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6- Carum carvi

7- Mentha spicata L.

8 - Mentha piperita L.

9 - Coriandurm sativum L
10 - Foeniculum vulgar Mill
11 - Zingiber officinalis Rose
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1- Bunium persicum (Boiss.)
2 - Cuminum cyminum L.

3 - Melissa officinalis L.

4 - Thymus vulgaris L

5 - Zataria multiflora Boiss
6 - Piper nigrum

7 - Origanum vulgare L

8 - Allium sativum

9 - Capsicum frutescens

10 - Allium cepa

11 - Thymus vulgaris

12 - Ginkgo biloba L

13 - Paullinia cupana H.B.K
14- Melissa officinalis L
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Table 1- ANOVA of gamma irradiation effect on microbial load of Meliss

Olazpo cpibe
Means of squarres
Ol et glio @3l 4y o Pl o0 9 SS P rdsS
Sourse of variation df Total count Mold & Yeast Coliform
LS s 4 1.39%* 0.19%* 1.11%*
Gamma radiation
ks 10 0.00 0.01 0.00
Error
el 1.95 3.70 2.94
CV (%)

O I N I e e
** significant at 1%
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Table 2- Mean comparison of Meliss microbial load affected by gamma irradiation

LIS 95, S et o 9 S5 prislsS
Gamma radiation Total count Mold & Yeast Coliform
s 1.05b 4.08a 3.84a
Control

3 447 a 4.05a 3.85a

7 4.42a 3.64 bc 3.76a

10 4.09b 3.78b 2.79b

15 2.79¢ 349¢c 2.63b

P>0.05 ,3LSD (y50} (bl 5> (ime BB 343 pie [ Sily giw y 40 wliia g >
Means followed by the same letter in a column are not significantly different using LSD test at p>0.05
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Table 3- ANOVA of Ozone gas effect on microbial load of Meliss

- Sl o (ke
Ol pts 2olio &Ml 4y T Y, ol
Sourse of variation df o o) FoZx0 9 O i ¥
Total count Mold & Yeast Coliform
. ‘ -\
osdl 8 3 54.11 ** 13.56 ** 15.84 **
Ozone gas
‘."La" 1 1.03 ** 2.84 ** 2.68 **
time
ol Xbe;
Ozonex time 16 24.0™ 0.58 * 0.82 **
s
40 0.09 0.12 0.11
Error
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** *significant; ns = non-significant, respectively at p<0.05
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Table 4- Mean comparison of Meliss microbial load at different times affected by gamma irradiation

ol

Time & ylows o g S5 Y
. Total count Mold & Yeast Coliform
(min)
10 3.47 a 3.16a 3.43a
30 | 3.05b | 2.47b | 2.76 b

P>0.05 LSD 4051 bl jl sxe M) dgmg pie (Sl ygi s 3 altio gy
Means followed by the same letter in a column are not significantly different using LSD test at p=0.05
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Table 5- Mean comparison of Meliss microbial load affected by Ozone different concentrations
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Figure 1- Mean comparison of interaction effect meliss affected by Mold and Yeast and ozone gas concentrations in different
times
z .

B ladble o > a0 LS 3400 ol I o> ol

7V \ R . - X . s
Oinly 0jye ¢ (Al Lini 09,00 )b talS 0 1) 150 1 o
S 81 e 5315 Lt (1+) ylSam g il il | (gl

003l ple > S8l am VA g LA sy je)8 Jals Bl
b il

1- Mentha piperita
2- Satureja hortensis
3- Zataria multiflora

A clale 4500 ,0L ladiged Saiead Caa ol edlaisl 5l
LI> ) (mgsSm sl cp oS dledd ¥o loj e 3 32 )3 p)Sike
Ol Sab el ]y p)adeS g et § SIS oS Bl (> 9 092
ol gLl s el (YY) ol)lSen g Juol Jg 2l b s
add Y e ey e, S e /A clale &S Wb



YV agaamipol (29550 b 2 093l 55 3 LolS anidl ouiiS' ighennss 5

—<—10 {130
5 -
4 -
G
w837
£
15
E 2 A
o
o
1 -
0 uJ
0 0/3 0/6 0/9
(el 2 o9l 56 cdale
Ozone gas concentration(ppm)

liseo s loj 13 5l 3 SLCIIE Wl Cod 4900 ,3L (LOg cfu/g)e yidsS Jsliie 51 (yilae dug Lo —F JSS
Figure 2- Mean comparison of interaction effect meliss affected by Coliform and ozone gas concentrations in different times

U8 Sl JalS s g, ¥ L5 LolS dal (5,55 LS T
Py e 9 S5 g (sl 5 S SlaaySh s pisl g See
Ll andl 56 (g b (A) )0 5 YTl (g )5 g po
Shls a8 558 g il g 355 Gaw o) 29> GbLS s
Ve jed S Wiohy Hlis Wogr (258 5 oL SL (Sogll (ool oliee
S G S D i 5 68k 4 (Sogll S (ol (6 SolS
S5k 393 33 (orhdsS Sl ySlog (B ()8 (Sogll Bl
H olidl el asl b jlo dale £ Ll cote 45 g B0 Bl
aS Cunl cllao pl odiad lis Limgh cpl guls g odd cuas
950 4o S 928 ol (Ggiens jolate 4 g3l S 3 )18
Sl Jlo o ol gty 65 St 3 LS ansl | b5
Ty 4S0gkar 39 oAb (9ySe )b RalS el b LS and
Hh Ll i LolS ax il a8 Winged (5155 ) 5 o]
o b (B) phlSen g )lpl iz ob 2 (gld el (29,5
JH o9y Lols anl (6 )59 LS 79 ¥ Y slajgs 5 )l )93 53U
Py Qe g8 X Lol oygd 3 S Ml 4 S Woly LS o8
@ls I gk g 4Bl Gl kS 7 55 o 4 bajed den
e (SIS gy Sy plgis 4 Ml o 9] 5 &S 0l s
Oliee 3,5 )18 odliiwl 3)90 45250 ,0L olS Sgders
U9y 93 ol &S oy (L Lol anil g (g3l J8B gy b 3 503
Y guame (0955 )b JolS (Ggieas b g pialS cuw Ssiers

L 03l slass 45 9 051 (S (V) ol 5 ool gl

s wlgiee 4885 Y& loj i o il jo p) Sl V clale
g 2> GialS jey8 Jald 3 1) gy ksl 5 (S
oalS gl Ll ooy 3 oSk 0 51 pir il cdale
o233l 5 oS358 )8 okl 3)90 gl oghels (sl g
Y8 Sae dn ygil yid 53 )5 e ) clale a5 S saaline (F)
) RTID Gl ) Gogiyw (ool g (IS p3l Slass i
Sas eyl Y ralSob ials syl cladiges jo 1)
2 ek ) Sl it cdale )3 g eglesl (slagenl
ookl e a8 A5 )55 b el 488 Y by o)LL
) S 7B ol 90l (lalS 53 (998 59,500 9 gy
axisl 3,)l8" 5] ol Cawnds gl Lol (YFg VF ¥+ Q) cél ialS
VO jgd gaome 3> 45 Dby s dy eyl g pme L 4 LS

(2) bl (29850 )b il 53 1) 156 o puten LS 4l (S lsS
4S ab ol laisee b sdalie dald ) 29,8k b Q)).«)S 9

Olbe ol 0 b e alS 09)She 1y LidlS Coge LS dxil
LlS axdl (,55kS 5 5 ¥ Y ) slajod il (V0) o Kon o Sks
Aoks pojny g9y 1) 25 (Bl ¥ (glod )3 5Ll 13 59, W e b
w20 395 ) eyl olass oS ol LS gl ol S5 gy 2 3)90 (o
Ol 8l 4ty LS A (slajon ple )3 ol jg) 4 Cans w3550
gV ¥ slajed aS aS sy lis (YY) o)) Ken g ok g



QS Ll (¥ o ko F') alr (5 5)5bisS @obiuo g pole) SLbl pole 4y pis YV

&bo

1- Abrar M., Anjum F.M., Zahoor T., and Nawaz H. 2009. Effect of Storage Period and Irradiation Doses on Red
Chillies. Pakistan Journal of Nutrition, 8 (8): 1287-1291.

2- Akbas M.Y., and Ozdemir M. 2008. Application of gaseous ozone to control populations of Escherichia coli,
Bacillus cereus and Bacillus cereus spores in dried figs. Journal of Food Microbiology, 25: 386-391.

3- Akbas M.Y., and Ozdemir M. 2008. Effect of gaseous ozone on microbial inactivation and sensory of flaked red
peppers. International Journal of Food Science and Technology, 43: 1657-1662.

4- Alam M.K., Choudhuryn N., Chowdhury N.A., and Yous soufi, Q. M. 1992. Decontamination of spices by gamma
radiation. Letters in Applied Microbiolog, 14:199-202.

5- Dadkhah A., Kalafi H., Rajaii R., Alame A., Rezaii MB., and Siihon M. 2009. Study of the Effects of
gammairradiation on microbial load and efficient extracts of caraway seeds. Journal of Nuclear Science and
Technology, 49: 27-34. (in Persian with English abstract).

6- Gupta P.C., Garg N., and Joshi P. 2011. Effect of gamma irradiation on the extraction yield and microbial
contamination of medicinal plants. International Journal of Food Safety, 13: 351-354.

7- Inan F., Pala M., and Doymaz 1. 2007. Use of ozone in detoxification of Aflatoxin B1 in red pepper. Journal of
Stored Products Research, 43: 425-429.

8- International Organization for Standardization SO 4833:2003. 2003. Microbiology of food and animal feeding stuffs
horizontal method for the enumeration of microorganisms-colony count technique at 30°C. Geneve.

9- International Organization for Standardization, ISO 4832. 2006. Microbiology of food and animal feeding stuffs —
Horizontal method for the enumeration of coliforms — Colony-count technique. Geneva. 6 pp.

10- International Organization for Standardization, 1SO 7954:1987. 1987. Microbiology — General guidance for
enumeration of yeasts and moulds — Colony count technique at 25 °C. Geneva. 3 pp.

11- Khadre M.A., and Yousef A. E. 2001. Sporicidal action of ozone and hydrogen peroxide: a comparative study.
International Journal of Food Microbiology, 71: 131-138.

12- Khattak K.F., Simpson T.J., and lhasnullah. 2009. Effect of gamma irradiation on the microbial load, nutrient
composition and free radical scavenging activity of Nelumbo nucifera rhizome. Journal of Radiation Physics and
Chemistry, 78: 206-212.

13- Kneifel W., Czech E., and Kop, B. 2002. Microbial contamination of medicinal plants. A review. Journal of

medicinal plant and natural product research, 6:5-15.

14- Masakova N.S., Tseevatuy B.S., Trofimenko S.L., and Remmer G.S. 1979. The chemical composition of volatile oil
in lemon-balm as an indicator of therapeutic use. Journal ofmedicinal plant and natural product research, 36: 274.

16- Mimica-Dukic N., Bozin B., Sokovic M., and Simin N. 2004. Antimicrobial and Antioxidant Activities of Melissa
officinalis L Lamiaceae) Essential Oil. Journal of Agricultural and Food Chemistry, 52: 485-489.

17- Naitoh S., Okada Y., and Sakai T. 1987. Studies on utilization of ozone in food preservation: Ill. Microbicidal
properties of ozone on cereal grains, cereal grain powders, peas, beans, and whole spices. Journal of Japan Food
Science & Technology Society, 34: 788—793.

18- Naitoh S., Okada Y., and Sakai T. 1988. Studies on utilization of ozone in food preservation: V. Changes in
microflora of ozone treated cereals, grains, peas, beans, and spices during storage. Journal of Japan Food Science &
Technology Society, 35: 69-77.

19- Oh K.N., Lee S.Y., Lee H.J., Kim K.E., and Yang J.S. 2003. Screening of gamma irradiated spices in Korea by
using a microbiological method (DEFT/APC). Journal of Food Control, 14:489-494.

20- Omidbaigi, R. 2009. Production and processing of medicinal plants. V3. Astan quds razavi publications. Mashhad.
(in Persian with English abstract).

21- Sadecka J., and Polovka M. 2008. Multi- experimental study of y- radiation impact on oregano (Origanum vulgare
L.). Journal of Food and Nutrition Research, 47(2): 85-91.

22- Salehi Sormaghi MH., Amin G., Zahedi H., and Kochesfahani H. 2007. The investigation of essential oil changes of
medicinal plants that are decontaminated with gamma radiation. Journal of Medicinal Plants, 2(22): 71-76. (in
Persian with English abstract).

23- Saputra T.S., Maha M. and Purwanto Z.I. 1983. Quality ghanges of irradiated spices stored in vario us packaging
materials. Risalah Seminar Nasional Pengawetan Makanan Dengan Iradiasi, Jakarta.

24- Soriani R.R., Satomi L.C., and Pinto T.J.A. 2005. Effects of ionizing radiation in ginkgo and guarana. Journal of
Radiation Physics and Chemistry, 73:239-242.

25- Valiasill R., Azizi M., Bahraini M., and Aroiee AH. 2012. The effect of gamma irradiation on microbial load and
essential oil compound of Shirazi thyme (Zataria multiflora). Journal of postharvest physiology and technology of
horticultural crops. 1:43-53. (in Persian with English abstract).

26- Valiasill R., Azizi M., Bahreini M., and Arouiee H. 2013. The Investigation of Decontamination Effects of Ozone
Gas on Microbial Load and Essential Oil of Several Medicinal Plants. Journal of Notulae Scientia Biologicae,



YYY agaami ol (09550 b 2 093l 55 3 Lol anidl ouiiS' igheas 5

5(1):34-38. (in Persian with English abstract).
27- Zhao J., and Cranston P.M. 1995. Microbial decontamination of black pepper by ozone and the effect of the
treatment on volatile oil constituents of the spice. Journal of Science Food and Agriculture, 68: 11-18.



Journal of Horticultural Science (53,955 qalieo 5 p5le) (SLEL pole & o

Vol. 31, No. 2, Summer 2017, P. 226-234 e, YYSoTPE .o AYAS (il Y oybacs ¥ s
ISSN: 2008 - 4730 A A Yerh— FYY. Lo

The Disinfectants effect of Gamma Radiation and Ozone Gas on Microbial Load
of Meliss (Melissa officinalis)

R. Valiasill**- M. Azizi*- H.Aroiee®- M. Bahraini*- M. Morabaian®
Received: 24-09-2013
Accepted: 30-05-2016

Introduction: Today, tendency to use drugs and therapies with herbal and natural products are increasing
because negative effects of chemical drugs and environmental pollution have been proved. Collection and
handling of medicinal plants are not usually done in sanitary conditions and difference in cultivation conditions
can also increase pollution, influencing the maintenance period and damaging the aspect and the potential benefit
of medicinal plants. Medicinal plants decontaminate with different methods that each of these methods has
different effects on their microbial load. Therefore it seems essential to use of methods that can have the highest
effect on microbial load decrease and the lowest effect on active substance of these plants.

Materials and Methods: In order to evaluate the effects of Ozone gas and gamma irradiation on microbial
load of Melissa officinalis, an experiment was conducted based on randomized complete block design with three
replications. Plant samples were collected from the Research farm of, Ferdowsi University of Mashhad. Meliss
leaves were treated by Ozone gas concentrations 0.3, 0.6 and 0.9 ml/L for 10 and 30 min and irradiated at
dosages 3, 7, 10 and 15 KGy by a Co60 source. Then microbial load of Meliss leaves were measured. Coliform
bacteria were determined using Violet Red Bile lactose (VRBL) agar (Liofilchem Co., Italia), according to the
method of 1SO4832. According to 1SO 7954, yeast extract of glucose chloramphenicol agar (Liofilchem Co.,
Italia) was used for determination of mold and yeast. The total count (plate count agar, Liofilchem Co., Italia)
was determined by method of 1SO 4833, that each replicate was tested with duplicate pour plates. Ozone gas was
produced by corona discharge Ozone generator with production capacity 10 g/h of Ozone gas (OZONEAB co.
A.S10. Iran). Analysis of variance and means comparison were calculated using SAS 9.1 (Cary, NC, USA, 2002-
2003). Means square comparisons were different at the 5% significance level by the least significant difference
test.

Results and Discussion: The effect of Gamma radiation on microbial load such as total count, molds, yeasts
and Coliform was significant (p<0.05), so the highest effect of irradiation on the microbial load was related to
the dosage of 15 KGy. However 10 KGy decreased microbial load, but 3 and 7 KGy had no effect on reduction
of total count, molds, yeasts and Coliform. According to results of this study, the use of ozone gas, exposure
duration to the meliss samples and interaction of duration and ozone gas on microbial load was significant. The
highest and lowest levels of contamination were observed in control and 0.9 ppm concentration of ozone gas for
30 min, respectively. Non-ozonation meliss samples showed maximum level of mold and yeast count. Also
Coliform were eliminated with 0.9 ppm concentration of ozone gas for 30 min in meliss. It was found that by
increasing the Ozone gas concentrations from 0.3 ppm to 0.9 ppm, microbial load reduced significantly (p<0.05).

Conclusions: The result showed that both methods decreased microbial load of Meliss. Ozone gas had
higher effect than gamma on reduction of microbial load of this plant. Concentrations of ozone gas utilized for
decontamination of medicinal plants were 0.9 ppm ozone gas and 15 KGy dosages that those concentrations had
the highest effect on total count, mold and yeast and Coliform. Control of environmental conditions and hygiene
improvement in production process of medicinal plants such as meliss is essential. In addition, it is
recommended to choose a suitable decontamination method for disinfection during packing of medicinal plants
and post-packing manipulation and transport. This study showed that gamma irradiation can use as an important
decontamination method to reduction the microbial load of meliss. Furthermore, the use of ozone as a method of
disinfection for medicinal plants decontamination is a suitable method of decontamination. Finally, the results
showed that the use of ozone for disinfection of Meliss is inexpensive and suitable disinfection techniques than
gamma radiation. However, further research needs to improve our understanding on duration of exposure to
ozone and its impact on active substances of Meliss.

Keyword: Gamma irradiation, Meliss, Microbial load, Ozone gas
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Figure 1- Interaction effect of packaging x storage time on firmness of elberta peach
Non-identical letters show a significant difference at 1% probability level using Duncan's multiple test
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Figure 2- Interaction effect of packaging x storage time on weight loss of elberta peach
Non-identical letters show a significant difference at 1% probability level using Duncan's multiple test
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Figure 3- Interaction effect of packaging x storage time on pH of elberta peach
Non-identical letters show a significant difference at 1% probability level using Duncan's multiple test
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Figure 4- Interaction effect of packaging x storage time on titratable acidity of elberta peach
Non-identical letters show a significant difference at 1% probability level using Duncan's multiple test
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Figure 6- Interaction effect of packaging x storage time on ascorbic acid of elberta peach
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Figure 7- Interaction effect of packaging x storage time on total antioxidants of elberta peach
Non-identical letters show a significant difference at 1% probability level using Duncan's multiple test
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Figure 8- Interaction effect of packaging x storage time on total phenolics of elberta peach
Non-identical letters show a significant difference at 1% probability level using Duncan's multiple test
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Introduction: Asaclimactericfruit, peach has a highrespiration rateandvery lowshelf life. Nowadays theuse
ofappropriatepostharvesttechnologiesto increase fruit postharvest lifeis necessary.Use of nanotechnologyis
considered asan effective method to increase fruit postharvest life. Nanotechnology isused extensivelyinallstages
of production, processing, storage, packagingand transport ofagriculturalproducts. The objective of this study was
to investigate the effect of silver and silica nanocomposites, nanosilver and polypropylene containers on shelf-
life and preservation of peach qualitative characteristics (Prunuspersicacv. Elberta) such as titrable acidity,
soluble solids, ascorbic acid, total antioxidant and total phenolics content in cold storage after the harvest.

