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Table 1- ANOVA for the effect of Salicylic acid dose, temperature and cultivar on morphological and physiological
parameters of two-year potted seedlings of some grape varieties under spring cold stress

Wlrypo (o
O pdS 2alio LU TS Mean of squares
Source of variation df BLS Sdgw ao,  GUiLod Je Cuiiaey sl 60 ol
Burned shoot Recovery EL MDA
el 2 1241.76%* 1336.93** 943.36** 0.0723**
Dose
> 2 9406.18** 5198.75%* 9711.58** 0.6291**
Temp
A
) 2 531.47** 124.79* 1998.35%* 0.0453**
CV
Lo ke 4 1062.90%* 1046.93%* 231.54%* 0.0205**
Dose x Temp
vy x e 4 82.56%* 58.03™ 15.73™ 0.0078**
Dose x cv
s o2 4 303.20%* 80.12* 349.42%* 0.0235**
Temp x cv
vy x o3 x clale 8 69.29%* 68.44* 17.22 0.0040%*
Dose x Temp x cv
s
54 5.6 25.72 10.24 0.0002
Error

Mgine p M do)d 0 Jlain] gdaw )5 45 xe ™ oV Jlein] daw 3 o xe FF
**: Significant at 1% probability level, *: Significant at 5% probability level, ™: non-significant
ol (esog 9 Lty iy 465 P8y (30
1. Some Cultivars of Vitis vinifera and Vitis riparia
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Figure 1- The interaction effect of Salicylic acid dose x temperature xcultivar on burned shoot (%) of two-year-old potted
seedlings of Bidaneh Sefid, Perlette and Riparia, 72 hours after cold stress
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The top indicator of each column represents the standard error (£ SE).
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Figure 2- The interaction effect of Salicylic acid dose x temperature xcultivar on recovery of two-year-old potted seedlings of
Bidaneh Sefid, Perlette and Riparia, 20 days after cold stress
b ge (ESE) 5)lulisl slos oximsylis gt o Y adls
The top indicator of each column represents the standard error (£ SE).
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Figure 3- Effect of dose, temperature and cultivar on EL (%) of two-year-old potted seedlings of Bidaneh Sefid, Perlette and
Riparia, after cold stress
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The top indicator of each column represents the standard error (+ SE).
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Figure 4- The interaction effect of Salicylic acid dose x temperature xcultivar on MDA of two-year-old potted seedlings of
Bidaneh Sefid, Perlette and Riparia, after cold stress
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The top indicator of each column represents the standard error (£ SE).
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Table 2- ANOVA forthe effect of Salicylic acid dose, temperature and cultivar on some osmotic regulators and antioxidant of

two-year potted seedlings of some grape varieties under spring cold stress

©lape nGbe
Ol yatd 2slio &850 4 (MS)
Source (df) oMoy Joome sl juungs S Spd OluS S
Prolin Solution carbohydrate  Phenolic compounds
Dose cdale 2 421.76** 75.93** 166.05**
Temp [ 2 11225.44** 119.48** 122.92**
‘cv '8y 2 3421.67** 37.69** 266.60**
Dose x Temp by x clale 4 36.17™ 3.79** 25.84**
Dose xcv odyx clale 4 2592.86** 8.70** 12.56**
Temp x cv w8y % Led 4 2403.88** 3.75** 3.96™
Dose x Temp X CV 8, x bod x clale 8 336.47** 1.77** 3.28™
Error 54 49.67 0.25 2.62

M e e ™ o0 Jlein ! pdaw j3 )b gxe F o ) Jlein ] e p3 ) xe
**: Significant at 1% probability level, *: Significant at 5% probability level, ™: not significant
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Figure 5- The interaction effect of Salicylic acid dosex temperature xcultivar on Prolin of two-year-old potted seedlings of
Bidaneh Sefid, Perlette and Riparia, after cold stress
b oo (ESE) 5)libesl sllas oamsylis gt o Vb (adls
The top indicator of each column represents the standard error (+ SE).
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Figure 6- The interaction effect of Salicylic acid dose x temperature xcultivar on Solution carbohydrate of two-year-old
potted seedlings of Bidaneh Sefid, Perlette and Riparia, after cold stress
b ge (ESE) 5)lilisl sllos oximaylis oty Vb adls
The top indicator of each column represents the standard error (£ SE).
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Introduction: Grape (V. vinifera L.) is one of the most important crops in the world and Iran, and play a
major role in the export income. According to World Food Organization statistics, the area under global
cultivation has been seven million hectares and Iran ranks seventh in the world with 316,000 hectares. Grape
production is about 77.5 million tons and Iran is ninth in the world with production of about 2.5 million tons.
Fars province is in the first place with 75,000 hectares of fertile vineyards. Qazvin, Khorasan Razavi, West
Aczarbaijan, Hamadan and East Azarbaijan provinces are also ranked next. Cold stress is one of the constraints on
the cultivation of grapes, so prevention of frost damage is one of the important points in the world's grape areas.
This damage could be due to early autumn cold and late spring in the temperate region, such as winter frost of
2007, early autumn frost of 2015 and late spring frost of 2014 and 2017. Protecting plants against the harmful

effects of low temperatures in agriculture is considerable. One way to prevent frost damages is using plant
growth regulators such as salicylic acid. It seems that salicylic acid plays a role in the resistance to the cold
stress, and it probably contributes to the activity of antioxidant enzymes and hydrogen peroxide metabolism, so
it reduces cold stress damages and increases the plant tolerance to frost. The role of salicylic acid against cold
stress have been reported in various plants such as lemon, pistachio, peach, pomegranate, apricot and walnut.
Studies have shown that application of salicylic acid on grape seedlings increased the resistance to thermal
stresses by reducing ion leakage and decreased the peroxidation of the cell membranes. Also, SA increased the
proline and soluble carbohydrates in Plukenetia volubilis seedlings. In the present study, the effects of salicylic
acid was investigated on the reaction of potted seedlings of some grape varieties under the spring frost. Then
shoot burn percentage, recovery, ion leakage and peroxidation of membrane lipids of seedlings were investigated
after cold application. Therefore, the changes in the amount of some osmotic regulators such as proline, soluble
carbohydrates, and antioxidants such as phenolic compounds were evaluated by salicylic acid and cold
treatments.

Materials and Methods: This research was carried out in greenhouse of Department of Horticulture
Engineering of College of Agriculture and Natural Resources, University of Tehran, Karaj, Iran, in spring 2017
on two-year potted seedlings. It was carried out in a completely randomized design with three replications to
evaluate the effects of salicylic acid on reducing the damage of spring frost in some grape varieties such as
Bidaneh Sefid, Perlette and Riparia species. Salicylic acid was sprayed at 0, 0.5 and 1 mM in E-L=11 on two
year-old potted. After 24 hours, cold treatment was applied at 0 and -2 °C and normal temperature (as control)
for 8 h. Control was in the greenhouse with natural temperature. Potted plants were transferred to the greenhouse
and after 72 hours, the burn percentage was calculated. Also, recovery of the seedling was determined 20 days
after the cold. Other parameters were measured such as ion leakage, malondialdehyde, soluble carbohydrates,
proline and phenolic compounds. Statistical analysis and mean comparison of the results was done by SPSS and
LSD test.

Results and Discussion: According to the results, salicylic acid and cold treatments had significant effects
on some characteristics of Vinifera species such as Bidaneh Sefid, Perlette and Riparia species. The results
showed that with increasing the cold stress to -2 °C, the burned shoot percentage was increased and the grown
buds percentage was decreased compared to control, and electrolytic leakage and malondialdehyde were
increased at same temperature. Salicylic acid 1 mM reduced the damage to shoots and increased the recovery of
seedlings. The lowest amount of electrolytic leakage and malondialdehyde were observed in 1 mM salicylic acid
treated seedlings compared to non-treated. According to the results, application 1mM salicylic acid increased
osmotic regulators and antioxidants such as proline, solution carbohydrates and phenolic compounds. There was
a significant difference between Vinifera and Riparya species at -2 °C in some parameters such as burned shoot,
recovery, ion leakage and malondialdehyde. Also, there were significant differences between Bidaneh Sefid,
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Perlette and Riparia species at -2 °C and 1 mM in proline, solution carbohydrates and phenolic compounds. It
has been reported that salicylic acid plays a role of osmotic regulation for the cell and it can reduce the damage
of frost by stimulating the hydrolysis of insoluble carbohydrates or proteins and enhancing compounds such as
soluble carbohydrates, so it led to reduce the freezing point of the tissue. Increasing in soluble carbohydrates
have been reported in grapes and lemon by salicylic acid spraying.

Conclusions: Spring frost has damaging effects on grapevine and can lead to a lot of economic damage to
gardeners. Therefore, it can be prevented by some plant regulators such as salicylic acid. The results of the
present study showed that the damage caused by cold treatment in control seedlings was more than the plants
that were treated with salicylic acid and concentration of 1 mM salicylic acid at 2°C had a positive effect on
reduction of morphological damage severity as well as reduction peroxidation of the cell membrane. Cold
tolerance of seedlings may be due to the role of salicylic acid in increasing antioxidant substances such as
phenolic compounds, as well as in increasing osmotic regulators such as proline and soluble carbohydrates,
thereby increasing cell sap concentration and tissue freezing point. This reduced the negative effects of low
temperature and reduced cell membrane damage and electrolyte leakage and improved the recovery ability of
two-year-old potted seedlings of Bidaneh Sefid, Perlette and Riparia species. So, it can be concluded that among
different tested species, Riparia had the lowest percentage of shoot burn and highest recovery ability than the
cultivars of Vinifera. Among the genotypes of Vinifera species, Bidaneh Sefid was the most proline and soluble
carbohydrate compared to Perlette, indicating a higher adaptation to cold conditions.

Keywords: Cold stress, Grapes, Osmotics regulators, Plant growth regulators, Recovery
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Table 1- ANOVA for the effect of irrigation intervals and anti-transpiration compounds on some triats of Nigella sativa

Ol o (ke
Mean squre
e . ay’ . i 5 luS Ll o )3 Sl 5 ySlos
P F IS i Judg IS gy, oo kS S o e O S
SVB «%; Chlorophyll  Carotenoids  Proline Phenolic Essential oil Esser)tlal oil
U df compounds percentage yield
<
Rep;ijcs;tion 2 0.099m 0.00004m 0.75" 1346.57** 0.0005" 0.29"
ig ;ﬁ)::“ - 1 7.89%* 0.14**  44265"* 333715.66%* 0.008%* 226.16°
I sl
"‘Ll;r‘ér 2 0.15 0.0001 2.23 2348.02 0.00016 0.38
a
A“;{I‘ t“;‘;n:;“;’;] t 9 0.55%* 0.0027**  44.77** 12272.15%* 0.003* 13.96%
G 0o SlaS 5 X gl 590
'”'gztr:gg‘i’;aﬁpt" 9 0.1 0.69" 0.28"™ 1751.4" 0.0015¢ 8.35%
Interaction
5 clas
GICEfrosr 36 0.1 0.0005 10 1277.95 0.0005 12.84
b

duopd ) 50 Jleis] zglaw 3 5 dme OS] 3559 oaimd LS (o Sy *Hg*
", * and ** indicate non- significant and significant at the 5% and 1% of probability levels, respectively.
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Figure 1- Interaction effect of irrigation intervals xanti-transpirant on proline content of Nigella sativa plant
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Table 2- Mean comparisons of the effects of irrigation intervals and anti-transpirant on some traits of Nigella sativa

ko KOS 2l 34395,8 Ao il aoyy bl 38hes
Trea:m:ents Phenolic Compounds Chlorophyll  Carotenoids Proline Essential oil % Esseril;:gl oil
(mg/100g DW) (mg .g?) (mg g% (umolg*fw) (viw) Y
(kg/ha)
Skl Jolsd
Irrigation interval
gjé)a A 560.58b 5.90 0.76b 7.2 0.16a 10.01a
ys
12’;: 709.74a 6.03a 0.81a 12.72a 0.13b 6.13b
ys
By OS5
anti-transpirant
Jals
Control 742.81a 5.33ef 0.74d 17.74a 0.2a 9.4b
oligs
Chitosan 0.25% 577.5d 6.44b 0.8b 8.77d 0.14cd 8.12¢c
Ch.tiljﬁo 506 600.16¢cd 5.32f 0.72de 9.27bc 0.14cd 9.26b
itosan 0.5%
ligs
Chitosan 1% 599.48cd 6.2¢c 0.81b 9.44b 0.18ab 10.72a
05yl JHuaoge
Psyllium mucilage 0.5 % 651.13b 5.56e 0.72de 8.69d 0.12d 6.59d
P I:_}’M )MMT 10¢ 626.8c 6.21c 0.81b 9.16bc 0.14cd 7.12d
syllium mucilage 1%
05 yhuol SMeuge
Psyllium mucilage1.5 % 659.88b 5.47ef 0.7e 8.96¢d 0.16bc 8.89%
A b_@" é“; o5 26.8b 6.23hc 0.77¢ 9.33b 0.15¢ 8.02¢
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S
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Avrabic gum 0.75%
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indicate no significant difference at p<0.05 based on LSD test.
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Introduction: Nowadays Nigella Sativa plant is considered as a one of the most important kinds of medicine.
Almost all the metabolic activities of plant cells, including the construction of active ingredients in medicinal plants,
depend on water. Lack of absorbable water by plants can lead to the morphological, physiological and biochemical
changes, including decrease of cell swelling and growth and thus reduction of leaf area and plant height, stomatal
closure and photosynthesis restriction, increase in the soluble compounds for regulating the osmotic pressure,
reduction of nutrient absorption and ultimately reduction of crop production. The use of anti-transpiration compounds
is considered as a promising tool for the regulation of transpiration in respect of water conservation at an optimal level,
where the strategies such as the use of anti-transpiration compounds have the potential for transpiration regulation. The
aim of the present study is to improve the biochemical characteristics of medicinal plant N. sativa by anti-transpiration
compounds under drought stress conditions.

Materials and Methods: The research was done using a split plot experiment based on a randomized complete
block design with three replications. The irrigation intervals (8 and 16 days) in main plots and anti-transpiration
compounds of chitosan (0.25, 0.5 and 1 %), Plantago psyllium mucilage (0.5, 1 and 1.5 %) and Arabic gum (0.25, 0.5
and 0.75 %) were put in subplots with three replications. The distance between the main plots in each block and
distance between the two blocks were also assigned as 100 cm and 200 cm, respectively; so that the moisture content
of a plot had no effect on the adjacent plots. Anti-transpiration compounds were sprayed simultaneously with applying
drought stress till the flowering stage once a week at sunset. Phenolic compounds, proline, chlorophyll, carotenoids,
essential oil were measured.

Results and Discussion: The results showed that there were significant differences between treatments in all
studied traits. The best rate of the measured traits was observed at 8-day irrigation interval and chitosan treatment. The
results obtained from the study showed that the effect of irrigation intervals and anti-transpiration compounds on the
measured traits were significant. The best rate of the measured traits was observed at 8-day irrigation interval and
chitosan treatment. The amount of phenolic compounds, proline, chlorophyll and carotenoids increased at 16-day
irrigation interval, in which the increase is considered a type of drought tolerance mechanism. Different levels of anti-
transpiration compounds decreased the chlorophyll, carotenoids, phenolic compounds, proline, essential oil percentage
and yield.

Conclusion: The important processes, including nutrition, photosynthesis, stomatal opening and closure and
growth are all influenced by water. Plants are constantly living in tension and develop morphological and
physiological changes in the structures and compositions and chemical processes for coping with this tension. In this
study, it was observed that the level of phenols, proline, chlorophyll and carotenoids would increase at 16-day
irrigation interval, where the increase is considered as a drought tolerance mechanism. The anti-transpiration
compounds also led to the significant changes in terms of all the studied traits compared to the control, indicating the
effectiveness of theses natural compounds. As the above compounds are natural and biodegradable, as well as safer
and less expensive than other chemical anti-transpiration compounds, they can serve as a good alternative to the
chemical compounds. Cognition and expertise in water relations of plant and drought stress tolerance is considered as
the main program in agriculture and the ability to withstand this stress is of great economic importance.

