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Table 2- Analysis of variance for the measurement vegetative traits of strawberry cv. Selva under different levels of soil
moisture and superabsorbent polymer

Sl (Nlbe

S @ilio — Mean square _
Sources of @R S, slan "*’; v g Sy 3l g il iy s ~ o
variation sl Number 9) Number of Le:f area Average root  Root fresh 2
df of stolon  Length of the leaf lengt weight Root dry
longest stolon weight
Q_J.l> ok Aok ok Aok Aok ok Aok
A 4 9.238 18773.73 133.67 2203710.426 243931 1025.125 198.888
Super absorbent
Co e dlss ok ok ok sk sk *k ok
'9]0])\4)/;]) . 2 63.24 2838.29 77.62 1016308.319 258.363 84.074 14.455
e a5 xOdls 9w
Super absorbentx 8 2.84" 59.25% 0.481™ 40014.587* 17.780" 0.447ns 0.457"
MAD
s
28 1.064 32.01 1.72 30583.37 3.17 0.497 0.097
Error
CV% 14.4 3.21 3.94 2.51 4.48 3.79 5.22

iine pae NS )l ixe oyd Vo 137 l> Gime Moy O prbans 7
** and * means significance at 1% and 5% level of probability, respectively; ns = non- Significance

Ighor 3 (558 ©ogd o (5 011 (g Olbuo I (B0 2 Cugby X O3 pyga Jilie 51 (ke s lio —T Jgr
Table 3- Mean comparison of super absorbent xmoisture interaction effects on some of the measured growth vegetative traits

of strawberries cv. Selva

ol Job dob g e A Kt s
X .. . e . . . s 2 P 0j9 iy SiS (g
@ g Cugh) jlre i Sy dlasd Sy, SN S g w2 Root fresh  Root dry
Super MAD Number of Length of the  Number of leaf Leaf azrea ( Average weight weight
absorbent (%) (%) stolon longest stolon (mm°) root lengt) ©) ©)
(cm) (cm)
30 3.000°% 33.89 9.556% 2148 6.556% 3.444° 0.7622"
0 50 2.270% 25.78% 7.778% 2035% 7.333% 4.667" 0.9767™"
70 1.703¢ 19.44! 6.778" 1993 9.222 5.667" 1.187™
R V) R 35185 1003 11.00%" 330 T 911t 6.778 1.624°
0.25 50 2.889¢def 92.00° 9.556¢M 2148feh 10.00° 8.222¢ 2.089%
70 1.889°T 85.89° 8.518" 2075" 12.00' 9.667 2.626
T30 T T 4000 T 80220 T T 112207777 2364% 14.00" 1044 2933
0.5 50 3.111% 73.33¢f 9.778hi 2161 16.00¢ 12.37" 3.767"
70 2.078¢fe 68.11" 8.778M 2088¢eh 16.89' 13.78¢ 4.494¢
I V) R 4889 74005 122290 T 2487018330 T 15.000 52027
0.75 50 3.111% 59.78¢ 10.67° 2275°%%¢ 21.22¢ 16.22¢ 5.744°
70 1.778% 492" 10.11°%" 2208°feh 25.22¢ 17.67¢ 6.500¢
30 6.000° 47000 15670 30570 2733 2133 8377%
1 50 3.667° 40.11° 14.00° 2784° 35.89° 20.00° 7.610°
70 2.111%f% 33.56 12.44° 2547¢ 31.11° 18.78° 7.000°

2l o5 Sl (glaials w903l bl (P<0.05) s me BMS] gyl ygi yo )3 S yidie gy b slacl
Numbers followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s Multiple range test.
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Table 4- Analysis of variance of the measurement reproductive traits of strawberry cv. Selva under different levels of soil
moisture and superabsorbent polymer

Olas o (ko
Mean square
ol gt 2abio » £ 1§
Sources of &5 . . SS9 . 5 A - S (339
changes df b bawgie %5y J5 5 Sles 0940 dlas Lyws ogm0 I 55 (39 e 5
4599 Average Total plant Number of Diameter of Fruit fresh 9
plant length ~ performance ~ Plantdry fruits the largest weight Fruitdry
. weight
fruit
u‘l> ok ok ok ok kK kK ok ok
S - 'bﬁ:wb ¢ 4 744.896 50863.556 55.109 1010.463 6093.141 940.908 9.49
uper absorben
<o e audsa *ok wok *k *ok *k *k
'#li/I)AD ) 2 58.941 3886.674 74.141 310.489 77.996 1.295
)L’?u 4¢.1>o Xu)l> Ry ok ok Hk
Super absorbent x 8 3.107 298.628** 3.419%* 1735.813 8.47* 0.032
MAD
Error s 28 0.556 7.37 0.363 2.296 0.209 0.005
CV% 3.83 3.63 5.42 8.13 3.25 7.9

I3 gime e NS ls ine dop> ) aw ™ )l gime 2o y> B prlaws >
**and * means significance at 1% and 5% level of probability, respectively ;ns = non- Significance.
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Table 5- Mean comparison of super absorbent xmoisture interaction effects on some of the measured reproductive traits of
strawberries cv. Selva

- @ -g
% > -'c-‘ § E = ay

e 3 15 E ~5 = 38 25 3§
32 2= 2z % kS 3 P, g 3g 43
S §x > _3 € = s 3 u— ‘= (S 3 2
38 5 5 & ~ 8 3z =5 w2 o5 >
X8 3 < 39 g S %5 fofie gL 33
28 2 %2 FE XE &g 5 2 =
)5 9 ? g = T 2 EARE o E XL

g 3 < k< £

%) = K]

[a)]
30 6.222™ 9.222 2.500% 4333 2.004 417 0.48
0 50 6.000™ 6.556™ 22724 311" 1.554 3.02% 0.24"

70 5.444" 4.556™ 2.106' 2.444" 1.33! 1.99" 0.13™
S 30 8667 1989 36508 6778 489 814" 053
0.25 50 7.556% 14.33% 3.050' 5.667¢ 3.11% 7.93" 0.35

70 6.778' 10.441 2.728 4.778! 2.674 5.13 0.20'
[ 1 12676 . 45568 4461% 97788 T 1s01E 11.58° 0998
0.5 50 11.111" 36.33" 4.0728 8.444" 11.67" 10.43f 0.87"

70 9.889i 26.33 3.861%" 7.556' 922 9.62¢ 0.70'
1 15890 T 86.670 T 53869 154477708670 T 13.98° 1347
0.75 50 14.67 71.44° 5.158¢ 12.33¢ 24.56° 12.30¢ 1.21°

70 13.78f 56.78" 4.794° 10.89" 20.22f 11.51° 111t
T 30 T T T 20670 1269° 6.001* 19.67°  4078° 18.99°  1.99%
1 50 19.00b 110.6° 5.826a° 19.00° 38.78° 15.72° 1.61°
70 16.78¢ 97.22° 5.630 17.56° 31.78° 13.52¢ 1.49°
bl ged (P<0.05) s xo BB gls gy 45 S o gy |y olacl
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Introduction: Water is one of the most important factors limiting plant growth and agricultural productivity in
many areas of the world. Decreasing water losses and irrigation times are one of the basic countermeasures for
agriculture development and minimizing the stress to plants. Correct management and applying improved techniques
for saving and conserving the humidity of soil and increasing the soil water holding capacity is among the activities for
productivity increasing and consequently exploiting limited water resources. New method in science of soil and water is
using super absorbent materials as reservoirs and prevention from water wastage and increase of irrigation efficiency.

Materials and Methods: In order to evaluate the application effects of different levels of superabsorbent polymer
on growth of strawberry plants under drought stress condition, a research was conducted in the Mazandaran province in
loamy soil during 2010. Experiment was carried out as factorial based on randomized complete block design with three
replications and three plants for each replication. Dryness stress treatments (30%, 50% and 70% of Maximum allowable
depletion of soil moisture; MAD) and superabsorbent polymer (0, 0.25, 0.5, 0.75 and 1 % of soil weight) were allocated
to main and sub-plots, respectively. In this research the superabsorbent polymer TawaratA200 is used that is produced
by the research center of petrochemical and polymer of Iran. Before planting, super absorbent polymer was added to the
soil of pots in deepness of root development. For stress application, the pots were weighted every day. During the
experiment, the physicomorpholigic characteristics such as number and length of stolones, number of leaves, plant
length, biomass, fresh and dry weight, fruit diameter, number and weight of fruit were estimated.

Results and Discussion: The results showed, superabsorbent and drought stress and their interaction effects
effected on all factors. In vegetative characteristics, number and length of stolones in treatment of 1% superabsorbent
and 30%of MAD (maximum allowable depletion) has been maximum. By increasing stress, number and length of
stolones declined. The lowest amount was obtained in the treatment of non-superabsorbent and 70% of MAD. With
increasing stress, the number of leaves decreased and with increased superabsorbent, leaf number was increased.
Strawberry leaves in treatment of one percent superabsorbent and 30%of MAD has a maximum value and in treatment
of non-absorbent and 70% of MAD was minimal. Root length, fresh and dry weight were affected by the water stress.
70% of MAD and 30% of MAD has been the minimum and maximum amount, respectively. The plant length, biomass,
fresh and dry weight, by reducing stress and increasing superabsorbent has increased and maximum values were
obtained in the treatment of 30%of MAD and one percent of superabsorbent. In reproductive characteristics, fruit
diameter reduction, occurred with increase stress. Fruit diameter was increased by adding superabsorbent and reducing
stress. In the treatment of 1% superabsorbent and 30%MAD the maximum diameter of the fruit was obtained. Increased
water stress has been causes weight reduction. In treatment 30%o0f MAD, the weight of fruit was obtained 4.17 g, with
the increase of water stress, the fruit weight was reduced to 1.99 g. The use of superabsorbent increases the yield. With
an increase of 0.25%superabsorbent, fruit weight was increased from 4.17 to 8.14 g. In the interaction of stress and
superabsorbent, the maximum weight of the fruit with 18.99 g was obtained in treatment of 1% superabsorbent and 30%
MAD. the maximum number of fruits was obtained, in treatment with 1% superabsorbent and 30% MAD with the
number of 19.67.

1- Associate Professor, Department of Irrigation, Qaemshahr Branch, Islamic Azad University, Qaemshahr, Iran
(*- Corresponding Author Email: Dakbarin@yahoo.com)

2 and 3- M.Sc. Student and Associate Professor, Department of Agronomy, Qaemshahr Branch, Islamic Azad
University, Qaemshahr, Iran
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Conclusion: Super absorbent polymer plays an important role in enhancement of absorption capacity and retention
of water in soil, fighting against water shortage and decreasing harmful effects of drought stress. The above mentioned
rates of polymer have the best effect to all characteristics of strawberry in all levels of water stress treatment. The
findings strongly suggest that the irrigation period of strawberry cultivation can be increased by application of polymer.

Keywords: Maximum allowable depletion of moisture, Vegetative and reproductive growth, Yield
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Table 2- Properties of nano-calcium prepared from the Nano Research Institute of Shiraz University
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(Model: Stereo Scan S$360, Oxford) Scanning electron microscopy
Figure 1- TEM (a) and SEM (b) pictures of calcium nanoparticles (Model: Stereo Scan S360, Oxford)
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Table 3- Main effects of different concentrations of NaCl on vegetative characteristics of tomato plants
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The meanings that differ in a letter in each column have a significant difference of 1% probability level based on the LSD test.

o8 B arnlS b Yo 8T ot by JS (slgime 05 oanlie
S 3 S e V00 e > 89yl (slgie (il &S g5k
e Jsho Lid (bl asls oy ity 05 odalie S5l
Lo 63l sine plis 45 05 oaliio aundS'9l i) 3 05 Lo V- -
S 3 p)5 (oo V0 cordS gl g Sy 53 p S oo Voo las
Jow 18U cov il Ol o (slgime (il aali g aundS il
2Pk V00 slas 3 &S gysbas €8)5 )3 S Bl g el
Job Oyt 0 odaliie lade 1y pidin a9l g S 2
Ab odalie mrundS 9l g mendS” 52 5 p)5 (Lo V04 Lo )3 Ay
wwodly Gislisl ol Vo Ve aald e 4y Cowd i gy oS
bl pialS o)LLl Job mundS gl g S (clo)los Jlosl L
Ay oaedS 5 )3 2,5 Lo V0 Jlad )3 Hlue e84y g

(¥ Jg2)

aday B 0js ot 4 3 Ui 0SSl duglie 0]l

S U ) 53 )8 (oo N0+ jla g dalS Jlo b () sine
Soid 59 oS el pualSail g puendS Hlo Jlosl il
3 S ke Ve sless 0SS (g (ppieS g AD Ay
cle il Lials do o YO 1ald jled 4 Cuws 45 39 punlS'5il
L el 9l 5 oS’ 1) 53 255 (o 10+ Jlowd g 65lixe
Pk Voo lojloys Jlosl Lol o)lusls 5 (59 5> Sals
9 pemelS i 50 23S e VY Lo )3 Ay o3 oy D
peedlS 55 1 )3y S o Voo Jlad 0 ddy) oo o yieS



WAV oyl F oylosd XY ol o((65,5LiS golio g pole) SLEb pale 4y s OVY

S5 425 LS gy SASLS 2 el 53U 5 analS Ciliee SCBIE Lol O -€ Jgae
Table 4- Main effects of different concentrations of Ca and Nano- Ca on vegetative characteristics of tomato plants

S 53U g oS
Ca and Nano-Ca
(mgfl)

Ay gk
Root length(cm)
0, lus L Jgb
shoot length(cm)
RWC
(%)

Clg pSUI Culis
Electrolyte Leakage
(%)

Cdb O o (glgizme

Jedg IS (slgione

% AN Y B = <]
‘2 O o
15 En R K c X 8 - o
S 4,8 4E 32 9 3
— =N 3 = i N 9 <
S $Se 5 949 } 53 23
s= .§=n:§ 3g 3§ 1eT 73
2 ° :}> < 3 = 3%
<) > - a3 < o
=2 % 5] a s
< o 0 b [
O LL

Jald
Control

30.17a 1717a 67.62ab 48.63ab

W oe 3366 11.62b 74642 37.20b
150- Ca

Vooeef 5116b  1270b  6476b  5256a
200- Ca

10+ — b ouuls 32452
150- Nano-Ca

1433ab 7435a 47.53ab

Voo lee 046 1155b 68.01ab  5859a
200- Nano-Ca

28.52a 2.33bc 0.88b

25.98 b 2.83ab 174a 12.85a 0.17a 3.23a

25470 3.33a 155a 12.99a 0.12b 358a

25.68 b 191c 1.03b 827b 0.13ab 216b

11.19a 0.16ab 2.92a

2473 Db 155¢ 0.73b 7.19b 011b 214D

A3l oo LSD (yg0jl (bl s dop3 V Jleinl gedanw 53 jla gixe gl (gl disuns ciglite gty p3 By K 3 &S LlapSile
The meanings that differ in a letter in each column have a significant difference of 1% of probability level based on the LSD test.
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Table 5- Interaction of NaCl x Ca or Nano-Ca concentrations on vegetative characteristics of tomato plants
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Continue the table 5- Interaction effect of salinity and different concentrations of Ca and Nano-Ca

on vegetative indices of tomato plants
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Introduction: Salinity has deleterious effect through ion toxicity and changes nutrient balance on plant growth
parameter. For decreasing the hazardous effect of salinity stress, some effort has done to reduce uptake and
accumulation of Na. Adding of Ca decreased these deleterious effect of salinity. Calcium ions have significant effects
on the physiological processes of plants and improve the morphological and biochemical factors of plants under
salinity stress. The effect of calcium on reducing the harmful impacts of salinity from sodium depends on the plant
type, calcium concentration and sodium source. Recently, the addition of nanoparticles to plants as fertilizers has
attracted the attention of researchers because of its unpredictable effects, such as faster and easier penetration into the
membrane of the cell. A few studies have examined the effect of different nanoparticles on the growth and physiology
of plants. So, a research was conducted to investigate the effects of salinity and supplemental calcium in the form of
spraying into two metal and nano-metal forms on vegetative growth of tomato plants under crop cultivation
conditions.

Materials and Methods: To study the effect of CaCl, and Nano-Ca on tomato (Lycopersicon escuhentum var.
Falcato), a factorial experiment based on completely randomized design (CRD) with 4 replicates was designed with
NaCl (0, 25 and 50 mM) and Ca and N-Ca (0, 150 and 200 mg/l) in Isfahan University of Technology greenhouse.
Indicators include chlorophyll index, relative water content, ion leakage, leaf water potential, root and shoot dry
weights, root and shoot length and root volume were measured. Finally, the analysis of the results was done by
statistical statistic software and comparing the meanings by LSD test at 5% level.

Result and Discussion: Results showed that Ca and Nano-Ca was effective on decreasing hazardous effect of
salinity on fresh and dry weight of shoot and root volume and Ca was more effective than Nano-Ca. In high salinity
level (50mM NaCl), application of 150 mg/l Ca increased fresh and dry weight of root, fresh weigh of shoot and root
volume by 60, 63, 50 and 70 % compare to control ,respectively. As well as, the highest root length and shoot was
observed in this treatment. Application of 200 mg/l calcium and 150 mg/l of nano-calcium significantly improved
chlorophyll content in 50 mM sodium chloride treatment. The plant's compatibility mechanism is very complex in the
salinity conditions, from reasons for the growth of the plant under saline conditions are the accumulation of toxic
ions, chlorine and sodium in plant tissues, which reduces enzyme activity and changes the pattern of carbohydrate
distribution. Loss of the fresh and dry weight shoots and root of tomato has been reported in salinity conditions,
which can be attributed to reduce plant growth due to the decrease in leaf area growth and thus the reduction of
photosynthesis and the production of proteins. There is little research on the use of nanoparticles in plant growth and
the use of nano-calcium has been used to reduce salinity stress for the first time, but the beneficial effects of some
nano-materials on plants have been proven. With the use of titanium and nano-titanium in spinach, nano-titanium
increases the fresh and dry weight of the plant relative to the use of titanium. In this study, the effects of calcium
salinity stress were observed, but nano-calcium had less effects than calcium, and probably due to the fact that the
concentrations of nano-calcium were used, using less concentrations in future research to achieve possible
concentrations are suggested.

Conclusions: The use of nano-calcium to reduce salt stress was used for the first time in this experiment. The
results of this experiment showed that the application of 150 mg calcium per liter on many tomato traits such as root
and shoot fresh weight, root length shoots and root volume were effective under salinity stress, especially intense

1 and 2- Assistant Professor and Former B.SC Student, Department of Horticulture, College of Agriculture, Isfahan
University of Technology, Isfahan
(*- Corresponding Author Email: mhaghighi@cc.iut.ac.ir)
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salinity (50 mM sodium chloride). The comparison of the effects of calcium and nano-calcium showed that the
particle size reduction hadn’t shown a significant effect on calcium salt modification and may be due to the
concentrations of nano-calcium. Therefore, nanotechnology needs more research in the application of nano-calcium
and other nano-materials. Ca also alleviated the hazardous effects of salinity but comparing Ca and nano-Ca showed
that nano-Ca has not significant alleviating effect on salinity stress.

Keywords: Chlorophyll content, Membrane stability index, Relative water content, Root volume
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Table 1- Physico-chemical properties of the used soil

EC pH N Organic Lime Mg Ca K Na Clay Silt Sand
(ds/m) (%) matter (%) (%) (ppm)  (ppm)  (PPM)  (PPM) (%) () ()
0.98 7.0 0.049 3.41 9 3.2 0.59 1.2 24.8 25.4 49.8
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Table 2- ANOVA for morphological traits (Mean of squares) measured in Petunia
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*, **and ns significant at the 0.05 and 0.01 level of probability, no significant, respectively
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Table 3- Effects of drought stress and varity on some morphological traits measured in Petunia
o .
.%‘E § .‘“E‘) E i; 9 } 2~ q't):%n q't):%” ﬁ‘::%o
g S g E_ DEz % < g 2 _ . 2z8 25z Pio FiEeo
3: 257 337 g9z3 3F 33 4k 3% g3 332 7% 40% 1i%
~ 8 w32 w5 MTE wy e 5F2 a5 NI 33z 155 155 U5E
= Y = z \ [T \~.§ 3 B - 2 .:'}gv anv D=
g g P = Y3 - 702 48 2 M
3 3
v p’;) Supercascade  23.58b 55.33b 0.39b  4.91b 205.07b 185.57c 18.75b 11.54a 0.14a 0.203b 0.55b b+0.45
ariety
Tango Blue 28.04a 60.88a 0.30b  5.08b 195.81b 226.25b 32.33a 12.07a 0.14a 0.267a  0.67b 1.19b
Tango White  26.18a 55.44b 0.69a 12.25a 640.62a 283.83a 37.75a 11.4la 0.08b 0.181b 0.94a 0.97a
LSD Value 2.28 5.17 0.22 292 88.63 2157 6.04 2.27 0.02 4.73 0.16 0.21
Drought 100% FC 29.57a 64.19a 1.0l1a 16.77a 522.93a 392.46a 39.66a 15.67a 0.10b 0.324a 1.10a 1.44a
stress

80%FC 24.50bc  56.20b 0.53b  8.33b 258.27b 299.62b 36.77ab 13.42a 0.10b 0.257b  0.81b 1.06b
60% FC 26.52b  56.48b 0.26c  3.77c 325.33b 181.56c 32.00b 10.38b 0.13ab  0.167c  0.50c 0.65¢
40%FC 23.14c  52.00b 0.02c  0.77c 182.15c 53.88d 10.00c 7.22c  0.15a 0.119c  0.48¢c 0.33d

LSD Value 2.6 5.98 0.25 337 1023 2490 6.97 2.62 0.03 5.46 0.19 0.25

W gl sine SUSILSD (p < 0.05) pygel illas ciidly o S yitio By sl Jolo 2 sl 5 gt 2 0 o (o Sileo
Mean that in every column with the same letters are not statistically different according LSd test
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Table 4- Comparison of interaction effects of drought stress xVariety on some morphological traits measured in Petunia

Drought stress(%FC)

- .
S 5 % 5 5 % nz nE -
5 3% 2 : 3y Jr: 3% 35 33
3 32, o E s 32 53 B A 55 5o
> z @ E H = S X S .
S - a 3 = . o . -
5 So .&Nf\ . g E ] S E 23 = A =% 4 5% =€
1y 2 &= E S E 3 s a = x =2 ENICH: K = L) y < 3 G N <
= 4 = ] n — £ . i I >
— E £ TS L L W = =o “a Lo
= e zE ) =S £ v = ) ) 88 ) B - S =2 2
> 5] 5 - ) = 3 = 43 T3 ) T35
W = o~ z ay o= \\q w s —_ 3 N - 3 Ev .
£ z w g : Xz 09 33 ECEEE 235 vE
E g g LY T <3 2 g 2z M3
- 3

