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Figure 1- Variation of daily minimum and maximum temperature during summer, autumn and winter, 2015
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Table 1- ANOVA (mean of squares) of the electrolyte leakage (%6), survival (%) and traits related to regrowth of viola plants
under irrigation and temperature treatments
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Figure 1- Effect of irrigation x temperature on electrolyte leakage percentage (fitted curve) after applying temperature

treatment and survival percentage viola plant after one month recovery in greenhouse conditions
LSD value for electrolyte leakage percentage and survival percentage is 1.06 and 13.1, respectively.

B (3 S lw an =Y+ 5=V VWY A =¥ Gan) Soii
Sy e w als oy i oL)S Sl a0 =V glod jo s S
Foo sled 4 s 203 N e 40 g MV-1T7 5, 4 by po
ALy asis g9y 2 (17) OHSon 9 LB (2 53 (A) 35
P35 s9—w i » (V) ohlSen 5 J3—5)1 5 (M.truncatula)
UiblS o bod jials a8 us saalie 35 (Sorghum bicolor)
oS b Gl lalos plos 55 sl ons oLlS Sy mdaw
LS 15 LS 5 s 15 5o 42,3 % 5 4 o> o
O 93 290 Sglite ()lol Jlod g5 4 dun il oyl Ll iy
o 29 iome ysb 4 Gl I )b > (5358 9 (St
oS 3 1y slize claguoly 93 ol Jilize ol Lol cal b 5 13
8 oLl o alS )5 S o ials bl 5 aitisy
P LasS olas (38 oy 5 > @ (ol cudsbs w03 A+)

Hlaw Joliie il il cod (gl bxe yob 4 alS Sy mdaw

ol jl Lo tals az e () Jgi2) €5 )18 e 5 )l
oS 2 S e (I8l 4 e o, S (b 4y Hio
Codls doyd P e 3 Gl e bl b (o)lol sloles
LS_'CI)) u_aﬁ)lo oy A )L«J Bel U] u))—«.o.{ 9 (.—\40).) FV) (J'Cl))
VY led o Feg ¥ olales s ssaliin (1o FY)
o ieS g oy iy sy 4 dald glod 4y Cows D)5 ol ds 0
) Gl alde ulyd )3 (ol cudib wopp A e o
e aduen Sl 3 ol Lis (Vo) o)) o Jlgio Y Jga2)
i S5 sbyles plo 4 cand el); cud il ao )3 VO oy
Sy p Sladlas )5 Bk jlas Gl Sy e (il cage
Jlad i oo > 4 S (Triticum aestivum) a3 pL3 )



Vo S bl 59 addty ol 59 (S5 G 41 Jad S9mte 2 65l Tsban i

Ot e 05 4l (65910 093 bk 53 () el
Sl b &S oy 43,5 o st dlaly Lasls oyl g 5l doyd
s el cud)lb as e led cov LS o sla sy
9 V5) oldies glaaidl b oS (0 Jgio) s 0338) il slaplul
(Calendula g aipon sl )5 ;0 asdhy oLis a5 (VY
Loyd Gilidl s 4 (Viola gracilis) acas 4 officinalis)
3 dm eioly slaplil sl 5l els Jo gy gals g e xSl s
20 Ballad b dtwlS ddome Ay 090

AU o8 ()b ine job d ilisee (glial STES 5
aS ol i gl () Jgdo) cé)3 5 sled g o)l sl jles
gy ol SLis 59) oS SLiS 59 )bl Hlass dw
L el ials (Sa50 slales b cos (US55 ai) otals
059 wialS o) oy i 3y S il a0 VA @ by ials
Glste (20> ¥e P i ) ald 4y Cand (o) pluil St
oS ()5 )15 Loy (o) cudls dophe 5 e lajles 4
e e Ll ol 5 ole a0 =V 5 =YY lod 52
OlalS (il plul SS jg 9 a8y ol o)) s TA
G =YY (slod )3 (o5 Cadjbo aopdp Fe g B sl jlons cod
2 Ay KB 59 cppiie 8l Lials as ) FA 9 5T wels o
axp o lod 3 el cad b aopn ¥y P glalas
e 93 e ylalS b il of e .5 odnlio 51,5 ko
059 g 359 31,5 il as 3 =¥ slod Jos 4 B o b
o 99 55 asls ol e 5 il Laals Tyad Ll 4y, Sas
A G 35 lo =YY gy o ely; cudyls Moy ¥ g £
b ailie (6859 35 0LS S 50 bl LialS o yd OO o £V sali
o, 5 ol ax > yao B Y lod jl a8 sopva cush 500 wlaw
a2 =Wl Les yide (Al L g 93gme s Jlod o
Lo g /5 lajleg )3 0035 sanliie Jo5 (sg, 3l Sl
0455 T s Gl I (S &8 VY (slod 3 (o5 eyl
sled 4 Cod olS Sid 59 5l Moy OF 55V Cui g 4 nle
(7 o) 48 awls byjlos (e )3 31,5 (Lo 42> 0

4P g iy (SjE A J—eS iy
= (V) ohlen 5 LS lawgs (Medicago. truncatula)
odlo 2, 5 lw amyd =W U =Yl L Lials b &S i osnlie
o=l s Lol ol asly ials o) dxe yob 4 lals s
Y M. truncatula Gaertn. cv. Paraggio cuwgi » Lsals

Lacdg sl et (lje 5 S ghaw o 29 (5358 jles
Gl oa s odmlidio (I =-+/AN®*) (g5 iz g (blo (St
P S g I Lacdg il cuts ao)d (Al b oS &S e
Olals 53 4 anuls’ aids el LS Suome 43 0593 (L
P bedg sl culs Glie (5 cad)bo 203 A los cos
A A &S g iy (0jF e glale o lol slales
SLalS s cul oad,5 Sy pdaw Ay (ialS caw &S duy 0
U5 31 3o tal5 8 Lal slaplil s sl cuts o
Do oo dtwlS bl ol SbsL
AU o5 gl sime yibo 4y (st 5 JS) oy sl Slas
13,8y 8 65910 090 ool )3 aled g (sylel Blize il
coxs 6yl e aw jd 5 oluws L 5l lalS e () Jgis)
Lol et ssmliv (g3 iz oglas 3,5 Slw dn 0 VA Slod les
lop Frjlay ol S Sl ds =Y U yao jl b ials' L
Cood Glals b 0938l IS slawd p ds 3 FO el cud )b
3,8 o 43 )3 yho (slod yd asié Saw oy i (gyl] olyle
Suo (glod 4y Cowd doxie ol jl Lo LialS b wis ya A odalie
A bl jlas coss ol o Lel ws 4wl 5,5 sl as o
Sl les 90 0 9 VO L =52 Slod ol 5l ely; cud )b ws s
S mime gl DS Bl doyn =YY U -VY les o3l 0 500
= (VF) OhlSen 5 s9ge (¥ Joiz) 2o ooldie sl L
Ui L eoss (Bellis perennis) —es slise oS (415
slod U jao (glod 0 jo by Lials a8 ol lis 56 (S5
Iy ol aslys ily Slis p Sliis 15U 08 sl 4,0 )
Voo o¥Y oy ay ialS cuw ol 5 il as o =V lod
el ah ald jlesd 4 Cund olS 5 S g asuie sl sao )
it 5 JF s s oS (sl o by ol s o]
9285 55 inlejl 390 slayless p3b ot (g3 hna yobo 4
42 VU jio glaled )3 bawgio jsboay i g JS 2l dtedin
g GlS 5o by 4 Jooo IS job 4 .0 sl ol 3 b
Ay adsye 5l oS Wy cdyii g 303 5,8 ondy dbs e sl
az o Lol Jroos (ialS o (alj M) G & (g,
itly lophiol (58 o 5l o5 (V) 39800 o8 lacs)l >
Cis Gl b (ol slaplastolass oy 8k 51005 0
odaliis (I=-+/VA™*) gl xe g (tio (Siamond gyl
ot 5 alS 3 Ul oS0l s doys Ll L g 20,5
Ol ) (S5 Jlesl dm + oelyj b b dop Ar ()Ll



IFAR g 0 o3lod P e (53,5LES aalion 5 ko) Ll pole 4yt A

Qs LS il g J5 3105 (S 1 el 1 (2lod ¢ (6l (Sl los ol 11 - Jgan
Table 2- Interaction effects of irrigation xtemperature treatments on leaf area, number of flower and number of bud of viola

plants.
&bl b aud Sl
(=155 cudyB) S 2 o J5 slass Number of bud
Iriigation Tempoeratu re Leaf area (cm?) Number of flower
(FC) (°C)
20 56.8 ¢ 5.47 cdefg 3.53 ghi
0 8l.6¢C 7.07 ab 5.40a
-3 65/5 ef 5.87 bcde 4.07 defg
-6 64.5 ef 5.80 bcdef 3.93 efgh
80% -9 52.6h 5.67 bedef 3.93 efgh
-12 489 5 defgh 3.47 ghi
-15 289k 4 gh 3.53gh
-18 1461 3.67h 2.87]
-21 Om Oi 0k
-24 Om Oi 0k
20 66.3 de 4.67 efgh 4 efgh
0 94.7a 6 bcde 5.40 a
-3 86.6 b 7.73a 5.07 ab
-6 80.1c 6.80 abc 4.33 cde
60% -9 66.2 e 6 bcde 3.93 efgh
-12 65.5 ef 6 bcde 4.07 defg
-15 64.11 5.73 bedef 3.87 efgh
-18 278k 4.93 defgh 3.53 ghi
-21 28.8k 4.33 fgh 3ij
-24 Om Oi 0k
20 61.9f 5.87 bcde 3.80 efgh
0 90.2b 7.73a 5.40a
-3 69.9d 7.07 ab 4.73 bc
-6 66.7 de 6.67 abc 4.60 bed
40% -9 5759 6.33 abcd 4.20 cdef
-12 52.7h 4.87 defgh 3.67 fgh
-15 35.9] 4.67 efgh 3.67 fgh
-18 32.8]j 4.33 fgh 3.67 fgh
-21 12.71 4 gh 3.67 fgh
-24 Om Oi 0k
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Means followed by the same letter within each column shows no significant differences among treatments at 0.05 level by LSD test.
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Table 3- Interaction effects of irrigation xtemperature treatments on dry weights of different parts of viola plants
& lo -
(L=1y5 cud ) Temperature 039
N o Dry weight (mg)
Iriigation (FC) (°C)

9 40l (J5) (dal;

(48l § S ) (oabirg (Jgumss Ay S5 Sl 0
Vegetative (leaf Reproductive Ro;t Total dry
and stem) (Flower, bud weights
and capsule)
20 2430 fgh 1970 efg 371 efgh 4771 j
0 3330 bed 2727 be 569 bcd 6626 cd
-3 2887 def 2020 efg 469 cde 5376 fgh
-6 2533 fgh 2000 efg 404 efg 4937 ghij
-9 2410 gh 1883 ef 362 efghi 4656 jk
80% -12 2160 hij 1810 ef 231 ijkl 4201 kI
-15 1727 jk 1237h 261 hijk 3225 mn
-18 1563 k 1217 h 215 jkl 2995 no
-21 om 0j 0m 0q
-24 .
Om 0j Om 0q
20 3557 abc 2473 cd 448 def 6741 cd
0 3780 a 3193 a 877a 7850 a
-3 3667 abc 2737 bc 619b 6759 cd
-6 3600 abc 2877 ab 602 bc 7079 bc
-9 3253 cd 2677 bc 372 efgh 6302 de
60% -12 2523 fgh 2487 cd 296 ghijk 5306 ghi
-15 2503 fgh 2203 de 290 ghijk 4996 ghij
-18 2483 fgh 1843 fg 261 hijk 4588 jk
-21 1643 k 7460 122 Im 2512 op
-24 0m 0j 0om 0q
20 2733 efg 1713 g 463 de 4910 hij
0 3807 a 2677 bc 841 a 7324 ab
-3 3240 cd 2097 ef 553 bed 5889 ef
-6 3050 de 1883 fg 547 bcd 5480 fg
40% -9 2457 fgh 1313 h 401 efg 4171kl
-12 2203 fgh 1120 h 383 efgh 3706 Im
-15 1837 hi 1070 h 325 fghij 3232'mn
-18 1450 ijk 1023 hi 252 hijkl 2725 no
-21 980 k 1010 hi 166 Kl 2156 p
-24 Om 0j 0m 0q
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Means followed by the same letter within each column shows no significant differences among treatments at 0.05 level by LSD test.
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Table 4- Effect of irrigation treatment on LTseel <L Tsosu and RDMTsp of viola under temperature treatments in controlled

conditions
15 Cund b5 Lol el o
(u"_» - B) bl sl o L Tsoe LTooe RDMTso
Irrigation treatments (FC)
80% -11.8¢ -19.1b -19b
60% -184a -22.1a -20.3a

40% -15.1b -22a -19b

S e o
Significance level
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Means followed by the same letter within each column shows no significant differences among treatments at 0.01 level by LSD
test.
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Introduction: Climate change is expected to have impacts on ecosystems worldwide. During the last 50
years, the greatest warming trends have been observed in winter months and significant increases in both the
occurrence and duration of winter warming have already been reported. In general, predicted future climate
change scenarios will result in less than optimal cold acclimation conditions, leading to decreases in freezing
tolerance and predisposition of plants to winter injury. Nonetheless, it is not clear whether water stress induced
during cold hardening is of high importance in inducing freezing tolerance in plants or it is an integral part of
typical cold hardening process. Since rapid and effective assessment of plant cold tolerance is important for
researchers and also field trials have no regular process and have high error, different kinds of artificial freeze
tests such as survival percentage test and regrowth after imposing stress have been developed.

Materials and Methods: In order to evaluate the effect of drought stress on plant freezing tolerance of viola,
a factorial experiment was conducted based on completely randomized design with three replications in faculty
of Agriculture, Ferdowsi University of Mashhad. Experimental factors include three water treatments (80% FC,
60 % FC and 40% FC) and 10 temperature levels (Control, from zero to -24 with 3 °C intervals). Pansy seeds
sown in a nursery in the summer of 2015 and after reaching the five-leaf stage in the fall plants were transferred
to the pots. After the potted plants spend cold acclimation in nature conditions, plants were subjected to water
stress including control (80% FC), 60% and 40% FC for two weeks. After drought stress, whole plants were
sampled for freezing tolerance assessment and they were transferred to the freezer thermos-gradient. After
applying the stress, electrolyte leakage, lethal temperature 50 according to the electrolyte leakage percentage
(LTs0e1) were measured. One months later, survival percentage, lethal temperature 50% of plant according to the
survival percentage (LTsos), leaf area, number of flower and bud, dry weight (dry weight of vegetative,
reproductive, root and total) and reduced dry matter temperature 50 (RDMT s0) were evaluated.

Results and Discussion: Electrolyte leakage percentage (EL %) and survival (%) were significantly (p <
0.01) affected by irrigation treatments in the freezing conditions. By lowering the temperature from 20 to -24 °C,
the EL% significantly increased in three irrigation treatments and it increased in 80% FC compared to 60% (by
16%) at -24°C. plants under 60% FC treatment exhibited higher baseline freezing tolerance (LTso of —18.4 °C)
compared to 80% FC (LTso of —11.8 °C).Treated plants (except 80% FC) were able to tolerate lowering the
temperature to -21°C. Lowering the temperature to -24°C caused the total mortality. According to the LTsos,
index, 60% FC treatment was less than compared to other treatments. Leaf area significantly increased by 16%,
respectively, when plants were under water deficit (60% FC) compared to 80% FC at 0 °C. The maximum
number of flower were seen in 60% FC at — 3 °C and the maximum number of bud were observed at 0 °C. The
results showed that dry weight was significantly (p < 0.01) increased by drought stress in the freezing conditions.
Plants under 60% FC at 0 °C had the highest increase (55, 62 and 64%, respectively) dry weight of vegetative,
reproductive and total growth, respectively compared to control. By lowering the temperature to -18 °C in 80%
FC vegetative, reproductive and root growth decreased (36, 38 and 42%, respectively) compared to control
plants. RDMTs significantly affected by drought stress. There were significantly correlation between EL with
LTs0er and RDMTsp (r =0.25* and r = 0.72**, respectively). In total, plants under 60% FC showed highest
freezing tolerance compared to the other treatments.

Conclusions: In the current study, we found that the greatest gain in freezing tolerance was associated with
cold and that the effect of drought stress on freezing tolerance varied with temperature. Drought stress resulted in
an improvement in freezing tolerance of viola (lower LTs0). Among the different parameters evaluated, 60% FC
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treatment at 0 °C most consistently induced increases in survival percentage, reproductive and vegetative growth
which suggested a synergistic effect between drought exposure and low temperature. Higher dry weight of viola
plants may contribute to better plant overwintering capacity. In addition, future research should explore the
effect of repeated mild drought events on freezing tolerance of acclimated plants, by using strategies such as
wilt-based irrigation scheduling, partial root zone drying, and deficit irrigation.

