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Table 3- Comparison of average photosynthetic pigments and fruit lycopene, four cherry tomato cultivars

Ol
Characteristics
; ; 5 . 105 Judo 5
a Judg 5 b Jadg 5 S5 Jeds, Sy, 8 alb  Lé A .
3 Total . Jidg 5 Mgl )8 T
~ Spad Chlorophylla  chlorophyll b Cartonoid
: p chlorophyll alb Total Lycopene
Figure (mg per g of (mg per g of (Mg per g of (mg per g of chlorophyll (mg/kg)
wet tissue) wet tissue) ; wet tissue) chlorophyll
wet tissue) Icarotenoids
Cé‘:lrlgy 16.322° 1.153? 0.724° 1.876° 5.488° 1.629° 0.341° 32.411°
Belize 28.9% 1.044% 0.743% 1.787¢ 5.1272 1.502% 0.353% 20.176"
Baby Tom 16.467° 0.884° 0.5722 1.457¢ 4.123% 1.699% 0.39° 19.402°
Sogno 26.122% 1.199° 0.6272 1.826% 5.483% 2.188% 0.329% 22.272°

)5 gl me gl 0 prdaw 5 (g ylol Jlas | S it gy gyl (gla Sk gt m p
In each column, the means with common letters are not statistically significant at the level of 5%.



VPoo ylbmo oF osloit 1D sl (659l 2sbuo g pole) SLEL pole 4yl YFF

B BSSS
Nitrate  Nitrate

08
0.7 4
ab
=
3 2
-‘j = 0.6
}‘ &
o B 5 b
oy B 0.5
T
JE
3 E 0.4
=
[
W ©
Fagi 7
2 2 0.3 o
v, B o
< E
3
o 0.2
s 2
J %
=
z 2
01
0
_:j‘ o P S it 2 B B e i o
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5

Lyt ($9y 59> Cuadge
Cluster position on the plant

S (NijhaasS o8 Sk dgme Cu pid 9 Ol (yl5ae p duigh CunBge 1Y IS
Figure 1- Effect of cluster position on nitrate and nitrite of fruit, four cherry tomato cultivars

xS

Sl 1y a0 Cherry Belle .8, 4 S sl o Lis cuss LS);M
9 0205 Oliee (Ut 9 & meling 9 bl el © Slee

by o) 1 g Lo 1y gee o yid g Ol xesd e (p S
S5 il dndl gds o duogi jlaal ladilodS > cuis s

953 alojl 4 385 20l Caa gy e )3 Glabojl

orw

S P YL cnas 90, Slee b slany yua b plB)) o]

Joae (ol (ooliatll (5550 )00 koo 4 (5,840 55 (glallS
1 5 gl 4 e 3,Shes )3 M]3 jlwy Cuson

Slil g3 Shee Gl Shy (wyp sl barpe iy Gl
5 e QS lailpd )3 (S (S persS 0F) Jlaz 3 Sles

Fl%)
Alamian M., Eftekhari S.A., Heidari M., and Alamzadeh Ansari N. 2014. Evaluation of nitrate accumulation and
nitrate reductase activity in different vegetative growth of selected Iranian land races of spinach (Spinacia oleracea
L.). Journal of Crop Production and Processing 3(10): 25-36
Amr A., and Hadidi N. 2001. Effect of cultivar and harvest date on nitrate (NO3") and nitrite (NO2) content of
selected vegetables grown under open field and greenhouse conditions in Jordan. Journal Food Composition and
Analysis 14(1): 59-67.
Anderson B. 2011. Greenhouse Tomatoes. College of Agriculture, Food and Environment University of Kentucky.
Bonik A., and Spijers G. 2001. Health effects of nitrates and nitrites. Acta Horticulturae 563: 29-36.
Ceballos Aguirre N., and Vallejo Cabrera F.A. 2012. Evaluating the fruit production and quality of cherry tomato
(Solanum lycopersicum var. cerasiforme). Revista Facultad Nacional de Agronomia, Medellin 65(2): 6593-6604.
Crisanto-Juarez A.U., Vera-Guzman A.M., Chavez-Servia J.L., and Carrillo-Rodriguez J.C. 2010. Calidad de
frutos de tomates silvestres (Lycopersicon esculentum var. cerasiforme Dunal) de Oaxaca, Mexico. Revista



2

e oS (K065 05 o (rleomign Olino (3 2 g gm0 CuS 3,SMos dullo () Se 9 ol

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

fitotecnia Mexicana 33(4): 7-13.

Food and Agriculture Organization. 2013. http://faostat3.fao.org/browse/Q/QC/E.

Huarte-mendicoa J.C., Astiasaran I., and Bello J. 1997. Nitrate and nitrite levels in fresh and frozen Broccoli.
Effect of freezing and cooking. Food Chemistry 58(1-2): 39-42.

Islam M.S., Mohanta H.C., Ismail M.R., Rafii M.Y., and Malek M.A. 2013. Genetic variability and trait
relationship in cherry tomato (Solanum lycopersicum L. var. cerasiforme (Dunnal) A. Gray). Bangladesh Journal
of Botany 41(2): 163-167.

Ivors K. 2010. Commercial production of staked tomatoes in the southeast. North Carolina State University.
Cooperative Extension, Raleigh, NC.

Juarez-Lopez P., Castro-Brindis R., Colinas-Leon T., Ramirez-Vallejo P., Sandoval-Villa M., Reed D.W., and
King S. 2009. Evaluation of quality in fruits of seven native tomato (Lycopersicon esculentum var. cerasiforme)
genotypes. Revista Chapingo. Serie Horticultura 15(2): 5-9.

Kafi M., Zand E., Kamkar B., Abasi B., Mahdavi Damghani M., and Sharifi H.R. 2009. Plant Physiology, Vol. 1,
Jihade Daneshgahi Pub.

Koleva Gudeva L., and Dedejski G. 2012. In vivo and in vitro production of some genotypes of cherry tomato
Solanum lycopersicum var. Cerasiforme (DUNAL). International Journal of Farming and Allied Science 1(4): 91-

Lo C., Manurung R., and Esyanti R.R. 2014. Enhancement of lycopene and b-carotene production in cherry tomato
fruits (Solanum lycopersicum L. var. cerasiforme) by using red and blue light treatment. International Journal of
Technical Research and Applications 2(5): 7-10.

Pourmoghim M., Khoshtinat K., Sadeghi Makkei A., Komeili fonod R., Golestan B. and Pirali M. 2010.
Determination of nitrate contents of lettuce, tomatoes and potatoes on sale in Tehran central fruit and vegetable
market by HPLC. Iranian Journal of Nutrition Sciences & Food Technology 5(1): 63-70.

Prema G., Indiresh K.M., and Santhosha H.M. 2011. Evaluation of cherry tomato (Solanum lycopersicum var.
Cerasiforme) genotypes for growth, yield and quality traits. Asian Journal of Horticulture 6(1): 181-184.
Radzevicius A., Viskelis P., Viskelis J., Bobinaite R., Karkleliene R., and Juskeviciene D. 2013. Tomato fruit
quality of different cultivars growth in Lithuania. International Journal of Biological, Biomolecular, Agricultural,
Food and Biotechnological Engineering 7(7): 381-384.

Rahmatian A., Delshad M., Salehi R., and Mousavi Rahimi M. 2012. Evaluation of growth and yield greenhouse
tomato influenced by grafting, training and fruit thinning under hydroponic culture. Iranian Journal of Horticultural
Science 43(4): 423-435 (In Persian with English abstract)

Renuka D.M., Sadashiva A.T., Kavita B.T., Vijendrakumar R.C., and Hanumanthiah M.R. 2014. Evaluation of
cherry tomato lines (Solanum lycopersicum var. cerasiforme) for growth, yield and quality traits. Plant Archives
14(1): 151-154.

Rocha M.D.C., Deliza R., Correa F.M., do Carmo M.G., and Abboud A.C. 2013. A study to guide breeding of new
cultivars of organic cherry tomato following a consumer-driven approach. Food Research International 51(1): 265-
273.

Rodriguez J.C., Cantliffe D.J., and Shaw N. 2001. Performance of greenhouse tomato cultivars grown in soilless
culture in north central Florida. In Proc. Fla. State Hort. Soc, 114: 303-306.

Saberi Z., Khoshgoftarmanesh A., Kalbasi M., Mobli M., and Haghighi M. 2013. The effect different substrates on
the absorption of macronutrients and micronutrients by cherry tomatoes. Journal of Science and Technology of
Greenhouse Cultures 4(15): 77-87. (In Persian with English abstract)

Shahbazzadegan S., Hashemimajd K., and Shahbazi B. 2010. Determination of nitrate concentration of consumed
vegetables and fruits in Ardabil. Journal of Ardabil University of Medical Sciences 10(1): 38-47.

Simion V., Campeanu G.H., Vasile G., Artimon M., Catana L., and Negoita M. 2008. Nitrate and nitrite
accumulation in tomatoes and derived products. Romanian Biotechnological Letters 13: 3785-3790.

Stepowska A.J., and Kowalczyk W. 2001. The effect of growing media on yield and nitrate concentration in
lettuce (Lactuca sativa var. capitata). Acta Horticulturae 548: 503-510.

Zoran L.S., Nikolaos K., and Ljubomir S. 2014. Tomato fruit quality from organic and conventional production.
Organic agriculture towards sustainability. Rijeka, Croatia: In Tech Europe, 147-169.



Journal of Horticultural Science D (85,915 gabio 3 pole) (FLubly pole @yl

Vol. 35, No.4, Winter 2022, P. 459-468 Yo FOA-FFA .o IFee lmms oF o louis F'O als
ISSN: 2008 - 4730 A S Yeoh - VY. LLs

Comparison of Yield, Fruit Quality and Some Biochemical Traits of Four
Cherry Tomato Varieties in Soilless Culture

A. Rezvan'- S.A. Eftekhari?*- R. Salehi Mohammadi’- F. Sedighi Dehkordi*
Received: 06-08-2019
Accepted: 01-09-2021

Introduction: Cherry tomatoes, all over the world, have become a popular product because of the favorable
characteristics (a good source of vitamins A and C, soluble solids, flavor, low calorie and fruit formation at high
temperature). Cultivar selection is one of the most important managerial decisions and, despite thousands of
available varieties, it can be daunting task. Cultivars are different in attributes such as color, shape, size, taste,
taste, growth, consumption, planting time, and resistance to pests and disease.

Material and Methods: This study was carried out from the autumn of 2014 to spring of 2015, at the
research greenhouses of the University of Shahid Chamran, Ahvaz, Iran. The study was performed in
randomized complete block design with three replications. During the cultivation period and at the end of the
experiment, the number of clusters in the plant, the number of fruits in the cluster, the number of fruits in the
plant, the total function in the bush , the number of marketable and unmarketable fruits in plant, the harvest
index, vitamin C and soluble solids were evaluated. In addition, nitrate content, nitrite, fruit lycopene and
photosynthetic pigments (chlorophyll a, chlorophyll b, chlorophyll a to b ratio, total chlorophyll, carotenoid and
chlorophyll to carotenoid ratio) and the SPAD index were measured.

Results and Discussion: According to the comparison of the means, there were the highest number of
clusters in Baby Tom (16/44) and then in Belize (15/88), which were not statistically significant and the lowest
number of clusters were observed in cultivar Sogno (12.77). The highest and lowest number of fruits in the
cluster were found in the cultivars of Sogno and Belize (29.82 and 17.73), respectively. The highest number of
fruits in the plant (295) were observed in Sogno and the Belize cultivar had the lowest number of fruits (193.56).
The highest average of single fruit weight related to the Cherry Belle (11.13 g) and the lowest in Sogno (8 g)
were observed. The lowest and the maximum percentage of the unmarketable fruits were obtained in Baby Tom
(09/09 %) and Sogno (32 %), respectively. The maximum yield was observed in the Cherry Belle (2929 g) and
then in Sogno (2482.4 g) and Baby Tom (2077.6 g) and the minimum yield (1637.7 g) in the Belize cultivar. The
highest and lowest marketable yield were obtained in Belle (2928.6 g per plant) and Belize (1636.6 g per plant)
cultivars, respectively. The maximum amount of soluble solids was observed in Baby Tom (4.86 °Brix), which
had no statistically significant differences with the Belle and Sogno and the lowest soluble solids was found in
Belize (3.15 °Brix). There were the highest and lowest vitamin C content in Cherry Belle (28.24 mg per 100 g
FW) and Belize, respectively (23.1 mg in 100 g FW). According to the results, the maximum and lowest content
of lycopene were observed in the Cherry Belle and Baby Tom, with an average of 32.411 and 19.402 mg/kg,
respectively. The maximum content of nitrate in fruits was observed with 0.67 mg/gr DW in the fourth cluster
and the lowest content of nitrate with 0.198 mg/gr DW in the tenth cluster. The highest indices of leaf SPAD
were found in Belize (28.9) and lowest in Cherry Belle (16.32).

Conclusion: The selection of high - yield or high - quality cultivars in a greenhouse culture is critical to the
economic efficiency of this product. The difference in yield is mainly related to the genetic variation among
varieties. Study of yield and yield components of four samples of tomato in the environment and similar culture
showed that the Belle Cherry was the best result for yield, harvest index, and vitamin C, so this cultivar is
recommended to grow in Ahvaz greenhouses.
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Table 1- Morphological traits (color) of Malus genotypes used in this study
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Figure 1- Leaf and fruit samples of the genotypes used in this research. 1) Red Delicious, 2) Golden Delicious, 3) Miandoab,
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Introduction: Red-fleshed apples (Malus spp.) are one of the rarest apple genotypes in the world and the
accumulation of a high amount of anthocyanin, is the main cause of the redness of their fruit flesh. Anthocyanins
are among important flavonoids and due to antioxidative activity, scavenge reactive oxygen species, and hence,
are considered as one of the health-promoting nutraceuticals in the human diet. The amount of anthocyanins
depends upon the expression of the transcription factors that are regulating their metabolic pathway. Among
these transcription factors are the members of the MYB gene family. MdMYB10, belonging to this gene family in
apple, has been shown to have a significant role in controlling the amount of anthocyanin production and redness
in fruit flesh. The expression of MAMYB10 and consequently, the production of MdAMYB10 proteins has positive
feedback on its own expression. This happens due to a 23 bp microsatellite tandemly repeated 5 times in its
promoter region (called allele Re) which is a target sequence for MdMYB10 acting as a positive regulator. This
structure invokes the overexpression of MdMYB10 which in turn increases the expression of anthocyanin
producing enzymes and finally the amount of anthocyanin in all organs of the apple plant including fruit flesh.
The apple Malus pumila var. Niedzwetzkyana and its derivatives have been reported to have such a structure in
the promoter region of the MdMYB10 gene. The length of the Re allele is 496 bp, while the R; allele is only 392
bp long.

However, in some cases, a locus linked to the S; allele of the S-RNase gene has been proposed to be
responsible for the redness of the fruit flesh in some genotypes. It has been reported that even the offspring of
these plants have had red-fleshed fruits.

Materials and Methods: To study the mechanism of the redness of the fruit flesh in some local genotypes,
genomic DNA was extracted using the CTAB method from the leaf samples obtained from 9 red- and white-
fleshed apple genotypes including Red Delicious, Golden Delicious, Miandoab, Makamik (Khalatpoushan), Bud
9, Varzighan, and Ivand. Then the allelotype of the promoter region of the MdMYB10 gene as well as the
existence of S; allele at S-RNase locus was investigated using polymerase chain reaction. For amplification of
the target sequences, MdMYB10 and S; specific primers were exploited and 1% agarose gel electrophoresis of
the amplified fragments was used for observing and scoring the bands. All steps were repeated seven times.

Results and Discussion: The results in this research showed that the white-fleshed genotypes (Red
Delicious, Golden Delicious, and Granny Smith) were lacking any Re allele at the promoter region of the
MdMYB10 gene and were R:R: homozygotes, while the red-fleshed genotypes (Miandoab, Makamik
(Khalatpoushan), Bud 9, and Varzighan) had at least one Rg allele at the mentioned promoter region as well as a
Sz allele in the self-incompatibility locus S-RNase. These results were in accordance with the previous reports.
Therefore, these samples could be traced back to Malus pumila var. Niedzwetzkyana. Evaluating the S-RNase
locus in these genotypes illustrated that Granny Smith (as positive control), Golden Delicious (as positive
control), Makamik (Khalatpoushan), Miandoab, Varzeghan, Bud 9 and tissue culture sample, showing a band
around 500 bp (smaller) had Sz allele, while for Ivand and Red Delicious (as negative control) no Sz band was
obtained. For the tissue culture sample which was RiR; at the promoter region and S; at S-RNase locus, it was
postulated that flesh-redness may be due to the locus linked to the Ss allele. We also got an unknown R band for
the Ivand genotype when analyzing for the MdMYB10 promoter region. The sequencing of in the future studies,
may help to unravel the mechanism by which shoot-redness happens in this genotype.

