Journal, 6: 18-23.

33- Kuzucu F., and Sakaldas M. 2008. The effects of different harvest times and packaging types on fruit quality of
Cydonia oblonga cv. Esme. Journal of Agricultural Faculty HR. U. 3: 33-39.

34- Kvikliene N., and Valiuskaite A. 2009. Influence of maturity stage on fruit quality during storage of ‘Shampion’
apples. Scientific Works of the Lithuanian Institute of Horticulture and Lithuanian University of Agriculture.
Sodininkyste Ir Darzininkyste, 3: 117-123

35- Lemoine M.L., Civello P.M., Martinez G.A., and Chaves A.R. 2007. Influence of postharvest UV-C treatment on
refrigerated storage of minimally processed broccoli (Brassica oleracea var. Italica). Journal of the Science of Food
and Agriculture, 87: 1132-1139.

36- Lin Y.F., Lin H.T., Lin Y.X., Zhang S., Chen Y.H., and Jiang X.J. 2016. The roles of metabolism of membrane
lipids and phenolics in hydrogen peroxide-induced pericarp browning of harvested longan fruit. Postharvest Biology
and Technology, 111: 53-61.

37- Maniei A. 1995. Planting to harvest of pear and quince. Technical publication Iran 113p. (in Persian with English
abstract).

38- Mohebi M., Babalar M., Askari M.A., Talaei A., and Barker A.V. 2017. Effects of harvest date on apple fruit
quality at harvesting and after cold storage. International Journal of Horticultural Science and Technology, 4: 21-27.

39- Mosharaf L., and Ghasemi A. 2004. Effect of harvesting time to increase the storage life of Isfahan quince cultivar.
Journal of Sciences and Technology of Agriculture and Natural Resources, 2: 181-189. (in Persian with English
abstract)

40- Nikkhah S.H. 2011. Effect of harvesting time and sodium chloride concentration on storage quality of Spadona and
Koshia pear cultivars.Horticultural Science Journal, 3: 243-250.

41- Nikkhah S.H., and Ghanji Moghadam E. 2006. Maintenance of qualitative and quantitative characteristics of Gorton



FOV L idual scaigif 9 syl 51 (gl (Sloy Ll colsld g comlivo Cobls y (yloj (et

quince cultivar using Thiabendazole fungicide. 4™ Congress of Horticultural Science, Mashhad, Iran.

42- Paniagua C., Pose S., Morris V.J., Kirby A.R., Quesada M.A., and Mercado J.A. 2014. Fruit softening and pectin
disassembly: an overview of nanostructural pectin modifications assessed by atomic force microscopy. Annals of
Botany, 114: 1375-1383.

43- Pasquariello M.S., Rega P., Migliozzi T., Capuano L.R., Scortichini M., and Petriccione M. 2013. Effect of cold
storage and shelf life on physiological and quality traitsof early ripening pear cultivars. Scientia Horticulturae, 162:
341-350.

44- Raese J.T., and Drake S.R. 2000. Effect of calcium sprays, time of harvest, cold storage and ripeness on fruit quality
of ‘Anjou’ pears. Journal of Plant Nutrition, 23: 843-853.

45- Rasoulzadegan Y. 1992. Tree growing in temperate regions. Publication of Isfahan University of Technology, 756p.
(in Persian with English abstract)

46- Rahemi M., and Akbari H. 2004. The effects of thermal treatment and type of packaging on quality and storage
period of quince fruit. Journal of Horticultural Science and Technology, 4: 72-83. (in Persian with English abstract)

47- Singleton V.L., and Rossi J.A. 1965. Colorimetry of total phenolics with phospho- molybdic-phospho- tungstic acid
reagents. American Journal of Enology and Viticulture, 16: 144-158.

48- Soska A., and Tomala K. 2006. Internal quality of apples during storage. AGRONOMIJAS VESTIS (Latvian
Journal of Agronomy), 9: 146-151

49- Thakur B.R., Singh R.K., and Nelson P.E. 1996. Quality Attributes of processed tomato Products. Food Reviews
International, 3: 357-401.

50- Valero D., and Serrano M. 2010. Postharvest biology and technology for preserving fruit quality. CRC-Taylor and
Francis, Boca Raton, USA.

51- Weibel F., Widmer F., and Husistein A. 2004. Comparison of production systems: integrated and organic apple
production. Part I1l: Inner quality: composition and sensory. Schweizer Zeitschrift fir Obst- und Weinbau, 140: 10-
13.

52- Zhang L., Wang J., Zhou B., Li G., Liu Y., Xia X.L., Xia Z., Lu F., and Ji S. 2019. Calcium inhibited peel browning
by regulating enzymes in membrane metabolism of ‘Nanguo’ pears during post-ripeness after refrigerated storage.
Scientia Horticulturae, 244 :15-21.



Journal of Horticultural Science (53,9155 aalio 5 p5le) (Sl pole & 203

Vol. 33, No.4, Winter 2019, P. 639-653 b FYA-FOY 0 ATAA Lo oF 0)lod ¥l
ISSN: 2008 - 4730 A Yook FYYe L

Determination of the Appropriate Harvest Time and Storability of some
Cultivars and Promising Genotypes of Quince (Cydonia oblonga Mill.) in Cold
Storage Conditions

M. Tataril*- M. Mahlouji?- E. Ghorbani?
Received: 29-08-2018
Accepted: 24-11-2019

Introduction: The evaluation of storage characteristics and determination of resistance to post-harvest
disorders in horticultural crops is highly important. ‘Viduja’ as new quince cultivar and KVD2 and KVD4
promising quince genotypes were collected from different regions of Isfahan Province. As these cultivar and
promising genotypes are new, it is necessary to determine the most appropriate harvest time for them based on
effective harvest indices. This research was carried out for the determination of the best harvest time and storage
period of these promising quince cultivar and genotypes.

Material and Methods: This experiment was carried out on 'Viduja' as new cultivar and KVD2 and KVD4
genotypes as promising genotypes and 'Isfahan’ cultivar as control, which was grafted on hawthorn seedling
rootstock. In April, the full bloom time of these cultivars and genotypes was monitored to report harvest time
based on the number of days after flowering for each cultivar and genotype. Fruits were harvested on October
6™, 14", and 21, 2016 in the horticultural research station of Mobarakeh. Fruits were transferred to cold storage
with 0+£1°C and 90£5% R.H. for five months. Some traits were measured in the harvesting date and also at the
end of every month. These traits included weight loss percentage, fruit firmness, TSS, TSS/TA, pectin, total
phenol, surface browning and decay percentage. The experiment was carried out as a factorial experiment in a
completely randomized design with three replicates (10 fruits in each replicate).

Results and Discussion: 'Viduja' cultivar and KVD2 and KVD4 genotypes were early flowering and had
similar flowering time. Isfahan quince cultivar was late flowering and had moderate overlap with KvVD2 and
KVD4 genotypes. According to the results, the highest weight loss was observed in the fifth month of storage. In
this month, 'Isfahan’ and 'Viduja' cultivars showed the most and the least weight loss, respectively. Others
showed increased water loss and reduced fruit weight with increased storage time. For example, with increasing
the duration of storage in the cold storage, the weight loss of 'Gorton' quince cultivar increased. In all cultivars
and genotypes, the highest TSS and TSS/TA were founded in the third harvest and fifth and fourth month of
storage. Mosharraf and Ghasemi (34) reported that TSS in the last harvesting time and after five months of
storage time was 20.16% in 'Isfahan’ cultivar. In their research, TSS was 14.75% in harvesting time that was less
than the rate of this trait in the current study. The highest TSS/TA belonged to 'Isfahan’ and 'Viduja' cultivars.
The highest fruit firmness was obtained at harvest time of 'Isfahan' and K\VVD2 genotype, and the lowest of that
was observed in five months after the storage of KVVD4 genotype. In the Esme quince cultivar, the fruit firmness
in the third harvest quickly decreased, and after six months it was 3 kg cm?2. At harvesting time of KVD4
genotype, the highest phenol content was observed. 'Isfahan’, 'Viduja' cultivars and KVD2 genotype showed the
lowest phenol content after five months of storage. Increasing the storage period resulted in a decrease in phenol
content in all cultivars and genotypes. Similarly, other researchers showed that the total phenol content gradually
decreased with prolonged fruit storage (6 and 7). KVVD4 genotype and 'Isfahan’ cultivar showed the most pectin
content at harvesting time. Increasing the storage time reduced the rates of pectin. According to Mosharraf and
Ghasemi (39), increased storage period reduces pectin content in Isfahan cultivar fruits. The fruit surface
browning was begun from the fourth month of storage, and there was no significant difference with the amount
of this trait in the fifth month. Surface browning in the third harvest of Esme cultivar was also more than the
previous harvestings, and eventually reached 70% (30). With prolonging storage time, the decay percentage
increased. The first decay was observed from the third month of storage and reached its highest level in the fifth
month. Isfahan cultivar had the highest percentage of decay. Other cultivar and genotypes had no significant
difference in decay percentage.

Conclusions: Finally, the best harvesting time for 'Isfahan’, 'Viduja', KVD2 and KVD4 cultivars and

1, 2 and 3- Assistant Professors and Trainer, Horticulture Crops Research Department, Isfahan Agricultural and Natural
Resources Research and Education Center. AREEO, Isfahan, Iran
(*- Corresponding Author Email: mtataril@gmail.com)
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genotypes were 185, 200, 200 and 193 days after full bloom respectively. Fruit storage in the cold for four
months is advisable for 'Isfahan' and 'Viduja' cultivars and KVVD4 genotype. In KVD2 genotype fruits, five-
month storage is recommended.

