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A- Cross sectional view of seed cavity
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Figure 3- Cross sectional views and simulated 3D models of a typical samples in two native melon landraces
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Table 2- ANOVA (mean of squares) for the effect of landrace and harvest stage on some physiological traits of melon
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eve * 3 . .. . H
S.0v df Seed cavity Humidity percentage Jobme Density P
percentage TSS
4 1 357.245™ 24.283 7.951 0.001™ 1.083™
Landrace (A)
w‘bx =Ll>).o s *k e *k *x
2 117.774 114.736 390.874 0.02 12.526
Harvest stage (B)
Cudloy dojexo35 2 3.189™ 1.803"™ 0.107 0.000096 "™ 0.013"
AxB
a3
84 1.954 0.533 0.208 0.000058 0.017
Error
Ol
O - 11.6 2 33.1 2.2 10.9
CV (%)

bl e (g e pis g oy S Jloin ] o )3 (4 41 xe by (e NS o *FF
** and ns: Significant at 1% probability level and no significant, respectively.



OFY sl o 1 il o, adaiio (g 31 ooliiuw] b o355 ogun sy 0> pax 3551

Cuild g dla 5o g 0397 walio CBliuo Zalan 43 Al Julae (o 1Sl dumlie Y Joua
Table 3- Comparison of means factors at different levels of cultivar and harvest stage
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Landrace Harvest stage : Density (g/cm3) Humidity percent
Seed cavity (%) TSS
1 29.712 5.68°¢ 4.70¢ 94.042 1.082
rad 2 27.13b 9.81b 5.05b 92.42b 1.05b
Ghasri
3 25.20¢ 12.742 5.982 90.61°¢ 1.02¢
1 24972 497°¢ 453¢ 93.522 1.072
el 2 23550 9.21b 4810 91.31° 1.04°
Khatooni
3 21.55¢ 12.272 5.732 89.12°¢ 1.02¢
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Means with the same letters in each column have no significant difference based on Duncan’s multiple range test (o= 0.01).
The numbers 1, 2 and 3 indicate the 15 day and 30 day harvesting stages and complete ripening stage, respectively.
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Table 4- Results of regression Testing

0395 S pab Sy
Landrace Ghasri Khatooni
Sy piia Cagh) 20y Jeledelsdlgoris ) % Cushy 2y Joloedaladlgeroys & 039
Dependent  Humidity 1SS PN pH Humidity i Humidity pH
variable  percentage Density percentage percent
B 0.636 -1.164 0.01 -0.219 0.875 0.009 -0.211
K 74.954 41.226 0.777 11.231 70.877 0.824 9.949
R? 0.881 0.792 0.871 0.770 0.790 0.771 0.644
F 319.428 164.037 290.248 143.852  161.568 145.075 77.770
sig 0.000 0.000 0.000 0.000 0.000 0.000 0.000
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B represents the independent variable coefficient for "Seed Cavity" and K indicates the constant value in linear regression.
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Table 5- The results of multivariate testing on the relationships of fruit quality with landrace and harvest time

slos 8395 Cild Al o
Treatment Landrace Harvesting stage
093l M Sl oSy gl @My Sl BTN
Test Pillai’s trace Wilks' lambda Pillai’s trace Wilks' lambda
F 482.449 482.449 299.427 593.965

Sig 0.00 0.00 0.00 0.00
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Figure 4- Variation in seed cavity (%6) in two native melon fruits
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Introduction: Cucumis melo L. is a plant from the Cucurbitaceae family. Many researchers consider the
early habitat of this plant to be African, which has gradually become domesticated in Iran and Egypt. Melon fruit
has undergone many physical and chemical changes during the growing season from the flowering to the
maturity. Since these changes have a direct impact on the fruitfulness of fruit juices, the knowledge of process of
these changes can be helpful in farm management include fertilizers, irrigation, and so on. The use of X-ray
radiation in study of fruits quality and other agricultural products has always been of interest to researchers. The
purpose of this study is to provide a method that is able to inspect melon fruits in non-destructive and accurate.

Materials and Methods: In this research, two local populations of melon, ‘Ghasri’ and ‘Khatooni’, were
used. In summer of 2017, the specimens were collected from two adjacent farms from Abrvan village with a
geographical position of 59° 58’ 40" and 36° 4’ 34" and an approximate height of 930 m above sea level. With
the advent of flowers, a number of them were plated and harvested in 15, 30 and 45 days after flowering. In the
‘Khatooni’ population, as the fruit reaches its full maturity earlier than the ‘Ghasri’, the harvesting time was
considered 40 days after flowering. In this research, the Optima-CT540, CT-Scan made by GE Healthcare was
used. This device can display up to 16 cuts per round. All selected melons are in the direction of longitudinal
diameter, which is the largest diameter of the fruit and entered into the device on the head. The images were
loaded in the Microview medical software (v. 21), and the volume of seed cavity and the total volume of melon
fruit were calculated. In this research, the quantitative change factor was a percentage of cavity volume
percentage (Cavity) along with factors such as moisture content percentage, soluble solids, volumetric weight,
and pH, with simultaneously changing two qualitative variables of "Melon variety " (with two levels of ‘Ghasri’
and ‘Khatooni’). The nominal variable "harvesting stage" (with three levels) was performed using multivariate
analysis of variance (MANOVA) and combined with Duncan's multiple range test using SPSS (v. 24) software.
Normality of data was also evaluated by the SPSS software. Data was analyzed at 1% of probability level.

Results and Discussion: The results of this study showed that as the fruit grows, the volume of seed cavity
increases, but the rate of this increase is lower than the increase in total fruit volume. This causes the percentage
of seed cavity to decline during the growing season. Meanwhile, there is a decrease in the amount of ‘Ghasri’,
which has a larger lateral mass compared to the ‘Khatooni’. By decreasing the volume of seed cavity during the
growth period, the percentage of moisture content and specific gravity of fruit is reduced. The moisture content
decreased from 94.04 to 90.61% in ‘Ghasri’ and from 93.52 to 89.12% in ‘Khatooni’, which showed a
significant difference (» < 0.01) at each stage. The percentage of soluble solids increased from a minimum of
4.97% in the type of ‘Khatooni’ to a maximum of 12.74% in the ‘Ghasri’ type during the growing season, and
the pH value in this experiment was from a minimum of 4.53 in the type of ‘Khatooni’ to the maximum value of
5.98 has changed in ‘Ghasri’.

Conclusion: The results of this study showed correlation between the dependent variables of moisture
content, the percentage of soluble solids, volumetric weight and pH with independent variable of seed cavity
volume in ‘Ghasri’ population. In addition, the apparent impact of two harvesting stages and the variety on other
factors was evident. In the meantime, the use of X-Ray Computed Tomography Techniques as a non-destructive
method to observe the internal variation of the fruit has helped to study the intrinsic properties of melon fruit.

Keywords: CT scan, Fruit flesh, Nondestructive
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Table 1- Some physical and chemical properties of soil profile in the experimental orchard
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Depth (cm) Si\nd Silt (%) Clay (%) EC pH C (%) Total N (%) P (ppm) K (ppm)
(%0) (dS m™
0-30 67 17 16 5.22 7.55 0.23 0.03 5.9 258.3
30-60 68 16 16 4.5 7.53 0.11 0.02 2.7 175
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Table 3- The effect of foliar application of polyamines and its application time on current-year, shoot growth, leaf area and
leaf chlorophyll index in ON- and OFF- pistachio trees cv. ‘Akbari

U 5L Job & g it RS LS

o Lo Shoot diameter (mm) Shoot length (cm) Leaf area (cm?) Leﬁi};@fz&? )hyll

Treatments s S s s

Jgase J o J Jypaswe J Jgaseo J
On 9 On ? On 9 On 9

Off Off Off Off
Spm 0.1 7.8a 7.7a 4.3a 5.8a 32.3a 35.2a 48.2ab 50.3a
Spm1 7.8a 7.8a 4.7a 5.9a 32.9a 36.9a 46.5abc 52.5a
i Spd 0.1 7.5a 7.5a 4.7a 5.3a 31.2a 33.3a 46.7abc 49.4a
o u'l’ Spd 1 7.4a 7.5a 4.6a 5.5a 29.4a 35.5a 44.1bc 52.4a
Polyamine Put 0.1 7.8a 7.7a 5.2a 5.7a 30.7a 34.6a 50.3ab 51.2a
Put 1 7.6a 7.7a 5.2a 6.3a 32.9a 36.5a 51.5a 53.9a
Control 7.5a 7.4a 3.8a 5.3a 29.5a 32.9a 39.9¢ 48.2a

LSD

(p=0.05) 2.4 2 11 1.7 8.1 8.8 7.2 7.8

oles FB 7.7a 7.6a 4.4b 5.6a 31.1a 34.3b 45.4a 48.8a
eilgbes
Spraying 2WAFB 7.6a 7.6a 4.9a 5.8a 31.5a 35.7a 48.1a 53.4a
time
LSD
(p=0.05) 0.2 0.2 0.4 0.5 1.2 1.2 3.8 5.2

=50 O yi93 9 Oyl oyl o3 &y Put 5Spd <Spm P /40) 5y KuSH b (gl pire BONB st S o gy gl &S ol 1 Siko (ygiw ja )
JS ples amy atin 93 2WAFB ¢ S ples : FBLswil
In each column, means with similar letters are not significantly different (p<0.05). Spm, Spd and Put are spermine, spermidine and
Putrescine, respectively. FB: full bloom, 2WAFB: two weeks after full bloom
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Figure 1- Interaction effect of different polyamine treatments x,spraying time on shoot length in ON- pistachio trees
cv. ‘Akbari
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Table 4- The effect of foliar application of polyamines and its application time’on flower bud and fruit abscission in ON- and
OFF- pistachio trees cv.‘Akbari

S5 Wl 5, 8980 U325
W, Loy Flower bud abscission (%) Fruit abscission (%)
Treatments Jpasw p Jpasw oS Jgaswo Jgpaso oS
On Off On Off
Spm 0.1 36.2a 20.4a 12.8bc 9.9a
Spm1 36.4a 20.4a 13.5bc 8.4a
» Spd 0.1 33.4a 21.2a 15.2ab 9.8a
oselisk Spd 1 33.4a 17.7a 13.5bc 9.1a
Polyamine Put 0.1 30.9a 19.1a 11.3c 9.1a
Put 1 32.9a 17.7a 11.1c 9.2a
Control 39.9a 21.1a 18a 11.4a
LSD (p=0.05) 6.3 6.9 3.5 3.7
ilgloe 4l FB 33.4a 19.7a 13.2a 9.8a
Spraying time 2WAFB 36a 19.6a 1l4a 9.3a
LSD (p=0.05) 3 15 1.1 0.7
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In each column, means with similar letters are not significantly different (p<0.05). Spm, Spd and Put are spermine, spermidine and
Putrescine, respectively. FB: full bloom, 2WAFB: two weeks after full bloom
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Table 6- The effect of foliar application of polyamines and its application time on nut attributes and number of nuts per
cluster in ON and OFF pistachio trees cultivar Akbari

FEEHARIKEY 3 A15 dlas
g;y c:"» pe) ‘a)f Yoo M?
Lo Blank nut (%) Split nut (%) Kernel (%) No. of nuts per No. of nuts per
Treatments 100g cluster
3 ®S ®S »s s
oy J ey J oy J ooy J Jypaso J
On 7 On s On s On ? On 7
Off Off Off Off Off
Spm 0.1 10.2a 16abc 90.9a 93.8a 55.1a 54.7a 95.3a 87.8a 16.4abcd  21.4a
Spm1 8.9a 14.9bc 91.6a 94.3a 55.7a 56.3a 95.8a 86.8a 15.1cd 20.3a
el L Spd 0.1 114a  17.2ab 89.6a  93.7a 53.9a 54a 95a 87a 17.6abc 19
o N Spd 1 9a 14.4hc 92.2a 95.7a 55.2a 56a 95.8a 87.9a 15.8bcd 20a
Polyamine  pyt 0.1 10.2a  13.8bc 924a  956a 543a  55.1a 952a  86.4a 19ab  21.8a
Put 1 9.3a 11.9¢ 93.1a 96.6a 56.6a 57.3a 94.6a 86.7a 19.3a 22.4a
Control 11.9a 20.7a 86.9a 89.8a 53.6a 54.3a 96.6a 89.5a 13.4d 18.8a
LSD 3.9 4.8
(p=0.05) 5.3 5.8 6 6.1 35 5.3 3.3 5.2
ole FB 10.6a 15.6a 90.3a 94.2a 54.3a 55.7a 95.2a 87.2a 16.8a 20.6a
ERAE
Spraying 2WAFB 9.7b 15.5a 91.7a 94.3a 55.5a 55a 95.7a 87.7a 16.5a 20.4a
time
LSD 0.5 0.7
(p=0.05) 24 2.3 2.6 15 15 2.7 17 11

mp O 9 9 Oree el (e sl 3 4 PUL 9 SPA < SPM (D<-/20) 55,05 )5Sy b (50 sire BT dizn S e B> gl & (o eSile (5 2 5
5 ple smy atén 93 2ZWAFB (5 ples : FB il
In each column means with similar letters are not significantly different (p<0.05). Spm, Spd and Put are spermine, spermidine and
Putrescine, respectively. FB: full bloom, 2WAFB: two weeks after full bloom

BOn OOff
80 - a
70
60 -

b
b b b
c
50 A
40 ab ab ab ab a ab
30 ab
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0 T T T T T T T 1

Spm0.1 Spm1l Spd0.1 Spdl Put0.1l Putl CK

a

A=l ga & ":S.La.c-

Dry yield per shoot (g)

T sk ke sla sl
Polyamine different treatments

ST 55 My Jgpazne o5 g Jguatna g G5 )3 )3 45U 3, Shos 2 Baomalialy (5 2 oilglone 3T - JSUS ’
Figure 2- The effect of foliar application of polyamines on yield per shoot in ON- and OFF- pistachio trees cv. ‘Akbari
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Table 7- Correlation between traits evaluated in ON- pistachio trees cv. ‘Akbari

elio Sh.D Sh.L LA SPAD FBA FA BN SN k  No.-Nperl00  No.Nper
Traits g c
sh.D 1
sh. L 006™ 1
LA 029" 001" 1
SPAD 0.06™  03® 039" 1
FBA 001 -0.21" -0 -039" 1
FA -0.03®  -0.16™ -0.13° -039" 028° 1
BN -0.26® -0.23° -0.01" -0.34" 0.17°  0.04™ 1
SN 021"  003® 003* 035 -0.29" -0.39" -0.29" 1
K 011" 027 006 025° -0.07° -04™ -011"  0.06™ 1
No.Nper100g — 024® 006™ -0.18" -002° 001* 028° -022° (.o -0.1" 1
No. N per C 002 038  009® 018" -022™ -0.41 -0.08" 019°  0.06™ -0.241 1
Y 014" 035 0.02° 044" -043" -0.63" -0.28" 044"  0.14™ -0.18" 057" 1

Mgine pf g hoyd B o pd Y Jloin] s 13 J3 Gize 3 4 NS g X
** * and "™ significant at 1%, 5% of probability level and non-significant, respectively.
a3Ls 5, o s ls Jsb wsli Jld smy 5Lis o5 4 Y 5 No. N per C No. N per 100 g .K SN . BN .FA FBA SPAD .LA Sh. L Sh. D
il o 0,Slos 5 adgd j0 aibd dlawi p)S Ve e 3 &by dlawd Gae ¢ GBS o (Soy 0gme B30y IS Wlgx B3 (N jaw
Sh. D. Sh. L, LA, SPAD, FBA, FA, BN, SN, K, No. N per 100 g, No. N per C and Y are shoot diameter, shoot length, leaf area, leaf

chlorophyll index, flower bud abscission, fruit abscission, blank nut, split nut, kernel, no. of nuts per 100 g, no. of nuts per cluster and
yield, respectively.
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Table 8- Correlation between traits evaluated in OFF- pistachio trees cv. ‘Akbari