Materials and Methods: To determine the effect of nanopackaging onshelf life andqualitativecharacteristics
ofElberta peaches,the experiment was conducted in a factorial based on a completely randomized design with
two treatmentsand four replications. The first factor consisted of nanopackagingnanosilver, silver and silica
nanocompositesandpolypropylenepackaging, and the second factor was coldstorage periods of15, 30 and 45
daysattemperaturesfrom 0 to0/5 °C and a relative humidityof 85to 95%.In general, the experiment consisted of
36 experimental units, and each includinga container with four Elberta peach fruits.Data were analyzed by using
SAS software, and Microsoft Office Excel 2010 software was used to plot the graphs.Duncan's multiple range
test was used to compare the means of treatments.

Results and Discussion: At the end of the maintenance period, the highest firmness of peach texture was
related to nanosilver containers. The main cause of fruit softening is the destruction of cell wall components,
especially pectin, which is caused by certain enzymes such as polygalactronase. Whenstorage timeincreased,
polypropylene containers showed a higher weight loss compared to hanocomposite containers, thus the results
indicated that nanopackaging had a greater effect on preventing weight loss, which could be attributed to the
formation of better barrier against water molecules. Nanoparticles and polypropylene containers up to 30-
daystorage period preserved the pH of the product to some extent and prevented it from increasing too much.
However, with an increase in storage time from 30 to 45 days, the pH of all dishes showed sharpincrease. In
most treatments, fruits grew during the maintenance period, which is due to the reduction of organic acids. The
lowest levels of organic acids reduction were recorded in polypropylene and nanosilver treatments. Generally,
organic acids decreased as a result of respiration or becoming sugars, whichcan bedirectly related to metabolic
activity. Maintaining organic acids in fruits is the result of a slowdown in the processes of ripeningand aging and
reduction inrespiration and other metabolic activities. The results showed that in all the three treatments, the
amount of soluble solids up to 15-day periodshowed an increasing trend, and after the end of day 30, it stopped
in nanosilver and polypropylene treatments, and soluble solids were retained but reduced in nanocomposite
treatment showed that this decrease. Nanocomposite containers exhibited the best performance in maintaining
ascorbic acid content and preventing its changes, while ascorbic acid content in nanosilver and polypropylene
containers varied greatly, thoughthere were no significant differences among thetreatments. Low oxygen
environments, such as packaging containers, can inhibit ascorbic acid changes during maintenance by inhibiting
oxidation. The results showed that total antioxidant level was almost identical in all treatments at the end of
maintenance. Antioxidant activity has a close relationship with phenolic compounds, flavonoids and vitamins.
The antioxidant capacity of fruits and vegetables is related to enzymatic and non-enzymatic compounds such as
vitamin C, phenolic compounds, and carotenoids. Treatments reducingrespiration and producingethylene can
reduce the rate of aging,the rate of free radical production and the consumption of antioxidants. Based on the
results, on the day 30 in all treatments, the amount of phenolic compounds initiallyincreased, which is normal in
red fruits, but afterwards decreased in all treatments mainly due to the increased activity of the polyphenol
oxidase enzyme and the progression of aging. Increasing the amount of phenol on the day 30 can be attributed to
decreased activity of the polyphenol oxidase enzyme and the oxidative stress associated with high concentrations
of oxygen.

1 and 2- Associate Professor and M. Sc. Student of Pomology, Department of Horticulture, Faculty of Agriculture,
Urmia University, Urmia, Iran
(*-Corresponding Author Email: m.tohidian7008@yahoo.com)
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Conclusion: Nanopackaging increased the shelf life and qualitative properties of peach fruit.
Nanotechnology has a simple and fast process for industrialization compared to other methods of keeping food
products. As a result, the use of modern technologies such as nanopackaging can improve the taste, favor, quality
of food and the storage of crops, especially fruits and vegetables.

Keywords: Ascorbic acid, Nanocomposite, Nanosilver, Total of antioxidant, Totalphenolics.
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Table 1- Physical and chemical properties of farm soil

SB cal R ) S ol T Y T Had ]
Soil texture Sand Clay Silt S S S N P K
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pH
(ds/m)
w9 57 17 26 1.37 7 0.16 15.9 534
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Table 2 — ANOVA of the bio-phosphor and humic acid effect onsome Evening Primrosecharacteistics
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Table 3 - Effect of bio-phosphor and humic acid on average number of branches of Evening Primrose

o s ol LS Blas
Treatment Levels Number ofbranches
Sdon 9
hound g Without bio-phospre 23.59b
Bio-phosphor Powdon 39,5 25.3a
With pio-phosphor
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Seagiip] 1 23.06 b
Humic acid 3 23.19b
(mi/) 5 26.8 a

25L o5 LSD (9051 5 o3kl L(P<0.05) ,ls (imo 33| (glyls (gt o 53 S yidie gy b dlael
Numbers followed by the same letter are not significantly different (P<0.05) based on LSD
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Figure 1- Effect of humic acid on average number of main stem capsules of Evening Primrose
Mean followed by similar letters are not significantly different based on LSD test at 5% probability level
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Table 4- Interaction Effect of phosphorus x humic acid on some traits of Evening Primrose

Loy ewyl JomaS ydy Sl %95 Ol 24 0 ySlos 09y 355es
Treatments Height ol dBlw Oil content Seed yield Oil yield
(cm) (%) (Kg/ha) (Kg/ha)

Seeds of main
stem capsule

AB; 69.7c 207.42¢e 175D 1001.7c 175.2 bc
AB; 74.47Db 228.31d 215a 1070.85a 230.3a
AsB; 84.17a 242.58Db 21a 1080 a 227 a

A,B; 85.59 a 251.17a 21.75a 1020.95 bc 222 a

AB, 77.15b 233.95¢ 17.25Db 870.45d 150.2d
AB, 76.6b 234.93c 18.25b 870.18d 1589 ¢
AsB, 84.2a 236.81c 18.75 b 1021.8 bc 1916 Db
A,B, 82.35a 235.32¢ 17.33Db 1055.85 ab 182.9Db
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Numbers followed by the same letter are not significantly different (P<0.05) based on LSD test
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Introduction: Evening primrose (OenotherabiennisL.) is a relatively new and valuable oilseed crop for
temperate region. Its oilseed is important because of high levels of unsaturated fatty acids, especially gamma-
linolenic acid. Seeds contain 20-30% oil which includes 70% linoleic acid (LA) and 10% gamma linolenic acid
(GLA). Oil content in O. biennis is a quantitative trait which controlled by many genes and similar to any other
quantitative traits varies with environmental conditionssuch factors as age of seed and growth conditions.
Evening primrose oil, especially gamma-linolenic acid, has many therapeutic properties, and it uses as cure for
many diseases such as Diabetes, Eczema, inflammation, Cardiovascular, Cancer, Autoimmune diseases,
Rheumatoid Arthritis, Depression. Studies on Medicinal Plants in nature and farmlands show that the use of
sustainable agriculturae andnatural sources are two suitable methods for producing healthy plants. Additionally,
the use of bio-fertilizers lead to maximum yield and quality in these plants. Azizi et al. (6) showed that
interactions of vermicompost and plant density had significant effect on oil content, oil density and refractive
index of evening primrose oil. The best treatments were also including 2 Kg/m2 of vermicompost,20 plants/
m2in terms of oil production,9 plants/ m2in terms of oil quality and ratio of unsaturated fatty acids to saturated,
respectively.

Material and Method: The aim of this research was to determine the effect of humic acid and bio-phosphor
application on growth parameters in O. biennis. The experiment was conducted based on randomized complete
block design with 8 treatments and three replicates during 2013-2014 growing season, at the experimental farm
of the faculty of Agriculture, Ferdowsi University of Mashhad... Treatments consisted of 4 levels of humic acid
(0, 1, 3, 5 ml/L) and 2 levels of bio-phosphor (without bio-phosphor or with bio-phosphor). Liquid form of
humic acid was used, which has low percentage of organic matters (16.5%) and applied as foliar spray after stem
elongation in three stages with 10 days intervals until flowers stage. The use of bio-phosphor contain three
strains of phosphate solubilizing bacteria(Pseudomonas pautida, Bacillus circulans and Bacillus subtilus)
withCFU 10° numbers of spores (the number of living cells of each bacteria per milliliter). Analysis of variance
was calculated using MSTATC andDuncan's multiple range tests was employed at probability level of 5%.

Results and Discussion: The results showed thatmaximum plant height (85.59 c¢cm), number of seed per
capsules on main shoot (251.17), oil percent (21.75 %) was obtainedby interaction effect between 5 ml/Lhumic
acid and without bio-phosphor. Also, seed yield (1080 kg/ha) and oil yield (227 kg/ha) increased byinteraction
effect between 3 ml/Lhumic acid and without bio-phosphor. Humic acid had a significant effect on increasing
number of lateral branches (26/8), number of capsules on main shoot (117/35), as the highest value of all traits
were obtained in 5 ml/L humic acid treatment. The highest number of capsules in lateral branches was observed
in bio-phosphor treatment without humic acid. Bio-phosphor application had no significant effect on increasing
oil percent. Oil yield was reduced by using of this fertilizer with 1ml/L humic acid treatment but application of 3
and 5 ml/L of humic acid showed no significant difference in comparison to control. Ahmed et al.reported that
humic acid is a suspension based on potassium humate, which can be used as a plant growth stimulant in order to
increase plant natural resistance against diseases and pests and subsequently increase plant yields. Phosphorus is
an important element for cell division, root development and seed formation. Phosphate solubilizing bacteria
produce organic acids which increase solubility of phosphorus and make it available for plants. Use of bio-
fertilizers not only improves plant structure and activity of beneficial soil microorganisms, also it provides good
availability of water and nutrients which finally improve plant yield. It can be said that foliar spray by humic
acid stimulates plant growth and increaseevening primrose oil content.

Conclusions: Application of 3 and 5 ml/L of humic acid had the best results on traits andinteraction effect
between humic acid and bio-phosphor showed positive effects on all traits except oil percent and oil yield.
Generally, humic acid had positive effect on plant growth, oil yield, content and composition. Although, bio-
phosphor had good effect on seed yield as a growth trait, its application with humic acid improved this

1, 2, 3 — Graduated MSc, Professor and Associate Professor of Department of Horticulture, Faculty of Agriculture,
FerdowsiUniversity of Mashhad, Iran
(*- Corresponding Author Email: zeinab.aghakhani@mail.ac.ir)
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trait. While bio-phosphor had no significant effect on oil content, it can be relative impact on oil composition.

Keywords: Phosphate solubilizig bacteria, Plant yield, Organic culture, Organic fertilizers, Medicinal plant
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i Time from seed (39,) LS 2o, (39,) WS ao,s
Treatment cultivation to first Time from first flower Time fromseed  No. of days to
flower bud emergence bud emergence to 50 cultivation to full 50 percent
(month) percent blooming (day) blooming (day)  flower wilting
be 7.3a 30.2fg 249.18b 7.6k
Cold
oy JE 1ML o> 7.12ab 29.8f-h 255.4b 12.6ij
100 mg/L GA before cold
boyo Laulgl V- MOIL o 6.63d-f 39.8de 2550 20fg
100 mg/L GA in middle of cold
bo 3 1+ MGIL (o 6.88b-d 38de 248.6b 11.4]
100 mg/L GA after cold
1ML ol s + Lo 7.04a-c 21.2i 239.98¢-¢ 17.4gh
Cold + 150 mg/L BA
7o oMG/L sl o+ Lo 6.9b-d 32,8 232.46fg 14.6hi
Cold + 300 mg/L BA
va- MG/L Jyjligglsly + Lo 7.03a-c 29.2gh 233.92¢-g 20fg
Cold + 250 mg/L PA
8- ML Jojlyigshsl + Loy 6.9b-d 26.8h 240.16¢d 20fg
Cold + 500 mg/L PA
Ve MOL o 6.19g 37.8de 223.74hi 26.6bc
100 mg/L GA
10 MY/Loidl bsize - MO/L o)y 6.17g 43.8hc 240.72bc 29.2ab
100 mg/L GA + 150 mg/L BA
7er MO/ gl st MGL o 6.7d-g 39.6de 228.9gh 24.4cd
100 mg/L GA + 300 mg/L BA
Yo MG/L JyjlyigsiSler - MO/ 6.21g 30.6fg 216.96i 31.8a
100 mg/L GA + 250 mg/L PA
8- MG/LJ5jligglser -+ MY/l 6.43fg 45.8b 238.88¢-f 23.8c-¢
100 mg/L GA + 500 mg/L PA
Yoo Mgl o 6.39fg 41cd 232.94e 22.60-f
200 mg/L GA
18- MG/L ool bsize - MO/L ) 6.56-g 36.8¢ 231.92fg 26.4bc
200 mg/L GA + 150 mg/L BA
7o ML gl ity MG/L e 7.1ab 50.2a 263.26a 25.4cd
200 mg/L GA + 300 mg/L BA
Y- MY/LJsjl gy - MY/ ol 6.46fg 30.4fg 232.88¢-¢ 20.8ef
200 mg/L GA + 250 mg/L PA
8- MG/L JojlipgtS et - MY/ ol 6.83b-¢ 27.8gh 224.26h 31a
200 mg/L GA + 500 mg/L PA

25b 05 LSD (g0l 3l oalisl b (P<0.05) jlo ime 33 (clyls (ygiaw o 50 S yidio gy b olac]
Numbers followed by the same letter are not significantly different (P<0.05) based on LSD test.
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Table 2- Physiological characteristics of Cineraria affected by cold, time of gibberellin spraying and application of plant

growth regulators

F 0 SS9 adoy iy MRy SIS0l S
slod (05) o)udls (o)) ojlusdlis (#5) (#5) cm)
Treatment Shoot fresh Shoot dry Root fresh Root dry Leaf area
weight (g) weight (g) weight (g) weight (g) (cm’)
C“’;:j 57.82f 21.54de 10.61g 6.14d-f 1025.34f
0
oo 31 30 - -MGIL ol 45.56hi 15.37gh 13.98b-e 7.4bc 1463.23bc
100 mg/L GA before cold
Loy Lol Vo MGIL ) 51.74g 21.23de 14.76ab 7.740 1430.5¢d
100 mg/L GA in middle of cold
bo 3 V- MGIL (ol 57.82f 22.55c-¢ 15.08a 7.72b 1469.47a-
100 mg/L GA after cold
10-MG/L ol s + Lo 67.8b-d 22.29de 12.38f 7.21bc 1351.59€
Cold + 150 mg/L BA
VoML sl o+ Lo 72.36b 24.32a-d 13.63c-e 9.02a 1319.71e
Cold + 300 mg/L BA
. L ‘l -
Y- ML gl + ey 50.87gh 14.57h 8.36h 4.55gh 799.21g
Cold + 250 mg/L PA
8es MO/ Jyflpgsly + Loy 42.38i 17.92fg 6.81i 3.60h 587.04h
Cold + 500 mg/L PA
Ve MOL o 65.45c-¢ 21.89de 14.27a-d 5.9ef 1338.58¢
100 mg/L GA
10 MY/Lodl bsize - MO/l 91.35a 26.2ab 14.69a-c 6.89b-d 1450.03bc
100 mg/L GA + 150 mg/L BA
7er ML gl s MGL e 94.34a 27.49 14.8ab 7.58b 1529.47a
100 mg/L GA + 300 mg/L BA
Yo- MG/L Jyjlyigslster - MO/l 70.89bc 23.61b-d 10.28g 5.42fg 1086.73f
100 mg/L GA + 250 mg/L PA
8- MG/ J5jligglser - MO/ gl 61.47¢f 22.75¢c-¢ 10.75g 5.47fg 1046.38f
100 mg/L GA + 500 mg/L PA
Yoo Mgl o 70.74bc 25.73a-c 14.82ab 7.71b 1470.19-c
200 mg/L GA
18- MG/L ol bsize Y- MO/L ez 65.3c-¢ 22.96b-d 14.44a-d 7.22b¢ 1447.84bc
200 mg/L GA + 150 mg/L BA
7ee MO/ gl s MGL e 92.86a 23.31b-d 15.5a 7.60 1508.1ab
200 mg/L GA + 300 mg/L BA
Y0: MG/L JyjlyigslSterY - MO/ 64.68de 23.36b-d 13.53de 7.70 1377.39de
200 mg/L GA + 250 mg/L PA
8 MG/L 5l igglSor - MY/l 58.87¢ 19.38¢f 12.99¢f 6.55¢-¢ 1339.7¢
200 mg/L GA + 500 mg/L PA

25b 03 LSD (9051 5l el L (P<0.05) jl gime M3 (lyls ym y2 53 S yidio cBgy> b dlucl
Numbers followed by the same letter are not significantly different (P<0.05) based on LSD test.
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Figure 1- Effect of plant growth regulators and cold on visual quality of Cineraria: A) Cold + 500 mg/L paclobutrazole; B)
Cold + 300 mg/L benzyl adenine; C) 200 mg/L gibberellin
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Table 3- Morphological traits of Cineraria affected by cold, time of gibberellin spraying and application of plant growth

regulators
g (cm) oL glas )l (Mmm) adlu ,lad J5 slaxs (cm) J5 ,lad Lol cuss
Tre)atr“nent Plant height Stem diameter No. of Flower diameter Visual
(cm) (mm) flower (cm) quality
fee 11.2i 7.46a-¢ 24.4f 2.44f-h 6.4fg
Cold
Loy J 31 ML o> 13hi 5.97¢ 15hi 1.98i 7.2d-f
100 mg/L GA before cold
Loy Lol Vo MGIL )y 20.4a-c 6.2de 32.2e 2.45¢-h 8.4ab
100 mg/L GA in middle of cold
toye o2 Ve MG o) 17.6d-f 6.5c-¢ 34.2¢ 2.26hi 7.4c-e
100 mg/L GA after cold
V0-MG/L (sl Josiz* Loy 15.8fg 8.01a-c 41.2d 2.94b-d 8.6a
Cold + 150 mg/L BA
7o MY/L ol s+ e 18.2c-f 7.05b-¢ 44.4cd 2.760-g 5.8¢
Cold + 300 mg/L BA
va- MO/L. Jyjligglsty + Lo 8.4j 7.9a-c 19gh 3.18ac 8.4ab
Cold + 250 mg/L PA
8- ML Jyfl sl + Loy 8.2j 8.71a 21g 3.38a 8.6a
Cold + 500 mg/L PA
Voo MYL ol 17.4ef 6.53c-¢ 20.2g 2.97b-d 7d-f
100 mg/L GA
18- MG/L el st MO/L ol 20.8ab 7.64a-d 55.2b 2.7d-g 8.6a
100 mg/L GA + 150 mg/L BA
ver MYL ool - MGL oy 20.6a-C 8.52ab 9la 2.81c-g 8.4ab
100 mg/L GA + 300 mg/L BA
Yo- MG/L Jyjlyigslstee - MO/l 11.8hi 6.84c-¢ 25.4f 2.69d-g 7d-f
100 mg/L GA + 250 mg/L PA
8- MG/ J5jligglser - MO/ gl 11.2i 6.60-¢ 14.4i 2.83c-¢ 6.66-g
100 mg/L GA + 500 mg/L PA
Yoo Mgl o 21.4a 6.95b-¢ 34.2¢ 2.86bc 70-f
200 mg/L GA
18- MG/L idl bsize - MO/L )y 20a-d 6.25de 48.4c 2.42gh 8.2a-¢
200 mg/L GA + 150 mg/L BA
7o ML gl bty MG/L o 18.8b-¢ 6.87c-e 3l 2.28hi 7.20-f
200 mg/L GA + 300 mg/L BA
Y0- MG/LJyjlyigslStery - MO/ 13.8gh 7.3a-¢ 20g 3.23ab 7.4c-e
200 mg/L GA + 250 mg/L PA
8- MG/l sl igglStr¥ e MOLodye g 404 751a-e 14.8i 2.83c-¢ 7.6b-d
200 mg/L GA + 500 mg/L PA

25b 03 LSD (9051 5l el b (P<0.05) yl gime M3 (lyls yim y2 53 S yidio cBgy> by dlucl
Numbers followed by the same letter are not significantly different (P<0.05) based on LSD test
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Introduction: The climate of every region does not let to have year-round production of crops. Use of plant
growth regulators allows to produce the flowers out of season and improve their quality and yield. Gibberellin is
one of the plant growth regulators which can substitute cold requirement of plants, while cytokinin is another
plant growth regulator to stimulate floral initials. Paclobutrazol is a triazole compound that inhibits gibberellin
synthesis. Cineraria (Pericallis x hybrida) as a prominent flowering pot plant has a growing demand during the
spring festivals especially Nowrouz, which needs further improvement of quality and yield. In this regard a study
was designed to examine the morphological characteristics of cineraria using gibberellin, cytokinin,
paclobutrazol and cold.