Keywords: Anti-transpiration compounds, Biochemical characteristics, Irrigation intervals, Nigella sativa
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Table 1- ANOVA (Mean Squares) for the effect of vermicompost and different Fungal concentrations on stem fresh and dry
weight, root fresh and dry weight and stem and root length in celery
Ol o (b
Stem fresh Shoot dry Root fresh Root dry Stem Root
JUE PN of weight weight weight welght length length
Source of variation IS il WS 339 a5 039 TOP e Jsb oy, Job
4.&.1)
b ckle 3 324195 285.69" 6024.76™ 13429 78049  18.42"
Concentration of fungus
oS 5229 3 115796.7" 1190.04* 6019.36™ 147.28" 125.26" 91.72*
Vermicompost
Concentration of fungus x 9 7166.3"™ 156.18" 801.16" 30.37" 27.81™ 39.96m
Vermicompost
(k> 32 4211.3 45.41 231.81 13.06 36.29 21.16
Error
G ine pis g o yd gy o )d S e )3 (g0 e i A4S g
*: Significant at p < 0.05. **: Significant at p <0.01. ™: non- significant.

oS S s 3SGy g £ 40 dBlw yhad (S dland 1B Cliseo (gl CAlE g CuwgmoS (09 sl il ylg a3 Y Jous
Table 2- ANOVA (mean squares) for the effect of vermicompost and different fungal concentrations on leaf number, stem

diameter, and leaf pigments of celery
©la o n5be
a3 Number of Stem Chlorophyll  Chlorophyll Carotenoids Total
geve gy ¥ R leaves diameter a b chlorophyll
iati &3 - " . " . ; _— .
Source of variation o Sy olaws a8l ylad a Juda 5 b Judg 5 Mg, S JS Uiy Is
)f bl 3 297.47" 13.86™ 14.57" 172" 1.43™ 2547
Concentration of fungus
oozt 09 3 691.36™ 33.51™ 1.92 0.45" 0.24" 2.25m
Vermicompost
CumgeaS (o0y9¢g) b calé
concentration of fungus x 9 118.75™ 4.64" 13.32" 1.43™ 0.16" 4.56"
Vermicompost
s
32 11.56 1.34 0.72 0.16 0.05 9.34
Error
ol sixe pie g doyd gy o> S g )3 (4P e i F A g e
*: Significant at p < 0.05. **: Significant at p <0.01. ™: non-significant
e oS (Sujlydyan Olho (S 22 la 395 5 g8 ST Sy
Table 3- The effect of Trichoderma on some morphological traits of celery
o 39S 57 cdilé Sl 5 o3 Lo Job
Concentration of Trichoderma (%) Stem fresh weight Stem length
(@) (cm)
el 24158 ¢ 57.87¢
Control
277.58 b 70.75 ab
29250 77.2a
67.25Db

5

10

15 340.58 a
Lbly god (LSD p<0.05) jls gixo B (gl)ls g o 1> S yidio By b dlael

Numbers followed by the same letter are not significantly differentns (LSD, p<0.05)
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Table 4- The effect of vermicompost on some morphological traits of celery

Bl 5 459

CuawgnoS’ (509 Stem fresh weight
Vermicompost (%) (9)
el 140.91 d
Control
25 295.66 ¢
50 321b
75 367.66 a

b es (LSD, p<0.05) b gxe BMB] (glyls gt s 53 S o g ys b le]
Numbers followed by the same letter are not significantly differentns (LSD, p<0.05).
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L5k 5 Jalb (58 S e SlalS St (g 53 )b sna
laass o) 2 485 Oygo Sltlefl Gulul 2 izeen (A)
Lo 3985 slasd 3l ooliil 48" Ky doms (ol &1 ¢S d2g8
oS ool alea plisl SLis 59 (g9mo )3 VO iulj8] el

bl g o 35 ol @l b &S (110 29800

Concentration of Fungi(%)

60
50
3 &b 40
30
20
10

1t (g)

ad S

Srem Dry Wet

4l Job adyy Jobo
Stem length Root length
(cm) (cm)

63.67 b 35.45a

69.08 a 36.5a

71.25a 36.66 a

69.08 a 30.78 b

Bl Sd 059
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Figure 1- The Interaction effect of vermicompost xfungal concentration on the stem dry weight in Celery (LSD, p<0.05)
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Figure 2- The interaction effect of vermicompost x concentration of Trichoderma fungi on the fresh weight of roots in Celery
(LSD, p<0.05)

Oy (Sl duulie 4y d i bl ol odld lis Y S
2 o3 VO CwgraS opg lite Sl 53 aday SWiS 1)y Oliee
ol 5 dm g A5 osalie (p)5 V5/+0) )5 clale soyd o clile
doyd yho ) Cbald 3 403 B0 CnogeS g0y Jilie
P03ty Sois g lie eS|y pliee (e
FIOV) ao V0 gyl8 cbble (5 do ) yho CuvgmeS 09 late
S SLas pls 45 3 biplon (¥ JS5) 45 saalis o8

ddis ) SBA (59
V el a3 plST 1b CungraS 09 9 LopdgSu 5 )6
() Joiz) 2l (g)ls ime )3l aniey 15 0y Oliee 2 2oy
2 0is Oliee o) 2 38 e olyer a4 sl 93 (pl 08 (yioren
o blie 5l bl (o)l bme il doyn 0 Jlein! pdaw 40 ddy,
2 ddy) SoiS jg o )l cilie slacbile g CusgueS 0y



Y0 ..z, g CawgmeS 09 ylowd cxi (APIUM Qraveolens) (s o5 ol goud y &l s (om0

9 Fmwgd Glise p palitune O g0 & Jdo)lS Gline Gil38l 0 50
Olie Rl cald )3 &8 51> el 1 55 0lS )5 sl g S gu
A3 Glg e 1y olS > S g 5 5

K L VO QMJ‘)_B‘ L.A_.CL\ L.A_.wsa,osu_ﬁ)s )l.a.».) )‘ oaliwl c..\l.b.)@
(V7 90 ) 295 0 olS e g (2lgp pliil Sis 159 g0y
L CngpaS (o0yg 45 115 ABl o guo o 3uioS (] ol b oS

Wcntrl @5% @10% B15%

Bl
Concentration of Fungi (%)

18
)

10

Ay

Soies O
Root Dry Weight (%)
=
[¥a]

SemigesS (5205
Vermicompost (%)

5 LS )3 sy S 9 Oliee s LojdSe 3 l8 R X Congua (09 e 311 S
Figure 3- The interaction effect of vermicompost x concentration of Trichoderma fungi on the dry weight of roots in Celery
(LSD, p<0.05)
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Figure 4- The interaction effect of vermicompost xconcentration of Trichoderma fungi on leaves number in celery (LSD,
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Introduction: In the past decades, chemical fertilizers are used by farmers have numerous environmental

impacts, including various types of water and soil contamination, and cause many problems to human health and
other organisms. Sustainable agricultural policy and sustainable agricultural development have prompted experts
to make greater use of soil organisms to meet the plant's nutritional needs, and that is why the production of
biofertilizers began. Biological imbalances in the field of sustainable agriculture can be attributed to the fungi of
myoderma and its species. According to various studies, it seems that this microorganism having high ability to
compete for food and space, and the establishment of spores in the environment and in particular soil around the
roots of most crops and non-farm and can induce plant resistance not only reduces pathogen agents
Vermicompost is a microbiologically rich, nutrient-rich, organic modifier that is produced by the interaction
between earthworms and microorganisms during the decomposition of organic matter. This type of organic
fertilizer contains the waste of certain species of earthworms as a result of alteration, conversion, and relative
organic residues as they pass through the digestive tract of these animals. Research has shown that vermicompost
has a positive effect on growth, crop development, and crop yield. The aim of this study was to investigate the
effect of different amounts of vermicompost and different concentrations of Trichoderma Bi isolate on different
properties of celery.

Materials and Methods: This study was conducted to investigate the effects of Trichoderma and

vermicompost as a biofertilizer promoting growth in research greenhouse at the Ferdowsi University of Mashhad
with an average daily temperature of 15-27 °C and relative humidity of 40-70%. The present study was a
factorial experiment based on a completely randomized design with three replicates as a pot experiment under
no-tillage conditions in the greenhouse. The first factor consisted of four concentrations of Trichoderma
harizianum isolate Bi: zero percent (control), 5%, 10%, and 15% volume of 50 liters of water consumed. The
second factor also included four vermicompost treatments: zero percent (control), 25 percent, 50 percent, and 75
percent pot volume. Celery seeds were sown in transplant trays. The transplants were ready for transfer to the
main litter after 10 weeks. The pots used were of plastic-type with a span diameter of 20 cm and a height of 25
cm. The plant media consisted of a mixture of 20% cocoon and 80% perlite, the roots of which were easily
separable. After full harvest of plants at the commercial size, when a complete set of petiole sets was created (40
days after transplanting) morphological traits including the fresh and dry weight of roots and stems, a number of
leaves, stem diameter, stem and root lengths were evaluated. The dry and dry weight of plant root was measured
using a digital marking scale and with an accuracy of 0.01 g. Dry weight was determined after placing the
specimens in the oven at 72 ° C for 48 hours. Also, the stem diameter was measured using a caliper machine
with 0.01 mm accuracy. Root and shoot lengths were measured separately in the laboratory by a ruler in cm.
Chlorophyll a, b and carotenoids were read at 663 nm, 653 nm and 470 nm for absorption by spectrophotometer,
respectively. Data were analyzed using JMP8 software and ANOVA was performed using the LSD test at 5%
probability level. Charts were drawn using Excel 2013 software.

Results and Discussion: The results of this study showed a positive and optimal effect of combined

vermicompost and Trichoderma fungi. The highest shoot dry weight (49.23 g), leaf number (46), stem diameter
(15 mm) and chlorophyll and carotenoid were observed in the effect of vermicompost and Trichoderma fungi
compared to the control treatment. The main stem length (77.20 cm) was affected by the fungus with a 10%
concentration at the highest rate compared to other treatments. Also, 50% vermicompost treatment had the
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highest root length (36.66 cm). The highest chlorophyll a was observed at 75% vermicompost interaction at 15%
fungi concentration (10.02 mg / g fresh leaf weight). Application of vermicompost in the culture medium and
application of Trichoderma fungus extract resulted in improved growth and yield. As can be seen in the results,
the best treatment was 15% and 75% vermicompost, respectively. They can be used to improve plant growth and
function. Many researchers believe that mainly isolates of Trichoderma produce biochemical stimuli to stimulate
plant growth or reduce the inhibitory effects of certain compounds, biological and chemical toxins. According to
available reports, the application of vermicompost with 30% volume in ornamental Lilium increased leaf area,
fresh and dry weight of plant and plant height. So, fresh and dry weights of bean stem under vermicompost
application significantly increased compared to the control treatment, which is in line with the results of this
study. However, the researchers believe that the wet and dry weight gain of the plant body if used with
vermicompost is probably due to the high amount of humic acids in this biofertilizer.

Conclusion: Based on the results of this study and other studies on vermicompost as an enriched fertilizer

with numerous growth enzymes and hormones, as well as Trichoderma, it can be concluded that the use of bio-
fertilizers plays an important role in the production of high-quality products. Also, the effect we find depends on
the concentration used, but in the end, even their application at the lowest concentration compared to the control
treatment increased growth and morphological characteristics of the plant. Overall, the results of this study
showed that, in the case of the studied species, the combination of vermicompost and Trichoderma had a
significant advantage over their separate application, and considering the superiority results of most traits at the
time of application of these two together. Therefore, a combination of Trichoderma and vermicompost based on
the results (concurrent use of 15% fungus extract and 75% vermicompost) is recommended to improve plant
growth and yield.

Keywords: Biofertilizer, Concentration, Isolate Bi, Morphological
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Table 1- The geographic information of E. parviflorum ecotypes collected from natural habitats of IRAN
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Figure 1- Complete structure of Epilobium parviflorum (A) Plant ecotype of EPP16 (B), An opened flower with showy pistil
(C) (photo by the author)
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Introduction: The phytochemical and biological properties of medicinal plants depend on the climatic
conditions of the area under development, the growth stage, genetic factors and other factors. Therefore the study
of the wild flora in the geographical areas with different climatic conditions is important. It has been proved that
the extract of Epilobium has high antioxidant capacity, which is associated with a high concentration of
flavonoids content. Studies on five species of Epilobium genus (E. parviflorum schreb., E. roseum schreb., E.
tetragonum L., E. montanum L., E. angustifolium L.), had shown that E. parviflorum had the highest antioxidant
capacity among studied species. The occurrence of E. parviflorum in wide range of altitudinal zones in Iran
makes it as ideal species to study the variation of antioxidant capacity among ecotypes. The present study aims
to screen Epilobium parviflorum ecotypes (n=16) of Iran in terms of antioxidant capacity (AOX).

Materials and Methods: Total phenol content (TPH), Total flavonoid (TFL), antioxidant capacity (AOX)
and anthocyanin content (ACY) were measured by Folin- Ciocalteu, flavonoid-aluminum chloride (AICI3),
Ferric reducing antioxidant power (FRAP) and the differential PH methods, respectively. Regression analysis
was used for studying the relationships between antioxidant capacity, altitude and latitude. The Pearson
correlation coefficient was used to determine whether there is a linear relationship between variables.

Results and Discussion: There was a high correlation between total phenol content and total flavonoid in
ecotypes (r = 0.7, P =0.002, n = 16). There was a positive and significant correlation between AOX content with
TPH (r = 0.71, P = 0.002, n = 16) and also between AOX with TFL (r = 0.73, P = 0.001, n = 16). According to
several studies, high antioxidant capacity has been attributed to high concentrations of flavonoids and phenols,
which is consistent with the results observed in this study. The results also showed that the lIranian E.
parviflorum ecotypes had considerably TFL, TPH and AOX content as compare to previous reports on E.
parviflorum (in other country) and also other Epilobium species. Principal component analysis showed that the
two main components explained 87.87% total variation. The high contribution of the two first components
suggested a considerable correlation between three phytochemical traits, the contribution of the first component
alone was 62.13% and the portion of the second component was 25.74%. In the first component, TFL, TPH and
AOX were with coefficients of 0.78, 0.77 and 0.88, respectively. The high contribution of the two first
components had a significant relationship between three phytochemical traits. The ecotypes of E. parviflorum
were clearly separated based on the first principal component. Ten ecotypes had a correlation with the first main
component (PC1) shown by TFL, TPH and AOX. Among them six ecotypes had a positive correlation (r> 0.6)
and 4 ecotypes had a negative correlation (r> 0.6) with the first main component (PC1). Thus, out of the 16
ecotypes of E. parviflorum in Iran, six ecotypes including EPP3, EPP6, EPP8, EPP10, EPP13 and EPP9 had the
desired content of TFL, TPH and subsequently antioxidant capacity, most of which belonged to the Zagros and
crossroad of Zagros and Alborz mountains. The ecotypes that did not have the desired content of TFL, TPH and
AOX (negative correlation with the first main component, PC1) mostly belong to the Alborz Mountains. The
highest levels of TPH, TFL and AOX capacity were observed for the Sangan ecotype with values of 1761, 32.64
mg/g DW and 93.50 mM/g DW, respectively, and the lowest was observed in Kaleybar ecotype. Out of 16
ecotypes, 6 ecotypes had the desired content of TFL, TPH, and subsequently AOX, most of which belonged to
the Zagros and crossroad of Zagros and Alborz Mountains. Regression analysis showed no relation between
AOX capacity with altitude (R? = 0.04) and also with latitude (R? = 0.14).