Conclusion: The development of highly potent and novel cultivars for the fast-evolving market is
indispensable in the plant breeding field. In this way, breeding apple plant, as an important temperate fruit with a
long postharvest life, for redness of fruit flesh can be considered as a noticeable case. We could confirm in this
research that in the endemic, red-fleshed apples, Re may be responsible for their high anthocyanin production.
However, the S3-RNase-linked locus should also be considered in marker-assisted breeding methods for this trait.
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University of Tabriz, Tabriz, Iran, respectively.
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Therefore, these red-fleshed genotypes are highly recommended to be employed in the national breeding
programs for increasing the anthocyanin content of apple fruits.

Keywords: Anthocyanin, MdMYB10 gene promoter, Red-fleshed apples, S-RNase
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Table 1- ANOVA for the effect of drought stress on seed germination traits of Hollyhock ecotypes

Oyt gl @ il 2oy Sl Cepw drady, b ardile Job S 5 (s
Source of WL Germination Germination Radicle Plumule Seedling fresh
variation df percentage rate length length weight

eS|
¥ 1 940** 39.8** 1435** 37.4** 51.1**
Ecotype
4 4 92.5** 29.3** 50.1** 108** 1.19**
Drought
S sS] 4 6.13** 5.39** 1.38* 0.537* 0.03**
EcotypexDrought
ks 20 1.067 0.037 0.36 0.135 0.01
Error

o yd g 5 S a5 (g Gme cud g 4 T I
** *:significant at 0.01 and 0.05 of probability levels, respectively.

o olS )y (Fiailer Sl (S AT g i ST 95 F1-Y g
Table 2- The effect of ecotype and drought stress on germination traits of Hollyhock plant

Jsb . _
o ijailga s dddlew Job LS 5 oy;
3 ailen b sd IV s pw ok $ S31)
B)low ggrm’i;atio; Germination rate ”M’ Plumule Seedling fresh
Treatments ercentace (The number of seed Radicle length weight
p g in day) length (mm) @)
(mm)
> E::Jr;;; '1 304a 8.74a 30.8a 185a 5.72a
Ecotype EZOT;;Z'Z 19.2b 6.44 b 17b 16.2 b 3.12b
0] 30a 10.1a 279a 229a 493 a
-2 26.7b 9.43b 254 Db 19.3b 472D
ST -4 253¢c 7.70c 235¢c 18.2¢c 447 c
Drought stress -6 22d 5.63 d 22.7d 14.4d 4.18d
(bar) -8 20e 512e 201e 121e 380e

)15 (6l gime glis 1o y3 B Jlessl prdaw 1> LSD 051 (wlil o cyga 5oy ailitie g o gyl (cla uSilio
Means followed by the same letter within each column shows no significant differences among treatments at 5% of probability level
by LSD test.
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Figure 1- The interaction effects of ecotype xdrought stress on germination percentage (a), germination rate (b), radicle
length (c), plumule length (d) and fresh weight of Hollyhock plant (LSD, p<0.05)
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sgsbo isS1 55 POD 5 SOD clleb iy iy o5 ol s il
O g A5 odabie (5 8L p)S a1y WIV 5 V4V i i)
POD 4 SOD (sl 33l el 5l (3ol Jomuiliy tl381 L
o] cdled Lol i alS sals 4 G 2o)d YO ¢ VY s iy
(¥ Jgan) 18 pln YA sals 4 cond )b A Jles > CAT

SOD o5 ol 45 ol s S 5 g8 blite ol
Lo g 9 Sy (ol (69) )L =Y Jlosd B deedio ST
Uil L s oS 5 Lol il yials PEG clale il
o 05 aslS Sald 4y s il ol clled I (Sts A5 e
ORlS 2o)d VW I (9 las 4 S )b A Jla > &S g5k
(@ Jsa) e

Ol L it g dadie i3S 93 50 POD 5] e llad

o5 oS SisS (Suolotsob Clio g1 (S G5 T il fy 40305 Y g
Table 3- ANOVA for the effect of drought stress on physiological traits in Hollyhock ecotypes

AT P 4,3 Sy g Cllad Cullad N el s ol 993 Sy
Source of W 35U gowansd STy CAT RVEXY]| Proline
variations df SOD activity POD activity activity MDA content

CuigS|
- 1 4317** 293** 3.85** 76.8** 0.01**
Ecotype
N 4 2432%* 34.7** 15.01** 11** 0.38**
Drought
Siidx s gS|
XS 2233** 6.78** 0.420** 0.663** 0.001*
EcotypexDrought
Slojl lbs
oS 20 5 0.06 0.001 0.02 0.001
Experimental Error
oy gy 9 Sy paw () gxe iy 4 F
**and *: significant at 0.01 and 0.05 of probability levels, respectively.
o5 0l (S 5elgr 58 Ol o (Subd AT g i sST g9 S1-F Jgaa
Table 4- The effect of ecotype and drought stress on on physiological traits in Hollyhock plant
& )lows 35 gowmnsd ST g Cullnd S Cullad YU cled w2l (6 olle gy oo
Treatments SOD activi (U W) POD activity CAT activity MDA Proline content
ty(Ug (U g'FW) (umol.min'FW?1)  (umol g'FW) (ug g'FW)
oS 207a 17.7a 2852 7.99a 0.440a
S| Ecotype 1
Ecotype ¥ S| 132b 11.4b 213b 479b 0.402 b
Ecotype 2
0 193 a 176a 138e 451e 0.05e
-2 189 b 16.3b 1.63d 5.75d 0.280d
-4 163 ¢ l4c 1.75¢ 6.48 c 0.553 ¢
Droughtstress Sxs 23 ¢ 154 1334 2.43b 7.13b 0.595 b
(bar) -8 149 e 115e 5242 8.09 a 0.630a

)15 (I gime glis o y3 B Jlassl pdaw ;5 LSD 051 wlil o cyg 5oy ailiie g o gyl (gl Silio
Means followed by the same letter within each column shows no significant differences among treatments at 5% of probability level
by LSD test.
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Figure 2- The interaction effects of ecotype xdrought stress on enzyme activity of superoxide dismutase (a), peroxidase (b),
and catalase (c), malondialdehyde (d) and proline content (e) of Hollyhock plant. (LSD, p<0.05)
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Table 5- Correlation coefficients between different traits in Hollyhock plant affected by drought stress

1 2 3 5 6 7 8 9 10
Si8le 1o ).)
1.Germination percentage
Sidley ey Y 083" 1
2.Germination rate
) Job 096~ 072% 1
3.Radicle length
4l Job F 0.72"  0.86™ 058~
4. Plumule length
5 0590 - - . o
> 09 0.94™  0.67 0.99™ 0.54 1

5. Fresh weight
Bgomdpuslygn clled &
6.S0D
STy clld v
7.POD
SYBLS ol A
8.CAT
2l 60 elled
9.MDA

0.82™ 0.67" 0.84™
0.93™ 0.76™ 0.92"
-0.20"  -0.44" -0.06"
0.34n  -0.11™ 0.58™

sV 041" 072" -0.25™
10. Proline

043" 0.87" 1

0.74™ 0.93™ 0.76™ 1

-0.71" -0.02" -0.01"™ -0.26™ 1

-0.34™  0.58™ 0,51 031" 0.66™ 1

-0.83"™ -0.18™ -0.05™ -0.44" 0.61™ 0.63" 1

il o 5 gz OS] 339 pae 5 Moyd B 9 ) Jlain] e 3 (510 ixe 0ind (LS o S

NSy s ¢ e

***and ™: Significant at 1% and 5% of probability levels and non-significant, respectively.

Jlie Sl 51 zuls (¥ Jgda) ey < 4 )b —A Hled )0 (5 059
2 g caigST 0 mall (60 glle e (g &S 0y LS
2ol i 028 5 (5 039 £ 2 J9oasSee Vo1V Sk A o
saaliio (15 0jg )5 32 J9e9s5e VI7) plits g dalis jlas
28551 53 3 3 oy olise st k) (A Y JS3) 0
Ol (8 Y JS8) sy 8 4 4l )3 ] l3ee (58 g 5k A
iy 53 sLié 55 5 W) gl 4 o olis b
bwgte Lo A ply 3 (o3 olS g amd 00 &) 55V (ol
Jooss (35l doye 3 1y 5Vl (S b Ll a3l o poli
5o ol g Lo 5l called (0 dgaome (Bl 1 ples o
P S T A Cwglie Giuljel as ol Ll e )0 o g
gt 3 oS e Sl 050 4 (S i saiS oS
w35 5 &5 olS 4 (St 22l (©3009)le s (izmen 3
(Alternanthera philoxeroides) sas,lgye 5 ;3 a5 95wy 3,0
o gt LaS g a3 yeSLe ol (Sid i e
oo (Oryza sativa) gop oS 5o bl Sl cud 4 1) (g5l e
OBl 7 S e an LSy 3 g A Y0 ddy) )3 gy £ i
e a8 0000 lis iolejl 53 (YY) o)y ¢ 155 (V) b

WAyl Y0 dals 4 Cows (Sid i cov lS o ey

Lol L S (1) e 5 ) Clidios gls b gl ol
Ao )3 (St i o5 POD 5 SOD (slaps 51 cullad liue
ek Bl ialS Eremosparton songoricum olS  Jjailes
0l5 &5 W3 e L5 YIS a5l culled bl 5k 5l sl e
i3 oS 3 (Sis J a Caaglie 50 [0 ml o tege
oo ol a8l ioli 8l 5oy 00)les b o aS A il
Callad b Gl Cop g 20 5 Sme 9 St (Ko
L 45 4S gpokey (® Jsin) A3 osaliie POD 5 SOD (slaps 3l
3 ol 4l zalS Siailes aoyd wil 90 cpl culled ials
alS L ST ois ials o (Sois i laly 3 50 e
ey yinlS Lol ccle a8 0l e olyon oyl oyl
S 5 Vb gl ) il (Suis G5 lalyd > gl
Y 5 S 0l e a5l (g dw lozils (b sl
10) Wb Sjales e o il Lol
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Introduction: The Hollyhock (Alcea rosea) is a summer flowering biennial plant that is native to China and
belongs to the Malvaceae family. It is one of the most valuable ornamental plants, whose 36 species are
cultivated in Iran. It is an increasing garden escape, especially in urban areas, and is usually found at foot of
walls, in ruderal areas, and in cracks of pavements and old walls. Also, it is sometimes seen on riverbanks (for
instance on dikes of the river Maas), dumps or road- and railway banks. Alcea rosea has been used as an herbal
plant in folk medicine for treatment of different diseases such as common cold and cough. This plant is
antiphlogistic, astringent, demulcent, diuretic and expectorant. Drought is the most significant environmental
stress in agriculture worldwide, and improving yield under drought is a major goal of plant breeding. Seed
germination and early seedling growth are potentially the most critical stages for water stress. When subjected to
drought stress, plant metabolism is interrupted or inhibited by increasing reactive oxygen species (ROS) and
lipid peroxidation, resulting in reduced germination, weaker root and shoot growth and even mortality. Plants
have evolved oxygen-scavenging systems consisting of non-enzyme antioxidant metabolites, such as proline and
various antioxidant enzymes including superoxide dismutase, peroxidase and catalase.

Materials and Methods: In order to examine the effect of drought stress on germination indexes, various
antioxidant enzyme changes and non-enzyme antioxidant metabolites in Alcea rosea, an experiment was
conducted in complete randomized design with three replications. The drought stress treatment was conducted in
five levels with osmotic pressures 0, -2, -4, -6, and -8 bar and with using PEG (Poly Ethylene Glycol 6000) on
two ecotypes of Alcea rosea (ecotype 1= Mashhad and ecotype 2= Tehran). The seeds are at first sterilized with
hypo chloride sodium for two minutes and then washed superficially three times with distilled water. 25 seeds
were transferred to a glass petri dish with 10 cm diameter, and for the duration of the experiment, 5 ml solution
with different levels was added to each petri dish. After 14 days at 25+1 °C temperature, the number of
geminated seeds in each day was counted and recorded. In the first part of the experiment, after the end of the
germination period, the following growth parameters were measured: germination percentage, germination rate,
root and shoot length, and the fresh weight of seedling. In the second part, the activity of superoxide dismutase
(SOD), peroxidase (POD) and catalase (CAT), malondialdehyde content, lipid peroxidation in terms of
malondialdehyde (MDA) content, and proline index were measured.

Results and Discussion: The ecotype, drought treatments and their interaction had significant effects on
growth parameters (germination percentage, germination rate, radicle and plumule length, and seedling fresh
weight), as well as physiological and biochemical parameters (SOD, POD, CAT, MDA and proline). The highest
germination parameters were recorded at Mashhad ecotype. Germination percentage and germination rate were
severely affected by drought. Maximum percentage of germination (36) was recorded at control group followed
by 32.1 at -2 bar and -4 bar PEG treatments in ecotype 1. Germination percentage in two ecotypes further
declined to 33% at -8 bar compared to the control treatment. In both ecotypes, plants had the highest germination
rate in control media (zero osmotic potential) but germination rate decreased significantly by decreasing water
potential. Germination rate of control seeds of ecotype 1 was 11.7, while that of ecotype 2 was 8. 3. Germination
rate in two ecotypes further declined to 56% and 38 %, at -8 bar compared to the control treatment, respectively.
Ecotype 2 displayed a significant reduction in radicle and plumule length compared to the ecotype 1. Generally,
the radicle and plumule length decreased significantly in relation to the drought stress caused by PEG. Ecotype 2
in -8 bar PEG treatment had the highest (41 and 32%) decrease in radicle and plumule length compared to the
control temperature. In two ecotypes (Mashhad and Tehran) of Alcea rosea, increasing PEG concentrations
resulted in a decrease in fresh and dry weights. Water absorption is the first germination stage. Due to the
probable resistance of the ecotype one, water absorption rate is higher, and as a result, the percentage and rate of
germination have increased. Ecotype 1 exhibited higher leaf SOD activities in response to -2 bar compared to -8
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bar, but the SOD activities in ecotype 2 showed a general increase trend with increases in the PEG concentration.
Drought stress resulted in lower antioxidant enzyme activities (POD) in leaves of both ecotypes compared to that
observed at the control treatment, but the activity of CAT increased with the increase of drought stress. In both
ecotypes, exposure to -8 bar resulted in significantly higher leaf MDA activities. Plants exhibited higher proline
in response to -8 bar treatment compared to the control. By increasing the PEG concentration from control to -8
bar, proline content increased about 90 percent. In this experiment, drought stress reduced the rate and
germination percentage and delayed subsequent plant deployment. When plants are subjected to drought stress,
their metabolism is interrupted or inhibited by increasing reactive oxygen species (ROS) and lipid peroxidation,
resulting in reduced germination, weaker root and shoot growth and even mortality. The recent experiment
showed that the activity of two superoxide dismutase and peroxidase enzymes decreased with increasing drought
stress, and the activity of the catalase enzyme increased; this is in agreement with the results reported by other
studies. On one hand, the increase in the activity of the catalase enzyme indicates that it is perhaps the most
important enzyme involved under drought condition, which increased over the course of 14 days. On the other
hand, limiting the activity of enzymes and increasing the amount of proline showed that increasing the resistance
to drought stress in the plant depends on the accumulation of contaminating substances such as proline.

Conclusion: Due to the higher resistance of the ecotype 1 and increase in water absorption, the percentage
and rate of germination were increased. If water absorption is disturbed by the seed, the germination activity is
slowly applied and the later growth of the roots will decrease the germination rate. Therefore, it seems that
Mashhad ecotype with increase of catalase and proline has the highest drought tolerance compared to the other
ecotype at germination stage. There was a significant correlation between germination percentage with SOD and
POD.