Materials and Methods: Seeds of cineraria (Pericallis x hybrida cv. Satellite) were sown in plug trays at the

research greenhouse of college of agriculture, Shiraz University. A study was carried out with a completely
randomized design and five replications. Control plants were transferred to incubators at eight leaves stage to
receive six weeks of cold. Spraying treatments consisted of control (water), 100 mg/L gibberellin at three times
(before cold, middle of cold and after cold), combinations of cold and/or gibberellin (100, 200 mg/L) with
benzyl adenine (150, 300 mg/L) and/or paclobutrazol (250, 500 mg/L). In order to better understand the effects
of paclobutrazol, its treatments were applied two weeks after gibberellin treatments. Data analysis was done by
SAS 9.1 software and means were compared by LSD at 5 percent probability level.

Results and Discussions: Gibberellin can be used as a replacement for cold. The maximum acceleration of
full flowering (32 days) and the greatest delay of full bloom (14 days) were observed in 100 mg/L gibberellin +
250 mg/L paclobutrazol and 200 mg/L gibberellin + 300 mg/L benzyl adenine, respectively. These results were
consistent with other studies on iris, lily, tulip and hyacinth. The highest longevity of cineraria was observed in
100 mg/L gibberellin + 250 mg/L paclobutrazol (31.8 days) which showed increasing of 24 days compared to
control. Gibberellin and cytokinin lengthened the life of flowers, while paclobutrazol reduced the ethylene
production and delayed the senescence. The greatest shoot fresh and dry weight was evaluated in 100 mg/L
gibberellin + 300 mg/L benzyl adenine, while paclobutrazol decreased the plant growth. Similar results have
been reported in zinnia and geranium. Gibberellin and cytokinin increased leaf area, while paclobutrazol
decreased it. The highest leaf area was detected using 100 mg/L gibberellin + 300 mg/L benzyl adenine. .
Maximum flower number was obtained using 100 mg/L gibberellin + 300 mg/L benzyl adenine, while the lowest
number was obtained by 100 mg/L gibberellin + 500 mg/L paclobutrazol application. In addition, observations
in orchid and jasmine were showed similar result. Gibberellin enhanced and paclobutrazol decreased plant
height. Plants spraying with 200 mg/L gibberellin and cold + 500 mg/L paclobutrazol showed the maximum and
minimum height, respectively. Similar observations have been found in cyclamen and tuberose. number. . Also,
Paclobutrazol application enlarged flower diameter. The greatest enhancement of flower diameter ( 1 cm) was
found by cold + 500 mg/L paclobutrazol spray. Flower diameter improvement is related to the severed growth,
height and flower number by paclobutrazol. Flower diameter reduction in higher concentrations using gibberellin
and cytokinin may be attributed to increasing translocation of carbohydrates to shoots and vegetative growth
rather than flowers. Osteospermum and chrysanthemum showed similar and opposite results, respectively with
this study. The effect of chemicals inhibitor depends on the number of applications, environmental conditions,
plant sensitivity and how it is used. The bestvisual quality was detected in cold + 150 mg/L benzyl adenine, 100
mg/L gibberellin + 150 mg/L benzyl adenine and cold + 500 mg/L paclobutrazol. Application of cold + 500
mg/L paclobutrazol showed dwarf form, compact inflorescence and widened flower diameter. Additionally,
minimumvisual quality was evaluated by cold + 300 mg/L benzyl adenine which may be related to decreasing
calcium uptake and subsequent lateral shoot bending.

1 and 2- Master of Science Graduate and Assistant Professor, Department of Horticultural Science, College of
Agriculture, Shiraz University
(*- Corresponding Author Email: ajowkar@shirazu.ac.ir)
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Conclusions: Spraying with gibberellin, benzyl adenine and paclobutrazol had a positive effect on
morphological traits of cineraria and increased its growth and development. Cineraria’s limited cultivation, due
to its six weeks cold requirement, could be overcome by gibberellin application. Application of cold + 500 mg/L
paclobutrazol increased flowers and new compact form. Generally, 100 mg/L gibberellin + 250 mg/L
paclobutrazole spraying could reduce cineraria’s growth period for 32 days and make a new dwarf form. Overall,
100 mg/L gibberellin + 300 mg/L benzyl adenine spraying reduced cineraria’s growth period for 21 days and
also increased its fresh and dry weight, fresh root weight, leaf area, plant height, stem diameter, visual quality,
flower number and flower longevity compared to other treatments.

Keywords: Cineraria, earliness, flower longevity, visual quality
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Figure 1- Interaction effect of droughtxsalicylic acid levelson plant height of two Grape Cultivars (Vitis vinifera L.). Columns
with the same letters arenot significantly different at 1% probability level using Duncan’s Multiple Range Test (DMRT). R:

Rasheh, B: BidaneSefid, SO: salicylic acid 0 mM, S1: salicylic acid 1 mM, S2: salicylic acid 2 mM, 15: Irrigation interval 5
day, 110: Irrigation interval 10 day, 115: Irrigation interval 15 day
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Table 1-Interaction effect of droughtxx salicylic acid levels on some morphological and physiological characteristics of two
grape cultivars (Vitis vinifera L.)
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«Treatments diameter ea ea azrea index rolin Malondialdeh rotein
(mm) number (cm?) (SPAD) (mg. g FW) yde (mg.g

(umol/g FW) FW)

I5x R 6.07% 22.77° 128.77° 37.189° 2.079¢ 0.384¢ 0.231°
110x R 5.92% 19.88° 115.92%¢ 34.033° 3.423% 0.481° 0.249°
115x R 4.07° 13.66° 91.14¢ 31.578° 6.294° 0.555"¢ 0.265°
I5x B 6.578° 15.33° 17355 33.678% 2.318¢ 0.375¢ 0.218¢
110x B 5.212° 13.11° 137.09° 27.078¢ 3.780° 0.599° 0.224°
115x B 3.003¢ 9.44° 123.012% 23.789¢ 5.557° 0.812? 0.238°
SAOx R 4.9a 20.221a 122.15a 30.489hc 3.420a 0.473a 0.251a
SA1x R 5.218a 19.543a 124.225a 32.633b 3.455a 0.467a 0.257a
SA2x R 5.951a 20.021a 122.412a 39.678a 3.120a 0.480a 0.262a
SAOx B 4.676a 20.115a 122.88a 26.62c 2.709a 0.505a 0.254a
SAlx B 4.766a 20.64a 124.593a 27.078¢c 2.403a 0.563a 0.259
SA2x B 5.351a 20.924a 124.172a 30.844hc 2.589a 0.578a 0.259
I5x SAQ 6.58° 20.11% 153.43%® 30.489% 3.323° 0.343¢ 0.241¢
110x SAO 4.661° 14¢ 118.531% 27.293° 3.441° 0.655%®° 0.300%
115% SAQ 20 8.66° 75.511° 24.711° 2.912% 0.889° 0.372%
I5x SA1 6.108? 20.16% 155.48%° 31.633% 2.901° 0.334¢ 0.260¢
110x SAL 5.56% 14.83¢ 119.17% 28.098° 3.141° 0.603% 0.301%
115 SAL 2.985¢ 10.33% 96.95% 26.112" 2.898° 0.733° 0.376"
I5x SA2 6.285° 20.88% 170.51° 31.087% 3.212¢ 0.331¢ 0.247°
110x SA2 6.05a 20.66% 141.81% 30.712° 3.017° 0.551 0.420%®
115x SA2 4.618° 15.66™ 129.27"¢ 29.365% 3.181° 0.651° 0.492°
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#R: Rasheh, B:Bidane Sefid, SO0:salicylic acid 0 mM, S1: salicylic acid 1 mM, S2: salicylic acid 2 Mm, I5: Irrigation interval5 day,

110:Irrigation interval10 day, 115:Irrigation intervall5 day.
**Columns with the same letters are not significantly different at 5% probability level using Duncan’s Multiple Range Test (DMRT).
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Figure 3- Interaction effect of droughtxsalicylic acid levels on soluble sugar content of two grape cultivars (Vitisvinifera L.).
Columns with the same letters are not significantly different at 1% probability level using Duncan’s Multiple Range Test
(DMRT). R: Rasheh, B:BidaneSefid, S0:salicylic acid 0 mM, S1: salicylic acid 1 mM, S2: salicylic acid 2 mM, 15:Irrigation
interval 5 day, 110:Irrigation interval 10 day, 115:Irrigation interval 15 day
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Introduction: Water stress is considered as a main environmental factor limiting crop growth and yield,
including grape in Mediterranean areas.Selection for drought-tolerantvarieties is possible through investigation
of their performance under stress conditions. The estimation of physiological characteristics as reliable indices
can be used as a tool to select tolerant plants. For this reason, varieties and genotypes of one plant species are
usually investigated through physiological characteristics and its relation to drought tolerance. Investigation of
the effects of water stress on some growth and physiological characteristics in grape plants has revealed that
plant height, number of leaves and nodes, leaf area and the percentage of dry weightdecreased under increasing
drought stress. Salicylic Acid is a naturally occurring plant hormone whichinfluences various morphological and
physiological functions in plant. It can act as an important signaling molecule and has diverse effects on biotic
and abiotic stresses tolerance capacity.

Materials and Methods: In this research, two-yearold grapesplanted in plastic pots containingingredients of
humus, soil and sand (1:2:1) were used. The experiment was conducted using a factorial based on randomized
complete block design with three factors including irrigation periods (every 5, 10 and 15 days), salicylic acid
concentrations (0, 1 and 2 mM) and grape cultivars (Rasheh andBidanesefid) with 3 replications in
thegreenhouse of faculty of agricultureinUrmia University. Plant height, stem diameter and leaf area and
chlorophyll indicesweremeasuredby usingruler, digital caliper (Model22855 NO: Z), leaf Area Meter
(ModelAM200) and SPAD-502 chlorophyll meter (Minolta Crop, Japan),respectively. In order to determine
proline content, malondialdehyde (MDA), total protein and total soluble sugars, spectrophotometric methods
[51,25,6and28] were utilized,respectively.

Results and Discussion: Based on comparing the averages related to the interaction of various levels of
drought and salicylic acid, increasing watering intervals resulted in significant decrease in parameters of plant
height, stem diameter, leaf area, leaf number and chlorophyll index,and increase inproline content,
malondialdehyde, total protein and total soluble sugars.Furthermore, according to the obtained results, plant
height, stem diameter, leaf number, chlorophyll index, accumulation of prolineandtotal protein in grape cv.
Rashehwere higher than Bidanesefidone.Drought effected the mitotic division, andelongation and expansion of
cells, leading to reduced growth and crop yield. It was concluded that plant height, stem diameter, and leaf area
decreased noticeably byincreasing water stress. The reduction in plant height could be attributed to decline in the
cell enlargement and higher rate ofleaf senescence in the plant under water stress. The reduction in leaf number
under severe water deficit was partially due to leaf senescence. Reduction inthe number of leaves could be a
response by plants to minimize the transpiration surface. Sorghum plants have also been reported to have a
similarbehaviorthroughwhichthey conserve water by reducing the number of leaves. When exposed to chronic
water deficit, they showed an initial decrease in the daily increment of leaf area and eventually a decrease due to
accelerated senescence. Dropping of the leaves during severe stress markedly reduces the evaporative surface
and allows the plant to conserve water.It is well known that proline contents in leaves of many plants are
enhanced by several stresses including drought stress. The efficiency of exogenous SA depends on multiple
causes such as the species, developmental stage of the plant, manner of application and concentration of
SA Plant height, stem diameter, leaf number, leaf area, leaf total soluble sugar and chlorophyll index increased
by applying 2 mM salicylic acid comparedwith 0 and 1 mM doses. The findings of this study showed that
salicylic acid was able to enhance the tolerant capacity of the grape plant to the drought stress. According to
theobtained results, Rashehcultivar showed a greater resistance to drought stress. Salicylic acid prohibits auxin
and cytokinin loss in plants and thus enhances cell division and plant growth. Salicylic acid
maintainsphotosynthetic aspects like chlorophyll content at proper level and thus helps plants to grow and
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developwell. In this study, the drought stress increased the amount of MDA.MDA and other aldehydes in the dry
conditions are the result ofactive oxygen species (ROS) such as super oxide radical, peroxide, hydrogen and
radical hydroxide, whichareproduced underoxidative stress conditions. The species of active oxygen leads to
lipids' per oxidation as a result of injury or damage to the cellular membrane, especially chloroplast
membrane.Salicylic acid increases the activity of antioxidant enzymes such as CAT, POD and SOD which in
turn protect plants against ROS generation and lipid peroxidation. Salicylic acid treatment also providesa
considerable protection from  the enzyme nitrate reductase, thereby maintaining the level of diverse proteinsin
leaves.Mohammadkhani and Heidari (48) found that the initial increase in total soluble proteins during drought
stress was due to the expression of new stress proteins.

Keywords: Drought stress, Malondialdehyde, Proline, Salicylic acid, Total proteins, Soluble sugars
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Table 1. Some meteorology characteristics of two areas

olo okol ozl
Month Esfahan Mazandaran
bod lwgio
Temperature average (°C)
i) 244 209
April-May
b 194 249
May-June
» 28,6 26.9
June-July
bye 28.7 28.1
July-August
(st Cagboy (ilee
Relative humidity average (%)
i) 225 76
April-May
b 26.0 76
May-June
» 31.0 75
June-July
be 435 67
July-August
Sk ggeme
Total Rainfall (mm)
i) 00.0 9.1
April-May
b 000 309
May-June
» 0.60 24.8
June-July
be 9.3 0.00

July-August
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Table2 - Characteristics of used population/ landrace in the experiment

8 Lo 8393/ Capron oL Ui oy
Number Population/Landrace Origin Explanation
. . Cal osds alld yuile 1 Jlo ¥ (b bl (i Glou,y 4 pie Cares
1 - e Advanced population purple basil is purified in 3 years
Mazandaran Iran-Mazandaran vanced population p,\L/Jg)Z sndzsrla n|s purified in 3 years in
. - Canl ot alld haisle 1 Jlo ¥ (b olysile iy Glouy dd iy Cares adel 0398
2 ile 83l ! itial | f lati | i ) ified i
Mazandaran Iran-Mazandaran Initial landrace of advanced population purple basil is purified in 3

3 e @38 chsile= gyl
Ghaem shahr Iran-Mazandaran

4 5 dl),\i)‘b—dlﬂl
Neka Iran-Mazandaran

5 e Sl !
Behshahr Iran-Mazandaran

6 Jlj C)5 dl),\i)‘h:—dl).ll
Farahabad Iran-Mazandaran

7 P il !
Behnamir Iran-Mazandaran

8 J)ima Ole(é,al—olﬁl

Dastgerd Iran-Isfahan

9 Sk oladok ol

Mobarake Iran-Isfahan

10 3Ll cass Ol

Najafabad Iran-Isfahan

1 o) oladok o)l

Ardestan Iran-Isfahan

Dorche Iran-Isfahan

years in Mazandaran
Cusl oad palls lpjle 3 Jlo ¥ (b ped @3B iy () Came

Ghaem shahr purple basil population has been purified over 3 years in

Mazandaran
cud oxs alls hsile 5 Jlo ¥ (b 6 iy ol Sy

Neka purple basil population has been purified over 3 years in

Mazandaran
ol ond Gals lsle o Jlo ¥ (b ety il ol Came

Behshahr purple basil population has been purified over 3 years in

Mazandaran
A TR Vi by Curer
Farahabad Purple basil population
Cal o palls (ijle 3 Jlo ¥ (b jeeite pid bu) Cuner

Behnamir purple basil population has been purified over 3 years in

Mazandaran
Oleguo!l 3 i 0dg
Isfahan Dastgerd landrace
& 5le Lla Gl Cunex
Mobarake Purple basil population
A o padiy (lou) Cuner
Najafabad Purple basil population
Osd )l il () Cumar
Ardestan Purple basil population
)3 iy () Cumex
Dorche Purple basil population

J5i2) 292 0L Jl Sl Gl i by (B 2 88 gy 9 AL
2038 wold gy elis)] GLalBl sl 1) Ll ()
048 Bpan 10 1 0,Sles dadlls (5 e JLb Sy dlaws
A4S Wb oo (S ol 09)5 93 & i slagbr) Yoeme A
Dark gg) o3¢ Lidis S5y 4 olsd (slaciound ploi 85,5 5 )
3w ¢ ool 3933 VY o > (F) (Darrah’s purpurascens)
2 9335 (jraiige) YYIY U (5,Ked) QY 1 ol aiels ol j3 Sy
cailbd sas (V olya5k) YAIY U ( eaiqe) YAV 51 ol aiely 0550
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Table3- Analysis of variance for different traits for 12 Purple Basil genotypes in Mazandaran and Esfahan Zones