Keywords: Post-harvest, Surface browning, Pectin, Phenol content
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Table 1- ANOVA for the effect of different drying methods on phytochemical properties of Pelargonium graveolens
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Figure 1. The effect of different drying methods on drying time of Pelargonium graveolens. (LSD, p<0.01)
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Figure 2- The effect of different drying methods on total phenol content of Pelargonium graveolens. (LSD, p<0.0I)
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Figure 3- The effect of different drying methods on total flavonoids content of Pelargonium graveolens. (LSD, p<0.01)
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Figure 4- Effect of different drying methods on the antioxidant activity of Pelargonium graveolens in DPPH assay.
(LSD, p<0.01)
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Figure 5-Effect of different drying methods on antioxidant activity of Pelargonium graveolens in FRAP assay (LSD, p<0.01)
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Figure- 6. Effect of different drying methods on essential oil content (w/w) of Pelargonium graveolens. (LSD, p<0.01)
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Table 2- Correlation coefficient between phytochemical traits in different drying methods ofPelargonium graveolens
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Introduction: Drying is one of the most important post-harvest techniques for medicinal plants.
Pelargonium graveolens (known as geranium) is an important, high-value perennial, aromatic shrub that can
reach a height up to 1.3 m and a lateral growth of 1 m. The essential oil of P. graveolens is extensively used in
the perfumery and cosmetic industries. Medicinal plants produce antioxidant compounds, which defend cells
against degenerative effects of reactive oxygen species produced during oxidative stress and metabolism.
Antioxidants are molecules that scavenge free radicals and reduce/prevent their damages. Therefore, the
identification of natural antioxidants as preservative agents plays a pivotal role for the food, cosmetic and
pharmaceutical industry. This study was conducted to investigate the effect of different drying methods

(microwave-drying, oven drying and ambient-drying) on drying time and some phytochemical properties of P.
graveolens.

Material and Methods: In order to evaluate the effect of different drying methods on drying time and some
phytochemical properties of Pelargonium, an experiment was conducted at the faculty of agriculture of Lorestan
University (Khorramabad, Iran) in 2017. The experiment was carried out based on completely randomized
design with 12 treatments and three replications. The drying treatments were microwave-drying (300, 600 and
900 watts), oven-drying (45, 55 and 65 °C), ambient-drying (shade-drying at room, shade-drying in the field,
sun-drying for five hours and then transfer to the room shade, sun-drying for 10 hours and then transfer to the
room shade, and sun-drying) and fresh samples (as control). In all drying methods, the drying process continued
until the moisture content of samples reached to 12% based on dry matter.

Results and Discussion: The results of analysis of variance showed the significant effect of drying methods
on total phenol and flavonoids contents, antioxidant activity and essential oil content of the plants. The minimum
and maximum of drying time (4.05 min and 6 days, respectively) was related to microwave-drying (900 watts)
and shade-drying in the field, respectively. The highest total phenol (14.78 mg GA per 100 g dry matter) and
flavonoid (12.83 mg quercetin per 100 g dry matter) contents were observed in plants dried at room shade and
field shade, while the highest antioxidant capacity (ICso=1.02) was related to the fresh samples. The plants dried
in the oven (45 °C) also had a notable phenol and flavonoid contents with high antioxidant activity. On the
contrary, the samples dried in the microwave and sunshine showed the lowest amount of phenol and flavonoid
contents and antioxidant activity. The highest essential oil content was obtained from oven-drying at 45 °C (0.2
%w/w based on dry mater), followed by shade-drying in the field (0.17 %w/w based on dry mater), and oven-
drying at 55 °C (0.15 %w/w based on dry mater). While, the lowest essential oil content occurred with
microwave-drying at 900 W (0.04 w/w based on dry mater). In this study, the amount of essential oil in the
microwave-drying plants was significantly reduced by increasing the power of the microwave. The decrease in
essential oil content with increasing oven temperature was also observed. The decrease in essential oil content
with increasing oven temperature has also been reported in other species such as peppermint, dill, tarragon and
sage and could be due to evaporation of the essential oil along with moisture losing during drying process. The
results of Hamrouni Sellami et al. (2012) showed that drying in microwave at 800 w increased total phenol and
flavonoid levels of sage (Salvia officinalis L.). Their results showed that as the microwave power increased from

600 to 800 watts, the total phenol content increased significantly. In research by Arslan et al., (2010), the lowest
total phenol content was observed in the oven dried samples, whereas the highest total phenol content was
obtained from the oven-microwave treatment and sun drying. The researchers explained that this increase was
probably due to the release of phenolic compounds during drying and the reason for the decrease in phenolic
compounds in the oven was attributed to the high temperature. Besbes et al., (2004) also reported that with

\, 2, 3,4 and 5- Department of Horticultural Sciences, Faculty of Agriculture, Lorestan University
(*- Corresponding Author Email: mumivand.h@Iu.ac.ir)
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increasing drying temperature, the amount of total phenolic compounds decreases, which may be due to the

destructive effect of high temperatures on phenolic compounds. In general, it could be concluded that drying in
high temperature of oven and high power of microwave reduces the amount of phenolic and flavonoid
compounds, antioxidant activity and essential oil content of P. graveolens. While, shade-drying and oven-drying
at 45 °C showed the least reduction in these traits compared to the fresh samples.

Conclusion: It can be concluded that shade-drying at room, shade-drying in the field and oven-drying at
45°C are more suitable for the P. graveolens .While drying treatments in the microwave and sunshine are not
suitable for the species. In addition, the results showed that there was a significant relationship between total
phenol content and antioxidant activity in both assays.

Keywords: Antioxidant activity, Drying, Phenolic compounds, Pelargonium graveolens
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Table 1 - Fertilizer treatments used for fertigation of plant samples

2lié Jols EC

&35 o Spao p (Pine polis () Comd . . &
L . . EC of Nutrient solution
Fertigation treatment Elements ratio (weight percent) (mS/cm) Reference
. . 15(N), 5(P20s), 30(K20), 10.10(Ca0),
First group 5 09,5 2.16(MgO) 1.10 Kacperska (11)
. 15(N), 10(P20s), 30(K20), 11.10(Ca0),
Second group 93 09,5 2.10(MgO) 1.13 Bres et al (3)
. . 15(N), 10(P20s), 15(K20), 11.10(Ca0), -
Third group dw 09,5 2.50(MgO) 0.92 Modified Bres et al (3)
. 15(N), 8(P20s), 12(K20), 11.10(Ca0), .
Fourth group )l 09,5 2.50(MgO) 1.06 Modified Mota et al (23)
. e 15(N), 5(P20s), 20(K20), 11.10(Ca0), -
Fifth group s 09,5 2.50(MgO) 0.96 Modified Kacperska (11)
: v e 15(N), 15(P20s), 15(K20), 11.10(Ca0), -
Sixth group i 09,5 2.50(MgO) 0.97 Modified Florance Flora (8)
Sunway o8, 15,5 2L (sWdiged disi Coa 03] 3 y90 Do g 2ldE polic wdlie -Y Joso
Table 2- The amounts of nutrients used for fertigation of gerbera cv. Sunway samples
b pan g olis
Macro elements (mM)
e Sy 89,5 93895 A 89,5 Sk 095 T2 095 oA 09,5
Salt name Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
K2SO04 0.22 0.22 0.22 0.22 0.22 0.22
KNO3 3.8 3.62 1.23 2.03 221 0.94
KH2PO4 0.53 0.71 0.71 0.71 0.53 1
NH4H2PO4 - 0.35 0.35 0.75 - 0.59
NHsNOs 0.75 0.53 0.85 0.53 0.75 0.85
Ca(NOs)2,4H:.0 1.35 1.48 1.48 1.48 1.48 1.48
MgS0Oa4,7H20 0.4 0.4 0.4 0.4 0.4 0.4
Mg(Nos)2,6H20 - - 0.07 0.07 0.07 0.07
CO(NH?2)2 - - 0.8 3.25 0.59 0.82
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Continued Table 2- The amounts of element nutrients used for fertigation of gerbera cv. Sunway samples

pais @b Sy 09,5 93895 dws 89,5 Sk og,S 4095 O 09,5
Element name Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
(mM)

N 8 7.99 7.18 10.19 7.4 7.14

P 0.53 1.06 1.06 1.46 0.53 1.59

K 4.77 4.77 2.38 3.18 3.18 2.38

Ca 1.35 1.48 1.48 1.48 1.48 1.48

Mg 0.4 0.4 0.47 0.47 0.47 0.47

S 0.65 0.65 0.65 0.62 0.62 0.62
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Table 3- The amounts of micro elements and iron used for fertigation of plant samples

B uao oS molic Concentration cdals
Micro elements (mM)
MnCLz, 4H2.0 0.0049
HsBOs 0.020
ZnS04 0.0061
CuSOq4, 5H20 0.00048
NaMoOQs, 2H20 0.00058
o (M)
Iron
FeSOa4, 7TH20 0.0348
Na2:EDTA 0.0384
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Table 4- ANOVA for the effects of different fertilizer treatments on the mean square of evaluated traits of gerbera plantlets

cv. Sunway
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** *and ns: significant at 1%, 5% and non-significant, respectively.
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Figure 1- Effect of different fertilizer treatments on root fresh and dry weight of gerbera plantlets cv. Sunway
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Figure 2- Effect of different fertilizer treatments on root volume and root length of gerbera plantlets cv. Sunway
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Figure 3- Effect of different fertilizer treatments on main root number and secondary root number of gerbera plantlet cv.
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Figure 4- Effect of different fertilizer treatments on petiole length of gerbera plantlet cv. Sunway
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Table 5- ANOVA forof the effects of different concentration of fertilizers on the mean square of traits of gerbera platlets cv. Sunway
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** *and ns: significant at 1%, 5% and non-significant, respectively.
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Table 6- Effect of different concentrations of second group fertilizer on some of the traits of gerbera plantlet cv. Sunway
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Means followed by the same letter within each column are not significantly different at probability level of 5% based on LSD test.
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Table 7- ANOVA for the effects of different concentration of fertilizer on the mean square of traits of gerbera plantlet cv.
Sunway
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Figure 5- Effect of different fertilizer treatments on total chlorophyll, chlorophyll a, chlorophyll b and carotenoid contents in
gerbera plantlet cv. Sunway (LSD, p<0.05)
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Introduction: In traditional agriculture, a high concentration of nutrients is generally available to the plant,
and a large amount of it will be leached out and is not available to the plant. But, if properly managed, the
nutritional needs of the plant can be identified; it can increase the efficiency of fertilizer use and also prevent the
environmental pollution caused by excessive use of chemical fertilizers in the country. Therefore, the aim of this
study was to increase the fertilizer utilization efficiency by choosing optimal fertilizer treatment and its optimum
level for acclimation and optimum growth of gerbera tissue culture plantlets.

Material and methods: In the first experiment, different fertilizer treatments with different proportions of
NPK were evaluated in a completely randomized design with 10 replications. In the second experiment, the
different concentrations of the secondary group treatment (0.5x, 1x and 1.5x) were evaluated to determine the
optimum level of fertilizer treatment. This experiment also was conducted in a completely randomized design
with 15 replications. At the end of each experiment different parameters such as leaf number, petiole length,
shoot dry and fresh weight, main root number, root length, secondary root number, root volume, root dry and
fresh weight, chlorophyll a, b and total content were measured. Data preparation was done in Excel and data
analysis was performed using the Jump 8 software. Mean comparison between treatments was performed with
LSD test at 5% probability level and charts were drawn using Excel program.