100
80

60
40
100
80
60
40
100
80
60
40

Supercascade 27.79ab  63.70ab 0.81b  12.00bc 212.61d 313.72c 27.66cd  0.17b 0.380ab  0.62cde  0.73cd
Supercascade 26.67bc  53.53bcd  0.52bc  4.33de  146.84d 198.00de 20.00de  0.08de 0.114h 0.42¢f 0.33d

Supercascade 22.58cd 56.98abcd  0.20cd 2.33e  262.47d 181.28de 18.33def  0.18b 0.180e 0.31ef  0.45cd
Supercascade  17.29e 47.13d 0.03d 1.00e  198.38d  49.28f  9.00ef  0.12cd 0.138g  0.83bcd  0.30d
Tango Blue  32.04a 62.13abc  0.51bc  9.00cd 205.20d 405.00b 40.33ab  0.09de  0.330abc  0.91bc 2.07a
Tango Blue 25.37bcd  66.83a 0.26cd  5.66de 211.23d 298.75c 44.66ab  0.16bc 0.437a 0.97b 1.52b
Tango Blue 27.63ab 59.88abc  0.39bcd 4.66de 251.59d 157.50e 37.33bc  0.08de 0.138g  0.55def  0.79¢
Tango Blue 27.13bc  54.66bcd  0.04d 1.00e  115.23d  43.75f 7.00f 0.24a 0.161f 0.25f 0.38cd
Tango White 28.90ab  66.74a 1.72a 29.33a 657.00b 458.68a 51.00a 0.05e 0.262c 1.76a 1.53b
Tango White 21.47de  48.24d 0.83b  15.00b 1210.72a 402.13b 45.66ab  0.06e 0.220cd 1.03b 1.34b
Tango White 29.36ab  52.58cd  0.20cd  4.33de  461.93c 205.90d 40.33ab  0.12cd 0.183e  0.63cde  0.71cd
Tango White 25.01bcd 54.22bcd  0.01d 0.33e  232.85d  68.63f 14.00ef  0.09de 0.057i 0.35ef 0.31d

LSD Value 4.55 10.36 0.44 5.84 177.3 43.14 12.09 0.05 9.46 0.33 0.43

L)l gyl gime 3M3I LSD (P < 0.05) 9051 Gollas caisb o S yiie Bgys (sl gian ya 50 a8 ool
Mean that in every column with the same letters are not statistically different according LSd test
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Table 5- Analysis of variance mean square physiological and biochemical measurements in Petunia

) )| e s Cagb (glgi .
i gl e ogn S o aigsys S s b Judg s a Judg 5
Source of variations &3l Prolin.e Electrolyte Y Carotenoids Total Chlorophyll b Chlorophyll a
leakage Relatlv't[e W?ter chlorophyll
conten
Vaﬁ; y 2 0.05** 20.397** 788.89** 22.61** 74.43** 144.07** 11.406**
DI'OUUg'\r:ItLg::ESS 3 0.17** 1093.84** 651.22** 38.49** 88.97** 138.83** 19.684**
. ‘gm} XS5 6 0.007** 31.17* 43.97* 5.26** 55.76** 22.93** 18.467**
Varieties x Drought stress
s
Error 0.002 10.00 24.49 0.979 3.86 6.12 2437
CV (%) s oy 4.80 5.92 9.47 25.54 12.01 22.55 28.92

2L oe Y ime M) pae KLy NS 5003 B 9 ) las Jlon] prdaws )3 jlo me sy 4 * o ¥
*, ** and ns significant at the 0.05 and 0.01 level of probability, no significant, respectively

ol U5 43 05 (650131 (o2 loomsbiont 9 SQ5els 38 Ol i 08 9 (SWid (IS 03l O T (ke A lio - Jgaa
Table 6- The simple effects of Varieties and drought stress on physiological and biochemical measurements in Petunia

o oo Cuid Sl 9,8 IS Judg s b gy s a by,
Treatment Proline Colg S o Cagh Carotenoids Total Chlorophyll b Chlorophyll a
(mg/gfw) Electrolyte  Relativewater ~ (Mg/gfw)  chlorophyll (mg/gfw) (mg/gfw)
leakage (%) content (%6) (mg/gfw)
”’:) Supercascade 0.84c 49.95b 42.91b 2.34b 13.60b 7.10b 6.49a
Variety

Tango Blue 0.93b 57.99 56.75a 4.28a 17.08a 12.a 5.07b

Tango White 0.98a 52.38b 57.13a 4.99a 18.42a 13.80a 4.62b

LSD Value 0.03 2.66 4.17 0.83 1.65 2.08 1.31

Drought 100% FC 0.76d 43.34 62.13a 6.78a 20.13a 16.56a 3.57¢c

stress

80%FC 0.86¢ 48.02 53.72b 3.43b 14.63c 9.39bc 5.24b

60% FC 0.98b 53.71b 51.83b 1.89c 13.07c 7.47c 5.59b

40%FC 1.07a 68.71a 41.42c 3.37b 17.62b 10.45b 7.17a

LSD Value 0.04 3.07 4.81 0.96 191 2.40 151

85 (s gime M LSD (P < 0.05) 905 gallas il o S e gy (shyls cpgim ya 13 &5 oo Sibie
Mean that in every column with the same letters are not statistically different according LSd test
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Table 7- Interaction effects of variety and drought stress on physiological and biochemical traits measured in Petunia

. ol Slyome A Judg I Judg IS Judg 5
. o o K - -
> oAsn ClgrSN icagh, Js b a
Relative
- Electrolyte - Total
L Proline water Carotenoids Chlorophyllb  Chlorophyll a
Varietiy (mglgiw) Ieal(age content (mg/gfw) chlorophyll (mg/gfw) (mglgfw)
(%) (%) (mg/gfw)

Supercascade 100 0.68i 37.34f 54.74cd 3.35¢ 12d 9.16bcd 3.84de
Supercascade 80 0.72hi 43.91e 47.59de 2.81c 14.07cd 7.69d 6.38bc
Supercascade 60 0.93de 55.09¢c 44.44e 0.53d 12.98d 3.48¢e 9.50a
Supercascade 40 1.04bc 63.49b 27.90f 2.66¢ 16.33bc 8.09cd 8.24ab
Tango Blue 100 0.82fg 48.56de 66.00ab 8.54a 25.01a 21.44a 3.56de
Tango Blue 80 0.87ef 52.20cd 61.92b 2.36¢ 10.92d 7.40de 3.51de
Tango Blue 60 0.97cd 54.96¢ 54.39cd 2.47c 13.65cd 8.14cd 5.51cd
Tango Blue 40 1.07ab 76.26a 44.57e 3.74bc 18.74b 11.03bcd 7.71abc
Tango White 100 0.78gh 44.12¢ 66.64a 8.46a 24.40a 19.09a 5.31cd
Tango White 80 0.97cd 47.95de 58.66bc 5.12b 18.90b 13.07b 5.83bcd
Tango White 60 1.04bc 51.10cd 56.65¢ 2.69c 12.58d 10.81bcd 1.77e
Tango White 40 1.12a 66.37b 51.81cde 3.71bc 17.81b 12.23bc 5.57cd

LSD Value 0.07 5.33 8.33 1.66 3.31 4.16 2.62

)l ()b gxe M3l LSD (P < 0.05) (9051 sillas caiil oo S yitio gy slls (ygiw oy a5 ooy Sile
Mean that in every column with the same letters are not statistically different according LSd test
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Introduction: Water deficiency is one of important abiotic stresses that severely effects on plant growth. The
effects of drought range from morphological to molecular levels and are evident at all phenological stages of plant
growth at whatever stage the water deficit takes place. Growth is accomplished through cell division, cell enlargement
and differentiation, and involves genetic, physiological, ecological and morphological events and their complex
interactions. The quality and quantity of plant growth depend on these events, which are affected by water deficit. Cell
growth is one of the most drought-sensitive physiological processes due to the reduction in turgor pressure. Under
severe water deficiency, cell elongation of higher plants can be inhibited by interruption of water flow from the xylem to
the surrounding elongating cells. Impaired mitosis, cell elongation and expansion result in reduced plant height, leaf
area and crop growth under drought. Chlorophyll content is one of the major factors affecting photosynthetic capacity
changing in chlorophyll content of plant under drought stress has been observed in different plant species and its
intensity depends on stress rate and duration. Chlorophyll content of leaf is indicator of photosynthetic capability of
plant tissues. In the mid-80s, RWC was introduced as a best criterion for plant water status which, afterwards was used
instead of plant water potential as RWC referring to its relation with cell volume, accurately can indicate the balance
between absorbed water by plant and consumed through transpiration.

Materials and Methods: To study the effects of drought stress on three varieties of petunia, a factorial experiment
based on randomized complete block design with four replications was conducted. The treatments consisted of four
irrigation levels ((100% control), 80%, 60% and 40% of field capacity) and three varieties of petunia (Supercascade,
Tango blue and Tango white). After planting and transplanting and after full deployment in the pot, water stress
treatments were applied on three varieties of petunias. At the end of each week fully blossomed flowers were counted,
flower diameter, peduncle length and corolla length were measured. In order to determine the stability of the cell
membrane electrolyte leakage index was measured. Specific leaf area (SLA) was determined. The amount of
chlorophyll a, b, total and carotenoid and relative water content in the leaves were measured. Statistical analysis was
performed using the software MSTAT-C. EXCEL was used for diagramming software. Means were compared using
LSD test with a 0.05 significance level.

Results and Discussion: Results indicated that interaction impacts of variety and irrigation on dry weight, leaf
area, flower number, flower diameter, length Corolla, chlorophyll content, electrolyte leakage, relative water content
and proline content was significant. The most shoot dry weight (76/1 g) was in control stress (100% FC) and Tango
White variety. Also the most leaf dry weight (07/2 g) and root dry weight (g 43/0) were in Tango Blue variety. With
increasing drought stress from 100% FC to 40% FC, leaf area decreased in Supercascade from 314 to 49, in Tango Blue
from 405 to 44 and in Tango White from 459 to 69 cm?. In 80% FC, electrolyte leakage increased in all varieties
(Supercascade variety 2%, Tango Blue 10% and in Tango White 3%) compared to control. Also electrolyte leakage
increased in Supercascade 17%, in Tango Blue 9% and in Tango Whitel0% in 40% FC compared to control.
Comparison of interaction effects of drought stress and variety also showed the most proline had accumulated in Tango
White and drought 40% of field capacity and then in Tango Blue and stress 40% of field capacity. Generally two
varieties of Tango Blue and Tango White in control irrigation had better growth and also in low irrigation were more
resistant.

Keywords: Chlorophyll, Electrolyte leakage, Flower number, Proline, Specific leaf area
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Figure 1- Bag colors used in experiment (a), controlled pollination (b), and bunch bagging (c)

g oohiogsUl (piomen 53,8 8155 1) La i 5l ogee ol
B3 (59 oAb oge (oldlyi> Cuxbge a5 Al (V) ) Se
9 Alwd & CubgS Cud ogao jlab 0gne (jg «udsS ()59 3 )]
Dby Bl 230,8° 8155 (V) GhlSen g (65 2,05 oo St 59

Al e D pixe b5 Cawgy Cslbus g 03l W5y ) 0gee

landi slagaalil g o Slas
beond gloygiS1h b dasly 5 (W Jgao) Luil)ly 4525 g
89y S S5y e )3l dmd e LS 3 Sas gla a3l
Pl aded g (Jy Cons JPine (alond (gloygiSh g3 )Slos
ONlae duolie ol ) 0500 (jg 9 TSS duoyd (59) gyl ime
NV 55 L s cpe ) Logre 08 oo ol ¥ o>
2 Laog o 8yl g Caa cogmo b (gl xe Golas p,55LS
09 ATRS )> Wdgr (6l Cagby Lais 4 B er Jled Cax
b oy cg > Bogee a3 o (L5 B Jgior sl 55 (5 pden
Il cpa slbogmo 4 Cun (gyid TSS (im0 Lo yd YI/AD
) gloasi o)l s)iSanS S (VD) )Ken g ol )
gopd ik cnl @l b ol Gla )l g Bolo) 3 )y 390

IS LSyl b B 53 JoygSTs & Lol 31

)l = odly u:.i;l:.‘o M Y = c_d)f [nbo‘ UﬁbLa.:

5 Excel2010 ,l5-81p 5 95 3,k )JLT P d)Loi LS RWCON
A plosl SAS9.0

Mgime o 9 Jlo GiiSany 45 (63150 5 Cunl ol 42 p5Y

sdcal Jglis ;3 ailBls &ygao 4 Jlo 93 4 basye (slaodls 5

Caw|

sl slaSig
A5 et (V Joaz) uilaly anjes Joas i b
oL (Lo Shy » @ bsire Sl car g dus ) sbajlog
Lo (iiSan yy 3,105 (0920 ylad o Jobo Conas g ylad ¢35 < Jsbo) 0500
(V Jsi2) 0le duslie Jodo g it o iz 3 M50 dod 1 35
(V) Slol sl g0 50l Hlows A8l g b jloss oy gl Amd o L
55 o9e s Ll Lo (S iy g9y (N A 35 SIS
il pae (1) hlsem 5 L5 o)l ()b ine 31 Mo



\vay uLﬂ-ﬁM) ¥ e)Lo.K;} NY ..\.19 ‘(dj)ﬁw é.:l..\o 3 95.13) ‘SIL&L’ PSJ‘ 4")-“*-’ a‘ﬂ‘p

s ity 3 e s inlS Lnabgs | (Sasis
SaSid e Bl Gl gne yob 4 (SIS e
Jlod ez 4o G ()3 gne QLI Cgix Cu 53 (izren
e ) ool lagyiady ) (2lo)S 0395 GuljEl 4 dagi bty
slagy Gls cda O ) ol il (il as e o5 S,
395 G (V) OhlSen 5 plogy 29 30 a)le Jials > UV
9 by SUaS 5> Cusb) B L ppan i ohag 4 il
s5b A g o adyle il Lials el b g ye b ials
R (Sl O)lud 3 o Cagb) g Lo aee Jelse (IS
lao)le 855 g ped Jlo )3 j gl cnl 2 )b lodes
p9d Jluw ol o i wliilgn slaodly a8 4 i oanlie
SO Loy g caily [iolial Jgl Jle ds Cud o d A s gl
ol dsle pgd Jlo o o Cpred & Ylainl 9 35 S 25

Jlos 5 5y Jloss Sl 15 brogea 53,5 Lb,155 lasl .l
OnieS (B g g ()8 oo Slez g Olie (R (25
st S S 45 555 B)SS g 2303 | o 35 ol
ez 3l (onp 3 () Qe g Jewly 22)185 (5 la gtme 31 5, Sos
roses 55 3t ssb 5 (il 3058 s S > (S ()8
Sy 2 50 0540 dliad &S Sy aeD opl 4 3)lesla 108 (54.5
) S5 g b l)le jlaals jlas )3 (g5l g ©)g0a
gy gl it BB dpl QLIBI(VY) Lo 5 08 09 jide
olsSIT 65,8 ()15 1) 43S 3985 liee b S35 sl sty
Lo @l b guse (20l sl (153 (59) ()2 3 (V) )Sen
e il Can ez 0 608 B)1S gl 5l cuss 4
5 35915 elbis g Sl g Syt Sy, (slndsl OS]
2 Opxed 395 I3 e Jole by dlge il 5 Jgtn g
S rpboasy 35 o ae ol BB 5L g 591858 (slaad

Ay 1y oliee cnpober Jlad ) 58k 5 g )3 595,38

I SRS P R W V- PO I - g PRES

SIS 08) Loy e d9m0 Silho (B 1 (59 Adgh Curyn g dunS U T wilylg w325 - Jgsa
Table 1- Analysis of variance for effect Bag color and Bunch Direction on some properties

©lapo (ko
Mean squares
a3 oguo yhad ; . oga0 Job
(S.0.V) ol puis polio (df);)sbl'i Diameter of Len ,‘[J;;[/;w " W '%h:: uf)i‘ it Lenght
5 fruit g iameter eight of frui of fruit
RS 1 0.00144676 ™ 0.00387600m 3.8060563" 0.03960333"™
Replication
J 5 0.03474028 ™ 0.01746721™ 2.1172720"™ 0.01953417"
Treatment
Ju 1 0.07820417" 0.28209306" 21.4858680"™ 3.31526667™
Year
Can 1 0.01027824" 0.00018942m 0.0545465" 0.00201667"
Direction
caaX o 5 0.02755046™ 0.004086997" 0.6624961" 0.00944917"
DirectionxTreatment
Slow X Lo 5 0.003294861" 0.006949117" 1.1303851"™ 0.01068417"
YearxTreatment
Lot 7 0.03048431 0.01012869 0.9920561 0.02050791
Error
s Gy - 7.336675 6.3232 8.932413 3.792695
(%) cv

bime AWML pae NS g 2o)d O Jlois ] pdaws )5 (5 gixo 5
*, significant at 5 % of probability level and ns, non_significant
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Table 2- Effect of Treatments on Fruit appearance characteristics on Fruit date C.V. KABKAB

Sl ogs0 Job oguo ,lad oguo Job [ ylad 0940 (339
Treatment Length of fruit (mm)  Diameter of fruit (mm) Length / Diameter Weight of fruit (g)
S 38.1875 2 23.6563 1616.14712 11.558?2
Green
m 37.5563 2 23.521% 15.9669% 10.583P
White
) 37.1785 2 245729 @ 15.3478b 10.906
Yellow
<! 37.83132 24.0625® 15.7522% 11.1488 2
Blue
sk 37.9785¢2 23.7188% 16.0152% 11.4792
Gray
sals 37.8¢ 232250 16.27842 11229
Control
Direction
Joes 37.7125 @ 23.69442 15.9303° 11.1745 @
North
e 37.80422 23.90142 15.90222 11.1268°
South

323b 03 LSD 901 51 o3zl b (P<0.05) jls ize M| (gl ygiw y 5> S jitio by o L olael
Numbers followed by the same letters are not significantly different (P <0.05) based on LSD test.
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Table 3- Analysis of variance for effect color bag and direction bunch on some properties on Fruit date C.V. KABKAB

(MS) ©lxs o (ke
o a5 i Wde!l TA Joloes sols 3190 S Fjg ey b9a0 (139
(S.0.V) Clymis ale (). gl PH &apm! ol i3 ot8 TsS (0)) Weight of khalal Weight of
il OESE N ° (%) Fruit (kg)
1S5 1 0.00315™ 0.00144" 82.502083™ 5.8095148ns 1.5470052"
Replication
o 5 0.04195" 0.00300" 18.935417" 124.8952424" 5.6078848"
Treatment
Jl 1 6.36025" 00.0019" 9540.09375" 13.2084233" 102.67896"
Year
TS 1 0.03263"™ 0.00015" 231.260417" 7.6382880" 31.6442390"
Direction .
g los 5 .130431"™ .006098™ 46.435417 1 92.5251851 .8057876™
i H *
D”ec“iz WTLELi“me”t 5 1051785 .0017795™ 27.918750 ™ 11659304 4.4548015"
o #
Year*Treatment
s 77 0.05807684  0.00296758 26.05111 17.982969 3.1887517"
Error
s oy - 3.766165 30.49001 7.260139 39.17862 22.61334
(e

o gme BB pae NS g 0o & Jlois] prdaws )5 (g)l> gime
*, significant at 5 percent level of probability and ns, non_significant
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Table 4- Effect of Treatments on quality characteristic on Fruit date C.V. KABKAB

Sl o9 (339 S, iy we Ogun (SISl
Treatment Weight of fruit (kg) Weight of khalal (%6) Fading disorder of fruit (%)
Green ;.. 7.0531° 9.2344% 3.135%®
White s.aw 8.8396? 9.5567% .820¢
Yellow s 7.9615% 11.6480° 3.1
Blue . 7.6323%» 8.5101°¢ .06°
Gray _owsb 7.75632 9.8807% 5.1292
Control sals 8.1375% 16.11312 1.689%
Direction c.->
North Jles 8.4708? 11.1062 1.53°
South sz 7.3226° 10.542 3112

2l 05 LSD 9051 51 o3lissl LP<O.05 ) jls jixe G5 (gl ygm y 55 S jitio by > L slael
Numbers followed by the same letters are not significantly different (P <0.05 based on LSD test.