Slayye ke
Mean Squares
et I Spoj Syl - L Bl w S5y Cowd
Ol galie Sl anys 5 ySles Sl g5 Leaf w55 8o Sl Leaf/stem
Source_ of of vield Plgnt number Lateral stem weight ratio
Variation height number
Ol
Esfahan
IS
2 21.96" 66.33" 93.35"¢ 847.58™ 1.08 "¢ 0.14"
Replication
ML 11 861°  20.67" 89.16" 4.00° 0.27"¢
Genotype
s
22 4,72 491 85.75 1.57 0.024
Error
Ol o pd - 16.24 9.50 15.04 8.79 8.03
CV (%)
ohwsle
Mazandaran
IS
2 102.7° 105.02"™  101.0™  578.85" 277" 0.269 "
Replication
L 11 29.38°  4754" 253.36" 3.93"¢ 0.290 "
Genotype
s
22 15.45 46.60 206.43 3.08 0.404
Error
ettt - 13.63 17.46 16.89 18.06 19.02
CV (%)

Lo ) S g gy Jhoin ] pdaw 3 )b dxe ol dxe puf iy 4 D ¥Ry FeNs
* and **: Significant at %5 , %1 level of probability, respectively. ns = not significant
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Table 4. compares the yield, plant height, leaf number, number of lateral branches of different genotypes purple basil in

Esfahan
L cuigi; 3 Sl g g5, S g olass &2 dBlw 3lani
Genotypes Yield (t ha™) Plant height (cm) Leaf number Lateral stem number
Es Ma Es Ma Es Ma Es Ma
Y olile 11.61b 250cd | 21.0bc  363bc | 63.7bc 78.3a | 14.0b 8.0ab
Mazandaranl
¥ olile 11.0b  29.6ab | 27.3a  32.3c | 603cd 65.0b | 163a 8.3ab
Mazandaran2
el 5 171a 30.8ab | 220bc  283d | 66.0b 603c | 14.0b 6.3¢
Ghaem shahr
N‘;ia 135ab  338a | 21.0bc  32.3¢c | 62.7bc 53.0d | 13.3bc 9.3a
Rete 129ab 29.3ab | 28.0a 32.7c | 73.7a 483d | 156a 8.0 ab
Behshahr
iy 13.8ab 27.7¢ | 21.8bc  29.7d | 627bc 61.0bc | 126¢ 7.6 be
Farahabad
nee 136ab 239d | 24abc 31.7cd | 61.7c 66.0b | 143b 6.6C
Behnamir
22 141ab 260c | 26.0ab 41.7a | 53.0f 720ab| 16.0a 56¢
Dastgerd
Sl 13.6ab 320a | 24abc  333c | 607cd 760a | 14.0b 9.0a
Mobarake
b iz 111b 28.7bc | 223bc  35.7bc | 63.3bc  62.3bc | 14.0b 6.6¢
Najafabad
o) 153ab 329ab | 19.7¢c  380b | 540ef 72.0ab| 133bc  8.6ab
Ardestan
2 135ab 26.7c | 223bc  283d | 57.3de 72.3ab | 13.3hc 7.0 be
Dorche

i ke 5 Jedual it casi Y4 Ma s Es .(LSD 5%) il 5l s el Hhai 3 O sin a3 4ldie Cissa
- The numbers in each column with the same letters are not statistically different (LSD 5%). Es and Ma indicated Esfahan and
Mazandaran, respectively,
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For each Figure 1 - Yield of different harvesting for basil genotypes in two regions of Esfahan (A) and Mazandaran (B).
genotype the same letters are not statistically different (LSD 5%o)
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Introduction: Basil(Ocimumbasilicum L.)is a diploid plant with48chromosomes. Basil isthe aromatic annual
herbofthe Lamiaceae familyofleafy vegetablesandhas mentionedand originated inlndiaandlran. Basilhasiron,
calcium, magnesium, potassiumandvitamins Aand B. More than 60 varietiesof basilhave been
identifiedthathavegreenleavesandredto purple.The performance ofl5varietiesof basilin Mazandaran province
were studied, genotypescollected fromSari(darkgreen) withthe23.63 tha™(fresh weight) had thehighestyield. In
comparison, 38the massbasil, withtwocultivars(Opal andKashkanyLulu), localpopulationsofmanyof the
traits(e.g.,length and width ofleavesandfresh and dry weight) showed superiority than cultivars. Incomparing the
performance of38varietiesof basilinltaly, drymatter yieldper hectarerangedfrom1812 to6165kg ha thatthis
wasmore attributestobegenetic aspects. Landraces ofbasilhavevaluabletraitssuch asdrought resistance,
saltresistance, resistancetodisease, resistancetocoldandheat. In order to achieveoptimalpopulationpurple basil
with high-performance inlsfahan andMazandaran, the present studywas conducted usingsomeof the
populationinthese two provinces.

Materials and Methods: The number of populations of purple basil wasstudied toselect superior genotypes
according to the yield and adaptation to climatic conditions in two provinces at Agricultural Research Station
Gharahil of Mazandaran and Kabootarabad of Isfahan. The experiment was conducted as a randomized complete
block design with three replications with seeds collected from two areas of the province (a total of 12 varieties of
basil) during one year. Land preparationwas consisted ofplowanddiscperpendicular to each other(for
crushinghunk) and thenlevelingandplotsofland. Inprovinces, nitrogen, phosphorusandpotassiumfertilizerwas used
based on soiltest.In this experiment,harvest time was4®. for every two region. Duringthe growing seasonweed
controlwascarried outmechanically.

Result and Discussions: In both areas, the yield and plant height (at 5% statistical probability level) and the
number of leaves per plant (at 1% statistical probability level) were statisticallysignificant. In Isfahan area,
Ghaemshahr red basil mass yield was 17.1 t ha™, but the yield of this mass were not significantly different with
Farah Abad, Bahnamiri, Dastgerd, Mobarake, Ardestan and Dorche. The yield of Mazandaran 1,Mazandaran 2
and Najaf Abad masses were 11.61, 11.02, and 11.10, respectively, that had the lowest performance among the
masses. In Mazandaran region, in most cases, the yields of all 12 purple basil mass were twotimes or more than
doubles in the Isfahan region. The yield of Mazandaran 2 mass was the lowest in Isfahan region, but had high
performance (29.6 t ha®) in Mazandaran region. In both regions, Ghaemshahr, Neka, Behshahr, Mobarakeh and
Ardestan purple basil masses had the highest yield. In Isfahan, plant height rangedfrom19.67(Ardestan)
t028.00cm, while thisrange in Mazandaran region was 29.7to41.7cm. In a studyin Turkey,a highest height for
purple basil without water limitation was38.6cm. Basil plant height has a positive and significant correlation
with performance and in addition to genetic factors, environmental characteristics, in particular the amount of
moisture available to plants can also have a significant impact on plant height. Among all12 genotypes tested,
the number of leaves were 53 (Dastgerd) to 73.7 (Behshahr), and the number of leaves rangedfrom 48.3
(Behshahr) to 78.3 (Mazandaran 1)in Mazandaran. Usually the soil areas withhigh fluctuations in moisture and
air (comparison Isfahan with Mazandaran), leaves hada smaller number and leaf area. The number of branches
of genotypes was from 12.6 to 16.3in Isfahan region and in the Mazandaran region was from 6.3 to 9.3. Reduce
the number of branches in Mazandaran (1.5 to 2 times less) related to radiation exposure in the area and its

1 - Assistant Professor, Horticulture Crops Research Department, Mazandaran Agricultural and Natural Resources
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difference with radiation in Isfahan.Usually the weather of Isfahanis sunnyanddirect sunlightwhereas the weather
of Mazandaran region iscloudy. In both regions, the greatest contribution performance harvest was in second and
third harvest, respectively (although yields were higherin Mazandaran region). The lower yield at first harvest
can attributed with opportunity when it is necessary for plant establishment. The fourth harvest yield loss can be
two reasons, one terminate of plant growth and aging, and other high temperature at this time. Although basil is a
plant that originated from warm zones, but increased plant maintenance respiration can occur at high
temperatures is an issue that should be considered.

Keywords: Branches, Harvest, Plant height
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1 - Cucumis sativus L.
2 -Cucurbitaceae

3 -Cucurbita spp
4 - Cucumis melo var inodorus
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1 - Vigor Index
2 - Cucurbita pepo con. Pepo var. Styriaca
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Tablel- Characteristics of local landrace and imported hybrids of used Cucurbits
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Figure 1- Effects of salinity amount(ds/m) on seed germination in petri dish of Cucurbit local landrace and imported hybrids

1 - Rijk Zwaan co.
2 - East west seed co.
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Table 2- Comparison mean of calculated data in petri dish Cucurbit cultivated rootstocks
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Numbers followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test.
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Table 3- Comparison mean between collected traits in salinity treatment (ds/m) of Cucurbit local landrace and imported
hybrids
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Numbers followed by the same letter are not significantly differentns (P<0.05) based on Duncan’s multiple range test.
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Introduction: Salinity stress is regarded as one of the most important abiotic factors in plant limiting growth,
particularly in arid and semi-arid regions. The reduction of plant growth by salinity stress has been well
documented. When water supply is limited, plant structure is modified by increasing the root: shoot ratio. To
reduce of losses in vegetative growth and production of plant and to improve water use efficiency under saline
conditions in high-yielding genotypes grafting them onto rootstocks could bereduced the effect of saline stress
on plant shoot. Grafting is a routine technique in continuous cropping systems. Most of the species of cucurbits
are distributed in the dry regions. The objective of this studywas investigated the effectiveness of salinity stress
on accessions of cucurbita and hybrid inter specific which enter from another country to Iran.

Materials and Methods: This research was conducted in laboratory and greenhouse at the Research Center
of Agricultural and Natural Resources of Isfahan during 2013-2014 growing season. A factorial experiment
based on completely randomized design with three replications was conducted for rootstock and irrigation water
salinity. In the first experiment 25 seeds of rootstocks were sown in petri dishes with 10 cm diameter and
irrigated by 10 ml of saline water. Rootstocks included 20 different local landraces and interspecific hybrids
(C.moschata cv. Isfahan and Koshk, C.pepo cv. Alvar, Tiran, Koshk and Asgharabad, C. maxima cv.
Kermanshah, Shahreza, Mohamadiyeh and Alvar, Lagenaria Siceraria, Luffa cylindrica, Trichosanthes
cucumerina, RZ-Ferro, Es113, Ews910, Ews909, Ews913, 426 and Es152). Salinity stress was 6 levels (0, 2, 4,
6, 8 and 10 ds/m of NaCl). Germination, diameter of stem, height of root and stem, shoot and root fresh mass,
vigor index and root: shoot ratio were evaluated. In the second experiment seeds were sown in plastic pot by soil
media. Seedlings were irrigated daily with 200 ml of saline water (0, 2 and 4 ds/m) for 35 days. Excess solution
was allowed to drain from the plants through drainage holes in the base of the pots. Hybrids of 152,426 and
Trichosanthes cucumerina, Luffa cylindrical and Cucurbita pepo con. Pepo var. Styriaca was added. In the
second phase measured shoot and root dry mass, SPAD index, relatively water content and seedling vigor index.

Results and Discussion: the results showed that all parameters were significantly influenced by salinity
except root: shoot ratio in Petri dish. Salinity stress reduced chlorophyll index (SPAD), relative water content in
cucurbita leaves than control (without saline) and also seeds germination, seedlings fresh mass and seedlings
vigour by 51%, 53%, and 75 % respectively. .The shoot dry biomass of local landrace and inter specific hybrids
in both experiment decreased linearly in response to increasing saline stress. Recorded data in Petri dish and
plastic pot were significantly influenced by rootstock, whereas no significant difference was observed on
germination rate and vigor index for plastic pot in greenhouse. The lowest seed germination percentage, seedling
growth, vigor index and root: shoot ratio recorded on high saline concentration. NaCl threshold damage to
cucurbits was evaluated 4 ds/m. Populations of C. maxima cv.Kermanshah and Shahreza, C.moschata cv. Isfahan
and inters pecific hybrids Ferro, 909 and 910 were showed tolerant to salinity. It is proven that crop growth
decreases with increasing saline stress (Rouphael, et al., 2012). Hybrids of C. moschata cv. Koshk, C. pepo cv.
Koshk and Asgharabad, Lagenaria Siceraria, Es113 and Cucurbita pepo con. Pepo var. Styriaca were sensitive
to saline stress. Kumar et al, (2008) also reported plant response to salinity depends on type of salt, salt
concentration and plant genotype.

Conclusions: Salinity stress adversely affect biomass and leaf water content of cucurbita. Our results
indicated that local and hybrid cucurbit plants exhibited different response to saline stress. Hybrid rootstocks
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909, 910 and Ferro were tolerant to salinity. Although local landrace C. maxima. cv. Shahreza and Kermanshah,
C. moschata cv. Isfahan and C. pepo cv. Tiran were tolerant to salinity. Sensitivity to saline stress was similar
between some local landrace and hybrid plants. Finally, after grafting in cucurbita rootstocks needs more
research to use water, wast water, NaCl and other resources of salinity and to find the most tolerant rootstock.

Keywords: Salinity tolerance, Germination, Seedling Growth, Vigor index
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Figure 1- Interaction effects of nutrient removal xdifferent levels of nitrogen on nitrate concentration of spinach cv.
Wirofly petiole in hydroponic culture
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Figure 2- Interaction effects of nutrient removal xdifferent levels of nitrogen on total nitrogen of spinach cv. Wirofly
petiole in hydroponic culture.
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Introduction: Spinach is a leafy vegetable which is rich source of vitamins, antioxidant compounds (e.g.
flavonoids, acid ascorbic) and essential elements (e.g. Fe, and Se). Spinach is capable of accumulating large
amounts of nitrogen in the form of nitrate in shoot tissues which is undesirablein the human diet. The
concentration of nitrate in plants is affected by species, fertilizer use, and growing conditions. Green leafy
vegetables such as spinach, generally contain higher levels of nitrate than other foods. Nitrate ofplant
tissueslevels are clearly related to both form and concentration of N fertilizers applied. Nitrogen fertilizers have
been known as the major factors that influence nitrate content in vegetables. Ideally, the N fertility level must be
managed to produce optimum crop yield without leading to excessive accumulation of nitrate in the harvested
tissues.Usinghigh amounts ofN fertilizer produced higher yield with higher nitrate inleaves but the highest
amount of nitrate was accumulated in the petioles.There are several plant species that may accumulate nitrate,
including the Brassica plants, green cereal grains (barley, wheat, rye and maize), sorghum and Sudan grasses,
corn, beets, rape, docks, sweet clover and nightshades. The presence of nitrate in vegetables, as in water and
generally in other foods, is a serious threat to man’s health. Nitrate is relatively non-toxic, but approximately 5%
of all ingested nitrate is converted in saliva and the gastrointestinal tract to the more toxic nitrite. This study was
aimed to investigate theeffects of nitrogen and nutrient removal on nitrate accumulation and growth
characteristics of spinach (Spinacia oleraceae L.).

Materials and Methods: A pot hydroponic experiment was carried out to evaluate the effect of different
levels of nitrogen and nutrient removal (one week before harvest) on nitrate accumulation and growth characters.
A factorial experiment based on completely randomized design was conducted with twolevels of removal
(removal of nutrient one week before harvest) or not to remove and fourlevels of nitrogen (25, 50, 100 and 200
mg/l) with sixreplications. During the growing season in the greenhouse, temperature was fixed between 24-27
°C and photoperiod of 16 hours of light and 8 hours of darkness. The measured traits were root fresh and dry
weight, shoot fresh and dry weight, Fv/Fm ratio, and chlorophyll index, number of leaf per plant, leaf area,
nitrate and total nitrogen.

Results and Discussion: The results of this experiment showed that increasingnitrogen concentration from
25 to 200 mg/l increased shoot dry weight, number of leaves and leaf area, by 22.00, 7.26, 4.79 and 14.00 fold,
respectively. Nitrogen also increased Fv/Fm and chlorophyll index. Nutrient removal in a week before harvest
had no significant effect on fresh and dry weight of shoots and roots, number of leaves,leaf area, chlorophyll
index and Fv/Fm. Increasing concentrations of nitrogen increased nitrate and total nitrogen in petiole while
removing the nutrient solution in a week before harvest significantly decreased amounts of the above-mentioned
traits. Nutrient solution removal is an appropriate strategy to reduce nitrate accumulation in spinach that has no
effect on yield loss.

Conclusions: The results showed that increasing the concentration of nitrogen increased plant growth
indicators such as shoot fresh and dry weight, root fresh and dry weight, leaf area and number of leaf per plants,
so that the greatest increase was obtained from concentration of 200 mg/lit. Increasing the concentration of
nitrogen enhanced nitrate and total nitrogen of petiole so that the highest concentration of nitrate and total
nitrogen was observed in200 mg/lit nitrogen. Nutrient solution removal in a week before the harvest had a
significant effect in reducing all traits but it decreased nitrate accumulation and total nitrogen of petiole
significantly. At the end of the experiment, it was found that increasing the concentration of nitrogen increased
nitrate concentrations and total nitrogen in the petioles while nutrient removal in a week before harvest
reducedthe amount of leaf nitrate. Thereforethe removal ofnutrient solution is one of the strategies to reduce
nitrate accumulation that had no effect on yield loss of crop. Based on the results from this research, nitrogen at a
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concentration of 200 mg/lit, with the removal of nutrient solution a week before harvest is recommended for
growing in hydroponic culture of spinach.

Keywords: Chlorophyll index, Leaf area, Water culture
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Table 2Interaction effect of drought stress on some growth characteristics, Electrolyte leakage and chlorophyll index of three
studied grapevine cultivars (Yaghooti, Bidane sefid and Askari)
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2955 gl o) : - Leaf il S . Culg S
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Grape di fresh  Stemdry Leafdry Electrolyte
; Water Leaf lameter ; . X chlorophyll
cultivars treatment number  (Mm) weight weight weight index leakage
@ (@) (9) (%)
%100 FC 91.75b¥ 9.05bc 55.85a 18.39% 16.5a 33.09bcd 18.10f
S8k %60 FC 41.12¢f 8.85hc 26.29c 11.00cd 6.36¢ 32.55bcd 22.02cde
Yaghooti %30 FC 35.129 7.29def 18.17d 8.41ef 4.92c 30.36de 25.74ab
2okl a7a7fg 732def  19.23d  9.84de  5.69c  333%bcd  20.13f
Re-watering
%100 FC 109.12a 10.36a 49.96ab 15.39b 11.57b 35.86ab 19.68ef
KV AW %60 FC 45.75d 8.26c¢d 19.69d 8.02f 5.65¢ 33.53bcd 26.49ab
Bidane %30 FC 29.37i 6.97f 9.24e 3.33h 1.86d 28.24¢ 28.02a
sefid okl gg1oni 7.07¢f  9.65e 3.5 203d  343%c  23.91bcd
Re-watering
%100 FC 61.12c 9.92ab 44.86b 12.56¢ 12.8b 38.46a 18.21f
s %60 FC 42.62de 8.96bc 21.86¢d 6.85fg 5.89¢ 34.06bc 20.96def
Askari %30 FC 33.5ghi  8.15cde 8.30e 5.7¢9 2.34d 31.14cde 24.99bc
. d’L".u“ 34.5gh 8.35¢cd 9.34e 6.82fg 3.1d 36.14ab 20.04ef
Re-watering
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tMeans with the same letters in each column are not significantly different by Tukey HSD test (p<0.05)
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Figure 1- Interaction effect of drought stress on A) Increase height and B) RWC of three studied grapevine cultivars
(YYaghooti, Bidane sefid and Askari)
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Figure 2- Interaction effect of drought stress on A) Soluble sugar, B) Antioxidant activity, C) Phenolic compound and D)
Proline of three studied grapevine cultivars (Yaghooti, Bidane sefid and Askari)
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Introduction: Most plants have developed morphological and physiological mechanisms which allow them
to cope with drought stress. Almost all the studies conducted on grapevines (Vitisvinifera L.) responses to
drought conditions have focused on physiological responses such as stomatal reactions, photosynthesis and
osmotic adjustment, and biochemical responses like carbohydrates and proline. According to these studies,
physiological and biochemical responses of grapevines to water stress are quite variable. This variability could
be related to cultivar, time of the year, previous water stress level, intensity of stress, and environmental
conditions. Osmotic adjustment in terms of compatible solutes accumulation has been considered as an important
physiological adaptation for plant to resist drought, which facilitates the extraction of water from dry soils and
maintenance of cell turgor, gas exchange and growth in very dry environments. Acting as compatible solutes as
well as antioxidants, a significant rise in proline amount was observed in grapevine leaves under water stress
conditions, suggesting that this amino acid has a protective role against the formation of excessive reactive
oxygen species (ROS). Plants, in order to overcome oxidative stress, have developed enzymatic and non-
enzymatic antioxidant defense mechanisms against scavenge ROS.