Traits wle Sh.D Sh.L LA SPAD  FBA FA BN SN K No.Nper100g No.NperC Y

Sh.D 1

Sh. L 0.27™ 1
LA 0.12"™  0.09™ 1

SPAD 0.18"™ 0.1 0.14™ 1

FBA -0.11™ -0.38" -0.32° -0.05™ 1
FA -0.04™  -0.3" -051" -0.41" 0.03™ 1

BN -0.12"™ -0.08™ -0.3® -0.09" 0.09™ 0.19™ 1
SN 031" 0.16™ 0.14™ 0477 -0.16™ -0.24™ -0.39 1
K 0.13™ 046 0.6™ 0.11™ -0.14™ -0.02™ -0.33° 0.36" 1

No. N per 100 g 0.24™ -0.17™ -0.08" -0.04" 0.04™ 0.08"™ -0.09" -0.07" -0.32" 1
No. N per C 0.07™ 0.14™ 023" 025" 0.04™ -0.01" -0.27" 047  0.09™ 0.1 1

Y 0.15™  0.28™  0.03™ 0.2 -0.16™ -0.21™ -0.18™ 0.25™  0.04™ -0.19™ 0.13™ 1

Mgine pf g loyd B o yd Y Jlain] s 13 J3 xe 35 4 NS gF X

** * and "™ significant at 1%, 5% of probability level and non-significant, respectively.
a3L5 55y e s ls Jsb wasli jld sumyylis o5 4 Y 5 No. N per C No. N per 100 g .K SN . BN .FA FBA SPAD .LA Sh.L Sh.D

Sl oo 0, los 5 adgd 50wl dlaw 0,8 Ve e o il dlawd e ¢ SIS < Sgr oo By ¢SS Wlen (53 (S jaw
Sh. D. Sh. L, LA, SPAD, FBA, FA, BN, SN, K, No. N per 100 g, No. N per C and Y are shoot diameter, shoot length, leaf area, leaf
chlorophyll index, flower bud abscission, fruit abscission, blank nut, split nut, kernel, no. of nuts per 100 g, no. of nuts per cluster and
yield, respectively.
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Introduction: Pistachio (Pistacia vera L.) is an important horticultural crop that has high economic value.
Pistachio trees display some physiological disorders including abscission of inflorescence buds, fruit abscission,
blankness, non-splitting, early splitting and deformation of nuts. Unfavorable environmental conditions in most
pistachio orchards and inadequate nutrition during the flowering time and after flowering has increased these
problems in recent years. Polyamines such as putrescine, spermine and spermidine are some low molecular
weight polycationic compounds that have been shown to play an important role as growth regulators in different
stages of growth and development of buds, flowers and fruits and resistant plants to abiotic and biotic stress.
Therefore, the objective of this study was to investigate the influence of polyamines in water scarcity condition
on growth, nut traits and yield of ‘Akbari’ pistachio trees.

Materials and Methods: The study was carried out in growing season 2016 in a pistachio orchard (Pistacia
vera L. cv Akbari) located in Feyzabad, Mahvelat, Khorasan Province, Iran (34° 40" N latitude, 58° 25" E
longitude, and around 1253 m above sea level). The climate of the experimental area was arid and semi-arid. The
mean annual precipitation was about 171 mm. The irrigation of orchard trees was at 36-day intervals. The
experiment was conducted as split plot based on a randomized complete block design with three replications and
seven treatments including polyamines spray of Putrescine (Put), Spermine (Spm) and Spermidine (Spd) at
concentrations of zero (control), 0.1 and 1 mM on “on” and “off” pistachio trees cultivar Akbari at two-time
stages full bloom (FB) and two weeks after full bloom (2WAFB). Leaf chlorophyll index was recorded using the
chlorophyll meter (SPAD-502, Konica Minolta, Japan). Leaf area from fully expanded leaves was measured by
Digital Leaf Area Meter (LI1-3100c). The length and diameter of current-year shoots were measured at harvest
time. The percentage of flower bud abscission and fruit abscission were calculated on marked shoots. The yield
was calculated by weighting the total dried split nuts separated from each shoot. The data were subjected to
analysis of variances (ANOVA) using the SAS software (SAS version 9.1). Difference between means was
compared using the least significant difference test (LSD) at 5% level (p < 0.05).

Results and Discussion: Results showed that among the treatments, Put (0.1 and 1 mM) and Spm (0.1 mM)
applied in the “on” trees significantly increased leaf chlorophyll index. Also, Put spray at two weeks after full
bloom indicated better results in increase of length shoot in ‘on’ trees. All of the polyamines reduced fruit
abscission in the “on” trees however, Put at 0.1 and 1 mM concentrations with 11.3 and 11.1% was more
effective in decreasing the percentage of fruit abscission compared to other treatments. Fruit abscission of
pistachio is assumed to be related to improper fertilization, the dominance of fruits in a cluster or abnormalities
of reproductive organs. Polyamines have been suggested to improve fertilization, and subsequent embryo and
fruit development. It also has been reported that common precursor of S-adenosylmethionine (SAM) needed for
synthesizing both of PAs and ethylene. Thus, it seems that polyamines reduce the abscission of fruits by the
improvement of embryo growth and development or by antagonism with ethylene, possibly by competing for S-
adenosylmethionine (SAM). Our study indicated that all of the polyamines decreased the percentage of blank
nuts in the “off” trees especially two weeks after full bloom. The results showed that Put (0.1 and 1 mM) and
Spd (0.1 mM) were very effective in increasing number of nuts per cluster. Number of nuts per 100 g, split nuts,
and kernel percentage did not differ significantly among treatments. Yield variations were not significantly
affected by polyamines in in the “off” trees, but in ‘on’ trees, polyamines of Put, Spm and Spd at 0.1 mM
concentration by 46.2, 14.6 and 15.2% and at 1 mM concentration by 38.7, 24.7 and 19.9% increased yield
compared to control, respectively. Given to correlation results, the positive effect of polyamines on yield
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improvement in ‘on’ trees was mainly due to the prevention from fruit abscission and enhancement no. of nuts
per cluster.

Conclusion: Results showed that application of polyamines treatments in ‘off’ trees only on blank nuts and
in ‘on’ trees on leaf chlorophyll index, fruit abscission, No. of nuts per cluster and yield was effected. Foliar
application of polyamines was more effective in improving traits of shoot length, leaf area and blank nuts two
weeks after full bloom compared to full bloom. The results of this study showed that these plant growth
regulators, especially putrescine, had the potential to improve growth, yield and reduce physiological problems
of pistachio under unfavorable environmental conditions.

Keywords: Inflorescence bud abscission, Fruit abscission, Putrescine, Spermidine, Spermine
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Table 1- Physical and chemical characteristics of the soil in the experimental site before the experiment
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Table 2- Summary of the analysis of variance of garlic yield, yield components and plant height

Ol oS olin BR L aSles P W SnSTojy @m0l SxeW) o
S:“O V. ] C[oves ield Bulbs in Cloves Bulb Plant Lea{f aria
" D.E y cloves weight weight height
Ju 1 53029551 114 ns 29924 ns 35ns 112 ns 0.76ns
Year ns
5X
IS ‘_JL“ . 4 563146 ns 2.8ns 488 ns 12 ns 137 ns 0.0ns
YearxReplication
e 2 54480262** 10.6 ns 4637* 112* 1659** 0.11%+
Sulfur
T.5X
255 Jo 2 578860 ns 0.01 ns 1241 ns 9 ns 13ns 0.0ns
YearxSulfur
ol
j 8 1700220 ns 4.1ns 590 ns 15ns 3.8ns 0.0 ns
Error
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ng’zﬁj_x Ju 3 424760 ns 0.9 ns 854 ns 2.6ns 0.4 ns 0.0ns
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2PN LIs 6 799773+ 0.1ns 367 s 3.6 s o7 0.0ns
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e X 3,8 eEX
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YearxNitrogenxSulfur
elixdl 36 251552 0.16 245 2.1 0.3 0.0
Error
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* ‘**

** * and ": significant at 1%, 5% of probability levels and non-significant, respectively.
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Table 3-_Interaction effects of nitrogen xsulfur on yield and its components, plant height and leaf area of garlic

" , 4 g dlaxs Wg ST (59 A ot 339 ol§ glis,l J,:g Slaxs 5 ) s
Phec Cloves vield 4D o Bglb Plgnt &g Leaf
yie ] . eaf area
Treatment (kg-ha'd) Bulbs in Cloves weight weight height Number of (m?
Cloves (@) (9 (cm) leaf in plant
355
Sulfur
So 9602c 10.0a 66¢C 7.1c 43c 8.6¢ 0.33c
Ss00 11064b 10.3a 76b 8.0b 48b 9.7b 0.42b
S1000 12651a 9.0a 93a 11.3a 59a 12.5a 0.47a
I
Nitrogen
No 8084c 8.0c 55¢ 76¢C 43c 8.3c 0.33c
N1oo 10675b 9.3b 72b 8.6b 48b 9.8b 0.39b
N2zoo 12822a 10.8a 93a 9.5a 54a 11.4a 0.45a
NEW) 12792a 10.6a 93a 9.5a 55a 11.6a 0.46a
U3srX0)5 S
SulfurxNitrogen
SoNo 7148f 8a 49a 6.6a 33 6.7i 0.25g
SoN100 9061d 9a 62a 72a 41h 8.4g 0.31f
SoN20o 11069¢ 1la 76a 74a 49f 9.6 ef 0.37de
SoNs00 11129c 1la 76a 74a 49f 9.9de 0.39d
Sso0No 7980e 9a 54a 69a 40i 7.9h 0.34ef
Ss00N100 10763c 10a 78a 8.3a 469 9.2f 0.4d
Ss00N200 12848b 1la 88a 8.5a 52e 10.8c 0.46¢
Ss00N300 12655b 1la 87a 8.4a 53d 10.8c 0.47 bc
S1000No 9125d Ta 61a 9.4a 55¢ 10.3b 0.38de
S1000N100 12201b 9a 80a 10.2a 57b 11.7b 0.46¢
S1000N200 14550a 10a 116a 12.8a 62a 13.9a 0.51ab
S1000N300 14583a 10a 115a 12.7a 63a 14.1a 0.52a

55 SOl glaals dix g0l 5l odlitul b doy3 B pdaws 13 (gyld cime (gylol @glds K0aSs b gt yb 5> duliie oandSSl B9 > L il
The numbers with the same letters in each column do not have significant difference at 5% of probability level based on Duncan’s
multiple range test.
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Table 4- Summary of variance analysis table for some soil chemical properties and garlic leaf analysis

g e 1. syl o) yiuS'| Ol i }
©lyetd ilio Ry 5:“ 6‘: ;l: Spel Snopl  Spg,
SOV ; _ _ Leaf-N 7 Leaf-Fe  Leaf-Zn
D.f Soil -SO4* pH NO3z"-soil Leaf -P
Ju 1 1407 018" 271 177 0029  70700™ 9307
Year
5
A Jle 4 gns 0.06" 1.8 167 0019 22530™ 479"
YearxReplication
2P 2 9837 033" gns 48  0256° 65631 2771
Sulfur
25557 Jl 2 307 s 0.06 1 003  0.009™  0.001™ 20069" 324
YearxSulfur
oL
: 8 7478 0.06" 3ns 0.801"  0.001"  40212™ 122"
Error
039 3 2118 0.01" 812" 56%  0.012®  61170™ 26
Nitrogen
S A 3 3ns 0.03" 1.8 0.060™ 00117  59854"  19m
YearxNitrogen
255 Lisr 6 6 0.020 1.2 0080™ 0004 18989 ™ s
NitrogenxSulfur
0ipF 3555 Jl 6 4 001™  001™  0012™ 0001™ 19432  10™
YearxNitrogenxSulfur
olxdl 36 7 0.023 0.30 0016 0002 32241 7
Error

sl o gme (g ylel iglds Dy ps g oy gy o yd S et o j3 (glel Coglis d9vg 5 ol s 4 NS

* ‘**

** * and ", significant at 1%, 5% of probability levels and non-significant, respectively.

1- Source of Variation
2- Degree of freedom
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Table 5- Effect of Sulfur and Nitrogen on the Concentration of nutrients elements in garlic Leaves, garlic nitrate and
chemical properties of soil

o) *y59 yiud
S oSl 5:., SB ol e ol u‘?ﬁ Syt phud Sy ol SS9
Treatment pH . Soil NOs Bulb NOs » Leaf -P Leaf-Fe Leaf-Zn
Soil SO4% Leaf-N
(mg.kg")  (mg.kg™) (mg.kg™) (%) (mg.kg™) (mg.kg™) (mg.kg™)
355
Sulfur
So 7.49a 19.2c 12.3a 197 a 28¢c 0.33¢c 108 ¢ 19¢
Ss00 7.40b 38.6b 13a 175b 3b 0.34b 119b 30b
S1000 7.26C 59.6 a 13.4a 146 ¢ 3.7a 0.54 a 204 a 40 a
OI95
Nitrogen
No 7.39a 38.3a 5.3d 68d 1.7d 0.44a 111a 28a
N10o 7.38a 38.3a 10c 134c 27¢c 0.43a 116 a 30a
N200 7.37a 39.4a 15.4b 211b 3.6b 0.43 a 117a 3la
N300 7.39a 40.6a 20.8a 278 a 46a 0.44 a 231a 3la
U3srX0)5 S
SulfurxNitrogen
SoNo 7.47a 19.3a 5.2a 82i 1.3a 0.34a 78a 18¢
SoN100 7.47a 18.6a 9.4a 163f 2.3a 0.32a 80a 20c
SoN20o 7.50a 19.0a 14.2a 235¢ 3.3a 0.32a 77a 20c
SoN3oo 7.52a 19.8a 20.3a 310a 4.3a 0.34a 98a 20c
Ss00No 7.43a 37.6a 5.2a 65j 1.7a 0.44a 113 28h
Ss00N100 7.40a 37.9a 10.1a 139g 2.5a 0.44a 121 29b
Ss00N200 7.36a 39.6a 16.1a 212d 3.4a 0.44a 121 30b
Ss00N300 7.40a 39.3a 20.6a 283b 4.4a 0.44a 121 3lb
S1000No 7.27a 58.0a 5.6a 56k 2.2a 0.54a 141a 39a
S1000N100 7.27a 58.3a 10.5a 100h 3.4a 0.54a 148a 40 a
S1000N200 7.23a 59.7a 16.1a 186e 4.2a 0.54a 151a 42 a
S1000N300 7.27a 62.6a 21.7a 240c 4.9a 0.54a 170a 43 a

)5 o b o3 O paw j3 ) gxe (g lel gl ¢ygiar p 5D Al w39 y> b dlac
The numbers in the same English letters in each column do not have a significant statistical difference at 5% level.
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Figure 1- Correlation of soil pH with consumed sulfur
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Figure 2- Correlation of garlic nitrate content with consumed nitrogen
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Introduction: Garlic (Allium sativum L) is the second most commonly used herb of alliums after onions.
This plant has significant effects on lowering blood pressure, preventing atherosclerosis, reducing blood
cholesterol and triglyceride and inhibiting platelet aggregation. In recent years, the increase in the yield of this
product has been of interest to manufacturers of this product with respect to the preservation of qualitative
characteristics, including the maximum content of nitrate. It has been shown that the absorption of nutrients in
the soil affects the yield and yield components of the plant. In this regard, the timely and adequate supply of
nutrients such as sulfur and nitrogen has a special role in promoting quantitative and qualitative characteristics of
garlic.

Material and Methods: In order to study the effects of nitrogen and sulfur consumption on quantitative and
qualitative traits of garlic, this study was conducted with 12 treatments and three replications in the form of a
split plot design in two years in Agricultural Research Center of Agricultural and Natural Resources of Tehran
Province which located in Varamin in Iran. Nitrogen factor was considered at four levels (0, 100, 200 and 300 kg
ha*) and sulfur at three levels (0, 500 and 1000 kg ha with inoculation of Thiobacillus). Before planting, soil
samples were taken from the experimental site and physical and chemical characteristics including texture,
reaction, organic carbon, lime, nitrogen, phosphorus and potassium, and iron, manganese, copper, zinc and boron
were measured. Dry matter yield, number of bulbs per garlic, single plant weight, garlic weight, plant height, leaf
number per plant and leaf area were recorded at the end of experiment. Garlic nitrate content and nutrient
concentration in garlic leaves were also measured. Data obtained were analyzed statistically using SAS software.