SIS 08 boyd ogae (lowd S Sy » () L iis H1-0 Jgs>
Table 5- Effect of Treatments on the Chemical Properties of Fruit on Fruit date C.V. KABKAB

Sl g ! Jolome el 3lge Oyl JB sl
Treatment pH TSS (%) TA (%)
Green e 6.424° 69.0622 .1662
White aaw 6.342 70.9382 .1692
Yellow s,; 6.415° 71.75 1712
Blue 1 6.456° 70.2 .1952
Gray wsb 6.4272 69.125? 1742
Control sals 6.331° 70.9382 .1972
Direction cq=>
North Jles 6.41732 68.7500° 177412
South oy 6.38042 71.85422 .179922

123b 05 LSD 4051 51 o3zl b (P<0.05) jls jize M5 (il ygm yo 45 S jitio by > L slael
Numbers followed by the same letters are not significantly different (P <0.05) based on LSD test.
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Table 6- Variance Analysis for Treatment, Direction, Year

(MS) ey po (il
SHB A jo iy 0 Do
Oyt olo = Ripening Jof Jlw ~ %2° PP Sy Jil ek dae gy, by oy,
(SWO V‘) &3 t Khalal 9f_ (dPeslsi  RIPENingof () Lot Ripening of Khalal on S s Jlo
- @ ° Khalal on first ¢*% Khalal on e first year e 3
year second year
‘ 5 * * * *
Rep;i)(;tion 3 556.1459 3 844.122 3 389.4757 3 819.4469
Tre&)lt:;ent 5 1332.8263" 5 2321.7022" 5 1843.017* 5 2280.7453 "
Direction cus 1 3.7405" 1 1266.7485" 1 46.3947 " 1 5658.4710"
Time
g@:;u; 4 6605.4321" 4 4306.902" 8 53.5640" 7 39033.719*
0P
Time*Treatment 5 85.1369™ 5 172.3073 ™ 5 123.7340 ™ 5 187.1108 "
ST
Timei'liregtment 25 99.2107™ 20 108.453" 40 71.6307™ 25 157.8468"
D‘?P O“ii_)“‘?* 30 10.8131 ™ 24 45.6994 48 315332 30 33.6434
irection*Time
Treatment
LsError 238 169.3943 197 128.8136 361 104.4694 238 26.6388
s g i -
”('gl);/""’ - 25.96231 - 21.05113 - 25.21215
) 29.33184

bime AW pae NS g 2o)d O Jlois] maws )5 (5 gixo 5
*, significant at 5 percent level of probability and ns, non_significant
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Table 7- Effect of treatments on rate of fruit ripening % per unit of time

s,6 b,
Kalal Rutab
Sowd Jol Jw #9s Jw Jol Ju 93 Jlw
Treatment First year Second year First year Second year
Green j. 48.821b¢ 53.559% 37.320% 40.176°
White oo 52.022° 47.813¢% 41.522° 32,244¢
Yellow s, 48.466 66.3942 38.453* 45.902
Blue 45.725¢ 51.665% 40.985° 37.899°
Gray  owsb 59.970? 58.520° 49.7112 45.2332
Control wssls 45.880° 45.496¢ 34.957¢ 28.740°¢
Direction cu>
North Jles 50.231# 51.617° 40.1612 36.961°
South w g 50.001# 56.212¢8 40.8212 39.7712

123l 3 (P<0.05) s e MBI (gl g 2 )3 S yiite gy b sl
Numbers followed by the same letters are not significantly different (P <0.05)
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Introduction: As one of the oldest fruit trees, palm, from almost 5,000 years ago till now, has been growing in
North Africa and the Middle East. Phenological ripening process of fruit trees are determined through factors such as
genetic, environmental and controlled practices. Among these factors, radiation as a natural factor affects other
processes such as photosynthesis, flowering, performance and color of a fruit. Considering the importance of producing
organic fruits, it is highly effective to use different coatings to improve the gardening products. Results of this study
showed the effect of light on strawberry fruit coating which has the capacity to pass higher levels of UV light. As a
result of applying coating the average fruit weight, fruit number, phenols, pigments, anthocyanins and flavonoids were
significantly increased, but no significant difference was observed for the total yield. Use of coverage on apple trees
reduced physical damage and improved the color of the fruit. The blue covering improved the physical and chemical
factors in banana. Date palm bunch covers offer several advantages to protect fruits from high humidity and rain, from
bird attacks and also from damage caused by insects and diseases. A sturdy light-brown craft-paper is used in the USA
to cover and provide good protection of the bunch during the ripening season. Bunch covering is, however, not only
practiced against rain damage but traditionally is also used in the form of coarsely woven well-ventilated baskets (sund)
to protect the maturing fruits from birds and prevent early ripening fruit from falling to the ground. Bagging treatment
has been widely used as a physical protection technique in other fruit-tree species for not only protecting fruits from
diseases and pests, but also changing the microenvironment of fruit development growth, which subsequently affects
internal and external qualities, such as skin color, acidity, sweetness and aroma. A large number of experimental data
obtained in peach, pear, apple etc, showed that bagging treatment might lead fruits to increase or decrease of ascorbic
acid (Vc), TSS, anthocyanin, organic acids contents etc.

This study also aimed to show how the quality, quantity and speed of the ripening process of fruit date palm
Kabkab can be improved using covering method.

Material and Methods: This research was carried out at the Tropical Fruits and Dates Research Station in
Bushehr Province. Considering the above purpose, a complete randomized block design was employed. Accordingly, 6
treatments including bags with dimensions of 120 x 70 cm in 5 colors (green, yellow, white, gray, and blue) and with a
four-time repeating pattern were applied to 20 years old Kabkab palm trees. All trees were pollinated by a controlled
pollinator. Factors measured included the ripening speed of fruit per unit of time, the weight of the entire cluster, cluster
weight, fruit weight, TSS, TA and pH.

Data collection and Analysis: factorial complete randomized block design was carried out and data were
analyzed statistically by analysis of variance and least significant differences (LSD 5%).

Results and Discussion: Based on the results obtained, the direction and color of the bag on the characteristics of
fruit appearance has no significant effect. Awad (2007) achieved similar results with colored bags including black,
white, blue and white coating on the date palm Helali obtained. Alcobendas (2012) found that the geographical location
of peach fruit on the tree has no effect on the weight of meat, fruit weight, fruit diameter, fruit dry weight and pulp to
stone ratio. The results showed that bunch weight and fruit weight significantly increased in the north. Tyas et al (1998)
reported lychee trees in directions of northeastern and northwestern produces the highest and directions of southwest
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and the southeast had the least amount of fruit. Gray coverage significantly increased the rate of ripening of the fruit in
the unit time in both years. Awad (2007) said it might be possible that bunch bagging, especially with black and blue
polyethylene bags, accumulated higher heat units than other bags and the controls. Consequently, accumulated heat
might induce higher respiration rates and the CO2 accumulation within bags might lead to more acetaldehyde
production and removal of astringency.

Conclusions: According to data obtained from physiological factors it can be concluded that palm bunch covering
accelerates the ripening of fruits. Also, the data obtained from the directions of bunch shows those bunches located on
the north side of the palm tree weigh more.

Keywords: Covering color, Date palm, Fruit ripening, Quality
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Figure 1- Effect of different cloud covers on temperature and relative humidity during 19 years
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Table 1- Analysis variance of temperature and humidity data in different categories of cloud covers, year,
day and hour during 19 years
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Figure 2- Temperature and relative humidity changes during 19 years (1990-2008) in the hottest month
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Table 2- Analysis variance of temperature and humidity data under tree canopy and open space
during the hottest month of year
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Figure 3- Effect of tree crown in comparison with open space on temperature and relative humidity
during hottest month of year
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Figure 4- Temperature and relative humidity changes of different days and hours during the hottest month of 2012
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Table 3- Comparison of mean between temperature from tree canopy and open space with different cloud covers
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Table 4- Comparison of mean between relative humidity from tree canopy and open space with different cloud covers
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Introduction: Considering population growth and urbanization development, one of the main requirements of the
urban society is to create appropriate life condition for dwellers. The microclimate is considered as one of the factors
that affect the activity of people in the environment and in terms of tourist and recreational industry, it is considered as
an important source of economic. Many climatic parameters such as temperature, relative humidity, radiation and wind
speed can affect the quality of people's recreational activities. So far, many studies have been conducted in the world
about the positive effects of vegetation specially trees in the urban landscape on the optimizing of microclimate and
human thermal comfort. The cooling mechanism of trees and clouds in an area mainly by directly shading the ground
surface and indirectly by supplying humidity are similar. Thus, perhaps it be possible to calculate the changes in
temperature and relative humidity based on cloud categories and impute it to tree canopy and vegetation size. The
purpose of the present study was to answer followed questions, 1) does the use of single tree produce a sensible
difference in temperature and humidity relative to open space? 2) Does the acacia tree as an indicator for a broad-leaved
species compare to the pine tree as an indicator for the needle species in terms of the microclimatic variation of around
themselves act differently? 3) Do the microclimatic elements (Temperature and relative humidity) under the canopies
are comparable to various cloudiness conditions?

Materials and Methods: The experiments were conducted at Ferdowsi University of Mashhad. The climate data
under two species of false acacia (Robinia pseudoacacia) and pine trees (Pinus eldarica) and open space were received
from Mashhad weather station over a period of 19 years, recorded and analyzed. In the comparison of the effects of
vegetation and cloudy conditions on the temperature and relative humidity an assumption was proposed that has been
mentioned in the following. The differences between the means of temperature and relative humidity obtained under
SKC (Sky Clear) cloudiness conditions and in open space; under SCT (Scattered Sky) conditions and pine trees; and
under BKN (Broken Sky) conditions and false acacia tree must be equal or these differences must be statistically not
significant. In addition to the effect of tree canopy, the effects of days and hours on the temperature and humidity were
investigated. To analysis and also mean comparison, SPSS 16 software was used.

Results and Discussion: The results showed that the temperature (decreasing) and relative humidity (increasing)
were significantly different among various cloudiness conditions during 19 years. The results also indicated that
between the temperatures recorded under the canopy of pine and false acacia trees, and also among of recorded relative
humidity in two trees specious with corresponding outdoor spaces there were significant differences. Also, there were
no significant differences among the temperature of the clear sky and the partly cloudy with that of the mostly cloudy
sky. Further, clear sky and mostly cloudy sky showed significant differences in terms of relative humidity. Mostly
cloudy sky and the partly cloudy sky compared with pine and false acacia trees were about 4.6 and 4.5°C cooler,
respectively. The cloud covers, also could enhance the more level of relative humidity in the environment in
comparison with single tree canopy, so that were caused a wetter environment equal t016.6 and 8.4 percent,
respectively. The results also showed that temperature and relative humidity created by the shade from false acacia and
pine trees are not comparable with the same climatic factors created by partly cloudy and mostly cloudy skies. In the
present study, false acacia as a broad-leaved tree compared with pine tree and also open space could cool the
environment about 0.65 degree C more that is in line with previous studies that showed the microclimatic impact of
vegetation depend on crown and leaf size. Temperature and relative humidity in vegetation (trees) and cloudy condition
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are not comparable with microclimate and their impact on the environment is not the same. The cloud covers, also could
enhance the more level of relative humidity in the environment in comparison with single tree canopy, so that were
caused a wetter environment equal t016.6 and 8.4 percent, respectively.

Conclusion: This finding showed that climatic effects of cloud covers had no similarity compared with two studied
trees species. It may also indicate that green space and greenery should not also be ignored in areas where cloudy skies
are mostly present throughout the year.

Keywords: Cloud cover, Relative humidity, Temperature, Vegetation
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Table 1- Mean, minimum, maximum, standard error and coefficient of variation of fruit traits for 156 pomegranate

genotypes
Sl RNCH Jslas RN e ol O yndS g o
Traits Mean Minimum Maximum Standard Error  Coefficient of variation
b b
Calyx length (mm) 19.31 10.73 30.17 0.18 18.19
el oo
16.34 10.86 22.96 0.13 15.25
Calyx width (mm)
ool p)5 Ve p il sl
92.09 10.67 325.33 2.77 68.43
Number of seed / 100 g Aril
0gx0 wy Colus
2.33 0.71 11.26 0.05 51.16
Peel thickness (mm)
5 09 325.49 102.33 972.67 6.1 41.01
Fruit weight(g)
o dib 59.42 36.6 85.5 0.42 13.75
Fruit length(mm)
ot 61.02 40.14 85.6 0.4 12.64
Fruit diameter (mm)
gl 09
17.42 11.47 42.45 0.14 21.49
Peel weight(g)
j .
(Joloss 304.96 90.86 930.22 8.32 34.26
Aril weight(g)
Jolre sl Slge
14.29 10 23 0.19 17.32
Total soluble solids (%)
Ozl BB el
1.33 0.42 2.8 0.03 28.6
Titrable acidity (%)
é&)u‘%u 11.84 4.2 33.33 0.4 43.02
Maturity index
PraRwn|
T 3.71 3.2 4.47 0.02 7.34
pH
S el
Electrical conductivity 3.63 2.05 5.92 0.04 16.02
(mho/cm)
Antocyanin (mg/L) sl sl 25.94 4.05 51.99 0.79 38.13
AMT ls LB )
0.58 0.09 1.16 0.01 38.13
Absorbable color of juice
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Table 3- Estimation of variance components, phenotypical, genotypical coefficient of variation and broadsense
heritabilty for fruit quantitative traits in pomegranate

0905 5yl g

wlyly 52 3501

Traits Broad sense Coefficien(to/(()); variation Estimation of components of variance
heritability(%) . . L .
P g g e S
Genotypic Phenotypic Phenotypic Environment Genetic
o 0 sk 60.45 15.96 20.53 15.4 6.09 9.31
Calyx length (mm)
o9 ?Uué)‘ 67.21 14.11 17.21 7.87 2.58 5.29
Calyx width (mm)
Jool )3V e+ ) wilooluss
Number of seed / 100 93.3 66.1 66.33 3610.78 25.27 3585.51
g aril
290 gy Cralond 93 40.86 4237 1 0.07 0.93
Peel thickness (mm)
) ”"‘9” 98.23 40.63 41 17509.4 309.7 17199.7
Fruit weight (g)
ot 71.94 13.07 1541 84.12 23.6 60.52
Fruit length (mm)
oot 66.77 11.54 14.12 74.16 24.64 49.46
Fruit diameter (mm)
ogs0 C‘wxob 70.72 14.35 17.06 9.19 2.69 6.5
Peel weight (mm)
o9 Jlos 98.22 43.04 4343 17546.67 311.67 17235

Aril weight (g)
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Table 4- Phenotypical (above of diagonal), genetical (below of diagonal) correlation coefficient in pomegranate genotypes

Traits lw 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
ogse g Job—1
e sk 1 0.18 0.07 013 019 03 027 -006 02 0 -0.01  -0.02 0 -0.02 013  0.13
Calyx length (mm)
° b o, -2
e B 0.17 1 0.19 031 023 029 035 -0.09 023 0.06 0.04 0 0.01 -0.09 -0.07 -0.07
Calyx width (mm)
ool a8V e+ s albaaluss -3
Number of seed / 0.05 0.18 1 029 044 023 031 -0.02 044 0 0 0.11 0.15 -0.08 -0.13 -0.13
100 g aril
b0 CawgCaolius—4
e 0.11 029 0.26 1 027 0.09 0.16 -0.09 028 013 0.08 0.11 008 0.11 -0.01 -0.01
Peel thickness (mm)
o $595
s 0.18 021 041 027 1 052 06 -0.12 09 0.04 013 -0.11 0.17 -0.02 -0.05 -0.05
Fruit weight (g)
o _6
.w“bb 027 026 021 0.07 05 1 0.78 -0.01 053 -0.08 0.15 -023 0.02 0.1 0.07 0.07
Fruit length (mm)
oot ] 024 031 03 016 058 076 1 -0.15 061 005 01 -009 006 -0.01 -001 -0.01
Fruit diameter (mm)
ow%%w’_g -0.05 -0.07 -0.02 -0.07 -0.1 -0.01 -0.14 1 -0.15 -0.07 0.07 -0.12 0.0 -0.09 0.05 0.05
Peel weight (mm)
0 ]*9
’?A“k).u” 0.19 021 042 026 078 051 059 -0.13 1 006 0.14 027 0.1 -0.08 0.08 0.08
Aril weight (g)
s slge —10
e s e . -00 004 00 012 0.03 -0.07 0.04 -0.05 0.05 1 -0.11  -0.77 -0.18 -0.13 0.09 0.09
Total soluble solids
ol s BB anawl -11
UW‘MJ}’ S -0.01 002 00 006 011 0.13 008 006 0.12 0.1 1 -0.14 023 -0.09 -0.06 -0.06
Titrable acidity
5"“”9"‘9’12 -0.01 0.0 0.09 0.09 -0.08 -022 -0.07 -0. 025 -0.74 -0.12 1 -0.14  -02 -0.11 -0.11
Maturity index
el -1
M”*NH 3 00 0.01 012 0.06 015 002 0.04 00 008 -0.16 021 -0.13 1 0.12  0.03 0.03
p
S eolin-14
Electrical conductivity -0.02  -0.07 -0.06 0.08 -0.02 0.07 -0.01 -0.06 -0.07 -0.11 -0.08 -0.18 0.11 1 0.11 0.14
(mho/cm )
o 0.12 -0.06 -0.11 -0.01 -0.04 0.06 -0.01 0.04 0.06 008 -005 -0.1 0.02 0.1 1 0.98
Antocyanin (mg/L)
ogpedl > BB S5,-16
Absorbable color of 0.1 -0.05 -0.12 -0.01 -0.04 0.05 -0.01 0.03 0.06 0.07 -0.04 -0.1 0.02 0.13 0.96 1
juice
&l
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Introduction: Pomegranate (Punica granatum L., Punicaceae family), a native Iranian horticultural plant, is used
as fresh fruit and also for other products and has special economic position in the world. It is estimated that
pomegranate fruit production in Iran was about 900000 tons in 2016 which provinces of Fars, Markazi, Khorasan,
Yazd and Isfahan had the highest production respectively. Iran is the center of diversity and most probably center of
origin of Pomegranate, so during the years, many attempts have been done to collect different genotypes. The
National Research Station of Pomegranate of Saveh has three set collections including 760 genotypes collected from
all around of Iran. Assessment of genetic variation among these genotypes to use in breeding programs should be
considered as first priority. Researchers use different methods to measure genetic diversity of plants including DNA
markers, isozymes and morphological traits. Using morphological characteristics that are easily measured and have
high heritability is a convenient tool to assess the amount of genetic diversity of plants.

Material and Methods: In order to determine genetic variation and heritability on morpho-pomological traits,
pomegranate genotypes were selected from different habitats of Iran that are already planted in the collection of
National Research Station of Pomegranate of Saveh in 2016. Genotypes that had similar descriptor or genotypes that
had not sufficient fruit to get involved in the experiment, were excluded. Selected genotypes (156 genotypes) were
evaluated based on a completely randomized design with three replications using nine morphological traits including
length of calyx, width of calyx, number of seed in 100-gram aril, thickness of peel, weight of fruit, length of fruit,
width of fruit, weight of peel, weight of aril. Biochemical characteristics of fruit including total soluble solids, titrable
acidity, maturity index, pH, EC, anthocyanincontain and absorbable color of juice were measured for each genotype
without replication (five fruit were selected randomly for each genotype). Statistical analyses including analysis of
variance, correlation coefficient, and broad sense heritability, phenotypic and genotypic coefficient of variation were
estimated using SAS 9.0 software.

Results and Discussion: Analysis of variance showed that the effect of genotypes in each trait is highly
significant (p-value=0.01), indicating a wide variation among these genotypes. Considering range for each trait
reveals remarkable differences between genotypes especially for number of seed in 100-gram aril and anthocyanin
content. Results showed that among 9 morphological traits, aril seed (g 100 aril™) and peel thickness, also among 7
chemical traits, anthocyanin content, absorbable color of juice and maturity index had the highest variation. The most
positive and significant correlation coefficients was observed between fruits weight with length and diameter of fruit,
length and diameter of calyx, aril weight, seed number (g 100 aril’) and peel thickness. Correlation between
qualitative and quantitative traits were not significant. The highest phenotypic and genotypic coefficient of variation
was observed on fruit weight, peel thickness, seed number (g 100 aril") and aril weight. A high broad sense
heritability was observed for aril weight (g 100 aril™"), fruit weight and peel thickness.

Conclusion: Based on the results of this study, there was a high genetic variation among genotypes for most traits.
As it was expected, Iranian collection of pomegranate is a rich source for this plant and highly supporter for other
breeding researches. High correlation coefficient of fruit weight with other morphological traits is useful for early
selection of high performance genotypes. For instant, genotypes with high diameter of calyx most probably will
produce high yield. There was not statistically significant correlation between morphological and biochemical
characteristics. That is to say genotypes with low yield should not be excluded in further research programs because
of their beneficial biochemical traits; they can be involved in crosses with high yield genotypes to improve their

1, 2, 3 and 4- Ph.D. Graduated, Assistant Professor and Professors, Department of Plant Breeding and Biotechnology, Faculty of
Agriculture, Shahrekord University, Iran, Respectively
(*- Corresponding Author Email: rabiei@sku.ac.ir)
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biochemical characteristics. Pomnograte genotypes with good quality traits are also useful for industrial,
pharmaceutical and nutraceutical purposes. Results of our experiment indicate that due high broad sense heritability of
aril weight, fruit weight, peel thickness and aril weight, environmental effect on these traits is less than genetic effect.
Therefore, selection based on these traits could successfully be used to improve genetic base of pomegranate
genotypes in the next generations. Also based on the results of this research Hasteriz- Shahdad and Domaze- Izeh
genotypes were the best for soft seed, color and flavor fruit.