Keywords: Osmotic potential, Ornamental hollyhock, Germination percentage, Physiological and
biochemical indexes
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Table 1- Sampling location, number of cultivar per location and number of nurseries per location which apricot local
cultivars were sampled

O] o (690 o8y Slaes 13 piged 390 Uudleg s
Province Number of cultivar Number of nurseries
West Azarbaijan 8 2
East Azarbaijan 8 5
Esfahan 8 2
Semnan 9 2
Alborz 4 2
Tehran 1 1
Js sl 38 14
Total
P15 085 52 )1 paiged oo 9 035 OU o 85l =Y Joo>
Table 2- Label number, cultivar names and sampling location of each apricot cultivar
Jud 2,loud ) S,l3 praiged Jomo Jud o5l ) S0 diged Jomo
Label number Cultivar Sampling location  Label number Cultivar Sampling location
1to5 Mahali Goshti zodras East Azarbaijan 98-102 Pishrase bazri Alborz
610 10 Asgar abadi East Azarbaijan 103-106+108 Portaghali West Azarbaijan
11t0 15 Mabhali ghermez Ananasi East Azarbaijan 107 Shahroudi West Azarbaijan
16 t0 20 Shahroudi West Azarbaijan 109 Tokhm Gerdi Esfahan
21t0 25 Nasiri West Azarbaijan 110-114 Dir Ras Alborz
26 to 30 Saltanati Esfahan 115-119 Shahroudi Tehran
31t035 Nasiri East Azarbaijan 120to 124 Asgar Abadi West Azarbaijan
36 to 39 Shamlou East Azarbaijan 12510 129 Soltani West Azarbaijan
40 to 44 Eivand East Azarbaijan 130 to 134 Jahangiri Semnan
45t0 49 Tabarze East Azarbaijan 135to 139 Ghavami Semnan
50 to 54 Mahali Ghermez Anari East Azarbaijan 142 to 144 Tabarze West Azarbaijan
55 to 59 Nakhjavan Alborz 145 to 149 Shamlou West Azarbaijan
60 to 62 Saltanati Esfahan 150 to 154 Manouchehri Semnan
64,65,67 Asefi Esfahan 155 to 159 Daneshkade Semnan
68 to 72 Nouri Esfahan 160 to 164 Rajab Ali Semnan
73t0 77 Rajab Ali Esfahan 165 to 169 Zoudras West Azarbaijan
78+80 to 82 Shams Esfahan 170to 174 Zaferani Semnan
831087 Shams Alborz 17510 179 Jafari Semnan
88 to 92 Jahangiri Esfahan 180 to 184 Khibei Semnan
9310 97 Tokhm Gerdi Esfahan 185 to 189 Ghiasi Semnan
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Table 3- Characteristics of primer pairs used for evaluation of molecular characteristics in some Iranian commercial apricot

cultivars
5 lowd Frgir S5l I S5 Jlasil gled
Number  Primer name Primer sequence Annealing Temperature (°C)

1 UDP98-024-F  CCTTGATGCATAATCAAACAGC 58
UDP98-024-R GGACACACTGGCATGTGAAG

2 UDP98-416-F TTTTCTCAGCAGCCAAACAA 58
UDP98-416-R ATGTTTCGTGCTTCTGCTCC

3 UDP98-021-F AAGCAGCAATTGGCAGAATC 59
UDP98-021-R  GAATATGAGACGGTCCAGAAGC

4 UDP98-412-F AGGGAAAGTTTCTGCTGCAC 58
UDP98-412-R GCTGAAGACGACGATGATGA

5 UDP96-003-F TTGCTCAAAAGTGTCGTTGC 58
UDP96-003-R ACACGTAGTGCAACACTGGC

6 UDP96-008-F TTGTACACACCCTCAGCCTG 60
UDP96-008-R TGCTGAGGTTCAGGTGAGTG

7 UDP98-405-F ACGTGATGAACTGACACCCA 59
UDP98-405-R GAGTCTTTGCTCTGCCATCC

8 ASSR72-F AAGTGGGATTGGTAGGGAGGAAG 62

ASSR72-R CTACGGAGCCAGTTGAGAAAAG

9 UDP98-409-F GCTGATGGGTTTTATGGTTTTC 59
UDP98-409-R  CGGACTCTTATCCTCTATCAACA

10 UDP97-401-F TAAGAGGATCATTTTTGCCTTG 58
UDP97-401-R CCCTGGAGGACTGAGGGT

1 UDP96-019-F  TTGGTCATGAGCTAAGAAAACA 58
UDP96-019-R TAGTGGCACAGAGCAACACC

12 UDP98-411-F AAGCCATCCACTCAGCACTC 56
UDP98-411-R CCAAAAACCAAAACCAAAGG

13 Ps12a2-F GCCACCAATGGTTCTTCC 56

Psl12a2-R AGCACCAGATGCACCTGA
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Figure 1- Electrophoresis gel of PCR products derived from UDP98-409 primer pairs on 1 to 97 DNA samples extracted from
some commercial apricot cultivars. The nursery stocks were collected fronl4 nurseries in six provinces
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Figure 2- Electrophoresis gel of PCR products derived from UDP98-409 primer pairs on 98 to 184 DNA samples extracted
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Figure 3- Electrophoresis gel of PCR products derived from UDP96-003 primer pairs on 98 to 184 DNA samples extracted
from some commercial apricot cultivars. The nursery stocks were collected fron14 nurseries in six provinces

T

N

v : W " " w
" 'M"""“"lowmwu...m ;:.IMM““““-“-I-“ L

Oyl bl (i 55 bdlod VF 51 00ld (550l R0n
Figure 4- Electrophoresis gel of PCR products derived from UDP98-416 primer pairs on 98 to 184 DNA samples extracted
from some commercial apricot cultivars. The nursery stocks were collected fron14 nurseries in six provinces
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Table 4- Genetic diversity indexes resulted from analysis of 8 SSR loci in some Iranian commercial apricot cultivars
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Locus Number of observed Number of effective Nei’s gene Shannon’s information
name alleles alleles diversity index
UDP96-003 1.92 1.36 0.22 0.36
UDP98-021 2 1.59 0.35 0.53
UDP98-024 2 144 0.26 0.41

Ps12a2 1.92 1.50 0.30 0.45
UDP98-409 2 1.69 0.39 0.57
UDP98-411 2 1.59 0.35 0.52
UDP98-412 2 1.60 0.36 0.54
UDP98-416 1.94 1.53 0.31 0.46
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Figure 5- Cluster analysis of 29 Iranian apricot local cultivars based on the data obtained by application of 8 SSR loci

including (UDP96-003, UDP98-021, UDP98-024, Ps12a2, UDP98-409, UDP98-411, UDP98-412, and UDP98-416). Local
varieties names and sampling locations (in the parenthesis) are represented in the figure.
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Figure 6- Depicted graph based on coordinates 1 and 2 obtained by PCoA based on 8 SSR loci data (UDP96-003, UDP98-021,
UDP98-024, Ps12a2, UDP98-409, UDP98-411, UDP98-412, and UDP98-416) in Iranian local cultivars
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Figure 7- Depicted dendrogram (genetic distance from 0 up to 24) based on SSR data of apricot cultivars collected from

nurseries and registered apricot cultivars in national list (including Urdobad, Shekarpareh, Dorosht Malayer, Ghorban
Maragheh, Nasisri, Shahroudi, Shams, Lasgerdi, Bagheri and Naderi)
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Introduction: Apricot (Prunus armeniaca L.) as an important fruit crop belongs to the Amygdaloideae in the
Rosacea family and is grown in regions with Mediterranean climates in the world. Apricot species were
classified into six eco-geographical groups including: Central Asian, East Chinese, North Chinese, Dzhungar-
Zailij, Irano-Caucasian and European. Iranian genotypes which belong to the Irano-Caucasian group are mostly
self-incompatible with low chill requirement. The high level of genetic diversity in Iranian apricots is due to
sexual reproduction by seeds during the years. In Iran, many of apricot local varieties have been relocated
between provinces and subsequently, in some cases their names, have been changed over the years. Hence, to
determine the genetically different cultivars and detection of synonyms, screening of apricot germplasm seems
necessary in Iran.

Materials and Methods: Thirty eight commercial genotypes of apricot with five biological replications were
collected from 14 nurseries in West Azarbaijan, East Azarbaijan, Esfahan, Semnan, Alborz, and Tehran
Provinces in Iran. Additionally Orang Red apricot (Porteghali) included in the study as an outgroup sample. Also
DNA sample of previously registered apricots in national list were used in this study. Young and healthy leaves
of each cultivar were sampled and stored at -70 °C. Samples were powdered using mortar and pestle in presence
of liquid nitrogen. CTAB extraction buffer was used for nucleic acid extraction. Quantity and quality of
extracted DNA were measured by spectrophotometry and agarose gel electrophoresis.

Thermal cycles were done in Eppendorf thermocycler and the cycling program were set on one cycle of 94°C
for 4 minute, 30 cycles of 94°C for 30 seconds, annealing temperature of each primer for 30 seconds and 72°C
for 30 seconds followed by one cycle of 72°C for 5 minutes. PCR products were resolved on 10%
polyacrylamide gels in 1x TBE buffer. GelRed (Biotium) was applied for gel staining and amplified bands were
revealed by UV (300 nm). Eight SSR markers which showed more diversity were selected and scored.
Polymorphic alleles were scored as one for presence and zero for absence. For detection of off types, samples
were classified by Paired Group method and Euclidean algorithm in PAST software. Then the data of off-types
were removed from the dataset and samples were reclassified by the method. Principal Coordinate Analysis
(PCoA) was carried out using PAST software. Genetic diversity indices were evaluated in Popgene 32 software.

Results and Discussion: Eight SSR loci produced 124 alleles with the average 15.5 allele per locus. Nei’s
gene diversity and Shannon’s information index were 0.32 and 0.48, respectively which showed high level of
diversity in this collection. Distance matrix based on Nei’s gene diversity showed that the most genetic distance
(0.74) was between Askar Abadi and Zodras, Mahali Goushti Zodras and Nasiri cultivars. Clustering of samples
indicated that some samples including 19 (Shahroudi), 59 (Nakhjavan), 107 (Shahroudi), 127 (Soltani), 137
(Ghavami), 144 (Tabraze) and 156 (Daneshkade) were off-types.

For identification of synonyms the off-type samples were disregarded. Cluster analysis illustrated that some
local cultivars with different names had same genetic backgrounds. Thus, the names of these samples should be
unified in the germplasm. Depicted graph based on first and second coordinates in PCoA demonstrated that the
38 collected groups of apricots are genetically 26 distinct cultivars and there are some duplicates in the
germplasm. Results showed that three loci including UDP98-021, UDP98-409 and UDP98-411 were able to
distinguish all 26 genotypes. To check the genetic identity of saplings with the same name, some cultivars
including Jahangiri, Askar Abadi, Shamlou, Saltanati, Shahroudi, Shams, Tabarze and Rajab Ali were collected
from two different nurseries. Surprisingly, the results showed that Nasiri, Tabraze and Shahroudi which were
sampled twice from distinct nurseries and provinces, despite of identical names, had different genetic
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backgrounds.

Conclusion: Detected off-types among five biological replications of local varieties propagated asexually by
nurseries showed that there was not sufficient attention in the selection of propagating material in the nurseries.
In this context, establishment of foundation blocks by public sector and mother orchards by private sector of
economy from Iranian apricot local varieties can be an effective solution so that nursery operators can provide
certified propagating material for production of certified nursery stocks. Moreover, seed and plant certification
and registration institute should made inspection and testing procedures in mother orchards and nurseries to
ensure that propagated trees are healthy, genetically uniform and original.

Keywords: Cluster analysis, Germplasm management, Molecular marker, Synonym
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Table 1- ANOVA for the effect of cultivars and block on some morphological properties of orange fruit grafted on Sour
orange rootstock

Sy Cwoles o yd
O s oo @) ) . o2l ] dy lams
= & K 09 [l Job hé . Cowgy x09] ”
Source of &3 ; . Jss 4 G Seed
. Weight Volume Length Diameter Peel Fruit b
variation DF Shape Index | 1 number
thickness juice
“’Ef 9 7803.81**  9739.06**  329.49** 164.25** 0.01** 2.38** 55.025** 152.01**
Cultivar
Ssh 2 411.64™ 605.68" 29.85™ 14.66" 0.003" 0.62™ 8.77" 1.60™
Block
iibesl b 18 607.07 535.19 22.71 16.39 0.002 0.56 431 1.765
Error
Sl - 14.29 13.34 6.54 5.84 453 11.88 17.54 18.326
C.V (%)

Sy sime pas NS 5 doyd S Jloin] oo 3 (65> iz s
** and ™ : significant at 1% of probability level and non-significant,respectively.
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Table 2- Average comparison of some pomological properties of different 10 orange cultivars grafted on Sour orange

rootstock
g L Cwolus KW slass
R O-jgh Vm:?“ J9“’h . P JSG Cowgs Ly e
Cultivars Weight ° ugne Lengt Diameter Shape Peel Fruit seed
©) (em?®) (mm) (mm) Index  thickness juice oy
(L/D) (mm) (%)
Jsb gl 223.43a 230.00a 86.10a 74.38a 1.15a 6.86abc 28.01a 1.00f
Thomson Navel
$6 213.76a 222.67a 80.35ab 77.02a 1.04abc 7.84a 16.18b 3.00def
Tarocco
D oesle 124.24b 115.00b 63.93cde 63.42cd 1.00bc 6.21abc 21.70ab  17.33ab
Mars Early
Jsb cusl? 188.85a 198.33a 75.83abc 71.52abc 1.06abc 5.82bcd 29.08a 2.33¢f
Frost Novel
UL | 108.43b 106.67b 59.05de 60.40d 0.97c 5.87bcd 28.82a 22.33a
oca
“;L:u 225.58a 223.33a 83.06a 76.44a 1.08abc 5.84bcd 22.91ab 3.00bc
alian
slp ) 203.72a 216.00a 73.98abc 75.88a 0.97¢ 6.38abc  22.99ab  3.67def
Khoram Abadian
ol
Oebe . 93.62b 90.00b 56.36e 56.96d 0.99bc 5.59cd 21.79ab 4.67de
Hamlin
Lyge 207.83a 210.00a 81.51a 73.04ab 1.11ab 7.62ab 25.53ab 9.33c
Morbeld
i1 bl 134.73b 121.67b 68.69bcd 63.84bcd 107abc  500cd 2898  533d
Moro Valencia
5l 5SSl (e geil 5l oalitul b doyd & Jloinl gdaw )3 ()b e glis aliie g (sl (slapSile
Means with same letters show non-significant difference at p<0.05 based on Duncan’s multiple range test.
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Csla dg g JLip pL8)) plaw opo PH Hlade Jas 5l g)ls bixe
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0a3Ls g andly J18 (S59de 58 ol alo o )3 sy 350 £
YU 55195 (asls Jds & g aien j0y68 5 Jod LB pab
Il a6yl e 0 ) S ls olwl S cpmolig Jlao
& oweling Hlie i g yuiie ogae] yi ee o )3 p)S
Sl g)lael s 5l a8 agy (iSTye Ll g aljge 08 4 (3laie
O yeS 31 4S) Job ygmuali 08y 4 o 6yt & (pasling Aoy
LB (392 513,93 31 ()1 2390 Pl ()3 Cpeling ke
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Table 3- ANOVA for the effect of cultivars and block on some biochemical properties of orange juice.

il 2bio ay dge JS JB ! 8 S T S s . .t
i 5 PRIV © ol
Source of &3 Jebwosels Ogaw] s b Technology H o Vitamin C
variation DF TsS TA TSSITA index P Antioxidant
capacity
Cultivar -5, 9 5.21%* 0.107** 121.02%* 1.19%* 0.22%* 419.14* 949.25%*
Block <5, 2 0.04" 0.00%s 2.75" 0.176™ 0.06" 25.19™ 129.16™
Error kel s 18 1.08 0.09 10.00 0.57 0.05 128.58 64.37
CV el o - 8.77 14.94 14.68 19.063 6.03 14 9.22

(*6)

W oo i |y )b gme pas NS 5 o )d S Jlois] e )0 (6> gimo s
** and ™ show significant and nonsignificant in P< 0.01% respectively.