Results and Discussion: The effects of nitrogen and sulfur on the yield of garlic cloves, number of bulbs in
cloves, cloves weights, bulbs weights, plant height, leaf area and bulb nitrate were significant as all these traits
were improved. Application of 1000 kg.ha* of sulfur increased the garlic cloves yield by 31% compared to the
control. Nitrogen consumption up to 200 kg.ha* increased garlic cloves yield by 58% compared to the control.
The highest economic yield of garlic cloves was obtained by 1000 kg.ha* sulfur and 200 kg.ha* nitrogen, which
was 104% more than control treatment.

Data also showed that the effects of sulfur and nitrogen and the interaction of sulfur and nitrogen on the leaf
area of the garlic plant were significant. Consumption of 1000 kg.ha™of sulfur increased the leaf area of the
garlic plant by 42% compared to the control. Nitrogen consumption up to 200 kg.ha* increased the leaf area of
garlic plant by 39.3% compared to the control. The highest leaf area of garlic plant was obtained from 1000
kg.ha*sulfur and 200 kg.ha*nitrogen, which was 104% higher than control. Increase of the growth and yield of
garlic was attributed to the main role of nitrogen in increasing meristematic activity, cell division, prolongation
of the cell. Sulfur is one of the essential nutrients of the plant, and without sulfur, the plant does not grow and
function properly. Sulfur is the fourth essential element after nitrogen, potassium and phosphorus for garlic. This
element is needed in production of amine acids, such as methionine and cysteine, which are essential for the
production of vitamin A, and the activation of certain enzymes. The results of studies have shown that amino
acids directly or indirectly affect the physiological activity of the plant, and positively affect the growth, increase
in yield and increase plant tolerance to environmental stresses. The soil reaction was affected by sulfur
consumption and decreased. There was a negative correlation between soil reaction as a dependent variable (Y)
and consumed sulfur as an independent variable (X), which correlated with linear relation with correlation
coefficient of 0.98. Data showed that use of 1000 kg.ha*of sulfur reduced soil reaction from 7.49 to 7.26 and
increased leaf iron concentration by 88% compared to control and increased leaf zinc concentration 110%
compared to control treatment. The researchers believe that sulfur oxidation and sulfuric acid production in the
soil reduce soil reactions and increase the absorption capacity of phosphorus and microelements. The effect of
sulfur on the concentration of leaf phosphorus was significant. The phosphorus concentration was increased
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significantly with sulfur application into the soil, so that 1,000 kg.ha* of sulfur increased the concentration of
leaf phosphorus by 63% compared with the control (0.33%). Research results have shown that phosphorus
absorption capacity in soil is highly dependent on soil reaction and reducing soil reaction leads to increased
phosphorus absorption capacity. Researchers have reported that sulfur consumption and the production of
sulfuric acid, as a result of its oxidation, reduce soil reaction and increase phosphorus availability for plants. The
effect of nitrogen, sulfur and the interaction of nitrogen and sulfur on the content of garlic nitrate was significant.
Garlic nitrate content decreased with application of sulfur and increased with nitrogen addition. Application of
sulfur at 1000 kg.ha™* significantly reduced garlic nitrate content by 35% compared to control. The application of
100, 200 and 300 kg.ha* of nitrogen increased the content of garlic nitrate 97, 210 and 308%, respectively in
comparison to control. At all levels of nitrogen addition, sulfur consumption reduced the content of garlic nitrate.
Garlic nitrate content decreased with application of sulfur and increased with nitrogen addition. Sulfur
application at 1000 mg.kg™* significantly reduced garlic nitrate content by 35% compared to control (mg.kg™).
Garlic nitrate was increased by the amount of nitrogen consumed. There was a positive correlation between
garlic nitrate (YY) as a dependent variable (N) and independent nitrogen (X), which correlated with linear relation
with the correlation coefficient of 0.99. Researchers have argued that excessive consumption of nitrogen
fertilizers is the main factor causing the accumulation of nitrate in a number of vegetables and other plants such
as garlic.

Conclusion: Based on the results of the experiment, it was concluded that nitrogen and sulfur increase the
yield of garlic. Meanwhile, sulfur reduces nitrate accumulation in garlic. Sulfur consumption reduces soil pH and
increases the absorption availability of micronutrients and phosphorus in the soil and causes more absorption of
these elements by the plant.

Keywords: Garlic, Nitrate, Nitrogen, Soil Fe, Sulfur
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Figure 2- Interaction effect of drought stress xgrafting on fresh weight of root(a) and dry weight of cucumber root (b). (LSD,
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Figure 3- Interaction effect of drought stress xgrafting on phenol (a) and antioxidant activity leaf (b) of cucumber. (LSD,
p<0.05)
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Figure 4- Interaction effect of drought stress x grafting on potassium (a) and proline leaf (b) content of cucumber. (LSD,

p<0.05)
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Figure 5- Interaction effect of drought stress xgrafting on stem length (a) and leaf water potential (b) of cucumber. (LSD,

p<0.05)
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Figure 6- Interaction effect of drought stress xgrafting on SPAD value (a) and chlorophyll fluorescence leaf (b) of cucumber.
(LSD, p=<0.05)

By Oliee ) e (5 09) A5 ol (Xgn it MaLS 4 Cupnd
9 S OLalS (ol )3 3,5 pdlie STas oS 0D 0y 3
odaliin clgn LS oloi o ials sy Ae b jolie Jols
o2l (SUgm e QLS § 5SuSH b (s¥gn GlalS awslie )5 5 0

(Y JSs) s osaliie (gl re cglas

B Grafting o, b
Non-Grafting ¢, 2
. 14,000 -
f“:m 7 i a a
L 12,000
%
£ 10,000 - a
ki E 8,000
5 6,000 1 b b
£ 40001 b
Z
E 2,000 -
ﬁ: >
O A
0 -04 -0.8
s a - ‘-?:.-:‘v
Drought stress (MPa)

A Cund (I jaban (s (lalS ) g &5

w s GblS
350,55 aloul 1y (s mime glds oa s Jlosl (Sis (slo,los
Lol sasuilas d)].)L;L!A 09&:’ )ia.xS., l.: JREE AT ‘_’)Lmlzf e
x = /¥ e 5D jiwed lade ywSlas Lol lie dlie

GTgm dald ) ials asp VL o jlade fBlas o (sdige e

B Grafting ;.

Non-Grafting ¢, 2

= 16 q a
‘B 14 ab ab
g 12
- E |
?‘]L Eb 10 abc
1:"'\ 'E 81 be
E J
S c
E : _J
m
O A
0 -04 -0.8
s a - A am
Drought stress (MPa)

S5 (D) S 3525 5 (a) jowgid (l5e p2 Higm X (Subd (T Jilike 1Y S
Figure 7- Interaction effect of drought stress x grafting on photosynthesis (a) and transoiration (b) rates of cucumber leaf.
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Figure 8- Interaction effect of drought stress xgrafting on stomatal conductance (a) and mesophyll conductance leaf (b) rates
of cucucmber. (LSD, p<0.05)
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Figure 9- Interaction effect of drought stress xgrafting on photosynthetic water use efficiency (a) and total protein leaf (b)
rates of cucumber. (LSD, p<0.05)
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Figure 10- Interaction effect of drought stress xgrafting on peroxidase activity of cucumber leaf. (LSD, p<0.05)
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Figure 11- Flowers changes under grafting and drought stress in cucumber. NDO: Non-grafting and arought 0 MPa, ND1:
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Introduction: Plants are constantly faced with abiotic and biotic stresses during their whole life. Abiotic
stresses are various adverse environmental factors, including drought, high salinity, heavy metals, cold or heat
shock, and ozone. Resulting in dehydration and osmotic stress, drought has caused a dramatic reduction in crop
production globally. Grafting can reduce the content of Malondialdehyde (MDA); prevent the accumulation of
reactive oxygen species (ROS); increase activities of antioxidant enzymes; and maintain fresh and dry weights,
grain yield, and relative water content in a variety of plants in response to drought stress. On the other hand, a
range of abiotic and biotic elicitors can confer tolerance to drought stress in plants. Grafting of herbaceous fruit
vegetables can reduce detrimental effects of biotic and abiotic challenges and cultural practices. Grafting can
increase yield of cucurbits, initiate shoot growth, aid in resistance against nematodes and viruses, withstand high
and low temperatures, improve nutrient and water absorption, resist against high concentration of salt, drought
and waterlogging stresses. Grafting elite commercial cultivars onto selected vigorous rootstocks is a special
method of adapting plants to counteract environmental stresses. Grafting is currently regarded as a rapid
alternative tool to the relatively slow breeding methodology for increasing the environmental-stress tolerance of
fruiting vegetables. Potential approach to reduce losses in production and improve water use efficiency under
drought conditions in high-yielding genotypes would be to graft these varieties onto proper rootstocks capable of
reducing the effect of water stress on the shoot and to increase tolerance to abiotic stresses. Cucumber (Cucumis
sativus L.) is one of the main greenhouse vegetable crops widely grown in Saudi Arabia. The total greenhouse
area for cucumber production in 2013 was 2605 hectares produced 236,087 tons. Major factor influencing
growth and yield of cucumber is water quantity. The effects of different rootstocks on plant growth, yield, fruit
quality and water consumption in cucumber was studied. The highest yield was obtained from 9075
(19.02 kg m2), which was 24.5 and 23.5% higher than in the non-grafted and self-grafted treatments,
respectively. The plant height also increased with the use of rootstocks. The increase in the dry weights of the
leaves and fruits depended on rootstocks. They concluded that grafting improved plant growth and vyield
depending on the rootstock genotype. Grafting has the potential to be as a strategy to increase the tolerance of
plants to promote water use efficiency (WUE). The present study was aimed to evaluate the grafting biochemical
and physiological effects on inducing drought stress resistance in cucumber.

Materials and Methods: This experiment was conducted in complete randomized design with three
replications and treatments are included grafted and ungrafted plants, and water potential level O (control), -0.4
and -0.8 MP. The Isfahan endemic cucumber specious as a scion with the hole method grafted on Ferro
rootstock. The physiological and growth traits were measured. Photosynthesis (stomata conductance,
photosynthesis, water use efficiency), growth (root and stem growth), and antioxidants (SOD, POD, protein)
parameters, and transpiration were measured.

Results and Discussion: Result indicated that grafting with increasing root nutrient absorption and its
development drought stress resistance improved. Although, grafting reduced potassium content. Grafting and the
interaction of rootstock xscion impressed many morphological and physiological characteristics. Under stress
condition, some features improved plant water relationship, growth and development. Gas exchange indices like
photosynthesis, transpiration and stomatal conductance were lower in grafted plant compare to ungrafted plants.
Proline content was significantly increased in grafted treatments compare to ungrafted ones. Higher potassium
under -0.8 MP in grafted plants showed the maintenance osmotic stability and potassium hemostasis were the
draught stress mechanism in resistant rootstocks.

Conclusion: Finally, grafting as an efficient method to increase cucumber yield and improve drought
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resistance recommend. These results suggest that the use of drought tolerant Cucurbita rootstock can improve
cucumber photosynthetic capacity under drought stress and consequently crop performance. The results revealed
that grafted plants had better vegetative growth than ungrafted (control) ones. Furthermore, photosynthetic
parameter, antioxidant activity and fresh and dry weight of stem and leaves were improved, but grafting had no
significant effect on fruit quality and yield. In conclusion it is recommended that grafting procedure in some
crops include cucumber should be done only after assuring the benefits and risks of grafted seedlings.

Keywords: Antioxidant enzyme, Gas exchange, Greenhouse vegetable
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Introduction: Nowadays the demand for medicinal plants is increasing in the pharmaceutical industries.
Echinacea spp. is an herbaceous, perennial plant containing valuable substances which belong to different

chemical groups, most notably phenolic compounds. Echinacea is the most well-known and most important
treatment for the immune system and protects against cough, cold and fever. Drought stress can be a major factor
in increasing the content of secondary metabolites in many medicinal plants. Organic fertilizers are known to be
one of the fertility factors for soil and plant nutrition due to the impacts on the physical, chemical and biological
properties of soil. The purpose of this study was to investigate the response of yield and phenolic compounds as
the most important group of active compounds in Echinacea in response to different levels of water stress,
chemical and organic fertilizer management and their interactions.

Materials and Methods: This experiment was carried out during 2016 and 2017 years at the experimental
Field of Ferdowsi University of Mashhad, located at 10 km East of Mashhad. The split plot based on factorial
design was implemented in 3 Replications. The studied factors in this experiment in the main plot were water
stress at three levels, includingl- Non-Water stress (6000 mé.hal), 2- Moderate Water Stress (4500 m®.hat), 3-
Severe Water stress (3000 m3.hal).In sub plots, fertilization treatments applied in eight levels, including, 1- NPK
fertilizer (500 kg.ha) ; 2-Humic acid (20 L.ha); 3-Vermicompost (6000 kg.ha*); 4-Humic acid+NPK (20 L.ha"
14500 kg.hat); 5. Vermicompost+NPK (3000 kg.ha'+250 kg.ha'); 6-vermicompost+humic acid (3000 kg.ha-
1420 L.hat); 7. Vermicompost+Humic acid+NPK (3000 kg.ha?+20 L.ha-1+250 kg.ha') and 8.control. The
amount of irrigation needed at each turn was calculated by NETWAT software. In combined treatments, half of
the NPK fertilizer which used in the pure treatment was replaced with the equivalent amount of vermicompost.
Constant amount of liquid humic acid was applied at the same time with vermicompost and NPK in rosette leave
developing and before stem-elongation phase. The total amount of phenolic compounds in the sample was
evaluated by the Folin-Ciocalteu method. Data were analyzed with MSTAT-C statistic software and means
compared by Duncan Multiple Range Test.

Results and Discussion: The most amounts of stem dry matter, flower dry matter and biomass were observed

at vermicompost and non-stress treatment and the least amount of them was obtained from control and severe
water stress condition. The highest amounts of leaf and root dry weight were obtained under
vermicompost+humic acid and moderate water stress treatments and the least amount of leaf dry weight was
observed at control and severe water stress treatments. At the same time with the increase of water stress, the
impact of organic fertilizers on leaf dry weight decreased, however the application of organic fertilizers
increased the leaf dry weight even under severe stress conditions. Maximum seed yield was observed under
vermicompost+humic acid+NPK and NPK treatments with severe water stress condition. With increase in the
stress level, root to shoot ratio was increased and the maximum amount of that was obtained in control treatment
under severe water stress condition and the minimum amount of that was obtained at vermicompost and non-
stress treatment. The application of vermicompost and humic acid increased root to shoot ratio in severe stress
conditions and it were effective in developing root systems in these conditions. Maximum amounts of phenolic
compounds were observed under humic acid+vermicompost treatment with severe stress condition and minimum
of these compounds were obtained under humic acid treatment at no-stress.

Conclusion: The response of aerial parts of plant was associated with a decrease in irrigation levels, however
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this trend was reversed in underground sections. Thus, the maximum amount of root dry weight, root to shoot
ratio and root phenolic compounds were observed in severe stress treatment. The highest amount of Phenolic
compounds of the root, the ultimate goal of this plant, were observed under humic acid+vermicompost
combination treatments. Therefore the production of this plant in terms of supplying 50% of the required
moisture content (is equivalent to 300 mm of irrigation during the one-year growth period) and the use of
fertilizer treatments containing humic acid and vermicompost compounds is recommended.

