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¥ @lo Slapo (ke
Source of @y Mean squares
RO el iaSles o s Gl ol A clile
Df R}e/liz}(ljve Leaf area Water content N concentration  Cl concentration
(N) o359, 11204.9***  34199908*** 13.01854*** 16.3066*** 1.125806***
(S) 59 131.62** 258913** 4,19299*** 0.113316** 41.81137***
N x S 12 21.548 ns 43049 ns 0.408148* 0.008824 ns 0.296066*
a3 40 21.966 48810.7 0.16094 0.02195 0.10165
Oy oy 6.52 4.46 5.80 5.80 10.98
K/Na Ca/Na Mg/Na
(N) (59555 1427.0238*** 21.379*** 2.21455%**
(S) sy9 3 3776.46%** 257.64*** 35.15619***
N x S 12 324.1758*** 3.74435* 0.445853*
las- 40 12.5536 0.9441 0.1634
) 224 22.83 27.03

s B (glol Llod JINS il o cixe do )3 B gV eofV mans )3 o5 Ay s g s e
*, ** *** jndicate statistical significance at p<0.05, p<0.01 and p<0. 001, respectively; ns: indicate non-significant.
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Figure 1- The interaction effect of salinity (S, without salinity, 4.5, 8 and 11.5 ds.m'!) and nitrogen (N, without nitrogen, 75,
150, 225, and 300 mg.kg™* of soil) on spinach shoot relative yield (DMRT, p<0.05)
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Figure 2- The effect of salinity levels (S, without salinity, 4.5, 8 and 11.5 dS.m!) on spinach shoot relative yield (a) and leaf
area (b) (DMRT, p<0.05).
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Figure 3- The interaction effect of salinity (S, without salinity, 4.5, 8 and 11.5 ds.m) xnitrogen (N, without nitrogen, 75, 150,
225, and 300 mg .kg* of soil) on spinach leaf area (DMRT, p<0.05).
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Vo gbiul 913 polic g uidy gl (5 oygl p3b

= i jwd WV g A (650 pdaw jd .auiS sdalidie (g)ld e
PSS = Giaris oS e VO g B (g5 0,8 L e
0isrs PYL sk Rl L 5 <8l ials g )as 4 )l clale
8 JS8) o s Gl 5 e V0 s ¢ G S il
ok 3 ey (uienj w3 WD L5 ¥/0 ()98 pdlie (sl
A 3,Shes s (RE = 0.8198) Jab (s o553y e
Amd oo bt glidul (alsa pll S 09y 4 IS Cund g 2l9n
L gl (2lyn plal 5)Sdos 59y 4 IS o (RljEI L o5
(¥ JS8) e LialS —¥/ VY

0585 9 Slaud g lilgs (0l Jio slaggsl la b IS
5 3L5yl )l ShiSam s el g oy psigel Jto ol
2 OFsr o GRIFIL I clale o sl lis (A) oo
aS Wawy aond ol 4 (V) o) 5 00 b 0 ialS b
b hie I3l g 0ly (aals olS )3 1y IS meas ()39 55 3 )18
aS ob L (YA) ohled g y5wl gl 2l dep |y LIS zes
Jols (slacds Jals olgn (sbapluil )3 IS oo o (5598 3 )18
b3 @ g o e 05ar 2l 9 b S ed 9 S
5 otb oy e sl s e 5 g ol LtmlS laplisl ol 5o
Jele (559 365 45 Wdsus, dm ol & gl 2,85 Gy |y 5p9
9 388 oy ColBy & Cowl odgs olS ol 5)Slos g Ay 04ilS Dgame
09

(=)}
)
j=~]

"

=

51 i
= e

des 5

e €lesd,

B :

[
[

a
S
o
=
"
=
.8
©
=
7]
[¥]
=
=)
[#]
—_
@]

[
[

[

[

R,
e e e e e P e e e

[
i Wy

[

e R T e e e e

N

Iy [ T
By My m i Ty My 2 Ty i Py m i P i Ry M i Ty M My i ¥y

-
&
"

plasl 3 gy clale a S sl oaly i Ollllas I Sy
S99 (_',_3.1 b ‘(ﬁ) Cowl wb uu.hlf ‘5)9..3 Jaal).w fuit- 3} ol.; Ls.’.|9’a’
99 ) oigye cbale a8 wvgas ()55 (V) ohlSen o s
(@) oS 5 (ALl ccwl assl ml58l (gye ]38l b agy
LS 3 0,855 LS Avv oo U5 (59,10 5,)8 L &S inly )L
gy cble e 1 uies s d P 4 YIN Gl g)ed il 8]
a5 s WVA) sy il38l b Jg oy Lilal ]y slsa plal
bl S gy Clle (o

@ S S g9 Slas G alaal ) 9 (2 92 plail His Al
298 plaal (5 g i
9 o9 Sl as ol plas laoslsy (V Jgaz) iyl 4o gl
Le g sloisine ols plil IS clale il iiSamy g ()35
A GLss a8l oy a5 IS clale ()9 (e 38l
2 lon plul IS lale op i g cpyieS WS 5k 4 (7 JSS)
et ierj (503 WO (65958 v g ()98 Jlos] (yg gl
L o Jlesl i o w 0 & S5 4 a5 b odnliie
sdalda YIS Chale )3 (6l s (5955 20 (liee I
clale ey 38 yie pr ienjsd F10 (5)9 gaw 53 i
29 4 (59 3 LS g e 4 S | (lga plal IS
s GJa e Ol kit golaw (i (Jg ol (il (gl gne

%8-0 #S-45 %S-8 #S-11.5

=2
5]

j=M
(4]
[
_:.'D
o
LN

=
o

E Rt R et R

LLa b Ly Dy Dl L

ma

ras

g

i)
e
SNEH

IEERE
g

N

",
A e A A
a T i Ty My i Ty Py m i P i Ry P i

rrendrdl TS ndrdndaSndadn ey

kb R LoE S b LR L L S

i

>

NN,

z
=]

N

-150 N-225

09y Tk
Nitrogen levels (mg/kg of soil)

(05925 32,8 9 gk b N) (359 55 X (5o 33 owwkos jowd 19/0 9 A £/0 (5 y9u Jlasl 9 gl b S) (5908 JoliEio 5T -1 JSUS

gl lgh @l IS CHLE 3 (STE 0,55k 1 (19 5 koo Toe 5 FYO 00 Y0
Figure 6- The interaction effect of salinity (S, without salinity, 4.5, 8 and 11.5 ds.m™%) xnitrogen (N, without nitrogen, 75, 150,
225, and 300 mg/kg of soil) on spinach shoot Cl concentration (DMRT, p<0.05).
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Introduction: Salinity is an environmental problem in the world, especially in arid and semi-arid regions.
High amounts of salts like sodium chloride (NaCl) in the soils and water have destructive effects on yield of
plants. The harmful effects of salinity on plant growth are related to the low osmotic potential of the soil solution
(water stress), the nutritional imbalance, the specific ion effect (salt stress), or the combination of these factors.
The relationship between salinity and plant mineral nutrition is complicated. Under salinity stress, occurs the
sodium and chlorine accumulation, resulting in ionic imbalance and the deficiency symptoms of nutrients in
plants. The sodium (Na*) competes with the uptake of potassium (K*), calcium (Ca?*) and magnesium (Mg?*) by
plant, and the chlorine (CI-) with the uptake of nitrates (NO3), phosphates (PO,%) and sulfates (SO4%).

Materials and Methods: In order to evaluate the tolerance of spinach cv. “virofly” to salinity levels in
application with different nitrogen rates, a greenhouse experiment was conducted as completely randomized
design based on factorial arrangement with three replications at Shiraz University Agricultural Faculty.
Treatments include four levels of salinity (without salinity, 1, 2 and 3 gr of sodium chloride per kg of soil,
equivalents to 0.7, 4.5, 8 and 11.5 dS/m in saturated solution extract of soil, respectively), and five levels of
nitrogen (unfertilized, 75, 150, 225 and 300 mg N/kg of soil) as urea source. Nitrogen treatments were applied in
two installments in water soluble (half before planting and another half, 20 days after planting). In order to
prevent sudden stress, saline treatments were applied gradually after complete plant establishment with irrigation
water. The irrigation of the pots was carried out with distilled water and at field capacity. After 56 days of
sowing, in every pot the spinach shoots were discarded near the surface of the soil and the required parameters
were measured.

Results and Discussion: The application of 4.5 and 8 dS/m salinity had no significant effect (<0.05) on the
relative yield and spinach leaf area, but 11.5 dS/m salinity significantly (<0.05) decreased relative yield and
spinach leaf area compared to without salinity level, 4.5 and 8 dS/m. Nitrogen application (75 and 150 mg/kg of
soil) alleviated negative effect of salinity on yield and leaf area. Application of 225 and 300 mg N/kg of soil with
11.5 dS/m salinity significantly decreased the relative yield of spinach. The highest and lowest shoot water
content changes in salinity conditions were observed in no-nitrogen application and 150 mg N/kg application,
respectively, which shows that the application of nitrogen in the medium level controls the water changes in the
spinach plants. In this study, increasing the amount of nitrogen at all levels of salinity, elevated the shoot water
content. The tolerant plant species in the face of environmental stresses maintain the water content of their cells
in the higher levels. Therefore, it can be said that the maintenance of high leaf water content is an important
mechanism for tolerance to salinity, and the cultivars that can hold more water in their leaves under stress
conditions, will have more tolerance to salinity stress. Linear regression (R? = 0.8198) showed that in the salinity
levels of 4.5 to 11.5 dS/m, there is a negative relationship between the yield and the chlorine to nitrogen ratio
(CI/N) of spinach shoots, so that with increasing CI/N, the spinach shoot yield decreased by gradient of -3.077.
Application of nitrogen up to 225 mg/kg of soil gradually reduced the ratio of K/Na, Ca/Na and Mg/Na,
however, the application of 300 mg N/kg of soil had no significant effect on these ratios. The application of

1, 2 and 3- Assistant Professors, Department of Agriculture, Payame Noor University, Tehran, Iran
(*- Corresponding Author Email: 6341ms@gmail.com)

4- Ph.D. Graduate of Soil Science and Engineering Department, University of Tehran

5- Professor, Department of Soil Science, Faculty of Agriculture, Shiraz University
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different levels of salinity gradually reduced the K/Na, Ca/Na and Mg/Na ratio.

Conclusion: The threshold of salinity of spinach cv. “virofly” was about 8 dS/m in our study, this was above
the threshold mentioned (2 dS/m) for spinach in most sources. The application of nitrogen in medium level as
urea can improve the negative effects of salinity in spinach but intensive nitrogen fertilization may increase the
negative effects of salinity on plant yields.

Keywords: Nutrient balance, Salinity tolerance, Spinach, Urea
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Figure 3- Peduncle angel after seven days exposure to cold storage in white (Angel) and red (Calore) cultivars of anthurium

cut flowers under different light spectra — White (W)- Dark (D)- Red (R)- Blue (B)-Combination of red and blue (RB).
(Duncan's multiple range test, p<0.05)
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White (W) — Dark (D)- Red (R)- Blue (B)-Combination of red and blue (RB). (Duncan's multiple range test, p<0.05).
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Figure 5- Spathe area after 14 days exposure to cold storage in white (Angel) and red (Calore) cultivars of anthurium cut

flowers under different light spectra — White (W)- Dark (D)- Red (R)- Blue (B)-Combination of red and blue (RB).
(Duncan's multiple range test, p<0.05).
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Figure 6- Vase life in white (Angel) and red (Calore) cultivars of anthurium cut flowers during exposure to cold storage
under different light spectra — White (W)- Dark (D)- Red (R)- Blue (B)-Combination of red and blue (RB). (Duncan's
multiple range test, p<0.001).
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Figure 8- Relationship between spathe area and vase life in anthurium cut flowers during cold storage under different light
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Figure 9- Maximum quantum yield of photosystem Il (Fv/Fm) for anthurium cut flowers during exposure to cold storage in

different light treatments — White (W)- Dark (D)- Red (R)- Blue (B)-Combination of red and blue (RB). (Duncan's multiple
range test, p<0.001).
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Introduction: Postharvest handling of tropical flowers is usually difficult due to their sensitivity to cold
temperatures. Anthurium (Anthurium andraeanum) is a tropical plant used in ornamental industry for its
beautiful spathe and leaves. It can be produced in wide ranges of climates; in locations far away from their
original habitats in greenhouses. Although, anthurium has long vase life compared to other cut flowers,
postharvest exposure to cold temperatures makes some restrictions on its desirable vase life. This study aimed to
investigate the effects of different light spectra on postharvest performance of anthurium cut flowers.

Materials and Methods: Cut flowers of Anthurium andraeanum cultivars with red (‘Calore’) and white
(‘Angel’) spathes were obtained from a commercial anthurium greenhouse on the morning. Anthurium cut
flowers were harvested when 40-50% of the spadix true flowers were fully opened. Each flower was placed in
closed flasks containing 500 mL water. Sixty flasks with cut flowers (30 cut flowers from each cultivar) were
placed into chambers with exactly similar conditions but with different light spectra including white (W), blue
(B), red (R) and 70% R+30% B (RB) provided by LED production modules and darkness. Each flower under
light spectra was inspected and the vase life of the all flowers, change in spathe angel, spathe area, maximum
quantum yield of photosystem Il (Fv/Fm) and fluorescence decline ratio (RFD) were measured during 14 days
exposure to 4 °C storage.

Results and Discussion: Spathe ‘'angel’ seven and 14 days following exposure to cold storage was
dramatically increased in B light while the lowest changes were observed in R light of the both cultivars. Vase
life of anthurium cut flowers were significantly (P<0.01) influenced by the interaction between light spectra and
cultivars. Among the light spectra, the longest vase life were observed in spathes exposed to R light in both
cultivars. In 'Angel’, exposure to B light dramatically shortened the vase life of anthurium cut flowers in
comparison with the other light spectra. A positive relationship was detected between spathe area and vase life of
cut flowers, while the relationship between spathe 'angel' and vase life was negative. No photosynthetic activity
was detected on the spathe of anthurium, but the peduncle of anthurium showed the photosynthetic activity. The
highest Fv/Fm and RFD values were detected in darkness and the lowest values for Fv/Fm and RFD were
observed in R and RB-exposed spathes. No relationships was observed between the photosynthetic activities and
the vase life of anthurium cut flowers. Although there are some reports confirmed the importance of plant
growth under different light spectra on its postharvest quality, there is no report regarding the effects of light
spectra on the quality of cut flowers in postharvest stage. Similar to anthurium, some reports indicated that there
is no relationship between the photosynthesis and the quality of harvested products.

Conclusion: Exposure of anthurium cut flowers to different light spectra resulted in alterations of
morphology and quality during exposure to low temperatures. B spectrum had strong negative effects on the
morphology and quality of anthurium cut flowers, while exposure to R light resulted in improvement of quality
of anthurium cut flowers with less negative effects on their morphology. Spathe of anthurium had no
photosynthetic activity, while its peduncle showed the photosynthetic activity. There were significant
relationships between morphology and vase life of anthurium cut flowers, while no relationships were found
between photosynthetic activity and their vase life. In conclusion, lighting environment during postharvest of
anthurium cut flowers should be take into account for keeping their quality under low temperature conditions.
Red light spectrum was introduced as the best light treatment to reduce chilling injury, increase the vase life and
maintain the quality of anthurium cut flowers in both cultivars.