U 4l Gy JW o8 03 oguesl (o bound

9 SV S 59 5 By (el o -F Joua

Table 4- Mean comparison of some biochemical properties in 10 orange cultivars on Sour orange rootstock

sols 3lgo JS B !
el R gl s b 2 L SiPP paslo
Cultivars TSS TA TSSITA Technology index pH
(Brix) (%)
Thomson Navel Job  jausls 13.26a 0.69bc 19.04bcd 3.72ab 4.32a
Tarocco 1,5 12.39ab 0.48cd 25.67b 2.02c 4.29
Mars Early J,| b 13.16a 0.59bcd 21.99bcd 2.84abc 4.03abc
Frost Novel Jsb el 14.16a 0.59chd 23.89bc 4.09a 4.17ab
Local > 11.56ab 0.80b 15.28de 3.36abc 3.66hc
Italian _,Uk! 10.06b 0.43d 23.03bcd 2.30bc 4.02abc
Khoram Abadian  ¢sUie 5 11.93ab 0.62bcd 19.20bcd 2.67abc 4.26a
Hamlin ;ylols 13.3a 0.39d 34.10a 2.87abc 4.03abc
Morbeld )50 13.23a 0.58bcd 23.08bcd 3.38abc 4.15ab
Moro Valencia i1, Ludly 10.5b 1.04a 10.05e 3.05abc 3.46¢

B0 o3 B Jlain] pdaw )3 (g0 dixe gl e By > gl sl 1 SSbo
Means with same letters show nonsignificant difference at p<0.05.
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Figure 1- The content of vitamin C in different orange cultivar juice grafted on Sour orange rootstock (DMRT, p<0.05).
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Figure 2- The juice antioxidant activity in different orange cultivars grafted on Sour orange rootstock (DMRT, p<0.05)
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Table 5- Variance analysis, the effect of cultivars and block on chlorophyll and carotenoid pigments in orange juice

‘ . Mgy, Judg s
Oldd e 2 ; ; ‘ 8T [ dedg 5 . P
s r adsdg,ls b Judg 5 Judg,l5 Mgy, . [Cawgy gaoul/ Cuwgy
Sourceof g3l oy Chib alb J5 Caro WS i Chlpel/
variation DF Chla/b chlt Chl/Caro oo p ~ee
Peel /juice uice
“’5_) 2 0.44** 1.06** 0.001** 2.88** 0.024** 17.89** 3.95%* 885.99**
Cultivar
Sk 9 0.047" 0.060" 0.019™ 0.207" 0.006"™ 1.705" 0.007"™ 4.86™
Block
iolofl slbs
£ 18 0.01 0.182 0.008 0.036 0.182 0.722 0.038 3.93
rror
Slyos g uCV - 18.85 11.97 14.61 13.80 11.97 12.24 11.42 24.98
W o L |y (650 gime pas NS 5 o pd S Jlois ] pdaw 3 (gl gire s
** and " show significant and nonsignificant in P< 0.01% respectively.
JU 5y o8 00 0900l (Sigiin I 9 by 15 (5100 525 ) (3eSilie dwmilile —F Jgut>
Table 6- Mean comparison of chlorophyll and carotenoid pigments in 10 orange juice cultivars
. . . £ ee 4 . M oee ls
o)1 Chl ajedglS  bsbs)ls  CHIUS Jabg)ls wiguip)l5 [ddoslS [yt a8
Cultivars a Chlb t Caro Apgiig,ls Caro Peel 2904
(mg.g'FW)  (mg.g'FW)  (mg.g’!Fw) (mg.g* FW) Chl/Caro Jjuice
Job ogeels 0.660c 1.053¢ 1.713¢ 0.180bcd 9.516a 5.263c
Thomson Navel
S 0.393de 0.573e 0.966de 0.150de 6.430b 9.140bc
Tarocco
Dl oke 0.526cde 0.826¢d 1.356¢d 0.230bcd 5.943b 5.970c
Mars Early
Jb el 0.646¢cd 0.990c 1.636¢ 0.260b 6.270b 5.850c
Frost Novel
“ 0.453cde 0.963de 1.146de 0.163cd 7.086b 8.943bc
Local
JUL" 0.313ef 0.473e 0.783e 0.146de 5.250b 15.360b
Italian
@l _ 1.223a 2.036a 3.360a 0.346a 9.803a 6.807c
Khoram Abadian
U'lnhb 0.976b 1.513b 2.490b 0.246bc 10.286a 5.743c
Hamlin
g 0.110fg 0.163f 0.273f 0.046f 6.673b 32.987a
Morbeld
5o bl 0.056g 0.096f 0.153f 0.073ef 2.143c 27.810a

Moro Valencia

B0 o3 B Jlein] e )3 ()l ixe glas e By > gl sl 1 Sbo
Means with same letters show no significant difference at p<0.05.
Chl: Chlorophyll, Caro: Carotenoid
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saaliia (©Ulpy3 5 oLl (sland) ;3 Cung AS95g 8 luda
2 S0 CnSs Wi pLE)1 plu b (o) bxe gl oS 000 S
g slaalls jl (a5955) (LaosiSS) b g ©LS yo 090
B gk 55l 085 93 ol plple cwsl OS> (21
23990 D g8 Jdg)lS e Al oo pB)) ol 5l 5005395
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Table 7- Variance analysis of the effect of cultivars and block on chlorophyll and carotenoid pigments in orange fruit peel

. : addy S Dby, alb Judg I8 JSddes  adgug s ,
s il @ty oy Chib Chl alb Chit Caro g5 /a5
Source DF Chl/Caro
C 1 a Kk 1'32** Kk Kk *k *k
ultivar 3, 2 12.74 2.09 21.33 0.47 3.95
Block s, 9 0.207ns 0.002ns 0.044ns 0.172ns 0.014ns 0.007ns
Erroru.:;;"l.aj sl 18 0.11 0.017 0.063 0.149 0.020 0.038
Ol ks oy
cV - 18.63 11.51 18.39 12.925 9.11 11.42
(%)

W o LS |y (65 gine pas NS 5 o)y S Jlois ] pdaw 3 (gl pne s
**and " show significant and nonsignificant in P< 0.01% respectively.



VFeoo ol o oylod FO ol (5))9L0S C‘l“’ 3 pele) Gﬁb&b pole dy i O\F

T b ) W 08 03 090 Cuwgy (99,5 9 (Jdg S (S0 350 ) (1l dunlio —A Jou
Table 8- Mean comparison of chlorophyll and carotenoid pigments of fruit peel in 10 orange cultivars on Sour orange

rootstock
. . s , Jeds S
iy P DI sudes anddys SRS IS ey

Cultivars (mg.g* (mg.g* Ch! t Chl (mg.g* Mgy, 8940]

FW) FW) (mg.g* FW) FW) Chl/Caro Chl peel/
juice
Thomson Navel Job jguels 0.350c 0.450f 0.800e 0.770c 0.936d 0.850e 0.477c
Taroccogs,l 0.990c 0.470f 1.460de 2.160b 1.313c 1.113de 1.550¢
Mars Early J,! )l 0.596¢ 0.913cd 1.510de 0.633¢c 1.336¢ 1.120de 1.113c
Frost Novel Job ¢l )6 0.720c 0.616ef 1.336de 1.210c 1.516¢c 0.880e 0.827¢c
Local > 0.570c 0.766def 1.336de 0.750c 1.413c 0.956de 1.196¢
Italian W) 5.356a 1.810b 7.166b 2.966a 2.286a 3.143d 9.220b
Khoram Abadian ¢s\i 5 2.213b 1.756b 3.970c 1.260c 1.963a 2.026¢c 1.190c
Hamlin -y lols 0.950c 1.206¢ 2.156d 0.803c 1.546¢ 1.416d 0.890c
Morbeld.l g0 0.773c 1.066cd 1.840d 0.733c 1.290c 1.423d 6.837b

Moro Valencia _.iSye Luudly 5.893a 2.463a 8.356a 2.403ab 1.930b 4.326a 56.113a

)0 20y3 B Jleinl g 55 (6ol e ol e gy gyl (olaySile
Means with same letters show nonsignificant difference at p<0.05.
Chl: Chlorophyll, Chl T: Chlorophyll total and Caro: Carotenoid

JW y Alideo @] oga0 Cowgs a9y 5 9 Jdg 5 g pab (ad Lo oyt (Niwsod oo -4 Jgoa
Table 9- Correlation coefficient of chlorophyll and carotenoid pigments of peel in different orange cultivars

5 sy 5 S0 5SS, ‘ ‘ ‘ . - o S | L
s adedy S by lS  alb Jdg S S a5 uniglio)l5 anigiio,l5 /byl
S0 Chla Chlb Chl a/b chit Caro Chl/Caro
Chlorophyll and carotenoid pigments
AJ‘:’Zf)‘K 1
Chla
b Jids 5 0.866** 1
Chlb
alb Jdgls 0.829** 0.506%* 1
Chl a/b
J5 Jedo)ls 0.992** 0.922** 0.769%* 1
Chlt
Sa559)8 0.807**  0.789** 0.678** 0.823%* 1
Caro
359595 [ o 8 0.965** 0.931** 0.712** 0.982** 0.723** 1
Chl/Caro

S gxe pas NS g o )d S Jloin] o )5 (g)ld gimo s
**and " : Significant at 1%of probability level, and non-significant, respectively.
Chl: Chlorophyll, Chl t: Chlorophyll total, and Caro: Carotenoid



OV Ul 085 00 gm0 (658l CopdS 9 (10& (B3] (o2 o0y 50 9 ok

{

D &

B s s

0 5 Jab Gl yd Il (o ylo oS0 (JgU ygmuli o) dy glaie gliad Cud JF du Ca ay Sl T YL Cgdy 43 -Y IS
il oo (iS50 Ll 9 g0 ccoalold ¢(53UT 0,5 (WLl )l s (Blaie gbal i @ o @ Conl 1 ol a3 43 9
Figure 3- In the top row the image from left to right, belong to Local, Frost Novel, Mars Early, Tarocco and Thomson Navel

cultivars and in the bottom row the image from left to right belong to Moro Valencia, Morbeld, Hamlin, Khorramabadi and
Italian cultivars.
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Introduction: Oranges are the second most widely consumed fruit in the world after apples. The quality of
citrus fruits depends not only on the appearance of the fruit size, shape, color and absence of disease and any
surface damage, but also on the flavor, richness of food, vitamins, seedlessness and fruit aroma. The present
study investigated the fruit qualitative differences between the ten orange varieties (Thomson Navel, Tarocco,
Mars Early, Frost Novel, Local, Italian, Khorram Abadian, Hamlin, Morbeld and Moro Valencia) that grafted on
sour orange rootstock, in the Jiroft region. The aim of this study was introducing the fruit qualitative
characteristics and nutritional value of ten orange cultivars on the sour orange rootstock in climate conditions of
Jiroft region, for fresh uses and processing. Also, determine the capabilities of each cultivar in antioxidant
content and antioxidant capacity to introduce the properties of these cultivars to researchers in the food and
pharmaceutical industries.

Materials and Methods: Fruit weight was determined by digital scales. The volume of the fruit was
obtained by moving the water. The 0.1 mm caliber device was used to measure skin thickness, length and fruit
diameter. To measure the thickness of the fruit skin, a cut was first separated from the middle part of the fruit
and its thickness was recorded in mm. The total number of hollow and healthy seeds was counted and was
recorded as seed number. The juice percentage was calculated by calculating the percentage of juice mass to fruit
mass. A manual refractometer was used to measure the total soluble solids, and thesodium hydroxide titration
method was used to measure the titration acidity. The flavor index or maturity index was obtained from the
TSS/TA ratio and technology index was calculated by multiplying the percentage of TSS in the percentage of
juice. Vitamin C measured by the iodometric method. The antioxidant activity of juice was determined based on
the DPPH method. Carotenoid and chlorophyll pigments in juices and skins, were calculated using the
Liechtensteiner pigmentation method. The experiment was done as a randomized complete block design in three
replications. Statistical analysis of the data was performed using SAS software and means were compared using
Duncan's multiple range test at 5% of probability level.

Result and Discussion: The results showed that Thomson Novell, Frost Novell and Italian cultivars had the
highest freshness quality in terms of appearance characteristics (fruit weight, volume, and length, number of
seeds, and fruit shape index) among the ten cultivars evaluated. All cultivars were in the physiological maturity
stage and were suitable for the juice industry due to their high technology index. The range of vitamin C varied
57 - 109 mg per 100 ml juice and the range of antioxidant capacity varied 65 - 94%. Morbeld, Valencia
Morocco, Frost Novell and Mars Early cultivars had higher nutritional value due to higher vitamin C, and
Hamlin, local, Tarocco and Frost Navel had higher antioxidant capacity. Khorramabadian cultivar had higher
carotenoid pigments in juice and skin.

Conclusion: Therefore, most of the studied cultivars had high freshness and nutritional value, but among
them, Frost Novell cultivar, considering the amount of vitamin C, antioxidant capacity, technology index and
appearance characteristics in the higher statistically groups and was in the lower statistical group in terms of
number of seeds, therefore was selected as the best cultivar.

Keywords: Antioxidant activity, Carotenoid, Physiological index, Titrable acidity, Vitamin C
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Table 1- Analysis of the soil used in the experiment

SBocal oW prme 85 039 EC pH
Soil texture (mg.kgt) (mg.kg) (mg.kgt) (dS.m)
) 409 56.6 1498 3.98 7.56
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Table 2- ANOVA (mean squares) for the effect of fertilizer on morphological traits of cucumber cv. Super Dominus under
drought stresss

g Job

Ol kS o Gl ady e X 05k Jsb 4Bl 5k S 2
S.0V df Root lenght height Internode lenght Stem diameter Leaf area
Block <l 5 3.101"™ 982.42™ 44.51™ 1.05" 64.4"
Stress i 2 1127.77* 13009.3" 1896.62"" 273.04™ 103369.9™
Treatment (o555 Jloss 3 77.99™ 2577.13" 100.03" 1.07™ 7580.1"
SXT Sl x i 6 44.43™ 71.41m™ 10.23" 1.36" 1026.0"
Error s 55 4.08 76.70 3.55 0.53 148.9
oy gt T 4z Sgr 5 59 Ky St 439 LS 5d 4Bles dlass 0,55ke ol
S.0.V df Shoot fresh weight Shoot dry weight Branch number Internode number
Block s, 5 6971.19™ 548.74™ 6.15™ 0.35™
Stress i 2 40114.7* 1125.61™ 64.66™ 0.26"
Treatment o565 Jloss 3 9016.06™ 974.12™ 12.05™ 0.48"
SXT Sl x a5 6 983.52"™ 30.94" 1.53m 0.18™
Error s 55 471.71 9.91 0.73 0.28

O b gize pae NS g do ) 0 Jlain] pdaw )3 (gl gime # o )d V Jlois] s (3 (39 55 gime s
==Significant at 1% of probability level, * Significant at 5% of probability level, ns: Non-significant
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Table 3- The interaction effect of different fertilizer treatments x drought stress on morphological traits of cucumber cv.
Super Dominus

&olle iy Jsb leld g Suih gy e S g
Irrigation &35 slo Root Stem Shoot dr Internode L .f
(Day) Treatment length diameter wei ht(); length e asrea
(cm) (mm) gt @ (mm) (cm?)
Control (ssliza! pac) aals 22.62de 13.93a 34.47ef 31.99¢ 127.50¢
(200 mg.I"ty Humic acide S.oge 1.l 33.52a 13.09abc 50.07b 37.55a 165.86b
3 (6 1.hat) Amino acid el sl 25.66¢ 13.38ab 45.40cd 35.06b 161.42b
6 1.hal) ael sl + (200 MQ. 1)l Ko
( 1ha) aee *‘“HxxA:‘g Pl Ssogen 28.82b 13.05hc 54.92a 36.43ab 188.68a
Control (ssliz! pac) aali 20.91ef 11.13e 28.07g 24.50e 59.52d
(200 mg.1"Yy Humic acide S.ops ol 23.99cd 11.51e 41.78d 26.17de 115.27¢
5 (6 1.haty Amino acid .l sl 21.11ef 11.82de 42.32d 26.92d 68.51d
-1y L -1
(6 1) s *‘“&fﬁ:‘g" Proed Ssog 20.06f 12.44cd 46.43bc 30.38¢ 114.20¢
Control (ssliz. pas) aals 14.91g 6.50f 24.47g 14.50h 19.84f
(200 mg.I"ty Humic acide S.ogs vl 13.96g 6.57f 32.78f 17.17g 38.42¢
7 (6 1.ha™t) Amino acid ..l sl 11.48h 7.15f 35.40ef 16.92g 22.84f
-1y L -1
(6 1ha) .l *‘“&i{ﬁ:‘g" Pl Sosen 15.53g 7.20f 37.43¢ 21.38f 38.06¢

izt LSD 9051 5l olitasl b doyd gy Jloin] gedaw 53 (650 gixe M3 131 5l Slusy g s oS golue]
The same letters indicate the no significant difference at 5% of probability level based on LSD test.