Keywords: Humic acid, Medicinal plants, NPK chemical fertilizer, Vermicompost
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Table 1- Physical and chemical characteristics of soil of research farm
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Table 3- ANOVA (mean of squares) for some triats of Balangu populations under drought stress
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Figure 1- Interaction effect of drought xpopulation on root length of Balangu populations (DMRT, p<0.05)
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Table 4- Some of Balangu characteristics under drought stress and population
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*Means with the same letters in each column are no different according to Duncan’s multiple range test at 5% of
probability level.
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Figure 2- Interaction effect of drought xpopulation on flower cycle per Balangu plant (DMRT, p<0.05)
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Figure 3- Interaction effect of drought xpopulation on number of nut per flower cycle in Balangu (DMRT, p<0.05)
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Figure 4- Interaction effect of drought xpopulation on number of seed per nut of Balangu (DMRT, p<0.05)
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Table 3- Analysis of variance (mean of squares) Balangu populations different under stress
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Figure 5- Interaction effect of drought xpopulation on 1000- seed weight of Balangu (MSRT, p<0.05)
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Figure 6- Interaction effect of drought xpopulations on grain yield per plant of Balangu (MSRT, p<0.05)
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Figure 7- Interaction effect of drought xpopulations onharvest index of Balangu (MSRT, p<0.05)
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Figure 8- Interaction effect of drought xpopulation on oil yield of Balangu (MSRT, p<0.05)
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Figure 9- Interaction effect of drought xpopulation on superoxide dismutase enzyme activity in Balangu (MSRT, p<0.05)
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Table 5- Stepwise regression analysis for Balangu grain yield as a dependent variable and other traits as an independent

variable
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Intercept
b e o 798.89 714.19 681.53
1000-seed weight
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Number of seed per nut
Gy > J5 482 olas ; - -15.93
Number of flower cycle per plant
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Standard Error
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Partial R-Square
Jhe Cd o 0.763 0.814 0.886
Model R-Square
F 17.85** 8.46** 3.04*

2oy ) g0 Jlas] pdaw )3 Iy dxe cuip 4 FF g *
*and **: significant at 5% and 1% of probability level, respectively.
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Introduction: Water deficit is one of the major abiotic stresses, which adversely affects crop growth and
yield. Plants use two different strategies, including drought avoidance and drought tolerance to grow under
drought stress. Drought avoidance species are able to have a normal growth, which is due to: 1) efficient and fast
metabolism, 2) high uptake of water and nutrients, and 3) little production of secondary metabolites under
deficient water conditions. While drought tolerance species maintain their regular growth, under drought stress,
by: 1) adjustment of osmotic potential, 2) changes in cell wall properties, and 3) production of antioxidants and
secondary metabolites, these species under prolong drought, and irrespective of plant type, plant produces higher
rate of secondary metabolites, as a non-enzymatic mechanism. Such products are able to maintain plant
activities, under oxidative stress, and in the presence of high rate of reactive oxygen species. Medicinal plants,
including Balangu (Lallemantia royleana Benth.), are cultivated across different parts of the world including
Iran for food and biodiesel purposes. Investigating the effects of drought stress on the production of secondary
compounds by medicinal plants is an important issue. According to the previous studies drought stress increases
the production of secondary compounds affecting the quality of medicinal plants. This must be considered when
developing tolerant medicinal plants under stress, especially if the quality of medicinal plants is of higher
importance than their quantity. The tolerance of medicinal plants is different under stress. Due to the importance
of drought and its effects on the growth and the quality of medicinal plants, in this research the effects of stress
intensity and plant species on the growth and physiology (including the medicinal contents) of Balangu plants
were investigated. To our knowledge, there are not much data on such effects. The objectives of this study were
to investigate the effects of drought stress on: 1) Balangu growth and yield, and 2) Balangu physiology including
the activities of morphological traits, yield components and oil yield and the production of antioxidant enzyme
affecting plant medicinal content.

Materials and Methods: This study was conducted to investigate grain yield, yield components, and
superoxide dismutase enzyme in three populations of Balangu (Lallemantia royleana Benth.) under drought
stress. This study was conducted as a split plot experiment based on randomized complete block design with
three replications at the experimental field of Shahed University during 2013-2014 growing season. The main
factor consisted of four levels of drought stress (soil moisture content of -0.5, -3.5, -6.5 and -9 atm) and three
Balangu Shirazi populations (Mashhad, Kerman and Taleghan) as sub-factors were considered. The main factor
included drought stress levels at four levels (soil moisture content of -0.5, -3.5, -6.5 and -9 atm) and three
Balangu Shirazi populations (Mashhad, Kerman and Taleghan) were considered as sub-plots. Measured traits
were included root length, plant height, fresh and dry weight per plant, grain yield, grain yield components,
mucilage percent and yield. In order to study the morphological traits, seven plants of each plot were selected
with consideration of marginal impacts. About four square meters of each plot was harvested at maturity for
determination of yield and its components.. The analysis of variance was does through SAS 9.12 statistical
program and the means were compared by Duncan's multiple range test in 5% level.

Results and Discussion: A set of yield and biochemical properties of three different species of Balangu
which were affected by drought levels were determined. According to the analysis of variance the yield and
biochemical properties of Balangu were significantly affected by drought, and there were significant differences
between three species. The results showed that drought stress had a significant effect on growth components,
yield components, grain yield, and oil yield and superoxide dismutase enzyme. With decrease of soil water
content, plant height traits (24.73 cm), the number of branches (5.44), fresh (17.36 g) and dry (3.80 g) weight of
plant, 1000-grain weight (1.51 g), harvest index (6.41 %), grain yield (157 kg.ha*) and oil yield (37.77 kg.ha?)
decreased. Root length and superoxide dismutase content increased by 24.02 and 66.63% under severe stress

1, 2 and 3- Associate Professor, Graduate M.Sc. and Ph.D. Student of Crop Physiology, Department of Agriculture and
Plant Breeding, Faculty of Agriculture, Shahed University, Tehran, respectively.
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compared to no stress condition, respectively. The highest grain and oil yield was obtained in Mashhad
population under drought stress. In relatively severe stress conditions, the grain and oil yield of Taleghan
population increased with the mean of 315.75 and 86.5 kg.ha*, respectively. Under drought stress levels, the
lowest reduction was observed in some growth characteristics and grain yield of Kerman population.

Conclusion: Overall, the results of this study demonstrated that drought stress at flowering stage increased
root length and superoxide dismutase enzyme of the studied populations. Furthermore morphological traits, grain
yield components, harvest index, relative water content, grain yield and seed oil of Balangu populations were
decreased. The highest seed and oil yield gained under moderate stress which belongs to Taleghan population
and Mashhad population revealed the highest seed and oil yield under mild stress. Therefore, given the high
stresses, introducing high-yielding populations under relatively severe stresses can lead to water use efficiency
and irrigation management. Finally, the production of Taleghan population under relatively severe conditions
such as arid and semi-arid cropping systems is recommended.

Keywords: Antioxidant, Dehydration, Grain yield, Medicinal plant, Oil yield
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Table 1- ANOVA for irrigation and ascorbic acid effect on growth characteristics of olive cv.‘Baghmelek’

Ol (il
Mean of squares

Slaxs o] Job 7 :”5 3] P09 S o3 7039 SS9
Olppdd alio 423 . ) alw Wy Suis alw ’ s s
i Srge Sy aBlw Root aslw » 7
S.0Vv 33! Leaf Stem i Stem Leaf Leaf dry
df eararea Leaf diamet Stem fresh . fresh Stem dry fresh weight
number length weight Root dry - weight . g
er weight weight weight
Bfﬁlek 2 2246.86 ns 44.05ns  3.30ns 1.16 ns 31.54 ns 9.76 ns 12.79 ns 34.24" 3.81ns 921ns
oc
| ‘5’[:‘ 2 11968100.77" 249.05ns 2.06ns  60.667" 524.35™ 4.98 ns 232.05™ 25.43" 13.53" 1.0ns
rrigation
SazppSasl ol
Ascorbic 3 10606875.52" 451.63ns  4.44ns 346977 333073  143.30™ 24301  98.67" 4768  15.42™
acid
Sbx g bl
StygSl
Irrigation 6  326525388ns  11290.27° 958" 195117  214426” 210717 555127  191.59”  19.99ns  15.08™
xAscorbic
acid
EM 22 9035463.92 1483.37 11.48 175.83 624.21 58.88 192.88 88.91 29.88 12.63
rror
Sl e 9.37 5.44 8.97 411 11.6 7.57 8.37 8.94 111 15
C.V. (%)
o 0 g ) Jleis! pdaw )3 Iy iz BB g AW oy i 5 4y F 9 ¥
s **and *: non- significant, significant at 1% and 5% of probability levels, respectively.
Sl o) (g0t SRS (wigy Cloogad p goll F1-T Jgaa
Table 2- The effect of irrigation on growth characteristics of olive cv.'Baghmelek’
PR3 3 ot 5 s 0¥
Alass i ) Jgb . Suid 39 P S3L) Suid 339 B3] Sid
Lof $ : Bl ylas . e 48l . S
S Sy g Sy Wl Root Ay, ailw % &
Irrigati Stem j Stem Leaf ’
rrigation  Leaf area Leaf ; Stem fresh Root dry Stem dry Leaf d
) diameter . . fresh . fresh ~ earary
(cm?) number (mm) length  weight weight weight weight weight ~ Weight
(cm) (@ ) (@ (@)
©) ()
100% a a a a a a a a a a
ETerop 7575 153.6 8.26 70.42 53.49 21.28 38.93 32.27 12.32 7.34
0,
E6'I§c/0 6988° 161.72 8.172 68.58% 46.19° 21.43% 33.96° 22.86aP 11.46% 7.332
rop
33%
6169° 147.32 7.718 67.25° 44.78° 22138 33.21° 10/82° 6.982
ETCrop 21.33b

105 gyl e cglis 5SSl (glaiely win yg05] 5l o3l b o yd K Jlein! prdaw p3 Mitwn S pide B G l)h Bl &S Lla 1 Sibe g ym
In each column, means fallowed by the same letter are not significantly (p<0.01) based on Duncan’s multiple range test.
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Table 3- The effect of ascorbic acid on growth characteristics of olive cv. ’Baghmelek’

P31

059 5ol 4 . POk 0
KWw)| . Sis
? @M Sy dlans abl ki ‘{’b ady Suid L TN Suid
: : Leaf Stem 3
. by, Stem Leaf Sy
Ascorbic  Leaf  number  diameter ~ Stem fresh f Stem dry
_ ; resh : fresh  eafdr
acid area (mm) length weight Root dry weiaht weight weiaht eardry
(mgl) (cm?) (cm) (9) weight g ©) g weight
© @ ©
0 6589° 153.62 7.580 63.56° 39.61°¢ 21.41° 22.72b 5.512 11.17% 7.512
250 749128 153.82 8.41° 67.692 62.452 24.422 25.092 7.952 13.312 7.952
500 73752 151.1% 8.372 70.00? 39.11¢ 18.80°¢ 21.27° 7.228 10.11¢ 7.228
750 6188° 145.0° 7.84% 71.78° 51.45° 21.83° 20.87° 6.17° 11.53° 6.17°

85 )b e gl (Sl (glasals dix yg0j] 5 ookl b o ys S Jlain] o 53 At Syt By o ghyls JBlis a8 ola 1Sk gie ey
In each column, means fallowed by the same letter are not significantly (p<0.01) based on Duncan’s multiple range test.
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Table 4- Interaction effect of irrigation xascorbic acid on growth characteristics of young olive cv. Baghmelek

EN31)

ol s 3 059 PO Qs e PO 059
- B S g9 3laai a8l ‘{}b ) SSs Bl . 02 3 Sis
Ll Syl Sy a8l Root “lw " -
i . Leaf Stem Ay Stem Leaf Sy
igati Ascorbic Leaf b - Stem fresh - Stem dry :
Irrigation . number — diame ; fresh : fresh
acid area tor length  weight ~ Root (;I]:y weight weight weight Leaf (:]t[y
ma Lt om? cm weig weig
gLy (em) €M@ weght WEGIE Tg)t WEACweig
bed b bed d b b 22'14de b d
0 7087 151.7% 8.92¢2  67.33 45.07¢ 24.32 35.53 12.88% 6.83¢
0,
éggﬁ’ 250 7801 1587 824  7400° 7808 2333  4686°  2843% 13350 845
rop
500 86662 156.02 7.928  70.332c  33171¢f 13.95¢ 43.702 25.212 10.50¢de 7.450%¢
750 6745b-¢ 148.03¢ 7.982 70.03be 57.70° 23.51bc 29.63¢ 17.30¢ 12.54akc 6.62¢d
0 67220 157.3% 7.33bc 61.00¢ 37.66%f 21.74bc 27.47¢ 23.61b°¢ 11,290 7.30b¢
66% ETcrop 250 75492 143.0b° 8.962 67.00¢4  51.49% 22.65b¢ 37.040 25.87% 12.618bc 9.008
500 7422 154,02 8.692 73.672 53.62bc 20.89<d 33.90¢c 19.27% 9.84¢ 7.31bc
750 6255¢de 152.3% 7.68%c 72,673  42,01% 20.44¢ 37.44b 22.71bcd 12.09%d 5.714
0 5958de 151,72 6.49¢ 62.33%  36.17%f 18.16¢4 34.81bc 22.42bcd 9.35¢ 8.41%
33% ETcrop 250 7123bed 159.72 8.022 68.0°c 57.79° 27.292 34.420¢ 20.98¢de 13.972 6.41¢
500 60324 143.30¢ 8.49% 66.0¢°d 30.60f 21.550¢ 29.49¢ 19.33¢% 9.99¢% 6.89¢
750 5563¢ 134.7¢ 7.85%  72.67%  54.63b° 21.53bc 34.11bc 22.59bcd 9.97¢ 6.20cd

55 gyl e cglis Sl (glaiely sin yg03] 5l o3kl b o yd o Jlein! prdaw 3> s S jiie B K b JBlis 4 ol pnSike te ya g
In each column, means fallowed by the same letter are not significantly (p<0.01) based on Duncan’s multiple range test.
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Table 5- ANOVA for the effect of irrigation and ascorbic acid on some of physiological characteristics of olive cv. Baghmelek’
Slaryo (Sl
Mean squares

e L @33l p R I"’.‘ e Slyine Sy S, Cuoglio bl o Jamuily
S.0vV df elative water content Leaf stomata resistant  Stem water potential
Sk 2 6.797" 0.343 1 0.063"

Block
! 2 168.692" 0.176™ 0.038"
Irrigation
Syl 2l 3 536.166™ 2.457" 0.167™

Ascorbic acid
SappsSenl sl L]

S sl 92.143™ 0.401" 0.081™*
Irrigation xAscorbic acid
ks 22 11.374 0.624 0.037
Error
Sl o 7.72 15.93 1.78
C.V. (%)

Baopd B gV Jlois) pdaw )0 b sxe BMSly MBI 90y i )5 s i g s, NS
ms, ™" and *: non- significant, significant at 1% and 5% of probability levels, respectively.
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Figure 1- The interaction effect of irrigation xascorbic acid on leaf relative water content of olive cv.Baghmelek’
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Figure 2- The effect of ascorbic acid on stomata resistance of olive cv. Baghmelek
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Figure 3- The interaction effect of irrigation xascorbic acid on stem water potential of olive cv. Baghmelek
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Introduction: Plant establishment is difficult in some arid and semi-arid regions of Iran because of lacking
rainfall and inadequate distribution and extreme heat. Previous studies stated that plant water parameters and
growth characteristics such as plant height, fresh and dry weight of root, stem and leaf, which is known as the
first reaction of plants, were decreased under drought stress. Therefor it is necessary to use practices with
objectives to decease the effects of drought stress on plants and increasing water use efficiency. Several studies
showed that various morphological and physiological characteristics in plants were influenced by ascorbic acid.
In fact, ascorbic acid increased plant resistance to drought stress. The purpose of this research was to investigate
the effect of ascorbic acid application on growth traits of ‘Baghmalek’ olive under 100%, 66% and 33% ET crop
by analyzing growth traits and relative water content, stem water potential and stomata resistance.