Keywords: Anthurium, Chilling stress, Light, Quality, Vase life
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Table 1- ANOVA for the oil percentage, acid value and peroxide value of evening primrose seed oil

@33l p

Oyt gaio Olayo (ke
- Degree of
Source of variation Mean squares
freedom
o9y Mo yd Samwldas KUY LR TS
Oil percent Acid value Peroxide value
Sl e 3 253.87™ 0.098" 211.48™
(Storage period )
s a
<¢ 8 26.77 0.001 0.82
Error a
o 3 130.48" 0/219™ 62.54™
(Packaging)
le> 1 124.60™ 0.1 43.98"
(Temperature)
oKk s 3 5.02m 0.07™ 0.44
Temperature)x(Packaging ' ' ’
(s S mde 9 6.03™ 0.079™ 5.91"
Packaging)x(Period ' ' '
Loax o n . .
. 3 49.58 0.154 4.29
Temperature)x (Period
LodX g4y Aty Xdo
Temperature) xPackagingx(Period 9 9.33m 0.037* 4.46™
slesb 56 5.74 0.007 0.98
(Error b)
M sime pé NS 2o ) Jlain] o j3 Iy gae =FF

ns: no significant

**_ significant at 1% level
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Table 2- The simple effect of packaging, storage temperature and storage period on oil percentage, acid value and peroxide
value of evening primrose seed oil

Josi 0-6_9) Sl das KOS JURE RV
Treatment Oil Acid value Peroxide value
(%) (o) (mg KOH/ gt oil) (meq Oz Kg* ail)
(SR Al
(Packaging)
8 17.29a 111a 8.53a
(Paper)
wosses) 12.10 ¢ 1.06a 570 b
(Aluminum)
o S 15.17b 0.98b 5.29bc
(PVC)
obste 16.75a 0.89c 5.05 ¢
(Cellophane)
Lo>
(Temperature)
4°C 14.19b 0.98b 5.46 b
e by 20 °C
. 16.46a 1.04 a 6.82 a
JAmbient temperature)
(obo)gylo)lil e
Storage period (months)
3 19.75a 1.05a 3.14d
6 15.77b 1.08a 4.45¢
9 12.71c 0.95b 7.15b
12 13.07c 0.96 b 9.82 a

5105 gyld e M) 2o y3 B Jlotn] ans 1 LSD 9051 (wluol S it gy b lel
Numbers followed by the same letter are not significantly different at 5% of probability level based on LSD test.
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Figure 1- Interaction effect of storage temperature xstorage period on seed oil content (%0) of evening primrose
(Bars indicate SE)
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Figure 2- Interaction effect of packaging xstorage temperature on acid value of evening primrose seed oil (LSD, p<0.05).
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Figure 3- Interaction effect of packaging xstorage period on acid value of evening primrose seed oil (Bars indicate SE)
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Figure 4- Interaction effect of storage temperature xstorage period on acid value of evening primrose seed oil (Bars indicate
SE)
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Figure 5- Interaction effect of packagingxstorage temperature xstorage period on acid value of evening primrose seed oil
(LSD, p=0.05).
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Figure 6- Interaction effect of packaging xstorage period on peroxide value of evening primrose seed oil (Bars indicate SE)
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Introduction: Evening primrose (Oenothera biennis L.) is a relatively new oilseed crops with high value
which its oil is the most important source of gamma linolenic acid. In this study, seed of Evening primrose was
stored in different temperature and packaging materials to improve the content and quality of its oil.

Materials and Methods: In order to study the effect of packaging, storage temperature and storage period on
Evening primrose seed oil properties, a split-plot in time experiment was conducted on the basis of completely
randomized design at 32 treatments and three replications. Treatments included four levels of storage period (3,
6, 9 and 12 months) as main plot, four levels of packaging (Paper with 0.15 mm, Aluminum with 0.12 mm,
PolyVinylChloride (PVC) with 0.09 mm and Cellophane with 0.07 mm thickness) and two levels of temperature
(4 °C and Ambient temperature (20 °C)) as sub plots. Seed packages of 100 grams stored in plant physiology
laboratory of horticulture department of Ferdowsi university of Mashhad from May 2014 to May 2015. After
each period of storage seed oil (extracted by soxhelet) acid and peroxide value were examined as oil quality
index. The statistical analysis was performed using the JMP software version 8 and data means were compared
using LSD test’s in 5% level of probability. Acid and peroxide value were measured according to standards of
EEC REG 2568/91 and AOCS cd 8-53, respectively.

Results and Discussion: Based on the results, the simple effect of temperature, packaging material and
storage time was significant on all the properties of evening primrose oil. Before storage, seed oil content was
16.45% (w/w) but after three months of storage the oil content increased to 19.75% w/w. From third month of
storage until 9th a sharp decline was observed, and the oil content was 12.71 % w/w at the end of 9th months.
Finally the seed oil content slightly increased until 12th month. Before storage, acid and peroxide value were
reported 1.16 (mg KOH/g oil) and 2.4 (meq O2/Kg oil), respectively. During storage, acid value showed
descending trend so that at the end of 6 and 12 months storage obtained 1.08 and 0.96 mg KOH/g oil,
respectively. Oil peroxide value after third months reached to 3.14 (meq O2/Kg oil) and its maximum (9.82 meq
02/Kg oil) was detected at the end of storage period. Ambient temperature in terms of oil content and 4 °C in
terms of oil quality were optimum condition for Oenothera seed storage. Seeds samples which packed in paper
and cellophane material showed the most oil content (17.29% and 16.75%, respectively). Cellophane packaging
in terms of acid (0.89 mgKOHY/g oil) and peroxide value (5.05 meq O2/Kg oil) was diagnosed the best packaging
material to preserve the quality of the oil during storage. Interaction between storage temperature and storage
period on oil percentage was significant at 1%. The highest oil percentage (59/22%) was detected after three
months of storage at ambient temperature. Interaction between packaging and storage temperature on acid value
of evening primrose seed oil was significant at 1% as aluminum packaging at ambient temperature and paper
packaging in both temperatures had the highest acid value (1.15 and 1.11mg KOH/g oil, respectively). The
lowest acid value (0.82 mg KOH/g oil) was detected in cellophane packaged seeds at 4°C temperature.
Interaction between packaging material and storage period on acid value of evening primrose seed oil was
significant at 1%. The highest acid value (1.24 mg KOH/g oil) obtained after six months in paper packaged seeds
and seeds samples which packed in cellophane material had the lowest acid value (0.72 mg KOH/g oil) after nine
months of storage. Interaction between storage temperature and storage period on acid value of evening primrose
oil was significant at 1%. The highest acid value (1.11mgKOH/g oil) was detected after 12 months of storage at
ambient temperature. At the end of 12th months at 4 °C temperature, the lowest acid value (0.81mg KOH/g oil)
was reported. Interaction between packaging material, storage temperature and storage period on acid value of
evening primrose seed oil was significant at 1% as paper packaged seeds after six months of storage at 4°C
temperature and cellophane packaged seeds after 12 months of storage at ambient temperature showed the
highest acid value (1.34 mg KOH/g oil). The end of 9" months in cellophane packaged seeds at both
temperature, the lowest acid value (0.72 mg KOH/g oil) obtained. Interaction between packaging material and
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storage period on peroxide value of evening primrose oil was significant at 1% as paper packaged seeds after 12
months of storage had the highest peroxide value (11meq O2/Kg oil). Seeds samples which packed in PVC and
cellophane material after three months showed the lowest peroxide value (2.15 and 1.85 meq O2/Kg oil,
respectively). Interaction between storage temperature and storage period on peroxide value of evening primrose
oil was significant at 1%. The highest peroxide value (10.01meq O2/Kg oil) was detected after 12 months of
storage at ambient temperature. After three months of storage at 4°C temperature the lowest peroxide value (2.65
meq O2/Kg oil) obtained. Interaction between packaging material, storage temperature and storage period on
peroxide value of evening primrose seed oil was significant at 1% as paper packaged seeds after 12 months of
storage at 4°C temperature had the highest peroxide value (12 meq O2/Kg oil). The lowest peroxide value (1.60
meq O2/Kg oil) was detected in cellophane packaged seeds after three months of storage at 4 °C temperature.

Conclusion: Overall, evening primrose seed storage in paper and cellophane packaging during three months
at ambient temperature to improve the content of oil was desirable. Seed storage in paper packaging at ambient
temperature after12 months, reduced oil quality. Seeds samples which packed in PVC and cellophane material at
4°C temperature preserved the quality of evening primrose oil.

Keywords: Acid value, Oil, Packaging, Peroxide value, Storage
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Table 1- Geographical location of studied orchards and estimated decline amount

Conbge b (b)) Sl Slass ghajleml o J'sj
Location Number of investigated orchards L%’: ‘-’5""5_"&"’ Uzl"_a"x" Decline
Altitude Longitude L atitude (%)
Sy Ticheng 2 1060 39’053 ' 28°35 82.00
bl seo  Mohammad Abad 2 1176 ' 40°54 ' 28°30 50.00
5 Afzar 6 640 ' 58°52 ' 28°20 48.83
R o Simakan 8 886 ' 10°53 ' 28°39 44.00
o9l Madoon 6 1143 ' 46°53 ' 28°35 59.67
25> Jouyom 2 880 '59° 53 ' 28°16 91.50
S5 Galak 12 1081 " 43°53 ' 28°16 45.33
s Khafr 3 1339 ' 12°53 ' 28%58 12.67
Ll Sle Mobarak Abad 4 700 '16° 53 ' 28922 50.42
ool Barous 4 767 '26°53 ' 28°20 44.75
PR Jahrom 4 1047 ' 34954 ' 28°31 52.00
- ::} Hogegg];bad 1 1112 " 31953 ' 28928 58.00
bl lad Qoth Abad 4 1032 '38°53 ' 28°38 57.50
A Sy Farhang Shahr 2 1061 ' 36°3 ' 28°31 39.00
sl JLsl Eqgbal Abad 2 1065 '28°53 ' 28°33 70.50
FIPPRTS Chedrouyeh 2 1073 '35°53 ' 28°41 46.00
addllae 3)90 90 (SLEL S Col & bgyjpo (o & (S (S 031> i -2 Jgoa
Table 2- Conversion of qualitative data to quantitative soil texture of the studied lemon gardens
ol das SKocdL gy ol dae SB L gg
Score Type of soil texture Score Type of soil texture
6 Loamy clay sandy 29wy (b 1 Sand e
7 Loamy clay silt/loamy clay 8 o)l 08 (wy (il 2 Sandy loam P
8 Clay sand ) (s 3 Loam sand o9 b
9 Clay silt 0y sl 4 loamy Silt /Silt P VN I o
10 Clay ) 5 Loam oy
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Figure 1- Mixed cultivation of citrus and date palm (above), using green nets to shade and reduce severe sun damage

(middle), Chlorosis and severe leaf fall (bottom left), and leaf wilting and severe symptoms of thirst under irrigation
condition (bottom right)
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Table 3- Results of factor analysis of variables to determine the number and nature of hidden variables affecting the
correlation between variables

adlgo
Components
1,551 2 56 3 518 4 518
Factor 1 Factor 2 Factor 3 Factor 4
wléle Jsb Longitude 0.182 0.196 0.873 0.113
wlélis o,e Latitude -0.056 0.230 0.095 0.429
by s 3l glis)) Altitude -0.152 -0.301 0.890 0.042
L> Temperature 0.109 0.846 -0.353 0.029
cé g o AQE 0.119 -0.415 0.071 0.825
Gla B muiw cwws SAR 0.021 0.890 0.168 0.026
w0 e Clay 0.936 0.089 0.026 0.224
Sk sl Soil texture 0.958 0.004 0.005 -0.004
Jg o5 Decline 0.217 0.075 -0.007 0.889
oz »és Eigenvalues 2.374 2.156 1.489 1.229
ib,ls Variance (%) 26.376 23.957 16.545 13.655
o5 1oy Cumulative (%) 26.376 50.333 66.878 80.534

Extraction Method: Principal Component Analysis

bl sadge U izl Sl by,

Loyl o (hs B3I (i (650505151 gLl 43 anllae 3590 (S paiie (Swmod il =4 Jouix
Table 4- Correlation coefficients of the studied variables in order to measure the degree of linear relationship between them

Job oo ey X HB o2 o Ol
Lal s Whis > g bd P o olpe SBcdl Jlg; ol St
‘f””_"’? ‘j””_ il =" Temperature Tree age c Clay  Soil texture Decline N
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**_Correlation is significant at the 0.01 level (2-tailed)
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*. Correlation is significant at the 0.05 level (2-tailed)
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Table 5- Correlation of shading and percentage of decline in Citrus limon cv. ‘Lisbon’
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Shading N Mean Std. Deviation Std. Error Mean
Jls; 0.00 47 57.4043 30.39569 4.43367
Decline 1.00 18 29.6667 31.11648 7.33422
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Figure 2- Mean of maximum temperature changes in spring (top) and summer (bottom) during 2009 to 2018 in Jahrom city
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Table 6- Samples t-test (shading and decline) in Citrus limon cv. ‘Lisbon’
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Levenes test for equality of variances F-test
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Ll
P-value for equality

S ol el Galp s aieP
t-test df Sl

P-value for equality of

of variances means
Boibyly sl 023 0.234 0.630 3271 63 0.002

Jlss Equal variances assumed
Decline  bauilly sl pas 22 3237 30.205 0.003

Equal variances not assumed
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Table 7- Correlation of anti SAR and percentage of decline in Citrus limon cv. ‘Lisbon’

S0 Aiged dlaxd are L1 il 5 luibi! gl Sl
Anti SAR N Std. Deviation Std. Error Mean
Jls; 0.00 45 52.0889 32.12605 4.78907
Decline 1.00 20 44.4000 34.59754 7.73624
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Table 8- Samples t-test (anti SAR and decline) in Citrus limon cv. ‘Lisbon’
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Levenes test for equality of variances F-test
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P-value for equality

S ol wlileeny Galp s aieP
t-test df Sl

P-value for equality of

of variances means
leoribls sl 028 0.494 0.485 0.870 63 0.388

Jis; Equal variances assumed
Decline Loy ol pae 258 0.845 34.185 0.404

Equal variances not assumed
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Figure 3- Cluster analysis of the 12 studied variables in this research
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Table 9- Path analysis for Percentage of decline in Citrus limon cv. ‘Lisbon’

g 2 e yé 11
Indirect effects on Decline
J9j 52 e 1 51 b o o9y ol gy ol
Direct effects on Decline  Temperature Age Clay Decline
Altitude b ,> mlaw 31 g5 ) - - 0.18 -0.07 -0.09
Temperature > 0.32 - - -0.07 -0.16
Age &> o 0.68 - - - 0.10
Shading jlaslabe -0.23 - - - -
Clay (w, ol 0.44 - - - -

Soil texture S cél -0.34 - - - 0.36




1400 e 4 oyl 35 alr (55,9105 aalio 5 pole) by pole 525 48

Altitude

g

Temperature

L

19

22

Shading

Clay

.24

Soiltexture

Decline

b yiio (ot Jolre 9 s batly) (gaiade e o @ o5 (gm0l L e 4y 55 (0 S113) (glowin 4 JSS
Figure 4- Diagram of path analysis using stepwise regression to causal relationships between variables
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Figure 5- The mean temperature and hours mean of sunny numbers in the first six months during 2009 to 2018
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Introduction: Citrus trees are among the most important tropical and subtropical fruit trees in the world. In
recent years, newfound disorders have become a serious danger to citrus growing. In the last two years in Jahrom
city and surrounding towns, there have been numerous reports about the rapid drying of whole of citrus trees or
parts of them. Following studies by expert groups, the problem was referred to as "Citrus decline”. Most
researchers have divided the main causes of decline into bictic and abiotic groups. In fact, the disorder of citrus
decline refers to any type of disorder, disease or problem that can ultimately lead to tree weakness and loss. In
fact, decline can be considered a synonym for death.