Results and discussion: The results showed that the maximum root length, root volume, root dry and fresh
weight and secondary root number was obtained from plantlets that was treated by the fertilizer treatment of the
second group: K3SO; (0.22 mM), KNOs (3.62 mM), KH,PO4 (0.71 mM), NH4H2PO4 (0.35 mM), NH4NOs (0.53
mM), Ca(NOs3)2,4H,0 (1.48 mM), MgSOa, 7H;0 (0.4 mM), MnCl;, 4H,0 (0.0049 mM), H3sBO3 (0.020 mM),
ZnS04 (0.0061 mM), CuSOs, 5H,0 (0.00048 mM), NaMoO,, 2H,0 (0.00058 mM), FeSO4, 7H,0 (0.0348 mM),
Na;EDTA (0.0384 mM). So among the different fertilizer treatment, application of the fertilizer treatment of the
second group was recommended. Calculation of nitrate and ammonium content used in six fertilizer treatments
showed that the amount of ammonium used in fertilizer had a significant effect on root number and root dry
weight. The maximum root humber and root dry weight were observed in the second fertilizer group and then in
the first fertilizer group. Urea was not used as a source of nitrogen in the fertilizer formula of these two
treatments, while in other fertilizer treatments; urea fertilizer was used in addition to other sources of nitrogen
supply. Since urea is converted into ammonium before its absorption by the plant, its application in the fertilizer
formula has an effect on the amount of ammonium used in the fertilizer composition. It increases the ratio of
ammonium to nitrate in fertilizer composition, which in turn influences root function. The ratio of potassium to
phosphorus in the research of Khalaj et al. (4.40) is approximately as the same as the ratio of potassium to
phosphorus used in the second group fertilizer treatment (4.50). The results of this ratio were also corresponded
to Zheng et al. (4.6), Paradikovic et al (4.4), Hahn et al (4), Savvas and Gizas (4.8).The results of second
experiment showed that plantlets grown under 1.5x concentration of second group fertilizer had better growth
indices than two other treatments and had higher means in terms of root and shoot dry weight and petiole length.
After counting the number of produced leaves at the end of the experiment, signs of leaf necrosis was observed
under some treatments. Plantlets treated with 1 and 0.5 x concentrations of the second group treatment showed
the highest incidence of leaf necrosis. Application of 1.5 x concentration of the second group treatment resulted
in a 40% decrease in leaf necrosis symptoms compared to the other treatments. Also, the highest percentage of
healthy leaves was obtained from 1.5 x concentration of the second group treatment, which showed a significant
difference with the other treatments.

1, 2, 4 and 5- Assistant Professors and Instructors, Research group of Ornamntal Plants Biotechnology, Department of
Industrial Biotechnology, Khorasan Razavi Branch of Academic Center of Education, Culture and Research

3- PhD Student of Agricultural Biotechnology, Departement of Biotechnology and Plant Breeding, Faculty of
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Conclusion: Generally, for the purpose of acclimation and optimal growth of gerbera tissue culture plantlets,
fertilizer treatment of the second group {15(N), 10(P20s), 30(K20), 11.10(Ca0), 2.10(MgO)} at a concentration
of 1.5x is recommended.

Keywords: Different concentrations of fertilizer treatment, Growth indices, NPK ratios, Nutrition
requirements.
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Table 1- Physical and chemical properties of the soil

P K Zn Mn Fe Cu
(mgkg?)  (mgkg!)  (mgkg?)  (mgkg')  (mgkg?)  (mg.kg)

Gt e ay Soske
se Soil C pH Organic N
Soil texture (ds.m™) matter (%)
properties (%)
’ Silt 2.61 7.51 0.57 0.08
Amount
loam

68.8 269 0.86 8.91 4.17 1.09

= . 3

(B) Wylos Jlos! 51 Jud 5 (A) (g 31 ot 2550 8L (50 ilitsen Ul po 51 (5 gl
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Figure 1- Different growth stages of savory after weeding (A) and before treatment application (B)
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Table 2- Chemical composition of used seaweed fertilizer in this study

Compositions

S i % wiw
Seaweed Extract
by Sl oylas 20
Organic Matter
LJ odlo 15
Folic Acid
el g 10
Potassium (K20
wb( ) 45
Total nitrogen (N) 25
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Table 3- ANOVA (mean squares) for the effect of seaweed fertilizer on growth traits of summer savory
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@l 5 g

LESL

adyy p Gis
Root fresh
weight

43,!&133)1

ailu i

Ol i 2alio

sl

Shoot fresh

Sy ssE

Spdsb
Leaf width

Leaf length

s

Number of

Plant
height

Stem
diameter

‘_;al}i

(SoV)

Spad index

A 3
Root

dry
weight

dry

weight

weight

branches

df

Sl

Block

127.70

2.97 1.09

73.58

3188.57

28.50

0.26

2.87 2.20

8.92

35

Fertilizer

oialeil ol

27.81
o 818.62 **

83.84 **

354.38 **

15.53 #* 514,91 ** “8040.98

35.24%*

681.36 **

646.92 **

3

6.25 2792.25 11.96 1.30 0.56 54.30

0.25

2.98 0.81

3.48

18.08

10.52 8.93 16.42

32.29

7.45 5.09 14.51 13.34

Error

ki o

CV (%)

w+ & ns
3

doyd ) 0 Jlain! pdaw j3 )l xe g 4l e pE S 4

": non-significant, *, **: Significant at 5% and 1 % of probability level, respectively.
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Figure 4- Effect of different concentrations of seaweed fertilizer on spad index of savory (LSD, p<0.01)
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Table 4- Analysis of variance (mean squares) of the effect of seaweed fertilizer on essential oil percentage and yield of
summer savory

Ol i @olio NEUETSY) P WY RS ol 5,Slos
SOV df Essential oil percent Essential oil yield
"_’S _ 1 0.009 0.07
Replication
(55) s 3 0.590% 5.82°
Treatment (fertilizer)
Al sl 3 0.032 0.22
Error
(£) CV &l pis oy - 10.16 11.34

L ‘ns

Moy Vg0 Jlois! pdass )0 b pixe g 5 gime juf Cud g A Mg
"S: non-significant, *, **: Significant at 5% and 1% of probability level, respectively
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Table 5-The effect of seaweed fertilizer on the measured traits of summer savory
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Root dry weight
(2)
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content
(%)
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Q=

.333
=

K=y
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Seaweed fertilizer concentration

Plant
height
(cm)

Leaf

width
(mm)

Leaf
length

Shoot fresh

Shoot dry weight
(8

weight
(g8)

(mm)

(mlI")

251 ¢

1.21b

247d

2447 ¢ 8.62¢

132.24 b

37.00d
45.66 ¢
54.66 a

5033 b

342 ¢

23.00d

(Control)

3.63 be
6.28a

1240 b 385¢ 1.73 b
2.51a

31.65b

145.19 ab

6.47b

31.55¢
37.88b
4322 a

2.5

37.64 a 1497 a 551b

37.69 a

196.08 a
181.01 ab

6.88b

448 b

1.60 b

6.42 a

15.17a

8.07a
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Means in each column followed by similar letter (s) are not significantly different at 1% probability level based on Duncan's Multiple Range Test
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Table 6- Pearson correlation coefficients between studied traits of summer savory

Traits el 1 2 3 4 5 6 7 8 9 10 11 12
u_c)s &L slaw =1 1
Number of branches
Sy Job -2 0.92 L
Leaf length (mm) o
Leaf width (mm) o =
sl s -4 080 090  0.80 .
Stem diameter (mm) x* i x*
5y glis) -5 071 076 066 074 .
Plant high (cm) ** ** ** **
adyy 5 05536 077 08 078 08 077 L
RFW(g m_2) *%* ** ** ** **
adny Kitd gy =T 084 08 08 08 073 086 .
RDW (g m_Z) ** *%* ** ** ** **
:;“ V\;’(;)r’n _’:; 034* 038* 028 0 034* 037* o036* 1
Bl Kts 599 071 070 059 072 076 065 072 044
SDW (g m_2) *%* ** ** ** *%* *%k ** **k 1
sl a3l5-10 056 063 064 056 066 063 051 ., 038
Spad |nde)( *%* ** ** ** *%* **k ** . *
- ::t“’;l*:f ‘elrient 047 046 062 o050 92 056 4. g79% 038 o052 1
ssential oil p
il 5,SLas—12
Essential oil yield ~ 073* 070  07L* 0.73* 096 o754« g7+ O g0 o052 0N
(g/m?)

RFW: Root fresh weight, RDW: Root dry weight, SFW: Shoot fresh weight and SDW: Shoot dry weight, respectively.
2o ) 90 Jloas! pdaw 50 )b pxe iy 4 g *
*, **: Significant at 5% and 1% of probability level, respectively
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Introduction: Organic production is one of the important aspects in the medicinal plants industry and the
use of organic fertilizers is very important in this topic. Seaweeds are important marine living resources with

tremendous commercial applications and many commercial products from seaweed extract are used in
agriculture and horticulture. Seaweed extracts can be used in liquid form as a foliar spray, soil drench or in
powder and granular forms as soil conditioners and manure. Using seaweed extracts as fertilizers can improve
plant productivity, because they contain growth-promoting hormones. Several studies have also shown that the
seaweed extracts can suppress plant diseases and insect pests. Nowadays, seaweed extract is used as an organic
fertilizer in order to increase the quantitative yield of medicinal plants and also resistance to environmental
stresses. Summer savory is one of the medicinal and spice plants that has a high area under cultivation in our
country for food and medicine. Various studies on its essential oil had been shown that it contains high amounts
of phenolic compounds like Carvacrol, y-Terpinene, Thymol, p-Cymene, B-Caryophyllene, Linalool, and other
terpenoids.