Material and Methods: This research was carried out in order to assess the effects of three levels of water
deficit (100, 66 and 33 percent of evapotranspiration (ETcop)) and four concentrations of ascorbic acid (0, 250,
500 and 750 mg IY) on some growth and physiological parameters of young olive plants cv. ‘Baghmalek’ as a
factorial experiment based on a randomized complete block design with three replications. Fresh and dry root,
stem and leaf weight, leaf number, leaf area, stem diameter, relative water content, stem water potential and
stomata resistance were measured in this research. Two years old olive trees (Olea europaea cv. ‘Baghmelak’)
were used. Seventy two plants were grown in 10 L pots, containing a mixture of field soil: sand: manure (1:1:1).
Plants were sprayed with four concentrations of ascorbic acid and irrigated every 10 days, based on the amount
of evapotranspiration of plant (ETcop). Parameters such as relative water content, stem water potential and
stomata resistance were measured at last week of the experiment and the other parameters were measured every
week. Data analysis were performed using MSTATC software and means comparison were carried out by
Duncan's multiple range test (DMRT) at 5% and 1% of probability levels.

Results and Discussion: The results indicated the growth quality was better in plants treated with 250 mg 1
ascorbic acid under water stress. Fresh and dry weight of root, stem and leaf growth, stem diameter, leaf number,
leaf area were higher in plants treated with 250 mgl ascorbic acid than untreated plants. Interaction between
water deficit stress xascorbic acid revealed information in plant characters such as fresh and dry weight, stem
diameter and leaf area simply declined as sources of water (from 100 to 66 and 33 percent) become limited, in
particular in the trees which not receiving ascorbic acid treatments. However, application of 250 and 500 mg I
ascorbic acid enhanced the amount of relative content of leaf and water potential of stem in trees under water
deficit stress. While stomata resistance was decreased in trees receiving ascorbic acid treatments. Some
researcher declared that limitation of photosynthesis could be one of the most important factors for decreasing
growth under water deficit stress. In addition, relative water content, cell turgor potential, reduced cell division,
cell enlargement and growth plant could be affected by water deficit stress. Also the results indicated that leaf
area (5952 cm), leaf number (151.7), stem diameter (6.49 mm), stem length (63.33 cm), root dry weight (18.16
g) and leaf fresh weight (9.35 g) were obtained in irrigated plants with 33% ETcrp and untreated with ascorbic
acid. Our results showed leaf number (158.7), stem length (74 cm), root fresh weight (78.08 g), stem fresh and
dry weight (46.45 and 28.43 g, respectively) and leaf fresh and dry weight (13.35 and 8.45 g, respectively) were
highest in irrigated plants with 100% ETcp and treated with 250 mg I ascorbic acid.

Conclusion: Water deficit stress could affect directly on relative water content, cell turgor potential and
reduce cell division, cell enlargement, plants photosynthesis and plant growth. The use of ascorbic acid could
effect on plants resistance to drought. In addition, various morphological and physiological traits could be
influence by ascorbic acid. The results of this research indicated that 250 mg I-* ascorbic acid concentration had
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more effects on water deficit and it seems ascorbic acid can be used to reducing the negative effects of drought
in some regions that rainfall shortage and drought is important problems.

Keywords: Growth traits, Relative water content, Stem water potential
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Table 1- Some physical and chemical properties of soil samples used in this research

Soil property Method of analysis
o 2.21dS mt ghedl J5 o)lac
EC Saturated paste extract
ol elal J5
pH Saturated paste
ECC Titartion
il P9 Fog et
Texture Loam Hydrometer
S s 43 kg S ISl
Organic carbon Walkley-Black
o B a 3.1mg kg o
Auvailable P Olsen
Available K Ammonium acetate
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Table 2- ANOVA for the effect of organic and inorganic acids on some quantitative and qualitative characteristics of corn

Ol S gilio o Soh S O s a5
S.0.V Treatment Block Error C.V. (%)
ey 8 2 16
df
e o 5 0 1411 * 0.044 ns 0.13 113
Fresh weight of shoot
tlyp i S 12.72 % 0.027 ns 0.10 118
Dry weight of shoot
Mﬁ_’: 039 27.21 ** 0.024 ns 0.22 10.1
Fresh weight of tuber
“i_ s 19.42 ** 0.047 ns 0.21 9.70
Dry weight of tuber
lph i 4 038 1.157 ** 0.002 ns 0.003 7.57
Ratio of shoot to tuber
S oo 0.821 ** 0.011 ns 0.004 3.42
Proline of leaf
2 oo 2.647 * 0.001 ns 0.002 3.76
Proline of tuber
Sl 7418 * 0.3ns 0.004 10.10
Amino acid of leaf
o el 87.36 * 0.37ns 0.017 8.21
Amino acid of tuber
S 12242 % 0.98 ns 0.18 118
lonic leak of leaf
_“ﬁ s el 197.07 ** 1.02 ns 0.003 7.93
lonic leak of tuber
S glone 43 254.013 ** 1.04 ns 0.03 9.11
Soluble sugars of leaf shoot
24 Jolona 3 186.15 ** 1.08 ns 0.08 10.25
Soluble sugars of tuber TF
S el 117.23 * 1.3ns 1.12 9.72
Starch of leaf
ol b 118.43 * 1.45ns 1.15 8.33
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Table 3- Mean comparison of growth traits of Radish (Raphanus sativus L.) in different treatments of organic and inorganic

acids
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Treatment Ratio of shoot to Tuber dry Tuber fresh Shoot dry Shoot fresh

tuber (Fresh weight)  weight (g pot?)  weight (g pot?)  weight (g pot?)  weight (g pot?)

1 155b 1.11dc 10.16 ¢ 0.65c¢ 6.55¢
2 146 b 147c 14.64 b 0.97 a 10.03 a
3 1.44b 1.36 ¢ 13.30b 0.91 ba 9.25 ba
4 1.93b 1.77 ba 17.13a 0.86 ba 8.86 b
5 2.08 a 191a 17.60 a 0.85 ba 8.47h
6 0.46¢e 0.35f 3.22e 0.68 ¢ 7.04c
7 0.75d 0.71e 6.49d 0.82b 8.71b
8 0.75d 0.74 ¢ 6.93d 0.88 ba 9.19 ba
9 1.08c 0.94d 8.32 cd 0.71c 7.68 bc
10 0.99 ¢ 0.98d 8.99 cd 0.89 ba 9.11 ba

L)l LSD (9051 5l okl b (g5 sime M3 o y3  Jlon] rans 53 ()bl plas 1 gty 53 s Chgy>
The same letters in each column were not statistically significant at 5% of probability level based on LSD test.
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Table 4- The effect of organic and inorganic acids on some quantitative triats of Radish (Raphanus sativus L.)

Sl 0N Jgr Gl 5, gy iy oM O S dwlgiel S 3 IS dewlgiel 03 gy Sy odon
Treatment lonic Leakage of  |onjc leakage ~ Total Amino acid Total amino acid of Tuber proline Leaf proline
tuber (%) of leaf of tuber leaf (1 mol gt DW) (1 mol g DW)
(%) (L mol g DW) (L mol g DW)
1 34.2Db 21.1bc 13.89d 1293 ¢ 1.48d 0.95d
2 270¢c 22.2 bc 12.48d 13.26 ¢ 2.89¢ 0.97d
3 251c 21.3 bc 11.74d 1341c 293¢ 0.96d
4 273c 208¢ 11.43d 12.82 ¢ 298¢ 10.01d
5 26.3¢c 22.1bc 11.49d 13.69 ¢ 290 ¢ 0.98d
6 66.85 a 324a 27.11c 18.33b 9.21b 1.33¢
7 383D 2440 3441a 2347a 1334 a 157b
8 352D 251D 31.16 ab 24.09a 14.27 a 1.66 a
9 38.7Db 247D 30.97 b 2321a 1462 a 165a
10 39.2Db 251D 31.27 ab 22.94 ab 1351 a 1.69a

505 LSD (yg0;l 3l odlisl b (g5 gxe M3 doyd & Jloin] das p3 ()bl Has 51 gt o 50 Glass g >
The same letters in each column were not statistically different at the 5% of probability level based on LSD test.
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Table 4 (continued)- The effect of organic and inorganic acids on some guantitative triats of Radish (Raphanus sativus L.)

slowd o by Sy dwlis 2af Jolowo slanid JS Sy Joowe sanid J5
Treatments Tuber starch Leaf starch Total soluble sugars of Total soluble sugars of
(mg g_]_ DW) (mg g_]_ DW) tuber leaf
(1 mol g-1 DW) (1 mol g-1 DW)
1 16.4 ba 19.7b 277 ¢ 42.61b
2 171a 224 ba 26.2¢ 52.37a
3 16.2 ba 213D 284c 50.22 a
4 15.8 ba 23.8 ba 28.3¢c 52.27 a
5 16.7 ba 211b 27.2¢ 51.39a
6 111c 19.7b 36.2b 53.65 a
7 15.9 ba 205D 494 a 52.19a
8 14.2b 21.1b 50.8 a 54.17 a
9 15.6 ba 209D 516a 51.09 a
10 15.9 ba 19.8b 504 a 52.88 a

)15 LSD (9051 5l o2kl b (g5 me M3 2o y3 B Jlosts] rlans 55 (g )lol s 1 gty > Sy gy
The same letters in each column were not statistically different at 5% of probability level based on LSD test.
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Introduction: Plant growth promoting bacteria are beneficial microorganisms that produce plant resistance
to a variety of biological and non-biological stresses, including drought, extreme temperatures, salinity, toxic
metals, etc, and increase plant productivity and yield. The use of these microorganisms as biological agents in
increasing soil fertility and improving agricultural productivity has been studied by many researchers, so a
proper understanding of their effect on drought resistance can be effective in water resources management.
Useful in field and reducing environmental effects of using chemical fertilizers. The purpose of this study was to
investigate the effect of some bio-fertilizers on growth and some physiological and biochemical characteristics
of red radish and in comparison with potassium sulfate application under drought stress.

Material and Methods: In other to investigate the effect of application of bio-fertilizers containing
potassium-soluble bacteria (Pseudomonas koreensis and Pseudomonas vancouverensis), phosphorus-solubilizing
bacteria (Pseudomonas putida) and nitrogen-fixing bacteria (Pantoea agglomerans) on plant growth and
function, this experiment was done with 10 treatments and three replications in the form of completely
randomized design in greenhouse. Finally the statistical population consisted of 30 pots of 10 treatments and
three replications for red radish. Drought stress was applied in such a way that the apparent symptoms of stress
were seen in the plants and the amount of water used was the same for all plants. The experiment was carried out
in greenhouses and nylon pots with a capacity of 6.5 kg were used. The soil was prepared using a calcareous soil
of Zanjan University research field. Its absorption was less than critical. Organic matter content was 0.4% and
lime equivalent was 14.1% pH of soil 7.57 and EC of abstract soil paste was 2.21. Pots were treated with
municipal water for 25 days after planting. EC values of water was 400 uS / cm that irrigated the plants every
three days. The desired bio-fertilizers were added to the pots with irrigation water. After 25 days, 15 pots of
treatments 4 to 6 were subjected to drought stress. 40 days after planting before drying of the plants, weight,
moisture content of plant tissue, leaf proline content, total free amino acid, and total soluble sugars in leaf extract
were measured. Analysis of variance was performed using SAS software and LSD test at the 5% level was used
to compare the means.

Results and Discussion: Results of analysis of variance showed that the effect of different treatments on
aerial fresh weight was significant at 1% level. Fertilizer treatments under stress and non-stress conditions
significantly increased aerial fresh weight. Among non-stress treatments, the highest fresh weight was obtained
from treatment 2 (10.03 g / pot) and the lowest was in control treatment (6.55 g / pot). Among the drought stress
treatments with application of different fertilizers used, treatment 8 (9.19 g / pot) had the highest and treatment 6
(7.04 g / pot) had the lowest fresh weight. Application of potassium sulfate fertilizer increased the fresh weight
of aerial part both under stress and non-stress condition. Potassium soluble bio-fertilizer alone and in
combination with other bio-fertilizers increased radish aerial fresh weight, which was not significantly different
from potassium sulfate fertilizer. In radish, drought stress affected the tuber fresh weight more. The radish plant
uses the water of the tuber reserve in drought stress so that the leaves are less susceptible to stress. In non-stress
conditions, application of potassium sulfate fertilizer and bio-fertilizers in radish increased yield. Potassium
sulfate effect was greater. In stress conditions, the effect of bio-fertilizers was more than potassium sulfate in
stress condition. The effect of potassium soluble bio-fertilizer application was almost identical with the
combined application of different biofertilizers. Drought stress increased the concentration of proline, amino
acids and soluble sugars in leaves and tubers of radish. Increasing concentration of these compounds indicated

1 and 2- M.Sc. Graduate and Assistant Professor of Soil Science, Department Faculty of Agriculture, University of
Zanjan, Iran, respectively.
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and Extension Organization (AREEQ), Karaj, Iran
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that plants were resistant to drought. Application of potassium sulfate and bio-fertilizers decreased these
concentration and the effect of bio-fertilizers was more than that of potassium sulfate. The amount of ion leakage
also increased under drought stress but leakage decreased by using potassium sulfate and bio-fertilizers. Drought
stress also reduced the starch concentration in leaves and tubers of radish, which is a consequence of drought
stress.

Conclusion: In general, application of potassium sulfate and bio-fertilizers moderated the effects of drought
stress and in some cases the effect of biofertilizers was greater. Integrated use of bio-fertilizers was not
significantly different from the use of potassium soluble bio-fertilizer alone. So, the results of this study showed
that the use of bio-fertilizers can be included in the plant nutrition program as a factor in reducing the negative
effects of stress on plants.