Keywords: Climate changing, Freezing, Hardening lethal temperature, Winter survival
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Introduction: Ocimum basilicum L. is an herbaceous annual plant from Lamiaceace family. Ocimum
basilicum is more valued for its essential oil components, vitamins and elemental content. Nowadays, using soil
covers is a major trend in modern agricultural systems mainly due to their water saving potential, prevention of
soil erosion, soil temperature equilibrium, nutrients availability, soil structure improvement, positive effect on
plant quality attributes, weed control and yield improvement. Organic fertilizers, regulate pH, adjust soil CEC
and improve the micro-organisms activity. Dekap® and Estimplex® improves the plant nutrition and the
application of these organic sources would be so promising in order to meet the sustainable agricultural system
needs mainly to cut the overuse of chemical fertilizers. High pH and calcareous soils greatly impact the quality
and yield of plants dominantly due to nutritional imbalances in the most regions of the country. Therefore, the
foliar application of nutrients would be an efficient way to overcome the problem. Moreover, water deficiency is
another constraint encourages the using bed-covers to combat the water scarcity in many parts of the country.

Materials and Methods: In order to study the effects of soil cover (control, black and white) and different
levels of Dekap® [Dekap fertilizer is containing 33% P (P20s) and 42%K (K.0)] and Estemplex (see algae
extract) (0, 1.5, 3 and 4.5 mIL) on growth and some physiochemical characteristics of Ocimum basilicum L. an
experiment was conducted as factorial based on completely randomized block design with three replications at
Aczarbaijan Shahid Madani University, Iran.

Results and Discussion: The results showed that there were interaction effects of soil cover and foliar
applications on phenolics content. The highest data for phenolics content was recorded with black soil cover x
4.5 mIL'Dekap (105 mgg™ DWHt), black soil cover x 1.5 and 3 mIL? (98 mgg® DWt) Estemplx. The results
showed that the highest data for plant dry weight (51 g) were obtained from black soil-cover and the highest
plant height and axillary shoots number were recorded in both plastic soil cover. Foliar application of Dekap and
Estemplex increased plant height and axillary shoots number. The highest data for N and Mg contents were
obtained from black soil-cover and for K and Zn were obtained from black and white soil cover. The foliar
application of Dekap and Estemplex increased P and K contents in plant. 1.5, 3 and 4.5 mIL™? Estemplex
increased N, K and Mg contents in Ocimum basilicum. The results showed that the highest data for chlorophyll
a, flavonoid, total soluble solids and protein content were obtained from black soil-cover. 1Csy and superoxide
dismutase content of plant influenced by black and white soil cover. Foliar application of Dekap and Estemplex
increased flavonoid contents in plant. Foliar applications with three concentrations of Estemplex increased
chlorophyll a, 1Cso and protein content in plant. 1.5, 3 and 4.5 mILEstemplex increased superoxide dismutase,
total soluble solids content (2.1 0 brix) and Zn content (28.9 and 30.3 mgKg).

Conclusion: Adequate and balanced nutrition of plants result in environmental protection mainly by the
reduced application of chemical fertilizers, soil erosion prevention, and increased input efficiency. Foliar
application is an environmental friendly method to reduce the production changes. The overall results revealed
the positive effects of black mulch and Estemplex fertilizer on nearly all the desired traits. It seem that
Estemplex fertilizer effects on the growth indices was greater than Dekap fertilizer. Seemingly, with the more
detailed studies, this fertilizer has the potential to be employed with the extension section.

Keywords: Antioxidant activity, Elemental content, Flavonoid, Total phenolics content

1- Assistant Professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture, Azarbaijan Shahid
Madani University
(*- Corresponding Author Email: vojodilamia@gmail.com)
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Figure 1- Interaction effect of freezing temperatures and spraying on electrolyte leakage of Thamson- navel orange young
trees (DMRT, p<0.05)
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Introduction: Influx of Siberian cold air masses into the northern parts of Iran causes severe decrease in
temperature, heavy snowfall and freezing of citrus every few years. Depending on the temperature drop, in some
years only fruits and in some years, citrus trees suffer severe damage too. One of the sudden drops in
temperature was in January 2007, when the temperature dropped from -7 degrees Celsius to -13 degrees Celsius.
Consecutive damage to citrus trees and crops in the north of the country has caused citrus gardeners to despair of
its economic viability and to refrain from rehabilitating destroyed orchards. The mechanisms of frost resistance
and relative tolerance to cold in citrus include physiological adaptation and metabolic changes. These changes
will lead to the production of various cellular osmolytes, the accumulation of soluble substances, changes in lipid
metabolism (with an increase in unsaturated fatty acids), an increase in supercooling temperature, and ultimately
an increase in plant resistance. The use of passive and active methods can also partially prevent frost damage or
reduce the severity of the injury, but spraying with compounds that may provide physical protection of trees
against freezing or spraying chemicals that reduce the freezing point of the cellular fluid by altering the
concentration of the cell sap could be more promising.

Materials and Methods: Experimental factors include freezing temperatures at three levels (-5, -8 and -11°
C) and spraying with two types of experimental material including carnauba wax in two concentrations of zero
and four percent (manufactured by Orange Saft SL, Spain) and glycol potash in two concentrations of zero and
10% (prepared by Pooshesh sabze Company, Iran), carnauba + glycol potash (carnauba wax in 4% concentration
and 10% glycol potash concentrate) and control (distilled water solution.(

Results: Electrolyte leakage is the uncontrolled leakage of organic ions from the cell membrane due to stress
and damage to the membrane. The lowest electrolyte leakage was observed at -5° C and the highest one was at -
8° C. As a messenger molecule, proline is effective in regulating mitochondrial activity, cell proliferation, and
cell death. Proline also expresses certain genes that are essential for improving plant conditions under stress.
Proline concentration increased with decreasing temperature but it decreased again at -8 ° C. Using carnauba
wax at -5 ° C has reduced the concentration of total soluble sugars (66.92 micro g / g by weight) but did not
significantly differ from the control treatment (83/23) and -11 ° C. Frost tolerance and frost resistance vary in
different organs of citrus trees. Young shoots and twigs are very sensitive to cold and frost, so their tissues
change color due to the cold. If the intensity of cold and frost increases, it will cause the shoots to dry out.
freezing temperature has a significant effect on Shoot dying back, so that the highest dryness of the shoots was
observed at -11 ° C (91.66%) and the lowest at -5° C (10.41%). The highest percentage of leaf abscission was
observed at -11 and the lowest with significant difference at -5° C. Symptoms of freezing such as leaf abscission
and tree Shoot dying back are not seen up to -5 ° C but they are well visible at -8 ° C. Experimental treatments
also failed to prevent shoots from drying out at -11° C.

Conclusion: Thomson navel orange young trees do not suffer much damage up to -5° C, but as the
temperature decreases, the damage caused by frost increases in the form of leaf abscission and Shoot dying back
of branches. Carnauba wax has a positive role in this experiment by preventing leaf abscission at -8 ° C, but
glycol potash has a negative role by increasing leaf abscission and Shoot dying back. Increasing leaf potassium
levels through potash glycol not only did not increase cold resistance but also increased susceptibility to frost.
Potassium must be supplied from other sources. The results of this experiment showed that the use of carnauba
wax up to 48 hours before the possible cold, which is announced through meteorology, with a concentration of
4%, can keep it alive up to -8 ° C, which normally destroys the plant, but with passing through this temperature,
for example at -11 degrees Celsius, is not able to maintain the plant.

Keywords: Citrus, Freezing, Leaf abscission, Shoot dying back, Siberian cold air
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Table 2- ANOVA for the studied traits of Lemon Verbena affected by different levels of urea and iron fertilizer resources

MS Glagye Silue
039
Sy ¥ 059 Suis Blislhawi b Job
) . _ .
s e T glis) Gep P k! ke Judg IS ol
SOV ;! Height Leaf fresh &gy Numberof ~ Main  cpiorophyll  ESsential
df weight per main branch oil
lant Leaf dry branch length
P weight 9
per plant
R )ll)sgt 2 69.67™ 979.49* 10.01* 4 55** 42.19* 10.55™ 0.046*
eplication
5] s
U level 4 519.10** 2810.99** 129.90** 19.80** 198.12** 448.32** 0.725**
rea leve
. ool ?’f 3 499.97** 1499.34%* 44,58%* 54.58%% 438.06** 375.45%* 5.326%*
ype of iron
O‘m-‘x°)9l * ns * ns * ns *%
Ureaxlron 3 75.00 130.14 7.78 1.31 35.05 6.93 0.041
s
Error 9 29.86 287.00 2.84 0.83 14.63 3.94 0.009
”"“(":’\7”“‘ 1155 18.65 10.03 9.15 11.73 8.73 5.00

P Gre pae g Mo Vadio 3 O Jlain] prdaw )3 3 gixe i 4 NS g e
*** ns: Significant at 5% and 1% probability level and no significant, respectively.
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Table 3- Mean comparison of simple effects different levels of urea and iron fertilizer resources on the studied traits of

Lemon Verbena
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or plant weight per main branch (mg m (%)
P (g) plant (g) branch length
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38.34¢ 70.09¢ 12.26° 8.16¢ 33.74°¢ 15.98d 0.78¢
oy5) 365 (0) control
Urea fertilizer 100 47.42b 89.16° 17.18° 10.53% 41.28% 19.12¢ 0.95°
150 54,042 105.562 20.082 11.142 43.122 29.20?2 1.072
200 49.32b 08.56% 17.76° 10.09° 39.03° 26.38° 0.990
Jals
(0) control 40.59P 75.86°¢ 13.96° 7.634 33.18¢ 16.30¢ 0.544
ol 365 asto Iri())‘;w‘ Qﬁ;e 44.07° 93.80° 17.912 8.82¢ 35.91¢ 20.46°¢ 0.81¢
* su
Sources of oS 4k
iron fertilizer  Nano chelate 50.18° 90.88° 17.36° 11.18° 41.22° 24.90° 1.18
g <X 54,282 102.742 18.042 12.302 46.842 29.272 1.282

Ortho-chelate
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Means in each column followed by same letter(s) are not significantly different based on LSD test at 5% of probability level..
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Figure 1- Mean comparison of interaction effects, urea fertilizer levelxtype of iron fertilizer, on height (a), leaf fresh weight
per plant (b) and leaf dry weight per plant (c) of Lemon Verbena (LSD, p<0.05)
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Figure 2- Mean comparison of interaction effects, urea fertilizer levelxtype of iron fertilizer, on number of main branch (a),
branch length (b) of Lemon Verbena (LSD, p<0.05)
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Figure 3- Mean comparison of interaction effects, urea fertilizer levelxtype of iron fertilizer, on chlorophyll content (a) and
the percentage of essential oil (b) in leaf of Lemon Verbena (LSD, p<0.05)
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Figure 4- The correlation between leaf chlorophyll content with quantitative and qualitative traits of Lemon Verbena
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Introduction: Lemon verbena (Lippia citriodora H. B. k.) is a valuable medicinal plant because of the
essential oils, such as neral and garanial, which are used in the pharmaceutical, food, cosmetic and sanitary
industries. In different industries, using essential oil of medicinal plants depends on the chemical composition,
which is influenced by environmental factors, harvest time and farming methods.

Materials and Methods: This experiment was conducted to investigate the effect of different levels of urea
fertilizer and several iron fertilizers on yield and quality of lemon verbena at Fathabad garden of Kerman in
2017. The plants were planted based on factorial experiment in format of a randomized complete block design
with three replications. Different levels of urea fertilizer (0, 100, 150 and 200 kg ha') and different sources of
iron fertilizers included non-use, iron sulfate, nano iron chelate and ortho-chelate iron, were considered in four
levels. The measured traits included plant height, fresh and dry weight of leaf per plant, number of branch,
chlorophyll content and essential oil quantity and quality. Essential oil extraction was carried out using water
distillation method using Clevenger's apparatus and identification of essential oil compounds was performed by
gas chromatography-mass spectrometry (GC/MAS). The data were subjected to variance analysis using SAS
software and means comparison were done with LSD at 5% level.

Results and Discussion: The results showed that different levels of urea and various iron sources had
significant effect on all traits. Treatment with 150 kg ha' urea had the highest effect on measured traits
compared to control. Among the types of iron sources, ortho-chelate iron had highest effect on quantity and
quality compared to other iron sources and control. Generally, 150 kg ha™ urea in combination with ortho-
chelate iron produced the highest quantitative and qualitative yield. The same trend was observed in chlorophyll
(35 mg/ml) and oil content (1.3%). In this study, a significant positive correlation was observed between
chlorophyll content of leaves with vegetative traits and essential oil, which confirmed the positive effect of
chlorophyll content on measured traits. Evaluation of quality of the leaves, 20 chemical compositions were
detected in essential oils that were more than 85 percent of the total components. The neral and geranial were the
predominant compounds in essential oils and the lowest levels of these compounds were observed in control
(33.8%) and the highest levels were observed in the combination of 150 kg ha™* urea with nano iron chelate
(44.9%). The essential oils are terpenoid compositions that their constructive units need to NADPH and ATP,
thus the presence of nitrogen is essential for the formation of these compounds. Moreover, iron acts as a cofactor
for NADPH and ATP activity in nitrogen metabolism. Therefore, the increase in nitrogen and iron absorption by
the plant has increased the content of essential oil. Due to the fact that geranial and neral are the most important
compounds used in the essential oil of lemon verbena in various industries, especially pharmaceutical industry.
The results of this experiment can be used to increase the quantity and quality of lemon verbena.

Conclusion: The current study demonstrated that different levels of urea and various iron sources had a
significant effects on all traits. Generally, 150 kg ha® urea in combination with ortho-chelate iron produced the
highest quantitative and qualitative yield. A significant positive correlation was observed between chlorophyll
content of leaves with vegetative traits and essential oil. Twenty chemical compositions were detected in
essential oils that the neral and geranial were the most predominant compounds.

Keywords: Essential oil, Geranial, Iron chelate, Neral, Nitrogen
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Table 2- Variance analysis of selenium sprays effect on photosynthetic pigments and some qualitative traits of grapes in the
Fakhry cultivar
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S.0.vV &33! Total Carotenoids Soluble solids u . ' Vitamin Soluble Acidit
-~ df chlorophyll Titratable C sugars y
acidity
%

Blo’é"k 2 0.04" 0.004" 0.14" 0.00002" 0.03" 002" 0.003"
Selenium 3 0.04 0.005 14.43 0.0001 96.97 1.34 0.008
Treatment

s
6 0.01 0.004 250 0.00008 0.39 0.16 0.03

Error
Sl o ; 5.17 5.0 273 281 113 401 231
C.V (%)

Jopd Vg 0 e 3 )l me I Gxe g & #E g NS
" non-significant, * and ** significant at the 5% and 1% of probability levels, respectively.
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Table 3- Effect of pre-harvest sprays of selenium on photosynthetic pigments and some qualitative traits of grapes cv. Fakhry

N 5 5 - LGB sl sl
trZ;tr:rI]lérr?t chlorooShyII Carotenoids  Soluble solids -F’:w;); (n:gE/T(l)IOnml Soluble sugars
i Itratable
(mg/L) (mg/grFW) (Mg/grFW) (Brix) acidity (%)  Fruit Juice) (mg/gDW)
0
sals 0.76° 0.42° 20.56° 0.12° 15.59° 334
Control
1
0.85° 0.48% 25.16% 0.13%C 27.022 44.21°
2 1.042 0512 25.27% 0.13% 28.27% 48.26%
3 0.84° 0.43° 23.63° 0.14% 20.06° 38.19°
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Means, in each column, followed by similar letters are not signification different at the 5% of probability level based on Duncan’s
multiple range test.
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Table 4- ANOVA for selenium sprays effect on antioxidant properties, berry weight and some mineral elements of leaf and
fruit in garpe cv. Fakhry

Olaypo (mNibe
Mean of squares

R Lo Jlaie ool Jlads  ewibw e b e
s e 892 oo og0 SlawST Sy (3595 Sy Sy ogs “> 059
SOV sl Fruit Fruit total Fruit Leaf Leaf Leaf Fruit Berry
e df total ruit totay antioxidant nitrogen potassium selenium selenium weight
flavnoid -
phenol capacity amount amount amount amount
S
Blo’é*k 2 572™ 009" 21.66™ 0.01™ 0.003"™ 0.002" 004" 045"
Selenium 3 86.76 1.66 935.96 0.61 0.12 0.73 0.74 31.14
Treatment
e 6 137.66 0.77 66.23 0.70 0.007 0.03 0.05 1.43
Error
Sty - 14.98 11.41 471 14.80 2.32 4.61 5.08 1.53
CV (%)
o pd N g 0w )3 5 gme I pxe guE )i 4y i g 5 NS
"s: non-significant, * and ** : significant at the 5% and 1% probability levels, respectively.
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2- Naringin

3- Chalcones
4- Quercetin
5- Kaempferol
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Table 5- The effect of pre-harvest sprays of selenium on antioxidant traits and some elements and berry weight of grapes cv.