Materials and Methods: In this study, 64 orchards located in the cities of Jahrom, Juyom, Khafr and their
suburbs were studied. Each orchard consisted of at least 100 trees of “Lisbon’ cultivars (one to ten years old).
Evaluations were carried out periodically and with a two-month intervals from March 1976 to November 1977.
On the one hand decline rate and on the other hand desiccating rate (tree with complete drying) were measured.
Average monthly air temperature, sodium absorption ratio (SAR), irrigation water, soil texture, manure
consumption, irrigation amount and methods, and spatial and temporal distribution of irrigation water were
measured. Longitude, latitude and altitude were recorded using GPS. The meteorological data were obtained
from weather station of Jahrom city. Soil sampling was performed using standard methods from all orchards.
After determining the soil texture type, in order to data convert from qualitative to quantitative according to the
amount of clay available, the numbers 1 to 10 were assigned to each sample. Number 5 was considered as
medium and standard soil texture. If manure was applied, one unit was added to the soil texture score of less than
5 and one unit was subtracted from the numbers above 5. The presence or absence of shading on the studied trees
(Green lace or palm tree) was assigned to zero and one numbers, respectively. Numbers zero and one were
assigned to applied or non-applied soil sodium solute reducing fertilizers, respectively. The amount of clay, SAR
(sodium absorption ratio) in irrigation water were obtained using the usual measurement methods in soil and
water experiments. Data were analyzed using SPSS software (version 25) and Path analysis diagram was plotted
using AMOS software (version 24). Multivariate statistical analyzes including factor analysis, correlation, cluster
analysis and path analysis were performed to determine the relationships between variables and the percentage of
decline.

Results and Discussion: According to the results of factor analysis, the first four factors accounted for
80.53% of the total variation. The first component (soil physical properties) including clay and soil texture
accounted for 26.37% of the total variance. The second component (salt evaporation and accumulation) included
temperature, mean age of the trees, and the rate of sodium absorption ratio (SAR) with accounting of 23.95% of
the total variance. Significant correlations were observed between decline and mean tree age, decline and clay
percentage, decline and presence of shading. Almost all of the declined trees reached the full drying stage, which
is justified by the high correlation of the decline with desiccating (r=0.90 **). Percentage of decline had the
highest correlation with tree age (r=0.67 **). Percentage of complete desiccating of the tree was also highly
correlated with tree age (r=0.51 **). T-test to determine the correlation between two-level nominal variables
such as application of shading (presence or absence of shading) and anti-salinity compounds (application or not
application of salinity fertilizers) with decline occurrence was used. The mean percentage of decline was 29.66%
in trees under shade and 57.40% in trees without shade. In general, the rate of decline in trees without shading is
twice more than trees with shading. Path analysis identified the direct and indirect effects of variables on the rate
of decline.

Conclusion: It was generally found that the decline is a multivariate physiological disorder that largely, can
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be controlled by some orchard management operations. In the meantime, temperature control and soil texture
correction are important, especially in older trees. Increased temperature is one of the major causes of citrus
decline that is also indirectly associated with other deteriorating factors. Soil quality changes gradually due to
various factors so its correction is very important in reducing the incidence of this disorder.

Keywords: Citrus decline, Desiccating, Physiological disorders, Salinity



Journal of Horticultural Science
Vol. 35, No.1, Spring 2021, P. 55-62

(] s A
ISSN: 2008 - 4730 KA A

alS 5 w8 A5 24D 505y e slackile b
Sladiadg,ys cuiS Ll 4 5 Zamioculcas zamiifolia Engl. U sl
TS il g =T s Ol =N Gl Gl aible

VWA Y/ 8 1Bl 5 b

VWAV oy b

(323U gbio 3 pole) (SLtl pole & 185
BO-5Y o AF e ks ) ojleds ¥ Al
Yook - FYYe Lo

dAS

bl cusS Wodels ol s iS5 oMo > 4 .l ATaCEEE o3lgils 4 3laze ZaMioculcas zamiifolia ele pb b Wgel;

2,4-D (aLS 4y gouiiS oo 131 (mgiy (53 05 0 gy olisS Sloj 1 Slowt Sl o)le Bl Mg 5 g 1S5 Ca ]
Oilejl )3 .85 48 () )90 wlSlr (slaiales] ) Wainelj olS 5 dgiae 2 posigel & Sl (Slacuns 5 JS ()59 wslite slaclals
9 ‘\/'a) 2,4'D ..\_MJ) ol S rv.._lau clale 9 b du.%l.} )A.AJJ MS 54.«_9L: )A.ASJ \/YMS L_;LQWS ]aam Jel U}Q_m‘) JAK kj)) )‘ w9]l§ AA.]y Jﬁ‘
VY 9 V¥ pgigel 4y Sl Cad 5 9 Vg0 9)See VE 5 FA S (50500 ke 93 5 pgd (alofl 13085 )18 (e 3590 (Y50 9,50 VW
VIVY clale Uy (BAP) iyyss swel (asis 5 5Y gm0 Y/EA ckale Uy (NAA) bl Sl s alS 05, claoniiS pubas jis
sbazals Bl » e Culls oy 36 Coled 3 ) 518 (wyp 3)90 60Dy 0593 (2 50lsS 5> ol 4l g5 1 Y 509,800
\/Y MS S Lzm JLl Lmu»9Jl§ u.;).:w.oo as by ul.m.: Jsl u,uJLO)-‘ )l J40l> c;l.u ) L}JL))] dlw 92 Lzom JLl u,\_él.» CuiS ol ,\J}»
clale cov gan slaamin ) Lol o oanlie Sy dlusi g wollS o)l i VY pasigel a4 ljis Cund g yVaeg,Sue VY S 305 Hlews
)0 0l S dl_bmbf A ol 04l .\J}J LsmeLf ) st;a) Am) uAu‘)BI AR '99.;}‘01 L ul)...u Coond 9 )Y}cs)gsm YA J§ u)s).w

03,5 Ly iS5 Culibgo b (ladind g balpd > & sl (i
Mo (glaiadiyg)d ©ygmo a Wstialj (ob3jl5) (V) o
ey ol ol g lSel g 03,8 oy |, ol ol i iS5
03Ls > alitio el imgiy 55 Cl oaygl oald ) yialisS ol
(V) 48l cd (8L S aalS 4 aiin VY (5:S0ke Sloj
yolis oo dny plose 1) S oo ouind JuSUis 1l
Sy il ¢)loy5g,0 dlge 303 g dipel sl b ol g 8 punnyy
S S 0,8 (sd 0y 5 Ay 04 S walail dlge g ol dlge ¢ JI
2 ke Sl 5l e0de s Al (gt culS baee are (Slj2]
el LS i S 3 Sylia Sl 5 o JsSlya L
Lagyign gloilo ) cialinl sximy St Lol jo (izeen
2 o ) 292 Tlind (6,5 el JlBle )3 (550 ol

4- ATP

0l s 1y Sy wilgn slaws oy o ol Cay s
pogel & Oy Canns ¢ gllS gl 3 5lS G035

dodso
4 3= Zamioculcas zamiifolia _ole s Ly ool

Gy o9 0L cpl .ol dlw wix olS S 9 Araceae oolgls
by (S slagmaj b g (e S gy sla S 5 i S
ol sl 45 Gl g o2 GBS 2 b Lj (LS (A) 1S (s
o> 45 il (gl g 0392 pglie (LS STl il
olals 51 (S Ulginsly (A) 1dlo Sl ony] 35))5 555 4y (B

(sl pole 09,5 Jboliwl 5 b)) cwliss)lS Hilw (goomisly cud gy =Y 9 )
Jals oKl

(Email: i.rohollahi@shahed.ac.ir 2 o 0diunr g8 =)
imio o8l (b gl 018l (g iyl g gye 09,5 bl Y

ool
DOI: 10.22067/jhorts4.v35i1.86111


mailto:i.rohollahi@shahed.ac.ir

Voo g o) ojlads B wlr (53,9La8 @l 3 poke) Ll pole 4520 OF

(M) 234 o Ugiselj sla
g &l S b oo CodS (g5 glie Cuotl 4 a2
Gual alS sla dises My CutsS 5 Coyw p 2,4-D 50
Slmoa S o a5 g po-igel 4 Sl Sglite G (JS (39 %5
Ol Wotnaly (8l culS slaazalS lgh copu 5 CudeS L)
5 0L ol SIVL Sl (eges Jldul & dags i plosil Simoy
o Jlosl (glajlass b ddgirelj olS A8 jlowsy A &4 a5 L
e any (Bl cuiS claazalS Ay oy p5Y ploj Bados
28l g il s LB

L g 9 g0

(V) sisle 5 9580k bawgs S Clados gl 4 424l
S Joll amlS g ogllS 4 Gbws Caa 9oy cn e
Wosal; ol 1 IS (ooliss 1l o Lol 5,5, 5 5 peo3 (5l
it olS_iyloj] Loy oo ) 5 15 1 anlie (1S s 05 4
Ah gttt (6l ol L aidd Yo e 4 oSy ol L5
L5 g (19 4B Ve e s jlneY 398 05 53 S
Ja el sade Ol b gtny dlspo 53 0505 60303,],3 403 ¥/O gy e
DB oo Ve JSIasl £ Cse 4 day g o ‘_;u&,l )b aw
P iz wedol jlam g 2yl S5l diges colys jo 8,8
(Y) Bad cuiS (g3908 Oygeay cunlio cuiS b

9 48l e MS a0l S baoma | ogllS Mg jolate &
s s b edlaiwl jled 93 lgie 4 4l s V/Y MS
YA /b cclale 93 )32, 4-D a0 S oo b ylaiy a0
228 @y e 4 DS oS 3 &5 Ve e
ojlsl dan £ clbdS Gl Ly ad oolawl Kdgy el Byme A
B s 29 (P JL lawg (@pe e lo) (gl
b ,S

L Ldgieelj oS (8L culS sladomalS 0y (sl asldl )
ke 9 9595k g oad plol Clidod Cute lls &) 25
955 YIFA) NAA 5 (Y90 9,0 VIVY) BAP (slaiyge590 (V)
286 35 ol 3l LSl b los dod 4y bl )90 4 (V5o
S 03gns e 5 VY 9\Y podgel 4y iz il (gl
3 2lisl y92 (V Jgaz) jY 509,00 YA 5 VT S Las
e cale Ly lisee slacatS bms jolato ol (sl c8)8
cble g pgigal 4 s Cilies (slacuns § Cub L3, (ol
N W A CbdS e oAb il (V Jain) @llae IS 05950
(@oye o ilw) Aoy plusl o3l ¢ ugllS ojl0l azam VY 4 V-
85 )8 ey 2y90 Sy 3l g

S el () ) (core BB (b gl 5 (6351 Jlis]
039 Olie S8 2Be sl Jgloee 308 53 wre Jolge
o 93 (N (g is gie gy g chale Jolo g 4 o ol
A7) 33 5153 5l ot ) adg i g 3,Skes Sl

I 2y9m0 (g w2 )3 (e (I o3lo lgie 4 (595
O35 el 8 53 paisel 5 Sl slag ASle lalS
Sleas Qo il 4 51 .0sd 0 ©lo LS lawgy 45 Aitws
o= Lol posgel & T (3555 plgie 4 b Gl 5l U bme
2 Felite 3 (e e plgie & Sl g passel Jg 0gd
(V) cedls walss LS losd S 5 5 1)

Sleslawl U cdl cuis lase £1Y &l yis & 99:39‘1 Cond 53
i oS 9 liald ol it i o p )5 Ve BT clale
P Y) el aas )55 ' Soue 5 sladiged iy oyl (gladind
= Sl an poisel Cumd 5 S 09500 Slsime 1 adllas
oade TS oye Joho ulS 5 a9l slacdglie 5 olog
OFar 9 5 iy e el Yaa e Ae S (g0 45 S
Siplogy 4l Clplie (lie n YL el Vga oo £ g ¥
5 Jo8 S5 sl Gl i (ol 1 09dle 03,5 o T
posigol Ve Cumd )3 Sl Sipylosy (slgizme 5 5 (59 mosal
() A oamlie s &

S sladiges 5l edlatul b Tawl)] odlgils claaioS I oyl
= 035l 2y o 3l 4zl cam il g egl WAl b
N Olgs 4 ST A8y 048 wila 08 (B 1(VY) Wed
228 a5 (1) 1l o golae (gl St 53 g0 Jelgs
cel, Papaver bracteatum olS > ok 4 2,4-D a8 13,
b > Bpae chle (V) 2580 g 09 Gl S A5
ol Jlayes oYU Cral oyl iy 008 palais Jlos
4 oab 03938l (Sl ygmy9m (jee 9 (e Slge diile (il Jolge
Foe Sldindfgyd bz )3 Wghalj M) Caspr p CulS Lo
Ot 03 plosl Llshual olS (59,0 & (gl 5> bl oo
a5 b ol yon M.S S Lamo  yogllS’ (sl (s kS Laumo
015 pLsl Ygog,Seo 4/+0 cbale 24D _alS 1d, oaiS
Wgielj (8Ls cuiS (laaomals ()8 5lo adllae (L (1Y) ol
Y (0:Y) ecdpigwle cp =Y ot calisee lacuiS b o
aS b ool i (Vee) cad iz polociay =¥ (V2V) ol yz yolocey
4ol )l Cap cutS e ooyt (V1)) Cdl piple

1- Dianthus caryophyllus L. cv. Mondeo Kgr
2- Salvia nemorosa

3- Rosmarinic acid

4- Araceae



OV azalS g ol udgi 13 2,4-D g (439 5 iliske glocdalé 150

S Ly i+ ole S s =V o3 Ver oo S s
53 0 odlol (ol yiam g Ao ydV e v (claiB3g) dulo yian =¥ ):)
Yoot 4y jaumasl 1/ )Lid g 01)S il a3 VWY (glod L oMSs5!
9 S sleasles slasy o, Fr cuddS l am ud oyl dd8s

855 )13 2biyl 290 LS ) jle Cundg

Slaiadye baulyd )3 0ad Mg slaazals S als e

b | Sy g5 slaazels .ad Jite S 4 ()55l sl
o ladiged oy 9y BT laosile (Bl @)l (sladidiyg)d cuts
505 Jitie coslio (6 ytn & 5 (65locSl aio L] Lawgs ¢
a IS Uil 05, CSBB )5 ()15 azim oSy 3l amy LV JSC3)
2 ol oyl 33 oy 290 (Sl 5 ol IS

)Ygag)igo A 9 Ye s O399 chls 2 NHa: NO3 bz Swuws b cgé).\a.o).g. ).noU& ﬂb&o -y Jgé-‘?
Table 1- Macro-nutrient concentration in different NHa: NOs ratio in total nitrogen concentration 24 and 48 uM

S s gy golis 33le(UM) — UMY E JS o459 5 ludo
Macro nutrient (UM) - Total nitrogen concentration 24 uM

NH4:NO3 NHsNO3 Ca(NO3)2 CaCl K2SO04 KH2PO4 MgSO4
25:75 6 6 0 5 10 2
50:50 12 0 6 5 10 2

Spaoy yolis plio(UM) = UM ¥A 5 055 25 o
Macro nutrient (UM) - Total nitrogen concentration 48 uM
25:75 12 12 0 10 20 4
50:50 24 0 12 10 20 4

wikieo SLalS 5 LuglS g (sl odlitul 3y50 1) slmorsiS
(V) cudls algs (BLS (T390 laiigayon S92 4 (K
lS Sl 00l s ey ligios ) ol gl
W) 2dlor cuslio il b (S giw 9 (S| S 5 2l
o 2,4-D 15 01518 plits aslio Bl tingy ol )3 (V0
o) sy 5 4 A5 S0 sl b duaglio 5 wgllS sl ¢ 1)
ol iz slanl b gilalely 5 (55 31 L b, 0uiS gl
sl &l (6 S50 1 (25008 W > Il waeds S S
15 LS slonl (6l 24D _alS w5y oatiS oasi5 ke (3l
el 03 2l 5 00 Al laadlllan o )3 Uginsl; oL
M)
O glls ) JolS dnalss aal g g aaile (yaias (slaahall uad o
ale i (oLamplisl ol oy gty Sy 5l ey i VS
A R T (ol e L)
slopll oLl (5268 9 V¥ poigal 4y i Cd g Y 909)Sie
5 0iari (S 4 barpe (@ye yioBle Y/0) aile (>
(¥ Jsiz) aslioe V) posigel 4 Clzd Cad g V509,800 VF
ale i slnplas) o1l e iy i ceiSly ) o i YY
VY paisal 4y Gl G G ob 2 4 bgrye (e o o 1)
slophisl ojlil (iS5 Yoo 9S00 YA JS ()95 clals 4
posisel doy Ol Cannd 4y Blate (20 o Bl ¥/0) Ao (i
(Y Jgi2) Milin Y0 9,500 VF S (1395t clale 5 1)
poigel 4 Oy V1Y a5 (390 )Y 909,500 T Jla
Lajlos plw Cans a5le oy slaplail o5l0) 3o (st yiul38l