Keywords: Amino acid, lonic leak, Nitrogen solubilizer, Phosphorus solubilizer, Proline
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Table 1- Acid lime samples used in morphological analysis

Higes 5 . . e ol W90 5 ‘ . e ol
Plant e oU Ssglaen Joo S ot eeel slees Joo _—
Local name Location Scientific Local name Location Scientific
codes name codes name
D1 4 9o =02 Citrussp.  M1-13 ol m Citrus sp.
Feri lime Drab Unknown Minab
D2 S 9od 2 Citrussp.  M1-14 il - Citrus sp.
Bakrai lime Drab Unknown Minab
D3 ot =hb Citrus sp. M2-2 ol o) Citrus sp.
Unknown Drab Unknown Rudan
D4 el S Citrus sp. M2-8 el ok, Citrus sp.
Unknown Drab Unknown Rudan
D5 bl ’“J 9 Citrus sp. M2-10 el by, Citrus sp.
Four season lime Drab Unknown Rudan
S o) : L3b Sy :
D6 5~ 9 Citrus sp. M4-2 el - Citrus sp.
Rock lemon Drab Unknown Senderk
= olyl . . _
D7 S 9o = Citrus sp. M5-1 ol o Citrus sp.
Cucumber lime Drab Unknown Jaghin
MAS5 B olege O Citrus sp. M5-2 ol O Citrus sp.
Manojan 5 Manojan Unknown Jaghin
5 ol 4o . S | . -
MAG uERe UEre Citrus sp. S1 Y o s Citrus aurantifolia
Manojan 6 Manojan Mexican lime Ramsar
Y s 4o . . | . .
MA7 uEe UEre Citrus sp. S2 s g0 s Citrus x limon
Manojan 7 Manojan Lisbon lemon Ramsar
Al e &5))5L-“’JL°")‘ |
MAS e o= Citrus sp. S3 Siavaraz 7 C. sinensis
Manojan 8 Manojan Ramsar
sweet orange
MA9 ‘\“Jl?_’“ "Jl?’f‘ Citrus sp. S5 o9l S resly Citrus jambhiri
Manojan 9 Manojan Rough lemon Ramsar
Voo olag -l . & . | .
MAL10 s o Citrus sp. S6 Lo ol rE C. grandis
Manojan 10 Manojan Pummelo Ramsar
M1-1 Y by ‘_L"A Citrus sp. s7 w2 o s Citrus x latifolia
Rudan lime Minab Persian lime Ramsar
s ol ) <. | .
M1-10 ol ‘_L"A Citrus sp. S10 b T C. medica
Unknown Minab Citron Ramsar
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Figure 1- Collection sites of the studied samples of lime genotypes (Citrus aurantifolia) (1= Darab (54.53E, 28.75N), 2=
Manojan (57.49E, 27.40N), 3= Minab (57.07E, 27.14N) and 4= Ramsar (50.64E, 36.92N)

lacgls Ll jl (5 4z ST cing: S0uSs alio (55958 )50
IS5 s gl s S5 sl la Sy 5 o 5 SasS
5 Jsb) o3l Sy S oS00 Job Sigg 4pils 5 Sy Sy
2 Syl ol s iy S g SpSing (bore
5 Sglite (slomgol «6,ls iS5 & Vlatl gy 2350 sl S
(78) 33,5 o5t Lo, o5

o ple dle Gl oS (i (3900 paTtie S
b Ao (Sl S u pd S 4 j g godugd 4Lt
= Ol Yl 5 0,5 dwwlxe ool lis 5 )51 ¢yl
s g ol ALiT o yd Ay leie <IVA e L SidsS
leMbl 5l e da> aad o ol copd oyl 29 UPGMA
o Aloads Jatie ol Syl WM & sddbdpelone Wl oyl
5 ALl L ple dcwbro (gl ool alis o yd o wlal oy
S 1,8 oslituly g yzudS slb (sl UPGMA 61
ol pde adaly p SIS SutideS cups Gl 39 SV
(YY) Caol oas Syl 1S 5 ssbaplne alis

OhLSen 5 (55l Lawgs 034 (b9 I bodly (g
bwg Wl Cas Jols slaodly ool by i eolazwl (V)
o g 005 (65l d)lskiwl YBAR o5 o Nisys 58l 5
Yoslw 4l oyt bl AL e ile JlBlp s (et bwgs
S alas Juwple wlawl o wdlS shb cas 20,8 aule
i o3zl NTSYS-pe, V. 2.02,133l 5 s UPGMA 42,55l
5 S5 g Indiges (sai0g)S (sl " (ol slaailie &) 4500
Cd S e Past-pe, v, 4.03 158le 5 bawgs My gl 450

bl odoe il Hlox (s9od) Sladiges g 9 S (5998590
3l oAb i 55 gedd (sladiges plos 85 g0 ol LS 5

1- Simple Matching Coefficient
2- Principal component analysis (PCA)
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Table 2- Investigated morphological characters of lime genotypes (Citrus aurantifolia)

Gad, Olee G, Ole <3, Ole
Row Characteristics Row Characteristics Row Characteristics
1 CE ) gy ole 15 SlpssS sl 29 (s2l) oo S
Tree growth habit Petiole wing width Albedo colour
Branch angle Petiole wing shape Fruit stylar end
3 Hbesp I 17 g0 JSb 31 ogs0 yB 4D 0y i
Tree shape Fruit shape Number of segments per fruit
Sl S, g 0255 S5 S 2 oy 0> (S
4 : 18 . 32 Adherence of segment walls to each
Shoot tip color Shape of fruit base other
Spine density on adult tree Shape of fruit apex Thickness of segment walls
6 é“ JS“" 20 094 (U)K"fl) Cewgy &) 34 0gu0 )g>ro
Spine shape Fruit skin (epicarp) colour Fruit axis
7 M Jﬁ,\j 21 0940 619‘“" 23 Sy el 35 (“"Jl’:) ““"5? &)
Leaf lamina shape Width of epicarp at equatorial area Pulp (flesh) colour
8 Sigg 4l 22 0952 )9 36 CudeS
leaf lamina margin Fruit weight Pulp firmness
9 SpSy 23 ogee Jsb 37 by e Job
leaf apex Fruit length Vesicle length
10 ‘—g"‘ed J}]o 24 090 )‘Iﬂs 38 090 B )3 )'3'-’ Sl Ja"“?“"
Leaf lamina length Fruit diameter Average number of seeds per fruit
11 Lg“'&%L)D)‘f' 25 °9“’)J°54’J9]°M 39 )'”ulg“:’
Leaf lamina width Ratio fruit length/ diameter Seed shape
12 Sl 26 g oy o L 40 7 gl
Ratio leaf lamina .
: Fruit surface texture Seed surface
length/width
55 4 (20593 il St
13 S e Jsb 27 (22855) 41 N
Petiole length Adherence of albedo (mesocarp) to Seed colour
pulp (endocarp)
S )lgdgS Cond e ad)
14 S955° Cundy 28 Nature (conspicuousness) of oil
Petiole condition glands
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Figure 2- Dendrogram of 30 citrus samples using morphological markers based on UPGMA
(Sample code are based on Table 1)
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Table 5- Results of principal component analysis (PCA) according to morphological properties of the studied samples of lime

ghenotypes
. adgo )
. omponent
Traits 1 2 3 2 5 6 7 8 9 10
CS 0 gldy cole
. -0.04 0.23 0.17 025 -002 0.08 -002 -004 019 -0.21
Tree growth habit
L5 4l;
013 -009 006 -009 -0.15 0.02 0.25 0.45 0.04 -0.21
Branch angle
sy g 011 -011 -023 016 -0.02 002 -016 -011 -0.19 -0.06
Tree shape
bu’“_{?&) 0.20 009 -012 -010 0.03 -0.02 -017 -0.20 0.20 0.08
Shoot tip color
Auedp ety 006 012 -010 014 -003 033 -014 040 -009 0.30
Spine density on adult tree
&ng 0.04 019 -0.20 0.07 -0.08 033 -002 0.34 0.12  -0.08
Spine shape
MJ&“ 0.09 -0.20 0.15 014 -020 -0.03 -016 0.16 -0.18 -0.02
Leaf lamina shape
MMB . 008 -0.03 -013 -0.15 0.38 0.06 009 -014 -006 031
Leaf lamina margin
SrSy 009 -018 -025 0.02 -0.22 -0.05 -015 -0.03 0.13 -0.36
Leaf apex
%J’b 0.26 010 -013 -009 0.07 -0.09 0.00 0.06 0.25 0.07
Leaf lamina length
&P"_"é’;_ 0.30 0.10 -0.07 -0.01 -0.04 -0.06 -0.03 0.00 0.10 0.06
Leaf lamina width
(S 022 e b Sl 011 003 -013 -022 028 -001 028 024 016 0.00
Ratio leaf lamina length/width
;’”D&b 0.28 0.16 -0.03 000 -0.07 0.01 0.11 002 -011 -0.04
Petiole length
5_)'5‘5’5 ’ -0.02 0.17 0.09 0.33 0.04 0.04 023 -002 -0.14 -0.11
Petiole condition
_J’l"z’_fdu"j 0.26 0.16 003 -003 -001 -0.07 0.17 001 -012 -0.03
Petiole wing width
_‘S’I’”;’_SJS“Z -008 -015 -022 010 -0.05 -0.16 0.05 010 -0.09 011
Petiole wing shape
°’f“‘)§“3 006 -020 -0.03 0.35 0.21 0.13 -0.05 0.00 0.28 0.00
Fruit shape
o 0208 JSb 007 -006 -012 -025 -010 -038 -0.29 023 0.05 -0.04
Shape of fruit base
o9y S5 002 -016 005 -0.19 0.17 0.25 0.16 -0.05 -023 -0.44

Shape of fruit apex
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o5 Cawgy )
Fruit skin colour
ogs0 (Slgwl )d Cawgy Cuolius
Width of epicarp at equatorial area
o9 09
Fruit weight
ogee Jsb
Fruit length
ogee sla
Fruit diameter
ogen s 0 Jgb o
Ratio fruit length/ diameter
Fruit surface texture
CubeS &4 gadl (Sis
Adherence of albedo to pulp
TP e Tedg
Nature (conspicuousness) of oil glands
(93l) il S5,
Albedo colour
ogee dols 4y 035 (slacs!
Fruit stylar end
0ga0 & 4D 0y iy
Number of segments per fruit
PS4 oy 055 (Sdpr
Adherence of segment walls to each other
o5 yg7e
Fruit axis
l.bb)i 0)19{) wL’?ho
Thickness of segment walls
S )
Pulp (flesh) colour
cuseS iy
Pulp firmness
by gbans b
Vesicle length
ogs0 y2 13 1 3l bawgie
Average number of seeds per fruit
S g5
Seed shape
s s
Seed surface
e S,
Seed colour
ojg polie
Eigen value
bl
Variance (%)
u;.c?o oy
Cumilative (%)

008 -019 028 -014 021
0.30 0.10 0.05 0.04 0.02
0.31 0.09 0.00 0.01 0.02
0.30 003 -0.04 0.07 0.13
031 -0.01 0.08 0.04 0.10
-0.03 0.08 -034 011 0.07
009 -005 013 0.17  -0.09
0.05 0.24 0.17 -0.09 -0.19
007 -003 001 -0.02 0.01
-0.05 0.07 005 -0.04 -0.25
0.13 014 -0.10 0.05 -0.29
0.20 0.06 014 -0.04 014
008 -002 014 -0.3¢4 -0.06
000 -002 -011 0.25 0.42
0.21 0.02 0.09 0.09 0.02
-0.03 0.14 035 -0.03 0.27
-0.13  0.18 0.27 0.27 0.04
011 -013 -0.23 0.19 0.06
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Introduction: Citrus fruits are the most common semi-tropical crops in the world. Acid lime (Citrus
aurantifolia Swingle) is an important commercial fruit crop, cultivated in the south of Iran. High variation of
acid lime fruits is observed in the south of Iran due to crossing within the other citrus species and frequent bud
mutation. Recently, Witch’s Broom Disease of Lime (WBDL) become a major limiting factor for lime
production in the South of Iran as well as the main threating factor for lime industry in Iran. Having knowledge
about the genetic of this plant is helpful for designing citrus breeding program. Therefore, in this research
morphological traits were used to understand the genetic relationships and diversity of this gene pool.

Materials and Methods: Thirty citrus samples, including 23 undefined local and native genotypes and seven
known cultivars were collected from four regions in Iran (Darab (54.53E, 28.75N), Manojan (57.49E, 27.40N),
Minab (57.07E, 27.14N) and Ramsar (50.64E, 36.92N)). Forty-one (32 qualitative and nine quantitative) traits
were investigated using leaves, fruits and seeds. The selection of morphological traits were made based on
IPGRI descriptors. The similarity was calculated by simple matching coefficient and dendrogram was designed
based on UPGMA algorithms. Principal components analysis was performed.

Results and Discussion: Genetic diversity of 23 lime genotypes and seven commercial cultivars were
investigated by using 41 morphological characters. Based on gained data similarity matrix (Jaccard, Dice and
Simple maching) were calculated and dendrogram based on UPGMA algorithms were designed. To finding
better similarity coefficient, cophenetic test was done, it showed that if used SM coefficient 79 percent of data of
similarity matrix was shown in designed cluster based on UPGMA algorithm. According to results, range of
similarity was between 0.141 until 0.683. Maximum similarity was observed between two lime cultivars (Persian
lime and Mexican lime). Average of similarity was calculated 0.39. In cluster analyses of studied samples at 32
level of similarity samples were divided into four main groups. First group has only one member and it was
pomelo, as it is one of the ancestors of citrus fruits, this is quite acceptable. The notable point for second main
group that it included all examined samples of Minab. As in this region most of cultivated citrus are lime, there
is little gene mixing with other citrus. The third group consist of two cultivars sweet orange and Citon that
intended in present investigation. Fourth group which was the biggest created groups that included more than
half the samples (56%) was more complex because it consists of samples of limes and lemons that intended in
investigation as control and samples of Darab and Manojan. This main group at level of 0.38 divided into three
sub-groups, at first, Lisbon lemon was separated from other samples and next Manojan samples created their
special sub-group and finally third sub-group which consist of 11 members (samples of Darab, MA6 from
Manojan and three commercial cultivars, Persian lime, Mexican lime and Rough lemon). Principle Component
Analysis (PCA) showed the first five principal components, which contributed 59.01% of the total variability of
investigated samples. Maximum variability was contributed by the first component (22.77%) followed by the
second component (12.54%), and the third component (9.85%). A two-dimensional plot (2D plot) generated
from PCA showed three groups. This grouping was roughly in line with the distribution of the samples in the
resulting cluster analysis based on SM coefficient and UPGMA algorithm. Principle Component Analysis using
41 descriptors showed that 26 of 41 descriptors were informative and contributes significantly to the variation
present in the germplasm.

Conclusion: This study described and estimated the extent of phenotypic variation present among the
samples of limes from Iran germplasm. Morphological analyses among 23 genotypes and seven commercial
cultivars from four regions of Iran were successfully used to calculate genetic diversity and genetic relationships.
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According to our results, it was confirmed that morphological analyses in limes and other Citrus species were
exploit to determine genetic diversity and relationship, successfully. Characterization by using morphological
descriptors based on 41 characters, revealed significant diversity in traits of leaf, fruit and seed. This
investigation display the use of morphological characters to study genetic diversity of Iranian lime genotypes
from four different regions that their relationships were somewhat clarified. The results of this study also opened
a door to tackle the long standing problem of citrus classification and identification in Iran. But, we suggest that
this type of study needs to be continued due to Iran has a very large and numerous citrus germplasm. In south
and central regions of Iran, it is being propagated by seed which gives researchers a chance to find new
genotypes that need to be classified, investigated and introduced as a new cultivar.

Keywords: Citrus, Descriptor, Phylogenic relationship, Morphological character
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Figure 1- The effect of different concentrations of humic acid on leaf number (a), leaf length (b), leaf width (c), leaf area (d),
canopy (e), chlorophyll a (f), chlorophyll b (g), Chlorophyll index (h), carotenoids (i) and dry weight (j) of spinach transplant
(DMRT, p<0.05)
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Figure 2- Influence of humic acid application time on chlorophyll a (a), chlorophyll b (b), leaf surface (c) and dry weight (d)
of spinach transplant (DMRT, p<0.05).
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Introduction: Spinacia olerace is the most important leaf vegetable of the Chenopodiacea family, which has
a special place in human nutrition because of its variety of minerals and vitamins. Cultivation of this plant in Iran
is several thousand years old and accordingly Iran is considered as the main place and a source of spinach in the
world. Growth of plants is affected by genetics, environmental conditions, growing season, nutrients, and soil,
harvesting method, temperature, intensity and quality of light. Among these factors, soil nutrients have a
significant influence on plant growth and yield. Nowadays, the consumption of organic matter as fertilizer due to
its high cost and limited availability is not sufficient and the major nutritional needs of plants are met by
chemical fertilizers, which can lead to environmental problems and, over time, reduced yields. In this connection
humic acid is a naturally occurring organic compound and contains 2% to 5% organic matter. Humic acid can be
used to seedling nutrition and improve its quality and quantity. Given the recent use of organic acids such as

humic acid to improve crops and horticulture, but little research has been done on transplant birth, this
experiment was conducted to investigate the application of different levels of humic acid in irrigation water at
the time of irrigation. Different effects and their effects on growth indices and spinach production were
investigated.

Material and Methods: The present experiment was conducted to investigate the application of different
concentrations of humic acid at different times and its effects on quantitative and qualitative indices of spinach in
a factorial completely randomized design with three replications in research greenhouse at Torbat Heydariyeh
University. Treatments consisted of three concentrations of humic acid (0, 3 and 6 ml/L) at two application times
(one-week and two-week). The mean daily greenhouse temperature at the time of plant growth was 25°C and the
mean nighttime temperature was 18°C, the average relative humidity was 60%. After seedlings were planted in
the main pots at four-leaf stage, they were irrigated with humic acid (0, 3 and 6 ml/L) at different intervals once
a week, twice weekly. The humic fertilizer used belonged to Green Seed Company, containing 24% humic acid
and 3% folic acid and 2% potassium. Five weeks after treatment, the traits were measured. Transplant growth
indices including number of leaves (by counting the number of shoots per plant), leaf length and width, leaf area,
canopy, height, chlorophyll index, chlorophyll a, b, carotenoid and dry weight of each plant were determined.