Materials and Methods: In order to study the effect of different levels of seaweed fertilizer on the growth
characteristics, plant material yield, essential oil percentage of summer savory, an experiment was conducted as
a randomized complete block design with 3 replications at the Faculty of Agriculture, Tarbiat Modares
University (TMU) during 2017. The treatments included: O (control), 2.5, 5 and 10 ml/liter seaweed fertilizer
that they were used as a foliar application for three times in the growing season. According to the meteorological
data, the area had an average rainfall of 246 mm and a semi-arid climate. In order to determine the physical and
chemical properties of the soil, soil sampling and testing were done. To prepare the field, the soil tillage
operation was carried out using a 40 cm depth plow. Then, plots with a 2 x 2 meters at a distance of half a meter
from each other were prepared. The seeds used in this experiment were prepared from Varamin landrace, which
is mainly cultivated by farmers in Tehran and Alborz provinces. Sowing operation was carried out manually. In
each plot, 7 rows (30 cm spacing between rows) were cultivated and all of the plots were irrigated in the same
conditions. The organic fertilizer (Bioalgax) used in this experiment was based on an extract of seaweed
(Ascophyllum nodosum), which was obtained from the Kimitec company, Spain. This fertilizer is a natural
source of phytohormones such as cytokinins, auxins, and gibberellins and also, it has some minerals. After
reaching the height of 20 cm (eight weeks after planting), spraying of the fertilizer solutions was applied three
times during the growing season at intervals of 10 days. The foliar application was carried out at sunset time by
using a manual sprayer. The harvest was carried out at full flowering stage and 3 plants of each plot were
harvested. The studied traits were: plant height, stem diameter, the humber of branches, leaf length, and width,
shoot fresh and dry weight, root fresh and dry weight, SPAD index, essential oil yield and content.

Results and Discussion: The results showed that different concentrations of seaweed fertilizer had a
significant effect on the number of branches, shoot dry weight, root fresh and dry weight, leaf width and plant
height at 1% probability level. They also had a significant effect on the shoot fresh weight, essential oil
percentage, and yield at 5% probability level. On the basis of the results, the highest number of branches (35.44),
leaf length and width (43.22 and 8.07 mm), stem diameter (5.00 mm), root fresh and dry weight (15.17 and 6.42
g), shoot fresh and dry weight (181.01 and 37.69 g) and SPAD index (48.13) were obtained from 10 ml/liter
seaweed fertilizer and the lowest amounts were observed in control treatment. The maximum plant height (54.66
cm) and the highest percentages and the yield of essential oil (2.51% and 6.28 g/m?) were also obtained from 5
ml/liter seaweed fertilizer. According to the results, the response of summer savory to the use of seaweed
fertilizer was positive and it could be placed in the fertilization program of farmers.

Keywords: Medicinal plants, Organic fertilizer, Seaweeds, Summer savory, Sustainable agriculture.
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Table 1- Characteristic of the studied habitats of Mentha longifolia L.
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.Table 2. ANOVA of morphological traits of Mentha longifolia L. in six habitats

Ol s’ @3lo wolil amyo  glasl J5 olass Sy ooy as Ll olaas 0,5 olaey
Sources of variation df Height  Flowers number Leaves number  Shoots number  Nodes number
ol 5 2300 149" 1.7 10.4™ 12.8%
(Habitats)
olejl s 12 0.00003 0.0005 0.001 0.0002 0.0001
(Error)
s oy . 43 3.4 41 3.2 3.2
cV

Cuwol doyd ) d)lﬁ]éhw)) Y )IJLf."‘" )i.’Lw %
**Significant at the 1% level of probability
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Table 3. Mean comparison of morphological traits traits of Mentha longifolia L. in six habitats

olKins, s ag 50 JS ol S o olaws as L olosy 0,5 olasy
(Habitats) Height (cm) Number of Number of Number of Number of
g flower in plant leaves shoots nodes
@ I“’:“I‘ | 123¢ 12" 252 23 b0 19"
elghalam
K 137V 15 20°¢ 262 16 °
(Banderika)
Crtigees 105 ¢ 12° 23° 270 19°
(Sivzamin)
o e 1622 16° 252 24" 224
(Gate Lash)
o229 Oy 100°¢ 12° 25° 22° 19°
(Vash Varin)
oo 86 10¢ 230 240 17°¢
(Pardameh)

At LSD 9051 51 ookl b dop> 8 Jlonl graws 53 (615 sime O3] 181 g2 p2 p3 S yndie Gy S JBlis (ol (olo uSilio
Numbers followed by the same letter are not significantly differentns (p<0.05) using LSD test.
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Table 4- ANOVA of biochemical traits of Mentha longifolia L. in six habitats

alie Geaw s T
T AT AT - Total s ol oy
G 5 Chlorophyll  Chlorophyll Total N . RV Y] Essential
Sources 3! Carotenoid < henol _Total gl Pulegone
of of a b(mg/g  chlorophyll 0By Antioxidant  “qq/q  flavonoid il yield (ppm)
o (mg/g DW) DW) (mg/g DW) activity (%) pw) (mglg (%)
variation
DW)
o 5 29* 154% 8* 17 0.08** 0.83* 0.08** 0.08** 15893519**
(Habitats)
sl ) 0.77 0.43 2.1 0.22 0.011 125 0.14 0.0085 199349
(Error)
o
i - 8.8 136 9.8 8.8 13 18.7 12.2 18.2 22.9
cv

el 391 I gime pae 5L Codle oy g 203 B g ) (6ylol prdaw )3 (390 I re LIS s 4 T g *®
= = Significant at the 5% and 1% levels of probability, respectively
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Figure 1- The effect of different habitats (Belgalam (1500 m), Banderica (1700 m), Siozmin (1850 m), Gat Lash (2000 m),
Vash Verin (2300 m) and Pardemeh (2600 m) on contents of chlorophyll a (A), chlorophyll b (B), total chlorophyll (C) and

carotenoids (D) of Mentha longifolia L. (LSD, p<0.05)
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Figure 2- The effect of different habitats (Belgalam (1500 m), Banderica (1700 m), Siozmin (1850 m), Gat Lash (2000 m),
Vash Verin (2300 m) and Pardemeh (2600 m) on antioxidant activity of Mentha longifolia L.
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Figure 3- The effect of different habitats (Belgalam (1500 m), Banderica (1700 m), Siozmin (1850 m), Gat Lash (2000 m),
Vash Verin (2300 m) and Pardemeh (2600 m) on total phenol (A), total flavonoid (B), Essential oil (C) and Pulegone (D)
content of Mentha longifolia L.
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Introduction: Horsemint (Mentha longifolia L.) is a valuable medicinal and aromatic plant belonging to
Lamiaceae family. It was reported that the contents and composition of perceived pharmacological properties
varied significantly among populations. The genus Mentha L. (Lamiaceae), is widely distributed in all continents
(except in South America and Antarctica). The systematic of the genus is not very elucidated because of the
strong morphologic variations, levels of ploidy (2n = 2x = 24 to 2n = 6x = 96), and hybridizations intra- and
interspecific (or between spontaneous and cultivated forms). M. longifolia or horsemint is a fast-growing and
perennial herb which cultivated in all regions. The species possesses antimicrobial and antioxidant properties.
The antimicrobial properties of the essential oils can be attributed to the presence of pulegone, menthone and
neomenthone because they can destroy the structure of different polysaccharides, fatty acids and phospholipids
by altering the permeability of the cell membrane and destroying the bacterial wall. The essential oils of
horsemint are said to be cyclohexane and aromatic, and pulegone is the main compound of these oils has a
definite aroma in the range of intense to spicy mint. The effects of environmental conditions on the plant growth
and development, reproduction and distribution are well known in plant ecology. Many studies have been carried
out about the relationships among plant chemical contents, biological activity and environmental variables in the
natural and cultivated plant species. This information has been used to determine the medicinal value and
economic importance of plant products.

Materials and Methods: In this research, the effects of six habitats with different altitudes (habitats of Amol
city) on some morphological and biochemical characteristics of horsemint plants were investigated in a
completely randomized design with three replications. This study was done to compare the amount of pulegone,
total phenol, total flavonoids, antioxidant activity, chlorophyll a, chlorophyll b, total chlorophyll, carotenoid and
also morphological features of horsemint such as number of leaves per plant, number of branches per plant,
number of flowers and number of nodes. For antioxidant properties using DPPH method in 517 nm wavelength,
total amount of phenol using Folin-Ciocalteu method in 765 nm wavelength and the total amount of flavonoid
were done using the aluminum chloride method in 415 nm wavelength and they were measured by
spectrophotometer. Essential oil was extracted from dried aerial parts using distillation by Clevenger apparatus
for 3 hours. Gas chromatography (GC) was used to measure pulegone.

Results and Discussion: The results showed that the altitude and ecotype significantly affecting the growth
and biochemical characteristics of horsemint plant. The highest number of leaves (25) and the shoots (27) of
horsemint were obtained in the Gat Lash region with 2000 meters and Siozmin with 1850 meters above sea level,
respectively. Gat Lash and Siozmin had the highest and lowest content of photosynthetic pigments, respectively.
Although there was no significant difference between the content of phenol and flavonoids in different habitats,
the highest rates were observed in the Pardemeh and Gat Lash habitats. The results showed that the highest and
lowest oil were obtained from ecotypes of Gat Lesh with 2000 meters and Vash Verin with 2300 meters above
sea level, respectively. As the height increased, the amount of pulegone was also increased in the leaves, so that
the highest amount of pulegone was found in Pardemeh (6069 ppm) habitat by 2600 meters above sea level.

Conclusions: Generally, for obtaining the highest essential oil content and pulegone, the best ecotypes were
Gat Lash and Pardemeh habitats, respectively. Due to the importance and usage of secondary metabolites in the
human life, investigating the relationship between environmental conditions with the production and
accumulation of secondary metabolites in plants can be very useful. Our results showed that the climatic
conditions had a significant effect on the morphological characteristics of the horsemint, thereby increasing or
decreasing the essential oil. In the present study, the best habitat for the highest pulegone was Pardemeh habitat
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but the habitat of Gat Lash could be a suitable habitat for domestication and cultivation of this plant because of
its higher essential oil yield and relatively good pulegone content. For this purpose, it is recommended to study
different habitats of this species in other parts of the country for finding the best ecotypes.