Fakhry
Js i R R e . .
S o - . Sy ojore  Sppwly  Speele  0s0 ple A (139
oo Lo Total Total ST :
: - = Leaf Leaf Leaf Fruit Berry
Selenium phenol flavonoid Antioxidant . - leni leni iah
(MO (OGN0 (mgQEMOD Gy, SN petsmseenum o selnum - weigh
m m r
griEw) griEw) (Percen) 0 0 g o/ko) o)
0
Jals
25.30° 2.34¢ 46.75¢ 1.80° 1 1.08¢ 1.22¢ 28.09¢
Control
! 30.50% 2.93%¢ 68.92¢ 2.45% 1.51° 2.10? 1.72° 35.14°
2 37.942 3.16° 88.38? 2.86° 1.722 1.73 2.31° 33.90°
3
34.07% 4,132 77.55° 2.14° 1.44¢ 2.16° 2.19° 30.44°
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Means, in each column, followed by similar letters are not signification different at the 5% of probability level based on Duncan’s
multiple range test.
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2- Selenocysteine

3- Selenocystine

4- Di selenocystine

5- Selenomethionine

6- Selenoglutathion
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Introduction: Demand for healthy and high-quality fruits has increased in the markets, and compositions
such as vitamins, sugars, and anti-oxidant properties of fruits have attracted many consumers. Grapes contain
phenols, flavonoids, anthocyanins, tannins and vitamins with high antioxidant properties. Antioxidants support
biological systems such as proteins, amino acids, lipids, and DNA against oxidative damage produced by active
oxygen species of ROS, resulting in reduction of cell damage and death, cardiovascular disease and cancers in
the human body. Selenium is essential for humans and animals and should be fed through a diet, for this reason,
FAO recommends entering selenium to agricultural products (especially fruits and vegetables). In recent years,
selenium has been recognized as a useful element for plants that have been toxic at high concentrations but at
desirable concentrations, it has positive antioxidant effects, increases growth and significantly affects seed
germination. Selenium protects plants from several abiotic stresses such as heavy metal and arsenic, ultraviolet
radiation, and biotic stress such as pathogens and pests. Selenium neutralizes oxidative stress interfering with
lipid peroxidation, and accelerates gluthatione peroxidase (GSH-Px) activity, this phenomenon delay plant
senescence and diminish postharvest losses. This element increases the yield and improves the quality of the
fruits and vegetables. When Camelia oleifera plants were treated with selenium, cellular content of linoleic acid
and sterol were elevated but oleic acid content diminished. Selenium treatment had a significant effect on
preserving the sensory and the postharvest quality by decreasing respiration rate and ethylene biosynthesis in
broccoli by diminishing phenylalanine ammonia-lyase (PAL) activity and ethylene production in lettuce and
chicory. Foliar application of peach and pear trees with selenium, decelerated fruit softening rate and elongated
shelf-life. Therefore, treatment of agricultural products with the appropriate amount of selenium can have a
positive effect on the increase of the quality and enrichment of selenium in fruits and also play an important role
in human health.

Materials and Methods: In order to investigate the effect of selenium as foliar application (0, 1, 2 and 3 mg
LY) on quality traits, antioxidant compounds and enrichment of grape cv. Fakhri, an experiment based on
randomized complete block design with three replications in a vineyard (Kurdistan Povince, Ghorveh town) was
performed. The 15-year-old vines were sprayed with selenium solution plus 0.1% of Twin 20 as surfactant until
the leaves were completely wet (for each vine about 0.5 liter) at three stages of berry growth and development:
Berry formation, Lag phase and veraison. A 1000 mg L ! stock solutions (Made by the Belgian company
CHEM-Lab, containing selenium ion Se*) was used to prepare the desired solutions. At commercial fruit
maturity stage (20° Brix), samples of fruits and leaves randomly were collected from treated and control vines
and were immediately transferred to the postharvest physiology laboratory. Traits such as total chlorophyll,
carotenoid, nitrogen, potassium, selenium content of leaves and fruits, and also, total soluble solids, soluble
sugars, titrable acidity, acidity (pH), vitamin C, phenol and flavonoids, antioxidant capacity in fruits and the
berry weight were evaluated. Data were analyzed using SAS statistical software (SAS V.9.4), and means were
compared by Duncan’s multiple range tests at the 5% of probability level.

Results and Discussion: Results showed positive effects of selenium treatment on evaluated traits. As a
result, 2 mg L? of selenium increased photosynthetic pigments, nitrogen and leaf potassium, soluble solids,
soluble sugars, vitamin C, total phenol, antioxidant capacity of fruits in comparison with untreated vines. The
highest amount of titrable acidity, total fruit flavonoid and leaf selenium was recorded in vines treated with 3 mg
L selenium, whereas, this treatment had less effect on other traits. The highest amount of berry weight was
obtained in 1 mg L of selenium. However, none of the selenium treatments had significant effect on the juice
acidity (pH). In general, the results showed a positive effect of selenium on improvement of antioxidant
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properties, quality and enrichment of grape, and 2 mg L™ selenium with the highest effect on traits was identified
as the best treatment. According to other researchers, foliar application of selenium in "Starking Delicious" apple
cultivar was effective in enhancement of fruit selenium content and nutritional properties, postponing the flesh
firmness decrease, and delaying fruit ripening resulting from less ethylene production, therefore significantly
affecting apple fruit quality and storage life.

Keywords: Antioxidant capacity, Chlorophyll, Selenate, Total phenol, Vitamin C
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Table 1- The properties of studied biochars in this experiment

e JE5 €9 P(g/kg) K(ghkg) N(g/kg)  EC (dS/im) pH
Type of biochar
PSS ) I 0.02 43 1.74 7.10
Biochar of straw wheat
& S Fj JE5 0.02 3.7 153 7.65

Biochar of straw rice

(3 53 05 V98T (oo o 32) ptalogl o 3 03liiast 3,90 (213 Jolone Jgoy3-Y Jgan
Table 2- Formulation of nutrient solution in this experiment (meq L)

pais 2l Jsloxe 33 3 a1l Jslows oo aly Jglos clilé
Element Volume of base solution per liter of final solution  Base solution concentration
Gpas p pole
Macronutrient
KNOs3 6 101.10
Ca(N0s).4H:0 4 236.16
NH4H2PO4 2 115.08
MgSO4.7H> 1 246.48
Spas oS yole
Micronutrient
KCI 2 1.864
H3BOs 2 0.773
MnSQO4H20 2 0.169
ZnS04.7H0 2 0.288
CuS04.5H20 2 0.062
H2Mo004(%85 M00O3) 2 0.040
C1oH12FeN2NaOsg 0.1-0.3 30.00
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Table 3- ANOVA for the effect of biochar and nutrient solution on some charecteristics of strawberry

©la e a0be
Mean of squares
N K ; So G
SOV df " Sl UV e
sgw ol PNl g '°‘ o9 sope wtlo
Eruit Shoot Eruit lgR Numbgr of vield Alrbor_ne
Shoot fruit fresh weight
i JE) 2 066™ 0.71" 1.10° 2.68™ 2,607 46.10" 644,220
Biochr
e Jﬂm 4 1.86™ 0.33" 0.31" 6.86™ 149.72™ 149.12™ 3379™
Solution
Jgi:s)j ! 2 0.74™ 1.03™ 2.40™ 11.82™ 1080™ 306.22™ 31937
Ssl - . .
8 0.06" 0.04"s 0.05" 0.27m™ 22.56 84.16 679
Bolck
s
28 0.13 0.11 0.38 0.25 1.24 68.08 311.22
Erorr
Ol - 13.94 8.80 6.95 7.31 6.79 6.24 11.84
CV (%)

S me pA NS o3 B ) Jlain] paws (5 45 xe S5 4 * T
*: Significant at 5% level, **: Significant at 1% level, ": Non-significant.

¥ Jos aald!
Continue to Table 3
MS
Fe P
SOV 0l T e Ll plal o mlon el
Fruit Shoot Fruit Shoot
3% 5 00018”  0.060” 00051  0.0015™
Biochr
wl ‘Jjbu 4 0.0026™ 0.056™ 0.0015M 0.0011*
Solution
e 2 0.0026™ 0.087 0.0049™ 0.003™
B*S
Sok 8  0.0000m 0.0017"ms 0.00022m 0.0012*
Bolck
s
28 0.003 0.0015 0.00076 0.0001
Erorr
(t)cv - Ax W/SA WY/YY AYY

WGy me pA NS o )3 B gV Jlein] plaw 3 Jby pxe s 4 F gFF
*: Significant at 5% level, **: Significant at 1% level, "™: Non-significant.
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Figure 1- Comparison mean of the effects of various biochar and nutrient solutions on shoot fresh weight of strawberry

(FO, Non chemical fertilizer, F50 and F70, 50 and 70 % of the plant's natural requirements, R1 and R2, Biochar of straw rice 1.5 and
3 % respectively, W1 and W2, Biochar of straw wheat 1.5 and 3 % respectively, B0, Blank). (Tukey, p<0.05)

0940 o ySlas

3y Sdes a5l Lis 3id (2l ) uilo)ly ez jos gl
Ve )3 (pliend 395 Gined g (s 5 5986 3 Jpazee
93 oyl blaze 51.(V Joda) asb oo (o)l sime BB glyl> sy
AMA] )by ao)d 8 o jd (gHlows oS5 ) 55 Sl
L FTOW2 (el jlos 55 3, Shos iz 32yl ol (6l sine
S el sdel Cuwd 4 £, AY/D L FTOWL 4 o 5 AY/Y
o1Lie £, 5 VAU (3 b FOBO (g losi a5 13 3, Shae 3
U o6 5 Sles Glpuss B9y (yp b Sl 4V JS) 45
) JE5 Ol GRIBIL & 235 oo otalin Cilises glalogs
Jobre ol Giali8l L opioman ol aidly olj3l 55 5 Slas
Dialsl e 31 S ol 03,8 1y il33l 5 Slas o olie
0)9> (b (2lop Slaplul Cuslio g «)9%5 2,)8 L 5, Slos
oS )3 sty dlgo al33l g 3ed )y )95 5l Aude odlatul
= Y3 Ses i ogllas o b Sy aw (ial38 L bl e
2 Bymo L LadS s mdaw g 0las by ioljel a5’ Jls 0 g,
EalS g 0l Sy 69y LaS  sjllls el (g0
(V) Cowl 3oy 0aiSdgum0s Jole ¢ jiwgid

0940 alass

2 090 dlaai aS ol L Lieghs cpl 40 wibjly 4z gl
bl 203 ) a3 (pleerd 355 (imen g ) JIE5 5956
2 550951 93 cnl Jlie I peizmed MBI stme SIS
ol (g3 gme BMB] (ghyld ao)d N aw > (gles oSy
L o plos oalisl 5 slias s 365 G pn ial3al ¥ S5 3ollas
ol 03y il 81y 0g e dlasy (o)l ixe yobb &t JIE5
FTOW2 (5)los slocaS 5 )3 a5 4y 0ge Sl (il
oS5 3 3 g0 MU 1 5 eS g 0gee dde VS Jolee F7TOW1,
sanliie 0540 # 3lasi L FOR2 5 FORL g 5 & L FOBO (¢ ks
Cowd d i JI85 30,5 0 odaline 315 0gs0 dldal 3y50 40 05
9oL 5l odel Cawd 4 gt J&5 5y piS 3IS g 0lS I kel
4255 o9 s cp ey (VF) ) Se 5 (s ol @ QIS
) JE5) (S g (s J1)) el slayles 1) (K38
JLE5 o)lass byl )3 ((abord 3955 S1) 9 (395 9 SK- 4
rolis anl 1) pledde 5 105 B)15 555 5 S
) L) bawg SB (Sl Colin g (598 b g
53)S )5S



AR 5l ) )lods FF aler (5559l @buo 5 poke) Ll pole wrpits A

20
b b bb%%
C
= 151 hhoong
g d 4 d
a B
3 < 10 - e e
R I
%2
- 5ﬁﬂﬁ
0
S = 6] /= NS = 6] = NS = o] = ol
REXEzaEEEEREEER
FO F50 F70

PO g0 s 218 Jolon g 3 JUEj il (5Uaslosd 3T (ilho dumalio T JSD
9 MO ade 4y gy Sy 5 ol ) J&5 cas 5 4 R2 g R1 wolS 55 3)50 35 duoys sliaa F70, 0l 5L 550 555 duo p oloeiy F50,  slie Jsl>o 95 FO)
(ol wals Hlos ) Sily BO o3 ¥ 5 V/0 lade &y puiS LilS 5l ol ) J5 sy & W2 s WL oo ¥
Figure 2- Comparison mean of the effect of various treatments of biochar and nutrient solution on number fruits of
rawberr
(FO, Non chemical fertilizer, F50 and F70, 50 and 70 % of thst: pallan?'i ngtural requirements, R1 and R2, Biochar of straw rice 1.5 and
3 % respectively, W1 and W2, Biochar of straw wheat 1.5 and 3 % respectively, BO, Blank) .(Tukey, p<0.05)
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Figure 3- Comparison mean of the effect of various treatments of biochar and nutrient solution on yield of strawberry

(FO, Non chemical fertilizer, F50 and F70, 50 and 70 % of the plant's natural requirements, R1 and R2, Biochar of straw rice 1.5 and
3 % respectively, W1 and W2, Biochar of straw wheat 1.5 and 3 % respectively, B0, Blank). (Tukey, p<0.05)
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Figure 4- Comparison mean of the effect of various treatments of biochar and nutrient solution on the percentage of

nitrogen in a) fruit and b) shoot of strawberry
(FO, Non chemical fertilizer, F50 and F70, 50 and 70 % of the plant's natural requirements, R1 and R2, Biochar of straw rice 1.5

and 3 % respectively, W1 and W2, Biochar of straw wheat 1.5 and 3 % respectively, BO, Blank). (Tukey, p<0.05)
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Figure 5- Comparison mean of the effect of various treatments of biochar and nutrient solution on potassium content in a)
fruit and b) shoot of strawberry

(FO, Non chemical fertilizer, F50 and F70, 50 and 70 % of the plant's natural requirements, R1 and R2, Biochar of straw rice 1.5 and
3 % respectively, W1 and W2, Biochar of straw wheat 1.5 and 3 % respectively, BO, Blank). (Tukey, p<0.05)
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Figure 6- Comparison mean of the effects of various biochar and nutrient solutions on the amount of
phosphorus in A) fruit and b) shoot of strawberry
(FO, Non chemical fertilizer, F50 and F70, 50 and 70 % of the plant's natural requirements, R1 and R2, Biochar of

straw rice 1.5 and 3 % respectively, W1 and W2, Biochar of straw wheat 1.5 and 3 % respectively, B0, Blank).
(Tukey, p<0.05)
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Figure 7- Comparison mean of the effects of various biochar and nutrient solutions on the amount of iron in A) fruit
and b) shoot of strawberry

(FO, Non chemical fertilizer, F50 and F70, 50 and 70 % of the plant's natural requirements, R1 and R2, Biochar of straw rice
1.5 and 3 % respectively, W1 and W2, Biochar of straw wheat 1.5 and 3 % respectively, BO, Blank). (Tukey, p<0.05)
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Introduction: One of the main factors in increasing the quantity and quality of crops is increasing soil
organic matter. Biochar is a form of material burned in special conditions and added to soil as organic material,
which increases soil organic matter and reduces environmental hazards. The increase in organic matter improves
the physical, and chemical properties of the soil, and ultimately increases the absorption of the elements by the
plant. Biochar is one of the methods for increasing organic matter in the soil, which is produced by burning in
low oxygen conditions. There are many studies that show that the use of coke can be beneficial for plant growth.

Fragaria ananasa is an important plant in nutrition of human that cultivated extensive area of the world. The
purpose of this study was to investigate the effect of two types of biochar produced from wheat and rice straws
on some of the characteristics of strawberry cv. Kurdestan.

Materials and Methods: This research was conducted as a factorial based on a randomized complete block
design with three replications. Each block contained 15 pots and 45 plants were planted in each pot. The
treatments included 1.5 and 3% of the two types of straw, wheat and rice residues, along with three levels of
chemical fertilizer containing zero, 50 and 70 % of the plant requirements. In order to prepare the biochar, wheat
and rice straw separately put in a special container made for this purpose and were placed in an electric furnace
at 550 °C for 2-2.5 hours. In this research, yield, fresh weight of the plant, number of fruits were measured by
conventional methods. The amount of nitrogen, phosphorus, potassium and iron elements in two parts of the fruit
and shoot were measured by Kjeldahl method, spectrophotometry, flame photometric sulfuric acid digestion and
atomic absorption spectrometry, respectively.