Materials and Methods: This research was conducted to assess the effect of different levels of irrigation on
some characteristics of three cultivars of grapevine (Yaghooti, Bidanesefid and Askari), as a factorial based on a
randomized complete block design in two years with four replications. The experiment started in June 21, 2014
and 2015. Water treatments were applied in four levels including: control plant (100% FC), moderate stress
(60% FC), severe stress (30% FC) and rewatering treatment after severe stress treatment. Increase height, leaf
number, stem diameter, leaf fresh and dry weight, stem dry weight, chlorophyll index,RWC, electrolyte leakage,
soluble sugar, antioxidant activity, phenolic compound and proline were measured at the end of the experiment.
JMPS software was used to test the significant differences among the treatments and the interactions. When there
were significant differences, means were separated by Tukey HSD test at the probability level p<0.05.

Results and Discussion: Results showed that drought stress had significant effects on most traits at statistical
levels. The effect of year on measured traits was not significant differences. The results demonstrate that the
three investigated grapevine cultivars showed a clear difference in their response to water stress. Increase of
height, leaf number, stem diameter, leaf fresh and dry weight, stem dry weight, chlorophyll index and RWC
decreased as soil water content reduced and increased again after rewatering. The greatest increase height (9.12
cm), leaf number (35.12), leaf and stem dry weight (4.92 and 8.41 g respectively) in severe stress was in
Yaghooti cultivars. Drought stress induced a significant decrease in leaf relative water content (RWC) of all
three cultivars during the drought period. The RWC of Yaghooti (85.49%) was significantly more than that of
Askari and Bidanesefid at severe stress. Bidanesefid demonstrate a higher decrease of RWC (12.3%) compared
to control. Resistance of plant to drought is related to its ability to maintain high RWC in leaves under stress.
Water stress treatments resulted inlower chlorophyll index in all three grapevine cultivars, so that a significant
reduction in this variable was observed in stressed grapevine compared to the control. Electrolyte leakage,
soluble sugar, antioxidant activity, phenolic compound and proline increased in all the cultivars as drought stress
levels increased. Significant differences were observed among cultivars in terms of electrolyte leakage. Water
stress treatments caused an increase in electrolyte leakage. Bidanesefid showed greatest electrolyte leakage than
the other cultivars in all treatment. Under water deficit, cell membranes undergo some changes such as an
increase in permeability and a decrease in selectivity, which can be viewed through the increase in electrolyte
leakage. In moderate stress treatment, the highest amount of soluble sugars accumulation was recorded in Askari
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cultivar but in severe stress treatment, no significant differences were observed among the cultivars. Significant
differences were found in the antioxidant activity and proline content among cultivars and watering regimes.
Under the severe stress conditions, the highest antioxidant activity (45.3%) and proline accumulation (11.12
umol g™ FW) was registered in the Yaghooti cultivar, and no significant differencesexisted among two other
cultivars. Plants accumulate compatible solutes, such as soluble sugars and proline, in response to stress to
facilitate water uptake.

Conclusion: Of all the cultivars, Yaghooti had the lowest decrease in growth characteristics and RWC and
greatest increase in antioxidant activity and proline. In the present study, based on the responses of cultivars to
different levels of drought stress, it can be concluded that Yaghooti seems to be a more resistant cultivar to water
stress compared to Askari and Bidanesefid cultivars. Based on the results, it can be said that Bidanesefid cultivar
has the lowest resistant cultivar to water stress compared to Askari and Yaghooti cultivars. Further research
especially under field conditions is needed to support this statement.

Keyword: Growth characteristics, Leaf relative water content, Proline, Soluble sugar
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Figure 1-Interaction effect of IBA concentrations (mg/l) x induction period (days) on rooting percentage of Walnut cv.
‘Hartley’ Based on Duncan’s multiple range test, similar letters in each column are not significance at 1%level of probability
1%. IBA (mg/l)= 1, Number of Days= D.
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Table 1- Effect of different concentrations of IBA and induction period root length of walnut cv. ‘Hartley’
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Root Length Induction Period IBA

(cm) (Number of Days) (mg/l)
2.01e 3 3
3.14e 3 5
4.20e 3 7
8.10d 3 10
8.00d 5 3
9.00d 5 5
10.00c 5 7
10.09¢c 5 10
9.12d 7 3
12.04a 7 5
11.18b 7 7
7.8d 7 10
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Similar letters in each column are not significant at 1% of probability level based on Duncan’s multipile range test.
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Figure 2- Rooted microshoots walnut cv. *Hartley’ in 5 mgl™ IBA and 7 days darkness(a), and Rooted microshoots in 7 mgl™
IBA and 7 days darkness (b).
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Table 2- Interaction effect of different concentrations of IBA x lignosulfunate in 7 days induction period on rooting length of
walnut cv. “Hartley’ cultivar

Root Le;r)1 th (cm) Induction Period LIGN IBA
9 (Number of Days) (g/) (mg/l)
8.30a 7 1 :
7.60b 7 1 7
7.32b 7 2 s
5.12¢c 7 5 7
5.07¢c 7 3 5
4.80d 7 3 7
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Similar letters in each column are not significant at 1% of probability level based on Duncan’s multipile range test.

4 o i) St S50 9 Jgial S 53 055 oo 0 9 CligilpmogiSy) cilises SIS 5 (L7 05 93,5 il ) aljandy ) Y S
390V W Gao Job 45 (ol 0uwd 0315 581 lighl g iR clale ol
Figure 3- Rooted microshoots of walnut cv. ‘Hartley’ in different concentration of LIGN and 5 mgl™ IBA (LIGN
concentration was increased from left to right) in in an induction period (7 number of Days)
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Figure 4- Interaction effect of different concentrations of LIGN x IBA on rooting percentage of walnut cv. ‘Hartley’. Similar
letters in each column are not significant at 1% of probability level based on Duncan’s multiple range test
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Figure 5- Adapted plants of walnut cv. *Hartley’ in pot
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Introduction: Tissue culture is an effective technique for mass propagation of walnut that has many
advantages. Plants were obtainedby in vitro techniques in comparison with in vivotechniques areableto producet
fruitearlier. However one of the major problems in walnut micropropagation is the difficulty of rooting. Auxin
protection against auxin-oxidase system can make a major contribution to rooting. Among all the compounds
that can play the synergistic role with auxin, they will probably have the ability of auxin protection against
enzymes. In this experiment, the effect of lignosulfunate on rooting of micropropagated walnut was investigated
for the first time.

Materials and Methods: In this experiment, Hartley cultivar of walnut was used. At first, explants were
washed under running water for 1 hour then explants were placed in 70% alcohol for 1 minute and after that in
10% bleach for 10 minutes. After sterilization, under laminar air flow hood, explants were washed three times
with distilled water and werecultured on Driverand Kuniyuki, 1984(DKW) medium supplemented with 2.2 g I
'phytagel, 2 mg I'* BA, 0.01 mg I IBA and 30 gl™ sucrose (establishment stage). In multiplication stage,
plantlets were subcultured every 25 days. All of the plantlets were placed in jars and were kept inside a growth
chamber in photoperiod of 16 hours of light. All the multiplicated shoots were used as explants for the trails.
Twodifferenttestswere usedto induceroot in explants. At the first trial, explants were transferred to induction
medium containing IBA (3, 5, 7 and 10 mg I*) and treatmentswere placedin thedark for 3, 5and7 days.
Treatments related to theconcentrations of5and7 mg IIBAand7 daysof darknesshadthe highestpercentage
ofrooting. In the next experiment, thecombination ofthree levels oflignosulfunate (1, 2 and 3 g I™), and two
concentration of 5and7mg I*IBAwere used. Treatmentswere placedindarknessfor 7 days. After root
induction,shootlets were transferred to root development medium. Rootdevelopmentmedium includesa
quarteroftheDKWand vermiculite.

Results and Discussion: The aim of the first trial was to determine the concentration of IBA which produced
the highest percentage of rooting. Among all the auxins, it was shown in other experiments that IBA has the best
results in rooting of walnut. Due to this, we chose IBA as root induction hormone. With increasing of IBA
concentrations and the induction period, rooting increased. Because the higher amount of exogenous auxin will
induce the higher amount of endogenous auxin (IAAsp). However, rooting increased to a certain level and then
began to decrease. With increasing concentrations above 10 mgl™ IBA rooting reduced and formation of callus
in the shoot end increased which is not good for rooting because callus would not let the cells form roots. It
seems that accumulation of IAAsp induces self-productive cells in root area to grow and duplicate abnormally
and maybe root formation stops because of this accumulation and also because of the inadequacy of the IAAsp
to transfer to neighboring cells. Also with increasing concentration, defoliation and wilting happens. A lower
concentration of IBA (about3 mgl'll) caused loss of rooting. The highest percentage of rooting for the first
treatment with IBA was with 5 mgl™ IBA and 7 days of darkness and 7 mgl™ IBA and 7 days of darkness. The
treatments were placed in darkness due to degradation of auxin under light condition. The induction time was
related to auxin concentration. If the auxin concentration is less, the exposure time in the dark will be more. Root
induction in the dark had better results than induction in light. The capacity of rooting in walnut is related to the
amount of endogenous (IAAsp) and exogenous auxin. The amount of endogenous auxin is completely related to
the cultivar and thatis why some cultivars respond really well to the amount of exogenous hormones in rooting
stage. Exogenous auxin induces the production of endogenous auxin (IAAsp). These two concentrations were
chosen for next treatment with lignosulfunate. Rootingratedecreaseswith increasinglignosulfunate. However, the
highest root induction among all the treatments wasachieved on medium containing 1 g I™*lignosulfunate. The
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reason of transferring all explants after root induction to root development medium was changing the hormone
and salts concentrations. At this stage, the ¥4 DKW was used as a medium. This is due to the reduction of salts,
root induction and rooting accelerate.

Conclusions: In this study, the effect of lignosulfunate (auxin synergist) on rooting stage of Hartley cultivar
of walnut was investigated. For this goal, two trials were done. The first trial was to determine the best
concentration of IBA for rooting. Two concentrations were chosen and another trial was the effect of the
combination of lignosulfunate with IBA on rooting. For the first time in this study, we showed that
lignosulfunatecan improve rooting of walnut.

Keywords: Indole butyric acid, Rooting, Synergist, Tissue Culture, Walnut
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1-Oxidative stress
2-Hydrotropism
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Table 1- The results of soil samplephysic-chemical analysis in experimental location
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1- Alternate partial root-zone irrigation

2 - Regular deficit irrigation

3- Alternate partial root-zone drip irrigation
4- Regular deficit drip irrigation
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Table 2- The results of irrigation water sample chemical analysis in the experiment
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Table 3- The information of monthly means in ten years’ periods from synoptic climatology of Arsenjan region and ET,

calculation.
o3 dind e celw o e ) < alsl
ol baws WSy > A e YO
. Max L b s Rad 2o .
month Min Temp Humidity . o Rain Eff.
o Temp o Wind Sun (MJIm2day ETo :
) C) %) (mls)  hours D) (mmday®y M rain
Y (mm)
RV March-April 8 21.4 45 0.9 7.9 20.7 3.75 67.1 59.9
Cutid) April-May 14 28.7 28 1.3 10.2 25.1 5.17 1.1 1.1
e May-June 19.4 345 25 1.3 11.3 27 6.11 0.4 0.4
» June-July 22.1 37.3 19 1.2 10.2 25.1 6.48 0 0
slaye July-August 22.2 36.8 18 1.2 10.9 25.3 6.09 0 0
A August-
Yoy September 18.9 33.9 19 1.2 10.4 22.6 5.13 0.4 0.4
September-
e October 13.9 28.7 23 1.4 10 19.1 3.72 0.1 0.1
o October- 8.9 21.9 39 12 7.9 141 2.63 118 116
November
K November- 2 136 53 11 73 123 177 426 39.7
December
@ December- 03 116 53 0.9 76 133 1.58 19.4 188
January
) January-
ek February 1.4 13.7 55 1 76 15.5 214 36.3 34.2
il February- 49 19.2 44 11 8.7 196 327 37 348
March
2 Kile
7o Sum and 113 25.1 35 12 9.2 20 3.99 2162 201
o> Means
Ay Jead (b U1, el 3 Ko g ETo ¢ ET. suwd alons pdle (ol —€ Jou>
Table 4- Means of calculated ET¢, ET, and K¢ for Zarde-anar pomegranate during growth period
. . 2593 J
s, s e o o 29° Jgb ET. ETy
B ’ : Duration (mm) (mm) K.
Growth stage Calendar d
(day )
ay| 25 April-25 May 30 74.61 144.15 0.52
Initial
drg 25 May-15 July 50 182.13 289.38 0.63
Development
e 15 July-25 November 130 516.70 705.90 0.73
Mid. season
w2l 25 November - December 30 55.43 85.13 0.65
Late season
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Figure 1- Regression trend between yield and fruit set percentage of pomegranate cv. Zarde-anar
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Introduction: One of the latest efficient methods on increment of water use efficiency that confirmed by
many scientists all over the world is deficit and alternative partial root zone deficit irrigation. In this experiment
the effect of deficit and alternative partial root zone deficit irrigation on fruit yield, quality and water use
efficiency of pomegranate (Punicagranatum (L.) cv. Zarde-anar) were investigatedin Arsenjan semi-arid region.

Materials and Methods: The experiment was carried out in a constant plots and randomized complete block
design (RCBD) with four replicationsin five years.Treatmentswere 1- full flood irrigation (100 percent crop
water requirement) (T1) 2- flood irrigation with 100 percent crop water requirement as alternate partial root-zone
irrigation(every irrigation conducted on one side of tree) (T2) 3- flood irrigation with 50 percent crop water
requirement as regular deficit irrigation (T3) 4- full two-side drip irrigation(with regard to crop water
requirement) (eight drippers with twolit/hour flow by two different individual networks) (T4) 5- alternate partial
root-zone drip irrigation with 100 percent crop water requirement (T5) 6- regular deficit drip irrigation with 50
percent crop water requirement (T6) in every irrigation period. Each experimental treatment includes four trees
and 96 similar twelve years old trees overall. Cultivation practice was conducted similarly on all of the trees.

Results and Discussion: Results showed that the highest yield and water use efficiency based on statistical
analysis belong to both PRD treatmentsi.e. alternate partial root-zone drip irrigation with 100 percent crop water
requirement and alternate partial root-zone flood irrigation with 100 percent crop water requirement,
respectively, that both of them decreased water requirement for irrigation up to 35 and 50 percent in comparison
tocontrol. Application of partial root drying irrigation on both traditional flood irrigation and drip irrigation, in
comparison todeficit irrigation, caused a significant increment of water use efficiency up to 78.34 and 71.4
percent than control in pomegranate trees, respectively. Reduction of water consumption caused a significant
increase on pomegranate fruit set and there was a significant positive correlation between pomegranate yield and
fruit set percentage. Increment of water use efficiency, fruit set percentage and yield had significant effects on
fruit quality such as aril color, total soluble solid, total acid, TSS/TA and fruits peel color, so that, with decrease
in water consumption, these traits were improved. Reducing water consumption caused an induction in
reproductive characteristics, meanwhile reduced vegetative growth that is dominated in pomegranate trees.
Under partial root drying irrigation and deficit irrigation on both traditional flood irrigation and drip irrigation,
due to the differentiation in root morphology and structure by positive hydrotropism, increment of water
absorption and use efficiency could be improved in consequence. Decreasing amount of water inirrigation had
significant effect on fruit quality. Fruit peel thickness and cracking had significant relationship with each other
and fruit cracking has affected by deficit irrigation. The highest total soluble solid to acid of fruit juice belong to
regular deficit drip irrigation with 50 percent crop water requirement that caused an increment of 95.34 in
comparison tocontrol. After that, alternate partial root-zone drip irrigation with 100 percent crop water
requirement and flood irrigation with 100 percent crop water requirement as alternate partial root-zone irrigation
caused an increment intotal soluble solid to acid ratioof fruit juice with 61.94 and 52.99 percent. The highest
amount of TSS in pomegranate fruit juice belong to alternate partial root-zone drip irrigation with 100 and 50
percent crop water requirement with 20.51 and 18.01 percent increment than control treatment, respectively.
Maximum amount ofacidity infruit juice belongs to full flood irrigation with 100 percent crop water requirement
(control) and the minimum amount of thatbelong to regular deficit drip irrigation with 50 percent crop water
requirement.

Conclusions: with regard to the irrigation management, the best applicable treatment for pomegranate
cultivar Zarde-anar was alternate partial root-zone drip irrigation with 100 percent crop water requirement that
could be recommended for the Arsenjan and same climate region. After that in the second place the alternative
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treatment were flood irrigation with 100 percent crop water requirement as alternate partial root-zone irrigation
and followed with flood irrigation with 50 percent crop water requirement as regular deficit irrigation,
respectively.

Keywords: Alternate irrigation, Fruit quality, Pomegranate, Root drying
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Figure 1-Effect ofplant growth regulators on callus induction inpetiole (A, B, C) andleaves (D, E, F) explants of Anthurium
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L Bls Job Sy dlax Sy dsb iit
Growth regulator Shootnumber Shoot length Leaf number Leaf length Regeneration
(mg/l) (cm) (mm) (%)

S pod Sy S0 Sy S0 Sy S0 Sy Sy Sy

Petiole Leaf Petiole Leaf Petiole Leaf Petiole Leaf Petiole Leaf
0.75 BA +0.05 2,4-D 6.9a 2.7b 5a 25a 18a 99b 28a 25a 86a 66.7 a
0.75TDZ 55b 35a 39b 3a 125b 109a 27b 2.7a 835a 67a
0.75TDZ +0.05 2,4-D 45¢ 25b 39b 29a 115b 8.8b 27b 26a 80 ab 63.9a
0.75BA + 0.1 NAA 25¢c 15¢c¢ 29¢c 255b 7c 5¢ 25¢c 25b 69.5 b 50.5a

sl el 5SSl (glasaloin ygajl 3l edlil b (P<0.05) o gme 33! (clyld gt o 53 S yide gy b dlael
Numbers followed by the same letter are not significantly different (P<0.05) based on Duncan’s multiple range test
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Introduction: Anthurium is a popular genus of the Araceae (order Spathiflorac). The flower consists of a
protruding spadix containing numerous florets, subtended by a brightly colored modified leaf, the spathe.
Anthuriums are bisexual and protogynous.Anthuriumscherzerianum as the most important species ofAnthurium
genus is a potted perennial plant. Due to having beautiful, attractive and long-life flowers, A. scherzerianum can
be used for the production of pot and cut flowers. Tissue culture is suggested as the most commonly method in
order to rapid propagation and removing disease in a short period of time. This method also recommended for
Anthuriumbecause of problems in classical propagation method of this flower..The three basic propagation
methods for Anthuriumare propagation by seed, traditional vegetative and tissue culture.Micropropagation of
Anthurium is using forcommercial production.