Results and Discussion: Based on the results of this experiment, the effect of humic acid concentration on
morphological and physiological traits of spinach transplant was significant. The highest leaf number (4.6) at 3
ml concentration and the lowest number (3.5) were at zero concentration. These traits were subjected to humic
acid titer, but the increase in concentration had no significant effect on these traits. The increased number of
leaves and traits mentioned in the early stages of transplant growth is probably due to the rapid expansion of the
root system of the plant at high concentrations of humic acid, which in turn leads to increased nutrient uptake,
better plant growth and subsequent growth. Leaf number and other traits become leaf dependent. The results
showed that the highest chlorophyll a (1.8 ml/g fresh leaf), chlorophyll b (2.5 ml/ml fresh leaf), carotenoids (7.1
mi/ml). Fresh leaf g) and biomass (150 mg) at 3 ml concentration and the lowest at zero concentration. The
highest chlorophyll index (74.1 ml/ml fresh leaf g) was also found in the concentration of 6 ml and the lowest
was obtained from zero concentration. Humic acid increased spinach transplant biomass by increasing the
amount of photosynthetic pigments and leaf area or the same photosynthetic capacity. In most of the traits, the
two-week application time was higher than the one-week, so that spinach transplant biomass increased by 110%
over the two-week application period. So that spinach transplant biomass was 156 at the two-week application
and 74 mg at the one-week application. Based on the results of this experiment, humic acid application can
improve the quantitative and qualitative traits of spinach transplant and its production.

Conclusion: Production of vegetable seedlings have an important role in the production and olericulture

1 and 3- Assistant Professor and Graduate Master, Department of Plant Production, University of Torbat Heydariyeh,
respectively.

(*- Corresponding Author Email: M.Naseri@torbath.ac.ir)

2- Associate Professor, Department of Horticulture, Faculty of Agriculture, Ferdowsi University of Mashhad

DOI: 10.22067/jhorts4.v34i4.86144


http://um.ac.ir/

AR lins oF oyl FF ol o((65yalisS @ulus g pale) SLEL pole &y pis FVA

economy. Specializing in different activities in the vegetable production process will simplify the production
process and increase efficiency. This means that the best conditions for seedling growth should be provided
during transplanting. Application of humic acid organic fertilizer instead of chemical fertilizer can reduce
environmental pollution in line with sustainable agriculture and healthy eating with vegetables to prevent the
accumulation of chemicals in the human body to be effective. In this regard, the results of this study showed that
using low humic acid as organic fertilizer can improve morphophysiological traits of spinach transplant.

Keywords: Carotenoid, Chlorophyll, Humus, Organic matter
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Table 1- ANOVA for the effect of temperature, magnetic field and gel + essential oil solution on some traits of apple
cv. Golden delicious’
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Figure 1- The effect of temperature T1 (25 °C) and T2 (8 °C) with increasing storage time on weight loss of apple cv. ‘Golden
Delicious’slices (Tukey's range test, p<0.05)
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(Bars with common letter have no significant differences Tukey's range test, p<0.05)
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Figure 5- The interaction effect of gel xessential oil on pH apple cv. ‘Golden delicious’(g0 includes non-essential gel, g1 gel and

10 Ml per liter essential oil, g2 gel and essential oil 25 Ml per liter)
(Bars with common letter have no significant differences Tukey's range test, p<0.05)
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Introduction: there is a growing request for healthy fresh-cut products globally. However, due to the higher
respiration of this kind of products and their suseptability to bacterial and fungal pathogenes, they spoil
immediately after processing. These microbial activities usually cause a decrease in the quality and marketability
of the product, including changes in its aroma, taste and appearance. The fresh-cut fruit and vegetable industry is
one of the relatively new sectors and while the industry is growing, it is producing new products. Tissue rupture
and cell rupture in these products leads to a decrease in their shelf life. On the other hand, these products need
serious attention due to increased enzymatic activity, respiratory factors and microbiological considerations.In
recent years, there has been growing evidence of consumption of minimally processed fruits and vegetable for
the prevention of many chronic diseases. Some chemicals like chlorine, calcium chloride, etc., are used for
sanitization purpose in fruit and vegetable industry, but these chemicals form carcinogenic chlorinated
compounds, which have adverse human health impacts. Therefore, advanced alternative sanitization techniques,
processing methods and improved packaging materials may be implemented for ensuring safety and extending
the shelf life of fresh-cut fruit and vegetables. Application of edible coatings showed acceptable results on
microbial load reduction and better preservation of processed products from the fruit to vegetables. Apple with
proper nutritional value as a healthy snack have been considered in the diet of schools, public consumption and
families. Finding a safe treatment to increase shelf life of freshly cut apples without harmful effets on
environment and consumer is the main goal to this reaserch.

Materials and Methods: In this study, the effect of fennel essential oil (Foeniculum vulgare L.) with Aloe
vera gel (in 3 levels of zero, 10 and 25 ml / 1) and two magnetic field intensity (0 and 60 ml Tesla) in 3
replications during 7 days and in two storage temperatures (8 and 25 ° C) were observed. All treatments except
the control were coated with Aloe vera gel. It was done in factorial format with a completely randomized design.
In which traits such as color quality, SSC, pH, physiological weight loss, and browning rate were studied.

Discussion and Conclusion: The results showed that the presence of the magnetic field in all samples treated
with Aloe vera gel reduced the degradation, decrease oxidation and increase preservation of the appearance
indices of apple slices. The presence of Aloe vera gel in all cases reduced water content reduction and weight
loss. In the samples treated with different levels of fennel essential oil, fungal and bacterial growth was
prevented, but in terms of appearance indices, it had a great decrease in quality and increased browning. No
mold and fungal growth was observed in the samples at 8 and 25 ° C. Apparently, apples treated with 25 ml of
essential oil lost their marketability. The use of Aloe vera treatment alone and without essential oil with a 60 ml
Tesla magnetic field was found to be the best treatment. In general according to the results of this study, the
application of fennel essential oil, which has antioxidant properties in lower concentrations, is useful to prevent
the prevent fungal and bacterial growth, but is not suitable in terms of maintaining the appearance and reducing
tissue destruction and causes faster and higher oxidation. Apple slices treated with high essential oil

concentration became completely brown and lost their marketability even more than the control samples. Finally,
it could be said that Aloe vera gel treatments in which a magnetic field was applied, in addition to water
retention, had the best appearance and less oxidation. However, the use of Aloe vera gel and magnetic field to
maintain the appearance is very useful and can be used in this industry.

1 and 2- Assistant Professor and M.Sc. of Horticulture, Department of Plant Production, University of Torbat
Heydarieh, Iran, respectively.

(*- Corresponding Author Email: h.kaveh@torbath.ac.ir)
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Figure 1- The effect of Gluten (g0 g2 g4 g6 %) on fruits starch content (g/100g F.W) of grape cv. Rasmi Meshkin
(DMRT, p<0.05)
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Figure 6- Interaction effect of Zein xGluten concentrations on weight loss (%6) of grape cv. Rasmi Meshkin
(DMRT, p<0.05)
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Figure 7- Interaction effect of Zein xGluten concentrations on TSS (Brix) of grape cv. Rasmi Meshkin
(DMRT, p<0.05)
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Figure 8- Interaction effect of Zein xGluten concentrations on appearance (0-10, Score) of grape cv. Rasmi Meshkin
(DMRT, p<0.05)
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Introduction: Grape is a non-climacteric fruit. Its ripening is associated with increased sugars, decreased
acidity and development of color and flavor. Edible films and coatings could be used as a selective protection
method to extend storage life of fruits. Edible coatings reduce the absorption amount of brine, osmotic solution
and frying oil into foods, improve mechanical properties, facilitate displacement and storage strengthen food
structure, reduce spoilage and increase its shelf-life. The coatings provide a protective layer for fresh fruits and
act as like as modified atmosphere packaging, change the composition of internal gases, and increase the
storage-life of fruits by reducing respiration rate. Zein, is an important protein in corn seed and consists about 45
- 50% of the corn proteins. This protein contains a group of Prolamines found in the corn endosperm. Zein has
unique properties for preparing edible films and coatings in comparison to other plant proteins due to its high
percentage of nonpolar amino acids. Gluten is an insoluble in water protein of wheat that its disulfide bonds
play an important role in the establishment of gluten films. Prepared films from wheat gluten are pure and
transparent, but commercial gluten produces an opaque film due to gelatinization of its existing starch. Wheat
gluten-based films have satisfactory mechanical resistance and very low oxygen permeability. Gluten can
encapsulate flavors, colors, or medicines, providing slow-release materials. Bacteria, fungi, or other pest- or
weed-control agents can be encapsulated in gluten granules that are then coated with oil to slow drying and
maintain vitality.

Materials and Methods: This study was carried out to investigate the effects of gluten and zein coatings on
postharvest quality of grape cultivars in a factorial arrangement based on randomized completely design with
application of corn’s Zein coating treatments at four levels (control, 2, 4 and 6% w/w) and also wheat gluten at
four levels (control, 2, 4 and 6% w/w) were performed in the grape cultivars (Meshkin cultivar). Grape fruits
were harvested from the gardens of Meshkin city and moved to the laboratory in the University of Mohaghegh
Ardabili. Then, after applying the treatments, fruits were kept at 0° C and humidity of 90-95% in cold storage. In
this study, pH, total soluble solids, total acidity, starch, anthocyanin, firmness, taste, fruit storage-life, TSS/TA,
weight loss, appearance and vitamin C content of fruits were measured in 30 days after applying the treatments.

Results and Discussion: The results of analysis of variance showed that using of zein as grape coating had
significant effect on total soluble solids, vitamin C, taste and weight loss (P<0.01) and on the TSS /TA attribute
(P<0.05). The use of gluten also had a significant effect on total soluble solids, anthocyanin, weight loss and
vitamin C (P<0.01) and also on the fruit starch (P<0.05). Interaction effect of gluten and zein treatments were
significant on total soluble solids, vitamin C (P<0.01) and fruit weight loss (P<0.05). Based on the obtained
results, the highest starch content, anthocyanin, maturity index and taste were achieved by using of gluten at 4
and 6% and the lowest amount of these substances was related to control treatment. A higher amount of
anthocyanin (2.45 mg / 100 g) was retained in 6% gluten treatment, Moreover, in the fruit ripening index, the
best result (41) was obtained from 6% zein treatment. The taste of the fruit was also more attractive in the 6%
zein treatment without gluten consumption with a score of 8.5. Also, the best results in preservation of vitamin C
(17.9), soluble solids (24 brix), fruit appearance (9.5 points) and the least weight loss of fruit (6.5%) were
obtained from the combination of gluten and 6% zein treatment. Comparison of the means showed that vitamin
C and soluble solids were better preserved by combined using of 4 and 6% gluten with 6 and 4% zein in storage
period. These results showed that vitamin C and soluble solids had the lowest stability under control conditions.
Also, the control treatment had the highest weight loss and the lowest score in the fruit preservation index. In
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overall, the best results in most of the studied parameters were obtained from the treatment combination of 6%
gluten and zein.

Conclusion: Based on the obtained results, gluten and zein coatings in comparison to control treatment at
levels of 6%, had significant positive effects on post-harvest quality and storage of grapes.

Keywords: Anthocyanin, Starch, Storage life, Vitamin C
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Table 1- Qualitative traits of eggplant fruit at harvest time

oilwgi] JS Judg i & ol g JB s Jooo saladlge 50 il i
Anthocyanin Total chlorophyll Vitamin C Ogam] yiud Js Firmness
(mg L) (mg g'FW) (mg 100g'FW) TA (%) TSS (°B) (kg cm-?)
7.1 1.63 0.41 26.4 2.28 2.64
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Table 2- ANOVA for the effect of hydrogen sulfide (H2S) and phenylalanine (PA) treatments on quality and shelf life of
eggplant fruit during storage time

©lapo (ke
a3 Mean of squares
L SH ) . ol L )
CAJWES A 7 by o] o8 e ) solx 3lge € N Cb hw Ll
Sources of variations $ & e . B IR e Jebw 535k ° "3
df < Anthocyanin @ Total “ > o
Vitamin Titratabl  chjorophyll Js Chillin Fruit Weight
C e acidity TSs indexg Firmness loss
ot 7 0.003" 1.48" 301.16™ 2.28™ 0.37" 0.01™ 041" 5.49"
Treatment
sle LJ‘ L° ok s ok sk * sk * Kk
O 3 0.001 21.18 113.74 0.05 0.24 0.09 0.09 19.36
Storage time
Sl plej x e 21 0003 5.19" 29.69" 0.31" 023"  1.03" 0.1 0.22"
Treatment x storage time
k= 42 0.01 0.69 2.91 0.008 0.09 0.01 0.03 0.09
Error
St oo 15.8 16.6 8.7 4.07 11.1 11.19 14.4 6.8
C.V (%)
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" * and ** non-significant and significant at 5% and 1% of probability levels, respectively.
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Figure 1- Interaction effect of postharvest treatment of hydrogen sulfide (H2S) xphenylalanine (PA) on fruit firmness of
eggplant fruit during storage (DMRT, p<0.05)
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Figure 2- Interaction effect of postharvest treatment of hydrogen sulfide (H2S) xphenylalanine (PA) on weight loss of
eggplant fruit during storage time (DMRT, p<0.05)
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Figure 3- Interaction effect of postharvest treatment of hydrogen sulfide (H2S) xphenylalanine (PA) on total soluble solid
(TSS) of eggplant fruit during storage time (DMRT, p<0.05)
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Figure 4- Interaction effect of postharvest treatment of hydrogen sulfide (H2S) xphenylalanine (PA) on titratable acidity (TA)
of eggplant fruit during storage time (DMRT, p<0.05)
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Figure 5- Interaction effect of postharvest treatment of hydrogen sulfide (H2S) xphenylalanine (PA) on chilling index of
eggplant fruit during storage time (DMRT, p<0.05)
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Figure 6- Interaction effect of postharvest treatment of hydrogen sulfide (H2S) xphenylalanine (PA) on vitamin ¢ content of
eggplant fruit during storage time (DMRT, p<0.05)
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Figure 7- Interaction effect of postharvest treatment of hydrogen sulfide (H2S) xphenylalanine (PA) on total chlorophyll
content of eggplant fruit during storage time (DMRT, p<0.05)
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Figure 8- Interaction effect of postharvest treatment of hydrogen sulfide (H2S) xphenylalanine (PA) on anthocyanin content
of eggplant fruit skin during storage time (DMRT, p<0.05)

(V) " ohlSan 5 5 (V) 25k el piliogil joguase
Lo gtold oge0 ) s (159088 dadlge 35)5 45 233)S 5155
Helg (63 (yimgmd g ldlgw 5D Gt Jl clld ]38
caBei Ly donas 10 9 3 Gl 1) (5900 ()59)0m dudlges (slgizee
Wb gy b Sk & 0gee o8 S5y i el ibuogi] o 56

1-Huetal

0399 b sl oge Cusgy ilhungil iy Cliios 3o

Ol oads ploul imegy 5o (YY) cil gyl sixe ialS SloyLs]
lagl ()5g0dm Ly 9 VI b Sl 0gee slos 45 0
3 e 093 Jgbo 52 (V0) 0,8 i Slojlil 095 Jsbo 53 1y 0gee
S ool b adgilig s Joid ppme Cllad S o0 ¢S il
Lo g oo oS Lo (gl ol (3 S (25 (YT b



AR yliano) oF oylacs F'F Al (55 y9liaS golioo 9 pole) SLEL pole 4y i VY

Gl (Sojle s a3l g (g pEaLS 103 5 0gee S dal>
Sl 5 VIt (sln o 45 o Lt @l (e L 8§ 345 Ao
Loogse (S3jlopw padld 5 ()jg (Al 2op> (RS L (19,0
ol 2ol ol o 51 Liogse loyll yae Lial3il cgo
Y w_;YIJ_Ms oo o VB iy 5l oo 2,8 ‘u;b”ln)‘i
GialS 53U g ogee CobeS ais Car (9)40 Suilgu Vo Lo
2 050 )50l yas (3505 Vg g (Sl il 5 03

5 oY1 ed csly 5l ey 3,0 (imgn ol @mbs ol

Ay o (pelitg (slyome Jold ogen (S Slio (5g)0n Mudlgu
ogso Al i 5 sl B Aol lomgitl (S Jolons el
Jade o sleylil Lo cae cbiS Ly bt gillas dges Laas |,

10-

11-

12-

13-

14-

15-

16-

17-

18-

IS J89,)18 gl 5 B sl cploginl e ppalig

25 o 3o Lol 0490
S o gy (Sloylil 090 Jobo Sgo (glgie Jlio j3 5 cdl jEalS oo il hw g S ylS

&l

Aghdam M.S., and Bodbodak S. 2013. Physiological and biochemical mechanisms regulating chilling tolerance in
fruit and vegetables under postharvest salicylates and jasmonates treatments. Scientia Horticulturae 156: 73-85.
Aghdam M.S., Mahmoudi R., Razavi F., Rabiei V., and Soleimani A. 2018. Hydrogen sulfide treatment confers
chilling tolerance in hawthorn fruit during cold storage by triggering endogenous H2S accumulation, enhancing
antioxidant enzymes activity and promoting phenols accumulation. Scientia Horticulturae 238: 264-271.