Laoals Jalas g 525 g s obel slag b

g & gl catS (Gilodinge ) ol b bl U0
MS cuiS laso 5951 93 b bt Mol gyl LB 3 518
(oo 53 53) 2, 4-D 4l 0aiiS oo 5 (o 93 )3) 4Bl S
25855 93 Ly (ol elS )b B )3 )5Sl 000 4 A
(s 5 3) posisel 4 Sl Capms g (o 93 1) IS 39
P laded gy e )3 aalS )55k 905l 9 1,5 F
SAS (5Ll 38,5 b g Ll S5 AL (ool MelS )b IS
b 1 Slo 050 400 Gxe (owyp Can LS d)LJ 4 355 /Y dsews
A ookl o p> V s adaw p3 4SSl (glasals dix 05l 5]

IS sl g3
Mwmmwuumuuwu,l@u

g la wollS o3ll s dme )38l el adl o V/YMLS.
iy Jolate (51L() JSKS) 2 0 o pd Vel e )0 0
aS ol i axdl o MLS ciS b 9 2,4-D iy ouiS
MS. Jloss & syl 0 b 1y oslS ol (5l sino 326 4, D
plosl sladdlas ol p () JSS) ol ld iol58] adly yus
Le oS (o cgud o LS &5 g5 & ol LS5 0
e 95 9 e 13U el ogMe (V) 2) (S digaiiyy €95 5



Voo g o) ojlads O wlr (53,9La8 @l 3 poke) Ll pole 4520 OA

L azan VY p0 a8 ol )l Sy ol g aomalS S50 4 bas o
039 )Y 509, VY Jlowi Cod diile (i slaplul sy 5l
S (Y Jga) posisel 4 Ol VoY s o (Y Jgio)
A ady aolyd s iy Sy ool Ll g aalS g e
Ao Ol (ad jS g (9ris it (slap )b i Cjlge
L 0aris e o (LS (laass Uls 4 bsjo posgel
0590 shil o oS lay me d iy wl adgl pdaw (b o posigel
Sae il > S laomo Ayl Jg 290 posigel il g
p% ol Pl g oad eald Sl Gl (gl byl g 4l 38l

(F) M G139 5t

Camd 9 039555 V909,50 TA las 53 (¥ Jgu) 2550 osnliie
o slaplsl o510l )3 oyt ial33l cpagel 4 clyis Ve )
(7 Jgi2) 29 odnlin bajlow ol Cons 5o
Ggldio glacun (S (980 Glide glacdale i
S8 I s gy T GRISaA 1 51 g 8 93 gl as ol i
bl oy U g clle jleg g1 a8 b L ol
CuiiSly dmy VY aitn ) ol S Sy oldad p pauigel 4 ol yis
Ll o b e do ) 5 0o 0 e w3 sy @
2l L3I S ol yine 5l ayles ol (Y Jsiz)

m 9.05uM 2.4-D

1.18 M 2.4-D

12

T 10

5 ™

—y

2z 6

= o

tv\—f

@] 4 b b
2 C @
i -m N

MS medium

M.S. media

1.2MS medium

Wokislj oLS wallS 53101 y &8l yundd MS CuiiS laso s Sod CdaleX 2,4-D clile [idS o 4 ,;‘ls—\ IS
Figure 1- The interactioneffect of 2.4-D xmodified MS salt concentration on callus size of Zamifolia (DMRT, p<0.01)
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Table 2- Interaction effect of total nitrogen concentrationx nitrate/ammonium ratio on the size of embryo-like organs at 16
and 23 weeks and leaf number at 23 weeks in

IS o5 il Ol i 4 pawigal Comad
Total nitrogen concentration ~ Ammonium nitrat ratio

Wlo i olasl 851451
Embryo-like size

Wlo cpmie el 231051 S g9 Doy

Embryo-like size(cm?)  Number of leaves

(cm?)

Weeks after subculture” 16 23 23
24 1:1 35b 45c¢ -
24 31 45a 8.25a -
48 1:1 4ab 9a -
48 3:1 3.75b 6.25 b -
24 - - - 2.62a
48 - - - 0.75b
- 1.1 - - 0.37b
- 31 - - 3a

0,05 ,F00S5 b gl xe 9lds o yd O Jleas] a3 (ySily (glatels win yg0il obeoly Cygia 40 S yutie cladd > ()l sladac™*
S lame jd Sl d wansMS [ Vaeg Koo YIS gols NAA [Ygey oo YIVY g BAP** In each column, means with similar letters are not

significantly different based on Duncan’s multiple range test at 5% of probability level.
*Weeks after culturing in MS medium + NAA at 2.69 uM+ BAP al 2.22 uM
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Figure 7- Samples of Zamifolia seedlings ready to be transferred for acclimatization
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Introduction: Zamifolia, Zamioculcas zamiifolia, belongs to the family Araceae, In vitro propagation is
suggested for increase the propagation rate and disease-free production of explants because of vegetative
propagation of Zamifolia. Micropropagation is one of the commercial aspects of indoor cultivation and has many
advantages over conventional methods of vegetative propagation. Nitrogen is an important component in the
structure of molecules and metabolic compounds in plant cells. It is also a major constituent of amino acids in
the structure of proteins. Therefore, nitrogen source and its type are important factors in the application of
nutrient solutions, controlling the amount of nitrogen, which is divided into two factors: concentration and type
of nitrogen source. In this study, the effects of 2.4, D as plant growth regulator, different concentrations of total
nitrogen and nitrate to ammonium ratios on growth of Zamifolia were investigated in separate experiments.

Materials and Methods: According to the results of previous studies, the best explants for achieving full
callus and seedling are petiole and main vein leaf. The leaves were rinsed with running water for 20 minutes.
The leaves were then immersed in 3.5% sodium hypochlorite under laminar hood for 20 minutes. Next, they
were rinsed with sterile distilled water three times and then immersed in 70% alcohol for 60 seconds. Finally, the
samples were extracted from alcohol and cultured in a suitable culture medium vertically. In the first experiment,
callus production from whole leaf of Zamifolia was studied in MS and 1/2 MS medium with two concentrations
of 2,4-D (9.05 and 18.1 M). In the second experiment, the effect of two concentrations of total nitrogen at 60 and

30 uM and two nitrate to ammonium ratio (1: 3 and 1: 1 ) in presence of naphthalene acetic acid (2.69 uM ) and
benzyl amino purine (2.22 pM) were studied on whole plantlet production in the shortest growth period. After 16
weeks of continuous culture in the subculture medium, entire explants with tubers, roots and 1-2 expanded
leaves were transferred to ex vitro condition, in peat, peat: perlite (1:1) and sand and then on a shaded
greenhouse bench. Statistical analysis of the results was factorial based on completely randomized design with
20 replications, and plantlet production acclimatization test, factorial experiment based on completely
randomized design with four replications, were performed and analyzed with SAS software version 9.3

Results and Discussion: The results of the first experiment showed that the largest calli were produced in
MS 1.2 and 2,4-D 9.5 uM. After 16 weeks, largest embryo-like size (4.5 cm?) can be seen in the same treatment
under nitrogen concentration (30 uM) and nitrate to ammonium ratio (1: 3). On the other hand, the smallest
embryo-like structure size (3.5 cm?) is related to interaction of nitrogen concentration (30 uM) and nitrate to
ammonium ratio (1: 1). Overall, the results of the first part of this study showed the best callus induction and
growth of Zamifolia callus under culture conditions under modified M.S. 1.2 and 2, 4-D 9.5 uM. Secondly,
culture medium NAA 2.69 uM + BAP 2.22 uM and modified M.S. media and nitrogen concentration of 30 uM
and nitrate to ammonium ratio (1: 3). The best medium for embryo like structure growth in the early regeneration
and seedling production weeks, increased leaf number in the last weeks compared to other treatments. According
to this protocol, small number of leaves can be propagated to over a period of about 16 weeks to a large number
of Zamifolia plants, which is comparable to other methods of reproduction of this plant, and similar studies that
it has been economically justified to do this for about 30 weeks.

Conclusion: Based on our results, we can conclude Zamifolia tissue culture can be an effective way to

improve it growth conditions which can get acclimatized in ex vitro conditions on peat medium.
Keywords: Callus, Nitrate to ammonium ratio, Zamifolia
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Table 1- ANOVA for morphological traits of melon seedlings after heat shock pretreatment and chilling stress
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S.ov df Sﬁg%‘:qqg Stem diameter  Shoot fresh weight Shoot dry weight
Treatment
s 4 1.76* 11.90** 8.46** 0.258**
Phaay
el sl 10 0.46 0.53 0.40 0.003
Erorr
b - 9.14 7.35 8.43 7.07
C.V (%)
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*and ** represent significant at 1 and 5% of probability levels, respectively.
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Table 2- The effect of heat pretreatment on morphological traits of melon seedlings
lh)loﬁ AN 8L°5)‘ a3lw ).bj b)l.m\&l.\:} )3 0)9 b)wu Sis 0)9
T ) Seedling height Stem diameter Shoot fresh weight Shoot dry weight
reatments
(cm) (mm) (9) (9)
Control 6.66° 7.66° 5.30¢ 0.56°¢

20°C 6.66° 8.660¢ 6.90°¢ 0.67%¢
45°C 7.66% 9.33° 7.16° 0.70°
50°C 8.332 12.332 8.46° 1.218
55°C 8.00% 11.662 9.802 1.132
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Values followed by different letters have significant difference according to Duncan’s Multiple Range Test at p < 0.05.
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Table 3- ANOVA for physiological and biochemical traits of melon seedlings after heat shock pretreatment and chilling stress
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chlorophyll peroxide activity activity
e 4 0.197** 39.25** 0.784** 7.19%* 0.958** 14.97**
Treatment
rilefl sl 10 0.010 1.57 0.006 0.41 0.064 0.46
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** represent significant at 1% of probability level.
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Table 4- The effect of heat pretreatment on morphological traits of melon seedlings.
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50°C 1.712 14.962 1.14¢ 6.902 2.692 5.26°¢
55°C 1.552 13.502 1.24%¢ 7.142 2.492 6.34°¢

Values followed by different letters have significant difference according to Duncan’s Multiple Range Test at p <0.05
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Introduction: Melon, like other members of cucurbitaceae family, is sensitive to cold stress. Applying
different cultivation techniques in the nursery can provide some degree of tolerance to environmental stresses in
the plants. In the other words, applying stress conditions on plants may cause them to withstand subsequent
stresses, this is so called a cross-adaptation or cross-tolerance. For example, Whitaker (1994) showed that cold
stress damage can be mitigated by temperature pretreatment. This technique was then used to improve stress
tolerance in different plants. In this regard, heat treatment has been used to increase the chilling tolerance in
fruits and vegetables. Therefore, in this study, the possibility of increasing cold stress tolerance in melon
seedlings using heat shock was investigated.

Materials and Methods: The experiment was conducted in a completely randomized design (CRD) with
three replications and five treatments (including control and spraying with water at temperatures of 20, 45, 50
and 55 °C for 90 seconds) in Faculty of Agriculture of Ilam University in 2019. Heat treatments where used as
foliar spray by heated water. After applying different levels of heat treatment and recovery at 24 hours, seedlings
were exposed to chilling stress at 3 °C for 6 h in 6 consecutive days. All seedlings were transferred to
greenhouse and after 72 hours, the related traits were measured.

Results and Discussion: Results showed that pre-treated seedlings had higher growth rate than control
seedlings at the end of chilling period. Heat shock pretreatment significantly increased the content of
chlorophyll, proline and hydrogen peroxide and reduced the amount of malondialdehyde compared to the
control. The lowest amount of malondialdehyde (1.14 nmol g? fresh weight) was observed in the 50 °C
treatment, which was 50% lower than the control. Similar to other environmental stresses, low temperature
usually leads ROS production and oxidative stress. Malondialdehyde content is an index to measure membrane
lipid peroxidation and its measurement is a criterion of damage to plants in stress conditions. Reduction of
malondialdehyde has been reported to increase cell membrane stability and increase stress tolerance in plants. In
the present study, heat shock reduced the accumulation of malondialdehyde compared to the control, indicating a
decrease in cold effects on the plant. Mei and Song (2010) investigated the effect of heat pretreatment on
increasing high temperature tolerance in barley, and reported that using this method by stimulating the synthesis
of antioxidant enzymes prevented the increase of malondialdehyde in the plant under heat stress. Therefore,
maintaining the membrane structure and decreasing the accumulation of malondialdehyde in melon seedlings
under cold conditions indicates an improvement of plant defense responses induced by heat shock.
Environmental stresses including cold stress by producing hydrogen peroxide and other free radicals lead to
oxidative stress and damage plant cells. Hydrogen peroxide is converted to water by ascorbate peroxidase,
peroxide redoxin, glutathione peroxidase and guaiacol peroxidase groups. Therefore, increasing the activity of
antioxidant enzymes in plants is one of the most important mechanisms of the plant to cope with stress
conditions. In the present study, heat shock pretreatment significantly increased peroxidase (POD) and poly
phenol oxidase (PPO) activity and increased the amount of proline and hydrogen peroxide. In this regard, it has
been reported that hydrogen peroxide has a dual role in plants and its increase in stress conditions by regulating
the production of antioxidant enzymes helps plants to enhance their tolerance to the stress conditions. Our results
is in consistent with Ao et al. (2013) report that stated hardening pretreatment of Jatropha curcas seedlings
caused to increase the antioxidant enzymes activity, plant glutathione and ascorbate content. The increases in
antioxidant enzymes activity by heat shock might be a positive mechanism, which facilitate the scavenging of
ROS and induce plant growth and development under chilling stress. These results indicate that antioxidant
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defense system has a specific role in enhancing plant tolerance to stress conditions and hydrogen peroxide play
an important signaling role in plant adaptive responses.

Conclusion: In general, the results showed that heat shock (especially at 50 and 55 °C) caused positive
physiological changes in melon seedlings and could increase their tolerance to cold stress conditions.