Results: The results showed that the highest fruit yield was obtained in 70 % of fertilizer application and 3%
of wheat straw (83.3 g per plant). Reason of increasing yield was to provide elements and improved conditions
of soil. The results showed that the increase in the amount of chemical fertilizer and biochar significantly
increased the plant yield. The greatest effect of biochar was observed when the chemical fertilizer has been
sufficiently provided. The results showed that in the treatment of 70% of fertilizer requirement, using wheat and
rice straws, nitrogen content increased to 0.7 and 0.5 g/100g of dry matter, respectively. The results have shown
that the use of biochar has led to an increase in the fresh weight of the aboveground of the strawberry plant. The
amount of phosphorus was 0.31 g/100g of fruit in the absence of chemical fertilizer and biochar. By increasing
the requirement to 70% of chemical fertilizers plus 3% of rice straw the amount of phosphorus in the fruit
reached to 0.37 g/100g . Results showed that the highest amount of iron in the fruit is found in 70% of fertilizer
and 3% of biochar, equal to 13.5 mg/100g in the fruit. Also, the highest amount of iron in the aboveground
obtained at the same treatment with 14.8 mg/ 100g.

Discussion: The burning of plant remains naturally induced a lot of damages on the farm, causing soil
degradation and reduces plant yield. The results of this study and other researchers show that the use of biochar
is an appropriate method for converting plant debris into useful material. The increase in the amount of biochar
will improve the absorption of the elements needed by the plant. As a result, providing the nutrients needed for
the plant will perform better. In general, the results showed that use of both types of biochar has a very beneficial
effect on strawberry plants, and the biochar derived from wheat straw have better effect than rice straw on the
plant quality and quantity properties. The fruits have been improved by using biochar and chemical fertilizer.
This indicates the basic role of the chemical fertilizers that cannot be completely eliminated and should only
reduce their consumption.

Keywords: Iron, Kurdistan cultivar, Nitrogen, Pyrolysis, Yield
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Table 1- Elements used for preparing of nutrition solution for bell pepper
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Figure 1- The effect of salinity on leaf No. per plant of bell pepper (Tukey, p<0.05)
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Table 2- ANOVA (means of squares) for the effect of salicylic acid and humic acid on vegetative and reproductive
charactrictics of bell pepper under salt stress

43 039
53] "
o 5 o SIS 50 )
Oy polio o M 1:’9 ol sy S5 o9 des ol olaxs olas el e
) =) » Js 55 ° S & <.
150 ! Fresh 90 90 Pd ¥ .
Source of ¢ d f) Dry Fr_esr?t “g » weight of Fruit Total Flower Fruit Leaf Plant Q;UZADM
variations weight gﬁ%ot 'n;u whole Weight yeild No. No. No. hight
of welg! plant
root of arial
parts
)I’SQ . 2 0.08 0.26 0.034 0.155 0.005 0.22 0.082 0.114 0.696 0.241 2.89
Replication
M‘ s L‘) ns ns ns
T 2 091™ 0.05™ . 0.45% 051™ 1.44% 0.09™ 70.13* 1157 ™
Salicylic Acid (A) 0.04 0.24ield4 1.591
KWRPE WS ns ns
- i 1 058"™  1.32** 235"™ 0.04 " 6% 0.02™ 048™ 09m™ 41.43™
Humic Acid (B) 0.16 0.001
XSl Sild o
Sl Ko 2 02™ 055™ 0.3* 1.54 ™ 0.16 ™ 438" 1.29% 0.74" 3.05* 3.24 " 415"
AxB
S5 2 0.86*  4.18* 0.7* 3.55* 0.05"™ 9.96* 032™ 1.03™ 2.59* 17.81™
Salt (C) 29.46
d)}wx“\f'm‘ WL‘) " ns ns ns £ ns ns ns ns e ns
AXC 4 017 1.04 0.02 1.12 0.32 0.43 041 0.44 0.4 18.85 9.92
a ns
a9l Sz 2 02™ 001™ 001" 0.30"™ 0.04" 2.05™ 038"™ 1.78™ 279"™ 10.82 ™
BxC 0.085
ol Slpudlis N
(89X dmol Spoga 4 011 0.93"™  0.05"™ 09" 0.09"™ 17 0.28™ 012" 077"  46.46° 20.08 ™
AxBxC
Elb 34 0.17 0.88 0.05 0.66 0.08 1.68 0.37 0.28 0.56 16.77 10.73
rror
u";} ;’w 18.02 19.97 10.11 11.6 11.26 22.92 17.84 22.62 12.24 10.54 11.64
0

", *and **: Non significant, Significant at the 5% and 1% probability levels using Tukey test, respectively.
Al (SS9 ogesl 2oy B g ) Jlas! paw 13 ()5 gxe g 6yl me pie Silo o i 4B
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Table 3- Effect of salicylic acid and humic acid on Number of leaf in pepper

Lo Seogh o .
Treatments H”gm Acid (3' )
0 42.66° 40.11°

Sl Sl 1 35669 34.44¢

Salicylic Acid (mMm) 2 32.22°  46.88°
In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
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Figure 2- Effect of salinity on fresh (a) and dry weight (b) of arial parts of bell pepper (Tukey, p<0.05)
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Figure 3- Effect of salinity on root fresh (a) and dry weight (b) of bell pepper (Tukey, p<0.05)
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Table 4- The effect of salicylic acid and humic acid on humber of flower and fruit in bell pepper under salt stress

Sopd
Salinity (mM)
0 50 100
Seogad Sy Soged o] Seogad S
Ly loud Humic Acid (gl Humic Acid (glh) Humic Acid (glt)
Treatments 0 5 5 0 5
FKeY) FIKeY) KeY) FIKeY) Sy Key) FKeY] KeY) KeY) LKeY] FKeY) FKeY)
ﬁ 59.30 J? b%.o J’f b”n J’f 09.3.9 J’f 59.30 ﬁ b%.o
Flower Fruit Flower Fruit Flower Fruit Flower Fruit Flower Fruit Flower Fruit
No. No. No. No. No. No. No. No. No. No. No. No.
Swdlo 0 106bd  O°  116bd  9a  7.3d ¥ 96cd 23d 1203bd O 103bd &3
' ad ad ad ac
S
=1 11bd >0 143ac %0 13bd %% 17 %% gecd P 163a0  4cd
Salicylic ad ab ac ac bd
Acid 6.6 53 4.1 6.3
(mM) 2 86cd ac 226a 5ad 8.3cd 4cd 146ac ad 9cd cd 15 ac ac
In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
ol 20yd 0 i) grdaw )3 (S5 9051 (bl o ze MBI pas S5l gt yb 53 dlie gy
S0 s o5 (g1add Jal oS (Wge/0,5) 2,500 1 enslSpo g 9 Sl Sl Ls 535 -0 Jou
Table 5- The effect of salicylic acid and humic acid on yield of bell pepper (gplant?) under salt stress
S
. Salinity (mM)
(F
ses 0 50 100
Treatments Humic Swogad sl Humic Swogad sl Humic Sogad S|
Acid (gl Acid (glh) Acid (gIh)
0 5 0 5 0 5
ol Sdedlws O 41.6ad 52.8 ad 33.6ad 22.1d 23.9d 38.6 ad
T 1 25.7 bd 544 a 30.7 ad 29.1 ad 25.4cd 245d
Salicylic Acid
bac 4 al . 7 a . 9s
(mM) 2 50.6 38.4 ad 19.5d 37.7 ad 26.9 bd 33.9sd

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
ol 203 B Jlain) gaws j3 (S5 905l wllyr jlo gime BMB] pae Sly (ygim so p3 altie gy
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Table 6- ANOVA of the effect of salicylic acid and humic acid on minerals absorption in bell pepper under salt stress

a4 . L ) p s
Oyt galio - FECRIRNY L ds 85 oy AL o
Source of varuations 3! Fe (arial parts) Ca (arial K (arial parts) Na (arial
df parts) parts)
’I’S“ . 2 1450.17 ™ 630.18 ** 2003.93 980.82 ™
Replication
_Aﬁ“"_ N _L“ 2 2384.02 1578.96 ** 749.65™ 52790.63 ™
Salicylic Acid (A)
"\”fl &“"& 1 2384.02 1578.96 ™ 749.65 ™ 52790.63 ™
Humic Acid (B)
AxB 2 5293.26 ™ 2934.05 ™ 29767.33 ™ 35717.68 ™
9 2 44367.07 ™ 11763.47 ™ 29767.33 ™ 35717.68 ™
Salt (C)
AxC 4 8599.37 ™ 2885.24 ™ 323232 5699.44 ™
BxC 2 18510.63 ™ 661.69™ 9962.65™ 1759.02™
AxBxC 4 16714.08 ™ 4185.25™ 197.99™ 1167.44 ™
> 34 31.55 18.55 51.97 22.03
Error
S s 1.69 2.27 2.7 153
CV %

s *and **: Non significant, Significant at the 5% and 1% probability levels using Tukey test, respectively.
il S5 9ol 203 0 5 ) Jlans) a3 (g fisine 5 S lisine pis Sk s 70070
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Continue of Table 6- ANOVA of the effect of salicylic acid and humic acid on minerals absorption in bell pepper under salt
stress
. @y’ .
Oyt @lio 1 ady ) o2l Ay ) omlS Ay ) ey Akl ) o2
Source of varuations ddaf) Fe (root) Ca(root) K (root) Na ( root)
S5 o o - -
T 2 1746.68 5357.57 1127.11 1713.96
Replication
_’\*”‘_ o L 2 84793.7" 22969.93™ 56652.93" 41678.86™
Salicylic Acid (A)
’\"“_”l 6‘“”‘“ 1 48984.75™ 59826.77"" 208718.39™ 42830.21™
Humic Acid (B)
AxB 2 21050.71* 96212.43" 347746.57™ 11851.18™
S5 2 168770.05™ 27880.24™ 41323.07" 161110.21™
Salt (C)
AxC 4 14101.81™ 55106.59 ™ 41726.22™ 35701.03"
BxC 2 3094.93™ 23957.95™ 46583.81" 51763.14™
AxBxC 4 34731.73™ 18320.82"™ 20430.43™ 34018.93™
s 34 18.9 28.41 18.32 19.96
Error
St s 0.78 0.65 0.59 0.62
CV %

ns,* and **: Non significant, Significant at the 5% and 1% of probability levels, respectively
Al e o 0 5 ) Jleis! pdaw 13 (5 gxe 5 (5B sime pis by a5 5 4 FFIF S
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Table 7- Interaction effect of salicylic acid xhumic acid on Fe concentration (mg kg* DM) in leaf of bell pepper under salt

stress
S 9
Salinity (mM)
P, 0 50 100
Treatments Seogad dua] Humic Acid Suoga sww! Seogad dua]
Humic Acid (g I') (gh Humic Acid (g I'Y)
0 5 0 5 0 5
0 2702i] 2705i 3804 ¢ 394.7 cd 502.1a 258.9]k
sl Sbedbo 0 Toggh 2568jk  246.3k 3126 402.1bc  384.3d
Salicylic Acid (mM) 2 264ij 32219 4105b 268.4 ¢ 354.7f 3589 ef

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
ol 20 O Jlais] pdaw )3 (S5 9051 wllp o me BMB] pae Silo ygiw b 5> dolidie gy
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Table 8- Interaction effect of salicylic acid x humic acid on Fe concentration (mg kg™ DM) in root of bell pepper under salt
stress
T
Salinity (mM)
Ly, Lous 0 50 100
Treatments Swogd ] Seogad ._xﬁ.wl _ Sngud s
Humic Acid (g I) H“r&"’l_ﬁc'd Humic Acid (gI%)
0 5 0 5 0 5

Sl 0 4747kl 47051 5147i 6084e 7084e 622.1d
M' i L 1 4806 262.1n 4484m 4821k 604.2e 574.7f
Salicylic Acid (MM) 2 486ih  526.3h 804.2a 572.6f 738.9b 5526
In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
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Table 9- Interaction effect of salicylic acid x humic acid on Ca concentration (% DM) in leaf of bell pepper under salt stress

S
Salinity (mM)
Loy 0 50 100
Treatments LOVIVE V) Humic AcidSwogud sl Seogad duas!
Humic Acid (g I'Y) (g Humic Acid (g I')
0 5 0 5 0 5

0 19de 122k 1.68 gh 1.72fg 208e 242D

3l Sl Lo 1561  2.18b 1.82 ef 1.94d 204c  1.72fg
Salicylic Acid (mM) o 142 1.9d 1.62 hi 2.06 ¢ 244b  9.38a

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
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Table 10- Interaction effect of salicylic acid x humic acid on Ca concentration (% DM) in root of bell pepper under salt stress

Sy
Salinity (mM)
o 0 50 100
Treatments Seogud dus! Humic Acid Siogmd sww! S0 S|
Humic Acid (g IY) (gh Humic Acid (g I
0 5 0 5 0 5
0 424m  7.34j) 9.22¢ 9.86b 834g 1034a
Sl Selenndlus 81h  73i 8.56 f 8.04 h 10.34a 884e
SalicylicAcid (mM) 5 6121  7.42i 9.16¢ 8.58 f 664k  9.02d

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
ol 20 O il pdaw )3 (S5 g0l (bl > sime BM] pae Sily gtw yo )3 wlie gy
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Table 11- Interaction effect of salicylic acid x humic acid on K concentration (% DM) in leaf of bell pepper under salt stress

S 9
Salinity (mM)
Lo 0 50 100
Treatments S0 g dan] Humic ACid Syegad suw! Seogud ]
Humic Acid (g I'Y) (gh Humic Acid (g I'Y)
0 5 0 5 0 5
0 292d 2.04 ij 2.58¢e 2.22 gh 3.32a 2.32fh
(¥ _J‘f’)“ﬁ”_‘ Sebedbor 2.02j  2.06ij 2.3th 3.08 cd 33a  3.1hc
Salicylic Acid(MM) > 236fg  242f 2.18 hi 3.14 be 23a  3.26ab

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
Gl 3o p3 B Jloss] o 13 (S5 (905 Lol o ixe GMEB] pae ks (gt y2 50 alie g >
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Table 12- Interaction effect of salicylic acid x humic acid on K concentration (% DM) in root of bell pepper under salt stress

&9
Salinity (mM)
o 0 50 100
Treatments Seogad S Humic Acid g sww! S0 S|
Humic Acid (g I'Y) (g Humic Acid (g I'Y)
0 5 0 5 0 5
0 7.82h 4.94m 8.22f 6.22 k 8.42e 4.88m
3l Sl Lo 9.82b  4.48n 7.96 g 6.02 1001a 8.72¢c
SalicylicAcid(MM) 5 63j  7.32i 6.04 i 8.62d 5981  8.28f

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
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Table 13- Interaction effect of salicylic acid x humic acid on Na concentration (mg/kg DM) in leaf of bell pepper under salt
stress
Different levels of Salinity Sy A gl
o 0 50 mM 100 mM
2 Soro 1 Humic Acid Swogu swwe! Snognd dws!
Treatments - 9"5 "*"" B i 9‘& il
Humic Acid (g/l) (g/l Humic Acid ( g/l
0 5 0 5 0 5
) 0 2389jk 3126f 242.11j 286.3h 314.7ef 362.1cd
(’Y"’_‘-A‘f’)"w.‘ el 1 22421 2505i 302.1¢g 378.9d 3589d 394.7a
Salicylic Acid (mM) > 2284kl 3221e  2505i 370.5bc  322.1ef 362.1cd

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
ol 303 0 Jlain! gl 53 (S5 cy905] bl yls gixe BM] pas [ Silo yoiw p 40 liie g
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Table 14- Interaction effect of salicylic acid x humic acid on Na concentration (mg kg DM) in root of bell pepper under salt
stress
T
Salinity
L, los 0 50 100
Treatments Seogad dua! Humic Acid Sogud suww! LV IVERK V)
Humic Acid (gl (g Humic Acid (gl)
0 5 5 0 5
) 0 9147b 614.7ij 572.6 k 7989 e 796.8e 864.2c
’“‘" = Lo 554.71 578.9k 604.2 ij 766.3 g 7326h 7789f
SalicylicAcid (MM) 5 5305m  622.1i 738.9h 794.7 ¢ 818.9d 952.6a

In each column means with the same letters are not significantly different at 5% of probality level using Tukey test.
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Introduction: Bell pepper (Capsicum annuum) belongs to solanaceae family, which is cultivated and
consumed in the world due to its high economic value. Bell peppers also have valuable nutritional and medicinal
compounds, including natural colors, antioxidants and vitamins A, B and E. Salinity stress is one of the most
important environmental factors limiting growth, which has very adverse effects on plant growth and yield.
Salinity stress reduced the yield of agricultural products due to the effect on the competitive absorption and
transfer of nutrients in the plant. Nowadays, the increased tolerance of plants to environmental stresses from
different pathways involve breeding programs and the use of plant growth regulators and organic substances. In
comparison to breeding methods that are often long-term and cost-intensive, it is easy and inexpensive to use
plant growth regulators such as Salicylic Acid (SA) and humic acid (HA).