‘ogeld pigm’ 08 U Aigr Jgb g (£ Blu ekl Wg (g ¢SS AT 1 Jgsa
Table 4- The effect of drought stress on height, branch number and shoot fresh weight of cucumber cv. Super

BT g Job 55 Bl slax U9 ¥ 039
Irrigation (day) Height (cm) Branch number Shoot fresh weight (g)
3 104.35a 7.29a 184.37 a
5 89.32Db 495b 148.83 b
7 58.67 ¢ 412¢c 102.83 ¢

Azt LSD 9051 5l elitasl b doyd gy Jlosn] grdaw 53 (650 gixe 3] 131 5 )l Slussy g > oS golue]
The same letters indicate the no significant difference at 5% of probability level based on LSD test.
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Table 5- The effect of different fertilizers application on height, branch number, shoot fresh weight and yield of cucumber cv.
Super Dominus

&35 o Ggrdob (558 Blw sl G2 5 039 3, 8des
Treatment Height (cm) Branch number  Shoot fresh weight (g)  Fruit yield (kg/plant)
Control (eslisl pas) sals 68.14 c 433¢c 128.05b 5.04b
(200 mg.I"ty Humic acide Seogw uul 83.12b 550b 128.55b 5.68 a
(6 1.ha) Amino acid sl sl 88.74 ab 5.72 ab 149.33Db 5.90 a
(6 L.hal) arel sl + (200 MQ. 1)l Spogen
HAXAA 96.45 a 6.72a 17544 a 5.65 a

Aty LSD 9051 51 o3kl b doyd gy Jloin] pdaw 55 (65l gixe <dMis] 1316 151> Slussy gy &S golael
The same letters indicate the no significant difference at 5% of probability level based on LSD test.
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aS a5 jascie olS 3, Slas b bgye Glao (wyp b sl oas 85 Jalge Sy 4 conslys ialol )3 (o5l 568
s3b an oLS 53 000 A58 51 LSS gy i ya (o)l g3 Jlos g oS bulpd 3 1) oS A8y g 03l ]y i ) Jol

5 5 b olS 3,Shas b Lag e lio a5 53,8 Coslas IS a8 ol L5 i gy Sumged gl il oyt s A
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Table 6- ANOVA (mean squares) for the effect of fertilizer application on yield-related traits in cucumber cv. Super Dominus
under drought stresss

SS (39 <l hw
e a0 > 5 : > 3 1
ol e e i o 7 7 039 s som0 3,Skos o b8 oge Jsb
SOV 83! : Fruit fresh o Fruit yield Fruit Fruit
- df Fruitdry weight Fruit tissue diameter length
weight firmness
Block s, 5 1.11ns 335.46" 0.34™ 1.87" 0.10m™ 0.10™
Treatment s 3 3.81" 740.59" 1.27* 1.63" 2.02" 20.01™
Stress s 1 0.63™ 1330.88" 0.67™ 7.20™ 0.90™ 21.36™
SXT jlag x 5 3 3.80" 7.12™ 1.35" 0.02m 0.86™ 5.09"
Error s 35 121 278.146 0.39 0.18 0.10 0.40

O I gime pas NS g 0o & Jlois] o )5 (g)ld gime # o pd V Jlain] s )3 (D90 5 gize
Significant at 1% of probability level, * Significant at 5% of probability level, ns: Non-significants
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Table 7- The interaction effect of different fertilizerapplication x drought stress on some yield-related traits in cucumber cv.
Super Dominus

i S 03 . il ]
LS)L’?')S" d-’ss )Loﬁ R o900 ¥ (339 R b%.o).bﬁ J9‘b
Irrigation Treatment 9 Fruit fresh o Fruit Fruit sg
(Day) Fruitdry weight (g) Fruittissue  gjameter (cm) length (cm)
weight (g) firmness
Control (oslize! pas) sals 2.74c 39.51d 5.25a 2.91cd 10.70ef
(200 mg.1I") Humic acide Siogun sl 4.89 84.40a 4.63ab 3.21bc 11.05de
3 (6 1.hal) Amino acid a:el sl 3.70abc 61.80bc 4.45b 4.28a 14.75a
el el Pl Smgen 3.81abc 79.97ab 4.25bc 331b 12.84b
HA (200 mg.I')xAA (6 I.ha't)
Control (osliz! pas) sals 4.17ab 64.13bc 4.45b 3.06bcd 10.06f
(200 mg.I") Humic acide Siogun sl 4.13ab 55.24cd 4.61ab 3.43b 10.55¢ef
5 (6 1.hat) Amino acid a:el sl 3.13bc 54.38cd 3.70c 3.45b 11.48cd
el Sl bl gt 2.78¢ 49.78cd 4.86ab 2.68d 11.91c
HA (200 mg.I")xAA (6 I.ha®)
s LSD 9051 5 oliol bt s gty Jloi] g 53 (615 sime GBS 431 15,15 Slay gy oS (g0l
The same letters indicate the no significant difference at 5% of probability level based on LSD test.
‘ogeld pigm’ 08y Ud ol 3ySlas i (Sl IS 1A g
Table 8- The effect of drought stress on plant yield of cucumber cv. Super Dominus
ol 490 5 ,Slos
(Day) Irrigation Fruit yield (kg.plant?)
3 5.95a
5 5.16 b
Aty LSD 9051 51 olitnl b doyd iy Jloss] prdaw 53 (655 gixo @3] 131 151> Slussy g > 45 colael
The same letters indicate the no significant difference at 5% of probability level based on LSD test.
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Introduction: The deficiency of organic matter in the soil is one of the factors limiting cultivating and
growing of plants. While the organic matter is the main factor of soil fertility and the ideal organic matter
content of agricultural soils is about 4-6% according to the experiments performed, this amount is very low in
arid and desert areas such as those in Iran. The significant capability of humic fertilizers in the rapid
improvement of soil fertilization level is quite recognizable. Humic acid has a direct role in determining the
producing potential of the soil. Humic substances can have a positive effect on plant growth in different ways.
Humic acid results in an increasing nitrogen uptake by plants and stimulates and enhances the uptake of Ca, Mg,
P, and K. By enhancing the resistance to environmental stresses, increasing chlorophyll concentration and thus
affecting photosynthesis, amino acids are effective in plant growth and yield. Given the conditions that
agriculture faces, drought is the main limiting factor of agricultural production in the present and future.
Research has reported that the improvement of plant growth under stress conditions by application of humic
substances and amino acid. The use of these factors that increase plant growth in stressful conditions and
improve yield is a useful and effective method. The aim of this study was to investigate the effect of organic
fertilizers on growth traits of cucumber plants under drought stress.

Materials and Methods: In order to explore the effect of drought stress on cucumber plant, an experiment
was carried out in the research field of agriculture faculty of Ferdowsi University of Mashhad in 2015-2016.
This study was performed as a factorial design in a completely randomized block design with three replications.
The first factor was fertilization at four levels (control, humic acid application (200 ppm), glycine amino acid
and glutamic acid application (6 liters per hectare), and combined application of humic acid (200 ppm), glycine
amino acid and glutamic acid (6 liters per hectare), and the second factor was irrigation at three levels of 3, 5 and
7 days. Furrows with 2 m apart, 40 cm deep, 50 cm wide and 20 m long were created. Following the soil
irrigation, the cucumber seeds were planted on the edge of the experimental hills (4-5 seeds per hill) that were
spaced 50 cm apart. The treatments were applied via irrigation at specified concentration. At the end of the
experiment Morphophysiological traits were measured.

Results and Discussion: The results showed that drought stress reduced fresh and dry weights of plant, a
number of branches, root length, stem length, and internode length. The amount of available water to plants
affects their growth traits. Increasing irrigation interval decreased vegetative growth parameters in this plant,
which is undoubtedly due to the lack of water available to the plant. Drought stress leads to stomata closure,
plant wilt, swelling reduction, and reduced water content and total potential of the leaf, resulting in decreased
cell division, especially in shoots and leaves. As a result, the first effects of dehydration in plants can be seen in
their smaller leaf size and lower height than normal conditions. The highest level of drought stress (7 days)
decreases all the traits. Unfortunately, the use of humic acid and acid amine had no effect on the highest levels of
stress (7 days). The application of humic acid alone could improve the effects of drought stress on the plant.
Humic acid enhances plant growth by affecting plant cell metabolism as well as chelating power, increasing
nutrient uptake, and increasing nitrogen content. Experimental studies have shown that glycine betaine
strengthens enzymatic structures and activities and protein components, and cell wall stability against the
damaging effects of environmental stresses is considered to be one of its activities. It seems that organic matter
and humic compounds including humic acid through positive physiological effects including effects on plant
cells metabolism, increased leaf chlorophyll concentration, increased metabolism within cells, and increased
durability of photosynthetic tissues (Increasing leaf durability) leads to increase of production performance and
biomass production in plants.
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and Landscape, Faculty of Agriculture, Ferdowsi University of Mashhad, respectively.
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Conclusion: The use of humic acid alone led to improved leaf area, root length, and other traits. These
factors caused an improvement in the photosynthetic rate in the plant, resulting in improved yield and growth
under drought stress conditions (increased irrigation intervals). The protective and moderating role of the humic
acid application under drought stress is one of the reasons for growth improvement by these compounds. In
general, the combined application of humic acid and amino acid in the form of irrigation fertilizer in cucumber
under drought stress improved growth traits and prevented yield reduction.

Keywords: Irrigation, Morphological traits, Yield
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Table 1- Some of the soil physical and chemical properties

S oeat
EC (dS.cm?) pH oC (%) N (%) P (mg.kg?) K (mg.kg™) > =S
Soil texture
0.75 7.67 15 0.15 38.42 160.7 Silty-loam
oile3l 13 23liw] 3 )90 CuwrgueS’ 5059 (ot brownd 41555 gl -Y Jguo
Table 2- Chemical characteristics of vermicompost used in experiment
EC (dS.cm) pH OC (%) N (%) P (%) K (%)
3.36 8.25 22.7 1.77 1.74 1.47
ol ool Hlagaly g Sag-Y Jgu
Table 3- Biochar properties used
1 o Coluw
g o c.
s e MOP SNV E OV P 2 das S S
Gaaily  ©IX¥ ) FaS Casb) Methylene ASTM lodine e
Grading E . oS Ash pH Moisture  plue number (Surface area number Biochar
9ka")  c (@) (%) content (mg.g) according to (mg.g™) roperties
° (%) standard ASTM) prop
(m’.g)
0.1> 18-20 48-50 4-5 8.5 3-4 150-250 950-1100 950-1100 Value jiis
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Table 4- ANOVA for the effect of biochar and bio and organic fertilizers on morphological characteristics of sweet basil plant

Ol pdS @lio F colj] an o gt £ sho! 4503 slass Bl o
S.0.vV Plant height Number of main branches Stem diameter
Sk 2 5.69 0.20 0.42
Block
St 1 456 0.00003" 0.20%
Biochar
8
Fertilizer 4 16.73™ 7.91™ 0.23™
395 )l sy
Biocharx Fertilizer 4 9.05™ 0.71" 0.86™
s 18 1.13 0.20 0.67
Error
Sl - 2.33 7.83 13.82
CV (%)

o s 5 S el pdaw )3 I dxe g b Sxe puE i s g % NS
ns, * and **: non-significant, significant at 1 and 5% of probability level , respectively.
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Table 5- The effect of biochar and bio and organic fertilizerson height and number of main branches of sweet basil

o o
Treatment :"’9" iu"’:] ol 4L slaws
Plant height .
Sl 555 (cm) Number of main branches
Biochar Fertilizer
Vermicompost 16,08 6.00
CusgpaS 00)9 : :
Mycorrhiza 454 453
L )55 ' '
0 (tha) Azotobacter Py £ a5
' S5l ' '
Pseudomonas
s 43.8 5.59
Hogeglgw
Control
42.55 4.44
Jals
Vermicompost 49.37 40
CusgraS 02)9 : :
Mycorrhiza 16,31 6.17
L 55 ' '
20 (t.ha) Azotobacter 47.25 7.07
' SSbsij! ' :
Pseudomonas
L 46.56 7.08
rbpogsw
Control
43.45 4.48
Jals
LSD 1.822 0.766
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Table 6- The effect of biochar and bio and organic fertilizers on stem diameter of sweet basil plant

Sos R
Treatment Stem diameter (mm)
Vermicompost 620
CuwgeaS (2)9 :
Mycorrhiza e
Azotobacter
355 s 5.90
Fertilizer AL/
Pseudomonas
] 6.01
(crolpagasw)
Control
(sals) 5.72
LSD 0.991
0
Sl (t. ha'®) 5.83
Biochar 20
(t. ha?) 6.00
LSD 0.788

O 05y (29)l3 olS 3 See 1 (s 39S Sl (g
9 polyawy;] GiSUais] a8l By ine 4 S Ndw) dons (pl &
by Saalidl (o) pxe yebas |y slea slapliil 5, Slee  wlisogiguw
0398 Sy ogde ) sladgS 53 39290 slacs S (A)
3 3090 sdsafny 9 Bpany (ol polis Cla (35 Joleie g lgo
Slal el 5 (pionen g 0l Ay Syore dlge gl g s b ol
@ Ll sl gyt Mogw] Mg Cow dlie ol a5 00 oo

(OY) 255 o0 rpll o
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Ay olS 3, Shos 5 0y Sl |y (el il pd SB35 Jol>
sl (F) ol )Ly JLS 9 05 s izmen 5 25100 2529
955 Camex laljdl Cage 9 S S (sokg aw (il
9 lisegroe S cld a8l cage Lules oS o S
Oboey oS als Sid g 5 (g 9 S SS9 5 ()jy 38
OSoe (2L 42 g (gl a2 (S 4 el (958) el 0
Cepmar g (V) @)L8 o (6381 G jlo re piS ey
ol g caril ol S Gizman 5 oad ST LI 29)See
gk (b (YD) 23,5 SB G855l s 290 (29,5
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Table 7- ANOVA for the effect of biochar and bio and organic fertilizers on shoots fresh and dry weight of sweet basil plant

Ol S il @33 4y S P 0k Blw 55 (59 S g SS9 Blw s (439
S.0.V df Leaf fresh weight Stem fresh weight Leaf dry weight Stem dry weight
Sk 2 49550.40 81928.63 603.21 2547.29
Block
st 1 360218.70" 4895041.24" 130173.72" 34634.68"
Biochar
355
Fertilizer 4 4500330.87* 3412603.30™ 63049.47"" 195597.95™
355 Xl
Biocharx Fertilizer 4 995074.34™ 3082594.17* 139833.46™ 89465.76™
ks 18 142655.35 102202.36 4376.43 3742.18
Error
Sl - 5.88 4.80 4.97 4.30
CV (%)

oy i 9 S el e )3 I e g b xe juE i s g % NS
ns, * and **: non-significant, significant at 1 and 5% of probability level , respectively.
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Table 8- The effect of biochar and bio and organic fertilizers on shoots fresh and dry weight of sweet basil plant

Treatment ,loy Sy P09

)-l%xlg a',-s Leaf fresh weight Stem freshrzwelght Leaf dry yzvelght Stem dryr\ZNelght
Biochar Fertilizer (g.m?) (g.m™) (9.m?) (g.m?)
Vermicompost
. 626.24 646.22 126.84 146.58
CusgiaS 059
Myecorrhiza 594.56 605.13 126.27 128.76
Lizys5ee ’ ' ' '
0 (t.hat Azotobacter 543.82 627.93 118.6 140.73
(ther) 5ty ' ' : :
Pseudomonas
i 634.98 630.51 127.71 141.8
obseglpw
Control
553.6 548.44 110.27 99.93
Jals
Vermicompost
. 765.84 833.18 160.76 158.02
CusgiaS 039
Myecorrhiza 655.44 668.07 136.16 153.96
L5550 : : ’ '
Azotobacter
20 (t.ha™) i) 716.53 657.42 143.11 152.71
#5Lsj
Pseudomonas
i 792.33 875.64 165.53 175.07
olsegpw
Control
538.09 564.4 113.18 123.53
Aol
LSD 64.761 54.815 11.343 10.489
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Table 9- ANOVA for the effect of biochar and bio and organic fertilizers on total phenol, total flavonoids and antioxidant
activity of sweet basil plant

Ol i ilia 31l aa Js b JS aighs Sl T 31 Cadlad
S.0.vV df Total phenol Total flavonoids Antioxidant activity
Block sl 2 0.006 0.008 0.005
Biochar s sl 1 4.80" 327.52™ 1734.41™
Fertilizer > - - o
4 17.14 239.86 1464.72
395 Xyl
Biocharx Fertilizer 4 22.73™ 322.64™ 751.26™
Error _islejl s 18 0.002 0.01 0.01
(CV.) wlyuss o - 0.35 0.21 0.23

Doy Ko Jless] pdaws j3 )l gze FF
**: significant at 1% of probability level.
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Figure 1- The interaction effect of biochar xbio and organic fertilizerson total phenol (A) and flavonoid (B)
content in sweet basil leaf
b oo WY g [OVE s IS ABegMe g ST Jib (gl LSD jlade
The LSD values for total phenol and flavonoids contents are 0.076 and 0.171, respectively.
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Introduction: The tendency to produce aromatic and medicinal plants and the demand for natural products is
increasing especially in the world. Ecological agriculture (Agroecology) of medicinal plants guarantees their
quality and reduces the possibility of negative effects on their quality and yield. Evaluation of different plant
nutrition systems is one of the most important principles in the production planning of medicinal plants in order
to achieve high yield and quality of effective ingredients. Proper fertilizer management is one of the most
important factors in agricultural production. Identification of fertilizers which are compatible with nature and are
suitable for plant growth could have favorable effects on quantitative and qualitative indices of the plant.
Organic fertilizers are genuine and risk-free products that could be suitable for agricultural sustainability. Soil
organic matter improves fertility and water retention, provides proper ventilation, long-term storage of plant
nutrients and microorganisms, so replacing chemical fertilizers with fertilizers such as vermicompost and
biofertilizer can reduce the above-mentioned effects. Biofertilizers are one of the operations that is nowadays in
accordance with the principles of sustainable agriculture for soil fertility. Biofertilizers include the compost of
one or more types of useful soil organisms or as metabolic by-products of these organisms that are used to
provide the plant with the nutrients it needs in an agroecosystem.