Conclusion: This research is the first study that screens AOX capacity by including multiple ecotypes (n=16)
from E. parviflorum species to evaluate intra ecotypes phytochemical variation for E. parviflorum. We found
positive and significant correlation between TFL, TPH and AOX. We did not find any significant correlation
between TFL, TPH content and AOX capacity of E. parviflorum with altitude above sea. Our results also

1- Assistant Professor, Agriculture Institute, Iranian Research Organization for Science and Technology (IROST),
Tehran, Iran
(*- Corresponding Author Email: bazargani@irost.ir)
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showed Iranian E. parviflorum ecotypes (especially Sangan ecotype, EPP10) have considerably TFL, TPH and
AOX capacity compared to previous reports. The results of this study indicate that there is a remarkable
variation among Iranian E. parviflorum ecotypes for the studied traits, which can be used to carry out breeding
programs and protection of germplasm.

Keywords: Altitude, Antioxidant, E. parviflorum, Flavonoid, Latitude, Phenolic acid, Phytochemical
variation
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Table 1- Analysis of soil and fertilizers used in the treatments
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Table 2- Treatments performed with compost, organic and urea fertilizers
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Figure 1- The effect of different levels of organic, compost and urea fertilizers on the amount of geranium essential oil
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Figure 2- The effect of different fertilizer on citronellyl formate compound in Pelargonium graveolens
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Table 4- The effect of organic, chemical and compost fertilizers on yield index of Pelargonium graveolens
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Introduction: One of the important factors in the succeeding the medicinal plant cultivation is the use of
appropriate fertilizers. Plants grown with appropriate fertilizers have more secondary metabolites than those that
grown in the usual system. On the other hand, there is increasing concern about soil interrelated environmental
problems such as desertification, soil degradation, loss of fertility and erosion. So, the use of suitable fertilizer
for plant growth is very important. Geranium (Pelargonium graveolens) oil is widely used as a floral substitute
of the rose scent, due to its smell very similar to rose, being therefore one of the most valuable natural materials
for the cosmetic and perfumery industries. Geranium oil is obtained from steam distillation of the flowers or
green foliage of Pelargonium graveolens or some of its hybrids. Geranium oil is sometimes listed on the label of
supplements promoted for athletic performance, weight loss, and body building. Sometimes it is used for nerve
pain (neuropathy), depression, diarrhea and various skin conditions or to help with healing. Also, geranium oil is
likely safe when taken by mouth in food amounts. Analyses of phytochemical profile of geranium oil included
the major constituents such as citronellol, citronellyl formate, geraniol and isomenthone. The aim of this study
was to evaluate the compounds of geranium essential oil in treatment of three types of fertilizers including
organic, chemical and compost fertilizer.

Materials and Methods: In order to investigate the effects of organic, chemical and compost fertilizers on
chemical composition of essential oil of geranium, an experiment was conducted at Barij research farm, Kashan,
Iran, in 2015 as factorial layout based on a randomized complete block design with three replications.
Treatments included; organic fertilizer at one level (3 tons/ha), chemical fertilizer as urea at two levels (75 and
100 kg/ha), compost fertilizer as plant debris at two levels (15 and 20 tons/ha) and control (no fertilizer). The
aerial parts of the treated geranium were collected during stage of flowering in October, and their essential oils
were obtained from Clevenger apparatus, and after dehydration were analyzed by GC device. The GC analysis
was carried out using Varian 3800 GC, equipped with a CP-Sil 8 fused silica capillary column (60 m x 0.32 mm
i.d., 0.25 um f.t.); carrier gas, Helium; flow rate 1.0 ml/min; split ratio, 1:50 and using a flame ionization
detector. The column temperature was programmed at 50 °C heated to 250 °C at a rate of 3.0 °C/min, then kept
constant at 250 °C for 20 min; injector temperature, 230 °C; detector temperature, 250 °C. Also, plant height,
number of branches per plant, average fresh weight of the plant, maximum fresh weight of the plant and plant
yield were measured. Data analysis was done by SPSS Statistic 17.0.

Results and Discussion: The results showed that treatment with different fertilizers had no significant effect
on essential oil percentage. In the cultivation of aromatic herbs, despite the percentage of essential oil, the type
and composition of the essential chemical composition is also important. So, the chemical compounds of
essential oils obtained from different treatments were studied. Citronellol (44.5%-56.6%), citronellyl formate
(12.2%-18.3%), geraniol (2.2%-7.6%), and isomenthone (1.9%-6.1%) were found as four major components in
essential oil of geranium. However, it’s found that the amount of citronellol (51.94%) reach to the highest level
in the essential oil obtained from germanium treated with compost fertilizer at level of 15 tons/ha. However,
other treatments had no significant effect on other compounds of essential oil. Several studies indicate that the
use of compost on land may soil parameters and improve several plant and which would make compost an
interesting option for soil restoration purposes, as well as take advantage of its fertilizer properties. Other
potential benefits of compost application are enhanced nutrient availability for plants, improved biological
activity, and the suppression of soil borne diseases. Moreover, many authors have reported higher yields with
compost application and better quality of the harvested crops. Also, no significant differences among geranium
for plant height, number of branches per plant, average fresh weight of the plant, maximum fresh weight of the
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plant and plant percentage were observed.

Conclusion: The results point to the beneficial effects of a compost fertilizer at level of 15 tons/ha as
alternative nutrition systems on the growth characteristics. So, in addition to reducing costs, can be achieved
high quality essential oil.

Keywords: Chemical fertilizer, Citronellol, Citronellyl formate, Compost fertilizer, Organic fertilizer,
Pelargonium graveolens
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Table 1- Primers and their sequences.
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Primer name Primer sequence Primer
PaConsIF(FAM 5-(C/A)CT TGT TCT TG(C/G) TTT (T/C)GC TTTCTT C-3' F9l? “ 98
orwar
EMPC1consRD 5'-GCC A(C/IT)T GTT G(A/C)A CAA A(CIT)T GAA-3' Ru”f'g"“’
everse
EM-PC2consFD 5-TCA-CMA-TYC-ATG-GCC-TAT-GG-3' %)
Forward
LS

EMPC3consRD

5-AWS-TRC-CRT-GYT-TGT-TCC-ATT-C-3'

Reverse
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Table 2- Analysis of variance (mean of square) for fruit set in crosses.
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S.0.v DF Fruit set percentage
J5 alass adgl LYY ks
Flower number  Primary  Secondary  Final
A 9 1464.10* 1264.04*+ 67.17+ 61.41*
Cross
(ks 20 112.40 42.90 2.17 3.8
Error
VR 12.13 5.16 6.35 8.71
CV (%)
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Figure 1- Primary, secondary and final fruit set in crosses. (DMRT, p<0.01)
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Table 3- Analysis of variance for the pollen tube growth pattern in the styles of crosses.

Olayo (il
b s ' Mean square
e &5l aa, -dilgy oy .
G DF AYS s 43 03,5 3l . wls gl CEB Ll laess
S.0V <) . Style
Pollen number onstyle  Germination ~ Style begin - 10 Style end Ovary
percentage
W 9 30438.10*+ 2698430~ 864150+ 894.7+ 64.3 6.7+
Cross
Uas
20 750.80 495.90 712.20 30.83 8.70 .00
Error
L b
KA JES 21.30 20.40 27.70 29.90 8.40 5.70
CV (%)

o)y S sl pdass )0 o ize
= Significant at 1% of probability level
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Figure 2- Pollen tube number in different parts of the pistils in crosses. (DMRT, p<0.01)
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Figure 3-A) Stigma surface, B) upper part of style, C) middle of style and D) ovary beginning, respectively in cross between
‘Meteore’ with pollen of genotype 1
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Table 5- Correlation value among pollen number and germination percentages and tube numbers in different parts of styles
and ovary in crosses

03,5 dlues Pl Mo als gl aols g wld gl
Pollen number  Germination percentage  Style begin  Style middle  Style end
@)4’]? o)) 0 78**
Germination percentage '
s sl 0.74°* 061°*
Style begin ' '
Aol fauy 0.73"* 0.41%* 0.82°°
Style middle ' ' '
b e 0.63** 0.36** 069**  0.78**
Style end ' ' ' '
Olaess 054" 052" 067°*  083°*  076%
Ovary

o pd S Jloss ! pdaws jd o xe
=*: Significant at 1% of probability level.
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Figure 4- S alleles amplified by PaConsl-F/EM-PC1consRD in the studied sour cherry cultivars and genotypes
Cultivars argument are ‘Meteor’, ‘Mont Morency’, ‘Mahalli’, ‘Majarestani’ and Genotype 1 from right to left.
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Table 4- S alleles amplified with primers based on band size (base pair)
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LXwd S35 4 S34 S33 S26 S15 S14 S13 S12 SO S6
S13° . S6me S6M S1° ol JLsb e 551l a1
39 555 . izun S36b3 4 S36hC S36b S36a « S13m
el Bl Ly g S5y Ly s ot ()85l sla T &S
odewy &)l 4y P froticosa as5 1 Ll piST ¢ g oo st
lolid 55 oS 3 358 a5l (B (YT 5 Y0 ) i
JUIT s oS 5 La T ol S ol ) 0L ol g wiloss
P. froticosa 4565 g (WS e Sy93 JUT gn wilonds i
oS 53 JUIT 5 JLsd i 5l elo T < peioman A5l o
JUIT 05 A s a8 cal o) SS0LES i ] 9 i Jls
sokey el 01 JUT 53 £ )85l gl JT s b et sl
"o Seidgiels )5 5Lubidg: (58 oyl el sadob b NS
et JUb et el o> ST analS b sl cmizgen 29
oy J| g 4 ol (B2 50 1l 29300 £ )53l sla Y]
9 oS (el Jio 5lolings ogre (1555 (B 53 0)lkg puo
Bl oy (e 395 (oo ST (5394x 0310 L]
P. 4555 ,5Sd 4SC Sh Sa Jols 2,55l T Lo
526 cLapls L La il o) 1,51 a8 wlows o Lulis froticosa

(ST S idle el ol )3 (FA) o 5 g3
5l eslawl Ly 1 (Kros) Crisana o3, 3l cowmes Y8 (6,5 ;L0
903,5 adlllas PCR 5 4ol (slacyy 509958l 5 el
SlacuSr 5939 S5l Jols pl S 500 55 45 K390 ()15
39293195 ke (B 029 97 (B 0 9l gl il > Al
b oS il e 6yl5 el T S il gl 51 s ym oS sy
A8 colb PCR

b §) 0y V) 6yl 5bebs sla T (18) olylSan g S
SRNase ()] pg> 9 Jol oyl »55 By 5l 1) Lyl calisea
8654 S1” S1 Lol )55l U110 5 03, Lok
5 S36b S36a S35 526 S13° S13 S12 S9 S6m
5 cpioan 390 S13 T & bigrya lglyd eyt 235 S36DC
ol 5 ol mlis 039 59,bo95 68 WV adlllas 3550 05, VY (40
bzl gyl o was Ul alel el a8 wb el adllas
Onpidi pb ddllae )3 355 Gygo (gl <83 L 15035 B
D92 b i Ve lgs ojluil 4y by e Sl

2 U e 5l 1w g Jleb )55l JITNY 58
S8 S1 ol JLab 55l sln I &8 whosss pluliss LT



¥yo

w3l yoly (slo yuzniy STy 3l esliinl b JUIT (Slal G5 S 3 o)1 (o5 32 ()3 adlllan

bowg 685lul cla I iS5 (opiomen 09 4185 o
Siel can ym o sl L Prunus s coyous a5l
9 3905 ;iS5 1) ()5l sl T 4y bgyye g dw jisTas
y )85l T jles o diwilys bS5l cis ) plisona
bgye ol sl ,S0LE w598 (Ll ool P )les acn iy
5 P8 O B3l Loled g 03)5 g L) gy 5 gm0 S 4
T2 09 Ol 4t )3 45 35 dalllas 550 (slacs;
alisl o ) SKoden cewlio sl500,5 lains 1y pBB)) oyl Sugame
U990 Gl &y dngi b ¢ pisron g0 CuiS ply 9JLJT olel
5 SLadlos, S ) el can o] wpaz pB)l 39,9 5 355 5 U]
Slwlid caa J9Sge cng o9y jl &5 Canl yigg ogee JSi5

() Aitud joraie S36D3 4 S36b2 S36b S36a S35 S33
s9ag) Ul Byl dan 13 4858 (5)15S (1F) wloly (pizan

6 5 4
lallas 53 Lo uSiles awglie 5l ool Cony ol & dag L
Cros d 03,5 adg) 3945 Aig) g 0gse JoSUi 20 4 gy
1m0y 48 39 a9 98 X C om” (I (i e
aold Calises (slacuomd ;0 03,5 dlg) i (pizmad oore oSS
St s oyl g a3 b 51 i el 5 e
Slwyle 58) (59) (e 15y 03)5 Cute Sl 5y )5l

.39&5 o.)li';wl L@éi d)g)'l.u) 10)19) - _ B
ol slr 503,5 cn st Olsin Sl (e 08) 9 da3 o0 JSi5

&l

1- Atlagi¢ J., Terzi¢ S., and Marjanovi¢-Jeromela A. 2012. Staining and fluorescent microscopy methods for pollen
viability determination in sunflower and other plant species. Industrial crops and products 35(1): 88-91.

2- Ayanoglu H., Bayazit S., Inan G., Bakir M., Akpinar AE Kazan K., and Ergul A. 2007. AFLP analysis of genetic
diversity in Turkish green plum accessions (Prunus cerasifera L.) adapted to the Mediterranean region. Scientia
Horticulterae 114: 263-267.

3- Chen X., Huairui Shu., and Xuesen Chen. 2004. Studies on self--incompatibility in stone fruit trees. Chinese
Bulletin of Botany 21: 755-764.

4- Cropotova J., Tylewicz U., Cocci E., Romani S., and Dalla Rosa M. 2016. A novel fluorescence microscopy
approach to estimate quality loss of stored fruit fillings as a result of browning. Food Chemistry 194: 175-183.

5- Dafni Amots., Michael Hesse., and Ettore Pacini. 2012. Pollen and pollination: Springer Science & Business
Media.

6- Eftekhari M., and Sharafi Y. 2020. Microscopic study of fertilization and fruit set in apricot cultivars sprayed by
zinc. Journal of Horticultural Plant Nutrition 2: 1-14.

7- Eftekhari M., and Sharafi Y. 2020. Microscopic study of the effect of Boron foliar application on pollen tube
penetration and fruit set in apricot cultivars. Journal of Horticultural Plant Nutrition 3: 119-130.

8- Fahrni C.J. 2007. Biological applications of X-ray fluorescence microscopy: exploring the subcellular topography
and speciation of transition metals. Current Opinion in Chemical Biology 11(2): 121-127.

9- FAO. 2018. FAO statistical database. http://apps.fao.org.(visited 10 january 2018)

10- Gu Chao., J Wu., Y-H Du., Y-N Yang., and S-L Zhang. 2013. Two different Prunus S fb alleles have the same
function in the Self-incompatibility reaction. Plant Molecular Biology Reporter 31(20): 425-34.

11- Gu Chao, Jun Wu., Shu-Jun Zhang., Ya-Nan Yang., Hua-Qing Wu., M Awais Khan., Shao-Ling Zhang, and Qing-
Zhong Liu. 2011. Molecular analysis of eight S fb alleles and a new S fb-like gene in Prunus Pseudocerasus and
Prunus speciosa. Tree genetics & Genomes 7(5): 891-902.

12- Halasz J., Hegdus A. and pedryec A. 2006. Review of the molecular background of self-incompatibility in
Rosaceae fruit trees. Journal of Horticultural Sciences 12: 7-19.

13- Hauk N., Yamane H., Tao R. and lezzoni A.F. 2002. Self-compatibility and incompatibility in tetraploid sour
cherry (Prunus cerasus L.). Sex Plant Reproduction 16: 14-19.