Material and Methods: To investigate the effect of Salicylic Acid (SA) and Humic Acid (HA) on the
improvement of tolerance to salinity and absorption of mineral elements under salinity stress in greenhouse
culture, a factorial experiment based on Randomized Complete Block Design (RCBD) was conducted in Yasooj.
The first factor was SA in three levels (0, 1, and 2 mM), the second factors HA in two levels (0 and 5 g I'%), and
the third factors salinity in three levels (0, 50, and 100 mM). The bell pepper seedlings cv. California were
obtained from a commercial producer and planted in 4-liter plastic pots containing perlite and cocopeat (1:1) in
2015. Plants were grown in a hydroponic greenhouse with day/night temperature (24.3 and 15.4 °C) and 60 to
80% RH in the village of Nahrgah in Yasouj. After the plants were established (having about 4-5 leaves),
sodium chloride salt was used in the concentrations of 0, 50, and 100 mmol in the nutrient solution for salinity
stress. To prevent a sudden shock, the first one week all the pots were irrigated with a 10 mM-food solution and
in the second week with a 25 mM salt solution. After that, the plants irrigated 50 and finally 100 mg of sodium
chloride. Traits such as plant height, number of leaves, number of flowers, number of fruits, and average fruit
weight, and yield, fresh and dry weight of leaf were measured. The content of K, Ca, Fe and Na elements in the
leaves and roots of treated and untreated plants were measured by an atomic absorption device equipped with a
graphite furnace system. Data analysis (ANOVA) was performed using MSTAT-C statistical software. The
means were compared with the Tukey test (P< 0.05) and the graphs were plotted with Excel.

Results and Discussion: Results showed that the salinity has negative effects on growth factors. The
application of HA and SA reduced the negative effects of salinity and increased growth parameters. The
application of HA and Salicylic acid increased the number of pepper fruits under salt stress conditions. The
highest number of fruits was obtained in the plants treated with 5 g I'* HA and 2 mM salicylic acid compared to
the other treatments. The results of this experiment showed that the application of HA and Salicylic acid had a
significant effect on the content of mineral elements in the leaves and roots of sweet peppers under salt stress.
The highest amount of Fe was observed in the leaves of pepper plants treated with 100 mM and the lowest in
untreated plants. The highest amount of leaf calcium was obtained in peppers treated with SA 2 mM and HA 5 g
I* in comparison to other treatments. Application of SA 1 and 2 mM increased the concentration of calcium of
the leaves and roots of the pepper plant. The highest root potassium were obtained in plants treated with 5 g I*
HA and 1mM SA at salinity level of 100 mM in comparison to the other treatments.

Conclusion: Salinity is an environmental factor limiting the production of crops in plants. According to the
results of present study, it can be concluded that salinity reduced the growth parameters of the bell pepper plant.
The use of SA and HA increased bell pepper tolerance to salinity and improved the vegetative and reproductive
characteristics and absorption of mineral elements. Therefore, the application of HA 5 g It and 2 mM SA is
suggested to reduce the negative effects of salinity stress on bell pepper.

Keywords: Ca, Fe, Fruit, K, Yield
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Figure 1- Effect of 0.5 mg Lt BAP with 0.5 mg L' NAA in MS medium on callogenesis of Purslane
A) 3 weeks after culture; B) 11 weeks after culture
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Figure 2- The effect of different concentrations of NAA and BAP on callus size of Purslane
A) from the left: 0.1 mg L BAP with 0.1 mg L* NAA in MS and %:MS media; B) from the left: 0.3 mg Lt BAP with 0.3 mg L
NAA in %2MS and MS media; C) from the left: 0.5 mg L BAP with 0.5 mg L NAA in %MS and MS media.
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Table 1- Intermediate effects of culture type and hormone treatments on callus size, fresh and dry weight, and percentage of
calluses derived from stem specimen of Purslane

coiShow  NAA BAP wjai wo Wy S 59 5 039 w0311
N (mgL~  (mgL Callogenesis Dry weight of callus ~ Fresh weight of callus Callus size
Medium 1 1
) ) percentage (mg) (mg) (mm)
0 0 4.76de 0.00c 0.0l 0.1ij
0 0.1 4.7de 0.33c 23.31 0.1ij
0 0.3 4.76de 0.46¢ 50.0kI 0.3h-j
0 0.5 9.52c-e 1.13c 156.6h-I 0.89-j
0.1 0 4.76de 0.05c 0.0l 0.1ij
0.1 0.1 19.02cd 6.23c 636.6d 7.14d
0.1 0.3 23.76¢C 2.16¢ 243.3f-j 3.ef
MS 0.1 0.5 23.76¢C 3.00c 302.0e-i 2.8e-g
0.3 0 9.52c-e 0.33c 3.3kl 0.09-j
0.3 0.1 19.02cd 3.10c 343.3e-g 3.1ef
0.3 0.3 23.76¢ 55.33b 1243.3c 15.6¢
0.3 0.5 23.76¢ 3.40c 386.6ef 3.3ef
05 0 19.02cd 1.56¢ 176.6g-1 1.1f
0.5 0.1 23.76¢ 3.06c 320.0e-h 2.3e-i
0.5 0.3 23.76¢C 3.70c 406.6ef 3.3ef
0.5 0.5 90.46a 75.33a 1826.5a 21.6a
0 0 0.00e 0.0c 0.0l 0.0j
0 0.1 4.76de 0.33c 13.31 0.1ij
0 0.3 4.76de 0.46¢ 56.6KkI 0.3h-j
0 05 9.52c-e 1.13c 150.0h-1 0.8¢-j
0.1 0 4.76de 0.03c 3.31 0.1ij
0.1 0.1 14.28c-e 4.53c 450.0e 6.0d
0.1 0.3 19.02cd 2.03c 223.3f-k 2.0e-j
UM 0.1 0.5 19.02cd 2.73c 290.0e-i 2.5e-h
0.3 0 4.76de 0.33c 46.6kI 0.3h-j
0.3 0.1 14.28c-e 2.90c 313.3e-i 2.3e-i
0.3 0.3 19.02cd 55.66b 1193.3c 15.0c
0.3 0.5 23.76¢ 3.36C 386.6ef 3.5e
05 0 9.52c-e 1.06¢ 126.6i-I 0.6¢-j
0.5 0.1 19.02cd 2.80c 310.0e-i 2.6e-h
0.5 0.3 23.76¢C 3.30c 360.0e-g 2.8e-g
0.5 0.5 76.16b 65.66a 1617.0b 17.6b

Bl gl sme MBI (P < 0.05) Sl (slacals w905 Bollae waiidl o S ke By S slyb JBlis otw a0 & olanSibe
Means followed by at least one similar letter are not significantly different (p< 0.05), based on Duncan’s multiple range test.
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Table 2- The effect of different concentrations of yeast extract on total phenol, flavonoid content, and antioxidant capacity of
Purslane calluses based on DPPH and FRAP

o 0 luas glachle FRAP DPPH 1C%0 S5 2gigdhd J5
Concentrations of yeast extract  (ymol Fe gl DW)  (mg ml) Total flavonoid Total phenol
(mg LY (mg QE 100g* DW) (mg GAE 100g DW)
0 568.6d 2.45a 30.29¢ 483.21c
125 649.0c 2.37a 32.03c 553.07b
250 698.3b 2.08b 38.06b 589.68b
500 787.0a 1.85b 42.25a 664.12a

85 (gl xe M (P S 0.05) Sl (claels kx> 0] Ballas isb o Syt gy o s Bl gt sb p0 oS LlauSike
Means followed by at least one similar letter are not significantly different (p< 0.05), based on Duncan’s multiple range test.
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Introduction: Purslane (P. oleracea) is considered as valuable plant due to its high antioxidant compounds
and important fatty acids such as omega-3 and 6. Phenolic and flavonoid compounds are one of the most
important constituents in the purslane. Phenolics are a large group of natural plant compounds with antioxidant
and Anti-inflammatory properties. Flavonoids, as a subset of phenolic compounds, have a wide range of effects
on plants, including antioxidant activity and improve resistance to environmental stresses. Callus culture is one
of the important strategies for the production secondary metabolites, which are difficult to produce chemically.
Plant growth regulators including auxins and cytokinins play a crucial role in the stages of plant growth. Various
combinations of these two hormones are used to make the desired changes in the cultures. Studies suggest that
the accumulation of secondary metabolites can be increased by the application of different elicitors in medium.
Researchers reported an increase in the content of secondary metabolites such as phenol and flavonoid
compounds in calli treated with elicitors such as yeast extract. The purpose of this study was to determine the
best explant, medium and hormonal treatment for calli induction of purslane. The effect of different levels of
yeast extract on total phenol and flavonoid content and antioxidant capacity of purslane calluses was also
investigated.

Materials and Methods: Seeds of purslane plant were cultivated in a solid 1/2MS medium for the
preparation of sterile seedlings. The explants from sterile seedlings including to leaves, 1 cm stem specimens and
terminal buds, were placed on MS and 1/2MS medium containing 0, 0.1, 0.3, and 0.5 mg L* BAP and NAA.
After five months, calluses were evaluated for callogenesis and some morphological traits such as color, texture,
and size, fresh and dry weight. This experiment was conducted based on completely randomized design with
three replications. In the second experiment, the calluses obtained from the previous stage were transferred to
MS medium with selected hormone treatment of the first experiment (0.5 mg L' NAA and BAP) and different
levels of yeast extract (0, 125, 250, and 500 mg L). Total phenol and flavonoid contents of the calluses were
determined by Folin-Ciocalteau and aluminum chloride methods, respectively. Furthermore, Ferric reducing
antioxidant power (FRAP) and 1,1-diphenyl-2-picrylhydrazyl (DPPH) assays were used to determine the
antioxidant activities.

Results and Discussion: The results showed that 1/2MS medium was suitable for sterile seedling production
from purslane seeds. Based on the present study, only stem explants in a medium containing BAP and NAA,
produced durable calluses. The color of the resulting calluses were green and had a constant and firm texture.
The highest callus percentage (90.46%), the size (21.6 mm), and fresh (1826.5 mg) and dry weight (75.33 mg) of
calluses belong to MS medium containing 0.5 mg L BAP and NAA. Results of the second experiment showed
positive and significant effects of yeast extract on the total phenol, flavonoid contents and antioxidant activities.
The highest content of total phenol (664.12 mg GAE 100g* DW), flavonoid (42.25 mg QE 100g™* DW) and
FRAP data (787 umol Fe g DW) were obtained from the calli treated with 500 mg I yeast extract. The
maximum DPPH ICs (2.45 mg ml*) was also observed in control. The formation of callus associated with plant
species, hormonal composition, the stage of development, and the type of explants. Auxin and cytokinin as plant
growth regulators are key factors for controlling cell division in tissue culture. In most studies, callus formation
in purslane plant were induced in medium containing auxin and cytokinin. The presence of green calluses
derived from purslane explants can be due to the formation of chloroplastids in the cells of the callus tissue that
rapidly produce chloroplasts under light conditions. In the second experiment, increased phenolic and flavonoid
compounds with yeast extract treatment probably resulted in increased antioxidant activity.

Conclusion: In the present study, 1/2MS medium is suitable for the production of sterile seedlings from
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purslane seeds. MS medium containing 0.5 mg I BAP and NAA is the best treatment for calli induction from
stem specimens. The concentration of 500 mg L of yeast extract is introduced as the most effective
concentration for increasing the phenolic and flavonoid content and antioxidant activity in the purslane calluses.

Keywords: BAP, NAA, Phenol, Portulaca oleracea, Yeast Extract
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Table 1- Some chemical properties of used water for preparation of nutrient solution
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Table 2- Variance analysis (mean square) of NH4*:NOs" ratio of nutrient solution and cultivar type on shoot and root fresh
and dry weight of lettuce
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Figure 1- The effect of different NH4*:NOg3" ratios of nutrient solution on root fresh weight of lettuce (LSD, p=<0.05).
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Table 3- The effect of different NH4*:NOs" ratios of nutrient solution on shoot fresh and dry weight of lettuce cultivars
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Data in each column and row with the same letter are not statistically different at o =0.05 based on LSD Test.
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Table 4- ANOVA (mean square) for the effects of NH4*:NOs" ratio of nutrient solution and cultivar on shoot nutrients
concentration of lettuce
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Table 5- The effect of different NH4":NOs" ratios of nutrient solution on shoot nutrients concentration of lettuce cultivars
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Data in each column and row with the same letter are not statistically different at o =0.05 based on LSD Test.
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Introduction: Ammonium (NH4*) and nitrate (NO3") ions are the two main forms of nitrogen (N) for plants.
But, they influence differently on growth and chemical composition of plants. The effect of N form on plant
growth depends on plant species, development stage of plant, pH, and temperature, ratio of NHs" /NOs- and
nitrogen level of nutrient solution. Lettuce is one of the leafy vegetables that has been cultivated in soilless
culture in many greenhouses in the world. This plant can respond well to NH4* nutrition, but the information
about optimum NH4*/NOs ratio in the nutrient solution and respond of lettuce cultivars to partial replacement of
NOs by NH4* is scarce. Application of nitrification inhibitors such as 3, 4-dimethylpyrazole phosphate (DMPP)
with ammonium fertilizers lead to high N-use efficiency as well as reducing denitrification and leaching losses.
Nitrification inhibitors are compounds that delay the biological oxidation of ammonium to nitrite by depressing
the activity of Nitrosomonas bacteria. This study was conducted to elucidate the effect of nitrogen form (N-NO3~
and N-NH.*) and the use of a nitrification inhibitor (DMPP) on chemical composition and yield of lettuce
(Lactuca sativa L.) cultivars in research greenhouse of Shahrekord University.

Materials and Methods: A factorial experiment using completely randomized design was carried out with
two factors of NH4*/NOjs ratio (0:100, 15:85 with and without DMPP, 30:70 with and without DMPP) and
lettuce cultivars (Teresa and California) with three replications under hydroponic conditions. Lettuce plants were
grown in 1.7 L plastic pots (one plant per pot) and the substrate used was mixture of cocopeat + perlite with ratio
of 2:1 (v/v). Different nutrient solutions were applied by hand two or three times per week to obtain a leaching
fraction of 5 to 20%. After seven weeks plants were harvested, fresh weight of shoots and roots were determined
and plants were dried in an oven at 60 °C. Then, dry weight of shoots and roots were measured and plants were
ground for nutrient analysis including of P, K, Ca, Mg, Fe, Mn, Zn and Cu.

Results and Discussion: The results showed that application of nutrient solution with NH4*/NOs™ ratio of
30:70 in California cultivar and 15:85 in Teresa cultivar led to significant increase shoot P concentration
compared with the 0:100 of NH4*/NO; ratio (40 and 13%, respectively). This was due to synergistic effect of
NH.* on the uptake of P by roots. In both Teresa and California cultivars, replacing 30% NOs™ in the nutrient
solution with NH,* resulted to significant decrease shoot K concentration (27.3 and 14.8% in Teresa and
California cultivars, respectively) as well as shoot Ca concentration (42.0 and 31.1% in Teresa and California
cultivars, respectively) compared with the 0:100 of NH."/NOs™ ratio. This decrease is related to antagonistic
effects of NH4" on the uptake of K and Mg by roots. In Teresa cultivar, increasing the NH4*/NOs ratio to 15:85
led to the meaningful increase of shoot Fe (97%), Mn (68%) and Zn (54%) concentration in comparison with
0:100 of NH.4*/NOs ratio. But, in California cultivar shoot Mn concentration increased (65%) with 30%
replacement of NO3z by NH4*. This means that changing NH4*/NOs™ ratio in the nutrient solution is an excellent
approach to control the relative uptake of cations and anions by the plant. The greatest quantity of shoot fresh
weight in Teresa (334 g pot™) and California (435 g pot?) cultivars were obtained from 0:100 and 15:85 of
NH4*/NOs™ ratios, respectively. The current study indicates that the lettuce cultivars respond differently to the
form of N supply. There is a genotypic variability in the ability of plants to supply carbon skeletons for NH4*
assimilation in the roots. Thus, California cultivar is a genotype sensitive to enhanced ammonium nutrition and
Teresa cultivar is a genotype insensitive to enhanced ammonium nutrition. Increasing the NH4*/NOs" ratio to
30:70 led to the meaningful decrease (42%) of root fresh weight in comparison with nutrient solution without
NH4*. Application of nitrification inhibitor DMPP with the NH4*/NOjs ratios of 15:85 and 30:70 had not
significant effect on the shoot fresh and dry weight as well as the concentration of P, K and Cu in the shoot of
both lettuce cultivars in comparison to these ratios without DMPP.