Keywords: Altitude, Essential oil, Habitat, Horsemint,Pulegone.
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Table 1- ANOVA for the effects of fulvic acid and iron nano chelate treatments on flowering indexes of gerbera cv. Dune
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Figure 1- Interaction effect of different concentrations of fulvic acid x iron nano chelate on the number of days to the
appearance of flower buds of gerbera cv. Dune (DMRT, p<0.05)
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Figure 2- Effect of different concentrations of iron nano chelate on the flower stem length of gerbera cv. Dune (DMRT,

p<0.01)
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Figure 3- Interaction effects of different concentrations of fulvic acid x iron nano chelate on flower longevity of gerbera cv.
Dune (DMRT, p<0.05)
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Figure 4- Interaction effect of different concentrations of fulvic acid x iron nano chelate on vase life of gerbera cv. Dune
(DMRT, p=<0.01)
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Figure 5- Effect of different concentrations of iron nano chelate on flower dry weight of gerbera cv. Dune (DMRT, p<0.01)
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Figure 5- Effect of different concentrations of fulvic acid on flower dry weight of gerbera cv. Dune (DMRT, p<0.05)
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Table 2- ANOVA for the effects of fulvic acid and iron nano chelate treatments on physiological indexes of gerbera cv. Dune
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Figure 7- Interaction effect of different concentrations of fulvic acid x iron nano chelate on chlorophyll index of gerbera cv.
Dune (DMRT, p<0.01)
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Figure 8- Interaction effect of different concentrations of fulvic acid x iron nano chelate on chlorophyll a of gerbera cv. Dune
(DMRT, p<0.05)
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Figure 9- Interaction effect of different concentrations of fulvic acid x iron nano chelate on chlorophyll b of gerbera cv. Dune
(DMRT, p<0.05)
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Figure 10- Interaction effect of different concentrations of fulvic acid x iron nano chelate on chlorophyll total of gerbera cv.
Dune (DMRT, p<0.05)
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Figure 11- Interaction effect of different concentrations of fulvic acid x iron nano chelate on carotenoid of gerbera cv. Dune
(DMRT, p<0.01)
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Introduction: Gerbera jamesonii is a permanent, herbaceous and chilling-sensitive plant species from the
family Asteraceae that is native to hot regions. The species has high color diversity and it is among the top ten
cut flowers in the world. Fulvic acids are a family of organic acids, natural compounds, and components of the
humus (which is a fraction of soil organic matter). They are similar to humic acids, with differences being the
carbon and oxygen contents, acidity degree of polymerization, molecular weight and color. Fulvic acid remains
in solution after removal of humic acid from humin by acidification. Fulvic acids are of relatively low molecular
mass and less biologically active than humic acids. Among micronutrients, Iron (Fe) is a cofactor for
approximately 140 enzymes that catalyze unique biochemical reactions and is an essential element for growth of
plants. Lack of iron causes young leaves yellow and photosynthesis activity reduce significantly and
consequently biomass reduce. Iron plays many essential roles in plant growth and development, including
chlorophyll synthesis, thylakoid synthesis, chloroplast development, contribution in RNA synthesis and
improvement the performance of photosystems. Nano-fertilizers can be substituted for conventional fertilizers.
Studies showed that the effect of nano-particles on plants can be beneficial (seedling growth and development).

Materials and Methods: In order to investigate the effect of different concentrations of fulvic acid and iron
nano chelate on flowering of gerbera as well as flower vase life of gerbera cv. Dune, an experiment was
conducted as a factorial based on a completely randomized design with three replications during the years 2016-
2017. The medium was included peat moss 65%, perlite 30% and cocopeat 5%. The seedlings of tissue cultured
plants were planted into pots (size-20) (volume 7 L, height 19 cm, diameter 24 cm) in hydroponic greenhouse
conditions. Day/night temperature regime was set at 20-25/13-16°C and light intensity at 400-500 umol m2s™.
The plants were fed three times a week. The treatments were: fulvic acid at four concentrations of 0, 50, 100 and
250 mg L as drench and iron nano chelate at 4 concentrations of 0, 1, 2 and 4 gr L as foliar application (15
days intervals for 4 months),. Two weeks after the last treatment, morphological parameters were measured.
They were included flower fresh and dry weight, flowering stem length, flower longevity and vase life and the
number of days to the appearance of flower buds. Also, the recorded physiological parameters included
chlorophyll a, b and total chlorophyll, chlorophyll index and carotenoid.

Results and Discussion: The results of this study showed that, flower dry weight was increased with
increasing the concentration of iron nano chelate. The highest flower dry weight (6.43g) was obtained from

plants treated with 4 g L™* iron nano chelate and the lowest one (5.57 g) from control plants, but flower fresh

weight was not affected by these treatments. The highest length of flowering stem was observed in treatment of 2
g L iron nano chelate. The lowest time to flowering was obtained from 50 mg L fulvic acid without
application of iron nano chelate. The results of means comparisons showed that fulvic acid and iron nano chelate
caused to increase flower longevity significantly. The highest flower longevity (19 days) was obtained from 250
mg L fulvic acid and 1 g L iron nano chelate and the lowest mean (12.66 days) was related to control plants.
Also, most of treatments caused to increase vase life compared to control. The highest vase life (14.66 days) was
observed in 1 g L iron nano chelate without fulvic acid while the lowest mean (6.66 days) was observed in
control. Chlorophyll content (chlorophyll a, b and total chlorophyll) and carotenoid content of gerbera increased
with increasing concentrations of fulvic acid and iron nano chelate in compared with the control.

Conclusion: According to the results obtained from this research, application of fulvic acid and iron nano
chelate have a positive effect on most flowering and biochemical indices. Application of low concentrations of
fulvic acid (50 mg L) supplemented with iron nano chelate caused to early flowering. Fulvic acid didn’t have
any effect on flowering stem length and its application reduced the flower dry weight. While combined
application of fulvic acid and iron nano chelate caused to increase flower longevity. Also iron nano chelate
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Faculty of Agriculture, Urmia University
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caused to increase flowering stem length, vase life and flower dry weight. In most of the biochemical indices,
combined treatment of 100 mg L™ of fulvic acid and 2g L* of iron nano chelate had better or favorable result on
measured indices compared to the control treatment although the highest concentration of treatments did not
have a negative effect and sometimes in some indicators also have more impact. Among these treatments, the
concentrations of 100 and 250 mg L™ fulvic acid and 2 and 4 g L™ iron nano chelate can be effective for gerbera
plant.

Keywords: Carotenoid, Chlorophyll, Flower dry weight, Flower longevity
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Table 1- ANOVA for germination percentage affected by different levels of temperature and water potential in watermelon

55 gl @33l ey &3 dle
S.0.V df Germination
> 6 11848.550%*
Temprature (T)
! Jeily 5 12083.315%*
Water potential (WP)
TxWP 30 1236.073**
s
82 1683.951
Error
i g
e 7.2
CV (%)

dioyd ) Jlss] gdaws j3 s gee®*
** Significant at 1% level.
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Table 2- Germination percentage of watermelon in response to different levels of temperature and water potential

(") &l Jawmily
Temperature Water potential

0 -0.25 -0.5 -0.75 -1.0 -1.25 Mean
10 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.0f
15 60.0a 31.1b 0.0c 0.0c 0.0c 0.0c 15.2¢
20 95.6a 93.3a 80.0b 48.00c 15.6d 0.0e 55.56h
25 95.6a 93.3a 86.7a 60.0b 28.9¢ 0.0d 60.7a
30 93.33a 88.9a 75.6b 24.4c 4.4d 0.0d 47.8¢c
35 64.4a 53.3b 31.1c 4.4d 0.0d 0.0d 25. 6d
40 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0f

Mean 58.1a 51.7b 39.0c 19.7d 6.9e 0.0f

Al oo LSD (905 (oleol p o y3 B prdaws )3 o ime MBS pie (Sobo (giw 9 iy ya ) dilite by y>
In each row and column, values with the same letter are not significantly different (p <0.05), by LSD test.
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Table 3- Estimated cardinal temperature ranges by linear regression for watermelon germination in different percentiles

(10-90%)
BS o wl gl il slos Bl Uy diealin (glod
Percentiles Tb To Tc or Tmax
10 10.9 25.7 41.5
20 10.9 25.3 41.0
30 10.8 25.1 40.5
40 10.7 25.2 40.1
50 10.7 25.3 40.0
60 10.6 25.3 39.8
70 10.8 24.8 39.3
80 115 24.7 38.9
90 11.6 24.6 38.7

Figure 1- Germination rate of watermelon in response to temperature at water potential of 0 MPa, and regression analysis of

germination response in different percentiles.

2 (@ Cond) Dgllao s I ity 9 (AN Ceomnd) J208 (5lales 3 algiar )iy (Sjlsn (wedS (5l ()l loj S o - € Jooa
ol liseo gl Jawniliy
Table 4- Parameters of the thermal time model for perdiction of watermelon germination at suboptimal and supraoptimal
temperature ranges under different water potentials.

3,05l as )3 10-Y0 1oglhe s 5 K0S s glod .
A. suboptimal temperature range: 15-25 °C

ol 5Ly
Water bot‘;‘]‘;a; (Mpa) 07(s0) (Log°C.days) Tb (°C) oo7 ( Log°C.days) R? RMSE

0 1.58 115 0.23 0.93 0.10
0.25 1.65 115 0.18 0.92 0.12
0.50 1.67 125 0.18 0.90 0.13
0.75 1.99 125 0.35 0.90 0.08
1 2.37 125 0.39 0.87 0.06

1.25 - - - - -
Overall 1.88 125 0.38 0.37 0.29

3Kl da 2 Y0-Y0 10glhs us 1 i o glod .o
. supraoptimal temperature range: 25-35 °C
c,:i Mm ) o o, 2
Water potential (Mpa) 0tc (°C.days) Tes0) (°C) o1c (°C) R RMSE

0 40 40.1 -3.87 0.87 0.14
0.25 40 39.7 -4.49 0.87 0.14
0.50 48 38.2 -5.45 0.88 0.12
0.75 120 37.1 -7.39 0.61 0.13
1 235 37.3 -8.19 0.45 0.08

1.25 - - - - -
Overall 57 37.0 -6.75 0.50 0.26
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Figure 2- The observed (symbols) and predicted (lines) germination percentage of watermelon in response to suboptimal

temperature ranges (15-25 °C) at water potentials of (a) 0, (b) -0.25, (c) -0.5, (d) -0.75,(e) -1.0, (f) -1.25 MPa. The predicted
values obtained by the thermal time model using the parameters were shown in Table 4.
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Figure 3- The observed (symbols) and predicted (lines) germination percentage of watermelon in response to supraoptimal

temperature ranges (25-40°C) at water potentials of (a) 0, (b) -0.25, (c) -0.5, (d) -0.75,(e) -1.0, (f) -1.25 MPa. The predicted
values obtained by the thermal time model using the parameters were shown in Table 4.
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Table 5. Parameters of the hydro-time model for perdiction of watermelon germination at various water potential whitin
temperature ranges caused a minimum germination.