Keywords: Broad sense heritability, Correlation, Genetic variation, Pomegranate



Journal of Horticultural Science
Vol. 32, No. 4, Winter 2019, p. 567-580
ISSN: 2008 - 4730

s e b
LA GiAy

(852915 @lus g pole) Sl pole &y pls
BFV-BA+ .o ITAY v oF olacs FY al>
YerA-FYYe LLs

(Pelargonium hortorum) Jsess gldsed 25 8 5 4d, o pda

(a2 ) laded Bl s gaoms S5 (L2555

F 530 Kl gy =T A el = g g g oy s sk = A S e Ol Al e
AATZATVAN O

WAV/ A/ 2y 56

daSe

(o)) sldius gL, (Pelargonium hortorum L.H. Bailey) jlized (235 CuiS 390 g 4 o pde jolaie 4y imgss o]
Jolis 0y 008 1S £95 93 Ll 55 (Slined olalS s plowl i jouisS wlai Hlow V0 4,185 0 b ool JulS claSsl 2yl LB 5
Sl s 3 520 3 5 Sheo Do 5 V0 o e )3 silyigngSl 5 520 )3 p S ks Yore g Voo o Calé 3 (JusSubu) 48 oS
iy g lod Pl SLE g 5 g oty S Shy 55 e sl iz il 3 pS ke Ve 900 o sachale b (a3 S Cy e
ELE) oo (il 4y e Y ClAlE 5 ) 0aiSAS 93y byl (S @ bgye (sla Shg soboimen 5 (55l (slaoS) i
WU JewsSolo (g i sald 4 Caus Jbine il el JolpgglSh Sy pdaw 5 S p oluss il jad Slas 5903 a5 b > it
S 3 Lo ilewwgl 55 9 L Jidg IS Jolis S o (sloo iS5l ine il sl ad) (laoaiiS S 5,8 (i i 0l (LS ()l e
56 5 S e Sttt slo0jiSS) (liee b S slaidlS line S el )y (claoniS S Bt ST 50 5 ale & 03] s
Do slews b cov las plo a5 Jb 3 w3l Glis ial33l 0y (claosisS S 5,515 b anlio 5 cpodl Joji 1 )3 45 L34y Jlauo 4l Jlad
45 Glined ol M55 (sl by dgute ol oid] ez 0 3o st 9 Jol sl 51 53 oS s 00 o (IS ssbt 458,55 13

S LS (5 lalS (g gl ) oS et ¢ Jgil 5anglS sl s 1 g lS (gLl

098 5l Bua ol 4wy sl &S cwly] gyl s Bl
Do oo 0ol olandd et 5 oland slo by, il dles I ol
bl )3 )l (Sibf Jewsly 5 ot b olond s sl by,
e Ale lam Jolge 5 03 slaygS i Ll 5 absSY
SHBT g bod (3550 il b g (23)95 Gloj o g CudsS
5 CiiS lag ste 1D Cudgdoe dlom!l s o g jo il gled
I3 58U ot 1y ol cudS o oo b (gldis 5 ol oyl
Gl yawd b 4ds Cudgione 1 odlitwl sl o pdy Sl da5
(Tagetes patula L.) s, |5 55 LS o gl J,u8
M=e— o (IMpatiens  walleriana  Hook.) L_> |5
ol ol 3135 (Pelargonium horturum cv. Bulles Eye)
slagby) il (o aden 5l g adyy bz )3 Cudgione (V0 5 F)

Casl 4295 390 (luds L5 3 0594 Ay S
28 oS 5l eslarwl b gl 8" oleowd sla s, Lol
A3y ol Mg Rl b aluS 5 ol gl ge pbxil 0D, eulS
(F) 2imd e )18 L5 o) olS 3y aons 53 5 Jsho (Jsbo

doddo

(pomssly) licied £ 3 (225 S LS glyl i
rla.f;u: u»_o P )L\_lf uLmLf )1 odla_wl ;rl9 sl £ 9w y0
L;W u.sl.)a.o_w .39_»:3u_n b..\.bl_u.uo U).\_».s 9 339_3 M
Cawl Bgyme 30 (£l Slareds 44 &5 (Pelargonium hortorum)
Jlw zblge , 81 5 aS ol SIS HalS oy pogsme jI (S
ol 3 (23 9 05) o b oty il 5 a2l ails IS Wl
oS d‘ .(a.b')li?) D903 odlaiwl P%)‘P’ Pl g}ﬂgﬁ ol S O‘9;_c4.3
Ot 3 48 ol izl g SIS (lalS oy o aslid alex |
(A) cawnlyls 1y Jgl oSl Lid p3 Cgeme (glael oLS YO
SLEl OY g ame g)log Bassaly Glaal 5l (S 05 el
ISl (S55d58)50 blod jl calesy cudS' L Slals sy
Jr5S g Copde () OlalS I (gylun Mg )3 S50 (slaygSé

09,5 bl g 0l wlids)l8" Gilo (gemaisly loliwl i gy =¥ 5 ¥ .V o)

Ol ol o sLad g SLel pole (gwiine
(Email: khandan.mirkohi@ut.ac.ir 2 gfne oAk g5 =)
DOI: 10.22067/jhorts4.v32i4.69721



WAV Gliwoy oF ojlouds (Y'Y aler (((55y9Liss’ @oloo g pale) Sl pole 4y s DFA

O B (S dlm] e il pou )l ankd powye oo aind
ool Lt JLis ) o S g (9905 46L3] 5 oSl Y
Vo) obe C il gl ol 3 oolisul 3)90 CuiS pa
Ao Vo) ped SB g (oo 203 V1) ) Sl (oo 20
218 Jobe b olS s s po)l 5 53 GlalS 435 g (oo
slod o YOEY aSHIS lig) (slod Silse b plosl o
Vo) OldS s Cogby (15ke 9 (gl do ) ALY wlus
D9t gpe yio p 4l g Jgeg e Br e o0y job 4 9 A g
S obe S JugSolo g JgjlipglSl Jold A 008" slas
il Jfoee JS3ey 5 05 oy 3 ool i 5 Jis
b S L iy (] 5l 3 Jlael (WAY (yng)
A5 Jlasl VRO cdiqud)l 5o ib gl JSS4

ol olS gLyl Jed 5l Slao avolio b olS a3y (obj)]
Dolemd g Yo Bl Cons g S bawg el il b S
5 030l Uy yLalS 5 s pdans ¢ il (sloaslis 5 ncS, slass
5l oalawl b dBlw ,lad (England Leaf area meter AT) oSiws
ot S Ghlefl ol o 4 plosl e e sy g S
50500, s 3 Lad dyy g b ody p SB mdaw 5l olS olen
Sx5oilul Jioed soily b ade) 5 (2lon LiSe 5 o)y alolML
5 it 3,5 s 423 Vo ((gl) (S StS &y g 005 <5
L by cliw us 6,805l Sis 59 el YA 5l
L L Ll glej 5l jgy cam o (o2lS' B oo alax 5l 2llS
oSl odlal L 5 JSed Jobo 5 duslone (235 95
Ab ilemd ol U5 ya 50 S lasd L g 0 (¢ S0l
lgm 5 (V2) ,5Sl5 (bgy Billas S sla bl (sl
5 (V) g ey silbae S slaa 35 8 g Ln b IS
i gy iSul) (69— g ol jl oslatul Ly
b g Sojlul (Bio Quest, CE 2502 UK

3939 y ogMe Wby ) CuilS (ghad Cudgie il duglie Can
5 OIS 53 0lS (o3l pal 5 bl )3 Jlod gslaw 5 sals
A ) 3 OLBLS a8 () 2 lis e g 13,5 S
dgd oo Ay las jl g B g 51 50 dald 0g)5 90 (ylalS duwlds
(V5 450d) SPSS iy 3 ooitl by s € o] 3 5
byl o Laless U baiyo inlojl 51 Juols cglmosls .05 ploxi
3 el 4225 (VY 450d) SAS 53035} osial b s 5
Loy B o dLSD gejl il olil L Lo puSilis duslio

LS duslie

P L S s SalS s elsig o)l pb L ol sy
3y (lsms 15y SLmoa IS S el 1 JugSolis (5l
03, 5 (WS ;5 plalS (B )] S5 Cap oS s
L injp Jgare g5 ol b oaiS adgs andl (¥) Kgd e
Sl cuslie gy sl Jlad 2o &5 (613 (RS Glise 9,13k
&8

slooaiiS wolaly (Jool 0g)S oy I 505 (S oS gl
i g bailes iy (6505 o 5l dlos I alisee 5l 4 dien w3,
Lol als 8 (18) S el ) s s (2 0
5695 3 S ole L gy L (V) (205 a5 (1) (ol
Sy ddy g JSds b JS il I s Gl S 65
adon 5l sl g S bl el o wilgs o 1) (V) S g
5 SgbiS @b sl )5 & cwl (esian slagiS sule
sladslis by SO0 p U L wilgy e oole cployls Slels
(YY) 28l JHS 31 (2lS 0)93 Jobo 9 IS 5lass > (ol>

Comgzme Jlai | Slanad (0 olS Coonl a4 d2gi b nlple
g4y Copioe LSl (ol ang LB (215 0)90 Jsbo 5 oges
b (psesls) Sl £l 5> 351000 15, Laly 53 ok oyl ols

9 oSl 3y (goa S a5 wloS yop)ls Ly (—dolej]

a2y b ool o)l 548y » ol 514 degi b Jojlislsly
VI P 3\ KON I SV C VK S B BTN Y

W59 9 3190

5 4ldS ;0 WA o WWAY o Jlw b > idgiy o]
o3y e gl g Gl pole (ine 09,5 oS iylol
B 5> 7S b 2 Bly ol oK (b @lie 5 (6)eliS
oA S 1S e 0 plool S5 0 b dols LolS slaSsly 75
P erSle 8 90 Gao sackale 3 Jojl 5alSly Jols A,
e S Yoo g Ve o glackile 3 JugSolo 5 1
Voo g 0o slackile > (25 L basye sl b les
K39y )3 28 e

Pelargonium hortorum L.H. ) Jsazxe (slizeds jod Tl

&S aily s AlSen olie ol b alis s oAb atilS wlo
slaazals (V0) 1 plool g ond ool 5 yawd e ol ,
Ve ailas p i by gl By ay Sp¥F LY dbyo o Jobs
it (p3 ) s sl L) o o 1 gl 5 sl

1- Paclobutrazol

2- Bonzi

3- Chlromequat chloride
4- Cycocel



oFa Sladads £L dguzo wiy gLas o ( Pelargonium hortorum) Jeexe giloxeds 855 9 oy Co oo

et jless @l (V0) 295 Jo8 JoB (g p 15 5l 45705
b ime Lials 5 (Iris nigricans) oluw 05 p Ady glaoass
Obts JuwgSalo ysbimen 9 Joil5aslSh Jloss Sl 1) 4l glis)|
2 Sy ol 3l ol sl o wi Galojl il o ol
oS Gy (cyp (b (V) el 035 Jlos JuogSol b sl
2s—S S5 o (Coreopsis  verticillata) u,—uwoiysS
Ad asede 30 My eaiSaS  oluS 5 4 (Rudbekia fulgeri)
GBS 658U (mgS S5 olS elis) Sy JuosSols oS
Jogsoles Clale l38l s 5)sS ol 359053 &5 Jl> 55 o
Oy 4o 0l st F) sl o glis) 55 Giuljél & yoeie
IS g (ing) Sl p b a5 5l 2 gt S sl S
2lS e85 & (ool ue U opl g bl auishy Bl e (Jelate il
oalS Jlte plyis a3l (S oS 5 ol 38 o 5
015 155 ol Jest slasd & enly 53 ogall Bl gl ls e
=l S 5 ol aialojl o oS ol s s cpl (IY) col
(Zantedeschia spreng) (s pms 235 5 0LS a8lw o b

(F) Cusl asliss

Ly ‘.c_Lo.t)l
Plant height
(em)

=T e ¥ " £ B =2 B B =« S =

L ol Jlize 351 5 ol Jjo 48 sy 90 o ine
Ot oSl gl ldasMe b b as, slaoas s
P S ke 00 cdale 3 Jojlinslsly Jlos 4 baype glis)] Grals
529 % o) JS3) 392 52 )3 S o Vv JuosSilis s 5 52
Sloml e eal St jleslitl opgdy cble ol 58
o ipslSy yid 5o p)S ko VO Clalé Ll a5 oLy obisS
2 elary)l b re el 0, SO obul sals b ()l gme M
3 4133 )3 a3l paeslSLy alenil 5 gil s 5,5 b lased
Ay slmoaisS ot 1 (b alie aoes (YA) Cusl o (5155
ol yh)l35 50 (Osteospermum ecklonis) pge yuwsiiw! olS 5
b 2y slaonisSielats Sl g9, &5 (oiaghy 3 (VF) ol
(Plectranthus verticillatus) 3¢ gu SLes )bl olS 4565
Codiaeum ) 53,5 (Schefflera actinophylla) |,la__s
ples! (Syngonium podophylium) ss.e8i.—w 4 (variegatum
938y Sy 0 JoiliaslSh ofg 4 g baJosl 5 o8 ol (Lt s
2008 (Hg 453g fhe (LS 435 g » dble Jsb ials
Al G (UL aie (X9 gy oS 355050 JglslSh

a a a
} b
i C
T
R Youw Yoo A A

aall Control  JwsSilw Cycocel (mg L) Js;il,35:58  Paclobutrazol (mg L)

(Control) wall b dws o 13 (PBZ) Jg;3!555:95L 9 (CCC) JwoSoluw audy (sLoaiS &S 51— JSW
LSD (p=<0.05) 092 ) ;5 basl g 43 (Flarons g8 ,1

Figure 1- Effect of Cycocel (CCC) and Paclobutrazol (PBZ) compared with control on height
of Geranium under terrarium conditions. LSD (P<0.05)
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Figure 2- Effect of Banzyleadenine (BA; 50 and 100 mg L™, Cycocel (C; 1000 and 2000 mg L") Paclobutrazol (P; 25 and 50
mg L), and their interactions compared with control on stem diameter of Geranium under terrarium conditions. LSD
(P<0.05)
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Figure 3- Effect of Cycocel (CCC) and Paclobutrazol (PBZ) compared with control on leaf number of Geranium under
terrarium conditions LSD (P<0.05)
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Figure 4- Effect of Banzyleadenine (BA; 50 and 100 mg L), Cycocel (C; 1000 and 2000 mg L) Paclobutrazol (P; 25 and 50
mg L"), and their interactions compared with control on leaf area of Geranium under terrarium conditions. LSD (P<0.05)



AV i) oF 05losd XY il 1((5559LiS alis 5 poke) (SLEL pole i OVY

esl 3y e Loyl plo ggmen 35 ol b (V)
i 3 4 Liomen (YY) 09-d (igels sladiles ai Jled
gy Ay A asie (Miltoniopsis) Wisdes suusyl olS (49,
)38 3l agMeay VA) il il S sole pib cou basls
S5 95 A (K o5 (2 b g (sag) Clao p JusSile
Ldgd ) JwoSilo jlow do gl o ils glaadls slaxs
UaSde pea pwsiinl olS 13 (D) 34 45 sxe (Fuchia hybrida)
Sl glealsolis Cdo p Jojligndsl 5 JuwgSole & 45
» ol claasls e Jojl5arelSh Lol iy (gl e b

(Ye) ol odly rals 1) )lads 5 ye55,5

1.6 -

el aa L slaad
Number of lateral branches

JsliControl

= Sy mme Bl onisS o 1 SO g oS ol L ol

4 5L sgae b e a5 Jls s iy il slaasls slus
Pasl o) glals o cosb sl sldly s ) sl
Syt (Sl GlLaadld ) ixe job & Jsame slaglls
i glejen 5plS 4 booye (sl sbaedld (e cn 5VL
3 ol L5 Sl yieS 48 Jls o g JwgSole g ool
ddy) Codghxe (S Hobody A oanliie Jojl gl slales
ol L 45) ofagar ol (Si3glshyge Cluogad plas Wl
Ad) )5 e L Bgy b 3 o5 SlS o (V1) i (b
2 wliesls ials (V) diee (gyuin Sl ad) lib WS e

a
1.4 4 a
1.2 4

14 ab
0.8 b
0.6
0.4 + b
0.2 +

0 T

R Youw Yoo A A

Ji3SsLlwCycocel (mg L) Js;l,55:55 Paclobutrazol (mg L)

50 Slarend (wils AL 3luxi 4 (Control) sl b amglis 45 (PBZ) Jgjl 592915k 5 (CCC) JwgSolur duiiy (sboaiisS s (51-0 JSUS
LSD (P<0.05) pgs )5 bl pud

Figure 5- Effect of Cycocel (CCC) and Paclobutrazol (PBZ) compared with control on lateral branches number of Geranium
under terrarium conditions. LSD (P<0.05)
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Figure 6- Effect of Cycocel (CCC), Paclobutrazol (PBZ) and Banzyleadenine (BA) compared with control on total chlorophyll
of Geranium leaves under terrarium conditions. LSD (P<0.05)
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Figure 7- Effect of Banzyleadenine (BA; 50 and 100 mg L"), Cycocel (C; 1000 and 2000 mg L"), Paclobutrazol (P; 25 and 50

mg L") and their interactions compared with control on carotenoids (A) and anthocyanins index (B) of Geranium leaves
under terrarium conditions. LSD (P<?0.05)
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Table 1- Mean comparison of some morph-physiological traits of Geranium (Pelargonium hortorum L.H. Bailey ‘Horizon”)
plants grown as common potted plant with terrarium plant (limited growth conditions)

ol &P e ¢ value (wald) IS olF P9yl olS
Traits Significance level Potted plant (Control) Terrarium plant
ok g wox 11.54 19.50 9.50
Plant height (cm)
Sl s
Sl L2 x5 3.92 10.33 8.66
Stem diameter (mm)
S
” 5'“‘; N * 5.40 3433.08 1571
Leaf area (mm” plant™)
¢ s
Spds ok 3.89 23.00 13.5
Leaf number (#Plant™)
L sl wx 2.79 2.50 0.5
Side branch number (#Plant™)
“ld S o } = 3.93 6.10 247
Shoot fresh weight (g plant™)
Sl S5 0 B o 2.57 29.97 11.50
Shoot dry weight (g plant™)
“5 F o) ; o 3.20 416 1.94
Root fresh weight (g plant™)
Mool * 2.60 0.80 0.46
Root dry weight (g plant™)
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Total chlorophyll (mg g~ F.M.)
Lo 13g859,I5°
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Carotenoids (mg g~ F.M.)
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Oy 0% ns 1.79 021 0.17
Anthocyanins Index
31 S sl
oIS s * 2.25 3.50 125
Inflorescence number
J o ; o 4.03 25.50 6.75
Flower number (# inflorescence™)
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Inflorescence length (cm)
i -
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Days to flowering
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** P<0.01; * P<0.05; ns, not significant.
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Introduction: Cultivation of ornamental plants in terrariums is common, but the use of flowering plants in such
environment is difficult and rarely seen. Common geranium (Pelargonium hortorum L.H.) is the most well-known
potted and garden plant in the top of 25 popular world's market rankings. Today, one of the main goals of commercial
producers is the production of the uniform plants in terms of morphological traits such as uniformity in the height that
needs some management. To achieve this objective plant genetic potential, managing the growth and environmental
factors, restrictions on root environment, water and nutrition to a level that does not affect the quality as well as
application of chemical plant growth retardants (PGRs) could be considered. Paclobutrazol (PBZ) commercially known
as Bonzi and chlromequat chloride (CCC) known as cycocel are commonly used to control the height of some pot
plants. Additionally, Benzyladenine (BA) as a synthetic cytokinin can influence the growth characters of plants. This
experiment conducted to evaluate the effect of paclobutrazol, cycocel and benzyladenine on the growth and flowering
of geranium as a flowering terrarium plant.

Materials and Methods: The effect of PBZ, CCC and BA evaluated as a factorial experiment based on CRD on
the growth and flowering of geranium (Pelargonium hortorum L.H. Bailey ‘Horizon’) as terrarium plant. At first,
geranium seeds planted in tray cells as plugs filled by sieved black peat to below 2 mm in early autumn, Oct. 2015.
Seedlings were grown in a greenhouse conditions with an average day/night temperatures of 25/20 + 2 °C, nourished
with 1:2 ratio diluted Hoagland nutrient solution as irrigation demand, until 2-4 leaves stage then transferred into
terrarium containers (with 20 cm of middle diameter and 15 cm of height). Inside container relative air humidity was
about 75+5% and growing environment light intensity (PPF) was about 500 pmole m™S™. Irrigation and nutrition also
applied at seedling stage in terrarium. Terrarium glass container totally filled to a quarter of volume considering a
drainage layer of gravel, activated charcoal, a layer of substrate barrier (plastic net), potting soil containing of 20 vol.%
sieved field loam soil, 10 vol.% of fine perlite and 70 vol.% of sieved black peat. PBZ at the levels of 0, 25 and 50 ppm
and CCC at the levels of 0, 1000 and 2000 ppm applied one month after transplanting (Feb. 2015) and BA treatment for
flowering management applied at the levels of 0, 50 and 100 ppm four months after transplanting (May 2016). Growth
and flowering characters evaluated thoroughly while root and shoot fresh and dry weight, photosynthetic pigments of
chlorophyll, carotenoids, and anthocyanin index assessed at the end of the experiment.

Results and Discussion: Both growth retardants PBZ and CCC led to a significant reduction in plant height in
high concentrations. Thus, the effect of PGRs on plant height was significant, while the effect of BA and its interactions
by PGRs on this trait was not considerable. Effective treatments on this trait were PBZ in concentration of 50 ppm and
then CCC in 2000 ppm. In particular, the use of these concentrations without BA treatment led to the shortest plants.
Comparison of plants cultivated in the pot and terrarium conditions showed that the growth conditions had a
considerable and significant impact on plant height and growth. Stem diameter, number of leaves and leaf area
significantly reduced by PBZ compared to the control, but CCC did not show a significant effect on these traits. Smaller
stem diameter occurred through 25 ppm of PBZ together with 50 ppm of BA. Application of PBZ especially at 25 ppm
resulted in a significantly reduced number of plant leaves and leaf area compared to the control and application of CCC.
Application of CCC at the level of 2000 ppm combined with BA of 50 ppm caused to a significant increase of leaf area
compared to the control. Results on the number of lateral branches showed that application of PGRs had no effect on
this character, while restriction of growth in terrarium conditions led to decrease in the number of lateral branches.
Number of lateral branches raised by application of BA and CCC, while less number of branches observed with PBZ
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treatments especially at the level of 25 ppm. Chlorophyll and anthocyanin content of leaves decreased by both
retardants. Days to flowering shortened by PBZ treatment of 50 ppm and slightly by CCC treatment of 1000 ppm in
terrarium conditions. In general, flowering process accelerated via these treatments, while PBZ of 25 ppm and CCC of
2000 ppm delayed the flowering of plants compared to the control. The acceleration effect of 50 ppm PBZ was superior
to the effect of 1000 ppm of CCC. The effect of BA on flowering time was insignificant despite of initial prospect.
Finally, the photosynthetic pigments, leaf area and stem diameter increased because of BA, while flowering characters
not influenced by means of BA. In general, 50 ppm of PBZ and without BA treatment was able to improve production
characters of geranium plants in terrarium conditions.

Conclusions: The goal of this research was managing the growth and flowering of geranium in the restricted
terrarium conditions by PGRs. It was found that treatment of plants by 50 ppm of PBZ could properly control the plant
height and whereas positively accelerated flowering without and negative side effects on the plant performance. It
seems that a good hormonal balance performed by this concentration of PBZ compared to CCC and BA. Early
flowering is a positive quality trait for the most flowering ornamental plants. However, BA application itself and in
interaction with CCC could enhance the photosynthetic pigment contents and thus improved the growth characters but it
could not influence flowering traits even though delayed the flowering, significantly. Restriction of the root area via
planting in terrarium could considerably limit the vegetative growth characters and delayed the flowering compared to
the potted plants.

Keywords: Benzyladenine, Cycocel, Floriculture, Ornamental plant, Paclobutrazol, Plant growth regulator, Pot
plants
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Table 1- Comparison of mean of height, root length, root volume and root density of grapevine cv. ‘Asgari’ symbiosis with

mycorrhizal fungi (NM= non mycorrhizal, M= G. mosseae, I= G. intraradices, E= G. etunicatum, V= G. verciform) under
conditions of different levels of dryness based on moisture content between field capacity and permanent wilting point (MAD)

15259590 SWs g, ady) Job Ay Aoy o515
Mycorrhiza Drought Height Root length Root volume Root density
(cm) (cm) (ml)

MADO 27 &N 63.332 59.33 ¢f 0.050

NM MAD30 26.33 Fh 58.83 75 d 0.070¢
MADG60 240 53.330¢ 33.89¢ 0.1482

MADO 475 55 be 13172 0.031k

M MAD30 28.67 49 47 de 81.75 0.053¢
MADG60 25.33 9" 3357 33.87¢ 0.072¢

MADO 31.25¢® 62.67 2 100° 0.031k

\% MAD30 23h 444¢ 83.33 0.038
MADG60 28.5%9 52.08 94.17 ¢ 0.083°¢

MADO 542 42.33¢ 75 de 0.022™m

E MAD30 31¢¢ 47 de 80 « 0.044
MADG60 23.83N 47 de 103.3° 0.058

MADO 3167« 45.17¢ 81.67 « 0.027'!

| MAD30 34.67°¢ 42¢ 80.83 « 0.0371
MADG60 29.67 ¢f 54.83 k¢ 56.83 0.091°

ol 2o yd O Jlasis ] pdass )0 ld ize BB 2939 pis onimd L S yidio By >
The similar letters indicate no significant difference at the 5% probability level.