14- Hegediis A., Lénart J., and Halasz J. 2012. Sexual incompatibility in Rosaceae fruit tree species: Molecular
interactions and evolutionary dynamics. Biologia Plantarum 56(2): 201-09.

15- Hegedus A., Szabo Z., Nyeki J., Halasz J. and Pedryec A. 2006. Molecular analysis of S-haplotypes in peach, a
self-compatible Prunus species. Journal of American Society. Horticultural Sciences 131: 738-743.

16- Kubitscheck U. 2017. Fluorescence microscopy: from principles to biological applications: John Wiley & Sons.

17- Lansari A., and lezzoni A. 1990. A preliminary analysis of self incompatibility in Sour cherry, Hortscience 25(12):
1636-1638.

18- Lech W. and Tylus K. 1983. Pollination, fertilization, and fruit set of some sour cherry varieties. Acta

Horticulturae 139: 33-39.


http://apps.fao.org.(visited/

IRl oF o)l FF alar ((5553LaS galoo 5 pole) (Ll pole 425 FYF

19-

21-
22-

23-

24-

26-

27-

28-

29-

30-
31-

32-

33-

34-

35-

36-

37-

38-

40-

41-

43-

Lisek A., Danuta Kucharska, Agnieszka Glowacka., and Elzbieta Rozpara. 2017. Identification of S-haplotypes of
European cultivars of sour cherry, The Journal of Horticultural Science and Biotechnology 34(12): 163-168.
Losada J.M. and Herrero M. 2014. Glycoprotein composition along the pistil of (Malusdomestica) and the
modulation of pollen tube growth. BMC Plant Biology 14(1): 1-7.

Mable B.K. 2004. Polyploidy and self-compatibility: Is there an association? New Phytologist 162: 803-811.
Makovics-Zsohar N., and Halasz J. 2016. Self-incompatibility system in polyploid fruit tree species- A review,
The International Journal of Plant Reproductive Biology 8(1): 24-33.

Mularczyk-Oliwa M., Bombalska A., Kaliszewski M., Wtodarski M., Kopczynski K., Kwasny M., Szpakowska
M., and Trafny E.A. 2012. Comparison of fluorescence spectroscopy and FTIR in differentiation of plant pollens.
Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy 97: 246-254.

Nathanael R., Hauck, Hisayo Yamane, Ryutaro Tao., and Amy F. lezzoni. 2006. Accumulation of nonfunctional
S-haplotypes results in the breakdown of gametophytic Self-incompatibility in tetraploid Prunus. Genetics Society
of America 172: 1191-1198.

Ortega E., Martinez-Garca P., Dicenta F., Boskovic R. and Tobutt K.R. 2002. Study of self-compatibility in
almond progenies from self-fertilization by florescence microscopy and stylar ribonuclease assay. Acta
Horticulturae 591: 229-232.

Raduni¢ M., Jazbec A., Ercisli S., Cmelik Z., and Ban S.G. 2017. Pollen-pistil interaction influence on the fruit set
of sweet cherry. Scientia Horticulturae 224: 358-366.

Sabbaghpoor Heris J., Sharafi Y., and Buzari B. 2020 Investigation of the Compatibility among some Sour Cherry
Cultivars and Genotypes in Iran. Iranian Journal of Horticultural Science and Technology 21(1): 47-58.

Salesses G., and Bonnet A. 1994. Citological studies of tetra-, hepta-, and octoploid interspecific hybrids between
P. cerasifera, P. spinosa and P. domestica. Acta Horticulturae 359: 26-32.

Schneckenburger H. 2005. Total internal reflection fluorescence microscopy: technical innovations and novel
applications. Current Opinion in Biotechnology 16(1): 13-18.

Sedgley M. 1990. Flowering of deciduous perennial fruit crops. Horticultural Reviews 12: 223-264.

Sharafi Y. 2019. Effects of zinc on pollen gamete penetration to pistils in some apple crosses assessed by
fluorescence microscopy. Caryologia 72: 63-73.

Sharafi Y., and Raina M. 2020. Effect of boron on pollen attributes in different cultivars of Malus domestica L.
National Academy Science Letters 43(4): 399-403.

Sharafi Y., Talebi S.F., and Talei D. 2017. Effects of heavy metals on male gametes of sweet cherry. Caryologia
70: 166-173.

Sharafi Y., Talebi S.F., and Talei D. 2017. Effects of heavy metals on male gametes of sweet cherry, Caryologia
70: 166-173.

Sutherland Bruce G., Kenneth R., Tobutt, and Timothy P Robbins. 2008. Trans-specific S-Rnase and S fb alleles
in Prunus Self-incompatibility haplotypes. Molecular Genetics and Genomics 279(95): 65-78.

Tao Ryutaro, Akiko Watari., Toshio Hanada., Tsuyoshi Habu., Hideaki Y., Masami Y., and Hisayo Y. 2007. Self-
compatible peach (Prunus Persica) has mutant versions of the S haplotypes found in Self-incompatible Prunus
Species. Plant Molecular Biology 63(1): 109-23.

Tatsuya Tsukamoto., Nathanael R., Hauck, Ryutaro Tao, Ning Jiang and Amy lezzoni F. 2010. Molecular and
genetic analyses of four nonfunctional S haplotype variants derived from a common ancestral S haplotype
identified in sour cherry (Prunus cerasus L.). Genetics Society of America 184: 411-427.

Tobutt K.R., Boskovic R., Cerovic’-R., Sonneveld T., and Rusic D. 2004. Identification of incompatibility alleles
in the tetraploid species sour cherry. Theor Appl Genet 108: 775-785.

Tsukamoto T., Hauck N.R., Tao R., Jiang N., and lezzoni A. F. 2006. Molecular characterization of three
nonfunctional haplotypes in sour cherry (Prunus cerasus). Plant Molecular Biology 62: 371-383.

Tsukamoto T., Hauck N.R., Tao R., Jiang N., and lezzoni A.F. 2008. Genetic and molecular characterization of
three nonfunctional haplotypes in sour cherry (Prunus cerasus). Journal of Experimental Botany 59(11): 3169-
3185.

Tsukamoto T., Hauck N.R., Tao R., Jiang N., and lezzoni A.F. 2008. Molecular and genetic analyses of four
nonfunctional S haplotype variants derived from a common ancestral S haplotype identified in sour cherry (Prunus
cerasus L.). Genetics Society of America 411-427.

Yamane H., Kazuo lIkeda., Nathanael R., Hauck, Amy F. lezzoni and Ryutaro Tao. 2003. Self-incompatibility (S)
locus region of the mutated S6-haplotype of sour cherry (Prunus cerasus) contains a functional pollen S allele and
a non-functional pistil S allele. Journal of Experimental Botany 54(392): 2431-2437.

Yeloff D., and Hunt C. 2005. Fluorescence microscopy of pollen and spores: a tool for investigating
environmental change. Review of Palaeobotany and Palynology 133(3): 203-219.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjctOm5kNvbAhXGXCwKHRD1DxgQFggkMAA&url=https%3A%2F%2Fwww.tandfonline.com%2Floi%2Ftcar20&usg=AOvVaw0NNqLYs4q6BkuuOzchayBC

Journal of Horticultural Science (323U gbio 5 pole) (SLtl pole & 1l3

Vol. 34, No.3, Fall 2020, P. 427-438 -, FYV-FYA 00 IRl ¥ o)led FF
ISSN: 2008 - 4730 G Yerh - FYYe Ls

Compatibility Relationships of some Sour Cherry Cultivars and Genotypes
Using PCR and Florescence Microscopy

A. Joulani®- Y. Sharafi®- J. Sabbaghpour Heris®
Received: 09-04-2019
Accepted: 22-09-2020

Introduction: Sour cherry (Prunus cerasuc L.) is one of the most important stone fruit of Rosaceae family
which have a high nutritional value. Based on FAO statistics, Iran was ranked the 3rd to 6th among the main
sour cherry producer countries in the world. Most of the sour cherry cultivars are self-compatible, but self-
incompatible cultivars have been reported currently. Allotetraploidy of sour cherry complicates the self-
incompatibility segregation in the progeny, so this studies have been less accomplished in Iran. The sour cherry
is an allotetraploid species which possibly stand up as a result of usual hybridization between the dwarf cherry P.
fruticosa and sweet cherry P. avium. Similar to other species of the Prunus, the phenomenon of gametophytic
self-incompatibility (GSI) happens in sour cherry. It prevents self-fertilization and facilitate fertilization with
pollen of other genotypes within same species. Self-incompatibility consists of arresting pollen-tube growth in
the pistil if the pollen tube contains the same S-allele that is present in the pistil. The phenomenon of self-
incompatibility in plants of Rosaceae family is controlled by two genes at the S-locus. The specificity of the
pistil is encoded by a gene responsible for the synthesis of the ribonuclease protein (S-RNase), whereas the
specificity of the pollen is controlled by the gene encoding an F-box protein (S-haplotype-specific F-box protein
— SFB) 3a). The tightly linked genetic unit of the pistil S-allele (SRNase) and pollen S-allele is called S-
haplotype.

Materials and Methods: In the present study, pollen-pistil compatibility relationships among some sour
cherry cultivars and selected genotypes were investigated by controlled pollination and pollen tube penetration
by fluorescence microscopy. Cultivars were include ‘Meteor’, ‘Mont Morency’, ‘Majarestani’ and ‘Mahalli’ so,
genotypel were selected. After controlled pollination fruit setting was studied and the pollen tubes growth along
the style was studied using fluorescent microscope. Crosses were selected based on synchronized flowering time
among cultivars and genotypes and included ‘Mont Morency’ x ‘Meteor’, ‘Meteor’ x ‘Mahalli’, ‘Meteor’ x
‘Majarestani’, ‘Meteor’ x ‘Genotype 1°, ‘Mont Morency’ x ‘Mahalli’, ‘Mont Morency’ x ‘Majarestani’, ‘Mont
Morency’ x ‘Genotype 1°, ‘Mahalli’ x ‘Majarestani’, ‘Mahalli’ x ‘Genotype 1’ and ‘Majarestani’ x ‘Genotype
1°, respectively.

For each cross, 2 branches were randomly selected in female cultivars in winter. On each branch, including
30 floral buds at ‘balloon stage’ were tagged and bagged to prevent the entrance of any foreign pollen. On the
day of anthesis, ready-to-dehisce anthers were collected from male cultivar, maintained on a moist filter paper in
petri plates at 4 °C in refrigerator till they dehisce. Pollens from these anthers were used as a source of male
gametes later. Once stigma turned receptive, cross-pollination treatments were carried out in the field as
designed scheme for 12 successive days. After every 24 hrs. up to 120 hrs. post-pollination, 12 pistils per
treatment were fixed in FAA (formaldehyde/glacial acetic acid/70% alcohol in the ratio of 1:1:18) for 24 hrs.
Followed by washings with water to remove traces of alcohol, if any, and cleared in 5% KOH at 60 °C for
fluorescence microscopy. Staining regime, as described in Sabbaghpour et al. (2020) the number of pollen tubes
in the upper and mid-parts of the style and in the ovary was employed to enable visualization of the pollen
germination on the stigma. Percentage of pollen germination was determined as the proportion of pollen grains
that germinated on the stigma to the total number present on a scale of 100. Pollen tube number at three levels
was calculated as an average of 5 (n=10). For an easy understanding of growth pattern of pollen tubes inside the
style and ovary, the stylar portion, which measures 1.8 + 0.07 cm on an average, was divided into two parts: the
middle and the base. A single, longitudinal incision was then carefully given on one portion of the style using a
fine needle and made wide open. Pollen tubes inside the style were critically observed under fluorescence
microscope at 100x magnification. Number of them was carefully recorded and data generated for different
experimental sets.

Results and Discussion: Results showed that maximum pollen tube number penetrated to the ovary and final
fruit set were observed in cross ‘Mahalli’x‘Majarestani’. Also, minimum pollen tube in the ovary and final fruit

1, 3 and 2- M.Sc. Students of Pomology and Assistant Professor, Departement of Horticulture, Faculty of Agriculture,
Shahed University, Tehran, Iran, Respectively
(*- Corresponding Author Email: y.sharafi@shahed.ac.ir)



AR 5l o 0)led FF alr ((55)9LisS @aliow 3 poke) SLdl pole 435 FYA

set were observed in ‘Meteor’x‘Mahalli’ and ‘Meteor’x‘Genotype 1’ crosses.

Conclusion: Based on the obtained results cross-incompatibility was not observed among the studied
cultivars and genotypes. Therefore, they could be planted in the sour cherry breeding programs and orchards
establishment based on their blooming time.

Keywords: Florescent microscopy, Pollen, Pollination, Self-incompatibility, Sour cherry
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Table 1- Used pollination treatments in this experiment

Lo 5581 03,5 3 3,1 300
Integerrima flour and pollen levels

Open pollination (Control)

sals) ol Slasles S
il & 3

IF1 (£S5 V) Loa Sl 03,5 (oo ¥ # (25 +/V0) 351 (s 10
0.5 cc flour (0.25 g) + 4 cc integerrima pollen (2 g)
IF2 (P25 V0) Loy Siial 03,5 o0 ¥+ ()5 <) 3,1 (o +/0
0.5 cc flour (0.25 g) + 3 cc integerrima pollen (1/5 g)
IF3 (5)) e Sl 035 g Y+ (p)5 +1V0) 3] (s g0 <10
0.5 cc flour (0.25 g) + 2 cc integerrima pollen (1 g)
= (P)510) Loy Sxial 03,5 (oo N+ ()5 +1YB) 3,1 (o +/0

0.5 cc flour (0.25 g) + 1 cc integerrima pollen (0.5 g)

| = Integerrima, F = Flour
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Figure 1- Viewed in full bloom (a), Insulation of branches (b), Brush pollination method (c) and Spray
pollinator method (d) in pistachio branches

B 08 dany gm0 W32 9 SISy SUBI,S gl slowi (il lg 4525 -Y Jga
Table 2- ANOVA of pollination treatments on fruit set and drop in pistachio cv. Fandoghi

O k5 pilio 290 i
s PREDI Fruit set YWV
SOV fjf" Joldlaye  pgdalaye albids,e Fruitdrop
T ' Firststage Second stage Final stage
"_’s”" ) 2 45.605 " 1.722 0.345 " 6.445 "
Replication
- Lidlod *k
‘j’u_ d 1 45.092 ™ 0.300 "™ 2.505 7.222 "
Pollination (A)
o = ’l b > * *k *k *
> = ksl 117.692 105.967 54.102 88.127
Blend of flour - pollen (B)
p AxB 4 16.390 ™ 4.639 ™ 0.589 ™ 1.432 "
bb)f —.5)] ]o5l>m X OL.:.élm)f : : . '
s 18 28.586 1.801 0.114 24.613
Error
el 7.51 9.81 6.83 5.32
CV (%)

*%

A3 o i |y (gls dze pA NS g Mo yd gy 5 duoyd S Jlein ] o )3 gyl e i 4
* **¢ Significant at 1% and 5% level probability and ns no significant, respectively.
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Figure 2- Interaction effect of pollination x blend of flour - pollen on the final stage of fruit set in Pistachio cv. Fandoghi
(LSD, P<0.05)
IF1 (0.5 cc flour (0.25 g) + 4 cc integerrima pollen (2 g), IF2 (0.5 cc flour (0.25 g) + 3 cc integerrima pollen (1/5 g), IF3 (0.5 cc flour
(0.25 g) + 2 cc integerrima pollen (1 g), IF4 (0.5 cc flour (0.25 g) + 1 cc integerrima pollen (0. 5 g)
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Table 3- Fruit set in pistachio cv. Fandoghi under different blends of flour and pollen

(%) 090 JuSuls
Fruit set (%) (%) o9m0 32,
03,5 -3, bl adgl agl e Fruit drop (%)
Blend of flour-pollen  Primary Secondary Terminal
&l“_" . 75.732 21.13¢ 10.232 86.47°
Open pollination
IF1 76.142 12.08° 2.91¢ 96.15°
IF2 69.29% 12.50° 3.46% 94.992
IF3 68.00% 10.97° 3.76° 94.443%
IF4 66.76° 11.70° 4.34° 93.49%
LSD 5% 6.48 1.62 0.40 6.01