Aghdam M., Moradi M., Razavi F., and Rabiei V. 2019. Exogenous phenylalanine application promotes chilling
tolerance in tomato fruits during cold storage by ensuring supply of NADPH for activation of ROS scavenging
systems. Scientia Horticulturae 246: 818-825.

Al Ubeed H.M.S., Wills R.B.H., Bowyer M.C., Vuong Q.V., and Golding J.B. 2017. Interaction of exogenous
hydrogen sulfide and ethylene on senescence of green leafy vegetables. Postharvest Biology and Technology 133:
81-87.

Ali S., Nawaz A., Ejaz S., S. Haider T.A., Alam M.W., and Javed H.U. 2019. Effects of hydrogen sulfide on
postharvest physiology of fruits and vegetables: An overview. Scientia Horticulturae 243; 290-299.

Ali, S., Khan A.S., Malik A.U., Shaheen T., and Shahid M. 2018. Pre-storage methionine treatment inhibits
postharvest enzymatic browning of cold stored ‘Gola’ litchi fruit. Postharvest Biology and Technology 140: 100
106.

Arnon A. N. 1967. Method of extraction of chlorophyll in the plants. Agronnmy Journal 23(1): 112-121.

Barzegar T., Fateh M., and Razavi F. 2018. Enhancement of postharvest sensory quality and antioxidant capacity
of sweet pepper fruits by foliar applying calcium lactate and ascorbic acid. Scientia Horticulturae 241, 293-303.
Buyukbay E.O., Uzunoz M., and Bal H.S.G. 2011. Post-harvest losses in tomato and fresh bean production in
Tokat province of Turkey. Scientific Research and Essays 6(7): 1656-1666.

Christou A., Manganaris G.A., Papadopoulos 1., and Fotopoulos V. 2013. Hydrogen sulfide induces systemic
tolerance to salinity and non-ionic osmotic stress in strawberry plants through modification of reactive species
biosynthesis and transcriptional regulation of multiple defense pathways. Journal of Experimental Botany 64(7):
1953-1966.

Concellon A., Zaroa M.J., Chaves A.R., and Vicente A.R. 2012. Changes in quality and phenolic antioxidants in
dark purple American eggplant (Solanum melongena L. cv. lucia) as affected by storage at 0 °C and 10 °C.
Postharvest Biology and Technology 66: 35-41.

Ding C.K., Wang C., Gross K.C., and Smith D.L. 2002. Jasmonate and salicylate induce the expression of
pathogenesis-related-protein genes and increase resistance to chilling injury in tomato fruit. Planta 214(6): 895-
901.

Edahiro J., Nakamura M., Seki M., and Furusaki S. 2005. Enhanced accumulation of anthocyanin in cultured
strawberry cells by repetitive feeding of L-phenylalanine into the medium. Journal of Bioscience and
Bioengineering. 99: 43-47.

FAO. 2018. FAOSTAT, FAO Statiscal Databases http://faostat.fao.org.

Gajewski M., Katarzyna K., and Bajer M. 2009. The influence of postharvest storage on quality characteristics of
fruit of eggplant cultivars. Notulae Botanicae Horti Agrobotanici Cluj-Napoca 37(2): 200-205.

Gao S.P.,, HUK.D., Hu L.Y., Li Y.H., Han Y., Wang H.L., Ly K,, Liu Y.S., and Zhang H. 2013. Hydrogen sulfide
delays postharvest senescence and plays an antioxidative role in fresh-cut kiwifruit. HortScience 48(11): 1385-
1392,

Getenit H., Seyoum T., and Woldetsdik K. 2008. The effect of cultivar, maturity stage and storage environment on
quality of tomatoes. Journal of Food Engineering 87: 467-498.

Giusti M. M., and Wrolstad R. E. 2001. Characterization and measurement of anthocyanins by UV-visible



http://faostat.fao.org/

vid

OLuiol agme Sloylil yos (Sul3sl g oS Lo 59 y0ud deilguw g (i¥T b Cllls 1 51 g sl los i1

19-

20-

23-

24-

25-

26-

27-

29-

30-

31-

32-

34-

35-

36-

38-

spectroscopy. Current Protocols 1: 1-2.

Hernandez-Munoz P., Almenar E., Del Valle V., Velez D., and Gavara R. 2008. Effect of chitosan coating
combined with postharvest calcium treatment on strawberry (Fragaria x ananassa) quality during refrigerated
storage. Food Chemistery 110(2): 428-435.

Horbowicz M., Kosson R., Grzesiuk A., and Dg¢bski H. 2008. Anthocyanin’s of fruits and vegetables their
occurrence, analysis and role in human nutrition. Vegetable Crops Research Bulletin 68: 5-22.

Hu L.Y., Hu S.L.,, Wu J,, Li Y.H., Zheng J.L., Wei Z.J., Liu J., Wang H. L., Liu Y.S., and Zhang H. 2012.
Hydrogen sulfide prolongs postharvest shelf life of strawberry and plays an antioxidative role in fruits. Journal of
Agricultural and Food Chemistry 60(35): 8684-8693.

Hu H., Liu D., Li P., and Shen W. 2015. Hydrogen sulfide delays leaf yellowing of stored water spinach (Ipomoea
aquatica) during dark-induced senescence by delaying chlorophyll breakdown, maintaining energy status and
increasing antioxidative capacity. Postharvest Biology and Technology 108: 8-20.

Hu H., Shen W., and Li P. 2014. Effects of hydrogen sulphide on quality and antioxidant capacity of mulberry
fruit. International Journal of Food Science Technology 49(2): 399-409.

Jalili Marandi R. 2013. Postharvest physiology (Handling and storage of fruits, vegetables and ornamental plants)
(2th ed.). Publishers Jihad Urmia University. 624 pp. (In Persian)

Keshavarz, F. 2018. Effect of postharvest phenylalanine and hydrogen sulfide treatments on biochemical and
antioxidant properties of pomegranate fruit cultivar Malas Saveh during cold storage. M.Sc. Thesis. Faculty of
Agriculture, University of Zanjan, Iran. (In Persian)

Li S.P.,, HuK.D., Hu L.Y., Li Y.H., Jiang A.M., Xiao F., Han Y., Liu Y.S., and Zhang H. 2014. Hydrogen sulfide
alleviates postharvest senescence of broccoli by modulating antioxidant defense and senescence-related gene
expression. Journal of Agricultural and Food Chemistry 62(5): 1119-1129.

Luo Z. 2006. Extending shelf-life of persimmon (Diospyros kaki L.) fruit by hot air treatment. European Food
Research and Technology 222(1-2): 149-154.

Luo Z.D., Li R.D., and Mou W. 2015. Hydrogen sulfide alleviates chilling injury of banana fruit by enhanced
antioxidant system and proline content. Scientia Horticulturae 183: 144-151.

Massolo J.F., Concellon A., Chaves A.R., and Vicente A.R. 2011. Methylcyclopropene (1-MCP) delays
senescence, maintains quality and reduces browning of non-climacteric eggplant (Solanum melongena L.)
fruit. Postharvest Biology and Technolology 59(1): 10-15.

Mostofi Y., Dehestani Ardekani M., and Razavi H. 2011. The effect of chitosan on postharvest life extension and
qualitative characteristics of table grape “Shahroodi”. Journal of Food Science 8(30), 93-102. (In Persian)

Portu J., Lopez-Alfaro 1., Gémez-Alonso S., Lopez R., and Garde-Cerdan T. 2015. Changes on grape phenolic
composition induced by grapevine foliar applications of phenylalanine and urea. Food Chemistery 180: 171-180.
San José R., Plazas M., Sanchez-Mata M.C., Camara M., and Prohens J. 2016. Diversity in composition of scarlet
(S. aethiopicum) and gboma (S. macrocarpon) eggplants and of interspecific hybrids between S. aethiopicum and
common eggplant (S. melongena). Journal of Food Composition and Analysis 45: 130-140.

Shi J., Zuo J., Zhou F., Gao L., Wang Q., and Jiang A. 2018. Low-temperature conditioning enhances chilling
tolerance and reduces damage in cold-stored eggplant (Solanum melongena L.) fruit. Postharvest Biology and
Technology 141: 33-38.

Suekawa M., Fujikawa Y., Inoue A., Kondo T., Uchida E., Koizumi T., and Esaka, M. 2019. High levels of
expression of multiple enzymes in the Smirnoff-Wheeler pathway are important for high accumulation of ascorbic
acid in acerola fruits. Bioscience, Biotechnology, and Biochemistry 1-4.

Sun Y., Zhang W., Zeng T., Nie Q.X., Zhang F. Y., and Zhu L.Q. 2015. Hydrogen sulfide inhibits enzymatic
browning of fresh-cut lotus root slices by regulating phenolic metabolism. Food Chemistery 177: 376-381.
Trevifio Garza M. Z., Garcia S., Del Socorro Flores Gonzélez M., and Arévalo Nifio K. 2015. Edible active
coatings based on pectin, pullulan, and chitosan increase quality and shelf life of strawberries (Fragaria
ananassa). Journal of Food Sciences 80(8): 1823-1830.

Tzin V., and Galili G. 2010. New insights into the shikimate and aromatic amino acids biosynthesis pathways in
plants. Mol. Plant. 3(6): 956-972.

Zheng J.L., Lan-Ying Hu L.Y., and Hu K.D. 2016. Hydrogen sulfide alleviates senescence of fresh-cut apple by
regulating antioxidant defense system and senescence-related gene expression. HortScience 51(2): 152-158.



Journal of Horticultural Science (53,955 quleo g p5le) (SLEL pole @y 203

Vol. 34, No.4, Winter 2021, P. 705-717 ver, VeB-YIY o ATAR yliano F o kot FF alx
ISSN: 2008 - 4730 A Yook — BYY- Lo

Effect of Postharvest Treatments of Phenylalanine and Hydrogen Sulfide on
Maintaining Quality and Enhancing Shelf life of Eggplant
(Solanum melongena L..)

R. Najafi'- T. Barzegar®*- F. Razavi®- Z. Ghahremani*
Received: 12-07-2020
Accepted: 21-09-2020

Introduction: Eggplant (Solanum melongena L.) is an important non-climacteric fruit grown in tropical and
subtropical regions. The total production in Iran and world for eggplants in 2018 were estimated 54077210 and
666838 tons, respectively, and Iran ranked fifth in the production of this product. The health-promoting
attributes of eggplant are derived from the phytochemicals with good source of antioxidants (anthocyanin and
phenolic acids), dietary fiber and vitamins. Fruit deterioration during long term storage is associated with
appearance quality reduction, calyx discoloration, softening and pulp browning caused by the oxidation of
phenolic compounds. Hydrogen Sulfide (H2S) is a flammable and colorless gas, that similar to carbon monoxide
and nitric oxide, is known as third leading signaling molecule. It has been reported that H.S play an imperative
role in the postharvest physiology and chilling injury of various fruits and vegetables. In recent years, exogenous
phenylalanine (PA) application has been employed as a beneficial procedure for enhancing quality in fruits and
vegetables by promoting higher phenols and flavonoids accumulation arising from higher PAL enzyme activity
and proline accumulation exhibiting higher ROS scavenging capacity. Thus, the aim of this study was to
investigate the postharvest application of H,S and PA on quality and postharvest storage of eggplant fruit during
storage at 7 °C for 21 days.

Material and Methods: Eggplant fruits (Solanum melongena cv. Hadrian) were harvested at commercially
maturity stage in Jun 2019 from a greenhouse in Hashtgerd city, Iran. Fruit selected for uniform size, shape, and
color, and immediately transported to the laboratory. They were divided into seven parts for the following
treatments: control (0), hydrogen Sulfide (HzS) at 0.1, 0.2 or 0.3 mM and phenylalanine (PA) at 2.5, 5 or 7.5
mM. Each treatment was done in three replicates, consists of 24 fruits from each replicate, and then randomly
divided into four groups include six fruits. One group was analyzed 24 hrs. after harvesting and another groups
stored at 7 = 1 °C and 85% RH for 21 days. At 7-day intervals, one group was taken at random and transferred
for one day at 20 °C (shelf-life), and subjected to physicochemical analysis. For H,S fumigation, fruit was placed
at the bottom of a sealed 15 L container with different aqueous sodium hydrosulfide (NaHS) solution
concentrations for 10 min, and for PA treatments, the fruits were immersed in 10 L of fresh phenylalanine
solution for 10 min and in distilled water as a control. The fruits were allowed to completely dry at room
temperature before storage.

Results and Discussion: The results showed that fruits treated by PA and H.S exhibited higher fruit
firmness, chlorophyll, anthocyanin, total soluble solids (TSS), vitamin C, pH and titratable acidity (TA)
accompanied by lower weight loss and chilling indices during storage at 7 °C for 21 days. In control eggplant
fruits, fruit firmness (24.2%), chlorophyll (45.8%), vitamin C (34.1 %), anthocyanin content (66.2 %) and TA
(44.8) decreased, and weight loss (7.5 %), TSS (8.2%) and chilling indices (4.5 %) increased during 21 storage
time. The maximum fruit firmness (1.37 and 1.34 kg cm), anthocyanin content (5.02 and 4.2 mg L) and TA
(18.67 and 1.37 %), and the lowest weight loss (3.67 and 3.7 %) and chilling index (1.6 and 1.3 %) was found in
fruits treated with H,S at 3 mM and PA at 7.5 mM during storage at 7 °C for 21 days, respectively. It has been
reported that texture correlates with firmness and higher firmness is a characteristic indicator of good texture
during postharvest storage of fresh products. Soluble solid contents, titratable acidity (TA) and sugars have been
known as important attributes contributing in overall sensory quality of fruits and vegetables. Development of
the chilling injury disorder significantly reduces quality of fruits and vegetables due to diminished consumer’s
acceptance. So, start of chilling injury symptoms eventually becomes economically critical postharvest
constraint that defines the storage life potential of the products. Decline chilling injury in responses to H.S and
PA treatments may resulted from higher ROS scavenging enzymes SOD, CAT, APX and POD activity and
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proline, phenols and flavonoids accumulation giving rise to conferring chilling tolerance.

Conclusion: According to results, PA at 7.5 mM and H,S at 3 mM had the highest positive effect on
maintain firmness and fruit quality and reducing weight loss and chilling, therefor postharvest treatment of PA
and H,S can be proposed to improve fruit quality and postharvest life during storage period.

Keywords: Anthocyanin, Chilling, Firmness, Vitamin C, Weight loss
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