Dy yden 3y5ole (e (LS & Cud 1,55k )b lalS
9 Suid MAD 60 & byyjo Bl Sid 5 5 (g v (peS
Hlad 00> p S YIEY 9 0/AY Sk b a5 4 5250000 (90
oismine dndyy SiS 5 5 )9 p jogSole g (SuiS A5 blite
Ojg 2 3o O Jlasl gaw 13 ()3 e SRS &S g psboe 35
05 Jbes 3 LS (e &5 40,5 odaliie ady; SS9 5
PSS Gig 4o YA 5 5 (g 203 YY) D9 yidin T peSule
OB ST ey SIS g 5 (g oSl 9 p)gin g sbg)B
sl (MAD 60) zalS o (MAD 30) Lilsél lanl Sis
25 039 Ol e 5 CoBli g2y olel 5 ) Sl e
VYIVY (:5hse b poiSiigil i g )6 (Suis MAD 30 s ady)

(Y Jgiz) ad od> p )5

5 St slajlog db Hlis b (1Sl duslie 4y bgsye guls

Bl Sid g 5 g S p St g 5 G suadls i ssole
O Y Jga) 1ol I8 b o |y adyy S8 5 5 s
(eSS pgbods MBSy B g 5 )jg el el (Suis
25 039 Oliee e 9 MAD B0 )3 S St g 5 (g Oliee
L oi yla lblS 05 otaliie MAD 0 daws 5 5 5y (s
09 OLBLS 4o Gl (g S p i g 5 (g ysSole
Pagiewyg ada)g)B & bgye Sp 5 (g cn i 33D T )sSole
9 Pasiyg duge (geslS (Slog B 3 g p)S WA (Sl L
g5 S_is MAD 60 g MAD 30 gsh s poisuigi
9 05 09 2 gL gl s oaalidie 5 (g s 1 ()l dxe
2 ol i o Bl SalS (S a5 5l 5 el S



QAL R 5ol cwbibicd; s Sig &2 2 &HlpS 1

525950k GLE B b Cuny jon 5950l olS (o) 2 3590 Silhuo (Lo Sibe dmlio Y Jgu>
(V= verciform: E= etunicatum. 1= intraradicesc M= mosseae, NM= non mycorrhizal)
(MAD) o513 (53503 dlaii g as 50 Cad b (o Cugb)y (e bl 2 (5l s g gbanw Lyl pad 5
Table 2- Comparison of the mean of studied traits of grapevine cv. ‘Asgari’ symbiosis with mycorrhizal fungi

(NM=non mycorrhizal, M= G. mosseae, 1= G. intraradices, E= G. etunicatum, V= G. verciform) under conditions of
different levels of dryness based on moisture content between field capacity and permanent wilting point (MAD)
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Figure 1- Effect of different irrigation levels on the basis of moisture content between field capacity and permanent wilting
point (MAD) and mycorrhiza species (NM= non mycorrhizal, M= G. mosseae, 1= G. intraradices, E= G. etunicatum, V= G.
verciform) on the leaf area of grapevine cv. ‘Asgari’
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Figure 2- Effect of different irrigation levels on the basis of moisture content between field capacity and permanent wilting
point (MAD) and mycorrhiza species (NM= non mycorrhizal, M= G. mosseae, 1= G. intraradices, E= G. etunicatum, V= G.
verciform) on the Special leaf area of grapevine cv. “Asgari’
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Figure 3- Effect of different irrigation levels on the basis of moisture content between field capacity and permanent wilting
point (MAD) and mycorrhiza species (NM= non mycorrhizal, M= G. mosseae, 1= G. intraradices, E= G. etunicatum, V= G.
verciform) on the leaf diameter of grapevine cv. “Asgari’
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Figure 4- Effect of different irrigation levels on the basis of moisture content between field capacity and permanent wilting
point (MAD) and mycorrhiza species (NM= non mycorrhizal, M= G. mosseae, 1= G. intraradices, E= G. etunicatum, V= G.
verciform) on the Number of leaf damage of grapevine cv. ‘Asgari’
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Figure 5- Effect of different irrigation levels on the basis of moisture content between field capacity and permanent wilting
point (MAD) and mycorrhiza species (NM= non mycorrhizal M= G. mosseae, 1= G. intraradices, E= G. etunicatum, V= G.
verciform) on the Root Symbiosis of grapevine cv. ‘Asgari’
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Introduction: Abiotic stresses, in particular drought, not only compromise crop quality and limit yield, but also
restrict the geographical range over which crop production is viable. Plant species have evolved a number of
physiological and molecular means to cope with adverse environmental conditions. Grapevine is a perennial crop grown
in various areas around the world. It is highly responsive to local environmental conditions and viticultural practices.
Abiotic stresses cause extensive losses to agricultural productivity. Grapevine is no exception to the rule and faces
several abiotic stresses throughout its lifespan. Drought, salinity, or heavy metals are serious problems in many parts of
the world. The potential of AMF to enhance plant tolerance to abiotic stress conditions has long been known, and their
use in sustainable agricultural systems will be of tremendous importance for soil quality and crop productivity under
severe edapho-climatic conditions. Arbuscular mycorrhizal fungi (AMF), a kind of beneficial soil microorganism, can
create a symbiotic association with plant roots forming arbuscular mycorrhizas (AMs), which play a role in the
regulation of plant growth. This research was carried out in order to determine the effect of deficit irrigation on
morphological characteristics of grapevine “Asgari’ cultivar in greenhouse conditions in 2016.

Materials and Methods: The layout was as a factorial experiment in a completely randomized design with three
replication and two factors, including Arbuscular mycorrhizal and irrigation regimes. Irrigation treatments were
irrigation with 100% moisture content of field capacity (control), 70% moisture content between field capacity and
permanent wilting point (MAD 30) and 40% moisture content between field capacity and permanent wilting point
(MAD 60) and mycorrhizal treatments was including non-use of mycorrhizal and use of Glomus mosseae, G.
intraradices, G. etunicatum and G. verciform. Some morphological traits including height, root length, root volume and
root density, fresh and dry weight of leaf, stem and root, leaf area, number of leaf damage, leaf area, leaf diameter and
symbiosis percent of grape roots with fungi were measured.

Results and Discussion: The results showed that mycorrhizal and 100% irrigation treatments increased the fresh
and dry weight of leaf, stem and root, leaf area and the percentage of mycorrhizal symbiosis. Due to irrigation, the
indices measured in the experiment such as height, fresh and dry weight of root, leaf and stem decreased, so that the
decrease in without mycorrhizal plants was more than the with mycorrhizal plants. Generally, the use of mycorrhiza in
this research has reduced the damaging effects of water stress on the morphological characteristics of grapevine, which
in between the G. verciform and G. etunicatum were better than the G. mosseae and G. intraradices.

Conclusion: Grapevine phosphorus deficiency is usually rarely observed, not only mainly because of limited
phosphorus requirement, but also because of sufficient phosphorus richness in the majority of vineyard soils and
remobilization from bark, wood, and roots during periods of high P demand. Nevertheless, P deficiency have been
described in vineyards in Australia, France, Germany and USA. Phosphorus deficiency symptoms correspond to stunt
shoot growth, decrease in dry matter, and berry clusters.

Mycorrhizal treatments helped in alleviation of drought stresses. Enhanced uptake and storage of P, beyond what is
required for immediate vegetative growth may be of particular importance for heavily pruned crops like grapes, since
most of the new shoot growth is removed every year. These results were achieved in the greenhouse under almost
controlled conditions and can be difficult to suggest for applying in the field conditions. Such experiments may be
organized in the field conditions.

Present-day vineyard practices place several constraints on the use of functions provided by mycorrhiza. The risk of
large, costly, or irreversible changes is to be reduced or averted. Future (modern) agriculture should be based on the

1 and 2- Ph.D. Student and Associate Professor of Horticultural Sciences, Department of Horticulture, Shahrekord
University, Shahrekord, Iran
(*- Corresponding Author Email: Ma.fatahi67@gmail.com)
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implementation of ecological management practices that deliberately maintain resilience of ecosystem services. This
means integrating the development of vineyard management strategies that optimize the impact of beneficial microbes
like mycorrhizal fungi on production. Furthermore, AMF vary in their ability to provide ecological services so that
suitable tools have to be defined to fully assess their contribution. Molecular tools have considerably improved the
possibility to identify and monitor mycorrhizal fungi in ecosystems, but a quick and reliable test for assessing their
functionality is still lacking. For producers’ expectations to be met, a novel industry encompassing soil/mycorrhiza
analyses and advice to producers/managers is needed. Additional barriers to rationally exploiting beneficial soil
microbes like mycorrhizal fungi as ecosystem services range from economical, technical, and cultural aspects to
legislative questions. In spite of this, considerable progress has been made in the last decade for crop plants in general,
but also for grapevine, towards the use of AMF.

Keywords: Drought, Grapevine, Morphology, Mycorrhiza
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Table 1- The code and location of selected walnut genotypes

9 0yl gy S Sy9lgen Joe

Genotype number Genotype code Collecting location
; 'ITlgz O g
3 T Tuyserkan
4 SH;
5 R,Gg
6 R,Gs
7 R,G, 39,05
8 R,G3
9 R,G; Shahrood
10 RiG7
11 R1Gg
12 R1G;
13 ORy
14 ORy 405)
15 ORgs Urmia
16 ORgz3
17 KH,4 Sl
18 K, Khorasan
19 KHs;
20 Koag S
21 Kas Karaj

o3liw! 3,90 ISSR (51,5 ;11 Ciliaseuine - Y Jgua
Table 2- Characteristics of ISSR primers

o Sili o Skl Jy Juail glos
Number Name of Marker Sequence of primers Annealing temperature (°C)
1 UBC.853 TCT CTC TCT CTC TCT CRT 50
2 UBC. 886 VDV CTC TCT CTCTCTCT 52
3 UBC.850 GTGTGTGTGTGTGTY C 52
4 UBC.890 VHV GTG TGT GTG TGT GT 54
5 UBC.887 DVD TCT CTCTCT CTC TC 50
6 UBC.826 ACA CACACACACACACC 54
7 S.14 AGA GAG AGA GAG AGAGT 48
8 UBC.884 HBH AGA GAG AGA GAG AG 48
9 UBC.480 GAG AGA GAG AGA GAG AYT 53
10 UBC.888 DBD CAC ACA CAC ACACA 54

Y=(CT), R=(AG),B=(C,GT),D=(AGT), V(A C G),HAT,C)
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Table 3- Pomological properties of 21 superior walnut genotypes in Shahrood climate, Iran

raw Cyndg

S Sy Gl 50

Bowa: 090 Job ogm (o, d9m (439 08 Lo .
G :‘:::94) Nut Nut Nut 20 S0 e Cuvg FRody Cuwgs (9> Cuwgy  Kernel RS9, ;::T:.il
eco dzpe length diameter weight Fruit shape Shell Ease of kernel Shell weight  Kernel color ef"ce:;tal e
(cm) (cm) (63} surface removal thickness (€3] P g
35 Slo ol L gie RS
T 35 34 13.9 7.4 53.2
° Round Smooth Easy Medium Amber
K 42 36 173 > o o 8.6 o 497
% Elliptic Moderate Difficult Thick Light
K 4 36 158 < >~ © ’ 8.3 o 525
8 Ovate Moderate Eas Thin Light
58 dlo Lauwgie Sib vy
T 35 34 13.9 7.9 62.7
1 Round Smooth Medium Thin Light
OR 41 38 175 <X >~ © ’ 103 o 58.8
B Ovate Moderate Easy Thin Light
o 455 sl Lol Sib gy s
SH 3.7 3.6 136 < N iy ’ 7.5 O 55
! Ovate Smooth Easy Thin Extra light
T1 38 34 142 <X N © e 7.3 o 483
Ovate Smooth Eas Thick Amber
. s b y »
OR 3.8 3.1 16.8 oo > l e 7.6 o 45.4
2 Elliptic Moderate Medium Thick Light
obS Jibats s _ iy s
OR 3.7 3.2 14 > il e 6.3 o 45
¢ Short_ Moderate Medium Thick Light
trapezoid
. Lwes Lu] Lowas oo
KH 34 3 133 & >~ © > 6.4 > 48
# Ovate Moderate Easy Medium Amber
o 455 Ly Ll Sib gy s
KH 4.3 3.9 157 <o > iy ’ 5.3 O 434
8 Ovate Moderate Easy Thin Extra light
KH 36 32 158 <X - -~ -~ 7.6 o 48
4 Ovate Moderate Medium Medium Light
o @55 sl Loy Sib gy L
OR 3.3 3.1 125 <o N > ’ 7.3 O 58.4
¥ Ovate Smooth Medium Thin Extra light
R,G 38 36 137 <1 N - - 65 U 50
23 Ovate Smooth Medium Medium Light Amber
E so 155 sl | Sk LS
R,G 35 34 13 e N © ’ 6.8 o 52
2o Ovate Smooth Easy Thin Amber
35 04592 (505 bl e 99y S
R,G 4 3.9 17 8.5 50
28 Round  Low shrivel Easy Thick Light Amber
E jo w55 Ly | Sk LS
R,G 36 35 142 <7 > iy ’ 6.9 o 49
2 Ovate Moderate Easy Thin Amber
o 455 sl Lol L bnS
R,G 3.6 3.4 121 <o N iy > 5.8 il 47.9
e Ovate Smooth Easy Medium Amber
Lo W55 sl | Loy gy (2bS
R:G 31 34 142 <X N © - 69 | Uwe 48.6
7 Ovate Smooth Eas Medium Light Amber
R,G 41 39 126 <7 N - - 79 ow 2.7
1o Ovate Smooth Medium Medium Light amber
o 455 Ly Ll Sib gy 2beS
R,G 35 3.3 134 <17 > iy ’ 69 TP 46
2ot Ovate Moderate Easy Thin Light amber
OyeS Min 3.1 3 12.1 - - - - 5.30 - 43.40
oy Max 4.3 3.9 175 - - - - 10.30 - 62.70
oske Mean 3,72 3.46 14.34 - - - - 7.33 - 51.17
iz% 031 027 169 - - - - 1.08 - 5.53
Variance
0.097 0.071 2.87 - - - - 117 - 30.57

bl




\yay QLa.m.o) ¥ o)l.n..'b FY ol> (539U goluo g pale) @L..cb PQLC 4")“"‘" OqA

5 UBCB87 (sl 551 15 (AVID) cledbl (g5l (ol o500
e L UBCB884 5lel s samliio +/5Y )30 4 UBCBB6
B oyt 58 g |y SleMb gols (slasily o yza8 +/\E
1 &) 5 s 5 UBCB26 ST )3 VIVY liee 4y (SaisS (oS5
aS Conl adls S @ )a8 b oanlie UBC.887 3kl
el lg o 1y b g 5l oo a [Silel o sad o i
SHEL WS e LRP Gl o8 Gl (2l b S
1 5 () oSad o llas o iios 5 .05 sanlie UBC.884
SS5LEl 3 YIAR Jlaie Ly RP oy piiig aisls slsgil 93,5 ¢,
5T )3 00 al3S (+IYY) Jaie oy seS 5 UBC.B30
9 ooglggim S 3= I Jmol ol b .25 UBC.834
S 9 YL (B 3 9355 Sl £)5 2 (F) oo
5 (MVA Jaio L) UBC.814 $jLel 5 opay RP liis
AFLP S5l RP jlade .0 oanli (+/AF Hlads L) UBC.830
PV cowl oas (0155 VY 55Le L 90,5 slacaig) 4o
015 )5S £/0Y dSSR sla S5l L RP 1, Silie 45 JLs

Ll yiaS ol adllas 1Sl 4y Comd oS (YY) !

Sl YO b Kdjge b o yd SN 5 (V) o, Ken g o890

sxnliiie ) (Adlop o35 g 4S5 93,5 uigi; O3 ) ISSR
e S5lel )3 oas piSS skl oliee g S5 A Aoy 130
oge 3)l3 () 3)90 Sy Sl g £95 4 (S ISSR
el 3gd oS N3g gl yind goi il oalitel 300 sl ST ) 5
il gblie §) 6,5 sl Sl g cilis clacdls sy
PSSR (Lo S5l Ly onds ()58 S liee 90 poi5
sl a5 SIS ian e Casl Golite alisee ilalllae
il Gig) 5 S5l (S5 dlse (ygmen oleygiSTE Il
b (S J5 wilwlis )8 & sy cpl @8l 50 9 cul il
los Uy il 5,057 5 51 Wil (SS&5 (gl anllas ) 5 ()
L slaasl a5 el 1388 5,57 g5 ol s oolisaol az )3 Vo gd
M g Cdd dous g LS S8 LS00 1 5L cas ¥ s
2 00 5 S5 slba Sl S iaf Ale (el 8]
L, UBC.886 4 UBC.850 JUBC.884 .UBC.853 sLa ;i
UBCB826 Lo )S5lel )5 (oSS wb olass oy i 9 b 4 2l
L UBC826 551 (f Jsio) &5 oanliio 1l V¥ L UBC.888
orstm ) JS3) 3 a1y S5 i a1V

Ol 2 9955 5 iy P ISSR (51,5 5T 51 (il oudd slomy! Sy —€ Jgoa
Table 4- Polymorphism exhibited by ISSR primers in superior walnut genotype in Iran

)f)l.cl Sy &b aald K OKEY) JSG W Wb slaas (%) Suinia
Primer Primer Bond range Bond Polymorphism Polymorphism % AVIb Rb
sequence (bp) Number bond
UBC.853 VDG (CT)7 200-1000 9 7 78 0.32 2.86
UBC.884 HBH (AG)7 200-700 9 7 78 0.14 1.24
S14 (AG)8 T 250-1200 12 10 83 0.51 6.10
UBC.888 DBD(CA)7 150-1200 14 11 79 0.47 6.57
UBC.887 DVD(TC)7 250-1200 12 12 100 0.62 7.43
UBC.840 (GA)BYT 150-1500 11 10 91 0.41 4.48
UBC.890 VHV(GT)7 150-1000 13 13 100 0.51 6.57
UBC.826 (AC)8C 150-1200 14 14 100 0.55 7.71
UBC.850 7YC)(GT 150-900 9 9 100 0.41 3.71
UBC.886 VDV(CT)7 150-800 9 9 100 0.62 5.62
total - - 112 102 - - -

Y=(CT), R=(AG),B=(C,G,T),D=(AGT), V(A C,G),HA,T,C)
Avlb: Average band informative cleMb! gsl> clasil ke , RD: resolving power _Suus SSes o)i8

1- degenerate primer
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Figure 1- DNA banding pattern of 21 superior walnut genotypes reproduced by UBC.826 primer on metaphor agarose gel
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Figure 2- UPGMA dendrogram of 21 superior walnut genotypes based on ISSR data.
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Figure 3- Principal Coordinates Analysis (PCoA) via similarity matrix of 21 walnut genotypes
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Introduction: Iran is known as the origin of Persian walnut in the world, and so the study of genetic
diversity, identifying and introducing superior walnut genotypes from the main walnut production areas in Iran is
very important. From the beginning of the year 2001, seeds of selected walnut genotypes from important walnut
production area of Iran were collected and cultivated in a walnut collection in Semnan Research Center
(Shahrood), Iran. From this collection, promising walnut genotypes were selected based on climate adaptability
to Shahrood area and pomological characteristics. In this research, in addition to introducing fruit characters of
these walnut selected genotypes, genetic diversity and their genotypes relationship in the genome level have
been also investigated with the ISSR markers.

Materials and Methods: 40 selected genotypes of important walnut regions of Iran (Tuyserkan, Orumieh,
Karaj and Khorasan province) were cultivated in a walnut collection at the Shahrood Research Center in 2001.
From these seedlings, 21 genotypes were selected on the base of pomological characteristics and they were
grafted onto Persian walnut seedlings. Pomological traits of the fruits of these selected genotypes including the
average of nut weight, kernel weight, kernel percentage, shell attachment to the kernel, kernel color, shell
thickness and nut size and shape were measured. DNA was extracted from young leaves of walnut genotype by
CTAB method and its quality and quantity evaluated on the agarose gel as well as the Nano drop, and then
genomic DNA was amplified with the 10 ISSR primers in PCR. The amplified bands were separated by
Metaphor agarose gel and stained with Ethidium bromide. For each primer, the amplified band range, the total
number of bands, the number of polymorphic bands, the polymorphic percentage, Average informative band
(Avlb) and resolving power (Rp) was determined. UPGMA dendrogram based on Jaccard similarity matrix was
the performance by Ntsys 2.0 software. Principle Coordinate analysis was performed based on the genetic
distance matrix with GenAlex 6.2 software.

Results and Discussion: The mean of fruit and kernel weight in selected walnut genotypes were 14.34 and
7.33 g, respectively. The highest nut and kernel weight was found to be 17.5 and 10.3 g, respectively in OR23.
The Kernel weight was more than kernel weight reported by Shamlu et al. (2015), Yarilgak et al. (2001) and
Tasmuris et al. (2002) (9.40, 8.88 and 6.32 g). The average of kernel percentage in selected walnuts was 51.5%.
The highest percentage of the kernel (62.7%) was observed in T12 genotype. from the ten ISSR primers in 21
walnut genotypes, 112 DNA fragments were amplified and 102 DNA bonds of them were polymorphic and they
were used for genetic variation analysis. The highest number of amplified DNA bands was observed in UBC826
and UBC888 primers with 14 bands. The highest average band informative (Avlb), 0.62, was observed in
UBC887 and UBC886 primers. The highest resolving power (Rp) was found to be 7.71 in UBC826 primer and
then in UBC.887 primer. The Jaccard' similarity coefficient of genotypes varies from 0.51 to 0.88. The results
showed that the genetic distance of selected genotypes of walnut is medium. The dendrogram analysis of 21
genotypes of walnuts was divided genotypes into two main groups and three subgroups in the first group, which
greatly matched the results of the PCoA. The genotypes were collected from Shahrood were inserted on the first
subgroup of Gl in dendrogram analysis, except of KH4 and OR37 genotypes, and the highest genetic similarity
was observed between some of these genotypes (R1G2 with R2G1 and R1G7). The second group includes

1 and 2- M.Sc. Student and Assistant Professor, Department of Horticulture, Shahrood University of Technology, Iran

(*- Corresponding Author Email: mhrezaei@shahroodut.ac.ir)
3- Assistant Professor, Department of Agronomy and Plant Breeding, Shahrood University of Technology, Iran
4- Assistant Professor, Semnan Agriculture and Natural Resources Research Center, Semnan Iran



AV (i) oF 05losd XY iy (555908 @aliow 5 poke) (SLbL pole wypis Fo ¥

genotypes KH34, OR26, and SH1. Subgroup 3 of the first group contains R2G8, K26, OR23, T12, and K28. The
second group has high genetic distances including R2G4, KH31, T1, OR4, and T9.