1, 2 and 3- Former M.Sc. Student, Associate Professor and Professor of Soil Science and Engineering, College of
Agriculture, ShahreKord University, respectively.
(*- Corresponding Author Email: shkiani2002@yahoo.com)



ARl ) o)lods PP aler (((6559LS @abuo g pale) GSLEL pole @ pis  \Ye

Conclusion: The results suggest that the NH4*/NOs" ratios of 0:100 and 15:85 can be recommended for
production of Teresa and California lettuce cultivars under the conditions of the present study, respectively.

Keywords: Ammonium to nitrate ratio, Lettuce cultivars, Nutrients
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Table 1- ANOVA for the effect of bio-fertilizer and salicylic acid on some physiological traits of melon cv. Khatooni under
salinity stress

s gylie Gy oo Jske g addelS bUde)lS wigUell e Cugb,
S.0.v DF Proline Soluble sugars Chla Chlb Carotenoids RWC
Salinity (S) 57.96 ** 2329.09 ** 2.015 ** 2,011 ** 1.234 ** 4207.61 **

S Slaan s 1
SA 14.69 ** 382.42 ** 0.367 **  0.233 ** 0.151 ** 535.48 **
st 3
Bacteria (B) 23.28 ** 260.82 ** 0.440 ** 0.361 ** 0.265 ** 536.17 **
SxSA 4 1.50 ** 29.16 ** 0.002 ns 0.011* 0.005 ns 11.41ns
SxB 12 2.08 ** 23.27 ** 0.003 ns 0.004 ns 0.004 ns 23.86 ns
SAxB 3 0.29* 22.16 ** 0.010* 0.006 ns 0.001 ns 10.11ns
SxSAxB 12 0.20* 2.91ns 0.003 ns 0.003 ns 0.003 ns 7.23ns
> 80
Error 011 2.56 0.003 0.004 0.013 14.72
C.V (%) 2.25 10.31 5.09 11.28 4.75 5.39
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*and ** s:ignificant at 5% and 1% of probability level, and ™ : no significant.
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Table 2- Simple effects of bio-fertilizer and salicylic acid on some physiological traits of melon cv. Khatooni under salinity

stres
o o a Jdg ks b Judq i Mgy, (o Cagb,
Treatment level Chl a (mg/g fw) Chl b (mg/g fw) Carotenoids (mg/g fw) RWC (%)
S0 144 a 0.96a 0.72a 84.17 a
s1 1.24b 0.75b 0.62b 82.27 a
S S2 1.04c 0.55 ¢ 0.46 ¢ 72.77b
Salinity s3 0.90d 0.38d 0.32d 64.51 ¢
S4 0.69 e 0.23¢e 0.16 52.14 d
! Sl SAD 1.01b 053b 0.42b 69.06 b
Sa“cy"c acid SA1 1.12a 0.62 a 0.49a 73.29 a
BO 0.94d 0.48 ¢ 0.37c 66.38 ¢
< B1 1.05b 0.56 b 0.44 b 71.31b
sk B2 1.02¢ 0.54b 0.43b 70.36 b
Bacteria B3 1.23a 0.73a 0.59 a 76.65 a
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Means with the same letters have no significant difference based on Duncan’s multiple range test (a = 0.05).
Salinity (S0: 0 mM, S1: 50 mM, S2: 100 mM, S3: 150 mM and S4: 200 mM NaCl). Salicylic acid (SA0:0 mM and SAL: 1mM).
Bacteria (BO: without bacteria, B1: Azotobacter, B2: Azospirillum and B3: Azotobacter + Azospirillum)
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Figure 2- Interaction effects of salinityxsalicylic acid on soluble sugars of Khatooni
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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. Growth and yield of agricultural crops are
affected by biotic and abiotic environmental stresses. Salinity stress can be one of the most important
environmental factors limiting the yield of plants, especially in arid and semi-arid regions. It has been reported
that by application of bio-fertilizers, root and shoot dry weight and nitrogen concentration in alfalfa increased
under salt stress. Sarabi et al (44) in a study of different genotypes of melons under salinity stress reported that

salinity stress increases soluble sugars and proline content and decreases photosynthetic pigments. Growth-
promoting bacteria can help plants under stress conditions by stabilizing atmospheric nitrogen, increasing the
accessibility of nutrients, and interfering by the production of plant hormones such as auxin, cytokinin, and
gibberellins. Soliman et al. (49) also reported that growth-promoting bacteria increase the absorption of
elements, especially nitrogen, in Acacia saligana. Basilio et al. (7) showed that growth-promoting bacteria
increase plant height and yield of wheat. The use of salicylic acid to create plant reactions to environmental
stresses has been suggested. Raghami et al (39) reported that salicylic acid improves vegetative indexes and
photosynthetic pigments in eggplant under salt stress. It has been reported that salicylic acid treatment increased
K in wheat under salt stress. Due to the expansion of saline soils as well as the reduction of fresh water
resources, the purpose of this experiment is to better establish melon seedlings under adverse environmental
conditions and to maintain and develop this valuable crop.

Materials and Methods: In order to study the effect of biological fertilizers and salicylic acid on
physiological parameters and growth of Khatooni melon under salinity stress conditions, a factorial experiment
was conducted based on completely randomized design with three replications in Torbat-e-Jam University.
Salicylic acid treatment was selected at two levels, without (SA0) and one mM (SA1) salicylic acid. Bacteria
treatments were including Azotobacter (B1), Azospirilium (B2), Azotobacter and Azospirilum (B3) and without
inoculation (B0) and salinity treatments were prepared in five concentrations: control (S0), 50 (S1), 100 (S2),
150 (S3) and 200 (S4) mM of sodium chloride.

Results and Discussion: Interaction effects of salinity, salicylic acid and bacteria showed, proline content
was increased by salinity stress. The highest of proline content was obtained by combination of 200 mM salinity,
one mM of salicylic acid and Azetobacter + Azospirilum (S4 SAL1 B3) and the minimum of it was recorded in
contorol (SO SAQO BO0). Under salinity conditions, the accumulation of compatible solutions such as proline,
glycine, betaine and other organic solutions in the plant occurs, which play an important role in protecting the
plant against the harmful effects of stress. On the other hand, the increase in proline content by growth-
promoting bacteria may be due to an increase in the absorption of nutrients, especially nitrogen, because proline
has a nitrogenous structure.

Without salinity stress no significant difference observed between salicylic acid treatments on soluble sugars,
but soluble sugars content were significantly increased by increasing salinity stress. The maximum and minimum
of soluble sugars content were recorded in combination 200 mM salinity and one mM of salicylic acid (S4 SA1)
and control (SO SAO) respectively. Plants try to overcome salinity stress by producing organic compounds that
are osmotically active such as soluble sugars.

It has been reported that the use of salicylic acid in eggplant and barley under salinity stress has increased the
production of soluble sugars, which is consistent with the results of this study. In general, accumulation of
proline and soluble sugars content might be due to increased synthesis and decreased degradation under stress
conditions. According to the results, photosynthetic pigments and relative water content percentage (RWC %)
were decreased under salinity stress. Simple effects of salicylic acid (SA1) and bacteria treatments especially
combination of bacteria (B3) significantly improved Chlorophyll a, b, carotenoids and RWC. Sarabi et al. (43)
reported that chlorophyll content, carotenoids and RWC were decreased in melon under salinity stress.

1 and 2- Assistant Professors, Department of Horticulture Science and Engineering, High Educational Complex of
Torbat-e Jam
(*- Corresponding Author Email: ho_nastari@yahoo.com)
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Kheirizadeh Arough et al (29) reported that application of bio-fertilizers and nano zinc oxid increased content of
chlorophyll a, chlorophyll b and carotenoids in Triticale under salinity conditions.

Conclusion: Based on the obtained results in this study, we can use Azotobacter and Azospirillum together
for seed inoculation and spraying with salicylic acid for obtaining better growth and yield under salt stress.

Keywords: Azospirillum, Azotobacter, Khatooni melon, Proline
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Table 2- ANOVA for Chelidonium majus L. shoot proliferation at different concentrations of PGRs
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Figure 1- Means comparison of Chelidonium majus L. shoot proliferation at different concentrations of cytokinin and auxin
A) Effect of media containing TDZ and BA B) The medium contains 0.5 mg L™ TDZ with various concentrations of IBA and NAA.
(LSD, p=<0.05)
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Figure 2- Means comparison of shoot elongation of Chelidonium majus L. at different concentrations of cytokinin and auxin
A) Effect of media containing TDZ and BA. B) The medium contains 0.5 mg L™ TDZ with various concentrations of IBA and NAA.
(LSD, p<0.05)
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1- Andrographis neesiana
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Figure 3- Means comparison of shoot-forming capacity index of Chelidonium majus L. at different PGRs concentration

A) Effect of media containing TDZ and BA. B)-The medium contains 0.5 mg L™ TDZ with various concentrations of IBA and
NAA. (LSD, p<0.05)
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Table 3- ANOVA for root number of Chelidonium majus L. at different concentrations of auxin PGRs
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Figure 4- Means comparison of Chelidonium majus L. root number at differentplant growth regulators concentrations of
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Table 4- ANOVA for root length of Chelidonium majus L. at different concentrations of auxins
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Figure 5- Means comparison of Chelidonium majus L. length root at different concentrations of PGRs (LSD, p<0.05)



VoY

LIl 33 ol Jgid (3l 3me oy 9 (Chelidonium sp.) ¢l meole 583315 5 (g waiuts

Acclimatization percentage(%)
@ )13 )Lm da yd

>
m

~
=

L &L@, Y|
Media
Ol sole (SBazdlS (6,5 5lu 2 CulS (G iy BliSes (SBCS 5 1 (S0l dmlio -1 SIS
Figure 6- Mean comparison of the effect of different combinations of media on plantlets Chelidonium majus L.
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Figure 7- Mean comparison of total phenol content of various Chelidonium majus L. organs. (LSD, p<0.05)
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Figure 8- In vitro propagation of Chelidonium majus L.
A) Selected plants for seeds collection from the Shaytan kooh in Lahijan elevations. B) Production of in vitro plantlets from seeds in
MS medium containing 3 g L™* activated charcoal. C) Production of in vitro plantlets after 3 months. D) Shoot proliferation in MS
medium containing 3 g L™ activated charcoal and 0.5 mg L™ TDZ after 1 month. E) Rooting in MS medium containing 3 g L™

activated charcoal and 1.5 mg L™ IBA after 1 month. F) Acclimatization of 85% in vitro plantlets in 0: 1:2 peat moss perlite and
cocopeat medium
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1- Centella asiatica
2- Withania somnifera



VOV L saplsl 4o o6 Jgsd oyl jae oy 9 (Chelidonium sp.) ¢l pele (obs 315 5 (g 5lwdiunts

&l

1- Ahmad N., Siddique | ., and Anis M. 2006. Improved plant regeneration in Capsicum annum L. from nodal

segments. Biologia Plantarum 50 : 701-704.

2- Baghel S., and Bansal Y.K. 2014. Thidiazuron promotes in vitro plant regeneration and phytochemical screening of
Guizota Abssinica — A MultiPurppose oil crop. A World Journal of Pharmacy and Pharmaceutical Science 4786:
1193-1217.

3- Bakhtiar Z., Mirjalili M.H., Sonboli A., and Farimani M. 2014. In vitro propagation, genetic and phytochemical
assessment of Thymus persicus— A medicinally Important Source of pentacyclic triterpenoids. Biologia 69: 594—
603.

4- Banerjee S., and Kumar S. 1999. In vitro multiplication of Centella asiatica. Current Science 76: 147-148.

5- Chavan J.J., Gaikwad N.B., Umdale S.D., Kshirsagar P.R., Bhat K.V., Yadav S.R. 2013. Efficiency of direct and
indirect shoot organogenesis, molecular profiling, secondary metabolite production and antioxidant activity of
micropropaguted Cerpegia Santapaui. Plant Growth Regulation 72: 1-15.

6- Colombo M.L., and Bosisio E. 1996. Pharmacological activities of Chelidonium majus L. Pharmaceutical Research
33:127-134.

7- Dewir Y.H., Chakrabary D., and Paek Y. 2010. Indirect regenerative of Withania somnifera and Comparative
analysis of Withanolides in in vitro and greenhouse grown plants. Biologia Plantarum 54: 357-360.

8- Esfandiar A., Kazemitabar S.K., and Kiani G.H. 2016. Investigation of callus induction and indirect shoot
regeneration in Chelidonium majus L. affected by plant growth regulators. 30(3):656-671. (In Persian with English
abstract)

9- Faisal M., Ahmad N., and Anis M. 2005. Shoot multiplication in Rauwolfia tetraphylla using thidiazuron. Plant Cell,

Tissue and Organ Culture 80: 187 — 190.

10- Hartman H.T.T., and Kester D.E. 1990. Plant propagation principles and practices. Prentice Hal, Inc, Engle Wood
Cliffs.

11- Husain M., Anis M., and Shahzad A. 2007. In vitro propagation of Kino using thidiazuron. In Vitro Cellular and
Developmental Biology—Plant 43: 59-64.

12- Karuppusamy S.C., Aruna V., and Pullaiah T. 2006. Micropropagation of Vanasushava pedata- An endangered
medicinal plant of south India. Plant Tissue Culture and Biotechnology 16: 85-94.

13- Karuppusamy S., and Kalimuthu K. 2010. Rapid in vitro multiplication and plant regeneration from nodal explants
of Andrographis neesiana: A valuable endemic medicinal plant. Advances in Biological Research 4: 211-216.

14- Kiani K. 2009. Atlas of medicinal plants. Zarghalam.

15- Kupeli E., Kosar M., Yesilada E., Itusnu K., and Baser C. 2002. A comparative study on the anti— inflammatory,
antinociceptive and anti-Pyretic effects of isoquinoline alkaloids from the roots of Turkish Berberis Species. Life
Sciences 72: 645-657.

16- Malik S.K., Chaudhury R., Kalia R.K. 2005. Rapid in vitro multiplication and conservation of Garcinia indica: A
tropical medicinal tree Species. Scientia Horticalturae 106: 539-553.

17- Nayak N.R., Rath S.H., and Patnaik S. 1997. In vitro propagation of three epiphytic orchid, Cymbidium aloifolium,
Dendrobium aphyllum, and Dendrobium moschatum through thidiazuron induced high frequency shoot
proliferation. Scientia Horticulturae 71: 243-250.

18- Onay A. 2000. Micropapajation of pistachio from mature trees. Plant Cell, Tissue and Organ Culture 60: 159-163.

19- Rajesewary V., and Paliwal K. 2006. In vitro propagation of Albizia Odoratissima from cotyledonary node and leaf
nodal explants. In Vitro Cellular and Developmentul Biology— Plant 42: 399-404.

20- Sedighi A., Sedighi Dehkordi F., Gholami M., and Rafieian Kopaei. 2014. Study of the effect of plant growth
regulators, size and cultivar of grape inflorescence explant on production of phenolic compounds in an in vitro
condition. Journal of Herbal Medicine Pharmacology 3: 35-40.

21- Shaik P., Samraju R., Chithakari R., and Mohammad M. 2016. TDZ induced in vitro plant regeneration of
Momordica balsamina and Momordica Charanta, Important Medicinal Cucurbits. International Journal of Current
Research 8: 31067-31070.

22- Sharma R.K., Wakhlu A.K., and Boleria M. 2004. Micropropagation of Anethum graveolens L. through axillary

shoot proliferation. Journal of Plant Biochemistry and Biotechnology 13: 157-159.

23- Tiwari K.N., Sharma N.C., Tiwari V., and Singh B.D. 2000. Micropropagation of Centella asiatica. A valuable
medicinal herb. Plant Cell, Tissue and Organ Culture 63: 179-185.



Journal of Horticultural Science (83295 @lio g pale) (FLEL pole 4 20
Vol. 34, No.1, Spring 2020, P. 145-159 v, VP10 o TAR e ) oleds FF s
ISSN: 2008 - 4730 A Yeoh - PV Lo

Optimization of Micropropagation of Chelidonium majus L. and Study on Total
Phenol Content in Different Organs in Vitro Conditions

M. Ghasemi'- H. Arouiee?*- P. Azadi*- A. Ali Ahmadi*
Received: 31-07-2019
Accepted: 25-11-2019

Introduction: Greater celandine (Chelidonium sp) is one of the plants that its propagation through seed
occurs slowly. In addition, Chelidonium majus L. has limited habitats in Iran. For this reason, micropropagation
can be considered as an effective method for its rapid and massive propagation and conservation, which can lead
to the production of highly uniform plants. Chelidonium majus L. also contains a large amount of secondary
metabolites of Isoquinoline alkaloids, including Chelidonine, Sanguinarine, Captesin, Berberrine and Chloritrine,
and phenolic compounds. Therefore, the aim of this study was to investigate micropropagation of Chelidonium
majus L. and compare the total phenol content in leaf, stem and root in obtained plantlets.