Materials and Methods: In order to investigate the effect of biochar, organic and biological fertilizers on the
quantity and quality of Ocimum bacilicum L., a factorial experiment was done in a randomized complete block
design with three replications. Experimental treatments included two levels of biochar (0 and 20 ton ha™) and
five levels of fertilizers (vermicompost (10 ton ha), Mycorrhiza, Azotobacter, Pseudomonas and no fertilizer
application). Prior to planting sweet basil seed, biofertilizers and vermicompost were mixed with soil to the
depth of 15 cm. Mycorrhizal fungi were mixed with seed. Azotobacter and Pseudomonas bacteria were also
incubated with seeds (seed inoculated). It should be added that in this study no chemicals were used to control
weeds and pests.

Results and Discussion: According to the results, the highest plant height and number of main branches
were obtained in biochar application with vermicompost (49.37 cm and 7, respectively), which was significantly
better than other treatments. The interaction effect of biochar and fertilizer had a significant effect on fresh and
dry weight of leaf and stem. Mean comparison of treatments showed that the highest leaf and stem fresh weight
were obtained in biochar + Pseudomonas application (792 and 876 g m, respectively), which had no significant
difference with biochar + vermicompost; and also, the maximum leaf dry weight and stem dry weight were
obtained in biochar with Pseudomonas application (166 and 175 g m, respectively). The interaction between
biochar and fertilizer on phenol, flavonoids and antioxidant activity of basil showed a significant differences
between treatments.

Conclusion: In general, the results showed that the use of biochar and biological and organic fertilizers could
be effective in both the quality and quantity of sweet bail, where, the use of the bacterium Azobacter and
Pseudomonas with biochar had the greatest effect on the quality and quantity of sweet bail. Finally, it could be
concluded that the combined use of biochar with biological fertilizers had significant impacts on the quantitative
and qualitative traits of sweet bail in ecological or low input agricultural.

Keywords: Azotobacter, Biochar, Biofertilizer, Mycorrhiza, Organic Fertilizer, Pseudomonas

1, 2 and 4- Graduated Student in Master of Science, Associate Professor and Graduated Student in Ph.D. of Agronomy,
Faculty of Crop Sceiences, Sari Agricultural Sciences and Natural Resources University, respectively.

(*- Corresponding Author Email: fa_zaefarian@yahoo.com)

3- Assistant Professor of Horticulture, Faculty of Crop Sceiences, Sari Agricultural Sciences and Natural Resources
University

DOI: 10.22067/JHS.2021.61907.0



Journal of Horticultural Science
Vol. 35, No.4, Winter 2022, P. 549-560
ISSN: 2008 - 4730

(63,98 gabuo g ple) (SLEL pole 4y Wi
BFA-DF+ o A+ cylimmo} F oylaid T8 ks
Yeoh VYL LS

"ol pols ="' (g 0l 4 grove
YFR4/45/10 13l 55 )b

SRVRTAL SRR e

daS

9 WA Gslalo )3 4 o b (595 Jisu slaliwg) 53 olisj 3o duglio 5, Slos 5 cutS gaw LS| (o) jsliaie & Guiod

e doyde> Coyi (S8 oo WAA Jlo (o as)ie WY 9 WWAE Lo )0 de)50 A0 (o ylyae 5 Slas 5 cuiiS gdaw sboodly jl.ad plsl YYAA
o 3 Slhe d lide) Joeed sl s o sladel 8o leMbl I laodls oyl i oolatwl lyaej 5,Slos g culS pdaw Julod g 4500
2 ol 3, Slae gl Golaol jp 0 ($pslaen WA 9 IV (o Jlo 3 e (a8 A5 L ogee 4 oy anbas 5 GiBly (ol
Il o Glyde; o, Slos ol bl p g S 0 Sis AW p SoLS AFY 5 0V (i pas WAA 5 3V Jlo o oS58 isu slaliws,
Olyas; ds )30 A0 0)Slos g S pdaw boodly i3ly sl atdld (138l do > FY ¢ b pite g seuldl bl i Ly 4 VYRS Lo 4 Caws YYAA
A Jae 50 Cpiomen (R=/V8%) Wb o pials 5 Sloe ¢ lyhe ) cuiS ) maw ol L oS ol L s Jse 5l oozl L AYAS Lo
(R=-/¥8) ols Lis (il 31 059y (o8 )] 51 90,8 g ials 3 Slae JliSan ey grdows U S o5 prdaws 2ol 381 L 9 dyd (clalos
ool Lol s (R= < /VF™) 93 ds )y slalon tin Joo olil  WWAA Jlo p3 olde aeyie WY 3 Slae g oS pdaw (slaodly (il
s (RE -ITA™) s 43 sl 23 Jin 2l i Sy o 0 0] 33,5 Ly 2015 3, 50 Cldn s b S 5 s
Sl a2 g by ol 340 @l ol d Cob e g 30 LS |y G131 T 51 e 5 (10l S i s B3 Slas 93 423 ilo
Sl odas 4y G (pSlle 03,5 (gl ol (pl S 0 o)l (S0l pl3 L g 3yl (o0bj (65 s &l (Y guaza g3 o yie

Dgid oo dpogd yuia (6,9liS iz

S5k eohie; Mg (oodldl bulyd o Sisod (g5 155 W09

Seizs gblie )3 (S3,k oI L ol 15y 0)93 05 Bl 1 g oS
00 dyglp Jlo Vo B olpl )3 olhhe s Wg 090 () 5l cllae
2 Lol g s Jgl JLw 53 olS 3 )Sdas Jgome ol 4 .l
5 Ao 295 Mo Sk 3 Sles 0l 02 B p ey slo b
gy Daome (6,355 (sladiy o515 (Il JeSits > 4 (e
Alol) 5555 s po Jols )3 plde s ady Jolye (A) 355 0 S
(ol )21 U g y35l) (205 0500 (00 1315l b i)
5 (000908 531 b oLl 3lg)) oy sloasy w Sl oSSt
I 0598 53 14l) 255, 0y90 jLel g asy; ay Jbow
(A) o (i
5 Sl Glnl 6509l Jpamo 0325550 i S dny e
39S i (55 dmelyd VS gdes YYO 51 i VYA Lo
YAV Yy gl b olee; Shle (o5l () cul 03)8

LVRUFY

ot 5 s e & Ay LS (puliolS i ol
03)5 gy 9o 9 0 olS (ej ) slaplil plis & laaiy 0y 4
355 8 e e 3y50 Jlo opaiz Slgi e £hyj kulyd o
liogy 3blie (15)5liS 51 gl (ol 2ol o olS 01 (10)
I3 Sl ommilio olS Wlgs o lie; e jlod 4 50T (55
g S 1y kBl S e 308 oS0 5 58
Sl Gyan L (S (Sofdgrsd g (Siolodyge Cluogas e

&)de oy oKl ¢ alS clidgi 09,5 Hbakiwl -
(Email: M.naseri@torbath.ac.ir J gfome 03k g — )
Qd Sy 0SS S0 (59l e S e udy seely; 685 Y

DOI: 10.22067/JHS.2021.61942.0



http://dx.doi.org/10.22067/JHS.2021.61942.0

PFeo limo) oF oylod B alir 1(53,9LE8 aalioo 3 pole) L pole 4,8 OB

g L ol bl g olyaes 3,Shes (o) 5 Lo sl 4y
A5 plogl YWAA 5 V¥A8 Loy cuiS

W yg; 9 dlge

i by )3 ol 3,Sles 5 oy CutS ) pglaie &
slaJlu o0, Slas g ciS maw glrosly g juscayy (S8S
osleer iy 035 )18 oo 5 4,58 3,90 YT 5 \TAS
Jlw 5o i ool flyae; (Ble  les w3 oleMbl ool
WY 3las VWA Jls 53 5 (LS VWY g 1) 45 Q0 olass VY45
0SS i slaliwg) L plie; S (LS VOV gaw 1) 4
O3l o)bl) (Blys (nlos a B 5STpe @ e s
OB hygbiS e S 50 4 (4 Cop bl (g,
SLeMbl 51535 @8l > asliByme g axzlpe d)d Copf (SIS
i S IS 5, Shae (iS5 peans) el b pmo o)
s g o8 g (bSOl Oliee g Loy, pb My
WAA 9 AP Gl Jls ) aa Cai (5087 Gise ol yiej s
Colus & 4o Gl pd @ly 5l (59 Gise b oslitul
o=l Ebl el ag iy (opf Jlod )3 @ye yieshS AVF
blod 5l (Sas yisy bl o yio YAAS dgas L) o I adlais
Crond 4L (ByiuS (slegd () (bl (coaldl (abaine
952 ol Jl a8 (i g Jaime (Sl SS 08l gj ] odes
1 5SSy olyie ) CutS g sl 3y SS dad el
SAY ggazme) y9,ls s JESH WYY 5 45,k LS 005 AYAS L
s9abe yE JLSe ¥ g 59l ,LiSe VYV AYAA Lo 5 5 (LSe
Copds g hiding gl bl Cunl 035 (LS YAS g g000)
oS o e HLiSe YAS GL(WAA L (g))5liS (slaodl
ol HLSa 0Ye ¢ ,Lse S ;e YV AYAA Jl o olés;
Jbw 3 ol &)lie g (0Shee sl 0392 S S (VL
25 YOV &S 09y 425 Vo oF 3 5050500 Dl g Jlo Hles ITAA
035 S Sy gV 5 YO 5 lSa Ky 5 €S ) peans ]
9 4350 (6,0l sloodly o e g (gllding ol dilolw) !
L s L JSis was plosl SigmaPlot 3 8le 5 b aesly Juloo
o byl 3JUT (6l us wuy SigmaPlot ¢ Excel l531e 5
SigmaPlot 15 le 5 Ly g5 31 51 5,Shes 5 oS s
oS s St (el b0 )] el b o3lisl 1) asud
{RMSE) Usi &y (SiLin spioona ) 5 ol 2,Shae 5
1 o3l (R?) (e 8 5 (R) (Sierod gy

2 Sids AN 5 VY i b lpl g atdld wdy o pd B0+ D90
o=l Slae alplo (o5l laspm VY ag Sonp ¥ WY Jlw
acaliylol SLeSMol oLl s (VA) ol 42l JLis] )5 1, Jguamo
Olie) S gaw (V0) (55,5laS sl ©)ljy (Ll SV gae
Fo¥ s (e oS VWYR0A (j5h 5 59)k gaw) y9iS' 5
13 LS NS SohS VIPY 5,Skas uSiko o St IS 5
5 CdiS e w dod Y L g9 el liwl .l 039 S
o> yoluaisl dg 3 a1y olyacs 0 Je Jgl plie gy doys YF
oy il il Cilizee (sLalbw e lse 3 Ca
A AV 1S 5 A dgas S daw b 4y Cu i Gl o
welaidl dgd a |y 1o yd Ve dgas olee (oxdaw o] S LS
olwls ol jo 0 Slee 1Sle S pdaw BMS 4wl 030
IHLsa 3 p)S o ks VY S ol S 53 2SS VY 595,
olisj 3,des (olyie) ool 3925 b ol Sl )9S Sla
51V 48 5yplo 4y ol dzls azgs LB Lials ] Gl b
WAY Jlw 5o ;LS 10 5,55 LS Y/EY a0 WO+ Jlo j0 p,56lS
gt IS @ plgiee ol Y et | oS Sl os,
3 angyia odlatul 5 @Shite cutS ale 03lesyy CutS (slapian 4
(V0 5 W) 25 o)Ll (655l i 055 5 (ploerd (sladgS
o b gl 3y Slae 45 555 B (V) olfSas 5 (S8
13 P 5ol YIY 4l &\ 5 (WA 5 WS+ L ) 4838
o=l = B Jslse oyt adox Sl o] sl ) S
o 5 s pie 5 JuSih S 5 o Gl e
SLBLS 1l 25l 13 ol iadls ol ol ok 8l 5
ol bl g3 cane s 1 51as slizal sl el
o bt S adas Copie 4 b sl Sy 2l
(VF) 2yl 1y 5, See STl
stadlo  glybe) codS pj waw Olpsi by 4 (2
a8l il 8l ad 4 Jaaswe (pl CuilS oS dad o L ope3)
W5 i o liSa lm Y 1 Jgmanme oyl S g (V) o
i385 SUs 4 Canl oausy WAY Lo 3 S jm WF &,
o e s Sl s glacaje (V0 9 V) 2> o] (sl ¥/0
5 03LginS slapllsi b 555k o8 ol 5l ) SV oo 03 4,
sl > cdlS H S L cie (SYb (gl ye e oSl
a5 b (V) Culond Jgamme (nl 4y )55l 4257 s (3blie
ol 4 9 )9S LB Jl o)l 3 plye; udlS maw Sl &
R ORI IR B R
5 CdlS o polie Sl g boy Sl ol anih (S i
olydes enitS limpaalip g plipis (5950 JBluso 1 5,Ses
sloda ol Byme cleMbl I oolitnl b iod () Dau o guxo
S o5 S ghie (Bly shles w3 sl 0ad oo



BN w000 oy (SuS Gidy 50 glyhe) o 5o g Sl g bLI | oy p coliwlie 9 5 0l

o3latul (6j)sliS” LY quazs Agi yiul8l gly Lol el il (S
ool (1) el ] Sahssl Ll b sl 511 iy
JB B Ay 3 (Sl pie () Gl (813
A S AY B Y ol b olyee; o Slee jials > glalasMo
Lo it ol 15 & (5o Bl 1S 13 503 g0 el 31
2,5 o)kl elainl g (gobaidl ¢ o pie o ely; Jolse aile
ORI 4 apre o (5 i 3 ke Mg oliee
a5 gyoday (N Jodn) cawl @l iuli8l o Slas g CuiS pj oo
) Cja_w 9 .))S.Lo.c d;lwl » 04U .})9]):' Sais AN J.Jy ul)ﬁp
VYl 4 s WA Jl jo 8057 o slabiog, cuss
Simb sy g48g (Y JSS) caol atsly isl58] wsys Y)Y
Jecel g0 o)l U ol 2,8kas  plis; (25 Gloj
sbajls caliod aiajls lye) 3390 Mg 23,5 o ol 58) o
Sk 510>l (ol ol o 4 oS () (Sl

WA Ll o olytej 0y Sloe p bl 3800 gl ulel 4

2 eSS ONV) WA Jluw dy s (LS )3 p)SolS AIPY)
PV Sl jobar dnpde a5 (58 S lalieg, > (1S
35l St NS As5 e (¥ SS) sl Azl l33) aoy
2 SIS i Slbliagy S 5 o 5 3,Slac ol 5 005
Gl Bl Eol5 8l as)d WY YA Jlo 4 cnd WAA Lo

o oyt o ¥ AT 5 1FR5 Lo 5 5,Slee oy yiaS () JS3)
3 Sdas g LS o Sid AIMS 5 S6LS Ve 5 VYD s ey
290392 p)SohS ¥ 290 WEY Jlw 3 ppdaCa i 3 oljée
Py olS F gas g andly a6 pReiix job 4 VF-VT Lo
3y Slos i idlS Loyen ol 5l o ool oy S 5>
w8l Jo33 WHY Jlo alie gl o & (liw o el )3 olyie;
(V0) 5551 g l3g dcsliylel Lol 5obo  (F) ol
YIEY 538 JS (xke 9 V¥ (592 Glulid )3 olide 3)Sdas
Ssod «(65)9liS OV g 1 (el 1S 53 p S olS