Keywords: Hydrogen peroxide, Malondialdehyde, Peroxidase, Polyphenol oxidase, Proline
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Table 1- Results of statistical analysis for leaf elements of hazelnut trees in high yield orchards

i b Sl ool
. - _ . _ . Slas las .
o Coefficient of S S N ol slre I\;Ijxim Mhil;:imu oSl
Variable variation Kurtosis Skewness  Variance Stan(]';iard um m Mean
0
deviation
(oNA,) 9.4 0.10 0.41 0.08 0.29 3.60 2.62 3.08
((I;O) 8.9 1.66 0.20 0.00 0.01 0.19 0.14 0.16
(OK/O) 334 3.39 1.75 0.07 0.27 1.44 0.53 0.80
(mgFIfg'l) 175 0.16 -0.28 9991.13 99.96 727.35 387.12 570.38
(mg';vII?g'l) 914 0.42 1.22 25670.57 160.22 481.90 26.81 175.26
(ngEg_l) 19.2 1.96 1.25 68.08 8.25 61.56 34.85 42.93
(mgg:ll:g'l) 28.1 -0.59 -1.00 22.99 4.79 21.84 8.72 17.09
Ol 3les b L 40 5aid US )3 Sy j3 29290 polis (55l 450 i -Y Joso
Table 2- Results of statistical analysis for leaf elements of hazelnut trees in low-yield orchards
Lo Byl ) .
. o . e e o
B u‘mf.%ﬂ S el Nz owWly  standard ,.SI._» J.el.» oo
. Coefficient of . . Maxim Minimu
Variable S Kurtosis Skewness Variance of Mean
variation S um m
deviation
(()’;i) 7.03 -0.47 0.40 0.04 0.21 3.30 2.58 2.93
(O/FL) 19.07 0.17 0.89 0.00 0.03 0.23 0.13 0.16
(:/(o) 29.3 2.17 0.94 0.06 0.25 1.51 0.44 0.86
(mgFIfg'l) 16.8 -0.86 -0.17 7950.52 89.17 657.47 355.84 529.39
(mgl;v'kng'l) 73.9 -1.14 0.48 4104.64 64.07 197.47 9.10 86.68
(mgrllg'l) 20.2 -0.99 0.29 67.33 8.21 56.47 29.97 40.59
Cu 29.8 -1.73 -0.25 24.07 4,91 22.30 8.93 16.45
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Figure 1 -Macro element (N, P, K) concentrations of hazelnut leaf in high and low yield orchards (p-value>0.05)
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Figure 2- Micro elements (Fe, Mn, Zn, Cu) concentrations of hazelnut leaf in high and low yield orchards (p-
value>0.05)
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Table 3— Some selected soil physical and chemical characteristics of the studied orchards

O
Orchard ocC T.N.V Clay Silt Sand
ds.m-! % % % % %
1 0.83 7.72 1.35 15.96 24.84 37.26 37.90
2 0.91 7.76 1.45 11.17 20.70 33.12 46.18
3 0.51 7.82 0.74 16.49 16.56 28.98 54.46
4 0.76 7.72 1.07 17.02 33.12 31.74 35.14
5 0.63 7.90 0.58 46.82 26.22 38.64 35.14
6 0.49 7.96 0.54 47.35 35.88 42.78 21.34
7 0.59 7.85 1.85 19.68 38.64 37.26 24.10
8 0.84 7.63 1.67 44.69 28.15 47.75 24.10
9 0.85 7.78 0.78 35.11 31.74 35.88 32.38
10 0.91 7.33 2.23 2.66 28.98 33.12 37.90
11 0.49 7.77 0.86 2.13 30.36 34.50 35.14
12 0.49 7.78 0.93 2.13 22.08 26.22 51.70
13 0.51 7.78 0.91 5.32 24.84 30.36 44.80
14 0.91 7.71 1.39 17.56 11.04 35.88 53.08
15 0.56 7.73 211 27.13 27.60 55.20 17.20
16 0.77 7.39 0.78 1.60 27.60 33.12 39.28
17 0.60 7.80 1.29 28.20 27.60 33.12 39.28
18 1.00 7.44 3.18 3.19 19.32 35.88 44.80
19 0.49 7.80 111 15.43 35.88 33.12 31.00
20 0.60 7.13 121 1.60 19.32 41.40 39.28
21 0.55 7.1 3.88 47.88 23 38.8 38.20
22 0.54 7.74 0.70 20.75 24.84 38.64 36.52
23 0.63 7.75 0.86 11.70 22.08 35.88 42.04
24 0.76 7.57 1.93 5.32 22.08 33.12 44.80
25 0.48 7.40 0.56 3.72 17.94 34.50 47.56
26 0.54 7.48 0.32 4.79 5.52 27.60 66.88
27 0.57 7.92 0.18 10.64 13.80 30.36 55.84
28 0.49 7.83 0.80 26.60 44.16 31.74 24.10
29 0.72 7.86 0.91 38.84 30.36 42.78 26.86
30 0.48 7.75 0.48 45.75 35.88 41.40 22.72
31 0.61 7.84 1.09 45.75 33.12 4416 22.72
32 0.43 7.86 1.03 10.64 30.36 35.88 33.76
oSl 0.66 7.67 1.25 18.33 25.32 35.82 38.86

Mean
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Table 4- DOPand nutritional balance indices in hazelnut orchards

L DOP _glayas L
g, adw Jols DOP indices
Orchard o/ N P K Fe Mn Zn Cu
(NBI)

1 279.74 851 313 4484 9.72 5151  -151.51 1053
2 301.67 16.10 0.00 -4.19 2.41 8471  -184.71 9.56
3 353.25 5.04 -14.06 -12.90 -9.49 9481  -19481 2213
4 320.76 -4.44 6.25 -15.80 15.35 7631 -176.31  26.29
5 371.47 1272 2031 -4.19 17.13 9462  -194.62  27.87
6 344.77 3.76 18.75 1.62 -20.79 8473  -18473  30.38
7 299.58 -8.51 7.81 -4.19 27.61 6750  -167.50  16.46
8 315.46 -7.23 -3.13 10.33 -11.70 -80.80  -180.80  21.49
9 142.15 -0.45 17.19 -15.80 6.86 14.97 -85.03 1.84
10 301.85 2.41 6.25 -18.71 4.10 174.90 74.90 2058
11 201.00 11.89 -3.13 -33.22 3.99 1052 -11052  27.72
12 347.95 1272 14.06 16.13 8.97 8543  -18543 2520
13 304.32 5.87 -18.75 -33.22 -1.30 6548  -165.48  14.21
14 290.38 0.67 -15.63 2161 1.82 66.80  -166.80  17.05
15 231.07 -16.71 23.44 24.84 -6.87 2038  -120.38  18.45
16 331.46 1934 -1563 27.75 -14.80 7225 17225 944
17 331.82 -1.66 -18.75 -18.71 37.72 6037  -160.37  -34.24
18 123.30 0.98 -1.56 1.62 11.69 8.71 -91.29 7.46
19 374.79 -4.37 -20.31 16.13 3757 8072  -180.72  -34.97
20 331.40 -9.86 -18.75 39.36 6.35 6738  -167.38  -22.31
21 247.90 6.39 42.19 36.46 2269 1452 -11452 1114
22 217.28 -15.36 18.75 27.75 -32.09 11106 -111.06 1.23
23 225.05 11.06 -4.69 30.65 5.25 3094  -130.94 1152
24 237.70 -1.66 53.13 80.01 2.24 26.01 -73.99 -0.67
25 275.02 -3.09 0.00 2451 6.82 145.78 45.78 -49.04
26 265.60 7.23 -4.69 -7.09 23.89 4177 14177 -39.15
27 257.74 5.87 -20.31 452 -0.82 4499  -14499  -36.23
28 210.10 -3.09 -3.13 -12.90 20.60 1363 -113.63  -43.13
29 201.49 -9.86 -14.06 1.62 12.98 758 10758  -47.81
30 204.58 0.98 3.13 80.01 -18.07 14.09 8591  -22.40
31 258.65 5.87 7.81 88.72 -19.09 12.64 8736 -37.16
32 258.37 11.89 -18.75 -18.71 23.02 1619  -116.19  -53.63
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Table 5- Coordinates of orchards geographical locations, yield and priority order of nutrient deficiency in hazelnut orchards

fb D)M u‘nl'iﬁ‘)” Olaise 1 2 3 4 5 6 7 b).SJ;::
Orchard No. Geographical coordinates (kygleh a)
1 0421601/4082861 Mn K Fe N P Zn Cu 750
2 0422285/4082156 Mn Zn K Fe P Cu N 2000
3 0423657/4081623 Mn Zn P K Fe N Cu 1000
4 0423416/4081532 Mn K Zn N P Fe Cu 800
5 0419253/4081237 Mn P Zn Fe N K Cu 800
6 0419031/4081322 Mn Fe K N Zn P Cu 800
7 0422455/4075640 Mn N K P Zn Cu Fe 2000
8 0422324/4075555 Mn Fe N P Zn K Cu 1700
9 0434724/4073543 K N Zn Cu Fe Mn P 1400
10 0437016/4068303 K Zn N Fe P Cu Mn 2000
11 0437089/4068308 K Mn P Zn Fe N Cu 2200
12 0439086/4067673 Mn N Fe Zn P K Cu 1000
13 0437916/4068552 Mn K P Zn N Fe Cu 900
14 0453771/4068649 Mn K P Zn N Fe Cu 2200
15 0432519/4083591 Mn N Fe Zn Cu P K 1100
16 0430810/4081238 Mn N Zn P Fe Cu K 1200
17 0430764/4081238 Mn Fe Cu P K Zn N 1200
18 0429721/4081819 Cu P N K Mn Fe Zn 700
19 0430549/4082217 Mn Fe Cu P N K Zn 1000
20 0430746/4082211 Mn Cu P N Fe Zn K 1500
21 0430646/4081640 Fe Mn  Cu N Zn K P 1200
22 0430649/4081612 Fe N Mn Cu K P Zn 1800
23 0430743/4081478 Mn Fe P N Cu Zn K 900
24 0430561/4081596 N Cu Fe Zn Mn P K 1900
25 04075856/404071 Cu K N P Zn Fe Mn 1500
26 04075942/403621 Mn Cu Zn Fe N K P 1000
27 04077311/404338 Mn Cu Zn P N Fe K 1000
28 04082170/411212 Cu Mn K P N Zn Fe 1700
29 04082290/410858 Cu Zn P Mn N K Fe 900
30 04082385/410320 Cu Zn Fe N P Mn K 1800
31 04082320/410054 Cu Zn Fe N P Mn K 800
32 04076237/412974 Cu Zn Fe P K Mn N 1500
2500 -
3 = 2000 -
1
v, =
2 = 1500 1 y = -6.8372x+3399.8
3‘: é R2=0.6344
v = 1000 -
a2
g‘ »+ 500 -
2,
0 T T T 1
0 100 200 300 400

NBI gl awdad Jolai asll

God 5 0 Slos g gl dad Jolad (ad b oo el -Y USS
Figure 3- Relationship between yield and nutritional balance index (NBI) in hazelnut
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Introduction: The study of the nutritional status of orchards is one of the primary priorities for the nutrition
of crops and orchards, which is done in different methods. One of these methods is the deviation from the
optimum percentage (DOP). Hazelnut is one of the species of the family (Betulaceae) which is the fifth most
produced nut in the world after cashews, almonds, walnuts, and oaks. Turkey is the world's largest producer with
about 70.3% of the total world production of hazelnuts and Italy with 11.9%, the United States with 4.5%, and
Azerbaijan with 4.2%, Georgia with 3.8%, Spain with 2.5% of world production, respectively. Other hazelnut
producing countries account for 2.8% of the world production and the world hazelnut production in 2018 was
about 888,000 tons. In 2018, Iran was the eighth largest producer in the world with a production of 16,000 tons.
Guilan province has 18,000 hectares of hazelnut orchards, which constitute 85% of the cultivated area of
hazelnut orchards in the country. Since the leaf is the most important part of plant metabolism and the
concentration of nutrients in the leaf at certain stages of plant growth and development has a great relationship
with yield. Therefore, leaf analysis and interpretation of the results, provided that according to standard methods,
can provide good information about the nutritional status of the plant and be used to recommend the appropriate
fertilizer.

Materials and Methods: The optimal Deviation (DOP) method was used to investigate and identify
nutritional deficiency and determine the optimal concentration of nutrients. For this purpose, the number of
nutrients such as nitrogen, phosphorus, potassium, manganese, copper, iron, and zinc were determined in 32
hazelnut orchards with growth of the following year branches in the three major hazelnut production cities
(Rudsar, Siahkal, and Amlash), in July. To implement this project, 32 orchards over 10 years old were sampled
from the dominant cultivars of the region (Gerd cultivar), so that they are different in terms of management and
yield. Seventeen orchards in Eshkavrat region of Rudsar, seven orchards in Hazelnut areas of Siahkal, and eight
orchards in the Eshkvarat region of Amlash city were selected for sampling. The orchards that had the best yield
due to the great management were randomly selected to determine the standard concentration (Cref) and other
low-yield and medium-sized orchards were randomly selected to determine the nutritional status. The orchards
were divided into low and high-yield groups in August. When the concentration of nutrients in the leaves was
relatively constant, about 50 healthy young leaves were sampling in different directions and 10 trees in each
orchard. Pest-free samples were transferred to the laboratory and leaf samples were first washed in water and
then washed with distilled water. The samples were placed into the oven at 65 °C for drying. The dried samples
were completely powdered and passed through a sieve with half a millimeter holes. In leaf analysis, nitrogen
nutrients was measured in a more digestible manner by Kjeltec device, phosphorus by spectrophotometry,
potassium by flame photometric, manganese, copper, iron, and zinc by dry ash method and atomic absorption
spectrometry.

Results and Discussion: The results showed that the average concentrations of N, P, Fe, Mn, Zn, Cu in high-
yield orchards were higher than the concentration of nutrients in low-yield orchards. The deviation index was
calculated from the optimal percentage and the priority of the nutritional needs of hazelnut trees in each garden
was determined. Indicators are positive, negative or zero numbers, zero indicates the optimal statue of
concentration, a positive value indicates excess nutrient and a negative number indicates nutrient deficiency.
According to the indexes of deviation from the optimal percentage, among the elements manganese, nitrogen and
iron had the highest negative index, respectively, so that manganese had negative indexes in 78% of orchards
and nitrogen had negative indexes in 65% of orchards, and then Iron had negative indexes in 60% of the
orchards and phosphorus in 56% of the orchards, zinc in 53% of the orchards and potassium in 50% of the
orchards and finally copper in 46% of the orchards had negative indexes, respectively.
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Conclusion: Optimal concentrations were determined for nitrogen, phosphorus, potassium, iron, manganese,
zinc, copper, 3.08%, 0.16%, 0.80%, 570.38 ppm, 175.26 ppm, 42.93 ppm, ppm 17.09 in the leaves. Based on the
calculations of the DOP method, the following results were obtained for the priority of feeding the orchards.

Mn>N>Fe>P>Zn> K>Cu

Keywords: Hazelnuts, Nutrients, Nutritional status assessment, Optimal deviation index
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Table 1- Physicochemical properties of test soil
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Table 2- Biennial mean of flowering date, flowering period, and harvest time of peach cultivars and genotypes studied grown
in Khorasan Razavi climate conditions

Soi dls Ky 3 3 5 NS LG s
o1 5 Lewis e S & Jpled P O . . il oo
¢ e The beginning of Full End of 5 2,43 Flowering Harvest tim
Genotypes and - flowering bloom flowering eriod (day) arvesttime
cultivars Pink tip p y
stage
“’SJLA 2] . 27.03 27.03 10.04 16.04 20 29.08
‘Anjiri Maleki’
L
T 02.04 02.04 11.04 16.04 15 01.09
Fayette
‘Paeeze 07.04 07.04 11.04 16.04 10 16.09
Meshkinshahr’
B-sblaad 27.03 01.04 09.04 14.04 15 07.06
‘Shandabad-5’
'Vbdw’w‘ 27.03 01.04 09.04 16.04 17 19.06
‘Spring time’
“6%[5 &= . 07.04 07.04 10.04 17.04 11 18.08
‘Hajkazemi’
i 07.04 07.04 11.04 14.04 8 22.08
‘Dastgir’
2922 ks 07/04 07/04 11/04 16.04 10 29.08
Sefid Sardrood’
Tas dad Sblas’
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e ,l . . .I’
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Anjiri Zaferani’
T 07.04 07.04 11.04 19.04 13 16.09
‘Gajil’
Okl 07.04 07.04 11.04 19.04 13 27.08
‘Shablon’
WY dy
07.04 07.04 11.04 19.04 13 29.08
‘Boole-12°
Jogle 07.04 07.04 11.04 17.04 11 04.08

‘G. H. Hale’
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Table 6- Simple correlation between pomological and morphological traits of 14 peach genotypes and cultivar grown in
Khorasan Razavi climatic conditions
1 2 3 4 5 6 I 8 9 10 11 12

2

3

4 027" 022"

5 005® 015™ 012"

6 -010° -018™ -0.25™ 0.43%

7 -034% -018™ -0.22™ 0.29™

8 012"  039% 037* 042% 014"  0.34%

9 -008™ 004™ 012" 0026™ -006™ 027™ 0038* -011"

10 -009® 005™ -011™ 028™ -005" 028" 039% -014™ 002"

11 -008® -013™ -026™ -005" -0.06™ -0.20" -0.10" -022"™ -011" 002"

12 002° 024™ 033* 005" -006™ -015™ 017™ 027™ o033x 020 -
13 -011™ 014™ 023" -015™ -014"™ ! 011" 021 o027 007 007™ | 0.58**

Loy ) g0 Jlinl zalaw )3 o dre g 5 bre pf s 4 ¥ 4 * NS

ns, * and **: non-significant and significant at levels 5 and 1%, respectively.