A3l s I gme BB glls doyd gy w5 oS jitie By SO JBls oyl (o Sile giw y» )3 LSD g6l sl 5
Means in each treatment and for each column followed by the same letter are not significantly different based on LSD test (p<0.05).
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Table 4- The effect of pollination methods (spraying and brush) on fruit set and drop of pistachio cv. Fandoghi

(%) vgme JuSuiis

SLidlos 5 g, Fruit set (%) (%) 2980 32,
Pollination method adql a9l s Fruit drop (%)
Primary Secondary Terminal
Sl 69.96° 13.78 5.23° 92.622
Spray
9 ok 72.142 13.582 4,65° 93.60?
Brush
LSD 5% 4.10 1.02 0.25 3.80

sl oo I ime BB gl o y> s Jloin] aws p3 oS jtie By 5 JBlis (o) (slacpSibe (ygtw ya )3 LSD (yg0jl (slue p
Means in each treatment and for each column followed by the same letter are not significantly different basd on LSD test (p<0.05).
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Table 5- ANOVA for pollination treatments on some fruit traits of pistachio cv. Fandoghi

.. 039 R U
X 039 < i 05U &yj9 Suid (39
Oy galie w2 892 P o oee SIS 05 Sy
S”.“O.V. &3 Fresh S Fresh Dry Dehiscent  Blankness
df  weightof DY  weightof weight of of nuts of nuts
nuts weight kernel kernel
of nuts
<5
)-)34 . 2 0.028 ™ 0.010" 0.0008" 0.00007 ™ 13.235"™ 9.741 ™
Replication
¥ LwBI 0. ] *k *k *k *k
o > 1 0.002 ™ 0.034 " 0.027 0.032 114.660 65.357
Pollination (A)
D.))f *))T 1091705 ns *k Fk Fk *k *k
4 0.039 A1 .04 .077 1007.67 291.441
Blend of Flour - Pollen (B) 0.136 0.048 00 007.678 S
AxB - s o
23,5 —35] byl x Lidlos 5 4 0.003 ™ 0.022 ™ 0.001™ 0.018 37.911 44,746
b= 18 0.017 0.009 0.002 0.0005 14.788 7.688
Error
ot 7.69 9.20 5.57 459 8.13 1178
CV %
**

ad o LS 1y (65 me pas NS g Mo )d gty g duoyd S Jleiis ] pdas 45 (g5 dme a5 4

* **¢ Significant at 1% and 5% level probability and ns no significant, respectively.
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Figure 3- Interaction effect of pollination x blend of flour - pollen on kernel dry weight of pistachio cv. Fandoghi (LSD,
P<0.05)
IF1 (0.5 cc flour (0.25 g) + 4 cc integerrima pollen (2 g), IF2 (0.5 cc flour (0.25 g) + 3 cc integerrima pollen (1/5 g), IF3 (0.5 cc flour
(0.25 g) + 2 cc integerrima pollen (1 g), IF4 (0.5 cc flour (0.25 g) + 1 cc integerrima pollen (0. 5 g)
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Figure 4- Interaction effect of pollination x blend of flour - pollen on blankness of nut pistachio cv. Fandoghi (LSD, p<0.05)
IF1 (0.5 cc flour (0.25 g) + 4 cc integerrima pollen (2 g), IF2 (0.5 cc flour (0.25 g) + 3 cc integerrima pollen (1/5 g), IF3 (0.5 cc flour
(0.25 g) + 2 cc integerrima pollen (1 g), IF4 (0.5 cc flour (0.25 g) + 1 cc integerrima pollen (0. 5 g)
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Table 6- The effect of pollination methods (spraying and brush) on some fruit triats of pistachio cv. Fandoghi

SLadles 5 b, (05) om0 036 339 (%) 320 236 039 (7) pgue S (%) o900 S5
Pollination method Fresh weight of nuts Fresh weight of kernel Dehiscent of nuts Blankness of nuts
)] ()] (%) (%)
Sﬁ:' 1.73° 0.90° 49,25 22.05
y
é" "’l:] 1.712 0.84° 45.342 25.012
rus
LSD 5% 0.10 0.03 2.95 2.12

sl o I ime BB gl o ys s Jloin] aws y3 oS jtie By 5 Bl (sl (slacpSile (ygiw y» 53 LSD (yg05l (slne
Means in each treatment and for each column followed by the same letter are not significantly different based on LSD test (p<0.05).
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Table 7- The effect of blend of flour and pollen treatments on some fruit traits of pistachio cv. Fandoghi

03,5 —3,] byl (05) 090 256 539 (05) 32 05U ¢339 (7) ogne (Sl (7) o9 S
Blend of flour- pollen Fresh weight of nuts  Fresh weight of kernel  Dehiscent of nuts  Blankness of nuts
() () (%) (%)
ML” . 1.862 0.972 57.112 17.19°
Open pollination
IF1 1.662 0.74¢ 33.00°¢ 32.67°
IF2 1.692 0.83¢ 36.19¢ 27.76°
IF3 1.718 0.87b¢ 47.12° 23.76°
IF4 1.682 0.942 63.032 16.28°
LSD 5% 0.16 0.05 4.66 3.36

Al es I sime MBI (el doyd gy Jloin] gl 53 oS jtie By S5 JBlas gyl (elapSibe giw y2 )3 LSD 0l sl 5
Means in each treatment and for each column followed by the same letter are not significantly different based on LSD test (p<0.05).
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Table 8- Correlation coefficients between traits measured in Pistachio cv. Fandoghi

1 2 3 4 5 6 7 8 17 19
als yo o
Jol als . 856 39 09 sl e
N T Sid jrenil gy S 0js s
lio S e B0 Ny oguo g dgao (Jlis o9 (S
ogre JSWiT Sl ; 5 Fresh o )
- N ” Fruit Fresh 90 . . Dehiscent of  Blankness of
Traits o Fruit . d ! D weightof  pry weight t t
Fruit set 2 0 rop weight of Dry kernel o Kernel nuts nuts
set 1 Fruit nuts weight of
set 3 nuts
1 1
2 0.43™ 1
3 0.26™ 0.88™ 1
4 -0.01™ -0.52" -0.66™ 1
5 0.70™ 0.59™ 0.56™ -0.22™ 1
6 0.20™ 0.69™ 0.69™ -0.40" 0.59"™ 1
7 -0.13™ 0.44™ 0.67" -0.39" 0.41" 0.67" 1
8 0.04" 0.63™ 0.73" -0.39" 0.39" 0.87" 0.777 1
17 -0.03™ 0.55™ 0.76™ -0.52™ 0.45 0.80" 0.84™ 0.86™ 1
19 0.09™ -0.49" -0.62" 0.44™ -0.39" -0.86™ -0.75" -0.88™ -0.87" 1
a3 o i |y (g e pas NS g doyd gy g o> SO Jlain ] o )3 (gl e iy 4 K g *F
* **¢ Significant at 1% and 5% level probability and ns no significant, respectively
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Introduction: Iran, is the largest producer and exporter of pistachio (Pistacia vera L.), among the major
pistachio producing countries in the world including USA, Turkey, Italy and Greece. Due to the altered nature of
the pistachio, the high yield of the pistachio is due to the fact that the environment is quite suitable and fertility
of the female flowers is high. As the edible and consumable part of this fruit is its kernel, it is essential for brain
formation, pollination and inoculated. Therefore, the aim of this study was to investigate the effects of artificial
parent pollination of Integrima species on seed properties obtained by crossing with ‘Fandoghi’ pistachio
cultivar and also to compare the effects of Integerrima pollen with domestic pistachio pollen on the quantity and
quality of pistachio fruits and seeds.

Materials and Methods: The experiment was conducted as factorial based on randomized complete block
design with three replications in one of Astan Qods Razavi pistachio gardens in Bardsaskan-Anabed city, 297
km from Mashhad during 2018-2019. Experimental treatments included two pollinator methods (spray and
brush) and five flour-pollen combinations. Each replicate had one tree and five branches that were selected from
each tree with at least three to four flower buds. Four of them were controlled for pollination and one branch was
considered for negative control. The branches were insulated by two-layer bags. The fruits were harvested in late
summer and some quantitative and qualitative traits were measured.

Results and Discussion: Analysis of variance showed that the effect of flour-pollen blend on fruit formation
of ‘Fandoghi’ cultivar in the first stage was significant (p<0.01), but there was not a significant difference
between the simple effect of their pollen and the interaction of their mixture and pollen (p<0.05). The amount of
fruit formation in the second stage showed a significant difference with respect to the simple effect of flour-
pollen blend (p<0.01) but there were no significant differences between the mixture and pollinator for simple and
their interaction effects (p<0.05). All of the simple and interactions effects of variations were significant
(p<0.01) on the final stage of fruits shape of ‘Fandoghi’ cultivar. Fruit loss was significantly (p<0.01) affected
by simple effect of flour-pollen blend, but there was no significant difference (p<0.05) of simple and interaction
effects of their pollen between blend and pollen variations. None of the simple and interaction effects of
variations were not significant on wet weight of fruit. No significant difference was observed between the effect
of pollen and pollen interactions between the mixture and their pollen, and the effect of simple mixture of flour-
pollen show significant (p<0.01). The effect of pollen and flour-pollen mixture on dehiscent was significant
(p=<0.01), but the interaction of pollen in the mixture was not significant. Correlation coefficients of traits under
evaluation showed that there was a significant positive and negative correlation between different traits, so that
the highest positive and significant correlation (88%) was observed between the second stage and the final stage
of fruit formation.

Keywords: Blackness, Controlled crosses, Dehiscent, Pistachio
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Introduction: Drought is known as one of the most important factors limiting the growth and production of
plants in urban landscape. Drought has limited production of 25% of the world's agricultural lands. Water
allocated to the landscape irrigation has high value and should be used optimally with high efficiency. Soil
texture is a classification instrument used both in the field and laboratory to determine soil classes based on their
physical texture. Soil texture can be determined using qualitative methods such as texture by feel, and
quantitative methods such as the hydrometer method. Soil texture has agricultural applications such as
determining crop suitability and predicting the response of the soil to environmental and management conditions
such as drought or calcium (lime) requirements. Soil texture focuses on the particles that are less than two
millimeters in diameter which include sand, silt, and clay. Soil texture affects the water content and drainage
ability of soils. This is because texture controls the nature of soil pores, i.e. the voids or spaces between the
mineral particles in a clay soil. For example, there are many minute pores or micro pores between the tiny clay
particles. Being small, they tend to retain water but to exclude air. As a result, clay soils are prone to drain poorly
and to become waterlogged. By contrast, sandy soils are dry soils. On the other hand, application of new
techniques to maintain soil moisture is essential. One of these techniques for increasing soil water retention is
use of natural moisture absorbing materials such as zeolite. Zeolites are one of the new and effective substances
to improve the soil water retention and preserve water and minerals in the soil. Zeolites contain elements such as
potassium, calcium, sodium, silicon, aluminum, magnesium, iron and phosphorus that can be considered as the
best dietary supplement and fertilizer and play an important role in the utilization and production of the most
agricultural products.

Ligustrum vulgar L., belongs to the Oleaceae family, is native to warm regions, European and Asian
countries including Iran. This plant is one of the most widely used perennial plants in the landscape spaces. This
study was designed to investigate the effects of drought stress and soil texture on growth and some qualitative
and quantitative traits of the Ligustrum vulgare.

Materials and Method: In order to investigate the effect of zeolite and soil texture on quantitative and
qualitative traits of Ligustrum vulgare under drought stress, a factorial experiment was conducted based on
completely randomized design with three replications, in the greenhouse of Agricultural Faculty, Ferdowsi
University of Mashhad in 2019. The treatments consisted of four types of soil texture (100% soil, 100% sand,
80% soil + 20% zeolite, 80% sand + 20% zeolite) and three levels of irrigation (25, 50 and 100% field capacity).

Plant height, number of leaves, number of lateral branches, maximum root length, root volume, shoot and
root dry weight and length of lateral branches were measured in each pot. Physiochemical traits such as relative
water content, electrolyte leakage and photosynthetic pigments were also measured. Statistical analysis of data
was analyzed by JMP8 software. Graphs were plotted using excel and all mean comparisons were performed by
LSD test at P<0.05%.

Results and Discussion: According to the results, decreasing irrigation levels reduced vegetative traits such
as fresh weight and dry weight. Relative water content also decreased, but ion leakage increased by decreasing
irrigation levels. The highest stem fresh weight (18 g), root fresh weight (29 g), total fresh weight (56 g) and
total dry weight (20 g) were observed in soil + zeolite, and the highest leaves fresh weight, root volume and plant
height were obtained in soil and soil + zeolite treatments. The lowest root volume was observed in sand and
zeolite treatments which had no significant differences. In addition, ion leakage was lower in the treatments
containing zeolite than the other treatments. The highest amount of SPAD (72) and chlorophyll b (31.5 mg / g
fresh weight) were observed in sand + zeolite treatment and 25% field capacity. According to the results, it
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seems that soil and soil + zeolite in low irrigation conditions were more suitable environment for growth of
Ligustrum vulgare and sandy bedding would reduce plant growth in normal conditions as well as under drought
stress.

Keywords: Chlorophyll, Electrolyte leakage, Leaf area, Relative water content, Urban landscape
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Table 1- The composition of nutrient solution used for
tomato nutrition

stlonss S 53 - Ll

Chemical composition  Concentration
Ca(NO3)2.4H20 (mM) 5
KH2PO4 (mM) 0.2
K2S04 (MM) 0.2
MgS04.7H20 (mM) 0.3
NaCl (mM) 0.1
MnS04.H20 (uM) 7
ZnClz (UM) 0.7
CuS04.5H20 (uM) 0.8
H3BOs (UM) 2
Na2Mo004.2H20 (UM) 0.8
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Table 2- ANOVA for the effect of application methods and different Fe sources on the vegetative characteristics of

tomato
©la e a0be
Mean of square
P ae . I 039
— r 00X Suid (39 X 09 < i
el @ £ | L Y s W S B INES e Ay,
o s . J -,
Source Of variation st'}‘ Helght Stem Number Number Fresh Dry Fresh i)
df diameter ~ of node  of flower weight weight weight Dry
shoot shoot root weight
root
38 sla g,
Application 1 42001  1.17% 18.37+ 30.37*¢ 78547  352.74** 88197  573*
methods
ool e 199.82# 0.59# 56.82# 106.04** 781.30% 356.53* 678.23% 21.87*
Sources of Fe
ale X35 (slasdg,
ol
Application 3 86.77 0.084" 2.82 5.26" 278.72 133.53 174.67 3.44
methods*Sources of
Fe
s
16 20.87 0.056 0.42 29.3 60.97 9.32 46.92 0.78
Error
(8253) Syt o 5.46 3.09 5.75 10.69 7.78 16.39 10.51 4.54

CV%

Ao ) g0 Jlain] pdaw (3 I gixe gl 0ind Ll (a5 4y i g 5 g > Jxe gl pae NS

ns: non- significant, * and **: significant at 5% and 1% of probability level, respectively.
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Table 3- Interaction effect of application methods xdifferent Fe sources on the vegetative characteristics of tomato