Conclusion: The ISSR marker technology is an inexpensive, easy and satisfactory way to evaluate genetic
relationships and genetic variation among walnut cultivars. The results of this research showed that these
markers (ISSR) are suitable for study of variation in walnut genotypes. The genotypes collected from Shahrood
had a lower genetic diversity, and the observed diversity is probably related to human interactions. The
Tuyserkan and Urmia genotypes showed more genetic variation. The results of clustering based on molecular
markers were largely matched with the grouping based on qualitative traits. The results showed that there is a
moderate genetic distance between selected walnuts genotypes. The genotypes collected from Urmia and
Tuyserkan regions have a higher genetic distance than other genotypes and which according to their superior
characteristics, they can be used as parent along with selected walnut genotypes from the Shahrood area in a
breeding program.

Keywords: Clustering, Genetic diversity, ISSR markers, Walnut genotypes
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Table 1- Description of experimental treatments

Sesd Sod T
Treatment Description of treatment
LE! (amls) a3y Juad Jobo 3 oygj 5y (o 5l dops Ve
Full irrigation (control)
T2 oo A5y Jolpe plo p3 Mo pd Voo g At S Couw e Job 55 (gl alad

Regulated deficit irrigation (100% of full irrigation during growing season no irrigation
during pit hardening

Ts Jgasme Cudloyy 5l IS atin Sy 5 atad (b S 9,550 (@IS ) JE Ay a3 o)l
Irrigation in Three stages (before flowering, pit hardening and before Harvesting
Ta 055 ol ol e £ i 4 )]
60% of full irrigation (continuous deficit irrigation)
Ts w2 bkl

No irrigation (Rainfed)

AT 590 Jlw 3 (585 5 e bl 32 55 390 Gkl T o 3910 =¥ Jgor
Table 2- Estimated irrigation volume based on crop evapotraspiration in 2016 and 2017

wlab o 5l wlab o 5l

L Ju S 3 p2d Month irrigation Month irrigation
Month Year Evapotraspiration (mm) requirement (Liter/tree) requirement( M3/ha)
Coigd)| 2016 154.90 1124.09 449.64

May 2017 194.00 1791.07 716.43
sy ,5 2016 211.50 2740.31 1096.12
June 2017 244.30 3165.50 1266.20

% 2016 256.30 3491.02 1396.41
July 2017 284.80 3879.21 1551.68

YW 2016 245.90 3349.36 1339.74

August 2017 297.40 4050.84 1620.34
292 325 2016 188.10 2562.08 1024.83
September 2017 268.40 3650.28 1460.11
e 2016 118.40 1557.3 622.92
October 2017 158.00 2152.09 860.83
Js 2016 1175.10 14823.90 5929.66
total 2017 1446.90 18688.99 7475.59
AT 90 Jlw 533,57 o8, 09 09w 9 J5 (539098 Sl —Y Jgaa
Table 3- Flowering and fruit phonological stages of olive cv. ‘Zard’ in 2016 and 2017
J?M Cwildy é%;“ Aand s o Gde Jgbo O S )G e £ g él)u S 9,5
Time of harvesting Time of pit i Jol5 Dol yd »
; . . . . Start of flowering
Hardening (days) End pit hardening  Start pit hardening
1.6. 30 30.3. 3.3. 2.2.

23.8. 30 20.6. 24.5. 22.4.
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Table 4- Variance analysis of current season growth, current season diameter, dry and fresh oil content of fruit olive cv.
‘Zard’affected by five irrigation regimes in two years

i ibio ol as Sl Jw Syl Jlw yhad Suis o3k 2 o8, 7 oske y3 oy,
S.0.V df Current season Curl:ent season Dry oil ‘Fresh
growth diameter content oil content
Ju 1 0.61" 0.004" 3.01m 20.37"
Year
Juoxsst 4 2.96" 0.0002" 0.73™ 492
Block xYear
okles 4 104.28™ 0.092™ 75.70" 63.68™
Irrigation regime
Jux el ) 4 0.72" 0.0001" 0.80" 5.37"
Irrigation regime xYear ' ' ' '
k> 16 0.64 0.001 0.93 1.61
Error
Sl et 5.59 8.96 2.71 8.63
C.V. (%)

Aoyd ) g o y3 B Jless] pdaw p3 I3 e ¢ e o iy 4 ¥ 5 * NS
ns, *, ** : Not significant, significant at 5% and 1% probability levels, respectively.
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Table 5- Mean comparison of different irrigation regimes effects on current season growth, current season diameter,
dry and fresh oil content of fruit olive cv. ‘Zard’ in two years affected by five irrigation regimes

Wi s Sl Jlw 2 Syl Jw 53 Sl 03l 53 (4%, 5 odle 3 oy,
SHwl ) . .
Irrigation regime Current season C_urrent season Dry oil content Fresh oil content
growth (cm) diameter (cm) (%) (%)

T1 18.25a 0.48a 37.66b 11.43b

T 17.31a 0.36 b 39.58 a 12,94 b

T3 12.19¢c 0.21d 34.16 ¢ 17.46 a

Ta 15.92b 0.24c 36.33b 12,76 b

Ts 8.15d 0.17e 30.33d 18.85a

i () xe Soglis gy Sl (glaely Myl doyd O Jlain] gaw 1 o b )3 luSs Gg o (sl (sla il
Means with the same letters in traits are not significantly different by Duncan’s multiple range test at 5% of probability level.

09y 2oyd 9 Sid odbe 13 (9, Mo 3 gyl Jlw s L B g iy o gylal sbaer ) P Sle anlie -1 Joaa

Sl lisce (g 015, Cod Jlw 93 (b %357 o8 (it j 290 45 03ko 2
Table 6- Mean comparison of different irrigation regimes effects on current season growth, current season diameter,
dry and fresh oil content of fruit olive cv. ‘Zard’ in two years affected by five irrigation regimes

PREpRY o &l Jlw ud, &)l Jlo ykd Suiso3le 2 gy F o3k 3 by,
irrigation regime Year Current season C_urrent season Dry oil content Fresh oil
growth (cm) diameter (cm) (%) content (%)
T1 2016 18.51a 0.49a 38.33 ab 1146 Db
2017 18.00 a 0.47a 37.00b 11.39b
T> 2016 17.68a 0.37b 39.66 a 13.19b
2017 16.93ab 0.34b 39.50a 12.70 b
T3 2016 11.72 ¢ 0.22 cd 34.83¢c 19.65a
2017 12.66¢ 0.21cd 33.50¢c 15.27 a
Ts 2016 16.25b 0.26 ¢ 36.17bc 12.97b
2017 15.60b 0.23¢ 36.50 b 12.55b
Ts 2016 8.38d 0.19d 30.66d 20.30a
2017 7.93d 0.17d 30.00d 1741a

A (6I5 ixe 9l (glyly SOy (laialy dix 905l Mo yd O Jloin] w53 wdio i D LSS gy (gl (gla . Sibio
Means with the same letters in traits are not significantly different by Duncan’s multiple range test at 5% of probability level.
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Table 7- Variance analysis of mass percent, oil and fruit yield and water use efficiency of fruit olive
cv. ‘“Zard’ in two years affected by five irrigation regimes

. B pan (59082 &
o ep is ke OEg) 5 Sdes US43 ogea 3,Slos : 780 250
Oyt gilio . e o9 ) @ ey ol
S.0V 331 Dry matter S 5 ) Fruit Water use Wat ff' .
df (%) Fruit yield/Ha (kg) yield/Ha (kg) efficiency ater “se/e Lelency
Jw 1 133.15" 17854.10™ 6690.10" 0.25" 0.04"
Year
JlxcSsly 4 32.97 34144.46" 296438.90 0.50 0.03
Block xYear
ol w2 4 1135.72™ 1324546.79™ 109203230.10™ 98.35™ 3.40™
Irrigation regime
Juox o5l ws) 4 39.37™ 15038.24 ™ 1071987.50™ 2.66™ 0.08"
Irrigation regime xYear
s 16 20.03 9365.19 153733.60 0.24 0.02
Error
S oy 10.58 12.28 6.46 11.33 19.71
C.V. (%)

o)3 Vg a0 y3 B Jlein] gaw ) )l me (xe (o 4 FF g F NS
ns, *, ** : Not significant, significant at 5% and 1% probability levels, respectively.

85 (g o 9> T Bpaan (539050 9 O Bpae (w525 9 USB )3 bgse 9 19 3)Shas g0 Sl 23l Mo )3 (Sile dumlilo —A Jgor
Syl Ao (o 5y o Sl 93 3 3,7
Table 8- Two years mean comparison of mass percent, oil and fruit yield, water consumption and water use efficiency of fruit
olive cv. ‘Zard’ in two years affected by five irrigation regimes

Gl gy Subd ol OFgy 28k o300 3 Sl b o o Srae 9o 0 (559058
Irrigation Dry matter )L“Sdb » )m » Water consumption o910 5 h‘{' C}'éﬁ) » ul
regime (%) Oil yield/Ha (kg)  Fruit yield/Ha (kg) (m’ /ha) water (“lfg/::fic‘e“cy water use efficiency (kg/m®)
T1 30.32¢c 1209.07 a 10580.00 a 6702.60a 1.60c 0.18c
T 32.71c 1301.07 a 10033.30 a 5527.6ab 193¢ 0.25¢
Ts 51.06 b 406.52c 2342.70 ¢ 214.40c 1091 a 1.90a
Ta 35.19¢ 779.06 b 6076.7 b 4021.60b 155¢ 0.19c
Ts 62.16 a 243.13 ¢ 1288.70 ¢ 248.50c 5.44b 1.01b

i (63 sxe glds (glyls STy (glasaly wix Q}aj 2o 0 Jleis! o ) o jb pd GlusSs Bgy ()b gl 1 She
Means with the same letters in traits are not significantly different by Duncan’s multiple range test at 5% of probability level..
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Table 9- Means comparison of mass percent, oil and fruit yield, water consumption and water use efficiency of fruit olive

cv. ‘“Zard’ in two years affected by five irrigation regimes

) § ey d > ogr0 > ; ; S e FUSTLI R
regime Year %) Oilyield/Ha  Fruityield/Ha  consumption e e e e
g g (1 (hg/m’) (hg/m’)
T1 2016 29.87b 1189.00a 10360.00 a 5930.00a 1.74c 0.20c
2017 30.78 ¢ 1229.18 a 10800.00 a 7476.00a 144 c 0.16 ¢
T, 2016 33.26b 1289.90 a 9733.30 a 4075.00b 2.38¢c 031lc
2017 32.16¢ 131290 a 10333.30 a 6980.00b 1.48c 0.19¢
Ts 2016 56.49 a 431.60 c 2185.30 ¢ 205.00 e 10.67 a 211a
2017 45.63b 381.45¢c 2500.00 ¢ 224.00d 11.16a 1.70a
Ta 2016 35.98b 885.80 b 6820.00 b 3558.00c 191c 0.25c¢
2017 34.39¢c 672.36b 5333.30b 4485.00c 1.19¢c 0.15c¢
Ts 2016 66.38 a 264.60 c 1297.30d 304.00d 426 Db 0.87b
2017 5794 a 221.68d 1280.00d 193.00e 6.63 b 1.15b

s () xe Coglis gy (Sl (glaely Myl doyd O Jlain] gaw ) o b )3 luSs Gg > (gl sla il
Means with the same letters in traits are not significantly different by Duncan’s multiple range test at 5% of probability level.
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Introduction: Olive (Olea europaea L.) is an ever-green and drought-tolerant tree grown on regions with limited
water resources to produce oil and table products. Due to existing appropriate environmental conditions in our country
for its growing, and also considering public desperate needs to its oil product, olive is economically considered to be an
important fruits to be cultivated. The problem of supplying sufficient water for irrigation olive orchards, due to serious
threats of ongoing drought and reduction in water resources, is one of the main limiting factors on the way to develop
olive industry in country. Accordingly, some suitable approaches like using tolerant cultivars, mulches, reduction of
plant transpiration, plant growth regulators, and recently evaluating proper time for irrigation have been examined to
increase efficiency of water use. According to this approach, irrigation schedule is designed mainly based on
maintaining plant’s water status internally and regarding maximum level of water potential at particular stages of plant
cycling, especially at time of lowest sensitivity of fruit growth to drought stress.

So far, many studies performed over effects of drought stress and water deficit on vegetable growth of olive under
pot conditions. With respect to establishing olive orchards on different regions of country and appearing serious drought
threats, it is imperative to investigate the effects of regulated irrigation deficit on all bearing fruit trees. Hence,
determining the insensitive stages of fruit growth toward regulated irrigation deficit has been received great attentions
in terms of economical yield. The purposes behind doing the current study were to investigate and compare effects of
different regulated deficit irrigations on vegetative and reproductive parameters of olive grown under field conditions.

Materials and Methods: This study was aimed to investigate the effect of regulated deficit irrigation regime on
vegetative, oil yield and oil content and water use efficiency of zard cultivar under field condition. This experiment was
conducted in Javanmiri region (Geographical characters was longitude of 58°, 45" E and latitude of 35°, 34" N and the
height of sea level 1215m) located in Kermanshah province. An experiment was conducted based on a randomized
complete block design with three replications. Adult olive zard cultivar was uesd. Each experiment unit consists of three
trees. Vegetative and reproductive traits were evaluated according to 1.0.0.C. descriptors. five irrigation regimes
including of full irrigation (as control), regulated deficit irrigation (100% of full irrigation during growing season and
no irrigation during pit hardening), irrigation in three stages (before flowering, pit hardening and before harvesting),
60% of full irrigation (continuous deficit irrigation) and no irrigation (Rainfed). To evaluate the effect of irrigation
regimes, some vegetative traits including current season growth and current season diameter, dry and fresh oil content,
fruit mass percent, oil and fruit yield and water use efficiency were measured. Collected data were analyzed using SAS
program .

Results and Discussion: Obtained results showed that the highest oil and fruit yield were observed at full irrigation
and regulated deficit irrigation (100% of full irrigation during growing and no irrigation during pit hardening, but the
lowest one found at Rainfed. The water use efficiency of oil yield of T3 was higher than 100ETc and other treatments.

In the arid and semi-arid as well as sub-tropical regions, water shortage is a normal phenomenon and seriously limits
the agricultural potential. Therefore, under irrigation or rain-fed conditions, it is important for the available water to be
used in the most efficient way. Regulated deficit irrigation is an optimizing strategy under which crops are allowed to
sustain some degree of water deficit and yield reduction. During regulated deficit irrigation the crop is exposed to
certain level of water stress either during a particular period or throughout the growing season. The main objective
deficit irrigation is to increase water use efficiency (WUE) of the crop by eliminating irrigations that have little impact
on yield, and to improve control of vegetative growth (improve fruit size and quality).

Conclusion: According to the results of this research, it can be concluded that regulated deficit irrigation had a
significant effect on reproductive traits. Using regulated deficit irrigation improved pomological characteristics of olive
including oil and fruit yield under drought stress and helped to save irrigation water in olive orchards.

Keywords: Irrigation, Oil, Olive
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Figure 1- Mean comparison of the interaction effects between two concentrations of plant treatments
(10 and 20 pg/ml) against P. tolaasii
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Table 2 -The diameter of the inhibition zone (mm) in the two concentrations 10 and 20 pg/ml used against P. folaasii
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Figure 2- The results of the inhibition zone on P. folaasii bacteria in four different concentrations of chimeric peptide (ng/ml)
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Table 3- MIC and MBC results for bacteria under various treatments

s, St 3 AU 5oy P. tolaasii
NO. Plant treatment and Peptide MIC (ug/ml)  MBC (pg/ml)
1 ol 7.81 15.6
Chimeric peptide
2 e 31.2 62.5
Cuminum cyminum
3 Jus . 62.5 125
Dorema ammoniacum
4 (ol 62.5 125
Zataria multiflora
5 s> 125 250

Ferulago angulata
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Table 4- The growth rate of the fungal colony in the weekly period of the treated treatments (mm)
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Table 5- Results of the effect of peptide on fungi at four concentrations

a3, (oo 2 0,59,5) cdils (o deo) 2,88 5 5, E 5
No Concentration (pg/ml) Fungal colony growth rate (mm)
1 Control 70437
2 30 69.17%
3 40 68.21 A°
4 80 64.66 ©
5 160 61.67 °
6 200 59.71°

T. harzianum g B y 55,V Ode 3 5 Jdao 51 0,59,500 Yo g Chile 1> OS5 51 dwslio =T Join
Table 6- Comparison of the effect of compounds in concentration of 30 pg/ml for 7 days on 7. harzianum

93, ) lowd (o swe) 258 (IS ka8
No. Treatments Fungi colony diameter (mm)
1 aals 70.33 A
Control
2 ol 69.17
Chimeric peptide
3 s 60.66
Ferulago angulata
4 B 26°
Dorema ammoniacum
5 Jw o) 0 D
Cuminum cyminum
5 Criag! 0P

Zataria multiflora
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Table 7- MIC and MBC results for bacteria under various treatments

i3, B, o T. harzianum
NO. Treatments MIC (ug/ml) MFC (ug/ml)
1 u“”5| _ _
Zataria multiflora
2 J 05 _ _
Cuminum cyminum
3 S e 62.5 125
Chimeric peptide
4 Js . 125 250
Dorema ammoniacum
5 sz 250 250

Ferulago angulata




FYY o JyS 50 ca g duin S b (LS glaolac g 1o uilul 0 ,Slas dulio

1L CdE ;5 o ydsSy 57z, (59 0 JAS oL o ks (MIC) (So5,laL cdalé JBlus doesis -V JSW
Yo+ png/ml:F yYopg/m :E ¢ 1Y/0 ng/ml :D &Y/Y06 pg/ml :C <) /7 pg/ml :B ol :A

Figure 3- Minimum inhibitory concentration (MIC) of Cannabis extract on Trichoderma fungi at concentrations:
A: Control, B: 15.6 pg/ml, C: 31.2 pg/ml, D: 62.5 pg/ml, E: 125 pg/ml, F: 250 pg/ml
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Introduction: The most serious diseases of cultivated mushrooms are caused by Pseudomonas tolaasii and
Trichoderma harzianum pathogens. A common method of pathogen control on farms worldwide is the application of
various chemical pesticides. Many of these substances are unsafe for human and environment. The interest in
discovering and developing natural antimicrobials has significantly increased due to consumer preferences for foods
that are free of chemical residues. So, a major challenge for mushroom growers is to control diseases with alternative
compounds such as essential oils and plant extracts. Antimicrobial peptides (AMPs) were also known as potential
antibiotic and considered as a new antimicrobial agents. In the present study, the antibacterial and antifungal potential
of essential oils, plant extracts and a recombinant peptide were investigated for their pathogenicity. For this purpose, the
essential oils of Cuminum cyminum and Zataria multiflora and the plant extracts of Dorema ammoniacum and Ferulago
angulata and a recombinant peptide were evaluated for their antimicrobial and antifungal effects on the P. tolaasii and
T. harzianum pathogens.

Materials and Methods: In this study, essential oils of C. cyminum and Z. multiflora were extracted by
hydrodistillation in a Clevenger-type apparatus. The plant extracts (D. ammoniacum and F. angulata) were prepared
using maceration method. Recombinant peptides (Lactoferricin-Lactoferrampin) were produced from Adherent Human
Embryonic Kidney 293 (HEK293). The antifungal properties of essential oils, plant extract and AMPs were studied on
growth inhibition. Antibacterial activity of substances was tested against P. tolaasii via disk-diffusion method
respectively. Minimum inhibitory concentration (MIC), Minimum bactericidal concentration (MBC) and Minimum
fungicidal concentration (MFC) to the compounds were studied. All treatments were considered in a completely
randomized block design with three replicates.

Results: The results of the antibacterial evaluations showed that the Chimera peptide have remarkable activity
against pathogenic bacteria with a mean diameter of the zone inhibition region of 32.2mm, followed by C. cyminum and
D. ammoniacum extracts with mean values of 7 and 6 mm respectively. Regarding to antifungal activity of substances
isolated from above material, it was found that essential oils of C. cyminum and Z. multiflora completely prevent the
growth of T. harzianum, followed by D. ammoniacum and F. angulate with maen values of 26 and 60.6 mm
respectively. The lowest antifungal activity was observed for chimera peptide.

Discussion: The cultivated button mushroom is one of the most extensively cultivated mushroom in the world. The
most serious diseases of cultivated mushrooms are caused by P. tolaasii and T. harzianum pathogens. The results of our
study showed that the C. cyminum and D. ammoniacum have remarkable activity against pathogenic bacteria. Plant
extracts, essential oils and their components have demonstrated strong fungistatic and antibacterial effects against
pathogenic fungi and bacteria on cultivated mushrooms. Modes of action of essential oils in their interaction with
bacteria have been quite revealed. It has been assumed that Thymol changes the permeability of cytoplasmic membrane
of Gram-positive bacteria, acting as a proton exchanger, decreasing the pH gradient and causing a collapse of the proton

motive force and eventually cell death. Regarding to antifungal activity, our results also showed that essential oils of C.
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cyminum and Z. multiflora completely prevent the growth of T. harzianum, followed by D. ammoniacum and F.
angulate. One of the possible action mechanisms proposed that fungal growth may be reduced or totally inhibited due to
monoterpenes present in essential oils which could increase the concentration of lipidic peroxides such as hydroxyl,

alkoxyl and alkoperoxyl radicals and so bring about cell death. According to another mechanism, the essential oils
would act on the hyphae of the mycelium, provoking exit of components from the cytoplasm, the loss of rigidity and
integrity of the hypha cell wall, resulting in its collapse and death of the mycelium. In our study, a camel recombinant

chimeric lactoferricin + lactoferrampin peptide was also tested for its antimicrobial activity. Our result showed that this
recombinant peptide have remarkable activity against pathogenic bacteria. The details of the antibacterial mechanism
for this recombinant peptide still are unknown. However, amino acid profile, sequence orientation and structural

conformation of cationic peptides are the main features which make these peptides capable to inhibit bacterial growth
by disrupting of the bacterial cell membrane. As general results it can be concluded that natural plant-derived
antimicrobial as well as recombinant peptides can be used as alternatives to synthetic pesticides, however, further
studies on safety and toxicity of these substances should be carried out before use.