05| 04| 03|02 -01]0[01]02]03]|04]05
Negative correlation non-correlation positive correlation
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1- Tree height; 2- Trunk cross section; 3- Crown of the tree; 4- Fruit weight; 5- Stone weight; 6- Fruit length; 7- Fruit width; 8- Fruit
yield; 9- Tissue firmness, 10- Soluble solids; 11- Titrarable acidity; 12- Flavor index; 13- pH
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Table 7- Stepwise regression for fruit yield as dependent variable and other traits as independent variable

Term Coef SE Coef T-Value P-Value
o
e -2.65 2.84 -0.93 0.035
Constant
1) 2 ) -0.0713 0.0284 -2.51 0.016
Tree height (X1)
(X2) e gl EJM 0.3501 0.0785 4.46 0.000
Trunk cross section (X2)
(.X3) D’M € 0.0567 0.0122 4.63 0.000
Fruit weight (X3)

R-Sq (adj)= 53.23%
Y=-2.65 — 0.0713 (X1) + 0.3501 (X2) + 0.0567 (X3)




Voo g o) ojlads B wlr (539148 @l 3 poke) SLl pole 4520 AA

Dendrogram
Ward Linkage. Euclidean Distance

10850

Similarity

2044

S R | [

Observations

2399990 9 (SiPgeg Slio (wlwl 90 Glwld (ool bl pd )3 9l cadigij 9 P11 V€ S o - JSuo

Figure 1- Cluster analysis for 14 cultivars and genotypes of peach grown in Khorasan Razavi climatic conditions based on

pomological and morphological traits
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1-‘Anjiri Maleki’; 2- ‘Fayette’; 3- ‘Paeeze Meshkinshahr’; 4- ‘Shandabad-5; 5- ‘Spring time’; 6- ‘Haj Kazemi’; 7- ‘Dastgir’; 8- ‘Sefid

Sardrood’; 9- ‘Shand Abad Haste Joda’; 10- ‘Anjiri Zafarani’; 11- ‘Gajil’; 12- ‘Shablon’; 13- ‘Boole-12'; 14- ‘G.H. Hil’
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Introduction: Peach (Prunus persica L.) is one of the most essential fruit in Iran and the world. This fruit is
suitable for both fresh markets and industrial producer and it is quite favorable by consumers. The efficiency of
production is strongly influenced by the chosen peach cultivars. New cultivars are constantly in development by
breeders. However, all characteristics are required to be examined include their ecological adaptation ability,
productivity, fruit quality, and market value before orchard establishment. Studying the new cultivars is
practically essential for exact determination of morphological and phenological features of genotype which is
important. However, there is limited information on the global evaluation of fruit quality in breeding progenies
and their relationships with pomological traits. Furthermore, the cultivated peach area under Khorasan Razavi
province is 1850 ha and the production of fruit is 11283 tons. Therefore, the selection of suitable cultivars for
cultivation in the region is very important due to the high economic lifespan of peaches (20-30 years), which in
some commercial orchards this period is reduced to 12-15 years. Therefore, this study aims to evaluate the
pomological and morphological traits of 14 peach genotypes and cultivars in Khorasan Razavi province climatic
conditions to select cultivars or genotypes compatible with high quantitative and qualitative performance.

Materials and Methods: This study was performed in two-years (2016-17 and 2017-18) experiments based
on a complete randomized block design with three replications on 14 peach cultivars and genotypes in Golmakan
Agricultural and Natural Resources Research Station on 4-years-old trees with density planting system at a
spacing of 4 x5 m. The type of applied irrigation was drip irrigation, with common fertilizer. Trees were trained
to an open center system. The vegetative (tree height, trunk cross-section, the crown of the tree), phenological
(first bloom, full bloom, end of flowering, flowering period, and harvest time) and reproductive (fruit weight,
stone weight, fruit length, fruit width, fruit yield, total soluble solids, titratable acidity, flavor index, and pH)
traits were evaluated. It is necessary to explain the soluble solids content by Refractometer (Model 7887, Osk
Japan) in terms of percentage and acidity by titration with NaOH (0.1 N) based on predominant peach acid,
malic acid. The ratio of soluble solids to acidity was obtained by dividing soluble solids by acidity. The pH of
the fruit juice was measured with a portable pH meter at room temperature (23-18 °C). Data analysis was
performed using SAS software (version 9.2) and means were compared using Duncan's multiple range test.
Stepwise regression and cluster analysis (Ward method) was conducted by Minitab software (version 19).
Simple correlation (Pearson) between traits from the mean of two-year data was performed using SAS statistical
software (version 9.2), in which positive correlation with blue color and negative correlation with red color was
determined, which increased the color intensity indicates an increase in the correlation coefficient.

Results and Discussion: The results showed that year and genotype had significantly different effects on all
studied traits. ‘Anjiri Maliki’ and ‘Shindabad Hastejoda’ were the earliest and the most late-flowering genotypes,
respectively. Among the studied genotypes, ‘Shindabad-5" and ‘Spring Time’ were the earliest fruiting
genotypes, and ‘Meshkinshahr Paeeze’, ‘Kajil’, and ‘Anjiri Zafarani’ were the most late-fruiting genotypes. ‘Haj
Kazem’ genotype had the highest tree height (236.18 cm), trunk cross-section (181.83 cm?), and tree crown
volume (73.34 cm®), which compared to the control genotype (‘G.H. Hill’) showed 38.62%, 79.9%, and 55.7%
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increases, respectively. In the second year of the experiment, the characteristics of fruit weight, stone weight,
fruit length, fruit width, and fruit yield increased by 41.72%, 43.45%, 16.61%, 16.40% and 81.99%, respectively,
compared to the first year. The highest amount of single fruit weight (165.28 g) in ‘Fayette’ genotype, stone
weight (7.04 g) and fruit length (65.05 mm) in ‘Shinabad Hastejoda’ genotype, fruit width (66.04 mm) in
‘Shandabad-5’, and fruit yield in ‘Fayette’ and ‘Paeeze Meshkinshahr’ genotypes (with an average of 21.78 and
21.33 kg, respectively) were obtained. ‘Anjiri Zafarani’ genotype had the highest content of soluble solids
(16.95%), flavor index (48.38), and acidity (4.65), which compared to control genotype were increased 0.1%,
69.38% and 25.8%, respectively. Fruit yield had a positive and significant correlation with trunk cross-sectional
traits, tree crown volume, fruit weight, stone weight, and fruit width. According to this study, the tree height,
trunk cross-section, and fruit weight traits were entered into the regression model, respectively, and finally, the
traits entered in the model justified 53.23% of the fruit yield changes.

Conclusion: Generally, ‘Fayette’ and ‘Shindabad Hastejoda’ genotypes can be recommended as the best
genotype for cultivation in the Khorasan Razavi region due to their high quantitative and qualitative yield.

Keywords: Biochemical traits, Climatology, Fruit yield, Regression analysis, VVegetative traits
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Table 1- Pre- and post-harvest PUT and AVG application on fruits of table grape cv. ‘Yaghouti’

Control

Use distilled water pre and postharvest
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Pre-harvest spraying of 2mM putrescine with tween 80
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Pre-harvest spraying of 3mM putrescine with tween 80
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Pre-harvest spraying of 2mM putrescine with tween 80, immersion in Aloe vera gel 25% in the post-

PUT* 2mM

PUT 3mM

PUT 2mM+AVG* 25%

harvest stage
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Pre-harvest spraying of 3mM putrescine with tween 80, immersion in Aloe vera gel 25% in the post-

PUT 3mM+AVG 25%

harvest stage
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Pre-harvest spraying of 2mM putrescine with tween 80, immersion in Aloe vera gel 33% in the post-

PUT 2mM+AVG 33%

harvest stage
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Pre-harvest spraying of 3mM putrescine with tween 80, immersion in Aloe vera gel 33% in the post-

PUT 3mM+AVG 33%

harvest stage
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Table 2- ANOVA for the effect of putrescine pre-harvest and Aloe vera gel postharvest application on fruit traits of table
grape cv. ‘Yaghouti’

©lape n0be
Mean square

Lo PR ) Sy Jod ggie
& ol dlge o oadla 4 T ol
i M S gl , - olwgtl 2 ot s
SOV Sl e ol pH £y Firmness  Anthocyanins  Vitamin Total
~ df TSS O SSCITA content C phenolic
TA content
e 6 144055 011117  0.3069" 280.99™  0.1212™ 529.238" 65.978  252.876™
Treatmant
@bl ol
Storage 4 310.854™ 0.04131" 0.1629" 3486.3™  0.02535" 216.835™ 111.310™  879.783™
time
Olej X )les
L'S)L)‘ *3k * *% *k Kk Kk
Treatmant x 24 8.477 0.00127°  0.0272"  10.23 0.0056" 30.88 7.017 70.760
Storage
time
E“” 70 0.214 0.000040  0.00033 1.57 0.00024 3.007 0.001 0.685
rror
et - 3.33 1.15 0.345 3.56 2.36 5.36 8.32 7.65
CV (%)
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"Non-Significant, ** and * and significant at 0.01 and 0.05 of probability levels, respectively.
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Table 3- The effect of PUT (Putrescine) pre-harvest combined with postharvest AVG (Aloe vera L.) gel coating on the
biochemical characteristics of table grape cv. ‘Yaghouti’ fruits during storage

S350 51 ars 59, dlass

o
Treatment Days after storage (DAS)
0 9 18 27 36
TSS (°Brix)
Control 14.83+0.55¢ 18.30+0.132 20.95+0.73%  23.03+0.47%  24.20+1.053%
PUT 2mM 17.16+0.35% 18.37+0.592 19.16+0.95° 18.23+0.88°  20.31+1.102°
PUT 3mM 16.26+0.80% 16.85+0.53*  17.76+0.30°  16.66+0.85°  17.99+1.187%
PUT 2mM+AVG 25% 16.90+0.48% 17.75+0.57% 18.02+0.61 17.90+0.48°  19.64+0.397°
PUT 3mM+AVG 25% 16.09+0.102°  16.78+0.99 17.72+0.73¢ 16.17+0.76° 17.22+0.58¢
PUT 2mM+AVG 33% 16.56+0.47% 17.43+0.69% 17.94+0.67" 18.01£0.59°  19.00+0.105
PUT 3mM+AVG 33% 15.32+0.76% 16.26+0.98°  17.57+1.066° 16.44+0.38°  17.13+0.502¢
PH
Control 3.23+0.01° 3.26£0.0100®  3.30+0.015%  3.51+0.005*  3.61+0.010%
PUT 2mM 3.26+0.0082 3.279+0.0052 3.29+0.011° 3.2740.011° 3.31+0.020°
PUT 3mM 3.25+0.008%  3.272+0.010®  3.28+0.005%  3.25+0.005bc  3.30+0.010°
PUT 2mM+AVG 25% 3.20£0.007e 3.21+0.0104 3.23+0.010¢ 3.22+0.0154 3.24+0.010°¢
PUT 3mM+AVG 25% 3.24+0.003° 3.26+0.005%  3.28+0.005%  3.27+0.010°  3.31+0.010°
PUT 2mM+AVG 33% 3.21+0.012¢ 3.22+0.025°¢ 3.2440.015%  3.23+0.015% 3.26+£0.017°¢
PUT 3mM+AVG 33% 3.23+0.003« 3.25+0.010°  3.26+0.0152°  3.24+0.015° 3.29+0.015°
TA (tartaric acid /100 gfw)
Control 0.62+1.029° 0.59+0.0078f 0.51+0.010f 0.45+0.017¢ 0.42+0.002f
PUT 2mM 0.65+0.86° 0.63+0.003¢ 0.60+0.0016e  0.63+0.0058¢  0.61+0.005¢
PUT 3mM 0.67+1.25¢ 0.66+0.0075¢  0.62+0.0097¢  0.65+0.011°  0.63+0.012¢
PUT 2mM+AVG 25% 0.71+0.60° 0.70+0.006° 0.68+0.0082  0.70+0.007°  0.68+0.0057°
PUT 3mM+AVG 25% 0.69+0.21° 0.68+0.0076°  0.64+0.003°  0.66+0.009°  0.65+0.009°
PUT 2mM+AVG 33% 0.74%0.7452 0.73£0.0122 0.67+0.007° 0.69+0.004° 0.68+0.008°
PUT 3mM+AVG 33% 0.74+0.932 0.72+0.0063*  0.68+0.011% 0.74+0.0062 0.72+0.0072
TSSITA
Control 23.90+0.0057° 28.79+0.492 36.72+1.006 44.80+1.170*  54.55+1.522
PUT 2mM 26.22+0.00578 28.80+0.932 31.85+1.49° 28.84+1.17° 32.94+1.48°
PUT 3mM 23.95+0.0057° 25.65+0.87° 28.52+0.465°  25.50+0.94°¢ 28.34+1.46°
PUT 2mM+AVG 25% 23.5740.010  25.10+0.57*°  26.15+0.765%  25.36+0.66° 28.58+0.75°¢
PUT 3mM+AVG 25% 23.01£0.0057% 24.57+1.510  27.34+1.11% 24.40+0.81° 26.42+0.67¢
PUT 2mM+AVG 33% 22.25+0.0251¢  23.75+1.057¢ 26.54+1.087%  25.77+0.80° 27.7240.27%
PUT 3mM+AVG 33% 20.50+0.005¢ 22.30+1.213¢9  25.63+1.182¢  22.16+0.45¢ 23.78+0.91¢
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Figure 1- The Effects of Putrescine (PUT) pre-harvest application combined with postharvest AVG (Aloe vera L.) gel coating
on fruit firmness of table grape cv. ‘Yaghouti’
(LSD, 0.01 and 0.05 of probability levels)
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Figure 2- The effects of Putrescine (PUT) pre-harvest application combined with postharvest AVG (Aloe vera L.) gel coating
on vitamin C content of table grape cv. ‘Yaghouti’fruit
(LSD, 0.01 and 0.05 of probability levels)
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Figure 3- The effects of Putrescine (PUT) pre-harvest application combined with postharvest AVG (Aloe vera L.) gel coating
on the total phenolic content of table grape cv. ‘Yaghouti’fruit
(LSD, 0.01 and 0.05 of probability levels)
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Figure 4- The effect of Putrescine (PUT) pre-harvest application combined with postharvest AVG (Aloe vera L.) gel coating

on the total anthocyanin content of table grape cv. ‘Yaghouti’ fruit
(LSD, 0.01 and 0.05 of probability levels)
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Figure 5- The effects of Putrescine (PUT) pre-harvest application combined with postharvest AVG (Aloe vera L.) gel coating

on shelf life of table grape cv. ‘Yaghouti’ fruit
(LSD, 0.01 and 0.05 of probability levels)
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Table 3- Correlation between the fruit traits of table grape cv. ‘Yaghouti’

i . Aol g0 ] sl |
e Firmness s ' i;ﬁ Jghoe A o ) Cp: u C’"f“”“’
Treatment Anthocyanins phenolic TSS TSSITA Vitamin C
Firmness 1
Anthocyanins 0.76™ 1
Total phenolic 0.87" 0.79" 1
TSS -0.59™ -0.31" -0.40" 1
TA 0.81" 0.65™ 0.61™ -0.79™ 1
SSCITA -0.75" -0.54" -0.57™ 0.93" -0.93** 1
PH -0.71™ -0.59™ -0.56™ 0.79™ -0.85** 0.91** 1
Vitamin C 0.65™ 0.65™ 0.80" 0.005™ 0.27™ -0.19™ -0.27™ 1
AN g elo0 Jlois] o )3 o me SMST (o 4 % 5 %l gine BB oy pac
"Non-Significant, ** and * and significant at 0.01 and 0.05 of probability levels, respectively.
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Introduction: Table grapes (Vitis vinifera L.) is one of the most important fruits that is widely grown in the
world and is the export fruit of many countries. Although edible grapes are classified as non-climacteric fruits,
they are very prone to spoilage due to their softening, weight loss, and decay caused by fungi, as a result which
consequently leads to low storability. Different strategies have been postulated to maintain firmness and control
decay of table grapes during storage and improve functional properties of fruit such as pre and postharvest
chitosan coatin, and exogenous abscisic acid application. Table grapes have a short shelf life due to the thin
pericarp and fleshy texture of the fruit. Polyamines (PAs) application also showed a significant role in extending
the storage periods of several fruit species with maintenance of fruit quality. Postharvest treatments are not
necessarily the best way of maintaining fruit quality during postharvest period. Such treatments are expensive,
increase the risk of fruit damage through extra handling and also encourage grower to pay less attention to on-
tree quality. Pre-harvest application considered as a good alternative to cope with mentioned problem. To the
best of our knowledge, there is not any report in literature about the role of pre-harvest application of Pas and
post-harvest table grape in Aloe vera gel (AVG) as a possible role in reducing mechanical damage of berries
which leads to lower decays. Besides these, damage caused by human handling starts at harvest operation, which
still occurs by hand for most fruits.