S e e . SWE (39 e SWE (4339
Y N DY R R Attt - AR ) 2 0d9 addy
A ) lication Source; of  Plant No. of Shoot fresh 4 Root fresh ¢
pp height node weight Shoot dry weight Root dry
methods Fe h h
(cm) (plant™) (g plant™) weight (g plant™) weight
(g plant™) (g plant™)
Fe- 894 c b b be cd
EDDHA +2.gb 13+0.6 108+ 5.8 63.27%£1.2 16.52+1.2 4.62+0.3
98.5
Gk 3l (@3 gl Fe-EDTA +2 62 16.33+0.32 130.67+3.92 94+5.2¢8 40.79+2.92 8.39+0.62
0 82.83 * b
Rooapplied  FeDTPA  %290% 9331030 oLgosdss 6948771 1588+15%  4.96£1.1°
80.67 + ) . \
FeSOs 2 ¢ 9.67+0.3 93.88%6.7°¢ 58.031£5.1 16.67+0.66" 5.09+1.3°
EDF|§|-'|A 792'667(: * 9.67+0.34 91.67+3.75°¢ 55.67+1.5° 13.59+0.82¢ 3.23+0.2d¢
5, . FEEDTA SLR 1467603 10267:29%  67.33:15" 1044329  7.40%0.56%
Foliarspray  pe-ptpa 8487 9330030 95432 55754240 1563140 60202
7167 £ e c b d e
FeSO4 5 49 7.67+0.3 89.33+3.8 55.54+0.5 10.52+0.62 2.51+0.1

il e Sl (glaels w90l 3l ealitul b ko ps B Jlein] pdaw 53y gize BB pas oaimdlis o 09,5 5 (ygiw o 40 aliie g >

Columns and group’s treatments with the same letters are not significantly different at 5% of probability level using Duncan’s multiple range test.
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Table 4- Simple effect of application methods and different Fe sources on stem diameter and number of primary flowers

o a8l ylad adgl g JS slaxs
Treatment Stem diameter (mm) Number of primary flowers (flower plant—1)
a2 Gu Sl 3 slns 7.92+0.18 18.08+0.67°
Root-applied
Sy 5
2 b sbee 7.48+0.05 15.83+0.33
Foliar spray
Fe-EDDHA 7.77%0.22 15.67+0.63°
Fe-EDTA 7.7+£0.62 21.67+1.82
Fe-DTPA 8.04%0.12 18.67+0.5%
FeSO4 7.28+0.2° 11.83+0.5¢

b Sl (glaals Wi y903] 51 ookl b boyd & Jlois] gaws )3 55 xe BB pie oaimd yLis jlosi 09,5 g ygiw ya > aliie g y>
Columns and group’s treatments with the same letters are not significantly different at 5% of probability level using Duncan’s multiple range test.
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Table 5- ANOVA for the effect of application methods and different Fe sources on macronutrient concentrations (%6DW) of

tomato
Ola o (wKile
Mean of square
Ol yt5 23lio 4,3 Mg K P Ca
Source of variation &l Ay ldle ady;  sldls Al sl Ak, ollle
df Roots Shoots Roots  Shoots Roots Shoots Roots Shoots
50, la sy, 1 0.022#= 0.00039™  0.03* 0.23** 0.31#  0.0002"™  0.006*  0.014**
Application methods
ol @l 3 0.03**  0.0004**  0.06** 0.2% 0.065**  0.0015* 0.007**  0.022**
Sources of Fe
ool mlie X018 cla o, 3 0.007**  0.001*= 0.002"  0.002"  0.0096*+ 0.0002" 0.0003"™  0.001"
Application methods*Sources
of Fe
(IS 16 0.002 0.0018 0.006 0.002 0.002 0.0002 0.0002 0.0007
Error
(o) Sl ysis oy 2.23 2.25 13.39 3.57 11.93 11.05 4.58 4.54
CV%

oy ) 50 Jless] e 3 ) ime ©gldd odima LS i 4y s g g D gime gl ey pas NS
ns: non- significant, * and **: significant at 5% and 1% of probability level, respectively.
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Table 6- Simple effect of application methods and different Fe sources on macronutrient concentrations
(%DW) of tomato

slow Ca P K
Treatment PPN Ay 8 L LG Al 8 )l L Al
Shoots Roots Shoots Roots Shoots Roots
adoy Goob il ey Jge  0.3320.12 0.61+£0.14%  0.133+0.005% 0.47+0.14® 1.35+0.006% 0.61+0.0062
Root-applied
S r b glore 0.30+£0.02  0.56+0.02° 0.126+0.0058 0.54+0.0332 1.15+0.033° 0.54+0.0332
Foliar spray
Fe-EDDHA 0.29+0.008°  0.54+0.14°  0.13+0.006% 0.5+0.16? 1.23+0.1°  0.58+0.006°
Fe-EDTA 0.34+0.08*  0.61+0.14°  0.12+#0.005®  0.26+0.15¢  1.13+0.01°¢ 0.52+0.03b
Fe-DTPA 0.37+£0.012  0.66+0.012  0.15+0.0152  0.29+0.15" 1.51+0.172  0.71+0.072
Fe-FeSO4 0.30+0.006° 0.53+0.012° 0.11+0.001° 0.36+0.11°  1.12+0.04¢  0.47+0.04¢

il e Sl (glaels w90l 3l ealitul b ko y3 B Jleis] pdaw 53 Iy ixe BB pae oaimd lis low 09,5 5 (ygiw o 4> alie g >
Columns and group’s treatments with the same letters are not significantly different at 5% probability level using Duncan’s multiple range test
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Table 7- Interaction effect of application methods xdifferent Fe sources on P and Mg concentrations (YoDW) of tomato

ol @l 352)8 S hy,
Sources of Fe Application Mg P
methods Ay 5 lus L by, o lws LS
Roots Shoots Roots Shoots
adyy Gk 5l e Jsbre Fe-EDDHA 0.4%0.001° 0.54+0.0012 0.67+0.006? 0.13+0.0062
Root-applied Fe-EDTA 0.37+0.0003¢ 0.39+0.0005¢ 0.38+0.006" 0.126+0.0062
Fe-DTPA 0.37+0.0005¢ 0.4+0.0006° 0.36+0.006" 0.15+0.0062
Fe-FeSO4 0.54+0.00022 0.57+0.0009° 0.47+0.002° 0.126+0.0022
S r il Jsbre Fe-EDDHA 0.52:+0.0042 0.55+0.0006° 0.33+0.015% 0.13+0.015?
Foliar spray Fe-EDTA 0.37+0.002¢ 0.38+0.0006° 0.15+0.002¢ 0.12+0.0022
Fe-DTPA 0.5+0.0006" 0.44+0.0007" 0.22+0.006¢ 0.15+0.0062
Fe-FeSOs4 0.54+0.001? 0.55+0.00012 0.27+0.001°% 0.1+0.0012

b Sl (glaals wix y903] 51 ookl b o )3 & Jlois] gaws )3 55 ixe BB pie oaimd yLis jlosi 09,5 g ygiw ya 3 aliie by y>
Columns and group’s treatments with the same letters are not significantly different at 5% probability level using Duncan’s multiple range test
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Table 8- ANOVA for the effect of application methods and different Fe sources on micronutrient concentrations of tomato

©la e abe
Mean of square
5,8 Mn Fe Cu Zn
Ol et gille ° . s . e . Ss e . e
Source of variation ¢ Al o lws L EY) o,ld e EY) \ adyy,  lusly
? Roots Shoots Roots Shoots Roots Roots Shoots
< Shoots
>j”"lg_ slaots) 1 23877.04**  1624.81**  6169.63*  2109.23 ** 0.43 1 1.08 ** 193" 100.04 ==
Application methods
ool pbe 3 3376.85** 317.92**  3631.93 **  3947.20 **  140.13* 1159*= 957.17*  41.10 **
Sources of Fe
ool glie x3,)l8" (sla iy,
Application 3 5755.72*  375.881**  248.005* 1699.002 **  199.14**  0.134* 630.25* 21.21**
methods*Sources of Fe
ks 16 24.49 1.8 0.006 20.3 0.74 0.2 45.47 0.87
Error
(303) st oy 3.34 3.49 8.64 4.17 5.64 23.19 15.58 4.88
CV%
o)) 0 Jlais] gdas )3 )l ime ©gldd edima LS ol 4y w9 g D gine gls s NS
ns: non- significant, * and **: significant at 5% and 1% of probability level, respectively.
P a8 i lals o e o did gl g juw aLS (VY Joiz) Lajlass s (10l duslio Joan oS (g y5boay
> 42 dagl S5 oSlo )3 g0 Sl o sladly cusdlyg IS 2 gl GBSy (e cn oS gyt 4 3D (L
il 3)b jl b g9, ABb o jgtume b9 IS g 9 8Ly Ol lasm S5 Jdg S b Jod )l @ Jodg S
Cblis )3 o g 89yl 4 (g3l JWsl auli8 50 oo 4SS alen b Jgdoe 5 (ade)) (2138 Jolo ol yan 4y FE-EDTA 5,8
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Table 12- ANOVA for the effect of application methods and different Fe sources on the Fv/Fm and PI values of tomato

Oyt @l 4,3 Slapo (ke
Source of variation 835 Mean of square
df  (Fu/Fm) yS1as @ pudie (il gl Jdg 5 (5 jRhwgid olws (2,5 (s Lo
(P1)
b S ol sBS b Sy ol sbS 2
Mature leaves Young leaves Mature Young leaves
leaves
3,8 sla 3, 1 0.03#* 0.019%* 0.74%= 0.81*
Application methods
ol @l 3 0.003=** 0.004#* 0.77% 0.52%*
Sources of Fe
ol wlie X318 (sl b, 3 0.0004* 0.0007* 0.1* 0.2%
Application methods*Sources of
Fe
Las 16 0.0001 0.00015 0.004 0.006
Error
Ol s g 1.26 1.73 3.89 5.37
CV (%)

Lo ) 90 Jlain] e 53 )y gixe glds onimdliS i 5 4y s g s g I gime gl 1y NS
ns: not significant, * and **: significant at 5% and 1% of probability level, respectively

5958 4295 0l )3 (P19 FUIFM) (g jiiuwgid (b plal,l 2 oo cilitien qilio x (ool (5395 3,15 b9 (JiiSod 2 VY g
Table 13- Interaction effect of application methods xdifferent Fe sources on the Fv/Fm and P1 values of tomato

352,85 sy, bl gle (Fu/Fm) 8100 &y puiite (il 9l Judg I (PI) (g humgid oliwd 0l )5 a3 LS
Application methods Sources of Fe A gbS Ol 1S A s ol SBS
Mature leaves Young leaves Mature leaves Young leaves
adyy yb 5l 3 Jolxe Fe-EDDHA 0.75+0.004° 0.75+0.001° 1.76+0.001° 1.52+0.079°
Root-applied Fe-EDTA 0.77+0.004% 0.79+0.0012 2.46+0.001* 1.36+0.08%
Fe-DTPA 0.78+0.0032 0.75+0.003° 1.47+0.003° 1.45+0.02"
FeSO4 0.74+0.006° 0.74+0.02¢ 1.46+0.02« 1.45+0.02"
S b Jslre Fe-EDDHA 0.67+0.008° 0.70+0.0014 1.26+0.001° 1.15+0.04¢
Foliar spray Fe-EDTA 0.71+0.003¢ 0.72+0.01° 1.82+0.01° 1.480°
Fe-DTPA 0.72+0.008« 0.72+0.003° 1.36+0.003% 1.32+0.01¢
FeSO4 0.66+0.003" 0.66+0.0002° 1.30+0.0002¢ 1.22+0.01¢%

il e S (glaels wix ygejl 3l ealitul b ko ys B Jlein] pdaw 53 Iy gine BN pas oaimd5lis losd 09,5 5 (ygiw o 43 aliie By >
Columns with the same letters are not significantly different at 5% probability level using Duncan’s multiple range test

Slose 4 olgs e 1y o138 Jglme 4 FE-EDTA (yal 548 5,18 ool ¢ gl das Co e gusno asliy (0,8 ooy jolaie 4 1Y

D)5 dpog (SSparsS gl CulS Ol w3 il 2 Fse o5 2,8Mas 3500 3 Wi oo o 3,8 570 5 cslio 365 o
(i Jgbe i PH bl )3 culpbi il IS 06 (iS5

&l
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Introduction: Iron is an essential element for plant growth which is involved in many plant processes such
as photosynthesis and activating enzymes involved in mitochondrial and photosynthetic electron transfer. Iron
(Fe) deficiency is a common disorder affecting plants in many areas of the world, and is chiefly associated with
high pH, calcareous soils. Plant Fe deficiency has economic significance, because crop quality and yields can be
severely compromised. Deficiency or low activity of iron in the plant causes chlorophyll is not produced in
sufficient quantities and the leaves are pale. The decrease of chlorophyll leading to the reduction of the plant
food processor and finally the yield is reduced. Iron fertilizers are grouped into three main classes: inorganic Fe
compounds (soluble ones such as FeSO4-7HO), synthetic Fe chelates [such as ethylenediamine tetraacetic acid
(EDTA) and ethylenediamine-di (o-hydroxyphenylacetic acid) (EDDHA)] and natural Fe-complexes (humates
and amino acids). Iron could be applied in different chemical forms, including chelates and inorganic Fe salts.
To our knowledge, no published data for tomato growing under hydroponic conditions have assessed the effects
of application methods and different sources of Fe Fertilizer on plant yields, growth and nutritional condition.
Therefore, this work was carried out to study the effect of FeSO., Fe-EDTA, Fe-EDDHA and Fe-DTPA as a
foliar spray and root-applied on the growth, yield, physiological characteristics of tomato plants under
hydroponic system.

Material and Methods: Regarding to the role of application methods and Fe sources on the absorption of
this element and the process of photosynthesis and plant growth, a factorial experiment was carried out to
determine the best methods of application (add to nutrient solution and foliar spray) and iron fertilizer (FeSQa,
Fe-EDTA, Fe-DTPA and Fe-EDDHA) for growth and physiological characteristics of tomato in hydroponic
system with three replications. Analysis of variance (ANOVA) was performed using the SAS program. If
ANOVA determined that the effects of the treatments were significant (P <0.01 for F-test), then the treatment
means were separated by Tukey range test.

Result and Discussion: The results indicated that the plant height, dry and fresh weight affected by the
application methods and iron fertilizer, so that the maximum and minimum plant height, and dry and fresh
weight were obtained in application of Fe-EDTA to nutrient solution and foliar application of FeSOs,
respectively. Mohammadipour et al., (2013) reported that by applying nano-chelate fertilizer of iron, iron sulfate,
Fe-EDTA and Fe-EDDHA by two methods of foliar application and root-applied (soil) of Spathiphyllum plant, a
significant difference between the types of fertilizer and application method were used. So that the maximum
height and dry weight of the plant were obtained in Fe-EDDHA fertilizer treatment to the root application. The
root and leaf Fe concentration affected by source of iron and the method of application so Fe-EDTA added to
nutrient solution and foliar application had the highest amount of Fe in the root and leaf, respectively. Cu, Mn,
Zn and some macro elements such as; Mg and P also influenced by the type of fertilizer and method of
application. Roosta and hamidpour (2013) showed that the foliar application of Fe-EDDHA under aquaponic and
hydroponic conditions increased the amount of K, Mg, Fe and decreased the concentration of Zn, Cu and Mn
compared to the control treatment in tomato plants. Current experiment results showed that the maximum
chlorophyll content (a, b and total) and maximal quantum yield of PS Il photochemistry (F./Fm) and performance
index (P;) values of young and old leaves were found with Fe-EDTA in nutrition solution and the highest
carotenoids and sugar soluble content were found in FeSOas in nutrient solution and foliar application,
respectively. Roosta and Mohsenian (2012) reported that there was also a linear relationship between leaf-Fe and
chlorophyll content in pepper. The application of inorganic Fe salt (FeSO4) and Fe-chelates (Fe-EDDHA and
Fe-EDTA) on pepper plants increased Chl a content in leaves of these plants compared to the control.