Materials and Methods: To begin the experiment, seeds of Chelidonium majus L. were first washed with
distilled water containing a few drops of tween20. Then they were washed with 70% alcohol for 1 min and were
finally washed with double-distilled water. Next, they were disinfected with 1% sodium hypochlorite for 5 min,
and again were rinsed with distilled water for 3 times of 5, 15, and 180 min under laminar air flow hood. The
effects of TDZ at concentrations 0, 0.25, 0.5, 0.75 and 1 mg/L, BAP at concentrations 0, 0.5, 1, 1.5, 2 mg/L
considered. Then, the effect of best treatment in combination with NAA and IBA at 0.25, 0.5, 0.75 and 1 mg/L
on growth parameters (number of shoot, shoot length and shoot formation capacity index), were studied. The
effect of IBA, NAA and IAA at 0, 0.5, 1, 1.5 and 2 mg/L on rooting parameters (number of root and root length)
in MS medium supplemented with 3 g/L activated charcoal in in vitro conditions were evaluated. Then different
ratios of cocopeat, perlite and peat moss were used for acclimatization of the obtaining plants. Folin method was
used to measure total phenol content. The experiment was conducted as factorial in a completely randomized
design with four replications.

Results: The results of analysis of variance for proliferation and rooting traits showed that there were
significant differences among the treatments at 1% probability level. The results of means comparison showed
that the highest numbers of shoots and shoot formation capacity index were obtained from the treatment of 0.5
mg/L TDZ with the average of 8.12, which did not show a significant difference from the concentration of 0.25
mg/L TDZ, and the lowest shoot number was related to the control treatment. Increasing the amount of TDZ
hormone led to the reduction in shoot number, so that at concentration of 1 mg/L TDZ, the average shoot number
per explant was four. Combination of 0.5 mg/L TDZ with IBA and NAA had lower effect on Chelidonium majus
L. proliferation. Moreover, the greatest shoot length was observed in the treatment of 2 mg/L BAP. Comparison
of means values showed no significant difference between the treatments of 2 and 1.5 mg/L BAP at 1%
probability level. In this study, MS medium containing 1.5 mg/L IBA was the most appropriate treatment for
root formation. The effect of NAA hormone on root number of Chelidonium majus L. showed that the highest
number of root was obtained from the treatment of 2 mg/L NAA. Besides, the effect of IAA on root number of
Chelidonium majus L. showed that the highest number of root was observed in the treatment of 1 mg/L I1AA, and
the lowest number of root was related to the control treatment. The results of means comparison for the

percentage of acclimatized plants showed that the ratio of 0:2:1 had a significant difference from the rest of the
culture media and 85% of the plants were acclimatized, while the ratio of 1:2:1 showed the lowest percentage of
acclimatization (20%). Furthermore, the results showed that the culture media had significant effect on
acclimatization stage at 1% probability level. The results of the analysis of variance for total phenol content in
leaf, stem and root tissues showed that there were significant differences among these three tissues. The results
showed that the amount of total phenol in leaf was higher than in the stem, and the amount of phenol in root was
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insignificant.
Conclusion: Based on the results of this study, micropropagation can be used as a method for commercial
production of this species under in vitro conditions.
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Table 1- Identity codes of melon populations

5 loud KO 5 loud KO 5 loud £ 0 ylowd KO

Number Code Number Code Number Code Number Code
1 TN-345 10 KC-257236 19 KC- 357020 28 TN-278
2 KC-35700 11 TN-629 20 TN621 29 TN-272
3 TN-271 12 TN-92-334 21 TN-92-306 30 KC-357104
4 KC-357250 13 TN-628 22 TN92-302 31 KC-357079
5 KC-357238 14 TN-92-319 23 KC- 357044 32 357063
6 TN-441 15 TN-623 24 KC-357154 33 KC-357047
7 TN-92401 16 TN92317 25 KC-357009 34 KC357062
8 TN-377 17 TN92312 26 KC-357067 35 Sefidak
9 TN-277 18 TN622 27 KC-357100 36 Suski
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Table 3- Comparison means traits of studied populations of melon in normal irrigation

U jg, 3laxs

5 3l of
o N e A S R F T
No Numbgr Fltuit 0 * : # _Cavity 'Flesh 2 Judg,ls Canopy - Number -
of fruit weight Fruit Fruit Jsloe Plant diameter  diameter  P1@Mt oo p temperature S days to Root
length width TSS yield length RWC maturity length
1 2 2900 24 15 4 5800 7.8 4 180 49 28 0.67 84 38.5
2 2 2600 27 14 7 5200 7 3.8 220 44 26 0.68 81 45
3 1 2550 32 13 2.5 2558 6.5 3.5 240 38 28 0.68 96 335
4 15 1500 18 125 4.25 2264 7 4 160 455 28 0.5 95 39
5 15 1590 29 14 4,75 2065 6.25 3.6 175 455 315 0.68 91 46
6 2 2600 19 13 55 5200 8.7 4.6 1975 605 29 0.64 91 33
7 2 1560 18 12 3 3120 7.4 2.9 160 51 31 0.68 87 38
8 2 3050 29 14 4 6100 7.5 3.8 265 415 27 0.45 90 43
9 15 2805 22.5 14 3 3585 8.1 3.65 195 49.5 30.5 0.68 87 39
10 2 1500 20 13 3 3000 7.9 3.7 210 53 29 0.69 91 315
11 15 2665 28 14 7.25 3500 7.1 3.05 270 49.5 27 0.57 95 27.5
12 2 2233 29.5 10.25 5 4466 55 3.8 167.5 58 26.5 0.54 88 39.5
13 2 2703 30 145 7.25 5405 8.4 3.85 235 52.5 29 0.85 84 45
14 15 2335 195 135 7.75 3687 7.7 4.4 155 46 29.5 0.62 87 26.5
15 2 2425 185 16.5 7.25 3550 8.9 4 1775 425 28.5 0.74 84 27.5
16 15 2070 24 13 4 3365 7.05 34 170 45 28 0.54 84 445
17 1 2247 25 13 3.25 2247 8.1 3.1 140 515 32 0.32 87 28
18 15 1965 23 135 6.75 2865 6.7 3.65 210 515 275 0.71 84 42
19 25 795 135 11.75 3.25 2015 6.3 3.9 110 44 275 0.77 87 25.5
20 2 1365 20.5 10.75 8 3430 5.85 3.35 106 54 275 0.64 84 375
21 1 1107 195 10.25 3 1120 5.25 2.45 200 61.5 30 0.55 96 36.5
22 2 2143 26 145 4.5 4288 6.85 3.45 225 36.5 26.5 0.60 91 33
23 15 4175 32 16 3.25 6275 105 3.6 160 42 30.5 0.73 91 38
24 2 1050 18 11 7.5 4200 6.6 2 180 42 28 0.62 84 375
25 2 1812 16.5 14 7 3590 8.6 3.65 135 52.5 27 0.88 87 37
26 2 1150 145 13 3.75 2300 9.2 2.9 112.5 44 26.5 0.64 81 27.5
27 15 1210 185 12 2.25 1845 7.9 3.45 120 42.5 28.5 0.77 91 34.5
28 2 2250 18 16 7.5 4500 9 3.6 250 42 28 0.74 84 38
29 2 1250 215 12 4 2500 7.4 2.8 1925 515 30 0.66 91 385
30 15 2640 28.5 14 6.25 3835 7.4 4.1 2025 445 255 0.76 87 22.5
31 2.5 790 15 10.25 7 2630 6.05 2.1 1275 415 28.5 0.66 84 355
32 2.5 545 11 8.5 7.75 1410 5.6 2.35 150 455 28.5 0.75 87 25
33 25 1472 16 14 2 3942 7.25 35 130 495 30 0.54 91 335
34 25 1000 18 11 25 3300 5.85 2.95 195 48.5 26.5 0.63 81 35
35 15 2820 15 10.25 7.25 1115 5.8 3.1 1125 445 28 0.79 81 51
36 2 950 17 10.25 4.25 1900 5.1 3.55 82.5 55 27.5 0.66 91 34.5
6.35 1.28 5.29 0.12
LSD +0.95 +1591 N +3.2 4 +2877 +£2.1 +0.90 £80.8 N +1.64 N +0.48 +2.63
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Table 4- Comparison means traits of studied populations of melon in water deficit irrigation
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o sane 1 I ST N S B X ol ™

gm0 PP 0J9 dga0 el . . Canigs . ~"‘95)“S 5 S Wy .
8y Fruit Fruit o ) - Cavity Flesh - J canopy < Number )
NO '\égr;‘f weight lengt Fruit  Jskw  Plant dlaTete diamete  Plant SPA temr;iratu Sy days to Root

fruit h width TSS yield length D RwWC maturity length
1 15 2622 22 15.7 4 3925 7.1 3.2 175 51 295 0.51 84.5 355
2 15 1905 24 12.7 7 2865 7.4 3.7 185 48.5 31 0.57 82.5 395
3 15 2295 29 125 3 3540 6.4 3.3 200 43 28 0.63 82.5 44
4 2 1425 18 14 4.25 2850 6.9 25 175 41 29.5 0.47 84 32
5 1 1350 24 11.2 5 1350 6.4 3.1 145 41.5 32 0.48 83 32
6 15 2325 19 145 6 3160 8.4 4.6 1375 63.6 28 0.57 80.5 345
7 1 1275 17 115 4 1275 7.2 2.6 165 47.5 28.5 0.49 83 29
8 1 2360 26 135 4.2 2360 6.9 3.9 135 51 34.5 0.47 83.5 375
9 1 2285 245 145 3.7 4570 8 3.6 225 46 29.5 0.59 81 38.5
10 1 1330 16.5 11 4 1330 7.2 3.3 170 49 28 0.48 87.5 38.5
11 15 1610 24 115 8.25 2310 6.3 3.2 195 48.5 295 0.47 88 41.5
12 15 1590 26 115 5.75 2335 6.6 35 105 59.5 315 0.46 80.5 295
13 15 1998 25 13 7 3488 5.7 2.8 195 48.5 305 0.54 83 395
14 15 1606 185 135 7.75 2332 7.3 3.3 220 57 29 0.58 80.5 44
15 15 2015 175 145 7.5 3190 7.9 35 185 54 27 0.63 79 40.5
16 15 1865 24 13 6 3030 7 3.4 155 41 315 0.47 83.5 30
17 15 1642 23 155 35 2345 7.2 4 170 375 32 0.35 84 28
18 2 1660 225 135 6.2 3320 6.9 3 135 54.5 275 0.56 82 37
19 15 640 13 11 4 1000 6.9 3.5 180 445 28.5 0.65 84 26.5
20 2 810 175 9.5 8.7 1620 6.1 2.5 170 58.5 295 0.61 83.5 29
21 15 1021 19 125 3 1493 7.2 2.9 185 315 33 0.50 85.5 33
22 15 1620 175 6.5 5.7 2545 8.7 3 200 46 28.5 0.56 86.5 37
23 15 3727 33 155 3.7 5772 7.3 3.3 205 43.5 28 0.58 84 37
24 1 830 17 11 8 830 6.8 2.7 170 50 28 0.54 81 27
25 2 1220 18.5 14.5 7 2440 7.9 3.6 185 44 29 0.54 83 26.5
26 2 690 135 11 4.5 1645 6.9 2.4 95 43 30 0.50 81 28
27 15 1105 15 13.2 2.2 1660 7.2 2.9 165 38,5 28 0.55 82 36
28 1 1995 14 13 1.7 1995 6.9 3 162 45 295 0.40 815 275
29 2 1150 22 135 3.7 2300 6.8 3.1 215 44 295 0.61 84 305
30 2 2165 27 13 6.7 4330 7.5 3.35 200 53 26.5 0.65 84.5 275
31 2 580 14 10 7.5 1160 6.5 2.45 130 36.5 26 0.62 79 395
32 2 495 11 9 8.2 1185 5 2.5 165 50 33 0.53 80 375
33 1 1160 15 12 2.2 1160 7.2 3.8 125 43 315 0.48 83.5 355
34 2 969 175 9.5 2.7 2219 6.9 3.3 215 55.5 275 0.62 79 475
35 2 653 14 10.7 7.5 1305 7.4 2.8 220 35.5 275 0.59 79 54
36 15 798 16.5 115 5 1176 6.4 3.3 182 435 315 0.58 79.5 375
Ibs +1.14 +904.8 6'::8 +4.04 1i3 +2651 +2.78 +1.03 +62.6 913 +2.72 OfO +8.49 +17.56




VAV ool o lulypd 4 Slpl o3ry8 lacames il

ey (5Kl
Scree plot
4 o 100
35 4
80
> -
£,
z 3
25 T -
3 3 T% 89
.a = .
-\ E 2 g N
e -4
‘2‘3 N =
15 - =
=
E
1 3
20
) I l
Fl F2 F3 F4 FS F6 F9 F10 F11 F12 F13 F14

2505 lCuren y3 Fugh) (S bty 45 4986 LT 51 Juols (M (5,5wl) o329 ylagei =) S
Figure 1- Scree plot resulted principal component analysis in water deficit irrigation of melon populations
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Figure 2- Biplot resulted from principal component analysis in water deficit irrigation of melon populations
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Introduction: In Iran, there are various melon populations due to properties of cross pollination, which are
mostly cultivated in the desert, so it is important to identify populations and study their response to low irrigation
conditions and their selection. Sistan is one of the most important melon production areas in the country. Every
year, in the optimal water conditions of the region, cultivation area reaches nearly to 6,000 hectares, but the area
under cultivation is affected by fluctuations in the Hirmand River. Its famous melons in the region include
Sefidak, Firoozi and Helmendi, which are very popular among farmers in terms of taste. The amount of rainfall
in this region is very small and the agriculture of the region is affected by the fluctuations of Hirmand River and
these fluctuations cause damage to agricultural producers, but recognizing the best and most suitable genotypes
can help a lot to melon production. Variation and selection are the important elements of the breeding program
and the selection by the breeder requires a good variation in the population. In Iran, the largest producer of
melons is province of Khorasan Razavi, with 48.7 percent of the production in country, and province of Sistan
and Baluchistan with the 5.62 percent is in the fifth rank. Therefore, in this regard, it is necessary to consider the
desirable populations and cultivars in terms of production and yield. The quality of soil and the limitation of
water resources, especially in recent decades, have intensified the world's agriculture. In the most parts of Iran,
especially in Sistan, due to recent drought, identification of resources and cultivars with the potential of optimal
production is important. Therefore, the present study was conducted to evaluate the populations of melons and
their response to different irrigation regimes.

Materials and Methods: In this study, the populations of the gene bank (34 population), mostly from the
central and eastern regions of the Iran, along with two local sefidak and suski, which were relatively tolerant and
sensitive, respectively to drought stress were cultivated in a simple square lattice design with 2 replications for
comparison under normal and drought stress conditions. Under water deficit conditions, irrigation was carried
out at water depletion of 75% and for normal irrigation with 50% water depletion from the field capacity. Soil
moisture monitoring was carried out using a TDR device. Some morphological and physiological traits such as
yield, number of fruits per plant, average fruit weight, fruit length and width, plant length, hole diameter,
chlorophyll content, canopy temperature, relative water content were measured

Results and Discussion: Based on the results of combined analysis of variance, there was a significant
difference between the populations for all traits except for the number of fruits per plant. The effect of the
environment was significant only for the traits of soluble solids, single plant yield, canopy temperature and days
to maturity also the interaction of the population with the environment was significant only for plant length,
canopy temperature and root length, which indicated a different population reaction in relation to these traits
under two conditions of normal and moisture stress. The results of the mean comparison of the traits showed that
in normal conditions, the highest number of fruits belonged to numbers 1, 2, 6, 7 and 8, which had no significant
difference with the check number 36. The results of analysis of factor in moisture stress condition showed that
the first four factors justify nearly 70% of the variation among the traits. Therefore, the positive values of the
first factor can be effective for selection of genotypes with a high yield and high fruit weight. However, the
second factor with negative values of canopy temperature and positive values of leaf relative water content is
effective in determining the high tolerance genotypes to moisture stress conditions.

Conclusion: Under normal and stress conditions, population number 23 had acceptable yields. The traits of
fruit weight and size, flesh diameter and fruit length and width are among the traits that should be considered by
the breeders according to their relationship with the yield. Genotypes with high root length had high tolerance to
water deficit condition. In general, under stress conditions, more soluble solids were observed in the populations.