") OH wh(s0) owb )
Temprature (°C) (MPa.days) (MPa) (MPa) R RMSE

10 : - : - §
15 55 0.45 0.396 0.93 0.05
20 45 118 0.325 0.93 0.09
25 35 1.23 0.374 0.91 0.11
30 3.0 0.95 0.282 0.88 0.13
35 3.0 051 0.570 0.89 0.08
40 i - i - )

Overall 13 0.74 0.543 0.29 0.28
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Figure 4- The observed (symbols) and predicted (lines) germination percentage of watermelon in response to various water

potentials at temperatures of 15 (a), 20 (b), 25 (c), 30 (d) and 35 (e) °C in which germination was occurred. The predicted
values obtained by the hydro-time model using the parameters were shown in Table 5.
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Table 6- Parameters of the hydrothermal time model for perdiction of watermelon germination at different levels of
water potential under suboptimal and supraoptimal tempretures

["})
OHT Tb ¥ b(50) Owb 2
Tem(gg;ture (MPa.c.days) cC) (MPa) (MPa) R RMSE
1525 405 115 113 0.37 0.92 0.10
OuT Tb To Kt Wp(50) Gwb 2
(MPa.c.days) Q) (°C) (MPa°C) (MPa)  (MPa) R RMSE
25-40 405 115 252 0.09 71,20 0.37 0.90 0.11
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Figure 5- The observed (symbols) and predicted (lines) germination of watermelon in response to different levels of water
potential at suboptimal (left) and supraoptimal (right) temperature ranges. The predicted values obtained by the
hydrothermal time model using the parameters shown in Table 6.
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Introduction: A rapid, complete, and uniform seed germination is important to establish a healthy seedling
that is a critical key to successful crop production. Therefore, identification of effective factors on germination
and plant response to various conditions are important to use an appropriate agronomic managements.
Temperature and water are the most important environmental factors controlling seed germination in plants. The
crop growth models are among the most effective tools for using in crop management decisions. The response of
seed germination to temperature and water potential can be simulated by thermal time, hydrotime and
hydrothermal time models. Regarding the importance of watermelon production in Iran, this study was
conducted to determine the cardinal temperatures of germination in watermelon plant, and also to quantify its
germination in response to the temperature and water potential interaction. .

Materials and Methods: In order to investigate the effects of temperature and drought stress on seed
germination and quantifying the germination responses; a factorial experiment was conducted with seven levels
of temperature including 10, 15, 20, 25, 30, 35 and 40 °C and the six levels of water potential including 0, —
0.25, -0.5, —0.75, -1.0, and —1.25 MPa, respectively. A ¥ of 0 MPa was obtained using distilled water. The
negative W levels were prepared by polyethylene glycol (PEG 6000; Merck, Germany) according to Michel and
Kaufman (1973). For each treatment, four 25-seed replicates were placed in 9-cm petri dishes containing one
disk of Whatman No. 1 filter paper, with 7 mL of test solutions. Cumulative germination percentage was
transformed to probit regression against time log (Finney, 1971; Steinmaus et al., 2000), and the time taken for
cumulative germination (tg) to reach subpopulation percentiles (10-90%) was estimated from this function
according to Steinmaus et al. (2000). Then the germination rates (GR) were calculated as the inverses of the
germination times for each percentile at each T or W. The preliminary estimation of the parameters in the TT,
and HT models were obtained by plotting GR versus T and ¥ for each percentile. Then using repeated probit
analysis developed by Ellis et al. (1986), the exact parameters for the TT, HT and HTT models were determined
for the whole seed population. All statistical procedure were done by SAS and Excel software, and the figures
were drawn by SigmaPlot10 software.

Result and Discussion: The analysis of variance showed that the temperature, water potential and their
interaction had significant effect on the germination percentage of the watermelon plant. Seed germination of
watermelon was about 96 % under the optimal conditions. However, the germination ability was affected by the
temperature and water potential of the seedbed. The results showed that the germination was decreased by
decreasing water potential, at all temperature levels. The seeds of watermelon germinated over a range of water
potentials from 0 to -1 MPa. Furthermore, the lowest germination loss associated with decreasing water potential
observed at temperature range of 20-30 °C (compared to temperatures below and above this range). The
maximum percentage of germination was recorded at 20-30 °C, while no seeds germinated at 10 and 40 ° C. The
results also showed that the highest germination rate was obtained at 25 °C and the germination rate decreased at
lower and higher temperature than this range. While watermelon seeds were grown under no water stress
condition, the estimated base and ceiling temperatures of germination by a linear regression method were 10.7
and 40.0 °C, respectively. However thermal time model was used, but the base and the maximum temperatures
were estimated as 11.5 and 40.1 °C, respectively. Furthermore, an optimum temperature of 25.2 °C was
predicted by hydrothermal time model for watermelon germination. The results showed that the base temperature
and median thermal time to germination were varied with changing water potential. The hydrotime analysis
showed that the base water potentials was in a range from -0.45 to -1.23 Mpa, that differed with changing water
potential. Watermelon seeds had higher base water potential and also required a longer hydrotime for
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germination under non-optimal temperature. Hydrothermal time analysis showed that seed germination
responses to temperature and water potential might as well quantified by parameters derived from hydrothermal
time models (R?= 0.90-0.92). The amount of hydrothermal time required to germinate was 40.5 MPa °C days on
the suboptimal and supra optimal temperature ranges. The HTT model showed that the ¥(50) increased by 0.09
MPa with every degree increase in temperature above optimum temperature.

Conclusions: The thermal time, hydrotime and hydrothermal time models well described germination time
course of watermelon seeds in response to temperature and water potential. Thus, the estimated parameters of
these germination models allowed us to characterize the germination behavior of watermelon seeds under
varying environmental conditions and global warming.

Keywords: Base water potential, Hydrohermal time model, Probit analysis,Water stress.
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Figure 1-Geographical location of the studied area
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Introduction In order to land classification for agricultural and natural resources, the most important
criterion and factor is the production or yield of the lands. The best way to evaluate a method is to interact

between the yield and potential of the product with the land specification involved in the production. One of the
new methods in the land evaluation for different uses is the modeling or simulation of the intended use. Artificial
neural networks are one of the new tools that are used today to simulate yield and determine the effective factors
in the production of agricultural crops. New land evaluation methods include different modeling techniques,
which these new methods, including simulations, are used in land valuation methods to test the ability of models
for determining the relationship mentioned. An artificial neural network is one of the techniques that can do
nonlinear analysis. It is important to recognize the most important input parameters to the predictive models of
olive yield, which are also considered to be effective variables in production. Through the process of sensitivity
analysis, valuable information about the sensitivity of the model to its input variables can be provided to the
designer and model architect. In north of Iran, in the southern areas of Gilan Province, the most important olive
gardens of the country are located in the southern part of the country. Different soil and water, topographical and
climatic factors affect the yield of olive orchards.

Materials and Methods Climatic data, soil and water characteristics, topographic characteristics and leaf
nutrition elements as input variables and olive yield were used as output models. Twenty-eight factors were
selected as the most important factors or variables affecting the yield of olive orchards. These input variables
included soil properties: EC, (TNV), organic carbon percentage, available phosphorus, available potassium, clay
percentage and silt percentage; irrigation water characteristics including: EC and content of irrigation water;
topographic characteristics including: altitude and the slope; the concentration of nutrients in leaves included:
nitrogen, phosphorus, potassium, iron and zinc; climatic factors including: sunny hours, evaporation rate,
average temperature and olive yield were considered as output of artificial neural network model.

Results and Discussion Using the MATLAB software by artificial neural network, the best structure of this
network was obtained for the component of the yield of olive. The trained structure had 28 input nodes in 5
groups and one output node. The number of hidden nodes, 38 nodes and the most appropriate number of
repetitive learning based on the test and error, 20 were determined for olive product yield. After determining the
best structure of the neural network with a R-test of 80%, using Hill's sensitivity analysis, the model's response
to each of the input variables was studied and the most important factors influencing the yield of olive oil were
obtained. Based on the results of sensitivity analysis, the most important parameters affecting the yield of olive
are content of leaf nitrogen, soil phosphorus, winter evaporation, summer evaporation, average autumn
temperature, summer sunshine, leaf potassium, salinity, salinity, and slope, respectively. In general, this study
showed that the amount of nitrogen and phosphorous is the most important factor for the production of olives,
and then variables that are related to the amount of water in the soil, (summer evaporation, average autumn
temperature, summer sunshine), were identified as important. The concentration of potassium, iron and zinc in
the leaf as a nutrient element and water and soil salinity from stressors for plants and slope are important
topographical factors that affected the amount of soil depth and soil water content as the most important factors

in olive crop production.
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Conclusion In brief, the role of micro and macro nutrients and the factors affecting the maintenance of water
in the soil and providing moisture for the plant. In addition to nutrients, gardeners should consider soil and water
salinity, which is a stressor for plants, as well as slope, which is important topography factor that effective on
soil depth and water available and nutrients for plants as the most important factors in olive production.