Materials and Methods: This study was done on 12-year-old mature grape varieties of ‘Yaghouti’ in two
independent experiments in the scaffolding garden of Abestan region of Khorramabad city and laboratory post
harvesting of horticultural sciences department of Lorestan University in 2019. Therefore, this study investigated
the effect of foliar application before harvesting of putrescine (PUT) in three different concentrations (0, 2.0 and
3.0 mM) and immersion post-harvest fruit in AVG (25.0 and 33.0%) on grape fruit quality and shelf life of table
grape (Vitis vinifera cv. ‘Yaghouti’) in five times (0, 9, 18, 27 and 36 day) during storage at 4° C. The study was
based on a factorial experiment with two pre-harvest spraying factors with PUT and post-harvest immersion in
aloe vera gel (AVG) with three replications .The parameters of soluble solids (TSS), titratable acids (TA),

ascorbic acid, total anthocyanin content (TCA), total phenol content (TPC), fruit firmness, shelf life of table
grape (per day) were measured.

Results and Discussion: Fruits treated with both PUT concentrations showed greater firmness, vitamin C,
total anthocyanin and phenol content, TSS, and during storage retained their shelf life longer than the control. At
all five measurements, the highest levels of phenol and total anthocyanin content and firmness were related to
the treatment of PUT 2.0 mM with coating of 25% and 33% AVG and the lowest was related to control. Also,
pre-harvest use of PUT significantly prevented the softening of the fruit during storage and kept the firmness
fruit. Softening contributes to quality loss in reducing the shelf life, but PAs treatment resulted in maintenance
of flesh firmness during cold storage. Therefore, Put- and Spd-treated grape have higher firmness at harvest
leading to much lower mechanical injury during harvest and handling process and providing better
transportability. The purple skin color of table grape was related to the presence of anthocyanin compounds,
from which the anthocyanin malvidin-3-glucoside has been found as major component. Although, total

anthocyanins were reduced in control and treated fruits during cold storage, but pre-harvest foliar spraying of Put
delayed total anthocyanins concentration after 36 days of storage and decreased the loss of these compounds at
the end of experiment. PAs have been described as anti-senescence agents and a great number of researches have
been focused on the role of exogenous PAs on fruit ripening. Also it has been reported that the ripening process
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University, respectively.

(*- Corresponding Author Email: ehteshamnia.ab@Iu.ac.ir)

DOI: 10.22067/jhs.2021.61904.0



PEee slar ) olad T Al (55,9U08 qelo 5 pole) Ll pole aypts VNP

and senescence of table grapes is correlated with the anthocyanin concentration and profile. However, the data
on pre-harvest application of polyamine on different fruit species are scant. Khan et al., (2007) showed that pre
storage application of Put would retard fruit softening in ‘Angelino’ plum during cold storage by suppressing
ethylene biosynthesis. In mango, Malik and Singh (2005) reported that pre-harvest application of PAs improved
fruit shelf life, increased ascorbic acid content and retarded fruit skin color changes compared to control

Conclusion: Pre-harvest foliar application of Put on grapevines maintained higher firmness at harvest and
postharvest periods and also improved the fruit quality in terms of phenolics, ascorbic acid, anthocyanin and also
controlling weight loss during cold storage. Overall, the results showed that pre-harvest use of 2.0 mM PUT and
post-harvest immersion in 25.0% and 33.0% AVG improved the shelf life of the cultivar by 16 days compared to
control.

Keywords: Immersion, Natural coating, Post-harvest quality, Total anthocyanin
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Table 1- Results of variance analysis related to the effect of different concentrations of putrescine and inoculation of
mycorrhizal fungi on some morphological traits and vase life of gerbera ‘Dune’

4, Olaspo (b

Ol gilo sl Mean Squares
S.O.V. /
df
Sy 3l Sy dob Sy g Sy P ok SpSuid iy Sl e
Leaf number Leaf length Leaf area Leaf fresh weight Leaf dry weight Vase life
O 3 345.82* 25.83* 12144088.93* 31.74* 0.45* 154.49*
Putrescine (P)
s 1 287.042 48167~ 28277275.04 146,62 164 51.04%
Myecorrhiza (M)
529568X w59, 3 12.375° 250 595008.6° 10.225 0.161" 2477
PxM
ialejl sl 16 3.33 1.17 172847 1.46 0.0186 1.92
Erorr
Sl 08 - 8.71 5.12 2.973 13.39 18.42 7.33
CV (%)

Sobgime pae NS 5 o )d V Jlain! pdass )0 (6)b gime 1t o )0 O Jlain| o jd (g Gixe 1
*, **: Significant at 5 and 1% of probability levels, respectively.
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Figure 1- The interaction effect of putrescine xmycorrhizal fungi on the leaf number of gerbera cv. ‘Dune’
(Tukey, p<0.05)
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Figure 2- The effect of putrescine (a) and mycorrhizal fungi (b) on the length values of gerbera leaves cv. ‘Dune’
(Tukey, p<0.01)
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Figure 3- The interaction effect of putrescine xmycorrhizal fungi on the leaf area of gerbera cv. ‘Dune’
(Tukey, p<0.05)
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Figure 4- The interaction effect of putrescine xmycorrhizal fungi on leaf fresh (a) and dry weight (b) of gerbera cv.‘Dune’
(Tukey, p<0.01)
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(Tukey, p<0.05)
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Table 2- ANOVA for the effects of putrescine and mycorrhizal fungi on some biochemical traits of gerbera cv. ‘Dune’
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S el sl Mean Squares
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df
JedolS padlls a ddy ks b Juds S JS Juda S RO Jolono 28
*9 29 =9 9)
Chlorophyll Chlorophyll Chlorophyll b Total chlorophyll Carotenoid Soluble
index a phy ke sugar
O3 3 319.88" 8.70* 0.62* 13.92* 0.22+ 16,81
Putrescine (P)
RagSen 1 1004.91° 14,80 1.33+ 25,03+ 147 35.28*
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CV (%)
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Figure 6- The interaction effect of putrescine xmycorrhizal fungi on chlorophyll index of gerbera cv. ‘Dune’
(Tukey, p<0.05)
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Figure 7- The interaction effect of putrescine xmycorrhizal fungi on chlorophyll a content of gerbera cv. ‘Dune’ leaf.
(Tukey, p<0.01)

Vobes 4 boye (15 0ig o5 3= oS (e VVB) D Jidg )18
2l 4 G 45 39 52)95e )8 olpendy oS 3V g0 e
Onioned g oLl g g)l8 il (9l gy il claclale
A Cumd (g 3B LS o dme 46 (e Sy )Y e e ) clale
Oy cdale (B8l L g 0395 o xe (5,50 ) Yge Juo ¥ les
Bze (il ol &8 s j2 38l Gials @ Jdg)lS silen

(A JS5) 290

b Jad g5t

ol alyslas wad o s Guibyly 4550 5l ol zols
9 awep ) Jlasl o 3B Ldo )l Glise 2 2)sSee 9 sy
el 0303,5 I3 ime o3 B Jlais| s )3 o)l bl 5]
(Y Jgs)

c)l_‘a bl).o.bdu O g 4 RS ul.w; PSS ‘_):i’lﬁo Ao ldo
Ol Oy 5 LSS Ldo) 5" ljne sl e 43U 52)58ue



VYO 15255 GLalS yos g juwgid ey 2 323950 9 o yi g9 S0

b sl
Chlorophyllb (mg.g! F.W.)

iy e 2

Bmyco 0 Bmyco 1

ab

Put concentration (mM)

‘DUNE” o8, 132)5 S b Jdg IS 2 3255850 B X (o gy Jiliio 1 -A UK
Figure 8- The interaction effect of putrescine and mycorrhizal fungi on chlorophyll b content of gerbera cv. ‘Dune’ leaf.
(Tukey, p<0.05)
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Figure 9- The interaction effect of putrescine xmycorrhizal fungi on the total chlorophyll content of gerbera cv. ‘Dune’ leaf.
(Tukey, p<0.01)
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Figure 10- The interaction effect of putrescine xmycorrhizal fungi on cartnoied content of gerbera cv. ‘Dune’ leaf
(Tukey, p<0.05)
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Figure 11- The interaction effect of putrescine xmycorrhizal fungi on the soluble sugar content of gerbera cv. ‘Dune’.
(Tukey, p<0.01)

(=]

2 obes 9w Jilite Sl winen 9 (loj 9 )5S0 (e g S a8 il guid
P 0o 5 35550 Ly (g blite 1 g dopd ) Jlein] s ol alyslas aad o luis Wodly usblg 45550 g



VYV 15255 GLalS yos g jiungid cdy 3 303950 9 i3 S

B il g aald Jlog & bgrye (5 09 £S5 0 JsessSee
o & by 5 ol Glie a5 99 @835l90 555 5 32550
2L 48 250 i o) 53 52y95we olpedds (g )V g0 e )
ot ) Lol ol g sl Cons o] 1381 ) (61 ixe
(—id 595 1 3259-Swe olyonds (3o iy s Vg0 oo ¥ o ¥ (slaylos

(¥ dgia) 205 ©glite (slagloj

5 ooz Jlite 151 g a2 S o ino 20 Jlaisl
(¥ Jgi2) 203,55 o igine o b 520950 9 2)55se

Ol e Add oo L odly 1 Kle dunlis Joio oS jslailen

593 0% 5 0392 I3l a9y ot 59, L5 Jsl 5 51 olemmng!

35 a3 Sem 3 iz, 0l G5 g > S g, wmagld

YY/AQ) OT Ol (pyieS 4 (gyabody aslansly CJT 89y Cuto

‘DUNE’ 18, 115 52 S 5ol ilowrgidl 33 o5 9 3259500 &) cpmm yigy liSco SBCBIE 13U (il lg 4525 -F Jga
Table 3- ANOVA for the effects of different concentrations of putrescine, mycorrhizal fungi and time on petal anthocyanin
content of gerbera cv. ‘Dune’.
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Table 4- The interaction effect of putrescine xmycorrhizal fungi on petal anthocyanin content of gerbera cv. ‘Dune’
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Introduction: Gerbera is one of the most important cut flowers in the world and belongs to the Asteraceae
family. Due to its diverse and adaptable species for growth with a wide range of climatic conditions, this flower
has become a profitable cut flower for growers. Polyamines in plant tissues act as a potent factor in preventing
the production of ethylene. Polyamines and ethylene have antagonistic effects (anti-aging and aging effects), so
that the balance of these two hormonal groups in plants is very important for plant tissues. The balance between
the two opposing regulators leads to a delay or acceleration in the aging process. Mycorrhizal fungi can be useful
in hydroponic greenhouse systems, which increase the amount of CO, in greenhouses by increasing
photosynthesis in plants, as well as CO, emissions in the control environment, which both optimally manage the
environment and increase the yield and quality of plant products. Due to the economic importance of cut flowers,
it seems necessary to provide treatments (such as the use of putrescine and mycorrhiza) to increase the quality
and longevity of this plant.

Materials and Methods: This study was conducted in the research and production greenhouses of Urmia
University and the research laboratory of the Department of Horticultural Sciences of the Faculty of Agriculture
in 2019-2020. This study was performed as a factorial experiment in a completely randomized design with three
replications, each replication consistedd of three pots and each pot contained a plant. The factors of this
experiment were Mycorrhizal fungi inoculation (with and without inoculation) during the transplanting process
to the culture medium near the roots, and putrescine at four concentrations of 0 (control), 1, 2, and 4 mM, were
applied two weeks after transplantation, every 15 day-interval for three months. In order to investigate the effects
of putrescine and mycorrhizal fungi on some morphological and physiological characteristics of plants, two
weeks after the end of treatments, leaf sampling was performed to measure physiological characteristics. Effects
of putrescine and mycorrhizal fungi were assayed in some morphological characteristics including leaf number,
leaf length and leaf area, fresh and dry weight of leaves and some physiological parameters including
chlorophyll index, chlorophyll content (a, b and total) and soluble sugar as well as vase life and petal’s
anthocyanin during postharvest time. The SAS software version 9.1 was used to analyze the variance and
compare the mean of the studied traits. Comparison of means was performed using the Tukey’s range test
method at a probability level of 1 and 5%. Excel (2016) software was also used to draw the graph.

Results and Discussion: According to the comparison of means, putrescine, along with mycorrhizal fungi,
increased the number of leaves, leaf area, and the fresh and dry weight of the leaves as well as chlorophyll index,
chlorophyll a, b and total and carotenoid content of leaves. In this study, inoculation with mycorrhiza reduced
leaf length but increased leaf area resulted in that mycorrhiza could increase leaf blade because of increasing
cytokinin in plant. Putrescine with mycorrhizal fungi, increased leaf growth, photosynthesis of plant and
carbohydrates production. In the literatures, it is reported that, the vase life of cut flowers is a very important
point in choosing them as great cut flowers. The results showed, putrescine and mycorrhiza had increased the
vase life of gerbera flowers, therefore increased the quality of this plant. Putrescine and mycorrhiza also
increased the amounts of anthocyanins in the petals, and by the sixth day, the highest levels of anthocyanins
were observed in the petals. Probably, the reason for increasing the anthocyanins on the sixth day is the presence
of carbohydrates stored in the flower, which due to the reduced respiration and carbohydrate consumption in this
process.

Conclusion: Based on the results of the present study, it can be concluded that putrescine, with mycorrhizae,
improved growth characteristics as well as increasing the postharvest life and the quality of cut flowers of

1 and 2- M.Sc Gratuated Student and Assistant Professor of Horticultural Science, Faculty of Agriculture, Urmia
University, respectively.