1- Lecturer, Department of Horticulture Science and Engineering, High Educational Complex of Torbat-e Jam

(*- Corresponding Author Email: moradi.ob@gmail.com)

2- Professor, Department of Horticulture Science, Faculty of Crop Sciences, Sari Agricultural Sciences and Natural
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3- Ph.D. Student, Department of Horticulture Science, Faculty of Agriculture, Vali-e-Asr University of Rafsanjan



YVA  olS (Sa3slaimd 5 (ong) sl polyly 2 8T 095 Citlidio galio 9 0,2, sl 329 5

Additionally, several investigations have described the beneficial effects of foliar Fe. Iron deficiency caused a
significant reduction in the amount of chlorophyll a, b, total and carotenoids of pea (Iturbe-Ormaetxe et I., 1995).

Conclusion: Based on the results, Fe-EDTA and Fe-EDDHA had the highest significant effect on vegetative
growth of tomato, respectively. Thus, at neutral pH of nutrient solution as occurred in this experiment,
application of Fe-EDTA in nutrition solution is suitable than the other source of iron fertilizer for tomato growth.

Keywords: Application methods, Hydroponic, Iron, Tomato
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Table 1- ANOVA for the effect of drought, melatonin and temperature on some traits of melon transplant

- Jdo s sl
L Casb, o g ¥ o
% 2o o o Cadedgls 975 Js Jgloee o S '
SOV & Proline ey Chla b Total Electrolyte
~ DF RWC Chlb Total Soluble phenol leakage
Chl sugars
45 2 0.2331**  243.75**  2.846** 1.748**  9.052** 0.733 ** 83.19** 388.35**
Drought (D)
Opge
Melatonin 1 0.0110** 19.92* 1.432*%*%  0.734**  4.216** 0.763** 0.92ns 131.64**
(M)
Lo>
Temperature 1 0.0109**  130.11**  3.276** 0.757**  7.182** 0.264** 5.19** 30.65**
(M
DxM 2 0.0029** 0.01ns 0.111**  0.086*  0.382** 0.034ns 0.06ns 2.76ns
DxT 2 0.0125**  101.62**  0.941** 0.241**  2.109** 0.009ns 2.78** 42.35**
MxT 1 0.0079** 2.51ns 0.144*  0.006ns  0.092ns 0.013ns 2.85*% 1.31ns
DxMxT 2 0.0011* 2.23ns 0.086* 0.027ns  0.207* 0.003ns 0.22ns 5.31ns
e 24 0.0003 4.01 0.02 0.02 0.05 0.03 0.36 1.69
Erorr
WS me pae ™ 5 no )3 ) 5 0 Jleis ] paw 3 )b dxe s 4 gF

*and ** significant at 5% and 1% of probability levesl and ™ non-significant. (RWC: Relative water content).
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Table 2- Interaction effects of droughtx melatonin xtemperature on studied traits of melon transplant

i i Lo oo a Judg l5 JS Jedg ls
Drought Melatonin Temperature Proline Chla Total Chl
(pmol g™* FW) (mg g (mg g?)
MO TO 043¢ 5.18b 8.21b
DO T1 0.49¢e 4.27 ef 6.76 de
M1 T2 0.46 f 6.10a 9.65 a
T3 0.60d 457d 7.42¢C
MO TO 0.66 ¢ 4.48 de 6.93 de
D1 T1 0.69c¢c 401¢g 6.21 fg
M1 TO 0.68 ¢ 4.82c 7.48c
T1 0.73 b 4.38 de 7.01d
MO TO 0.80 a 3.98¢g 6.23 fg
D2 T1 0.73b 3.93¢g 6.02¢
M1 TO 0.77 a 4.29¢ 6.60 ef
T1 0.78 a 4.08 fg 6.33 fg

)5 M g ylel i ] gty 0 Al Ciys S Bl gl ol sSib 5 8 dulie 1oy 0 Lzl s 53 (S (gl ol oo
The mean comparisons were performed using Duncan’s multiple range test at p<(0.05 significant level. Means followed by the same
letter(s) in each column have not significantly difference. DO: 0, D1: %10 and D2: % 20 of PEG. M0: 0 and M1: 200 umol of
melatonin. TO: control and T1: cold stress.
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Figure 1- Interaction effects of drought xtemperature on chl b (A), % RWC (B), total phenol (C) and electrolyte leakage (D).
DO0: 0, D1: %10 and D3: %20 of PEG. TO0: control and T1: cold stress in melon transplant. (DMRT, p<0.05)



ITAR 5l Y o)led FF alr ((55)0LisS @aliow 3 poke) SLll pole a5 FAS

3.5

2.5

b Jsg,5(mg g-1)
Chl b
[ %]

=

MO

DO ‘

2
=)

D1

=0 e

<
=]
=

11

D2

23055 sLiid ;0D Judg IS Jlae p pigiMe X (Swis il 1Y JSW5
Figure 2- Interaction effect of drought xmelatonin on chl b. D0: 0, D1: %10 and D3: %20 of PEG. M0: 0 and M1: 200 pmol
of melatonin in melon transplant. (DMRT, p<0.05)
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Introduction: Melon (Cucumis melo L.) is one of the most important vegetables in Cucurbitaceae family and
one of the most important economic crops in the Torbat-e Jam city (Longitude: 60 48", latitude: 3531', altitude:
928 m). Growth and yield of agricultural crops are affected by biotic and abiotic environmental stresses. Cold
stress can be one of the most important environmental factors reducing crops yield. Cold acclimation in plant is a
complex process involving many morphological, physiological and biochemical changes, including a significant
reduction in tissue hydration during cold hardening. Melatonin (MEL, N-acetyl-5-methoxytryptamine) is a
conserved substance, which has been discovered in all living organisms, from bacteria to mammals. MEL
regulates the growth of root, shoot, and explant, activates seed germination and rhizogenesis, and delays leaf
senescence. In addition, the most frequently mentioned functions of MEL are related to various abiotic stresses
such as drought, radiation, low/high temperature, heavy metals, and salinity stresses.

Materials and Methods: In order to investigate the effect of PEG priming and melatonin on cold stress
resistance of melon seedlings, a factorial experiment was conducted in a completely randomized design with
three replications in Torbat-e-Jam University. In this experiment polyethylene glycol 6000 was used to produce
drought stress at three levels (0, 0.18 and 0.58 MPa) and melatonin was used at two levels (0 and 200 umol).
When melon seedlings were at 4 leaf stage, the amount of polyethylene glycol was added to the irrigation
solution for a week and to prevent drought stress, drought stress was increased for 3 days and increased one third
of the required concentration daily. Recovery was performed for three days after drought stress and during this
period melatonin was added to the irrigation solution at the required concentration. Seedlings were then exposed
to cold stress (TO: non-stress and T1: cold conditions). Control plants were kept in greenhouse conditions.

Results and Discussion: Comparison of the mean results showed that there was an increasing trend in
proline production by increasing drought stress. The highest amount of proline (0.80 umol g** FW) was recorded
at the highest level of drought pretreatment with no melatonin and without cold stress (D2MOTOQ), and then a
decreasing trend in proline production was observed. The results showed that melatonin significantly increased
leaf relative water content compared to the control. Interaction effects of drought pretreatment and temperature
showed that there was a trend of decrease in relative water content by increasing drought pretreatment. Ghanbari
and Sayyari (8) reported that drought pretreatment stress maintains relative water content of tomato seedlings
under cold stress conditions. Drought pretreatment significantly reduced the amount of chlorophyll a and total
chlorophyll. The results showed that the highest levels of drought pretreatment stress (D2) and melatonin (M1)
maintained chlorophyll a under cold stress conditions. Results showed that the amount of chlorophyll b was
decreased by drought pretreatment stress, but it increased by melatonin application in all compounds. Based on
the results, it was found that only simple effects of treatments at 1% of probability level had significant effects
on soluble sugars content. Comparison of the mean simple effects of drought pretreatment showed that under
drought stress the amount of soluble sugars increased significantly and the highest sugar content was recorded at
the highest drought stress level. The amount of soluble sugars in plants under cold stress also increased
significantly. Melatonin application also significantly increased the amount of soluble sugars. Kabiri et al. (19)
reported that the use of melatonin increased soluble sugars in Moldavian balm seedlings under osmotic stress
which is similar to this study results. It was found that melatonin significantly increased phenolic compounds
under stress conditions and significantly decreased electrolyte leakage.

Keywords: Electrolyte leakage, Melatonin, Polyethylene glycol, Proline, Relative humidity
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Figure 1- Sumac fruit drying in an infrared dryer at different intensities of radiation and air speed of 0.5 m/s
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Table 1- ANOVAfor the effect of radiation intensity and air velocity on quality characteristics of sumac fruit in infrared

dryer
-Sis e . ‘ : Itk
JUE PRI a3 s S Jg © oeliy o ol Js
Source of ] Dryﬁ]g time Total phenol Vitamin C Organic acid  Total change
variations df - (mg/100g) (mg/100g) (mg/100g) color
(min) (AE)
ol wad
Intensity of 2 2833.33% 0.02m 0.04%* 0.65** 1.78%*
radiation (I)
lg Cas yuo
(V)Air velocity
2 293.59** 0.008" 0.35%* 0.06™ 0.14#
Vx|
4 63.31" 0.05™ 0.006* 0.07+ 0.003*
1229
Error
9 2.77 0.008 0.001 0.03 0.003
CV el o 5.45 4.27 15.31 20.52 11.18
(%)
G sme pis 5 doyd oy o> S e prdaws )0 (6)b e iy 4 NS g s ¢ e
= =and ": significant at 1%, 5% and non-significant, respectively.
Glow 0980 (S (2155 2 Igp Cos g (WL Ol 1Y Jo
Table 2-The effect of radiation intensity and air velocity on quality characteristics of sumac fruit
ylowd OIS ol & omelivg &1 ! J5 <,
Treatment Drying time Vitamin C Organic acid Total
(Vx1) (min) (mg/100g) (mg/100g) change color
(m/s xWicm?) (AE)
0.5x0.2 agh 0.26° 1.21° 3.26%
0.5x0.3 53.33¢ 0.30°¢ 1.24¢ 3.21°
0.5x0.5 41¢ 0.142 0.782 3.71¢
1x0.2 72% 0.324 1.28¢ 3.11°
1x0.3 57.33¢ 0.314 1.11° 3.27¢%
1x0.5 37.52° 0.162 0.842 3.68¢
1.5x0.2 71.33f 0.28¢ 1.38¢ 2.92
1.5x0.3 50.42¢ 0.28¢ 1.11¢b 3.682
1.5x0.5 362 0.162 0.852 3.85

] (Sl (glasals dix yg0i] Babo pr o ya 50 o yd Sl paw 4 a1 I xe M pae Soly S it gy dgng*
*Means followed by the same letters in each column are not significantly at 1 % according to Duncan’s multiple rang test.
il o 3oy8 oo Ll b gl Cops i 4 15V
V and | are the incoming air velocity and infrared intensity, respectively.
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Table 3- Optimized point for infrared dryer

L)) g Sl
No. Variable Value
1 Saglae 0.71
Desirability
2 Sy 2.46
Total color change
[P
3 Dbl 1.25
(mg/100g) Organic acid
& ool
4 o 0.33
(mg/100g) Vitamin C
I Jss
5 2397.97
(mg/100) Total phenol
6 ORI ol 182
(min) Drying time
7 32 by ey 05
(m/s) Air velocity '
8 ol 03
(W/cm?) Intensity of radiation
9 gl 1
Surface
<— 0.2 w/cm2 00— 0.3w/cm?2 0.5w/cm2
1/2
1

Cagh) Com
(Moisture ratio)

Time (min)

Al g %0 1/0 (glgd Cus pw g AliBro (gl Wil o 43 50,8 (y9dle (o SWid 10 Gloww (i SWis Y IS
Figure 2- Drying in an infrared dryer at different intensities of radiation and air velocity of 1.5 m/s
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Figure 3- Drying in an infrared dryer at different intensities of radiation and air speed of 1 m/s
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Introduction: Drying of medicinal and aromatic plants (MAPs) is a widely spread method offering physico-
chemical stabilization by taking away part of the moisture content, producing different products with different
qualitative properties and economical value. The main purpose of MAPs drying is to extend product shelf life,
minimize packaging requirements and reduce shipping weights. Drying is used to stop the growth of
microorganisms and preserve the quality of MAPs. There are different drying methods and their suitability can
be determined by energy efficiency, drying time, preservation of active substances and other quality properties of
the product, depending on market demand. Therefore, determining a suitable drying method to achieve higher
active substances in medicinal plants is very important. Advantages of infrared drying include high efficiency of
conversion of electrical energy into heat, a suitable alternative source for thermal energy, and uniform heating of
the product surface. The aim of this study was to investigate the effect of infrared drying on drying time and the
qualitative characteristics of sumac fruit (total color changes, total phenolic content, organic acids, and vitamin
C).

Material and Methods: Sumac fruits (from the forests of Sardasht city in West Azerbaijan Province, Iran)
were used after complete separation from clusters and additional parts for drying and performing the desired
treatments. In this research, an infrared dryer was used to dry the sumac sample which was made by the
Department of Biosystems Engineering of Tarbiat Modares University. For this study, a factorial experiment was
performed based on a completely randomized design. In this experiments, three levels of radiation intensity (0.2,
0.3 and 0.5 watts per square centimeter) and three levels of air velocity (0.5, 1 and 1.5 meters per second) were
used. The sample tray inside the dryer was connected by a rod to a digital scale at the bottom of the dryer. The
scale had a computer connection port that could measure and record the weight of the fruits continuously during
drying. To determine the initial moisture content, 3 samples (50 g) were placed in an oven at 105 °C and after
three hours, the samples were taken out of the oven and weighed, and finally the moisture content of the product
was calculated on wet basis. The initial moisture content of sumac fruits was approximately 17%. Drying was
continued until the product reached a moisture content of 7%. Drying time and quality characteristics of sumac
fruit (color changes, total phenolic content, organic acids, and vitamin C) were measured. Colorimeter
(Hunterlab, Color Flex model, USA) was used to check the color changes of sumac fruits during drying and the

total color changes (AE) compared to the fresh sample were calculated. To measure the total phenolic content,
Folin-Ciocalteu phenol reagent was used by a spectrophotometer (Samsung, Smart Spec Flus model, South
Korea). Titration method was used to measure vitamin C and organic acids. Finally, based on all the mentioned
parameters, the optimization was performed by Design Expert software (version 10) and the best score was
obtained based on the utility index.

Results and Discussion: The results showed that the intensity of infrared radiation and air velocity had a
significant effect on the studied characteristics except total phenolic content. The minimum and maximum
drying times were obtained at the highest and lowest infrared intensities and air velocities, respectively.
Increasing the infrared intensity and subsequently increasing the temperature had a negative effect on the total
color changes, organic acids and vitamin C, so that the least total color changes and the highest amount of
organic acids and vitamin C were obtained by reducing the intensity of infrared radiation. The lowest total color
change and the highest amount of organic acids were obtained in the treatment of 0.2 W cm? x 1.5 m s and the
highest amount of vitamin C in 0.2 W cm? x 1 m s* and 0.3 W cm? x 0.5 m s treatments, respectively. The
values obtained from the optimization parameters for the studied indicators (drying time, total color changes,
organic acids, and vitamin C) showed that the best point for drying of sumac fruit was the infrared radiation
intensity of 0.3 W cm and air velocity of 0.5 m s™. In this treatment, the highest utility index obtained by

1 and 2- Graduated Student and Professor, Department of Biosystems Engineering, Tarbiat Modares University,
Tehran, Iran, respectively.

(*- Corresponding Author Email: khoshtag@modares.ac.ir)

3- Assistant Professor, Department of Horticultural Science, Tarbiat Modares University, Tehran, Iran
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software was 0.71.

Conclusion: Infrared drying reduced the drying time of sumac fruit compared to traditional drying methods
(shade and sun drying). In addition to reducing the drying time, infrared drying was a suitable method for
preserving the phytochemical properties and color changes of sumac fruits.