Conclusion: In summary, this study shows that essential oils and plant extracts isolated from above plant material
have remarkable antifungal activities against T. harzianum, while the chimera peptide showed complete inhibition
against P. tolaasii. Thus all of this substance could become alternative to synthetic antimicrobial compounds for control
of mushroom pathogens. However, further studies on safety and toxicity of these substances should be carried out

before use.

Keywords: Antibacterial effect, Antifungal effect, Antimicrobial peptides, Pseudomonas tolaasii, Trichoderma
harzianum
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5- Callistephus chinensis L.

6- Petunia spp.

7- Viola tricolor L.

8- Saintpaulia ionantha H. Wendl.
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1- Solanum lycopersicum
2- Chrysanthemum indicum
3- Hydrangea macrophylla
4- Cucumus sativus L.
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1- Spectrophotometer
2- Mapada, China
3- Leaf area meter (Delta-Tscan), England
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1- Pisum sativum

2- Oryza sativa

3- Zea mays

4- Hordeum vulgar
5- Helianthus annuus
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Table 2- Mean comparison of morphological characteristics of Coleus blumei under frequency and duration of mechanical stress

5 o L al L5 ofaag , . c
Duw .QM Fli;len:;of Ay gl )l Sl b8 w“i’b bw‘::"*‘ » ‘5{! - Sy b gl ?:&L“w adyy Job ) o
uration of stress Plant .Stem Length of il s Leaf area Sr Root length Root
stress (Hy) height (cm) diameter axi%lar of axillary .No No. of (cm/plant) Mean leaf (cm) "01‘“3“3
(min) (mm) shoots ( c)r,n) shoots/plant leaves/plant (cm) area (cm’)
0 29.5a 47.8a 60.1a 11.0a 64.7a 1423.87a 52.89a 30.6a 28.22a
5 23.88b 44.6b 44.1b 9.0b 56.7b 949h 45.64b 25.0b 14.11b
10 22.5¢ 42.2¢c 34.1c 8.7b 52.0b 877b 45.09b 23.7b 11.77c
7.5 26.55a 46.4a 49.2a 9.9a 59.0a 11226a 48.27a 27.1a 19.55a
10 25.27b 45.6a 47.4a 9.7ab 57.2a 1076a 48.27a 26.8a 17.77b
12.5 24.05¢c 42.7b 41.7b 9.2b 57.1a 1056a 47.06a 25.4a 16.77c
7.5 29.83a 48.1a 70.7a 12.0a 68.7a 1479 50.73ab 30.8ab  28.33a
0 10 29.5a 47.7ab 58.5b 10.7b 60.7ab 1252ab 54.86a 29.8abc  28.33a
125 29.16a  47.6ab 51.0c 10.3bc 64.7a 1541a 53.10a 31.2a 28.00a
7.5 25.16b  46.7ab 41.3e 8.0f 54.0bc 944c 47.53bc 24.8de  12.00c
5 10 23.66cd 46.3ab  47.5cd 8.7ef 55.3bc 897c 44.50c 26.0bcd  18.00b
125 22.83d 41.0d 43.5de 9.7cd 60.7ab 791c 43.26C 242de  12.33c
7.5 24.66bc  44.4bc 35.5f 9.0de 49.0c 942c 46.55abc  24.7de  10.00d
10 10 22.66d 42.7cd 36.2f 8.3ef 55.3bc 1009c 45.58¢c 25.5cde  12.33c
125 20.16e 39.5d 30.79 9.7cd 51.7¢c 895¢ 44.80c 20.8e 13.00c

3b oo PLSD (yg0jl (wliolyy 0o p3 & o 3 (5l sime 3M3) 131 it S jto o 5 ()b s oS Ll uSSbe gty )
il o )llinl glad 1SS dw :SShe (gosmd L das
Values followed with the same letter(s) (column-wise) are not significantly different at P<0.05 according to PLSD.
Values are the mean of three replications = S.E.
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Table 3- Mean comparison of stems, leaves and roots biomass of Coleus blumei under frequency and duration of mechanical stress

.‘.c-voM .‘.a-vuw . . . .. . _ . .
o o Bl iy Bl S b5y Sk o

Duration ~ Frequency ¢ —c\ Sterm DW Leaf FW S p S (39 aday 509 iy y SUiS (339
of stress of stress Leaf DW (g) Root FW (g) Root DW (g)
(min) ) (g/plant)  (g/plant) ©
0 16.37a 0.76a 21.42a 1.6a 16.01a 0.82a
5 10.89b 0.56b 14.28b 1.07b 10.05b 0.53b
10 8.62¢c 0.47b 13.84b 1.07b 8.26¢ 0.49b
7.5 12.83a 0.62a 16.84a 1.25a 11.94a 0.64a
10 12.71a 0.58a 16.55a 1.25a 11.78a 0.61a
125 10.35b 0.58a 16.15a 1.24a 10.59b 0.58a
7.5 12.63c 0.71ab 22.77a 1.7a 15.31b 0.84ab
0 10 16.06b 0.74a 18.35b 1.4b 14.2c 0.69bc
12.5 20.41a 0.83a 23.15a 1.7a 18.52a 0.93a
75 9.15de 0.58bc 13.82c 1.13cd 9.26f 0.52cde
5 10 12.46¢ 0.6bc 15.01c 1.1cd 11.24d 0.61cde
125 11.07cd 0.5cd 14.02¢c 1de 9.65ef 0.45de
7.5 9.27d 0.47cd 13.07¢ 0.92¢ 7.229 0.3%
10 10 9.60d 0.52cd 15.11c 1.22¢c 10.38de 0.62bcd
125 7.01e 0.42d 13.35¢ 1.06de 7.179 0.45de

3b oo PLSD 9051 oluolyy 3o )3 B o y3 (65l gize G5 1316 it S jnite By S ()b JBhis a8 oo ke g0 o )
b so dlulinl (gl 1SS a0k (gosimd LS 2s
Values followed with the same letter(s) (column-wise) are not significantly different at P<0.05 according to PLSD.
Values are the mean of three replications = S.E.
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3- Solanum melangena

SLs S2yt el S Bblio Lials | _SwlSo sla i
L ol ) 4l b g Cilos iy 03 51 SB omiz 2 9 005
ladis) 59y » (SWe (A5 (e SIS 22,5 oo g9y Cudgia
0j9) cin slaazals _ilojl )3 (VO) Canl osd 5,135 &l )S 4
RS MBS )18 IS (9 9 (SEle SIS ot sl yia D 9>
(1) 8 20l jlaw @ Cons brady) Job a8 el (SHlSe
e (Jool 3l i) 9 Sy el SS9 (S 2)90
Jolite g 15 ©ad Sl g 4B I e b0 p> Sy a3 i
3 by i Jlosl () Jgio) 2 o dine (35 S g ke
Sl Siid g iR el LSy jolay (15 OB g e
(%) 919 9 0gz (¥ Jgi) 20 20L5 GlalS b dwslie > ady)
O3y Sl g 55 0jg pialS eel LSS i oS a0l ol
Lol i 1al lalS & ) oS JS (sl Jlgsls 53 ol S
5009l Gy |y pol hmgdy L oo s (V1) kg g plal)S
F iy ol eel Jab olS g9, p (SHlKe i &S a00ly L
O peitren Wb bl GalS 4 Cuns dBlw g ddyy S g
St g oS el TS sy 1 S o 5 S
(V) A dals & Cad 09> i 5lalS o Bl
Joliie 31 a8 ol lis (V Jgdo) Wodls wslylg im0 ol
S s 0 S ol o Slgime Sl 15 Gd g s
Olal38l as ol L (¥ Jodn) b uSle dunlio gy I3 ize duoyd
S Ol s Slgime ialS el i Jlesl sy oloj ke
@S (et b Wl jleg 4 Coms LI ool cod lalS
L oS A a8 Ve Gdeds g 35, WO Gus b oS Sals
5 o3l s Glis ) Ol s (elime (a8 229y (Sl
i 48 1y LS g 039l sy |y oo @l 5 (V) B
ol i slgime jialS cel ab bl ol buwg &5 SlKe
Ao ol Ad el ladised 4 Cawd (35 cov lS
SlSe i Bl asm ol L e (V Joda) bedls byl
DS layles gl ine Gl oS (S Sg cuts
Sl o oy SN s i 31 (6o ne ST 135
g o Jlae 31 Lol ol ol sals S 4 cuws HlblS Sy
s> gy g > aSWlegle liee p S (i s
el pa Ve cad b 15 Jlael ladd dajlos (i p3 92 )l dxe
5D g A ki 4 G oad i LS 3 Wil oo elle Lials
Joda) wis saalie dald 4 Cows (6)b dme BB o jloys 4ids
Jolie 51 as sl slas (V Jodo) osls il yls & 500 oo (¥
o )3 SFiwgd $BoiS) Glie y (pB)) GBS Ode g A

1- Brassica oleracea
2- Lactuca sativa
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Table 4- Mean comparison of physiological and biochemical characteristics of Coleus blumei under frequency
and duration of mechanical stress

S ORI e e sl aE bl S s
Duration ] o] Electrolyte MDA Chl a Chl b Total Ch Carotenoids
of stress of stress RWC leakage (umol gFW1) (mg g FW™) (mg g FW) (mg g FW'")  (mggFW")
(euin) (H) A %)
0 89.1a 26.3a 2.34a 7.04c 2.83b 9.85¢c 2.83b
5 85.6b 25.7a 1.96b 7.52b 2.91ab 10.44b 2.9b
10 82.4c 25.3a 1.89b 7.83a 3.12a 10.95a 3.08a
7.5 86.3a 26.2a 2.29 7.84a 3.2a 10.97a 2.89b
10 85.6a 25.9a 1.98b 6.79b 3.0la 10.85a 2.77b
125 85.2a 25.3a 1.92b 7.76a 2.65b 9.42b 3.15a
75 88.3bc 24.4de 2.5a 6.75e 2.66¢d 9.41d 2.48de
0 10 86.2cd 25.1cd 2.43a 7.42d 3.17b 10.53c 3.32b
125 92.7a 29.5a 2.1abc 6.96e 2.66¢d 9.62d 2.7cd
7.5 81.0f 28.2ab 2.17ab 8.62b 3.29b 11.91b 3.33b
5 10 90.8ab 26.6bc 1.87bcd 6.91e 2.48d 9.39d 2.63cde
12.5 85.0de 22.4e 1.64cd 7.04de 2.97bc 10.01cd 2.73cd
75 87.5cd 25.1cd 2.21ab 8.16¢ 3.08bc 11.24b 2.85¢c
10 10 82.0ef 24.1de 1.47d 6.04f 2.31d 8.35e 2.38e
12.5 77.89 26.7bc 2.21ab 9.29% 3.97a 13.27a 4.03a

E 1S5 d 5555ke (goaimd Lt dae ya isb o PLSD (g0l wluly 2o yd 0 prdas j3 () sime OS] 3 iy S jitio By S5 (gl JBlis oS plauSilio (i p 4
23 e bl (sllas:
Values followed with the same letter(s) (column-wise) are not significantly different at P<0.05 according to PLSD. Values are the
mean of three replications + S.E.
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Introduction: Coleus (Coleus blumei Benth.) from Laminaceae family is an herbaceous, fast growing plant with
colorful and decorative leaves which is used as an ornamental and pot plants. Producing short and compact potted plants
is valuable in floral industry. A chemical procedure has long been used for this purpose. However, chemical procedure
is environmentally unsafe, while it is expensive. Therefore, researches are carried out to find cheaper and safer methods.
Several researches have been done on height control, such as genetic manipulation, temperature management, light
quality manipulation, controlled water deficit and withholding nutrients. Controlled mechanical stresses are included the
potential non-chemical methods. In the present research, using a laboratory vibration simulator, the effects of vibration
stress with different frequencies and durations had been examined on growth control of coleus.

Material and Methods: The experiment was conducted at the research greenhouse of Lorestan University, Iran in
2017. Uniform rooted cuttings of Coleus were transplanted in plastic pots (15 cm diameter and height) that filled with
equal proportion of soil, sand and cow manure. The experimental design was a factorial based on a completely
randomized design with three replications. After plant establishment, the treatments were applied every morning, with
7.5, 10 and 12.5 Hz frequencies and 0, 5 and 10 min durations, using a laboratory vibration simulator. Treatments
application lasted for four weeks and then, plant height, stem diameter, total number of leaves per plant and leaf area,
total number and length of side shoots, root volume and length, leaf, stem and root fresh and dry weights, relative water
content, electrolyte leakage and the amounts of photosynthetic pigments were assessed.

Results: The results showed that interaction effects of frequency and duration of mechanical stress were significant
at the 0.01 level in plant height, the total number and length of side shoots, root volume, leaf, stem and root fresh and
dry weights, relative water content, the amounts of photosynthetic pigments, while it was not significant on electrolyte
leakage. The main effects of duration of mechanical stress were significant at the 0.01 level in total number of leaves
per plant and leaf area. Mean comparisons showed that with increasing frequency and duration of mechanical stress,
plant height, total number of leaves per plant and leaf area, the total number and length of side shoots, root volume and
length, leaf, stem and root fresh and dry weights and relative water content decreased. The shortest plant height was
found in plants that treated with 12.5 frequency for 10 min which was 31% shorter than control plants. The main effects
of frequency and duration of mechanical stress were significant at the 0.01 level in stem diameter, while their
interaction effect was not significant. Stem diameter reduced with increasing stress duration. The stress effect on stem
diameter was similar in 7.5 and 10 Hz frequencies. However, stem diameter was lower in plants treated with 12.5 Hz.
Mechanical stress decreased the total number of leaves per plant and leaf area and the effects of 5 and 10 min duration
were similar. With increasing frequency and duration of mechanical stress, the amounts of photosynthetic pigments
increased; so that, the highest amount of those were found in plants that treated with 12.5 Hz frequency for 10 min.

Discussion: According to the results of the present research, vibration stress could control plant growth in Coleus.
Stress treatments with all frequencies and durations, decreased plant height and other growth parameters i.e. the total
number of leaves per plant. Leaf area, root length, plant biomass and relative water content were also decreased, while,
electrolyte leakage was not significantly affected. At the same time, mechanical stress increased the amounts of
photosynthetic pigments. Plants treated with 7.5 Hz frequency for 5 min showed 16% shorter plant height compared
with controls, while other plant growth characteristics including stem diameter, leaf area, electrolyte leakage, MDA
content and the amounts of photosynthetic pigments were similar to those in control plants. Therefore, this treatment
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could be recommended as a good vibration treatment for practical use. However, based on the production conditions,
other vibration frequencies and durations could be chosen. In total, vibration stress using a vibration simulator could be
a proper method for producing short and compact pot plants due to its cheapness and being easy to use and an
environmentally friendly method.

Keywords: Coleus, Growth control, Plant height, Vibration stress
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Table 1- Coding of indirect shoot organogenesis media of F. ovina according to Plant Growth regulators (PGRs)

s MS oS bamo A 5, a0l et
. PGRs (mgl)
Code MS medium _
BAP 1AA kin NAA IBA
L1 1 0 0 0 0 0
L2 1 1 0 0 0 0
L3 1 0 1 0 0 0
L4 1 0 15 0 0 0
L5 1 0 0 3 0 0
L6 1 1 15 0 0 0
L7 1 3 15 0 0 0
L8 1 0 15 1 0 0
L9 1 0 15 3 0 0
L 10 1 0 15 5 0 0
L11 1 0 0 0 0.2 0
L 12 1 0 0 0 0.5 0
L13 1 0 0 0 1 0
L 14 1 0 0 0 15 0
L15 1 0.2 0 0 0.5 0
L 16 1 0.2 0 0 1 0
L17 1 0.2 0 0 0
L 18 1 0.2 0 0 0
L 19 1 1 0 0 0.1 0
L 20 1 1 0 0 0.2 0
L 21 1 1 0 0 0.5 0
L 22 1 0 0 3 0.2 0
L 23 1 0 0 5 05 0
L 24 2 0.2 0 0 0 3
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Table 2- Coding of applied media to investigate in vitro rooting of Ferula ovina

s MS caiS Lo P 5 Z*‘/;“”
. PGRs (mg

Code MS medium BAP BA AR NAA
RO 1 0 0 0 0
R1 1 0 1 0 0
R2 1 0 0 1 0
R3 1 0 0 0 1
R4 1 1 0 15 0
R5 Ya 0 0 0 0
R6 Ya 0 1 0 0
R7 Yo 0 0 1 0
R8 Ya 0 0 0 1
R9 Ya 0 0 0 1.5
R10 Yo 0.2 3 0 0
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Figure 1- The process of preparing samples for performing TLC: A. Coding of samples after weighting, B. solvent addition
to samples, C. Shaking of samples with more than 5g weight, D. Samples sonication with less than 1g weight in water bath, E.
Performing extraction with filter paper, F. Solvent system identification for TLC, G. Samples applied on the plate to
performance TLC test
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Figure 2- Green compact callus formation of Ferula ovina and callus growth trend on selected media
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Figure 3- Effect of plant growth regulators on formation of callus (%) of Ferula ovina. Tukey (P<0.05)

Dashed line and arrow indicate groups with significant difference in mean comparison.
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Figure 4- Indirect shoot regeneration Ferula ovina and a
stage before transferring to prolific shoot bud development
medium
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Figure 5- Effect of plant growth regulators on adventitious shoot regeneration (%) from callus of Ferula ovina

Tukey (P<0.05)
Dashed line and arrow indicate groups with significant difference in mean comparison.
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Figure 6- In vitro shoot regeneration of Ferula ovina: A. Shoot bud induction from green compact callus, B. Growth of new

shoots in medium, C. Interaction of samples same as natural condition, D. Availability to F. ovina in winter via tissue culture
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Figure 7- Effect of plant growth regulators root induction (%) by in vitro shoots of Ferula ovina
Tukey (P<0.05)
Dashed line and arrow indicate groups with significant difference in mean comparison.
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Table 3- Analysis of variance of in vitro callogenesis, shooting and root formation of F. ovina
Ol po Egox0 &3l 4y Slay o (il F o)Ll L oxo
Sum of squares df Mean squares F Sig.
Callus
Between groups 3.176 7 454 3.414 .002
Within groups 21.530 162 133
Total 24.706 169
Shoot
Between groups 2.214 9 .246 2.336 .015
Within groups 24.005 228 .105
Total 26.218 237
Root
Between groups 3.626 2 1.813 12.169 .000
Within groups 10.429 70 .149

Total 14.055 72
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Figure 8- In vitroroot growth trend of Ferula ovina
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Figure 9- TLC results of samples in compare to root extract of natural Ferula ovina and purified ferutinin (98%)
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Introduction: There is a growing body of the literature that recognizes the importance of ferutinin (Cz2H3004) as
one of the natural phytoestrogens with potency to treat osteoporosis and some kind of cancers. One of the greatest
challenges is availability of ferutinin that is found just in root of some plants of the genus Ferula (Apiaceae), which is
the reason of high price of it in global markets. Ferula ovina , an endemic plant of Iran, is known as one of the greatest
sources of ferutinin. Unfortunately, access to ferutinin requires uprooting Ferula ovina especially older plants with
more secondary metabolites content. There is a large volume of published studies describing the importance of tissue
culture in propagation of endangered plants including secondary metabolites without possibility of chemical production
and with deep dormancy seed exactly like the characters of F. ovina. Up to now, far too little attention has been paid to
importance of tissue culture in accessing ferutinin without degrading the germplasm resources of it. The main aim of
this study was to find an approach to access ferutinin associated F. ovina germplasm conservation.

Materials and Methods: In this experiment, the aerial parts of F. ovina were collected from Zoshk area (Mashhad,
Iran). The plants were recognized as F. ovina by the Institute of Plant Sciences (Ferdowsi University of Mashhad).
Tissue culture part was performed with preparation of sterilized media and explants. Therefore, the MS salts and
vitamins was applied as basic medium, however MS salt was decreased to half strength for rooting of shoots. The node
(root junction) explants were cultured on 24 callus induction/shooting media with different combinations of plant
growth regulators (BAP, 1AA, Kin, NAA and IBA). The shoots from direct and indirect regeneration were then
transferred to media with different combinations of PGRs (BAP, IBA, 1AA and NAA) in order to find rooting medium.
Following these treatments, unbalanced ANOVA for analysis of data were performed using IBM SPSS 19. The final
stage of the study comprised a TLC test for the purpose of finding ferutinin in samples which resulted from tissue
culture. For this purpose, air-dried parts of samples were powdered and extraction was done after being in 3-5 times
dichloromethane for 24hours. Then after optimizing solvent system was done with selection the ratio that presented
bands in middle of TLC paper.

Results and Discussions: The results indicated that from 24 tested media, just 8 of them had potency of callus
formation, but just L6 on MS medium containing 1 mg/l BAP and 1.5 mg/l 1AA showed significant difference for
percentage of callus induction at 5% level with compact green and the heaviest calluses. Although direct and indirect
shoot regeneration was observed in this study, L9 on MS medium along with 1.5 mg/l IAA and 3 mg/I kin demonstrated
significant difference for percentage of shooting at 5% level. Moreover, R6 on 2MS with 1 mg/l IBA showed
significant difference for percentage of rooting of shoots at 5% level. The most surprising observation to emerge from
the data comparison was L24 on half strength MS medium containing 0.2 mg/l BAP and 3 mg/l IBA with potency of
callus induction, shooting and rooting of shoots. Regarding to the results of TLC test, ferutinin positive bands were
observed in some samples.