Materials and Methods: In this study, the effect of plant growth regulators and explants on indirect
regeneration of A. scherzerianumdetermined in separate experiments. In the first experiment, callogenesis was
done by leaf explants on MS medium containing growth regulators, BA in three concentrations (0.5, 1.25 and 2
mg/l) in combination with
2,4-D (0.5, 1.25 and 2 mg/l) or NAA (0.5, 1.25 and 2 mg/l) and the combinations of TDZ (0.5, 1.25 and 2 mg/l)
with
2, 4-D (0, 0.5 mg/l). In the second experiment, regeneration was done on MS medium containing 0.75 mg/l BA
with 0.05 mg/l 2, 4-D and 0.1 mg/l NAA and also in combination with TDZ (0.75mg/l). For rooting, MS
medium containing different concentrations of IBA and 1AA (0, 0.2 and 1 mg/l) were used. Callus induction,
regeneration and rooting experiments were done based on completely randomized design, with 12, 6 and 6
replications, respectively.Data from all the schemes used in this study were analyzed with SAS statistical
software. The comparison of means using Duncan's multiple range test was evaluated at the 5% level.

Results and Discussion: Analysis of variance showed that the effect of explant type and hormone
combinations was significant on the percentage of callogenesis, callus volume and survival percentage. The
interaction effect of explant type and combination of hormones was also significant on percentage of
callogenesisand the volume of callus. Means comparisons showed that the highest callogenesis, viability and
callus volume were achieved on MS medium containing 2 mg/l of BA and 0.5 mg/l of 2, 4-D. Petiole explants,
also produced the highest percentage of callus (95%), survival rate (96%) and callus with dimensions of 6 mm?.
Callus formation in leaf vein explants was higher than others. The effect of explant type and hormone
combinations on regeneration, number of branches, number of leaves and leaf length was significant.The
interaction of explant and hormone combinations on regeneration, number of branches, number of leaves and
leaf length was also significant. Moreover, results of regeneration experiment indicated that the maximum
number of shoots (6.9) and the maximum shoot length (5 cm), number of leaves (18) and the leaf length (2.8
mm) were achieved in 0.75 mg/l BA mg/l of and 0.05 mg/l 2, 4-D. In this study, petiole explants were also
regenerated earlier than leaf explants.The effect of hormone combinations and concentrations was significant on
rooting specially on the number of roots and root length.Furthermore, results of rooting experiment revealed that
the highest rooting percentage (95%), the maximum number of roots (4.5 per plantlet) and the longest roots (3.5
cm) were produced in the medium containing 0.2 mg/l of IBA. Finally, the rooted plantlets were adapted (90%)
in vivo condition by placing them on a mixture of cocopeat and perlite (2:1) substrate.

Conclusion: In this study callugensis, regeneration and rooting of A.scherzerianum’s petiole and leaf
explants were studied and different levels of plant growth regulators used for callugensis and regeneration. In
this study petiole explants showed the highest callugenesis and regeneration. MS medium containing BA (2
mg/l) and 2, 4-D (0.5 mg/l), was the best for callugenesis. Also the highest percentage of regeneration was
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observed in medium containing BA (0.75 mg/l) and 2, 4-D (0.05 mg/l). Moreover low concentration (0.2 mg/l)
of auxin has a better effect on rooting than high levels (1mg/l) so that the highest rooting percentage was
produced in medium containing IBA (0.2 mg/l) and the lowest rooting percentage was produced in medium
containing IAA (1 mg/l). Anthurium plantlets acclimized is cocopeat and perlite substrate (2: 1) with 90%
acclimation.

Keywords: Callus, Growth regulators, Regeneration, Rooting, Tissue culture
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characteristics of the farm soil Table 1- Some physical and chemical

b vy G o dgdiGes SBdbal o ewly ld 8 Jlel cole
S Clay Silty Sand Depth Soil acidity o P (mg/kg) P CL Organic S S
Soil (%) (%) (%) sample (PH) N (%) (Mg/kg) (Mg/l)  matter EC
(cm) (%)
texture (ds/m)
Sand clay 5 6.5 84 0-30 7.08 0.088 194.4 8 910 4.9 7.08
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Table 2- Analysis of variance of effect of irrigation and species on leaf proline of Tagetes spp

©lagpo ke
Mean Square

OlydS g 331 a3 lowd Jlosl 51 mg 39, 7

S Jlos! 51 (s 9, €Y

Slond Jlos! 51 (a9, Y

S.0.V df 21 days after treatment 42 days after treatment 63 days after treatment
sk 2 40.23" 55580.18™ 3242.81"
Block ' '
d)L.‘.:’" 2 62.55 n.s 143222.1* 10966.91 **
Irrigation
N 1 13,57 2342 31.25"
Species ' '
Sxakd 31.83" 16683.63™ 290.58"°
IxS ' '
il sl 4.41 43.381 10.84
Error ' '
e e pd 0 0 0
cV) 12.3% 10.84% 9.3%

Ll oo Moy N e ) 5 me g )l pixe puE CglS i 4 s g NS
ns, **: non-significant and Significant at 1% probability levels, respectively
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Figure 1- The Tagetes spp leaf proline changes affected by different levels of water deficit
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Table 3- ANOVA of effect of irrigation and species on leaf total Soluble sugars of Tagetes spp

Slaspo ke
df Mean Square
S e ey AR ominTY Jeellom e €Y Jleel l o g, WY
= G 3 Ay . . "
S.0.vV df Sl slowd S
21 days after 42 days after 63 days after
treatment treatment treatment
Block <ol 2 0.15"° 0.06"° 0.05™
Irrigation (Ll 2 1.03 0.55" 095"
Species xS 1 0.55" 0.76 0.66 "
IXS 445 X gyl 2 0.04"° 0.007™ 0.08™
Error il (slbs 10 0/0171 0.0171 0.03
CV) Clyps cup - 9.8% 11.3% 13.85%

2oV 90 maw 0 )b gxe g 40 me s ol iy 4 ik g % NS
ns, % and ==: non-significant and Significant at 5% and 1% probability levels, respectively
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Table 4- Comparison of mean effect species on leaf total soluble sugars of Tagetes spp

5 Sles Jlosl 51y 59, Y Sl Jlos! 51 (w59, €Y Sl Jlos! 51 g 59, 1Y
] 21days after treatment 42days after treatment 63days after treatment
Species (mg g™ F W) (mg g* F W) (mg g™ F W)
(T.erecta L) bl 1.5217*% 1.3783° 1.54200°
(T. patula. L.)sgusl 2 1.1813° 0.9667° 1.15878°
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Means followed by the same letter are not significantly different (P<0.05) based on Duncan’s multiple range test.
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Fig 2- TheTagetes spp leaves Soluble sugars changes affected by different levels of drought stress
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Tanle 5- Effect of irrigation and species on leaf relative water content (RWC) and soluble proteins of of Tagetes spp

leaf
Olrg o (pSiluo
Mean Square
Syt o 1 50 Joloe (L oyiig
RWC solution protein
Ol ysS ke @l amps e Jloel 1 o) VY e Jloel 1 oy BV e Jlosl e 5y Y Slew Jlesl Sl g gy BV
S.0.vV df 21 days after 42 days after 63 days after 63 days after
treatment treatment treatment treatment
Block s 2 16.46" 16.16™ 103.92™ 146.309™
Irrigation L. 2 584.05* 280.42* 428.86" 2672.493%
Species 45 1 0/23™ 13.93™ 179.54™ 568.450™
IXS 445 X gyl 2 11.07™ 6.31™ 66.51™ 92.365™
Error iobejl (ol 10 16.46 34.89 106.11 44,089
- 13.49% 7.76% 15.39% 13.92%

(CV) clus oo

2o Y 90 zokaw I dxe g 0 bxe puE Cgldl iy 4 s g NS
ns, **: non-significant and Significant at 1% and 5% probability levels, respectively
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Table 6- Mean comparison of effect of species on the leaf and leaf Soluble protein of Tagetes spp

Sy s glgizme 50

Joowe sy

RwWC Solution protein
Jlosl 51 ms 59, €Y Jlosl 5l e 3oy WY
591”_’ Sles Jlosl 51 g 59, VY Slosd Sl Jlos 51 g 59, 1Y o
31 21days after treatment 42days after 63days after treatment 63days after
Irrigation (mg g* F W) treatment (mgg* FW) treatments protein
(mg g F W) (mg g~ FW)
100%ET¢ 81.164° 80.093° 74.662° 71.641°
75%ET. 78.846 ° 76.776 2 68.232% 40.103°
50% ET¢ 68.335° 61.589° 57.903° 31.577°
St D gime Mo yd O grdaw )3 SOl (glaials Wi Q,o)'i ool eSS By ()b sl () Siho (gt yo p
Means followed by the same letter are not significantly different (P<0.05)

Cglay oa s (6 pSojlul sla o ls s ETC bopp YO 5 dali
3 ol A Co e D Klg o e ol 45 i samlie (> xe
Do 48,5 5l 5> juw (LS

NS85 o ee Olsiea (SS GET (B & gl L

Copol Pl dige cnl > gl plxl (olpl)le 538" 3 LS 2
ad Glie 9 0o Olie i 2l @ b bl o
9RWC Jliia 5 ylnl a0 )b Jlos 13 Sy J5 Jytone
Oy ol 2oV e+ Jle 3 Sy sl sl nign
Loy 0 ) o)l oS zghaw 1 (Sike 4 g Ll |y by Ske
Jobxo (slacnigys 5 Sy oo ol (Slgizma sl jasli (ETC
9 0o 09 lrcdglie (b Al sl g cdl Liald Sy
2 0dos SlopusilSn o &S (ol walals ) Jobono slai3



IVAF bl oF oylods F) aler ((5559LiS aalvo 5 pole) SLEL pole 4 pis  YVY

10-

11-

12-

13-

15-

16-
17-

18-
19-

21-

22-

23-

&bo

Ahmadi A., and Sio-Se Mardeh A. 2004. The effect of water stress on soluble carbohydrates, chlorophyll and
proline contents of four Iranian wheat cultivars under different moisture regims. Iranian Journal of Agricultural
Science, 35(3): 753-763 (in Persian).

Araji A. 2003. Effects of drought stress on physiological, morphological and biochemical characteristics some
olive varieties. Treatise Faculty of Agriculture. Tarbiat Modarres University, 213 p (in Persian).

Arazmjo A., Heidari M., and Ghorbani A. 2010. The effect of water stress and three sources of fertilizers on
flower yield, physiological parameters and nutrient uptake in chamomile (Matricaria chamomilla L.). Iranian
Journal of Medicinal and Aromatic Plants, 25(4):482-494 (in Persian).

Bacelar E. A., Santaos D. L., Moutinho-Pereira J. M., Lopes J. I., Goncalves B. C., Ferreira T. C., and Correia, C.

M. 2007. Physiological behavior, oxidative damage and antioxidative protection of olive trees grown under

different irrigation regimes. Plant and Soil, 292(1-2):1-2.

Bates L. s., Waldren R. P., and Treare |. D. 1973. Rapid determination of freproline for water stress studies. Plant
and Soil, 39(1): 205-207.

Ben Ahmed C.B., Rouina B.B., Sensoy S., Boukhris M., and Abdallah FB. 2009. Changes in gas exchange,
proline accumulation and antioxidative enzyme activities in three olive cultivars under contrasting water
availability regimes. Environmental and experimental botany, 67(2):345-52.

Bewley j D., and Larsen K. M. 1982. Differences in the responses to water stress if growing and nongrowing
regions of maize mesocotyls, protein synthesis on total, free and membrane bound polyribosome fractions. journal
of Experimental Botany, 33(3):406-415.

Blum A. 1996. Crop responses to drought and the interpretation of adaptation. Plant Growth Regulation, 20(2):
135-148.

Boyer J. S. 1970. Leaf enlargement and metabolic rates in corn, soybean and sunflower at various leaf potentials.
Plant Physiology, 46(2): 233-235.

Bradford M. M. 1976. A rapid and sensitive method for the quantification of microgram quantities of protein
utilizing the principle of protein-dye binding. Analytical Biochemistry, 72(1-2): 248-254.

Castrillo M., and Calcargo A. M. 1989. Effects of water stress and rewatering on ribolose-I, 5- bisphosphat
carboxylase activity, and chlorophyll and protein contents in two cultivars of tomato. Journal of Horticultural
sciences, 64(6):717-724.

Dasgupta J., and Bewley J. D. 1984.Variation in protein synthesis in different regions of greening leaves of barley
seedlings and effects of imposed water stress. Journal of Experimental Botany, 35(10):1450-1459.

De Kankova K., Luxova M., Gasparikova O., and Kolarovic L. 2004. Response of Maize Plants to Water stress.
Biologia, 13:151 - 155.

Ghasemi-Ghahsare M., and Kafi M. 2010. Scientific and practical potting. , Volume |, Tenth Edition, p. 55. (in
Farsi).

Ghorbanly M., and Niakan M. 2005. Effects of drought Stress on the content of soluble sugars, protein, proline,
compound of phenolic and nitrate reductase activity Gorgan 3 of Soybean. Journal of Tarbiat Moalem, 5: 537-549
(in Persian).

Hanson A. D., and Hitz W. D. 1982. Metabolic responses of mezophytes to plant water deficit. Annual Review of
Plant Physiology. 33(1):163-203.

Hekmati j. 2011. Seasonal flowers (flowers outdoors). Iran Agricultural Science .(in Persian).

Hendry G. (1993). Evolutionary origins and natural functions of fructanc. New Phytologist,123:,3-14 (in Persian).
Iturriaga G., Gaff D.F., and Zentella R. 2000. New desiccation tolerant plants, including grass, in the central high—
lands of Mexico, accumulate trehalose. Australian Journal of Botany, 48(2): 153-158.

luchi S., KobaYashi S., Yamaguchi—Shinozaki K., and Shinozaki K. 2000. A stress-inducible gene for 9-
cisepoxycarotenoid dioxygenase involved in abscisic acid biosynthesis under water stress in drought—tolerant
cowpea. Plant Physiology, 123(2): 553-562.

Kamali M., Goldani m., and Farzaneh A. 2012. The effect of that different irrigation levels on growth parameters
and photosynthesis and hydrogen peroxide in Amaranthus tricolor. Journal of Soil and Water (Agricultural
Science and Technology), 26:318-309. (in Persian).

Kameli A., and Losel D. M. 1995. Contribution of sugars and other solutes to osmotic adjustment in wheat leaves
under water stress. Journal of Plant Physiology, 145(3): 366 - 367.

Khaleghi A., Arzani K., moalemi N., and Barzegar M. 2014. To study the Effect of kaolin on fluorescence and
chlorophyll content Olive leaf seedlings (olea europaea L.) Journal of Plant Production .Journal of Agriculture, 37
(2): 139-127. (in Persian).



vy

e ST g 1 9 O (o (slginn c Jolono (SWuiS (ol g . Ol i Wigy p (ot SIS

24-

25-

26-

27-

28-

29-

31-

32-

33-

35-

36-

37-

38-

30-
40-

41-

Khorshidi M., Rahimzadeh b., Yarhadi M., and Noormohammadi, GH. 2002. The Effects of drought stress on the
growth of potato varieties. Iranian Journal of Crop Sciences, 4(1): 59-48 .(in Persian).

kuchaki A., Hosseini M., and Nasiri mahalati M. 1993. The relationship between water and land in crops
(translation). published by Mashhad ACECR. 560 p .(in Persian).

Pérez-Lépez U., Robredo A., Lacuesta M., Mena-Petite A., and Munoz-Rueda A. 2009. The impact of salt stress
on the water status of barley plants is partially mitigated by elevated CO 2. Environmental and Experimental
Botany, 66(3):463-70.

Lowlor D. W., Cornic G. (2002). Photosynthetic carbon assimilation and associated metabolism in relation to
water deficits in higher plants. Plant Cell and Environment, 25(2): 275-294.

Mahmoud Nyamymnd M., Farsi M., Marashi H., and Ebadi P. 2012. Study the physiological responses to stress
four species of tomato. Journal of Horticultural Science (Agricultural Science and Technology), 26(4): 416-409 .
(in Persian).

Martin M., Micell F., Morgan J. A., Scalet M., and Zerbi G. 1993. Synthesis of osmotically active substance in
winter wheat leaves as related to drought resistance of different genotypes. Journal of Agronomy and Crop
Science, 171(3): 176 - 184.

Moaveni P. 2011. Effects of drought stress on antioxidant enzymes and proline in sorghum. Quarterly Journal of
Crop Ecophysiology. (1):24-30. (in Persian).

Monakhova O. F., Chernyadev I. I. 2002. Protective role of kartolin-4 in wheat plants exposed to soil drought.
Applied Biochemistry and Microbiology, 38(4): 373-380.

Niknam, V., Razavi, N., Ebrahimzadeh, H., and Sharifizadeh, B. 2006. Effect of NaCl on biomass, protein and
proline contents and antioxidant enzymes in seedlings and calii of two Trigonella Species. Biologia Plantarum. 50
(4): 591-596.

Nilson E. T., and Orcutt D. M. 1996. Physiology of Plant under stress (Abiotic factors). Abiotic factors.
Physiology of plants under stress. Abiotic factors. New York. Pp. 322-36.

Ouvrard O., Cellier F., Ferrare K., Tousch v., Lamaze T., Du J.M., and Casse-Delbart F. 1996. Identification and
expression of water stress- and abscisc acid-regulated genes in a drought-tolerant sunflower genotype. Plant
Molcular Biology, 31(4): 819-829.

Pagter M., Bragato C., and Brix H. 2005. Tolerance and physiological responses of phragmites australis to water
deficit. Aquatic Botany, 81(4):285-299.

Rai V. K., Singh P.G., Thakur S., and Banyal S. 1983. Protein and amino acid relationship during water stress in
relation to drought resistance. Plant Physiology and Biochemistry. 10: 161-167.

Ritchie S. W., Nguyen H. T., and Haloday A.S. 1990. Leaf water content and gas exchange parameters of two
wheat genotype differing in drought resistance. Crop science, 30(1):105-111.

Shariat A. Asareh M. H. 2006. The effect of stress on the plant pigments, proline, soluble sugars and growth

parameters Eucalyptus species. Research and development. 149: 78-139 .(in Persian).