Keywords: Organic acids, Total color changes, Total phenol, Vitamin C
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Figure 1-The height of six apricot genotypes in Khorasan Razavi Province (Mean of three years study, DMRT, p<0.01)
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Figure 2- Mean comparison of fruit weight of apricot genotypes in Khorasan Razavi Province (Mean of three years study,
DMRT, p<0.01)
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Figure 3- Mean comparison of yield of apricot genotypes in Khorasan Razavi Province (Mean of three years study, DMRT,
p<0.01)
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Table 4- Mean comparison of pomological charactristics of apricot genotypes (Mean of three years study) in Khorasan
Razavi Province

S5 !

i 9 A (339 P 059 Total acid &« Jolowe el 3lge
Genotype Stone weight (g) Kernel weight (g) ° (?%?C' pH TSS (° Brix)
Ordubad-90 2.94ab" 1.80ab 0.41d 4.69ab 27.02a
G-190 2.83ab 1.62bc 0.42c 4.54ab 18.68d
G-269 3.06ab 1.84ab 0.43b 4.48b 18.12d
G-414 3.94a 1.93a 0.38f 4.81ab 21.49c
G-464 2.34bc 1.47c 0.3% 4.65ab 26.56ab
G-390 2.35bc 1.45¢ 0.37g 4.97a 24.68b
G-177 1.56¢ 1.20d 0.67a 4.46b 17.00d
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*Means followed by the same letters in each column are not significantly at 1% according to Duncan’s multiple rang test.
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Table 5- Mean comparison of the fruit quantity characteristics of apricot genotypes (Mean of three years study) in Khorasan

Razavi Province
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RS dgre (il JSWo Ao Ny 295 S9) Friit' ’ Do CndgS e 050
ng“ot o Fruit: shape in Fruit: ground Fruit: hue of over color c;f Eruit: Kernel:
yp lateral view cover of skin color flesh adherence of bitterness
stone to flesh

Ordubad-90 o 2 b 4 e 58 S 3 e
Oblate Yellow Orange red Cream Absent Sweet

G-190 A b9y (25,0 Sy 5] 5,8 R
Elliptic Light orange Pink Cream Absent Sweet

5.269 ol 539 o) b B & bl 308 P o oo
Oblique rhombic Light orange Orange red Cream Absent Sweet

) ok ) Sy 09 5,8 O
Oblate Yellow Pink orange Absent Sweet

0y 5,6 N

G-464 g 3); e 7%::;) 5l O
Circular Yellow Pink orange Absent Sweet

29k 0y (P5)b S0 & hle o8 o 0 2l O

G-390 . Dark

Circular Dark orange Orange red orange Absent Sweet

G-177 e b9y P8l Sy Mi:j?um )l R
Elliptic Light orange pink Absent Sweet

orange
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Table 7- Eigenrectors of principal components of apricot genotypes in Khorasan Razavi Province

Jole/ Ol piiio Jol (ol allgo 093 (ol adlgn P (ol adlgo 0,k (ol adlgo
Variations/Factor PC1 PC2 PC3 PC4
0922 ()9
Fruit weight (g) 0.947 0.459 0.645 0.379
Al (59
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Introduction: Iran is the fourth largest apricot producer in the world. It is important to know the level of
genetic diversity in breeding programs. Local genotypes are important because they are environmentally friendly
and have beneficial genes in breeding programs. Therefore, this study was conducted with the main purpose to
investigate the characteristics of phenology, morphology and pomology of six promising apricot genotypes in
order to determine the best genotypes in Khorasan Razavi Province condition.

Materials and Methods: This study was conducted to evaluate characteristics of six selected genotypes
(‘190°, “269°, ‘414°, “‘464°, ‘390’ and ‘177’) compared to ‘Ordubad-90° (as a control) with the aim of assessing
their compatibility in Khorasan Razavi climatic conditions in a randomized complete block design with three
replications, at Golmakan Research Station during the 2017-2019. These genotypes were selected randomly from
the Azerbaijan apricot populations around 15 years ago and were undergoing preliminary studies in the main
habitat and collecting and experimental orchards. During the research period, all genotypes were completely
uniform in terms of environmental conditions and garden management. Quantitative analysis of variance was
performed using SPSS software and comparison of means using Duncan's multiple range test at a probability
level of 1%.

Results and Discussion: Results showed that significant differences between genotypes in terms of
flowering dates and fruit ripening. So that, Genotypes of ‘269’ were the earliest (19 March) and ‘190’ were the
most late flowering (27 March) and, in the terms of fruit ripening time, genotype of ‘177’ were the earliest (third
decade of May) and genotype of ‘190° were the most late (second decade of July). Also, genotype of ‘414’ had
the highest height (302.57 cm), crown width (278.03 cm), trunk cross section (42.75 cm?), annual vegetative
growth (58.98 cm) and size index (8.76 m). These results are consistent with the findings of Nejatian and Arzani
(2002) and Mesbahi et al. (2014) on a relatively significant diversity in the morphological characteristics of the
studied genotypes. There was direct correlation between fruit size and stone size, so that, the highest fruit weight
(65 g), stone weight (3.49 g) and kernel weight (1.93 g) was in genotype of ‘414°. This result is agreement with
Asma and Ozturk (2005) who reported that there are direct correlation among fruit weight, stone weight and
kernel weight in the studied apricot genotypes in Turkey. The highest acidity content (0.67%) belonged to
genotype of ‘177, the highest pH (4.97) was in genotype of ‘390 and the highest yield (20.66 kg) was in
genotype of ‘190°. The obtained results are consistent with the results of Rahnemoon et al. (2005) on the
existence of a significant difference between the mean percentage of sugar and the content of total organic acids.
Accordingly, with the increase of soluble solids during fruit ripening, the amount of total acid decreased, which
is consistent with the results of Asma and Ozturk (2005). Also, there was a significant negative correlation
between flowering time and yield at the level of 1% (-0.704). These results are consistent with the findings of
Piir et al. (2017).

The results of principal component analysis showed that PC1 factor with 47.06% of the total changes
indicates fruit weight, stone weight and core weight, which can be called the factor of pomological traits. PC2
factor with 19.63% of the total changes indicates height, crown width and trunk cross section, which can be
called the factor of morphological traits. PC3 factor with 15.14% of the total changes indicates the chemical
properties of the fruit. The PC4 factor with 7.62% of the total changes indicates the time of beginning of
flowering, the number of days from the full blooming stage to fruit ripening and yield, which can be called the
factor of phenological traits. These four combinations accounted for about 89.45% of the total variation, and the
other variations included a slight variation. These results are comparable to the results of Janatizadeh et al.
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(2011) regarding cultivars in Shahroud city.

Conclusion: Genotype of ‘177’ is recommended because of its early ripening. Also, genotype of ‘144’ due to
large fruit size, genotype of ‘190’ due to late ripening and high yield compared to ‘Ordubad-90° (control) are
recommended.

Keywords: Apricot, Flower and fruit characteristics, Genetic diversity
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Figure 1- Rose stem bending at 45, 90 and 120 degrees and control
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Table 1- ANOVA for the effect of bud pruning, stem bending on Chlorophyll and carbohydrate contents and vase life of rose

cv. Avalanche
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Figure 2- Interaction effect of stem bending xbud pruning on carbohydrate concentration in rose cv. Avalanche (DMRT,
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Figure 3- Interaction effect of stem bending xbud pruning on vase life of rose cv. Avalanche (DMRT, p<0.05)
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Table 2- Analysis of variance for dry weight, fresh weight, peduncle diameter, and bud diameter and flower length of rose cv.
Avalanche
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G bze pie g Jo > K g iy Jloin] zolawyd HId gize iy 4y NS g g
*, ** ns: Significant at 5 and 1 of probability level, and non-significant, respectively.
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Table 3- The effect of bud pruning on fresh weight, dry weight, and bud diameter and flower length in rose cv. Avalanche

. (0 o) J5 a8 L Jobo (o (o) 4z ylab (0,5 o) Suld (39 (055 o) 5 0339
o &P Flower length (mm) Bud diameter (mm) Dry weight (mgr) Dry weight (mgr)
Prune type
A 43.125° 3.2875b 11.75° 3550
Without bud pruning
gz oo 56.813 2 3.8752 14.375% 4252

Bud pruning

In each column, means with similar letters are not significantly different using Duncan’s multiple range test at 5% of probability

5505 B85 b )l me aglis o yd O Jleis prdaws y3 ¢Sy (laialdy win yg0il bl g 53 S rde clacd s gl cladae

piidiay A% Les 51 ¥0° Jled 5 yjg o pd O Lps a5 b osaliie
oV s 400 jles 30 doue yhad Chws duslde jo .aLsl
2 (VIAFYD) azié jlad 1 5iaS (¥ Jgao) 2l o pidiy YO )los
(¥ Jodn) 2 oamliiio poyn (90 g 43L5 (gilo o3 (90 )los
ol dgly 3 LS (il S & JSS gy )3 &5 jshailen
a3ls o 8 liamg S pdaw jbb e il el (FA° 494°)
5 4l a3L5 (gjlop s L & €85 don g e 05 008 S
5 0 oo a3l ;0 s oole Lili8l el Wlyuung ST yiolidl
Silond o > SS9 5 (g el G St oole 38l
‘Jj FEa i J}.‘o 9 W )]0_9 Lgl.tbpdho Ju>)lh ")9‘36"’ q.° 9 Ya°
s 3 Coite 1L el (oimgn oM g lyamg S
Ol Slej duwy oo ol G5 ol g 29 o0 S5 4SS Jsbo g s
A aimy e g JolS Sygan |y 093 (S ) oo

il

5 ¥ sl g gy Slie o) 2 il Gl b e
9 IS5 Bl 5 g «JS a8 (li8l S ol (L ey 5 LS
295 d Rl L b ye dlis) oyp I e oS sl
hamg S g Gl o Jlos 4 g jtgd (il g Gby gb
() sl o b S 5 loalss tilo U6 pme s 4y o Jliml 5 Lo
ORIPl S 4 (Sgepgn ol 53 (Sl g i y9 Ol
o ey o8 5y 3 LS (35 03 5 LS gule (e
Lt LS eloalys) a8 s 4l slass (S a5Ls Yl ciS
(18) 1y ,Shas ¢ (o
039 5 0ig = LS il o3 51 SSle Anglie Jou
w3 oo Ui (¥ Jgiz) L Jobo g JKed jlad s jlab e Sas
JKed a8 (VOIVD ) Sid (g (FVIVD) 15 g npier &S
=0 42 YO ayglj 4y basye (FF/YVR) IS Sl Job o (+/VYD)
(F/10) dmis plad oy iy 5 42 )> R gl ) & sz o il
Pl (opn P eonped (Culld bjlogd plo b ()3 gime SMB

1- Mercedes



1FAQ 5l oF oleds PP wde (5559l @uluo g pale) SLLL pole 4 pis  OYA

3305 4BLS Job g 4 ylad (SUES (59 F 09 22 WS 5lw 3 Lo U - g
Table 4- Effect of Bending on leaf fresh weight, leaf dry weight, and bud diameter and flower length of rose cv. Avalanche

Bending degrees Flower length Peduncle diameter Bud diameter Dry weight Fresh weight
Sl o3 4l S LS Jgb JXe3 5l s s SpSdd oig S P o
aald 428750 0.625 be 2.96252 11°b 33.6252
Control
45° 64.3752 0.7254 3.8754 15752 47.75°
90 ° 56.752 0.675 ® 4152 15.752 462
120° 35.875° 0.55°¢ 3.2375° 9.75° 28.625°

In each column, means with similar letters are not significantly different using Duncan’s multiple range test at 5% of probability
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Table 5- ANOVA for the effect of bud pruning and stem bending on photosynthesis capacity-related indices in rose cv.
Avalanche
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Bud pruning
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Stem bending
Bl il wixals oy
Stem bendinngud 3 0.003 ™ 0.039"m 0.041m 0.043" 0.293 ™
pruning
El::;r 24 0.00071 0.02026 0.001149 0.01606 0.06699
e 9.8 42.7 23.3 7.4 18.3
CV (%)
S sme pis 5 doyd S g gy Jloin] gokaw)d HId bze i) 4y NS g g
*, ** ns: Significant at 5 and 1 of probability level, and non-significant, respectively.
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Figure 4- Effects of bud pruning on photosynthesis capacity-related indices including absorbtion per reaction center
(ABS/RC), electron transport per reaction center (ET0/RC) and maximum quantum yield of photosystem Il (Fv/Fm) in
bended shoot of rose cv. Avalanche (DMRT, p<0.05)
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Introduction: Management of rose plant structure plays an important role in flower production throughout
the year and determines the amount of rose plant life span and influence plant development and quality of cut
flowers (length, diameter and weight). In the past, roses were planted in a row, and their structure was in the
form of long vertical hedges, with annual pruning often involving, disbudding and pinching. Rose growers tend
to bend non-producing shoots to increase light absorption and build more photosynthetic assimilates and
increases the quality of the produced cut flowers. In this study was investigated for proper management of
pruning of cut rose bud with an emphasis on degrees of shoot bending.

Materials and Methods: The cutting's media were prepared from a combination of Cocopeat and Perlite at
50% equilibrium. The cuttings were planted in two-meter-long boxes 18 cm apart. From day 4, nutrient solution
was injected into the substrates. Nutrient solution volume per plant was 550 ml per day, which was injected 11
times into the culture medium. In order to select the best plant structure architecture for producing the highest
quality of the cut flowers, a factorial experiment was conducted based on a completely randomized design with

two shoot pruning and bending treatments. During the bending process to increase the accuracy of the

experiment, two bent shoots were counted for all cuttings, six days after bending treatment the dormant buds
were activated in the primitive part of the stem and began to grow. Pruning of the buds was done in two levels of
50% pruning and without pruning. 45 days after bud removal, flower shoots were harvested, and samples were
transferred to the laboratory for post-harvest evaluation. Chlorophyll and carbohydrate concentration,
photosynthesis index, physiological, morphological and photosynthetic parameters were measured as well as
vase life trait.

Results and Discussion: Pruning of buds at 1% probability level was important on carbohydrate content and
bending at 5% probability level on carbohydrate and vase life. Furthermore, the interaction between the two
pruning treatment and bending at 1% probability level was significant on the carbohydrate content and vase life.
In general, it could be concluded that by bending the shoots, the light penetrates into the plant structure, which
ultimately increased photosynthesis and the amount of carbohydrates in flower buds. It could be concluded from
the observations that bent shoots with appropriate angles could consume their carbohydrates for bud flower
production. In other words, bending branches plays the role of factories which task is to deliver the
photosynthetic production in the bending branches to the flower branches that are the most important consumer.
The results showed that bending of branches (45 and 90 degree), with increasing light absorption and making
more photosynthetic assimilates and changing their flow from bent branches to shoots, caused their proper
growth and 30% increasing in the fresh and dry weight traits. The diameter of the bud and the length of the
flower shoot increased post-harvest quality of the cut flower. Furthermore, the interaction of bud pruning and
bending had a positive effect on carbohydrate content of flower shoots. On the other hand, the vase life were
evaluated, which showed that the bending 45 degree had the highest vase life (22.5) and 120 degree had the
lowest vase life. At treatment 120 degree (lowest postharvest survival), non-pruned treatments showed longer

vase life (16 days) and lower pruned treatments after harvest (13.5 days). It also showed the highest fresh weight,
dry weight, peduncle diameter and flower length are 45 degree. No significant difference was observed in the
photosynthesis rate of a bent branch near the bed and vertical branches above the bed. By bending the branch at

the right angle, it made the bent light branch more efficiently utilized and maintained its photosynthetic rate,
although bending stress, at the high levels and in the manufacture of carbohydrates and other products.
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Photosynthesis for helping the plant eventually gained more carbohydrates from its vertical branches
(flowering), and increasing carbohydrates will lead to a relative increase in quality, bud diameter and flower

length and eventually vase life of the cut flower.
Conclusion: The results of the bending treatment showed that the accuracy of the bending time and degree of

45° and 90° subsequently resulted in an increase in the quality of production.

Keywords: Bending, Flowering, Pruning, Rose
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