(*- Corresponding Author Email: z.jabbarzadeh@urmia.ac.ir)

3- Assistant Professor of Soil Since, Faculty of Agriculture, Urmia University

DOI: 10.22067/jhs.2021.61915.0
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gerbera. It is also observed that among the different concentrations of putrescine, the concentration of 2 mM had
the greatest effect on the growth and physiological parameters as well as vase life of gerbera.

Keywords: Anthocyanin, Chlorophyll, Fresh and dry weight of leaf, Gerbera, Vase life
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Table 7- Comparison of the mean effect of different concentrations of humic acid on shoot length in strawberry cultivars

(C) o1+ (A) oo s R

Humic acid (A)x cultivars (C) Shoc()(t:rlﬁ)ngth
A% C, 14.65b
Ay % C, 14.71b
Az xCy 17.15a
Az xCy 15.06b
Ag x Cy 14.26b
Ag x Cy 14.91b
Agy X C; 17.71a
Ay % C, 18.19a
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Means followed by the same letter within each column show non-significant differences based on LSD test at 5% of probability

level.

Ay, Az, As and Ao Concentrations of 0, 300, 600 and 1000 mg/l of humic acid, respectively; C;. Local cultivar and C,. Selva
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Introduction: In recent years, applying humic acid has been common in enhancing the quantitative and
qualitative characteristics of crops. The use of biofertilizers instead of chemical fertilizers has an effective role in
increasing the health of plants, animals, and humans, and reducing environmental pollution. Chemical fertilizers
are gradually being replaced by biofertilizers. Strawberry is a fruit with high nutritional value. Choosing the right
nutritional conditions such as fertilizers and suitable cultivation beds to achieve high quantitative and qualitative
yield in this plant is inevitable. In recent years, the use of humic acid has been common in enhancing the
vegetative and generative characteristics of crops. Humic acid is a rich source of potassium, phosphorus and
nitrogen. The method of application of humic acid has an effective role in improving the quantitative and
qualitative characteristics of plants. Combining some cultivation beds such as perlite, composts, and fertilizers
including agricultural waste (such as rice bran and tea wastes) into soil cultivation beds have had an effective
role for improving the quantity and quality of plants.

Materials and Methods: A pot experiment was conducted to evaluate the effects of foliar application of
humic acid and different cultivation beds on morphology, flowering and fruiting of two strawberry (Fragaria x
ananassa) cultivars ‘Local’ and ‘Selva’ in Islamic Azad University, Rasht Unit, on 2016. Different
concentrations of humic acid (0, 300, 600, and 1000 mg | %) were applied as foliar application in two steps (late
March containing three leaves and late April containing five leaves) on strawberries cultivated in different beds
(usual soil and usual soil with rice bran, or perlite, or tea wastes). The experiment was carried out as factorial
based on a randomized complete block design (RCBD) with four replications. Some traits including plant height,
root number, root length, leaf length, shoot number, shoot length, shoot diameter, leaf nhumber, node number,
flowering time, flower diameter, flower number, fruit number and fruit weight were measured.

Results and Discussion: Analysis of variance showed that the interaction effect of humic acid x cultivation
bed xcultivar on plant height, shoot length, shoot number, leaf number, root length, root number, flower
diameter (p<0.01), fruit weight, and fruit number (»<0.05) was significant. The interaction effect of these three
factors on shoot or stolon diameter, leaf length, flowering time and flower number was not significant. Results of
mean comparison showed that the highest shoot or stolon number (14.82) were obtained in ‘Selva’ cultivar
treated with 1000 mg I™* humic acid cultivated in usual soil with tea wastes. The highest fruit Weight (35.45 g)
and fruit number (15.41 per plant) were obtained in ‘Selva’ cultivar treated with 1000 mg 1~ humic acid
cultivated in usual soil with perlite. The maximum leaf number (16.03 per plant) was obtained in the treatment of
300 mg I humic acid and the cultivation bed of usual soil and rice bran in ‘Local’ cultivar. Minimum fruit
number (3.58) and fruit weight (8.23 g) were obtained in ‘Local’ cultivar cultivated in usual soil bed without
humic acid. The highest number of root (19.56) was obtained in the treatment of 600 mg I"* humic acid and the
cultivation bed of usual soil with perlite in ‘Local’ cultivar. The highest amount of flower diameter (7.85 mm)
was calculated in the treatment of 1000 mg I"* humic acid and the cultivation bed of usual soil with tea wastes on
‘Selva’ cultivar. These results suggest that humic acid foliar application might be benefit to enhance fruit
characteristics of strawberry. Totally, humic acid application increased growth and yield of strawberry. Since the
most important parameters for increasing the quality of strawberry fruit is fruit characteristics, it is recommended
to use 1000 mg I of humic acid cultivated in the usual soil mixture with tea wastes. Strawberries are widely
cultivated worldwide due to their high nutritional value. Chemical fertilizers have been used as a way to increase
crop vyields, but have led to problems such as nitrate accumulation, pot life, and poor quality and environmental
pollution. Therefore, organic fertilizers have been used. Humic acid can improve quantitative and qualitative
production by having properties such as providing more available essential elements and increasing plant
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resistance to various biological and non-biological stresses. A positive association has been reported between the
use of humic acid and the increases in growth, yield and product quality in strawberries and other plants. Proper
cultivation bed plays an important role in the optimal growth and development of plants. Salinity increases
osmotic stress, ion toxicity, oxidative stress and food imbalance. The use of compost fertilizer and foliar
application of humic acid increased the growth, yield and quality of strawberry fruit.

Keywords: Humic acid, Cultivar, Cultivation beds, Flowering, Strawberry
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Table 1- The interaction effect of salinity levels xExigubacterium aurantiacum bacterial endophyte inoculation on height and
dry weight of tomato Seedlings
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Treatment (Bacterial endophyte) Salinity level Plant height (cm) Shoot dry Leaf dry Qg
ot . . 4
(dS m™) weight weight Root dry
weight
@) s
(els pas) ols 0 48.58b 21.03b 9.11b 17.43b
Control (no inoculation) 4 42.71e 14.32¢ 8.35e 12.17e
6 37.03g 11.57g 7.249 9.269
8 30.26i 8.11i 6.34i 6.94i
10 26.28j 6.24j 5.35 6.26j
E. aurantiacum L zSb codgusl 0 57.69a 25.65a 9.95a 19.33a
Bacterial endophyte E. aurantiacum 4 46.16¢ 19.24c 8.81c 15.37¢
6 44.51d 17.34d 8.55d 13.33d
8 39.88f 12.28f 8.04f 11.25f
10 32.05h 10.04h 6.26h 8.44h
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In each column, numbers followed by the same letter do not have statisticly significant differences (p<0.05) based on LSD test.
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Table 2- Comparison of the mean effect of salinity levels and and Exigubacterium aurantiacum bacterial endophyte
inoculation on electrolyte leakage, chlorophyll a, chlorophyll b and carotenoids of tomato Seedlings

\OA

(2l Sl Cudguil) jlogi S T Sy S s 3 Jso b J:35,5 25989,
Treatment (Bacterial endophyte) Salinity level lon leakage Chlorophyll a Chlorophyll b Carotenoids
(dsm) (%)
MIGFW) (o5 Sy p 5 2 p S ske)
(els pas) als 0 17.56i 1.65b 1.02b 0.46b
Control (no inoculation) 4 35.18g 1.50e 0.73e 0.38e
6 48.12e 1.369 0.469 0.34f
8 56.45¢ 1.24i 0.37i 0.23h
10 67.36a 1.03j 0.28j 0.19j
E. aurantiacum b S cudguil 0 12.43j 1.83a 1.12a 0.49
Bacterial endophyte E. aurantiacum 4 29.69h 1.66¢ 0.96¢ 0.44c
6 43.47h 1.48d 0.87d 0.41d
8 52.15d 1.36f 0.57f 0.32g
10 61.39%b 1.28h 0.41h 0.28i
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In each column, numbers followed by the same letter do not have statisticly significant differences (p<0.05) based on LSD test.

Jhectadlon Ly ool (iis s Jolow o)l 5l clable
O9nle Olame 4o el b Lalidl g gy (S kS
ol 3 ROS Mol )3 (rizpn gy A5 (o0 Jos (J5Sdga
oSt cudgl bwgs gy Gl el ple (FY) 3l ik
o8l (5 han S lalS o1y (6)9d i 4 Jeod cunl (See
XX AY X ) L Lo ligios mls alie S5, a0
oS 3 ooy olie byl )3 a8 canl s al)l (AY g4+ ST FQ

8l il )9 b ablis (sl (S par S

OB d OLalS gl el (lel (a3l S g e

el o LalS 3 G35 1 (3 g g (V1) sl 6y58
G Olois an ol ogde (Ve 9 FF) WS oo SaS (g0
daloie o)lul (Rl L Slg o orer gn ojle Clgeul
SaS ol 5T ola JG0ly lS5em g ey T 5l cdadle 4
Lilowe sl gy el Jl % odon owzen (Ve 5 Y0) 5
3 g3k g QLS ) )9 W5 Jsb > & Cul (189

Sl ooy Misu e d9e |y () «sy9d e il Bl S 5 b

BControl B Exigubacterium aurantiacum

2%
e

=

o
55

o

0
B

¢l
o

PR
NG
e

0
B

o fbt\
o 2]
=i 2

BB
oty
s

2
s
2

2
5

o] o)
frf o
= -.'\ﬁ f'\!ﬁ

Y
ih

£

0.060 A
_ x 0.050 1
= 3 0.040
2 4

2 % 0.030 o
E=

2 "% 0.020 4
e 3

£ 3 0.010 -

0.000
0 4

Gt A5 # olyBl codyl
Endophyte bacterial * Salinity stress

N y3d 58 8 4 351 gy o)lme 2 Exigubacterium aurantiacum (gl ywSU Cadgudl zedli X (g y9u0 gl Joliie y31-Y IS
Figure 2- The interaction effect of salinity levels xE. aurantiacum bacterial endophyte inoculation on the free proline content
of tomato leaves (LSD, p<0.05).
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Figure 3- The interaction effect of salinity levels xinoculation of and Exigubacterium aurantiacum bacterial endophyte at

salinity levels on the total carbohydrate content of tomato leaves. (LSD, p<0.05)
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Figure 4- The interaction effect of salinity levels x bacterial endophyte inoculation of E. aurantiacum on the dependence of
tomato leaves (LSD, p<0.05)
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Figure 5- The interaction effect of salinity levels xbacterial endophyte inoculation of Exigubacterium aurantiacum on the
salinity tolerance index of tomato seedlings (LSD, p<0.05)
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Table 3- Data correlation coefficients for the effects on salinity level and Exigubacterium aurantiacum bacterial endophyte
inoculation on tomato seedlings

1 2 3 4 5 6 7 8 9 10
1 1
2 -0.31™ 1
3 -0.40 "™ -0.62" 1
4 -0.33" -0.54™ -0.61" 1
5 -0.49™ -0.63™ -0.63" -0.63™ 1
6 0.23" 0.30" 0.31"™ 0.31"™ 0.12" 1
7 0.33™ 0.52" 0.53" 052" 0.26"™ 0.55" 1
8 0.40"™ 057" 0.59™ 0.58"™ 0.34™ 0.62" 0.62" 1
9 0.42" 0.59™ 0.63™ 0.61" 0.39" 0.65" 0.65™ 0.66™ 1
10 -0.38 ™ -0.50” -0.51" -0.51" -0.59” -0.52" -0.53" -0.52” -0.53™ 1
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1- Plant height 2- Shoot dry weight 3- Leaf dry weight 4- Root dry weight 5- Electrolyte leakage 6- Cholorophyll a 7- Cholorophyll
b 8- Cartonoid 9- Proline 10- Carbohydrate.
ns, * and **: non-significant, significant at p<0.05 and p<0.01, respectively
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Introduction: Tomato (Solanum lycopersicum L.) is a common vegetable that is widely cultivated and
consumed worldwide in the Solanaceae family (global tomato production is estimated at approximately 182
million tons in 2017). Tomato, because of its elevated nutritional value, is the second most common vegetable
commodity in the world after potatoes. As with other crops, the global production of tomatoes is threatened by
certain biological stresses (such as pests, plant diseases and weeds) and non-biological stresses (such as salinity,
drought, floods, cold and heat stress). Nowadays, the excessive use of chemical fertilizers in tomato production
in order to increase yields, has resulted in environmental pollution and dangers on the health of consumers. The
reaction of cultivated plants to these challenges is indicated by numerous morphological, physiological,
biochemical and molecular changes, leading to a direct and indirect decrease in plant growth and productivity.
Salinity as a non-biological stress can cause osmotic or ionic imbalance in plant cells. Salinity stress also limits
growth and germination by affecting water and reducing water availability and affects crop production.
Endophytes represent an eco-friendly option for the promotion of plant growth and for serving as sustainable
resources of novel bioactive natural products. One of the alternative ways to restore normal plant growth under
salinity stress may be to use plant growth to stimulate endophytes. Endophytes can play an important role in
plant survival under salinity stress by reducing the adverse effects of sodium ion. Therefore, this work provides
strong evidence that endophyte halophyte can be beneficial for tomato that help tolerate the plants stress.

Materials and Methods: The main aim of this study was to investigate the role of endophytic bacteria
(Exigubacterium aurantiacum), isolated from Salsola imbricate, in improving the growth of Solanum
lycopersicum L. (8320) under salinity stress. The salinity tolerance potential of bacterial endophytes was
investigated in vitro. The bacterial was cultured in Nutrient Agar with different concentrations of NaCl (1, 2 and
3 M) and its growth dynamics were investigated after 24 and 120 hours. To prepare the bacterial suspension for
inoculation with tomato seeds, the bacteria were cultured on NB (Nutrient Broth) medium for 24 hours in an
incubator at 28+1 °C at 130 rpm. The OD suspension was adjusted to a concentration of 1x108 ml. Tomato seeds
(cultivar 8320) were washed with ethanol (70%) for 30 seconds and then sterilized with 0.5% sodium
hypochlorite for 90 minutes and then completely distilled three times with distilled water. They were autoclaved
and washed. For better contact of seeds with bacteria, 1% carboxymethylcellulose was used and then the seeds
inoculated with bacterial treatments were placed on a shaker for six hours. Seeds inoculated with bacterial
endophytes were planted in seedlings and then placed in pots containing autoclaved soil in the greenhouse of the
Faculty of Agriculture, Hormoz University. The experiment was arranged in a factorial experiment based on
randomized complete block design with three replications. Experimental treatments included five levels of

salinity stress (0, 4, 6, 8 and 10 dS/m™) and bacterial endophyte inoculation (E. aurantiacum). Analysis of
variance of traits was performed using SAS software version 9.4 and the means were compared using LSD
method with a probability level of P<0.05.

Results and Discussion: Analysis of variance showed that among treatments there is significant difference
on growth parameters of tomato seedling (P < 0.01), this indicate the positive impact of the bacterial endophyte
on the growth parameters of tomato seedling is inoculated with the bacterial than the control plants. In this
experiment, stem height, dry weight of stem, leaf and root, percentage of electrolyte leakage, chlorophyll a,
chlorophyll b, carotenoid, proline and carbohydrate content were examined. The results of mean comparison
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showed that salinity stress significantly reduced stem height, stem dry weight, leaves and roots, chlorophyll a,
chlorophyll b, carotenoids and increased electrolyte leakage; however, bacterial endophyte reduced the negative
effects of salinity stress on tomatoes. Tomato seedling treated with endophytic bacteria showed higher levels of
key osmolytes, total soluble carbohydrates and free proline compared to untreated plants under salinity stress.

Conclusion: The results also showed that the use of endophytic bacteria increased the growth of tomatoes in
saline soil and water, thereby it can be used as an effective tool for growing salinity-sensitive plants such as
tomatoes in saline conditions.

Keywords: Bio-fertilizer, Endophyte, Salinity tolerance, Tomato, Total soluble carbohydrates
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