Conclusions: The aim of the present research was to examine possibility of achieving ferutinin without need to
uproot F. ovina because there are several problems to achieve this valuable sesquiterpene: 1) Chemical production of
ferutinin is impossible, 2) It could be accessible just from roots of genus Ferula, 3) Propagation with seeds of F. ovina
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is limited because of morphophysiological dormancy of them, 4) Natural habitat of this plant in Iran is going to be
destructed, 5) Access to natural habitat is difficult, 6) Time of access is limited with short growth season, 7)
Maintaining F. ovina in greenhouse condition is impossible. The results of this research support the idea that producing
ferutinin in Iran without any harmful effect on germplasm resources of F. ovina is possible. This is the first study of
high scale commercial production of ferutinin which examine associations between tissue culture and ferutinin
production.

Keywords: Ferula ovina, Ferutinin, Germplasm resources conservation, Thin Layer Chromatography, Tissue
culture
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Table 1- ANOVA of BAPXIBA <BAPXGA; effects on the shoot proliferation of Natanzi pear
Ol po (ko

[A2) POV 5 V1
e e Mean of squares
HESPH) |KeY] 151
Source of variation e Wl Al &5l a2
Number of lateral branches df
BAP 89.93" 3
GA, 5.09 3
BAPxGA; 575" 9
BAPxIBA 937" 9
- ] .
ol sl 0.61 30
Error
e ey 21.88

Coefficient of variations (%)

2oy ) Jleis gaw 5 )b ane®F
**Significant at 1% probability level
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Table 2- Rooting percentage of Natanzi pear explants in MS and 2MS medium under dark and light conditions

ot oo 29 IBA sl NAA sl
Medium Light (mg.L) Rooting (%) (mg.L) Rooting (%)
0 00.00 0 00.00
0.5 25.00 0.1 12.50
N 1 33.33 0.3 23.07
1.5 58.33 0.5 25.00
" low JS Total treatments 37.5 slew S Total treatments 19.50
MS 0 00.00 0 00.00
0.5 00.00 0.1 31.25
1 6.25 0.3 37.50
) 1.5 8.33 0.5 56.25
e JS 7.50 st JS 41.66
0 8.33 0 8.33
0.5 12.50 0.1 00.00
N 1 37.50 0.3 33.33
1.5 6.25 0.5 41.66
slew JS Total treatments 18.75 slew JS Total treatments 37.50
72MS 0 00.00 0 00.00
0.5 6.25 0.1 41.66
1 31.25 0.3 25.00
) 1.5 58.33 0.5 33.33
slow JS Total treatments 27.08 slew S Total treatments 33.33

Adloe )58 S92 pis g d9xg S 4 gt
+ And — Respectively means with and without light
il o e o lualie S 4 cdale ja ond oad, linlie pud Jols clale ja ) o
*Percentage in each concentration comes from division of rooted observations of each hormone concentration into
total observations of treatment.
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Figure 1- Compares the average levels of BAPXGA; (a) and BAP*XIBA (b) on shoot proliferation
of Natanzi pear using LSD Test (o =0.01)
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Table 3- ANOVA of root morphological traits of Natanzi pear seedling affected by substrates and mycorrhizal fungi

Olr o 305k
Mean of squares

o BoF & 9255 Comnd Wy ) pogasce Job Al s by y sl SSle
i A @331 Width to depth ratio  Specific root length Number of Average root
Sl oo Df (cm/cm) (cm/cm’®) roots (n) diameter (cm)
Source of variation
el
- 1 0.06™ 10°7.7.8 10°".11.68 0.04™
Culture media
5 o z,6 x .
g © 3 0.15™ 10%.7.78 10%12.83 0.55™
Mycorrhizae
@ cudlS yin
Culture media x 3 0.29° 710%10.95 10737.64 2.99™
Mycorrhizae
ilejl sl
i 24 0.07 10%2.05 994.4 0.21
Error
s
T 2133 2451 23.87 10.76
Coefficient of variations (%)
kk ok ns
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ns, * and **: non-significant, significant at 5% and 1% probability level, respectively.
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Table 4- ANOVA of phosphorus leaf content and the root colonization percentage of Natanzi pear seedlings
affected by substrates and mycorrhizal fungi

KA JVES I Wl po (ko
Source of variation Mean of squares
&3N3 an 43 Ol 39gl5" o5 Sd CLals
dr Colonization Concentration of phosphorus
(%) (mg/g DW)
WK X Aok
o 1 110.51™ 15.65
Media
[ L a t] ok
sl & 3 3917.12 1.59™
Mycorrhizae
£l cuils "
& _ 3 275.45™ 5.38
Media x Mycorrhizae
bl ol
e 16 139.01 0.67
Error
WO
e 1 23.66 26.62

Coefficient of variations (%)
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ns and **: non-significant, and significant at 1% probability level, respectively.
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Figure 2— The effect of mycorrhizal fungi and the substrate on root growth characteristics, Average root diameter (a),
Number of roots (b), Specific root length (c) and Width to depth ratio (d), of seedlings Natanzi pear using LSD Test (o =0.01)
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Figure 3— The effect of mycorrhizal fungi and the substrate on the root phosphorus content (a) and the colonization

percentage (b) of Natanzi pear seedlings using LSD Test (o =0.01)
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Introduction: Natanzi, a native pear cultivar of Iran, is one of the Iranian high quality and commercial pear. True
plant type can be produced with in vitro micropropagation. Micropropagation used for species that have long generation
time, low levels of seed production, or seeds that do not readily germinate. Auxins in various concentrations are used
for rooting depending on the different conditions of the tissue and culture medium. After propagation one of the
problems with the production of plants through micropropagation is acclimatization. Low survival and poor growth of
rooted seedlings in in vitro conditions after transferring to the environment, limits the use of tissue culture. The fungi
symbiosis with root can enhance the success of this method. Natanzi pear propagation in Murashige and Skoog (MS)
and propagated seedling acclimatization with mycorrhiza treatment were not reported. The aim of this study is
evaluation the effects of various concentrations of BAP, IBA and GAj; on shooting, and NAA and IBA on rooting of
Natanzi pear. In the second part of this experiment, the effects of mycorrhizal fungi on root development and absorption
of phosphorus were evaluated.

Materials and Methods: In this study one-year branch buds of P.communis cv. Natanz from a wild mature tree
native in village Tame, Natanz city, Isfahan Province, were used as plant material. Natanzi pear cutting were propagated
supplemented with MS media under factorial experimental designs with three replications. Shoot proliferation in MS
and MS with half concentration by BAP, IBA and GAj; were studied. Four different levels of IBA and NAA under light
and dark condition for rooting were studied. After rooting plants were transplanted into 10 cmx12 cm plastic pots.
Transplant was made in conditions of high ambient humidity to reduce damage to the plantlets. At transplant, pots were
filled with different sterilized substrates, composed of mixtures of a coco peat:perlit and peat moss:perlit at a 1:1 (v/v)
ratio. Substrates were wetted before filling the pots. At transplant, plants were inoculated with the AM fungus Glomus
mosseae and G. intraradices, in the form of a mixture of spores, soil, and infected clover roots. Ten grams of inoculum
were placed in each planting hole about 1 cm below the roots, for a total treatment. 10 g of the autoclaved mixed soil
used for inoculated control treatment. Acclimatization, seedling survival, colonization, phosphorus concentrations and
some morphological characteristics of root such as root characteristic were evaluated under G. mosseae and G.
intraradices infection. Also two different bed, coco peat:perlite and peat moss:perlite at a 1:1 (v/v) ratio were examined.
At the end of the experiment, Roots plants were stained to assess mycorrhiza colonization using Phillips and Hayman
method (??7??). Colonization percentages of colonization were measured using Giovannetti and Mosse method. The total
P concentration of plants was assessed using standard analytical techniques.

Results and Discussions: BAP (3 mg L") with IBA (0.5 mg L) is suitable of Natanzi pear proliferation under
micropropagation condition. The highest rooting of Natanzi pear under in vitro condition were reported in MS and
%MS and 0.5 mg L' NAA under light and dark conditions, respectively. The results of experiments on Natanzi pear
showed a positive effect of mycorhiza on the growth of infected seedlings compared to control treatments. Finally
100% of seedling were survived after acclimatization with mycorrhiza. Mycorrhiza increased the seedling length and
root growth characteristics. No significant differences were observed in colonization of different mycorrhiza infection.
Peat moss with no treatment (control) showed the most phosphorus concentrations and peat moss with G. mosseae
mycorrhiza showed the most average root diameter.

Conclusions: BAP and IBA (3 x 0.5 mg L) showed significant effect on proliferation and NAA (0.5 mg L") on
rooting in MS respectively. Peat moss with G. mosseae is suitable to increase the acclimatization of Natanzi pear
seedlings. Mycorrhiza increased the length of seedling and root growth characteristics during eight weeks of
acclimatization. Natanzi pear seedlings showed the highest growth under G. intraradices treatment in peat moss. G.
mosseae showed a significant effect on the average root diameter in peat moss. Results of leaf phosphorus concentration
and root colonization percentage showed that there was no significant correlation between phosphorus concentration
and colonization percentage.

Keywords: Acclimatization, Glomus, Pear, Propagation, Rooting
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Table 1- Edible coating treatments
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(A) 4, dowo w025 il aanlS 53,15 VIS s YIS £,
(B) ©) (Repeat 1) (Repeat 2) ¥ (Repeat 3) (Repeat 4)
B1 (Oul/l) AlBIC2 A1BI1C2 A1BIC2 Al1BIC2
B2 (100ul/1) C1 (0%w/v) A1B2Cl A1B2C1 A1B2Cl1 A1B2Cl1
B3 (200ul/1) A1B3Cl1 A1B3C1 A1B3Cl1 A1B3Cl
Al (0% W/V)
B1 (Opl/) Al1BIC2 Al1BIC2 Al1BIC2 Al1BIC2
B2 (100ul/1) C2 (1%w/v) Al1B2C2 A1B2C2 A1B2C2 Al1B2C2
B3 (200ul/1) A1B3C2 A1B3C2 A1B3C2 A1B3C2
B1 (Oul/1) A2BI1C2 A2BI1C2 A2BI1C2 A2BI1C2
B2 (100pl/1) C1 (0%w/v) A2B2C1 A2B2C1 A2B2C1 A2B2C1
B3 (200ul/1) A2B3Cl1 A2B3C1 A2B3C1 A2B3Cl1
A2 (1% W/V)
BI1 (Oul/1) A2B1C2 A2BIC2 A2BIC2 A2B1C2
B2 (100ul/1) C2 (1%w/v) A2B2C2 A2B2C2 A2B2C2 A2B2C2
B3 (200ul/1) A2B3C2 A2B3C2 A2B3C2 A2B3C2
B1 (Opl/) A3BI1C2 A3BIC2 A3BIC2 A3BI1C2
B2 (100u1/1) C1 (0%w/v) A3B2Cl1 A3B2C1 A3B2C1 A3B2Cl1
B3 (200u1/1) A3B3Cl A3B3C1 A3B3Cl1 A3B3Cl
A3 (2% W/V)
B1 (Oul/l) A3BIC2 A3BIC2 A3BIC2 A3BIC2
B2 (100ul/1) C2 (1%w/v) A3B2C2 A3B2C2 A3B2C2 A3B2C2
B3 (200ul/1) A3B3C2 A3B3C2 A3B3C2 A3B3C2
B1 (Oul/l) A4BI1C2 A4B1C2 A4B1C2 A4BI1C2
B2 (100pl/1) C1 (0%w/v) A4B2C1 A4B2C1 A4B2C1 A4B2C1
B3 (200ul/1) A4B3Cl1 A4B3C1 A4B3C1 A4B3Cl1
A4 (3% W/V)
BI1 (Oul/1) A4B1C2 A4BI1C2 A4BI1C2 A4B1C2
B2 (100ul/1) C2 (1%w/v) A4B2C2 A4B2C2 A4B2C2 A4B2C2
B3 (200ul/1) A4B3C2 A4B3C2 A4B3C2 A4B3C2
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Table 2- Mean comparison of main effects (galbanum gum, cumin essential oil and calcium chloride) for different attributes
of sweet cherry (Prunus avium Cv. Siah Mashhad) at harvest time and 15 days of storage at 2+1 °C

Z —_ 3 ‘73: £ -

g 3ﬁ¢ 3 - = g — % < ’lu‘é _E .=~
R ¥E 5 ) § - JE z 3g8s _E= RE=z
) = 22 ERe - L PN Ne S = — K E 32> R
= K = B3 A EANCEC ~ o X a = JEARCY s =) AN e
. [ - Do PV = "ijccn 2 = 9 0 = _@ 3:¢=
38 }:E __i&‘@, 3 - A= n =2 33,45 \’%54 2
5 2203 L - TE 2 E i 2% =EE

e Y ? E 3% 2% g =7

z 3 -

UL")
Cudloy 3.925 1.111 11 5.995 80.644 0.002498 0.0199 76.093 31.255 0.618
Harvest
time
4l dowo
Galbanum gum: A

0,

Avlw(\(;)% 4.136a* 0.928a 13.417a 4.158¢ 74.571b 0.002500a  0.0225a 50.981¢ 20.569d 0.447¢

0,

A\i}/(\l/)@ 3.952b 1.011a 12.167b 5.399a 78.781a 0.002622a  0.0209a 92.153a 39.449a 0.745a

0,

A\i]/(\zl)A) 4.031b 0.978a 11.667b 5.261ab 78.493a 0.002586a  0.0213a 88.538a 36.896b 0.761a

0,

A\i//(\g)/)A) 4.047ab  0.929a 12.417b 4.770b 76.403ab  0.002501a  0.0224a 74.532b 29.201c¢ 0.576b
o 09 5 (il

Cumin essential oil: B
]ill/f)o 4.132a 0.886¢ 12.688a 4.692a 76.329a 0.002523a  0.0219a 70.575b 30.296b 0.601b
Bil(/})()o 4.028b 0.933b 12.469a 4.883a 77.047a 0.002552a  0.0217a  76.417ab  31.552ab  0.631ab
Bil(/%)()o 3.964b 1.097a 12.094a 5.116a 77.811a 0.002582a  0.0217a 82.661a 32.743a 0.664a

sl IS

Calcium chloride: C

0,

CVIW(\O/)A) 4.089a 0.919b 12.938a 4.567b 75.636b 0.002534a  0.0224a 66.745b 29.293b 0.572b

0,

C\i}/(\l/)ﬁ 3.993b 1.004a 11.896b 5.228a 78.489a 0.002571a  0.0212a 86.357a 33.766a 0.692a

)05 o b (gl xe cglis Sl (gl arebdsia yg0l 3l o3zl b aoys B Jlainl pdaw 13 oy (sly Gl By syl (slognSibe gt yo i
*Variables in the same column for each variable having different letters are significantly different (p< 0.05) based on Duncan’s
multiple range test.
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Table 3- Mean comparison of main effects (galbanum gum, cumin essential oil and calcium chloride)
for different attributes of sweet cherry (Prunus avium Cv. Siah Mashhad)
after 30 days of storage at 2+1 °C an additional one day at 20°C
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Galbanum gum: A
Al
(0% 4.595a* 0.757b 13.917a 4.025b 74.728a  0.002638a  0.0338a 30.700d 10.299¢  0.186b
W/V)
A2
(1% 4.429b 0.883a 12.917b 4.692b 76.728a  0.002792a  0.0327a 69.672a 25.061a  0.457a
W/V)
A3
2% 4.474b 0.839ab 12.833b 4.563a 76.636a  0.002703a  0.0329ab 58.621b 23.606a  0.498a
W/V)
A4
(3% 4.572a 0.774b 13.667ab 4.176b 75.109a  0.002641a  0.0336ab 46.354¢ 15.237b  0.219%
W/V)
o 0325 bl
Cumin essential oil: B
]?3/1()0 4.526a 0.766b 13.594a 4.209a 75.238a  0.002670a  0.0337a 48.003b 15.675¢  0.298b
B2
(100 4.536a 0.808ab 13.344a 4.396a 76.023a  0.002685a  0.0332a 51.428ab  18.501b  0.343a
ul/1)
B3
(200 4.493a 0.867a 13.063 4.475a 76.139a  0.002725a  0.0329a 54.579a 21.476a  0.379a
ul/1)
ol 8 IS
Calcium chloride: C
Cl1
(0% 4.534a 0.755b 13.813a 4.151b 74.877a  0.002639a  0.0344a 46.276b 15.049b  0.299b
W/V)
C2
(1% 4.502a 0.873a 12.854b 4.569a 76.724a  0.002748a  0.0320b 56.276a 22.052a  0.380a
W/V)
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*Variables in the same column for each variable having different letters are significantly different (p< 0.05) based on Duncan’s

multiple range test
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Figure 1- Interaction between galbanum gum Xcalcium chloride on pH of juice during 15 days of storage at 2+1 °C (A1=0%,
A2=1%, A3=2% and A4=3% W/V galbanum gum. C1=0% and C2=1% W/V calcium chloride)
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Figure 2- Interaction between galbanum gum Xcalcium chloride coating on PAL enzyme activity of sweet cherry fruit texture

15 and 30 days of storage at 2+1 °C an additional one day at 20 °C (A1=0%, A2=1%, A3=2% and A4=3% W/V galbanum
gum. C1=0% and C2=1% W/V calcium chloride)
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Figure 3- Interaction between galbanum gum Xcalcium chloride coating on total phenol of sweet cherry fruit texture 15 and

30 days of storage at 2+1 °C an additional one day at 20 °C (A1=0%, A2=1%, A3=2% and A4=3% W/V galbanum gum.
C1=0% and C2=1% W/V calcium chloride)
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Figure 4- Interaction between galbanum gum Xcalcium chloride coating on total phenol of sweet cherry fruit texture 15 days
of storage at 2+1 °C (A1=0%, A2=1%, A3=2% and A4=3% W/V galbanum gum. C1=0% and C2=1% W/V calcium chloride)
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Figure 5- Interaction between galbanum gum Xcumin essential oil coating on total flavonoid of sweet cherry fruit 30 days of

storage an additional one day at 20 °C (A1=0%, A2=1%, A3=2% and A4=3% W/V galbanum gum. B1=0ul/l, B2=100ul/l and
B3=200pl/l cumin essential oil)
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Introduction: Galbanum, an aromatic oleo-resin gum, is produced from Umbelliferae plant and genus Ferula with
the common Persian name “Barije”. Ferula gummosa Boiss. Plants are endemic flora of the mountain ranges of
northern Iran. Cuminum cyminum is an edible medicinal plant, which is widely distributed in Iran, Turkey, India, Egypt
and Central America countries. Calcium (Ca’") is a secondary messenger that plays pivotal roles (such as cell wall
structure, signaling in fruit ripening and ethylene biosynthesis) in regulating physiological functions in fruits, vegetables
and flowers during postharvest life. Sweet cherry is one of the most popular fruits among consumers because of its good
taste and abundant nutrients and bioactive components such as phenolic compounds and flavonoids. This fruit is a
highly perishable product due to its high respiration rate and rapid softening process at room temperature, which
ultimately cause the color changes, weight loss, browning and changes of nutrients and restrict its shelf life. Several
studies have demonstrated that the postharvest life of sweet cherries can be extended by different preservation
techniques, such as refrigeration, synthetic chemical fungicides, modified atmosphere packaging, osmotic treatments,
hypobaric treatments, heat treatments and edible coating. In the last several years, edible coatings have been widely
studied for the preservation of fruits and vegetables. Edible coating with semipermeable films might extend the
postharvest life of sweet cherry through a reduction of moisture migration, gas exchange, respiration and oxidative
reaction rates.

Materials and Methods: Healthy, uniform in size, shape, color fruits were selected from sweet cherries collected
from an orchard in Kahriz located in Urmia. Effects of galbanum gum (0, 1, 2 and 3% W/V), cumin essential oil (0, 100
and 200 pl/1) and calcium chloride (0 and 1% W/V) coating on the physiological and quality responses of sweet cherry
(Prunus avium Cv. Siah Mashhad) fruit were investigated. The fruits were coated, and stored at 2+1 °C and 90-95%
relative humidity for 30 days and then transferred to 20 °C for an additional 1 day. The quality of sweet cherries
analyzed on the initial day, day 15 of storage at 2+1 °C and day 30 of storage at 2+1 °C with an additional one day at 20
°C. Different qualitative and physicochemical attributes including pH, total soluble solid, titrable acidity, fruit water
content and moisture percentage, proline, malondialdehyde, phenyl alanine amonialyase (PAL) enzyme activity and
nutraceutical (total phenol and flavonoid) evaluations were performed. Statistical analysis of data was done by SAS
(version 9.4) and mean comparisons were performed using Duncan's multiple range test.

Results and Discussion: Significant differences were observed in fruit coated with galbanum gum 1% W/V, cumin
essential oil 200 pl/1 and calcium chloride 1% W/V as compared to the control. The coating applications including gum,
cumin essential oil and calcium chloride resulted in the slower rise of pH and TSS and were effective in maintaining
higher titrable acidity, fruit water content, moisture percentage, PAL enzyme activity, total phenol and flavonoid.
Coating with 1% W/V galbanum gum combined with 1% W/V calcium chloride resulted in highest increase of PAL
enzyme activity and total phenol 15-day after storage, which effectively prevented rapid decline enzyme activity and
phenolic compound to the end of storage. The combined coating of galbanum gum 2% W/V with CaCl, 1% W/V or 200
pl/l cumin essential oil significantly maintained total flavonoid 30-day after storage in 2+1 °C an additional 1 day in
20°C; These treatments are not significantly different with galbanum gum 1% W/V with CaCl, 1% W/V or 200 pl/l
cumin essential oil. Concomitantly proline content (0.002748 mlgr/gr F.W.) was at higher levels and malondialdehyde
(0.0320 mmol/gr F.W.) at lower levels in tissues of treated fruit with 1% W/V CaCl, compared with those of control
fruit at the end of storage.
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Conclusion: Fruit and vegetables are highly perishable, and the causes of postharvest losses can generally be
ascribed to physiological deterioration associated with the consumption of the internal water and reserve substances. In
addition, increasing public concern towards healthy foods has contributed to the promotion of interest in the
development of alternative (Safe) methods for controlling postharvest decay and deterioration. These results suggest
that galbanum gum, cumin essential oil and CaCl, treatments delayed the development of senescence process ‘Siah
Mashhad’ sweet cherry by reducing the rate of quality parameters deterioration and polyphenol compound and also
maintaining the structural integrity of cell membrane. Application of 1% W/V galbanum gum coating combined with
1% W/V CaCl, might be enhanced low temperature tolerance by maintaining quality parameters, antioxidant compound
and shelf life of sweet cherry fruits.

Keywords: Coating, Medicinal plant, Safe compound, Shelf life
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