Keyword: Artificial neural network, Gilan, Olive (Olea europaea L.), Modeling, Sensitivity analysis.
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Table 1- ANOVA (mean squares) for morphological traits measured in Aquilegia sp. affected by freezing tempratures using
organic mulches

i le @3l3l 4, Al 4l sle eIl 5 59 Sy 5w Sy dlass
S.0.vV df Stem diameter Shoot fresh weight Total leaf area Leaf number
Mulch 3 2.29ns 5.73** 2979953.83** 5.84*
Temperature 4 12.39** 10.77** 16875456.45** 23.26**
Mulchx Temp. 12 6.803** 0.396ns 2505955.01** 5.46*
Error 60 1.13 0.303 190446.85 2.30
CV (%) 12.37 17.68 13.79 20.83
o) Vg0 Jlois! pdass )0 55 dixe oy 4y i gt )b gme e NS
ns, *and ** are no significant, significant at the 5 and 1% of probability level, Respectively.
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Introduction: Each year, with the onset of cold season and severe drop in temperature, the probability of
frost bite and frost damage is a problem for landscaping plants. Many plant species, especially tropical and
subtropical species, are damaged when exposed to frostbite, causing damage to their cells, tissues, and organs.
Research has shown that by altering membrane properties during cold stress, metabolic balance is disturbed and
with the increase in toxic metabolites, secondary damage to the plant can occur. At low temperature, decreases
the efficiency of energy transfer to the center of the photosystem Il. In addition, low temperatures are the main
cause of the formation of reactive oxygen radicals .Also, lowering the temperature in the presence of light, due to

the imbalance between light absorption and photosynthesis, increases the risk of light oxidation. Low
temperature also reduces the activity of Rubisco. The amount of free proline in many plants increases
significantly in response to environmental stresses such as frost stress, and stabilizes the membrane during cold
stress.On the other hand, the use of some organic materials such as organic mulches increase temperature of the
soil, and thus helps plant from frostbite .Use of organic mulch is widespread in agriculture due to the positive

effect in soil temperature, weed control and moisture retention. Also, these mulches are effective in height,
growth and flowering, early maturity and total yield of the products. Mulches in the warm seasons reduces soil
temperature. Use of mulch can also help plants to withstand frostbite. Organic mulch decomposition in
appropriate temperature and humidity conditions, liberates the nutrients gradually and provides for root plant and
microorganisms of the soil. Organic mulches can reduce the effect of salt toxicity on plant growth and actively
increase soil desalination. The most important benefit of mulch is the increase in soil temperature in the seed
area, which accelerates the growth and yield of the product. Use of straw as mulch resulted in accelerated
germination in cucumber. Use of straw mulch leads to an increase in temperature at night, thus protecting plants
from temperature stress that has a positive effect on the growth and development of wheat.

Material and methods: In order to investigate the effect of freezing stress and using different types of
organic mulch for Aquilegia plant, this experiment was conducted as a factorial experiment based on completely
randomized design with four replications at Faculty of Agriculture, Ferdowsi University of Mashhad. The
experimental treatments included four types of mulch (control (without mulch), 50% soil + 50% manure, 50%
soil + 50% leaf needle + 50% soil + 50% rice bran) and five levels of freezing temperature (0, -5, -10, -15 and
20). Characteristics such as percentage of electrolyte leakage, relative water content, chlorophyll index and total
chlorophyll, leaves number, leaf area, plant dry weight and proline leaf content were considered.

Results and Discussion: The results showed with decrease of temperature from 0 to -20 °C, stem diameter,
leaf area and leaf number in bran mulch treatment decreased by 42.6%, 73.4%, 21.2% respectively, also stem
diameter, leaf area and leaf number in mulch of leaf needle were 35.2%, 9/64%, 47.6%, in manure mulch were
20.20%, 46.4%, 7.8% and in the control of mulch decreased, 32.8%, 79.7%, 30.7%, respectively. At -5 °C, the
amount of proline was 26% in the leaf and at -20°C, the amount of proline increased 50% compared to the
control. Also, the lowest proline (0.73 pmol / g fresh weight) was obtained from the plants that treated with bran
mulch. With application of, electrolyte leakage reached 63.6%, 68%, 61% and 57% in control conditions bran,
needle and manure, respectively. In short, the least electrolyte leakage was observed in manure. On the other
hand, when temperature dropped from 0 to -20 °C, the percentage of electrolyte leakage increased in Aquilegia.
Relative water content of the leaf were 24% at 0°C, 38% at -15 °C and 23% at -20 °C. In terms of non-use of
mulch, the relative water content was 36% and reached a 42% and 40% with application of manure and needle
using mulch. By measuring the total carbohydrate found in Aquilegia leaf, it was observed that the amount of

1, 2 and 4- Assistant professor, Ph.D Graduated and M.Sc. student, Horticulture department, Ferdowsi University of
Mashhad

3- Assistant professor, Institute of Plant Sciences, Ferdowsi University of Mashhad
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this trait was increased under frost stress. In general, although frost stress reduced the morphological traits of
Agquilegia, use of organic mulch resulted in the improvement of these traits. The best results were observed in
manure mulch.

Keywords: Carbohydrate, Dry weight, Electrolyte leakage, Proline, Total chlorophyll
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Table 1. Experimental treatments of Jasmonic and salicylic acid foliar application.
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Table 2. Analysis of variance of antioxidant enzymes, PAL and phenolic compounds affected salicylic and

jasmonic acid on stevia.

Mean square
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rror
CV (%) 5.2 3.24 4,04 4.66 6.4 4.8 5 9.7

** Significant at 1% probability level and n.s not significant
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Figure 1- The effect of jasmonic acid and salicylic acid foliar application on hydrogen peroxide concentration in stevia leaf,
LSD=0.32.
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Figure 2- The effect of jasmonic acid and salicylic acid foliar application on electrical leakage in stevia leaf, LSD=4.3.

(Arabidopsis thaliana) _uswsul,l olS )3 GPX & 3l el

oLS 15 V505,500 Voo Sligausls Juto b jlass ((VY) Conl 0335
31y GPX o351 cJleé (Saponins Tti pterpenoid) s
ey Cllad gl o5 gy g3 9 31> Sl w9 ey poes )

YY)

JLsd sladsss iYL cogs o olS 1GPX M).:i N PY:

255 (ST 8l s b ()35 0 STy alox ) ()3
05 il (lost V) lalest il 15 1, GPX 5] e ales
o050 0 (slajlo 0 ml cllad i i (¥ JS2)
ool ) ~Sigole dl [Vgog)S00 Ve« Sigouls
Bl pyS  akdd p Jgeg)Se /NP (ke b Sibsdlos s
Oil38l ecely Glgouls oo oS Cunl odd (j)]55 b osalie 5



WA Gliao) F oylod PV als (6559l @abus g pole) Sl pole 4 pis YVY

0.160
0.140
0.120
0.100
0.080
0.060
0.040
0.020
0.000

(_\)Q‘\(b' @'\‘T’Q%C? & q;')\q’ S & q;\c?’ il q;\%%
g & T @
N N > & &
Combined Treatment (Jasmonic acid (ja) and s lew S,
Salycilic acid)

GPX (umol min-igt FW)

LSD= /7 dhgiusl & 3 GPX o0 53 Cdlad 1 Sbpmmdllw stans! 9 Siigonsles sl (a5l Joloma (51 =Y JSU
Figure 3- The effect of jasmonic acid and salicylic acid foliar application on GPX enzyme activity in stevia leaf, LSD=0.006
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Figure 4- The effect of jasmonic acid and salicylic acid foliar application on G-S-T enzyme activity in stevia leaf, LSD=0.013
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Introduction: Salicylic acid and jasmonates (chemical elicitors) are considered as key signaling compounds
in induction process, which leads to accumulate of secondary metabolites. External uses of these compounds
cause to induce pseudo stress in plants and excites defensive replies in plants, in response to induction of
oxidative stress, the plant increases amount of antioxidant genes expression and increase enzymatic activity and
non-enzymatic antioxidants concentration (they often have a medicinal aspect).

Material and methods: The present study investigated the effects of jasmonic acid and salicylic acid on
hydrogen peroxide content, electrical lockage, GPX, GST and PAL activity, total phenol, flavonoid and
anthocyanin changing in Stevia rebaudiana bertoni under field conditions. The experiment arranged as a
randomized complete block design with 12 treatments and three replications in 2015-2016 at Amol city in
Mazandaran Province in Iran. Experimental treatments were spraying by different concentration of jasmonic
acid, salicylic acid and components of jasmonic acid- salicylic acid. Foliar application started after plant
establishment in vegetative phase. Each experimental plot was 2 mx 3 m consisting 10 rows with 30 cm row
spaces and seedling transplanted on 15 May. At the end of foliar application, sampling was done for the
measuring. Sampling for biochemical analyses from second fully developed leaf was done and freezed in liquid
nitrogen, then quickly carried out to laboratory.

Results and Discussion: The analysis of variance showed that different concentration of jasmonic acid and
salicylic acid and spraying both of them in 7-day intervals appeared to be effective (with 99% confidence) on
studied traits (data not shown). Spraying with jasmonic and salicylic acid increased hydrogen peroxide content in
9 treatments compared to the control. The highest amount of hydrogen peroxide content in compounds treatment
20 pM JA -1 mM SA with mean of 5.46 pumol in fresh weight observed. Plant in response to jasmonic and
salicylic acid spraying increased GPX activity in 10 treatments and GST activity in 7 treatments compared to the
control and follow them electrical lockage in most treatments (10) was lower than control. The highest amount
of GPX activity in treatments 5 uMJA and 5 uMJA with average of 0.11 umolming? FW observed. The
highest amount of GST activity was obtained from treatments of 0.5 mM SA-5 puM JA and 1 mM SA with

average of 0.35 umolmin™g? FW. The PAL enzyme activity (the first enzyme in phenyl proponed compounds
biosynthesis pathway) in 10 treatment increased. The highest amount of PAL activity was in compounds
treatment of 50 uM JA -1 mM SA with average of 1140 pumol cynamic acid mg? protein mint. The PAL
enzyme activity had correlation with hydrogen peroxide concentration and GST activity. The PAL enzyme
initiates a phenylpropanoid route that converts L-phenylalanine to trans-cyanamide acid deamination. The PAL
enzyme can consider as an antioxidant enzyme because it has the role of depositing oxygen radicals through
phenolic compounds. Spraying increased total phenol content in 8 treatments compared to the control. The
highest amount of total phenol content was observed in compounds treatment of 20 pM JA -1 mM SA with
mean of 423.7 mgg™ FW. Spraying with jasmonic acid and salicylic acid increased flavonoid concentration in 9
treatments compared to the control. The highest amount of flavonoid content was in treatment of 20 pM JA -1
mM SA with mean of 110 mgg™ FW. Spraying increased anthocyanin concentration in 6 treatments compared to
the control. Anthocyanins are the most important group of natural pigments after chlorophyll that are involved in
light protection. The noticeable point is that in most treatment PAL enzyme activity, total phenol, flavonoid and
anthocyanin content in compound treatment increased.

Conclusion: The highest amount of total phenol and flavonoid content observed in compounds treatment of
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20 uM JA -1 mM SA and anthocyanin increased in total compounds treatment and using PAL enzyme activity
had correlation and significant effect (data not shown). Stevia has anti—cancer effect, anti-blood glucose effect
and anti-cardiovascular effect. This effects for the existence phenolic compounds in stevia such that had the
ability to remove ROS, so increasing phenolic component by jasmonic acid and salicylic acid spraying in stevia
was useful.