Keywords: Drought stress, Population, Melon, Yield
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Table 1- ANOVA of growth parameters and yield of tomato plant cv. Falat CH after drought and chilling pretreatments

a0 g O SWS 3
JRTIRR T i Sles egedlam RO ) a8l o 0
&l N &g
. Fruit Blossom . Stem Plant dry
SOV df Yeild number end rot Height diameter weight
e 2 0.10 0.09 5.79 9.02 1.72 112
Block
S 2 0.38* 1275%%  27.01%*  261.92%* 1.39" 388*
Drought
Loy 1 0.01™ 264 5,19 0.927 0.58™ 10
Chilling
Lo X (2 2 0.37* 2.30%* 2.27™ 50.56%* 6.85% 331*
DroughtxChilling
iiibesl sl 10 0.08 0.25 2.22 4.55 1.40 76
Erorr
et - 10.47 6.39 11.59 3.61 9.48 16.67
C.V (%)

L gixe pae NS o O Jlois | daws 13 )b gme ¥ o3 Y Jloin ] o )3 I pme™*
** and * indicate significant at the 0.01 and 0.05 of probability levels, respectively, and ns indicates non- significant.
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Figure 1- The effect of drought pretreatment by polyethylene glycol (PEG) and chilling stress on yield and fruit number of
tomato plant cv. Falat CH (DMRT, p<0.05)
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Figure 2- The effect of drought pretreatment by polyethylene glycol (PEG) on blossom end rot-fruit percentage of tomato
plant cv. Falat CH (DMRT, p<0.05)
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Figure 3- The effect of drought pretreatment by polyethylene glycol (PEG) and chilling stress on plant height, stem diameter
and dry weight of tomato plant cv. Falat CH (DMRT, p<0.05)
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Table 2- Anova results quantitative and qualitative of tomato plant cv. Falat CH after drought and chilling pretreatments

L ) . Jeb Cons o o900 U 39,4 3l om yos 8,995 Coolesd
e B o b dob  egm b . AU 5, - .
;! shd o ) Cewld g Olaess
Fruit Fruit Length/ Days to Days to Postharvest Pricarp wall
S.0.v df . diameter ys | yS . carp
length diameter ratio flowering fruiting life tickness
Sk
0.023 0.016 3.84 13.16 0.41 0.00845
Block
2 2 1.403** 0.38* 0.0288** 93.36** 99.38** 20.40** 0.00901**
Drought
Lf”‘," 1 0.435** 1.07** 0.0018" 45.44* 9.68 " 0.341 0.00002 "
Chilling
by X s 0.007 " 0.29* 0.0045 " 43.05* 101.62** 1.00" 0.00040"
DroughtxChilling
snlojl sl
10 0.035 0.05 0.0022 7.33 6.48 0.41 0.00116
Erorr
oot - 3.47 413 5.38 6.65 4.03 6.53 3.9
C.V (%)

ol xe pas NS oy O sl grdaws 5 I dxe * o3 ) Jleis ] mlaws )3l me™*
** and * indicate significant at the 0.01 and 0.05 of probability levels, respectively, and ns indicates non- significant.
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Figure 4- The effect of drought pretreatment by polyethylene glycol (PEG) and chilling stress on fruit length, the effect of

droughtxchilling interaction on fruit diameter and main effect of drought stress on fruit length/diameter ratio of tomato
plant cv. Falat CH (DMRT, p<0.05)
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Figure 5- The effect of drought pretreatment by polyethylene glycol (PEG) and chilling stress on days to flowering and
fruiting of tomato plant cv. Falat CH (DMRT, p<0.05)
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Figure 6- The effect of drought pretreatment by polyethylene glycol (PEG) on postharvest life and pericarp wall thickness of
tomato plant cv. Falat CH (DMRT, p<0.05)
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Introduction: Due to its low level of calorie and being as an excellent source of C and A vitamins as well as
containing lycopene as a powerful antioxidant, Tomato (solanum lycopersicum, 2n=2 x=24), is extensively
consumed in the world. According to the statistics presented in 2013, following China, United States, Turkey
and Egypt, Iran ranked sixth in tomato production (6174182 kg per year) world tomato production. Similar to
other tropical crops, tomato is sensitive to chilling stress. The chilling stress is considered as one of the
environmental factors influencing growth and development of many plants including tomato. Applying different
environmental conditions and cultivation techniques within transplant production can mitigate the chilling stress
of seedlings. The seedling hardening is one of the simple technique being employed to physiological characters
of plant, so as to induce subsequent stress resistance. This phenomenon is so-called cross tolerance and it means
that exposing plants to stressful conditions can induce plant tolerance to upcoming stresses. Therefore, the
objective of our study was to investigate the effect of drought hardening and chilling stress on tomato plant
growth and productivity in field condition.

Materials and Methods: This experiment was conducted in greenhouse and research laboratories of
agricultural college of Bu Ali Sina University. First of all, the seeds of tomato cv. C.H Falat, were sown in pots
filled with perlite and vermiculite (ratio 2:1) and then maintained under natural light and at 25+2°C / 18+2°C
(day/night). At four-leaf full development stage, seedlings were subjected to seven-day drought stress simulated
with polyethylene glycol 6000 (PEG) at three levels: control (0% PEG), moderate drought stress (10 % PEG
equaling to 0.18 Mpa osmotic potential) and severe drought stress (20% PEG equaling to 0.57 Mpa osmotic
potential). After employing different levels of drought stress and consequently placing them in recovery for 48 h,
they were exposed to chilling stress and non-chilling stress condition. For imposing chilling stress, the seedlings
were transferred into growth chamber under 3°C for 6 days and 6 h per day. After receiving chilling stress
treatments, the produced seedlings, were planted in the field.

Results and Discussion: In the present study, drought pretreatment reduced the effects of cold stress on fruit
yield and quality. Results revealed that, the growth and yield of tomato plants were significantly increased by
drought stress pretreatment in field condition. Herein, Seedlings without receiving drought pretreatment slowly
grew and gained lower yield than those receiving drought. Some traits such as higher fruit size and shelf life and
low number of decayed end blossom fruits were gained by drought application. The highest growth and yield
rates were obtained through 10% PEG. These results indicate that drought stress at seedling stage increases the
yield of tomato without harmful effects on fruit quality. The results showed that in 0% PEG treatment (control),
chilling stress increased the number of days for flowering and fruiting, which indicates the growth retardation in
this plant under cold stress condition. Drought pre-treatment using PEG increased the thickness of the pericarp
and its post-harvest life, which may indicate the maintenance of the effects of initial stress in all stages of
vegetative and reproductive growth. It has been reported that cold stress directly affects the growth potential of
plants that interfere with the proper production of plants by disrupting metabolic reactions and indirectly by
preventing the absorption of water by plants and oxidative stress (Hussain et al., 2018). In the present study, pre-
treatment of drought reduced the destructive effects of chilling stress on fruit size. These results show that pre-
treatment of drought (especially 10% PEG) had a significant effect on increasing fruit size and preventing its
fruit yield reduction due to cold treatment. Similarly, Paradosi et al. (1987) reported that water stress in tomato
plants increased its tolerance to cold and maintained the growth of tomato plants and its yield in cold greenhouse
conditions. So far, there have been no reports of interactions between environmental stresses on fruit size, but the
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effects of drought stress on tomato fruit have been studied.

Conclusion: In general, the results of this experiment showed that the effects of drought pre-treatment on
seedling remain in the next stages of tomato growth and can have beneficial effects on growth and yield of
tomato in field conditions.

Keywords: Blossom end rot, Chilling, Cross-tolerance, Hardening, Stress
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Table 1- ANOVA for the effect of irrigation regime and green pruning on relative water content (RWC), proline (Pr), Sluble

Sugar (SIS), relative membrane permeability (RMP), acidity (pH), Chlorophyll index, leaf area (LA) and fruit yield (Y) of
grapevine cv. Yaghooti

©la o ale
Mean of squares

Olgudd le 4202
Sources of &3 i elax Loass RUEYN] &3 S S P
variation df e R < dﬁ ) 9.04‘ e e ? 5,Sdos
Sl Pr Jelowe sl o oga0 Ol Judg 5 LA v
RWC SIS RMP pH Cl
Ju 1 96" 0.17m 0.43m 9.63"™ 0.12m 8.96™ 216" 2859394"
Year (Y)
Vol
) 4 114.26 0.65 1.86 9.62 0.04 1.83 45.15 376588
y
. d)_L‘HI 2 969.79** 182.75** 39.67** 878.89** 1.1*  244.74** 330.19** 23682526**
Irrigation (1)
‘5)3:;’]“ 2 19.18m™ 1.06™ 0.29ns 6.1 0.005™  43.28™  32.06™ 1566853
Vo slbs
() 8 31.98 2.09 453 13.46 0.23 20 59.17 1114452
u;)m 2 494** 10.11** 21.12** 41.1%* 0.34*  54.31** 737.95** 7309619**
w’:xs)lﬁl 4 66.7™ 0.22" 5.94** 2.79™ 0.08m 2.65™ 49.94* 936958.61**
X
u“;”:g[‘“ 2 38.9™ 0.05™ 0.17m 2.72™ 0.05™ 9.41m 1.06™ 1196738™
ool g 26.3™ 0.04rs 0.13™ 3.42% 0.03™ 2.15ns  8.36™ 140272
YxAXB
Error 23 25.86 0.21 0.82 4.6 0.09 6.03 15.45 267329.50
et 6.5 6 5.4 6.9 917 82 7.3 9
CV%

*ns

o> So g gy Jlein] gaw 3 o s g e pé s g
ns * and ** not significant, significant at 0.05 and significant at 0.01 probability levels, respectively.



VAR g8l 085 5s531 5 Shas 9 S 3el9 s o oS Slo (5 10 3w 93 3 okl 23y 3T

w5y U Cod Judg IS (sl g ogme O diysl Ll (o (63233980 (g o5 2 O (v Sl Olbio (1le dunslio Y oo
S8 65 551 53 e g g (Jaunsiliy (395 9y el ) (55!
Table 2- The means comparison for relative water content (RWC), proline (Pr), relative membrane permeability (RMP),

acidity (pH) and Chlorophyll under irrigation regime (based on the potential evapotranspiration) and green pruning of
grapevine cv. Yaghooti

low S Ol (o (slgime oo Uil o (pdgdpls  gme Ol Al Uiy 5 bl
RWC PR RMP PH Cl
treatment
(%) (um g fw) (%)
d)L.eei
Irrigation
100 86.12 4.56° 20.54¢ 3.492 33.422
75 77.4° 7.63° 29.75° 3.26% 30.542
50 71.5¢ 10.932 35.89? 3° 26.1°
Bt
Green pruning
1* 72.7° 8.462 29.812 3.39 28.37°
2% 79.3° 7.7° 28.62% 3.25% 29.87°
3* 832 6.96° 27.75° 3.11b 31.832

Mt 3u0yd O Jlois] dans )3 I3 xe M3 181 Sl (glaals b 905 Lolusl sl oo liie By (hls gt yo y3 &S Slio (cla ke
Means followed by the same letters in each column are not significant according to Duncan’s multiple range test (p<0.05)

odle 4y adss (AT (Vb Sy (e (YL 3l oo (Sloedlis (o2 a0 3T (Vb S e (VU ) o oSS o poY S oo Jlas] pas —V*
P ls g Jpaxe o o gbSLE oyp
*1-no green pruning 2-pruning of green branches from above sixth leaf above the last cluster 3- pruning green branches from the top
of the sixth leaf above the last cluster plus pruning of green branches without crop and water sprouts.
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Table 3- The interaction effects of irrigation regime and green pruning for Sluble Sugar (SIS), leaf area (LA) and fruit yield
(Y) of grapevine cv. Yaghooti

I3
l1 12
P1 P> P3 P1 P> Ps P1 P> Ps3
SIS 17 .45 15.2¢8 13f 17hed 16.3cd% 16.1d® 18.72 18.2% 17.6%
(mg gfw)
Sy oo
LA 62.6° 57.5% 54 .9bc 57.9% 52.2d°¢ 46.1¢ 602 49.2d® 41.1f
(cm)
5 Sles
Y
1 5949¢ 70770 77972 48124 5740°¢ 6356° 4508¢ 45204 49364
(kg ha)

A 0 yd O a4 I3 ixe BB 18l SSl (latals Wi g05T ol il o Al By Gyl gin o )3 &S Slino slapSibe
ety 5y g e wlly o 5l a3 0213 9 VO l2 Ve e ululy )Ll 1 11

Pijs oyp Josl pac (P2 asgs 5 31 (Vb Sy o (YU 5 3w sloadls onilP3 cloadls uym ogdle & adigs o 3T (VU 5 Cpoiid (VU o sloadls oyn

Sy slbasls g Jeame 98 jwMeans followed by the same letters in each column are not significant according to Duncan’s multiple

range test (p<0.05)
1: Irrigation basis100% 12: 75% 13: 50% evapotranspiration potential.

P1: no green pruning P2: pruning of green branches from above the sixth leaf above the last cluster P3: pruning green

branches from the top of the sixth leaf above the last cluster plus pruning of green branches without crop and water

sprouts.
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Introduction: Yaghooti grape (Vitis vinifera L.) is an important variety in Iran and also it is the most
important horticultural product of Sistan region. This variety is of interest for economical aspect. Because
continuous drought in Sistan region has been a serious threat to the grape production, local farmers have to
manage the problem by reducing the volume and irrigation intervals. The canopy plays a key role in radiation
energy capture via photosynthesis apparatus, water use as regulated by transpiration, and microclimate of
ripening grapes and also grape yield, quality, vigor, and the prevention of grape diseases. Since vines has high
vegetative growth makes them compete with the reproductive growth, therefore vines be pruned every year.

Materials and Methods: In order to evaluate the effects of irrigation regime and green pruning on some
physiological traits and fruit yield of Yaghooti grape, the present research was conducted in the research and
extensional garden of Zahak city during 2017-2018. An experiment was carried out in the form of a split plot
based on randomized complete block design with three replications. Three irrigation regimes of 100, 75 and 50
percent of the grape water requirement based on the potential evapotranspiration of grape and green pruning with
three levels including the control plot or the local practice of not green pruning (P1), pruning the green branches
starting from the sixth leaf above the last grape bunch (P2) and pruning the green branches starting from the sixth
leaf above the last grape bunch along with green pruning of the green branches without fruit and pruning the
unproductive brunches (Ps) were allocated to main and sub-plots, respectively. ‘Yaghooti vines were 8 years old
and trained as a traditional system. The vines were spaced 3 x 3 m. Water requirement of grape was determined
according to the FAO method using data from a Class A evaporation pan. The analysis of variance for each
variable was performed with the PROC GLM procedure in SAS 9.4. Multiple linear regression was used to
determine the relationships of leaf relative water content, proline, soluble sugars, relative membrane
permeability, chlorophyll index, and leaf area to fruit yield.

Results and Discussion: By reducing water consumption from 100 to 75% of grape water requirement, leaf
relative water content, fruit juice acidity, chlorophyll index, leaf area and fruit yield decreased 10.1, 6.5, 8.6, 11
and 18.8%, respectively and also proline, soluble sugars and relative membrane permeability increased 67.3,
8.75 and 44.84%, respectively. The Ps treatment compared to control induced an increase in relative leaf water
content, chlorophyll index, and fruit yield by 14.7, 12.2 and 25%, respectively as well as a reduction in proling,
soluble sugars, relative membrane permeability, fruit juice acidity and leaf area index by 18.34%, 12.1%, 6.8%,
8.3% and 21.3%, respectively. Also the results indicated that providing the 100% of the water requirement
combined with pruning the green branches starting from the sixth leaf above the last grape bunch in combination
with green pruning of the green branches without fruit and pruning the unproductive brunches (P3) caused the
highest grape fruit yield (7797 kg ha). Also the interaction effect of meeting 75% of the water requirement and
the green pruning had the same result as that of meeting 100%of water requirement under no green pruning
conditions. In other words, the green pruning could result in saving 25% of water used by the grape cv. Yaghooti
without reducing fruit yield. The multiple linear regression analysis indicated that proline and leaf area were the
most important traits impacting fruit yield in Yaghooti cultivar.

Conclusion: Reducing the water potential of vine causes different responses. The most important are a
decrease in number cells of fruit, vegetative growth, leaf area, relative leaf water content, chlorophyll content,
fruit yield, and increase in the compatible osmolytes. The growing shoots are a strong sink for the consumption
of photosynthetic materials. The above mentioned effect causes an increase in the branch overgrowth and its
overshadowing. All this factors compete with vine fruit production. So, green pruning and removal of apical
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dominance eliminates a strong place of nutrient absorption. In other words, green pruning results in a greater
accumulation being used by flowers and fruits, causing sufficient light penetration into the crown and reducing
evapotranspiration, leading to an increased water consumption and fruit yield.

Keywords: Acidity of grape juice, Chlorophyll index, Leaf area, Relative water content
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