Sheligl H.Q. 1986. Die verwertung orgngischer souren durch chlorella lincht. Planta Journal,47-51

Valadabady S. A. A., Shiranirad H. and Farahani A. 2010. Effects of selenium on the eco-physiology of zeolite
and drought resistance varieties of rapeseed plants .(in Persian).

Valentovic P., Luxova M., Kolarovic L., and Gasparikova O. 2006. Effect of osmotic stress on compatible solutes
content, membrane stability and water relation in two maize cultivars. Plant Soil Environment journal, 52 (4): 186
—-191.



Journal of Horticultural Science (5529155 gl 5 pole) (Ll pole &y 2l

Vol. 31, No. 2, Summer 2017, P. 365-375 =z, YEO-YVB. 00 AFRF liaatli ¥ ol ) ke
ISSN: 2008 - 4730 A Ay Yerh— FYY. Lo

Effect Of Water Stresson Trend Changesof Leaf Proline, Total Soluble Sugars,
Relative Water Content and Soluble Protein of Two Species of Pot Marigold

S. M. Mousavi'- M. Chehrazi’*- S. Khaleghi®

Received: 29-02-2016
Accepted: 27-07-2016

Background and objectives: Water stress is one of the most important environmental stresses in agriculture
and urban landscape management. Water stress has been defined as the induction of turgor pressure below the
maximal potential pressure. Previous studieshave showed that drought had been negative effects on
morphological, physiological and biochemical characteristics of plants. Changes in protein expression,
accumulation, and synthesis have been observed in many plant species as a result of plant exposure to drought
stress during growth plants. The maintenance of plant water potential during water deficit is essential for
continued growth and can be achieved by osmotic adjustment mechanisms resulting from the accumulation of
compatible solutes such as proline in the cytoplasm. Proline acts as a "compatible solute”, i.e. one that can
accumulate to high concentrations in the cell cytoplasm without interfering with cellular structure or metabolism.
Proline has a protective action which prevents membrane damage and protein denaturation during water stress.
Accumulation of sugars in different parts of plants is enhanced in response to the variety of environmental
stresses. Marigold(Tagetesspp.) is a genus of annual or perennial, belonging to the Asteraceaefamily, that is used
as a marginal flower in the landscape.Due to the fact that drought stress is one of the most important problems
especially in the agricultural industry and also in the landscape, it is necessary to study the damaging effects of
drought stress on plant characteristics. Therefore, the aim of this study was to investigate the effect of different
levels of water stress on physiological and biochemical characteristics of two types of pot marigold.

Materials and Methods: A research was conducted in order to investigate the effect of different levels of
water deficit (100 as control, 75 and 50 percent of potential evapotranspiration (ETcrop)) on trend changes of
leaf proline, total soluble sugars, relative water content and soluble protein changes in two species of pot
marigold (French and African) as a factorial experiment based on a randomized complete block design with
three replications. In this experiment, two species of pot marigold seeds (African and French) were planted in the
trays including cocopeat. Then seedlings were transplanted to pots with 19 x 16 cm dimensions. After
transplanting, the seedlings were irrigated well for 3 weeks. Then plants were irrigated with 100%, 75% and
50% ETcrop. Parameters such as leaf proline and total carbohydrates content, leaf relative water content were
measured three times at intervals of once every 21 days but the amount of soluble proteins was measured one
time in 63 days after treatment. Data analysis was performed using MSTATC software and mean comparison
was done by Duncan's multiple range test at 5% and 1% probability.

Results: The results showed that leaf proline and total soluble sugars increased with incrementin levels of
water deficit and the trend changes of leaf traits were increased with the passing of time. So that, in 43 days after
water stress treatment, leaf proline content had an increase of 3 or 4 times in 50% Etcrop irrigation treatment
compared with the control and 75% Etcrop irrigation treatment, respectively. The highest levels of leaf proline
(119.28 mg per gram of fresh weight) and total soluble sugars content (1.8 mg per gram of fresh weight) was
related to 50% ETc treatment. The amount of leaf total soluble sugars was also higher in African species
compared with French species. The results showed that the leaf soluble proteins and relative water content
decreased with reducingirrigation, so that the lowest amount of relative water content (57.9%) and soluble
protein (31.57mg per g fresh weight) were obtained in 50% ETc treatment.

Conclusion: When the plants were exposed to progressive drought stress, changes appeared earlier in
relative water content, whereas later effects in the levels of free proline, total soluble sugar, total soluble protein.
The results showed that irrigation had significant effects on all evaluated parameters such as leaf proline, total
soluble sugers, RWC and soluble proteins. Our findings also showed that there was no significant difference
between control treatment and 75% ETcrop treatment in the measured indices and it's importancfor optimal

1, 2 and 3- M. Sc and Assistant Professors, Faculty of Agriculture, Shahid Chamran Universityof Ahvaz
(*-Corresponding Author Email: chehrazi _ m@yahoo. com)
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management of water in landscape couldbe considered. Finally, it can be expected that African species is better
than French species for planting in landscape.

Keywords: Irrigation, Potential evapotranspiration, Water deficit
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Figure 1- Effect of cytokinin types on percentage of regeneration and number of plantlets of gerbera capitulum explant



\yag OL:-Mn\J.u. Y o)Ln.& ARIRYES L(‘sj)gw élLuo 9 rs,.l.c) @L..cb ﬁ,.Lc Ag”{:u YA

ol ¥ IS5 50 oS aisSiled (sadgs dazalS sluws Llxd
555 P VIEY 5L b (s g5 amalS slasd oy ik 33,5 o0
odnl e pae cle o Eagle cuig) ) .05,5 sdalie Sunway
) ol 9 4,5 15l slazals assSons (il @M
o Db polaidl ag 5 ay Blod ol 5l (1 Slae oy 28
$idg azalS sl bld 5l Dune 4 Pink Snow slacuiess
20,55 odnlie (gl bxe VS

Sy9=0 Glico ) (S gl (130,598 £ 9 i sij Sl )]
by

2 O g (190090 £95 9 gy blie SIS ol L s
CuiiS lagze g 091 Jld iz do > S Jlosin] pdaw 53 o155k duo pd
P pyS e /Y 9BA fgop9m y 1) ey S e ¥ gols
4, Pink Snow 4 Sunway clac 555 0 IAA s o)en i
Laoyd oy i o 21550 a2 DAIYY 5 SAFY Sl b iy
slecaigy eled ) 00,5 Wl Jeuls cladigai; )5 1) 215k
>~ d}.ﬂ@c ).uL’ KIN 9 2|P L;Lm‘_”_a)}m ))g)l_{ co.)l.é.lf.w‘ J)}e
oo ) 35l a5gSomn g cudly Jals ladisei oI55k
09092 dylS L) ©jg0 Iagayon nl 59l slacuiS
~asgein) @il 2 sk ;U BA Ggeyen 308 Sl (p)]
28 L aS og gy ks Bagle cuigy el Jonls gl
ol 2 @3l Mo asgomn (S st e psn il gl
(Y Jsia) 25,5 sanline

u‘l'))b o yo
Regeneration (%)

ol (2155 azalS sloss

S 0)lS L (VA) hhlSen g bluwg > dudss )
BA 1 3 )5 (oo ¥ g IAA ;) )3 235 (o oV (S90y9m
qls Wb ageine) yn p3 LS VY adgs 5 a3l 4 (3390
sy I35l doyd (it 4 (L 55 pSle lagdy
2 eS8 e ¥ gls MS cutS oo 3 00 g5 alS
IAA Ggeygn yid 3 )5 (oo oIV LS 5 3 BA (9090
Lagingh gt Adbie Bl Gliie plo s b oS 4 Jol
i o )lud L el BA (ggls MS S Lao 55 45 amd o i
sbapgygn (il alie 93,5 (0 20 (3L e
b gy (il e bl S5 g il
2w & Cund BA 55 (M) 2ip< Kin< BA iyl oo (asuie
obals L bLs)l ) slacind (900 cutS blpd )3 b (308 g
s lo sl oads ()58 Calizes gladigaisy jl odlainl b (goaxis
2l 4 Cuwi BA (g)98 3 49dlS 95 5 dfon) 5l
ASbe BA jScanlio (0 Slas Guly B3 1 (S o 0 i
)

L)) 2590 Sl 1 il )

PRI uLu»J L?’]))L LY b?f)‘" dL‘“-’I-‘ O&La WLM W
cul Jonls ldigein) 215k Mo p )b e 15U iy
o5be L) Sunway g5 o 235k Moy cp i (P =+/40)
L Pink Snow csg5 ol 5l G 9 03,5 odalie (3> YV/AS
2 00 g 315 518 ped ady 1 oli5l deyd W (SSle
(¥ JS) 300,55 ssalie l55L @3Me 495un Eagle cuig)
Hlesgsas asn,S 58 55 (Y8 9 A YY) , K0 Lbise
D) gledind 9,0 balpd > Jginls digeisy 2l5k 2 gl sne

n. of regenerated plantlet

1255 Hibeo Scisij Jonls digein) )3 0w (2l35k ol dlani g a3l wo)d » iy H1- T S
Figure 2 — Effect of genotype on regeneration percentage and plantlets number of capitulum explant of different genotype of
gerbera
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Figure 3- The right picture: plantlet regenerated of gerbera cv. Sunway, the left picture: capitulum explants of gerbera cv.
Sunway
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Table 1- Interaction effect of cytokinin types xgenotypes on regeneration percentage of gerbera capitulum explants

i35 (3 m&i«» £) M?«w ‘;;B‘us“ &
: Cytokinin type (4 mg
Genotype KIN 2P TDZ BA
Famous 0.00 h 0.00 h 8.17¢g 34.83d
Sunway 0.00 h 0.00 h 19.17 f 68.67 a
Red Pearl 0.00h 0.00h 0.00h 32.83d
Pink Snow 0.00h 0.00h 9.83¢g 58.33 b
Popov 0.00h 0.00h 0.00h 31.00 de
Balance 0.00h 0.00h 0.00h 40.83 ¢
Dune 0.00h 0.00h 25.33e 29.83 de
Eagle 0.00h 0.00h 0.00h 0.00h
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Means followed by the same letters are not significantly different at p<0.05 based on Tukey’s test.

aogs )5 Jowls cladigeiny 2155k Caa onS gam (90590 o pL3)] Jodll 8o 0l 0l55L a5l sl b alaily )

sladigain) ) 2135k Al Cap S gl £95 n ke 9 9,5 (0
8boo BA (gey98 (Joimls
Lulyd )3 05) p g Cusl 50 )5 )3 bigeiss) 2135k 53 05,
o g add o (U5 pB)) plos 5l gliste  Sewly (ladud 9,0
@ 4 (S oyl L oli5b (sl iy laoaisS el aige
oyd oy i gy 3l yiSu cpl 33 (YF 9 VA ) o)l o8, &
¥ sols MS e b 3 oad olj5b 4zl slaws g o550
2 3 pyS e IV LS 5 3 BA f9ey98 yid 10 S e
Oy o el BA sl 4 do g b o Juols TAA 9050

xS |y SUTWGY i 5 ol (3 g e gl 4
S by e )3 1) iy asalS sl (i caomalS FIVY
i 5 e 1Y 3 BA aign 15 3 o8 e ¥ issle
b 3 )8 (oeigf (=l L daily 53 3505 45 TAA (9090
el i) > oS dea ¥ Bl L TDZ (gongm (ool i
Jb ol b g )5 aolS YIVY & g azlS ol ials
oialejl @l 8 5 pgd a5y, sy aalS slaw L |
agSoen KIN 5 21P (el S Lo o 3 4 S ol ol
€9 90 o=l culpli (Y Joiz) 200, 155 (sleoals



A5 bl oY 05louls Yl (((53)9LaS @ilio 5 poke) (bl pole @ pis FAY

53,5 iy

duayiso 5 4 D50 (il sladilr ad Jlb g ol codle
s 1)y g Laasly o0 el Wy o 90)9n ol 38

Tyrp5 Bt 0Byl Jgim S (sLadigeiss ) o (221551 42l Masi y Gadgi X (S gl £ GiSed 1 Y Jgu>
Table 2— Interaction effect of cytokinin types xgenotypes on number of regenerated plantlet of gerbera capitulum explants
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Genotype KIN 20P TDZ BA
Famous 0.00e 0.00e 0.00e 2.55d
Sunway 0.00e 0.00e 3.73b 6.73 a
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Eagle 0.00e 0.00e 0.00e 0.00e
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Means followed by the same letters are not significantly different at p<0.05 based on Tukey’s test
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Figure 5- Effect of BA concentrations on regenerated plantlet of Sunway genotype.
Right picture: 2 mg/l and the left picture: 1 mg/I
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Table 3- Effect of auxin types on rooting of regenerated explant of gerbera sunway genotype
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Type of auxin Root length (cm) n. of secondary root n. of origin root Rooting (%)
»MS + @ 4.84a 2.32a 3.47b 100.00 a
% MS + 1 mg/l IBA 425a 3.0la 5.53a 100.00 a
% MS + 1 mg/l IAA 442a 2.54a 4.34b 100.00 a
% MS + 1 mg/l NAA 0.77b 0.00b 1.87¢c 55.00 b
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Means within the column followed by the same letters are not significantly different at p<0.05 based on Tukey’s test
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Introduction: Gerbera is one of the most important ornamental plants in the world. The importance of

Gerbera is due to its beauty, diversity and economically aspects. Traditional propagation methods such as crown
division and cutting methods are not suitable for obtaining disease free plants and rapid multiplication. These
methods also do not have the capacity to fulfill global demands. Therefore, obtaining efficient protocol for
micropropagation of this ornamental plant is necessary.

Materials and Methods: In this study the effect of various factors on in vitro regeneration, proliferation,
rooting and acclimation of gerbera capitulum explants were analyzed in four separate experiments. Capitulum
explants were first washed with running tap water for 30 min then surface sterilized by dipping in 1.5% sodium
hypochlorite solution for 15 min and rinsed with sterile distilled water, followed by immersing in 0.1 % mercuric
chloride solution for 10 min. To remove mercuric chloride residue, capitulum was rinsed with sterile distilled
water. Subsequent washing was done with sterile distilled water for three times. Sterilization steps were done
under laminar air flow hood. For regeneration, eight genotypes of gerbera capitulum explants (Famous, Sunway,
Red Pearl, Pink Snow, Popov, Balance, Dune, Eagle)were cultured on solid MS medium containing several
cytokynins, BA, TDZ, 2IP or KIN (4 mg/l) in combination with IAA (0.2 mg/l). In proliferation stage, the effect
of different concentrations of BA was evaluated on proliferation rate of Sunway regenerated explants. In the
rooting stage, Sunway genotype plantlets were cultured on ¥2 MS medium containing NAA, IBA or 1AA (1
mg/l) or ¥2 MS medium without any hormones. The pH of the medium was adjusted to 5.7-5.8 prior to
autoclaving (15 min at 121 °C and 1.5 kg.cm-2 pressure). The cultures were incubated in a growth chamber at
25+2 °C with a 16-h photoperiod (2500-3000 Lux) provided by cool-white fluorescent lamps. For acclimation of
rooted plantlets, different substrates used as follow: 1- perlite, 2- perlite: Cocopeat, 3- Cocopeat: peat moss, 4-
Cocopeat: peat moss; treated with fungicide.

After 30 days, the response of explants was evaluated for each experiment. Data preparation was done in the
Excel program and data analysis was done using JMP-8 software. Mean comparison of the treatments was done
by Tukey test and finally the charts were drawn using the Excel program.

Results and Discussion: The results of regeneration stage showed that application of MS media containing
kinetin or 2IP did not make an appropriate response to capitulum explants and no regeneration was observed in
this condition. The medium containing 4 mg/l BA and 0.2 mg/l IAA indicated the highest percentage of
regeneration in all genotypes.

The highest regeneration was observed in Sunway genotype with an average of 21.96%. On the other hand
no regeneration was observed in Eagle genotype. In terms of the number of regenerated plantlet, the highest
number (61.2) was attributed to the Sunway genotype while no plantlet was recorded for Eagle genotype. No
significant differences were also observed between Pink Snow and Dune genotypes.

For the proliferation stage, only Sunway genotype was utilized due to its vigorous growth in comparison to
other genotypes. In this stage, the highest (6 regenerated plantlets) and the lowest (1 regenerated plantlet)
regeneration rate were observed in MS medium containing 2 mg/l BA and hormone-free medium, respectively.
Hormone-free %2 MS medium and %2 MS medium containing 1 mg/l IAA or IBA, indicated the highest rooting
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rate (100% rooting) while medium containing 1 mg/l NAA showed 55% rooting rate. It seems that the
application of NAA in the medium composition had the lowestimpact on the rooting of regenerated plantlets. At
the end of the experiment, the highest (90.42%) and the lowest (47.5%) acclimation rate was obtained in peat
moss + cocopeat + fungicide medium and perlite medium, respectively.

Conclusions: Generally, for shoot induction of gerbera through capitulum culture, application of MS
medium containing 4 mg/l BA and 0.2 mg/l IAA is recommended. It is also concluded that for proliferation
stage, the MS medium containing 2 mg/l BA showed the highest rate of regeneration. Using of Hormone-free %2
MS medium is economically affordable. Finally for acclimation of the plantlets, application of peat moss +
cocopeat + fungicide medium is recommended.