Keywords: Flavenoid, GPX, GST, H,0..
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Table 2 - The percentage of viability and flowering of Muscari armeniacum in the first experiment-first and second year
treated with Colchicine 0.05.. > and scoring in three soaking time (12 h, 24 h and 32 h).
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First Year
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Viability*
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Flowering

Second Year
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Viability
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Flowering
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* Viability percentage was calculated based on 20 bulbs per replication. h= Hours
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Table 3 - The percentage of viability and flowering of Muscari armeniacum in the second experiment- first and second year
treated with Colchicine 0.05a,» and 0.1 5 and scoring under 24 h soaking time
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KTy LT 1 O I VR LT | COV Y] JUETTE LV I VR S | LIV IR Y
Jsl JLo First Year Jsl JL First Year
Sl 0155 1o Viability* 100 65 85 25 35
25 15,3 Flowering 100 20 45 15 20
9> Jlo Second Year #93 JLs Second Year
Sle 055 Ao, Viability™ 100 60 70 0 40
25 1o )3 Flowering 100 0 5 0 5

ol 0 dpwlore J1)ST 2 13 00 Hlowd Faw 3e Vo )3 0kle o) LS o pd 4 dn g b Jlo 05 o yd
* Viability percentage was calculated based on 20 bulbs per replication.
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Table 4 - Analysis of variance of colchicineand scoring treatments on Muscari armeniacum characteristics, in first experiment
— first and second year

Olayyo (il
Means of Squares.

ay Jol JWo 090 JW
Ol i 2o <3 First Year Second Year
S.0.V df 3 _ B - . w2 o
ol b Seddsb Spdsh Spalaw g Waijs, o256
Raceme Peduncle Leaf Leaf » Stomata
length length length number Leaf width
width
<9 fb’i ‘%l“} 2 0.49 ns 2492 * 7411 * 1.5ns 0.09 ** 0.00002 *
Soaking Time
o d&” 1 0.60 ns 51.56 ** 396.06 ** 2ns 0.17 ** 0.00005 ns
Scoring
dbse oy x 2> IS
S 2 0.96 ns 0.96 ns 13.34 ns 3.5ns 0.25ns 0.00001 ns
x Soaking Time
Scoring
s
12 0.41 4.68 15.78 1 0.005 0.00005
Error
20,0C.V. 16 12.47 23.78 13.63 14.19 16.97
I ime OB 350 9 Jopd V50 Jloin] gglawyd Hl> me NS g ek

of probability level, and non-significant, respectively. .- ,s*, **, ns: Significant at 5 and 1
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Table 5 - The effect of treatment with colchicine 7, 0.05 on 12, 24 and 32 h on the longest leaf length and tail flower length
traits of Muscari armeniacum, in first experiment- first and second year

Jlw Jol JLw 29 Jlw
Year First Year Second Year
829 bt oo JSe3 Job S Jsb R Si9; 025
Soaking Time Peduncle Length (cm) Leaf Length (cm) Leaf Width (cm) Stomata Width (mm)
12h #%19.52 a 20.69a 0.39b 0.015a
24 h 17.06 ab 1559 b .63a 0.015a
32h 15.43b 13.95b

0.58 a 0.011b
In each column, means with similar letters are not significantly different using Duncan’s multiple range test at 5..»,> of probability.

5,05, %0080 b )l e glis o y3 B Jlain] g 43 (Sl (glaials dix yg05] bl g b p3 S pide slacd > gl slasas

093 Jbw 9 Jgl Jlw — Jgl (rlalojl - Muscari Sliws S 03 Job 5 S 2 o il Jsb (bCidio p2 (23105 Lo il - g
Table 6 - Effect of scoring treatment on leaf length, peduncle length of Muscari armeniacum in first experiment- first and
second year

Jw Jol JLw e9d Jw
Year First Year Second Year
RIS Lo JSe3 Jsb S Jsb Sp ooy
Scoring treatment Peduncle length (cm) Leaf length (cm) Leaf Width (cm)
3 S o9 19.05a 21.41a 0.63a
Without Scoring
With Scoring
e 15.66 b 2.08b 0.432b
2 B L

In each column, means with similar letters are not significantly different using Duncan’s multiple range test at 5.1.»,> of probability.

35,5080 b 6yl xe ol duo 30 Jlais] o 53 (Sl (slaials di 905 ool gt b j3 S yiie glacdys gl cladae

JUo— 93 (ol > Muscari i aij9) 9 S jglad e (S oo 12 (AISIRG Lo g (s (oIS CBLE 15U (il ply 41525 - Vg

P93
Table 7 - ANOVA for the effect of colchicine concentration and cracking treatment on morphological and stomata traits of
Muscari armeniacum in second experiment - second year

M.S.
kS gl WX gy, oy by deb Lyl Spdidb Spopse Spols
g o V L5 Stomata Stomata Stomata Leaf Leaf Leaf
T df width length number length width number
CUT ;‘“‘5 1 0.00003 ** 0.0006** 7056 ** 2.88 ** 0.23 ** 56.33 **
olchicine
Lg’ ;Jl_s.z 1 0.00008** 0.002 == 2730 ** 13.02 ** 0.31* 16.33 **
coring
2 BS Xy IS
Colchicinex 5 0.0001 == 0.001 == 6960 ** 12.16 ** 0.45 == 21.33
Scoring
las
E 8 0.00008 0.00002 102.25 4.87 0.009 0.58
rror
Lo 2CV 21.65 16.21 15.94 17.71 19.75 16.36

L ()1 dze g Mo 3 O rhaw )D (4 dxe o3 ) s 1D ()b xe Slo i 4 NS g g
and non significant, respectively..o,s, 515,5**, * and ns indicate significantly different at 1
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Figure 1 - Interaction effect of colchicine consentration x scoring on stomata numbers of Muscari armeniacum - second
experiment.
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Figure 3 A - Muscari armeniacum plant B. Bulb diameter measurement C. Stomata density in Musacri which treated with
colchicine 0.057, D. Stomata density in the control plants.
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Figure 2 - Interaction effect of colchicine consentration x scoring on stomata length of Muscari armeniacum- second
experiment.
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Figure 4 - Interaction effect of colchicine consentration x scoring on stomata width of Muscari armeniacum, the second
experiment.
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Introduction: The genus Muscari has 47 species according to the World Checklist of Selected Plant
Families. M. armeniacum, belonging to the family Asparagaceae, is cultivated in pots and gardens in the
temperate regions. Muscari armeniacum is commonly known as grape hyacinth owing to its clusters of small,
bell-shaped, cobalt-blue flowers that look like clusters of upside-down grapes. Traditional methods of
propagation of Muscari species are rather slow, since the bulblet production from the mother bulbs is extremely
low. Muscari as a cold resistance, bulbous flower with blue color and tendency to flowering many times can be
used in many prospects. On the other hand, the color of M. neglectum is precious as natural pigment, and it has
many beneficial and useful compounds that may support human health. Traditionally, scoring facilitated the in
vitro and ex-situ propagation of bulbous flower. The manipulation of ploidy is a valuable tool in improving

crops. Out of many applicable methods, the use of chemicals to induce changes in chromosome number has been
well established. Colchicine has been successfully applied to induce polyploidy in a series of crop species. The
chromosome reduplication of Muscari armeniacum can be induced with mixed and soaked colchicine.

Material and Methods: Mature bulbs of Muscari armeniacum were bought online
(www.flowerbulbsholland.com). After treatments in first and second experiment, bulbs were cultivated in
experiment garden. Polyploidy induction and viability percentage by colchicine and scoring in Muscari were
evaluated separately in tow factorial experiment based on the completely randomized design with three
replications for two years. In the first experiment colchicine, 0.057 by 12, 24 and 32 hours of soaking time under
scoring (with scoring and without scoring) treatment were evaluated. Finally, morphological traits such as
raceme length, leaf length, leaf number, leaf width, and peduncle length were evaluated and in second year
morphological traits, as well as microscopic traits including stomata numbers, stomata densities, stomata length
and width were evaluated. In the second experiment, colchicine 0.05 and 0.17 with 24 h soaking time and
scoring (with scoring and without scoring) treatment in three replications were examined according to the first
experiment details. Five well expanded leaves of each plant were selected to measurement and scoring the size
and density of stomata. Three samples of epidermal cells were obtained from lower surface by nail varnish
technique. A small area of abaxial side of leaves was covered with thin layer of clear nail polish and left to dry.
After drying the polish, it was removed with a tip forceps then placed on a glass slide and observed through the
light microscope at 400 x magnification and studided bu=y digital image processing and analysis. Stomatal
density, length and width were measured for each image. Stomatal elongation was counted as the ratio of
stomatal length and stomatal width.

Results and Discussion: Results of the first experiment showed the heights viability (100%) and flowering

(557%) in non-scoring bulbs and 12 hours colchicine treatments. Also the lowest viability (557) and flowering
displayed in 32 hours colchicine and scoring treatments. At the second year of first experiment the highest
viability percentage (757.) and flowering (107) indicated in non-scoring bulbs and 32 hours colchicine treatment.
The lowest viability (30%) and flowering (0%) percentage showed in 12 hours colchicine treatment with scoring
bulbs. At the second year of first experiment 12 hours colchicine 0.057 significantly increased leaf width (0.63)

and stomata width (0.015). Based on our results in the first experiment, in second experiment only 24 hours
colchicine 0.1 treatment was evaluated. At the second year of second experiment colchicine and scoring

interaction treatments had significant effects on stomata numbers. Bulbs that were scored and treated with
colchicine 0.1, didn’t germinate and colchicine 0.057 decreased stomata density significantly compared to

control.

1 and 2- M.Sc. Student and Assistant Professor, Department of Horticulture Science, Faculty of Agriculture Science,
Shahed University
(*-Corresponding Author Email:l.rohollahi@shahed.ac.ir)
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Conclusions: The results of the experiment showed that colchicine 0.057 in 12 h of soaking time is one of
the best treatment for Muscari polyploidy induction. Whereas, 32 h colchicine 0.057 treatment showed the
highest flower percentage and viability in second year. Also, scoring and colchicine 0.17 had a negative effect on

the viability and the flowering percentage. High colchicine concentration and scoring treatment decrease
viability and flowering. Finally, colchicine 0.05% for 24 h without scoring could increase the possibility to
induce ploidy.

Keywords: Bulb flower, Propagation, Stomata, Viability.
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