Keywords: Acclimation, MS medium, Proliferation, Regeneration, Rooting
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Table 1- ANOVA of drought stress on studied traits of crested Agropyron spp and Super sport turfgrass

Slaye (pSSle
MS
I Slyime o . . . cwrs _
e 7 ar O g 59l J5 Jado S b Jsdg is a Jodg IS S Sposye  Spdd
Source &33! Pr;Iin:a o Electron Total Chlorophyll  Chlorophyll ¢ Leaf Leaf
of Df Sy leakage Chlorophyll b a Visual width length
variance RWC quality
439?_ 3 7.28% 865.61* 1014.76** 24.87* 3.05* 12.86" 1.07* 0.16" 2.91%
Species
i~
Drought 2 9.62" 923.05™ 981.61* 16.05* 0.53™ 11.59% 3.69" 0.27* 14.76™
stress
“g5
6 0.20° 389.62" 427.50* 13.94% 1.07* 77707 1.65" 0.01™ 1.55"
Drought ) ) ) : : ' : '
X
Species
s
Error 24 0.06 5.28 531 0.86 0.43 0.48 0.19 0.01 0.12
2o Y 90 Jlein! maw )3 ()b dme (gl Gxe pis iy ik g % NS
ns, * and **: not significant and significant at 5 and 1% probability level, respectively
adllas 590 Gl 1 (Jugh ) WIS 9 4ig8 1=V Jgu
Table 2- The effect of specie and drought stress on studied traits
Slyexs L s oo Job
TV B JS Jidg i b Jidg 5 a Jedg k5 Tl Sy Sy
= N ion Jg Total Chlorophyll  Chlorophyll . Leaf Leaf
Proline Sy oo .
: leakage  Chlorophyll b a Visual  width  length
RWC quality (mm)  (mm)
Species 45
A. cristatum 4/b55 76/95b 23/71b 21/58¢c 6/62c 14/96b 6/22b 1/91b 7/76b
A. 5/30a 81/67a 18/84c 24/29a 7/96a 16/32a 6/77a 2/05a 8/51a
elongatum
A. 4/71b 80/61a 20/11c 22/72b 7/37ab 15/35b 7/00a 1/97ab 8/22a
desertorum
Super sport 3/17c 60/55¢ 41/72a 20/39d 6/94bc 13/44c 6/88a 1/74c 7/20c
gy LS
(Drought
stress)
85% FC 3/77c 82/09a 18/21c 22/83a 7/20a 15/63a 7/00a 2/01a 8/49a
65% FC 4/08b 77/59b 24/11b 22/99a 7/44a 15/54a 7/08a 2/00a 8/46a
45% FC 5/45a 65/16¢C 35/97a 20/91b 7/02a 13/88b 6/08b 1/74b 6/65b

B s gime Caglis Z0uSo b doyd & Jlein] aws 3 LSD (9051 ool e ailiio o K JBlas (s Jole s (gl g gty p3 oS goluel
Numbers followed by the same letter are not significantly differentns (P<0.05) based on LSD test
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Figure 1- The effect of drought stress on visual quality of turfgrass
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Table 3- Interaction effect of drought stress xAgropyron spp. and Super sport turfgrass on studied traits

€S SWe Total JS' Jdg 5 b Jidg S 8 Jedg 5 Sy obss Sy dob
Species Drought Chlorophyll Chlorophyll Chlorophyll a Leaf width Leaf length
b

85% FC 20/91g 6/41de 14/50c 2/04a 8/25¢c

A. cristatum 65% FC 22/45¢-g 6/75¢c-e 15/70ab 1/99a 8/84bc
45% FC 21/37fg 6/70c-e 14/67bc 1/70a 6/21f

85% FC 23/69a-d 7/40a-d 16/28a 2/06a 8/44c

A. elongatum 65% FC 24/83a 8/42a 16/40a 2/12a 9/49a
45% FC 24/34ab 8/07ab 16/27a 1/97a 7/60d

85% FC 22/83b-f 7/18b-d 15/65a-c 2/05a 8/63c

A. desertorum 65% FC 23/05b-e 7/51a-d 15/54a-c 2/07a 9/38ab
45% FC 22/30d-g 7/43a-d 14/87bc 1/81a 6/65ef

85% FC 23/89a-c 7/8la-c 16/08a 1/88a 8/65¢

Super sport 65% FC 21/64e-9 7/11b-d 14/52¢ 1/81a 6/84e
45% FC 15/64h 5/91e 9/73d 1/49a 6/13f

B8 ()l ine sl ;K00S0 b duo > O Jleis] oo 3 LSD (03 ol it sl G S Jolis (slyls Jale yn (sl gyt p 0 oS (golacl
Numbers followed by the same letter are not significantly differentns (P<0.05)
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Figure 2- The effect of drought stress on electron leakage of Agropyron spp. and Super sport turfgrass
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Figure 3- The effect of drought stress on RWC of Agropyron spp. and Super sport turfgrass
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Figure 4- The effect of drought stress on leaf proline content of Agropyron spp. and Super sport turfgrass.
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Introduction: Lack of water resources is one of the most problems ofincreasing urban green spaces. Over
the last threedecades, turfgrass and lawn researches have put significant effort into developing and evaluating
turf species that have good drought resistance. As water conservation becomes an important issue, considerable
interest is increasing in identifying grasses that require less water. Plants with good drought resistance are those
that are able to survive stress by means of drought avoidance, drought tolerance at leaf water potentials, or both.
The efficient use of water is made possible by understanding the effects of irrigation water on crop development
and vield. Drought affects the visual quality, growth rate and evapotranspiration. Researchers reported that
turfgrass subjected to drought conditions for short periods could sustain a fairly good appearance by irrigation
about half of its consumptive use whenever soil moisture level falls to near permanent wilting point. Drought
stress caused decrease in RWC and visual quality of many grass cultivars. In drought conditions resistance grass
showed increase in proline content on their leaves. Therefore the use of native grasses with high-strength instead
of grass imported with low-resistance is one way to increase green space and reduce costs. The purpose of this
study was comparednative grasses with commercial grass cultivars.

Materials and Methods: This study was to evaluate the yield and resistance of native grasses to drought
stress in 2014. This experiment was conducted in Khorasan Agricultural Research Center. NativeAgropyron
grass species includedAgropyronelangatum, A. desertrum, A. cristatum and commercial cultivarwassuper sport
and third level of stress, including severe stress (45% FC), moderate stress (65% FC) and control (85% field
capacity) were experimental treatments. Plants were cultured in PVC containers measuring 9 cm in diameter and
60 cm deep under greenhouse condition. Soil was mixture of 70% loam soil, 20% pit mass and 10% sand.
Greenhouse air temperature was maintained between 22 and 28 centigrade degree. All plants were maintained
under well watered conditions for 45 days before drought stress. This experiment was designed in factorial
experiment based on completely random with fourreplicates. After the stress treatment parameters such as length
and width of leaves, chlorophyll a, chlorophyll b and total chlorophyll content, visual quality, electrolyte
leakage, RWC and proline content of leaves were measured. Length and width of leaves were measured with
ruler. Proline content, RWC percent, chlorophyll a, chlorophyll b and total chlorophyll content of leaf, visual
quality and leaf electrolyte leakage weremeasured with standard protocols. Analysis of the data by statistical
software JMP 8 and graphs with Excel 2010 was drawn.

Results and Discussion: Result of the experiment showed that those native species have different response
to soil moisture stress conditions. The highest and lowest lengths of leaf were observed under45% field capacity
in A. elangatum and super sport grass, respectively. The results showed that width of leaves of A. elangatum
increase and then decrease in super sport. Under drought stress conditions A. desertrum has best visual quality
with 6.07 score. Highest chlorophyll a and total chlorophyll were observed in A. elangatum. The lowest
electrolyte leakage under drought stress was obtained from A. elangatum with 17.91 percent. RWC content in the
native A. elangatum increased to 82.12 compared with super sport (control). A. elangatum under drought stress
showed highest proline content and commercial cultivar (super sport) indicated lowest proline content at 45%
field capacity irrigation. Selahvarzi and et al. (2009) found that visual quality of tall fescue decrease in drought
stress. In drought stress, RWC percent decrease in grass species. Proline content was increasedupondrought
stress inLoliumperenecool season grass. Many studies on native cultivar indicated that native turfgrass cultivar
have more resistance to drought stress compared with exotic turfgrass cultivars.

Conclusions: According to the results, we said native grass species under drought stress conditions have
better quality compared with imported grass cultivar such as Super sport. Visual quality in native grass was
suitable for use in urban landscape, that visual quality show little change in drought stress and leaves were fresh
in this conditions. The best visual quality of two native species A. elongatum and A. desertrum was observed

1, 2 and 4- Ph.D student, Associate Professor and Professor of College of Agriculture, Ferdosi University of Mashhad
(*- Corresponding Author Email: parsa@um.ac.ir)

3- Associate Prohessor, Forests and Rangelands Research Department, Khorasan Razavi Agricultural and Natural
Resources Research And Education Center, AREEO, Mashhad, Iran
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under 65% field capacity. Nativegrass cultivars were more resistance than imported grass cultivars. This study
showed that native grass such asA. elongatum and A. desertrumhas low cost to use and these turfgrass need to
lower water irrigation than commercial grass Super sport. Then two species can be introduced as low-input
cultivars.

Keywords: Drought stress, Electron leakage, Native grass, Imported grass, Proline
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Figure 2- A.bisporus Gene Transformation Basic Schema. 1. Minimal Culture Medium (MM). 2. Induction Culture Medium
(IM). 3. Used Mushroom. 4. Vacuum Pump. 5. Co-Cultivation Medium 6.Selection Medium (SM) With Control

(Nontransgenic Samples)
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Introduction: The white button mushroom does not produce remarkable yield in the third flash. Nutritional
deficiency and the inability of this mushroom to efficient use of compost are mentioned as its reasons. Basically,
compost includes two major food components, lignocellulose and microbial biomass. But this microbial biomass
provides just 10% of button mushroom food needs. According to research studies, differentenzymes in both
white button mushroom and oyster mushroom are responsible for decomposition of lignin compounds in
compost media, from begin of mycelium grows to the end of fruiting. Lacasse, manganese peroxidase, lignin
peroxidase, glyoxal oxidase enzymes contribute to degradation of lignin compounds in degradation mushroom
has proven by researchers however itis dependent on mushroom types. Manganese peroxidase enzyme (EC.
1.11.1.13) is an extracellular parser lignin enzyme that has a central peroxidase core. Manganese peroxidase
enzyme oxidizesMn®* to Mn** and then Mn*" oxidizes phenolic structure to fonoxile radical. Produced Mn** is
very active and makes complex by chelating organic acids that is produced by mushrooms such as oxalate or
malate. Mn** ions become stable by helping of these chelates and it can penetrate through materials such as
wood. On the other hand, in recent years, plant biotechnology provides new solutions for old problems such as
use of microorganisms, particularly using bacteria for gene transfer and improvement of superlatives. For a
sample of this method, Agrobacterium-mediated transformation system can be noted. In addition, the use of
suitable promoters for heterologous genes expression in suitable hosts is an important strategy in functional
biotechnology that has been raised in edible mushroom genetic engineering. The lack of efficient and sufficient
use of compost, low power of white button mushroom in competition with other rivals, lack of yield per area unit
due to production costs, pests and diseases, low flexibility and adaptability with environmental conditions
changes are some of the problems that the mushroom reformers are faced. Unlike the great efforts made by
researchers, conventional breeding techniques to produce the A. bisporus mushroom only have been led to
produce a few new races. Therefore, todays some problems associated with traditional methods of breeding of
edible mushrooms, including the need to provide races that have desired characteristics, the traditional method
performance tests and low chances of success in the transfer of important agronomic characteristics such as
functionality and disease resistance. So, they almost have been replaced with new biotechnology methods.
Anexample of this method is to manipulateproperties transformation for the particular purpose. Modification of
both expression or type of lignin degrading enzyme are possible solutions to deal with this problem, but these are
not applicable or are difficult to be done with traditional breeding programs. In recent years, gene transformation
mediated with Agrobacterium routinely is used for gene transformation to mushrooms and is proposed as a
method for removing limitations of white button mushroom breeding.

Materials and Methods: In this research, the oyster mushroom strain Florida was used as the source of
manganese peroxidase (mnp) gene and white button mushroom strain 737 gill and cap tissue were used as
transformation host. Agrobacterium strain LBA4404 harbors p133H88-FM plasmid thatcontainsmnp gene of
oyster mushroom and also hph gene under control of gpdll promoter of the button white mushroom strain 1M008
was used as a transformer. Selection medium containing 30 mg/ml Hygromycin B and was used for selecting
transformed explants. To confirm transformation, PCR with specific primers of mnp and hph genes was
performed on genomic DNA of selected colonies.

Results and Discussion: Results showed the gill tissue explants, with transformation rate 5%, have a better
response to applied transformation method than cap tissue explants, with transformation rate zero percent. As
expected, polymerase chain reaction with specific primers ofhph and mnp genes amplified 1049 and 1086 bp
fragments and verified the transformation of mycelium's grown on selection medium. It seems that Bacterial

1 and 2- Graduated M.Sc. and Professor in Agricultural Biotechnology, Faculty of Agriculture, Ferdowsi University,
Mashhad, Iran
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strain and also used plasmid were one of the responses for observed low rate transformation which is in
accordance with leach and co-workers study. Finally, we could propose that cap tissue is more suitable for
further gene transformation of this mushroombecause of high transformation rate of cap tissue.

Keywords: Agrobacterium, Compost, Gene transformation, Lignin degradation, White button mushroom
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Figure 1- Schematic picture of a Hayward mature first-order axillary bud. The numbers of structures depicted are mean
numbers per bud (36)
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Table 1-Principal phenological stages in BBCH scale at fruit crops

Stageal> o Stage descriptionals o &, Stageals ,» Stage descriptionals o &,
0 Bud development «ilg>- ge5 6 Flowering ».15
1 Leaf development.s,, soi 7 Fruit developmentog.e go5
2 Shoot developmentasli ges 8 Maturity of fruitog.e ¢l
5 Inflorescence emergence -3 S g8l 9 Senescence, Clss g9, «s

Beginning of dormancy
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Table 2- Bud differentiation progression ofActinidiadeliciosacv.‘Tomuri’ in 2015 and 2016.

S99 dl> o Al o oS 1Far-a€ yrag£-q0
Phenology stage Stage 2015 2016
Dormant >, 00* Before 2015.3.14 Before 2016.3.11
Bud swell «lg> )55 01 2015.3.14 2016.3.11
Advanced bud swell &l «b i o) 03 2015.3.22 2016.3.16
Before of budburst s el ;1 s 05 2015.3.29 2016.3.21
Budburstalss s ;i 07 2015.4.3 2016.3.24
Advanced bud burstales 4 i, s 09 2015.4.5 2016.3.26
Open clusterasgs ;a6 54 10 2015.4.10 2016.3.28
Advanced open clusterasys. 4y, ous jb 11 2015.4.12 2016.3.29
Tight flower bud 5 ale s (glasSs 51 2015.4.15 2016.4.5
Sepals begin to separatelacs ,wls 5uS 5 55 2015.5.5 2016.5.4
Corolla at balloon stage gL 57 2015.5.22 2016.5.10
*Numbers indicatesecondary stages of BBCH. ol “Flimwas” e  dlgy Wby o4b ol pe osimd i dlachs
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Table 3- Bud differentiation progression of Actinidiadeliciosacv. ‘Hayward’ in 2015 and 2016.

Siglyid dl o dloyo 5 yrar-ag yra£-9£90
Phenology stage Stage 2015 2016
Dormant s, 00 Before 2015.3.22 Before 2016.3.16
Bud swell wlg p,5 01 2015.3.22 2016.3.16
Advanced bud swell  &lg « i oy 03 2015.3.29 2016.3.21
Before of budburst sl 5l 51 Lé 05 2015.4.3 2016.3.26
Budburstaly s Ll 07 2015.4.8 2016.3.30
Advanced bud burstales a i s 09 2015.4.13 2016.4.3
Open clusterasgs ;a6 5L 10 2015.4.15 2016.4.9
Advanced open clusterase. 4 i i jb 11 2015.4.17 2016.4.13
Tight flower bud 5 &les s (glaaSs 51 2015.4.25 2016.4.17
Sepals begin to separatelscs ,wls .S 55 2015.5.22 2016.5.10
Corolla at balloon stage gL 57 2015.5.24 2016.5.14
*Numbers indicatesecondary stages of BBCH. ol ‘gl odlbe > algy Wby ey8 ol pe oaimd ol olacls
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Figure 2- Some phenological growth stages of Hayward kiwifruit according to BBCH scale
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Figure 3- Developmental changes during flower initiation in Kiwifruit cvs.*Hayward’ and *Tomuri’. A: axillary meristem, B:
Vegetative meristem, C: Initial phase of change from vegetative to reproductive stage, D: Reproductive meristem, rounded

meristem (m), E: Bracts initiation, F: Lateral flowers initiation (Si), G: Sepal (s) initiation, H: Petal (p) initiation, I: Stamen
(st) initiation
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Figure 4- Developmental changes during flower differentiation of kiwifruit cv. *Tomuri’. A: Stamens initiation, B: Stamens

differentiation, C: Pollen bags formation, D: Elongation of stamens filament. E: Pollen grains formation. F: Solid filaments
and rudimentary stigma
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Figure 5- Developmental changes during flower differentiation of kiwifruit cv. ‘Hayward’
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Introduction: It is important to understand the structural events associated with flower morphogenesis in
horticultural plants, because it has many aspects of practical horticultural significance. Information about
different stages of flower initiation and development is important for better management of the vineyardsand
fruit set. Knowledge of floral ontogeny in kiwifruit is also important for the establishment of breeding programs
and for the understanding of the evolutionary processes involved in the development of the floral organs. The
main objective of this study was documentation of the differentiation stages of flower buds for better
understanding of morphological and external changes in (Actinidiadeliciosa [A. Chev.] C.F. Liang &A.R.
Ferguson var.deliciosa) cvs.Hayward (female) and Tomuri (male).

Materials and Methods: The experiment was carried out over two years in a mature 'Hayward' and
“Tomuri” kiwifruit vineyard at the Citrus and Subtropical Research Center of Iran (Ramsar city). Pistillate and
staminate flowers development was followed from the stage of undifferentiated primordia, present in the axils of
leaf primordia in dormant buds since mid-March to early June 2015 and 2016. Equally buds in diameter and size
from sixth to twentieth buds on one-year old cane of Hayward and Tomuri selected at 5 to 7 days intervals. They
were sampled and fixed in a solution of formalin, ethanol 70%, glacial acetic acid (2:5:1 FAA) then stored in
refrigerator. Fifteen buds of each sample dissected under a Nikon SMZ645 stereo zoom microscope. The very
dense pubescence within the buds was removed manually without damaging the axillary flower primordia. The
remaining pubescence was removed using dissecting needles. Various stages of flower differentiation were
explained with principal growth stage 5 of BBCH scale.

Results and Discussion: The first signs of the flower on Tomuri were observed 2 days before bud swelling
stage (01), on the March 12th, about one month before bud break in 2015. While in the Hayward variety the first
signs of the flower primordia were observed on the March 21th of 2015 (9 days later). At the beginning of bud
swelling (01), flower primordia begin to differentiation and at advanced bud swelling stage (03), bracts and
sepals initiated. As development proceeded, different parts of flowers initiated acropetally. Lateral flowers were
formed in the bud break (07), before initiation of petals. In advanced budburst stage (09) stamen primordia
appear almost immediately after petal initiation, as two whorls in 'Hayward' and as three whorls in the Tomuri
cultivar. Stigma initiated in the open cluster stage (10) in Hayward cultivar about 24-25 days after bud swell
stage. The process of differentiation of buds and reproductive organs in the second year was the same as the first
year with the exception that differentiation began earlier than that in the first year. Climatic conditions were
affected flower development and in the second year primordia differentiation began earlier two days in Tomuri
and six days in Hayward than those in the first year. The advanced budburst stage (09) in Tomuri 9 days and in
the Hayward 10 days was occurred earlier than that in the first year. Unlike other tree fruits, flower induction in
the kiwifruit occurred about 6 months before flower initiation. Flower primordia differentiation initiated shortly
before bud break stage and approximately two months before full bloom. Flower initiation and differentiation
time may be partly estimated with external changes of buds development. According to cultivar, chilling and
heat requirements and climatic conditions during the research, flower initiation and differentiation period have
fluctuation. A reason for the difference between the development stages and different varieties can be caused by
the chilling and heat requirements. The more heat requirement, the longer reproductive meristem differentiation
period.

Conclusion: An understanding of the flower initiation and development is very important for the research
and management of fruit trees. A knowing of flower initiation and differentiation can be developed corrective
vineyard management and practices in crisis period and prepared breeding programs. Tomuri initiated and
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developed their floral organs earlier than those in Hayward. Different external changes in the bud may be partly
used to estimate of flower development status. The results showed that flower initiation and differentiation in
buds coincided with the beginning of development and elongation of bud in the early of spring.

Keywords: BBCH, Flower initiation, Meristem, Phenology
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