. 10 8.:64
g g
%\ g 6 - 5.17
Ao 4 -
2
> 2
0
2017 2019
VAN 5 IVAF sl jo oyl she j SWis AIVS 5 Slos - IS
Figure 1- Yield of dried saffron stigma in 2017 and 2019
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Figure 2- Production of dried saffron stigmas in 2017 and 2019
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Table 1- Details of cultivation data and yield of 95 and 173 saffron farms respectively in 2017 and 2019

oAbl Jlo () Sl Ot e Cr S PR JER
Index Year Arithmetic mean Maximum Minimum Standard deviation
W“SCJM 14 10 0.15 1.9
Cultivation area \was
35kes 2017 6.1 125 2 2.6
Yield
“_MS_@M 15 17 0.1 2.16
Cultivation area \YaA
35kes 2019 8.8 20 2 3.3
Yield
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Figure 2- Minimum and maximum temperature and daily rainfall during the growing season of saffron in Torbat-e-

Heydariyeh city conditions from October 2016 to November 2017
(Vertical axis to the left: temperature, and vertical axis to the right: rainfall)
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Figure 3- Minimum and maximum temperature and daily rainfall during the growing period of saffron in Torbat-e-
Heydariyeh conditions from October 2016 to November 2017
(Vertical axis on the left side of temperature and vertical axis on the right side of rainfall)
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Figure 4- Delivery rate of dried saffron stigmas in 2017 and 2019 to guaranteed shopping centers
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Figure 5- Correlation between cultivation area (hectare) and saffron yield in 2017
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Table 2- ANOVA for the first degree linear model of cultivation area (hectares) and saffron yield in 2017 and 2019

e : Clug pgema T 093]
Jo Oy o Jlw @3ljl 4, sum of ©laye (F)
Model Source of variations Year D.F squares Mean Test (F)
squares
0935 1 44.3 44.3 6.99%**
Regression
s
Jol 4oy s Jae Error ez % > o3
Li del 2017
inear mode Tﬁfm 94 633 6.7
. O,%**’)S_) 2 69 345 5.6 ***
egression
4 ks Jae = 92 565 6.1
pos Error YA
P 201
Third-linear 5 019 94 633 6.7
model Total

oy V e mdaw )3 Iy gime ***
***Significant at 1% of probability level
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Table 3- Statistics obtained from cultivation data and yield of 95 saffron farms in 2017

o 031> (i3l Jue oD ) > WR:Q” Uad Oileypo (uile y9d0m0
Fitted model R RMSE
Jol 4> (s Jae 0.26** 0.07 252
Linear model
pow 4> (s Jse 0.33 ** 0.1 2.47

Third-linear model

2o 0 Jloas! pdass jd o pxe **
**Significant at 5% of probability level
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Table 4- Analysis of variance of the quadratic linear model of cultivation area (hectares) and saffron yield in 2019

Ol pk gt Jw  alilany Olumggeme Oluye (ke (F) o905
Source of changes  Year D.f Sum of squares Mean Square  Test (F)
95 2 109 545 5.3
Regression
> 170 151 103
P> 420 b Jaa Error W Jl
Quadratic linear model XK 2017 172 1861 108
Total
u‘wﬁ_) 2 146 485 4.8%**
Regression
b 169 1715 10.1
pow d>yd (s i Error WA Jlo
ird-li 2019
Third-linear model 5 172 1861 108
Total

oy ) il pdas p3 by pxe **
***Significant at 1% probability level
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Figure 6- Correlation between cultivation area (hectare) and saffron yield in 2019
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Table 5- Statistics obtained from cultivation and yield data of 173 saffron farms in 2019

Lss’:"w“w o 5 - . s e & .
00 031> (i3l Je ) R T o s s Olrg po (Sl y9dome
Fitted model (R) (R?) (RMSE)
O 0.24 0.06 3.2
Quadratic linear model
o 2> s Jue 0.28" 0.08 3.2

Third-linear model

2o 0 Jlois! pdass jd o pxe **
**Significant at 5% of probability level
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Introduction: Saffron is an annual plant that grows based on underground organs of the plant as corms and
can be used for several years under farming conditions. This plant is the main source of income for many
farmers in rural areas of eastern Iran. Khorasan Razavi province with 76% of cultivation area and 74% of
production has the first place in saffron production. Among the different cities of Khorasan Razavi province,
Torbat Heydariyeh city with a cultivation area of about 8 thousand hectares out of 87 thousand hectares of the
whole province has an area equivalent to about 10%. Contrary to the level of cultivation, the average yield in
Khorasan Razavi province is 3.4 kg / ha, which is 0.22 kg / ha lower than the national average. Considering that
the level of saffron that is increasing in many parts of the country and on the other hand, according to the long-
term average statistics, its yield has decreased significantly. The need for continuous monitoring of planting level

and vyield is one of the most issues for managers and programs. This research was conducted using the
information of referral letters issued for guaranteed purchase of saffron in the Torbat-e Heydariyeh Kadkan town
to analyze and evaluate the performance of saffron in 2017 and 2019.

Materials and Methods: In order to study saffron cultivation and its yield in the Kadkan town, cultivation
data and yield data in the years 2017 and 2019 were analyzed. Guaranteed purchase information of saffron was
used to collect data. In 2017, 95 people (at the level of 132 hectares) and in 2019, 173 people (at the level of 257
hectares) of saffron farmers in the Kadkan town to deliver saffron to guaranteed shopping centers (Rural
Cooperative Office of Torbat Heydariyeh) to Jihad Agricultural Center. They came to Torbat-e Heydarieh
Kadkan and received a letter of introduction. The information of these referrals (area under cultivation, dry
stigma vyield, production rate, village name and amount of saffron delivered) was used to analyze saffron
cultivation in Torbat-e Heydariyeh, Kadkan town in 2017 to 2019.

Results and Discussion: Based on the results of saffron yield in the Kadkan town in 2017 and 2019, 5.17
and 8.64 kg of dry stigma obtained, respectively. The amount of saffron delivered to shopping centers in 2017
and 2019 was 532 and 1270 kg, respectively. According to the results of saffron yield in 2017 compared to 2019
due to climatic and managerial conditions, has increased by 67%. Fitting of cultivation and yield data of 95
saffron farms in 2017 using a linear model showed that with increasing the area under saffron cultivation, yield
decreases R = 0.26 **. Also in the polynomial model. Second degree, with increasing the area under cultivation
to the level of five hectares, the yield decreased and since then showed a slight increasing trend (R = 0.26 **).
Fitting of cultivation data and yield of 173 saffron farms in 2019 based on the second degree polynomial model
R = 0.24 24 ** showed that with increasing the area under cultivation up to seven hectares, the yield has
decreased and since then it has an increasing trend. In the third degree polynomial model R = 0.28**, like the
second degree of yield, decreased to seven hectares and then increased and then was fixed. Considering that the
cultivation area of the most farms in Kadkan town was between 0.1 and 2 hectares and farms up to two hectares
in the villages of Kadkan townt, it is non-mechanized, therefore, in these farms, the management of smaller
farms could be done more easily and the increase in yield for these farms was predictable.

Conclusion: According to the results of the present study, the yield of saffron in 2017 and 2016 was 5.16 and
8.64 kg / ha, respectively. Considering that the average yield of saffron in the country is 3.62 kg per hectare
(Statistics of the Ministry of Jihad Agriculture, 2018), the yield of saffron in the Torbat-e-Heydariyeh Kadkan
town can be considered as high yield in the country, which is probably due to climatic conditions and is
managerial. 67% increase in yield in 2019 compared to 2017due to climatic reasons (increased rainfall) and
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(*- Corresponding Author Email: M.naseri@torbath.ac.ir)
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management (nutrition, agriculture, training, irrigation, proper planting date, use of corms with appropriate
weight, disinfection of corms at planting, Summer irrigation, weed control).

Keywords: Climatic conditions, Correlation, Rainfall, Regression, Saffron production
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1- Linalool

2- Methyl chavicol
3- Methyl eugenol

4- Eugenol

5- Geraniol

6- Z-Citral

7- Geranial

8- (E)-Caryophyllene
9- Trans-a-Bergamotene
10- a-Humulene

11- Eucalyptol
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Table 1- Geographical and climatic characteristics of the region
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Table 3- ANOVA for the characteristics of basil cultivars affected by different levels of nitrogen in different harvest times
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Figure 1- Leaf chlorophyll index in different cultivars of basil
Error bars is drawn based on standard deviation (SD).

50 q

A0 <

o Judg 5 s Ll
Chlorophyll index

=

100kgha Urea 200 kgha Urea
Ol 2
Nitrogen fertilirer

39555 395 it Zolaw Cod lou ) Sy g IS e LS Y UK
Figure 2- Leaf chlorophyll index of basil under different levels of nitrogen fertilizer
Error bars is drawn based on standard deviation (SD).

A0 -

m
Jul
[

Harvest 1 Harvest 2

Coily g gl 4 lag
Harvest times
Aliss sBCwWild p yd Gl y S Jdg IS sl -Y UG

Figure 3- Leaf chlorophyll index of basil under different harvest times
Error bars is drawn based on standard deviation (SD).



VPoo ylbmo F osloit 1O sl ((659LiS 2sbuo g pole) SLEL pole 4 pii  OFF

Italian Large 3, ;3 05l 355 LS j5 5,55 LS Voo g Ve
OF) oh)en 5 ol (¥ JS5) dol cows 4y Jol cuildy > Leaf
S Slas b dBls 4 S Cand (o ()0 o 5 (o (Siad
gy Lyl 3o 0 008 G55 A glis) 5 o
Gpns a5 (6500 Gz g Cuto 3l o 4 (8,1 5l Lol g o bu,
Gl e o3g] 358 38 (1F) 33 5 dopp g2 5 355
20,5 (22355 pac) dali jlos b dwslds ;3 dilu & Sy cud
e 3528 (ranlyd S )8 A s Y JS5)
D 9 LS p (S g 08 Sy gdaw plgd 9 Sy aw Ll
S SS90 g0 Gl cnl 3l 9 35l Bag 4y b
(V) 22,5 oo dBlus &
RS-SRSV CVIP WIS LSE IR PSP FRVEL BN S
ol dar ;0 a8l any Sy Copnd Cawl i8S Cjao S
P 0329 42 9 9> Cubldy ) (b5l 3)90 88y Jlez B 53 9 6355
Jads il g pd (ol a8 Ls slaw (i3l oren g olS i
o5 “9) 03lesdls LgL.mddI? ‘J9] Q.‘;‘}].))g 5 Lfl‘”‘ 48l Oy
p9d sy ) by (Sl laddls Wg 4 g o 4l

D35 o i pow

Leall / Stem ratio

N1 N2 N3 N1 N2

Mobarakeh Cinnamon

Oy 45 gygbdy g o] 5l 8 clyy | eS sl oy
B35 (S (1 JS8) oy (FYIV) i (a8 2 pgu il
e ) P g pgd iy )3 Sy JBg)lS padls ials Lo
S Ll nl 53 05955 4 QLS yieS (qwyiws & lgs
595 lajloss ;> 00 Lo widi 0y9) 355 30,8 3] g Ol
LS Y3 %03 5l gn Joh el ) 0595 (olesd
obS Sy n @ ol paw g ped lacudlby 13 Sy Jdg)lS
i Sy A dei g oyb asll Gilial s a4 as ol s

(V) 2bioe polasl Sy 4 (65068 (59

aSleu Ao S o ooy
35S ody slaylas Sl as ol lis Weodly uilylg 450 golis
Ol e ey 4 dre oy y dBlw 4y S Cad by o
o=l 2 5 by g X 395 X 18 g Cudild gy X 3987 D98 X 8y Jolie
OSlee dunlie ol wlwl o (¥ Jgdn) 100)5 jld bize Cuto
2 a8l 4 Sy Cond by X 358 x o8, Jilite 5l 4y by e
)JL» )] )»05 ‘meb); 9 d)}g c?bdd L;aLo.) » Mobarakeh pﬂ)
28 Ly (VA) a8l & 5y s oy 292 2b55) 3,90 p B

[HI1HZH3HIH2ZH3HIHZH3H]I H2H3HIHZH3HI H2H3HIHZH3HI H2H3HI H2H3HI HZH3[H1 H2H3[H1 HZH3

N3 N1 N2 N3 N1 N2 N3
Italian Large Leaf Sweet Thai
Ol plf)]
Basil cultivars

Bliseo WCWild 5 33 (595w 395 Folam Ay (yiSTy 3 oy Pl )] dBlus Ay S g Connd Ol gunti —F JSOG
Figure 4- Changes in leaf/stem ratio of basil cultivars in response to various levels of nitrogen fertilizer in different harvest

times

Error bars is drawn based on standard deviation (SD)
N1: (control), N2: 100 kg ha* urea, N3: 200 kg ha* urea; H1, H2 and H3: first harvest, second harvest and third harvest, respectively

imd e Ui Ty pow cudldy g ped by (Jol el (H3 g H2 HL 5 0y5l 365 )l 15 5 56lS Voo g Ve Coyumn g 355 Bpumn pae iy 4 :N3 g N2 N1



OFY gl s o8 sl bl i 9 CamoS (g 3 5as p Cdls p (3lo 9 (33955 Jilio 51 b3l eyl o 9 (g0

Srba S Sid 0 5 (598 255 3 )8 pas) wals
soban pod il 3 GlalS Sy Siid (g Lo )y 0
Sp SiS g pShe g pow g Jgl sy Sl i (o)l gne
0)9 JUSB 13 p)ShS Ver ) Jlos &y (LS 53 p)S5kS VYFY)
Sy SdS (jg 9 Yo JS8) bl polaidl g ety )
A8 0093 9 lgp ewlie slod 4y Glyice |y pow 9 pgd Cutldyy
bulyd ol 3 pde Sy g 5 lom) obS 55k (odug)
395 GByins N0) HLSar o JasS (5155 4 (V) ol cnad
ol onl 4 298 o0 by S (g pRediz Gl el (g
Sy Cwbs (ilidl s & Sy ojlil Lisli8l 4 0eMe Wilgs o
cilizee @lie (e jl a8 5,8 (5135 50 (V) (62,8 8k 3
obels jlglon) Sp Siis 5 5 Gy e (Sar sadgs
395 il oalatwl s Jols ped il )3 0ygl 5587 L ol s
b ogis onl 5 bl 2,90 pB)l (olos (atgy 3,8 (15950
ol Bk Sl (S5g i (sladgS andsu 290 ()0 e skt
bulyd (glow olS 0395 Canj M5 5 055 (sl 5L )90 (o
Fba plgd camge 45 0SS (oo wal S Gl My sl ) (olia
Lol 23,5 0 S92 (b S 3 (95 S 3l S50k 9 S
593 039 d9—eS b ) it Jolye )3 olS wald jla )

g 0

2 Bl g LS mrew Gl g S doyd 92 ol el
ul)Li.o.m 9 u‘_@? (\;) G )Lja.ul J,,B pow 9 £9d Lghz;wb):
Cubld p dw d oyloyy dBlw 4 Sy Caws &S WS 5155 55 (VY)
O D e 4 e pieS g (g il oS (g skl gy gl
by U5 5 Sy gl 4l @ dogi b oAb odalise pow 9 sl
Ll go a8l 4y Sy o (b8l Al oo il Gl5ee o o
A8 L) (6550 A Mg uilul CueS g CudS GRIEL

W ds 9 S SdA (05

i)l 2590 pLE] e dmodls uibly w35 gl elul
B el x a8 blite Sl 30 cod (gl pme jobods pizcan
5y sl dw 3l g cutly X 08y 058 x 08 blite il s )S
Y Jods) 00,8y pme JS Suid y5g 0 Ladd cldly p X 268 %

Italian Large -3, daosly Slio duslio gols wlol »
3y5-0 pLE)] b G Ll g2 J13y08 5 by Bl il b aslie
o (0 JSb) ais odalie Jlas oyl 5l (g)ls gime OS] adlllas
54 ol ol cblyy x 058 Jlite 5l 4 by uSke duslie
uLmLf A Cowd (5950 395 b ool dydss QL"’L‘S cl.a:c;...ﬁb).g PLQ.';

1400 -
I~ 1200 T
4 2 42
B 1000 4 2'-_:

- ",
Xz 533
1 E 800 4 43
— 4
33 w
oy 1 4
S S5
L ] L2 d
a = 400 32
k 3

; 200 A 43
= vy
0 *.q

Mobarakeh Cinnamon Italian Large Sweet Thai

Leaf

ooy 25
Basil caltivars
Ol y Bliswo o8 )| &y Sis 39 -0 IS

Figure 5- Leaf dry weight in different cultivars of basil
Error bars is drawn based on standard deviation (SD).
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Error bars is drawn based on standard deviation (SD).
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Figure 10- Percentage of essential oil response of basil to different levels of nitrogen fertilizer
Error bars is drawn based on standard deviation (SD).
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Table 4- Essential oil components (%) in sweet basil cultivars under different levels of nitrogen fertilizer

oS 5 Mobarakeh Cinnamon Italian Large Leaf Sweet Thai
Compound N1 N2 N3 N1 N2 N3 N1 N2 N3 N1 N2 N3
a-Pinene 020 021 021 028 0.25 0.32 0.26 030 0.31 0.16 020 0.22
Camphene 0.69 0.60 0.63 tr tr tr 0.11 tr tr tr tr tr
B -Pinene 036 0.37 0.30 045 050 0.40 0.67 0.60 0.61 0.29 0.33 0.30
Myrcene 015 0.15 0.0 029 0.26 0.30 0.49 053 0.50 0.40 045 0.32
Limonene 012 013 0.14 0.10 0.10 0.12 030 035 0.30 021 020 0.18
1,8-Cineole 031 040 035 470 520 4.70 8.14 830 840 145 160 1.50
(E)-B- Ocimene 013 020 0.26 0.60 0.65 0.60 032 030 0.35 114 120 1.20
Terpinolene - - - 0.17 0.15 0.10 0.25 0.20 0.23 0.16 0.20 0.20
Fenchone 0.10 0.15 0.20 022 0.30 0.30 0.30 0.30 0.35 0.24 020 0.30
Linalool 020 030 0.25 345 36.1 346 424 448 419 400 401 390
Camphor tr tr tr 0.70 0.40 0.30 053 tr 0.30 0.75 050 0.50
Borneol 032 020 0.25 0.15 tr tr 0.42 030 0.30 0.40 0.40 0.20
Terpinen-4-ol - - - 0.73 0.80 0.95 - - - 021 0.40 0.40
a-Terpineol 026 030 0.20 0.33 035 0.30 0.71 0.60 0.55 110 0.90 0.80
Methyl chavicol 382 452 489 580 6.00 7.20 30.7 332 370 930 101 113
Z-Geraniol (Nerol) 021 0.40 0.68 - - - - - - - - -
Z-Citral (Neral) 170 142 131 - - - - - - - - -
Chavicol 030 0.20 0.20 0.40 040 0.50 0.80 0.75 0.90 - - -
Geraniol 0.85 050 0.23 - - - 010 tr tr - - -
Geranial 230 214 173 - - - - - - - - -
Bornyl acetate 030 030 0.20 026 020 0.20 0.60 0.70 0.50 0.42 050 0.40
a-Cubebene 020 0.18 0.5 0.15 0.20 0.15 0.40 0.30 0.30 - - -
Eugenol 0.19 0.15 0.10 181 160 1.50 120 110 0.90 321 3.00 280
a-Copaene 0.16 0.21 0.17 0.14 0.10 0.10 tr tr tr - - -
B- Cubebene 050 045 0.40 - - - 013 tr tr 0.75 0.60 0.60
B- Elemene 014  tr tr 0.68 0.50 0.60 015 tr tr 1.03 0.90 0.90
Methyl cinnamate tr tr 0.10 388 403 410 - - - 301 312 320
Methyl eugenol 060 050 0.46 0.16 tr tr 052 0.30 0.40 1.60 130 1.30
(E)-Caryophyllene 490 450 4.78 040 0.30 0.30 280 250 220 030 020 tr
Trans-a-Bergamotene 180 160 1.27 0.53 0.30 0.30 1.02 0.90 0.75 1.18 0.90 0.75
a-Guaiene - - - 023 025 0.15 0.26 0.20 0.10 0.37 030 0.30
a-Humulene 190 180 1.67 053 030 0.10 042 030 0.25 023 010 tr
(E)-B-Farnesene 050 040 042 033 030 0.20 - - - - - -
Germacrene-D 150 110 0.82 230 200 1.80 171 160 1.30 059 0.40 0.40
v-Cadinene 320 3.00 3.01 053 050 045 0.66 0.60 0.50 0.40 0.40 0.30
B-Bisabolene 0.25 020 0.23 - - - - - - - - -
Nerolidol 037 030 0.30 0.15 0.15 0.10 - - - 0.13 0.10 0.15
Caryophyllene oxide 0.10 0.10 0.14 0.13 tr tr - - - - - -
a-Cadinol - - - 057 040 0.30 - - - 0.23 0.20 0.20
N1: (control), N2: 100 kg ha* urea, N3: 200 kg ha* urea and tr: trace amounts < 0.05 %.
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Introduction: Sweet basil (Ocimum basilicum L.) is an annual herbaceous plant from labiatae family. The

amount and chemical composition of essential oil of sweet basil depends on genetics, growing season,
environmental factors and plant growth stage. Nitrogen is one of the most important nutrients required by plants.

This element plays an essential role in the synthesis of amino acids and proteins and is part of the structure of
leaf chlorophyll and some plant hormones. Nitrogen application can significantly increase the growth and yield
of medicinal plants in different climatic conditions and affect the quantitative and qualitative properties of
essential oils. The results of various studies have shown that nitrogen significantly alters the amount of essential
oils in basil. Despite the positive effect of nitrogen on improving plant growth and yield, excessive use of
nitrogen fertilizer can have a negative effect on the absorption of other elements. On the other hand, high
amounts of water-soluble nitrogen lead to groundwater pollution. Therefore, determining the appropriate amount
of nitrogen fertilizer in proportion to the nutritional needs of crops, in addition to improving the quantity and
quality of yield, reduces damage to agricultural systems and the environment. Therefore, the aim of the present
study was to evaluate the effect of different amounts of nitrogen fertilizer on vegetative yield and quantitative
and qualitative characteristics of essential oil of four basil cultivars and to introduce the best cultivar in
Khorramabad climate.

Materials and Methods: This experiment was performed as a factorial split plot in time in a randomized
complete block design with three replications during 2016 growing season in the Agricultural Research Station
of Khorramabad. Experimental treatments included four sweet basil cultivars (Italian Large Leaf, Cinnamon,
Sweet Thai and Mobarakeh), three levels of nitrogen fertilizer (0, 100 and 200 kg ha' chemical nitrogen
fertilizer) and three harvests. Nitrogen fertilizer (from urea source) was added to the plots in two stages (half of
the fertilizer before seeds planting and the rest after the first harvest) based on the treatments. Basil plants were
harvested three times at the beginning of flowering. Traits measured in this study included chlorophyll index,
leaf/stem ratio, leaf dry weight, total plant dry weight, percentage and yield of essential oil and determination of
chemical composition of essential oil. To extract the essential oil, water distillation method and Clevenger
apparatus were used. To determine the main constituents of essential oil, all treatments related to a given
repetition were chosen in second harvest were used. Gas chromatography with mass spectrometer was used to
identify the compounds of basil essential oil. Analysis of variance of data was done using SAS ver. 9 and mean
comparison was performed based on the Duncan's multiple range test at 5% probability level using MSTAT-C
software. Figures were drawn by excel software.

Results and Discussion: The results of the present research showed that the highest leaf/stem ratio (1.8) was
obtained from applying 100 and 200 kg ha* of urea fertilizer in Italian Large Leaf cultivar in the first harvest.
Among the studied basil cultivars, Italian Large Leaf cultivar had the highest leaf dry weight, total dry weight,
percentage of essential oil and essential oil yield. The maximum leaf chlorophyll index was related to Sweet
Thai and Cinnamon cultivars and the minimum chlorophyll index, percentage of essential oil and essential oil
yield was related to Mobarakeh cultivar. Consumption of urea fertilizer was associated with a significant
improvement in vegetative growth and as a result, basil yield increased. Although the essential oil percentage of
basil cultivars under control treatment was higher than plants that were fed with nitrogen fertilizer, but the
highest essential oil yield was obtained from application of 100 kg ha urea fertilizer, which shows the greater
effect of dry yield on essential oil yield compared to the percentage of essential oil. In all studied traits, the
maximum value was related to the second harvest and the minimum amount (except the essential oil percentage)

1- Instructor, Faculty of Agriculture, Islamic Azad University, Khorramabad Branch, Iran

(* Corresponding Author Email: faraj.moayedil362@gmail.com)

2 and 4- Ph.D. in Crop Ecology and Ph.D. in Crop Physiology, Department of Plant Eco-physiology, Faculty of
Agriculture, University of Tabriz, Tabriz, Iran, respectively.

3- Associate Professor, Department of Agronomy and Plant Breeding, University of Ilam, Iran

DOI: 10.22067/JHS.2021.61976.0


mailto:faraj.moayedi1362@gmail.com

OVY oy 08 ke (bl oS g ConS (g 0 55dos g Cdilo pr yloj 9 (359,58 e 51 (551 ool )50 9 (s g

was allocated to the first harvest. In chemical analysis of essential oils obtained from young leaves and shoots of
basil cultivars under different fertilization treatments, 29 to 35 compounds were identified. The maximum
concentration of major constituents of essential oils (except 1-8-cineol, methyl cinnamate and methyl chavicol)
was related to the control treatment (no fertilizer application).

Conclusion: Since there was no significant difference between the levels of 100 and 200 kg ha* of urea in
terms of total dry weight and the highest essential oil yield was obtained from the treatment of 100 kg ha! of
urea fertilizer, Italian Large Leaf cultivar and consumption of 100 kg ha? of urea fertilizer can be used in
environmental conditions similar to Khorramabad.

Keywords: Chemical compounds, Essential oil yield, Leaf dry weight, Methyl chavicol, Urea



Journal of Horticultural Science
Vol. 35, No.4, Winter 2022, P. 579-590
ISSN: 2008 - 4730

1,
l 1

Ty

i

i

(8329185 @aluo 5 pole) Sl pole 4y pls
BYR-B3¢ . p AFee i) F oylaid FA uls
YA - BV UL

Sl ailats 3 (JBI3lu 5 s S5 5y cpms ) Oa5 0 f 50 3lsn 1 Bl 5T b3

ﬂf&l&w,@—i

Y‘;Lﬂ Li.:gc —%s\A\L.‘L» o:‘h.\.& 0w

VAR A/ A Bl 5 b

VR LRI ;o b

daSe

a1 ol s 8 aim e LSS S B 5 (mssS355 omwnsS |y Gy (osmsd Sl 5 it 255 )5 5
9SS 9SS 1 (oly; Jlw 93 (b (B olomlydl il ye b o @Bl ST Gigg cnl 5> )15 3,8 (gilegyls 5 5wl e
9 WWAY Jlgie Jlo 90 (b adlaio opl g oSl o8l Joloe 0 oy p ddlaio (ol )0 (gadgi oflyae 5 Calises sbaciond QIWILQT Sluoguas
—olae 3l dlidus p jl oolatwl b adlaie (3 ylyae 5, Slos e g M awyp (oolidilgn (sbaodls jloslatul b cugby o (S0, ded jlas I VYAY
Jols oyisj cilieo slocuand Sl ol Clled o JU3Lo 5 (009,55 ommg)S LS 5 i 500 (sg 1ol G 4y et S
d.k_ud._mjo u«:s) d_..‘o .ﬁ)n Ul'“'“’)‘e(“’ sl ULAH b.&.a’l Cawd & C)LJ uB)f )I)B W) D)0 dulflb )9]9 LY PIA.{ 2 L&vglulfﬁ o> old NS
Pl 3 )5 2 p S ke Yo7 Olse cypiin) WAY S gl Lo )3 (g S slacdgplio Jlade 5355 00 )8 Sitddass w8l il )5 (y5)log
FA/A0 130 oy i) WAY S pgd Sl jd JUl,8Lw g (AMS” plusl )3 .8 5 .8 o Vo V/VO) WWAY S pod o )0 (a8 9 ySey (IS
(3o )> AITY 5 ¥ /FY L pan) WAY S Jol Jlw > olymie; S, 5 g S SlaST T cullsd g (oyie; S5 0 p)5 oS o
Sl e wglate ylyae § dlwsis cusS Jlgte sl Jlo o ol ae 5 caliseo

bl ol 5 oyl T g5 W15 oo caslio (oLl Lasjl
oS o s e ) s ol slo S (1) 2, azdl
OLSel plals plw (5L (St laglej 3 ol
S Cmg Sl e Jle iz ©de 4 g)le 5l )l 0
AL (3l LSl Jpane (5510055 5 S5 5 Jo g
b g miio laolixwl 386 48 dblie o ccis Ll
N3k 35 9 29l pelss o9 s bl e (65,58 Of Cudgazme
Sl @YL 55151 ] ol ol ol (2B 5 (JBI> (29,8
LS 5 EiS 1503 g9 1 (1Y) Caslosges yloy55 5 )8 5 S
s i Syl 5 JUadl I3l s Slgice 1988 5 o
5 l5 e ol gl g g slaailp 4 dr g g 3 g 0
2o e bS5 g8 (D) blad 1335 i |y ag BB
e Jslse (o 53 dbige 25 Jolse g ool Ll 5T

550 dlge WIS kS 1 galS lanjly

doddo

lac] paw talS 5 (S)k ol GialS 4 a2 b oj 0l

I3 gyl o il o8 2l S b Y e CulS o5
ke o535 4y y5oiS Cilie 3blis 8] sla Jlo 53 58
oialS L 4838 celn Jlo b auglio )3 o 5 3 olomlydl
508 o 5 4 4 Ly e F) ol o33 42150 S5

G5 gy ol ¢(6))slaS 01ty ( SLEL (wdizn g pole 09,5 Jludils )

ol

pole 09)5 «SUEL QLS cudlyy ) g 5 WP GGl b 38> oreiih =Y

Olrl 205 e ol (659l 0uSils ¢ SUEL (g

(Email: s.alizadeh@tabrizu.ac.ir (s o g — )
DOI: 10.22067/JHS.2021.61978.0



mailto:s.alizadeh@tabrizu.ac.ir*
http://dx.doi.org/10.22067/JHS.2021.61978.0

Voo limo) oF oyloh 1B alor 1(53,9L08 aylio 3 pole) Ll pole 4 pid DA

3y Slas b))l Ban b oy ol cdionss)l ol oyl Sl ol
Cikee clacund Sl b anlio 5 olyisj cuieS
g g o8 il )3 WWAF g WYAY ely5 Sl 93 b o olyés;

W g, g g0

olies 3o 3l talesl ol 5 ool 250 e (sladiges
Srd Jobo adB¥F g 423 ¥ 1) Kye (i peed Ol (i
9 WA ey Jlo 93 (b )3 (Jlod 4550 4835 VF 5 420 YA 4
Wl )0 wd Gygo 4 (0 SSUS 5l g g 0l Cadld p VTAYF
laciand SlauS) 5l SluS 5 g odes 496 gl o5
B swp 309 o2 9 S plS sl AN Lol (ol jiej il
Jold glidej o g LS 5 plie (e Cr e 8)S
ol YOF zgo Job 15 200\ ol Jglomo i) (009595
Job 33 0o ) o sl ) JUlke (23 oole cans
Jodoee CAz) (ewg)S g (Std o3lo ey ytagil YT+ 250
3AUT (Sois odle sy 2095l FFe zg0 Job 3 doyd V
691y g gy’ oBinlosl 53 oLS Ciliste (slaciond olowd
s3lie i ploil oy oSl (65,5l 0uSiiily € gy ylalS
(F) 2355 dlone pj Jge )8 5l odlil b LS 5 j1 S5 o

Y aba,

; D X 10000
AL (Amax) =
m X (100— W)

ul)_a.bWMV 4[9)5 o> 4)94.) U)9 m 9 Cowl 00 )f.) .))I9A )‘
bl oo diged Caghy

DPPH (i g da Glaseus! ST Caallad Gaaas
Os—YsS p ey Sl olites oslas glgul e laie a4y
I yo b dy oyl ac) calisie glaciond i odlatwl () Sluys)
yolate dy b 03> jgue y9,Swe Fo e b U151 g o Sl
51 Mo 51 ISl gy &2 (e S lS o lae el
(aBlas) oylyae; slial jags a8 sy opl 4.0 ooldtwl Juo > Ve
@ DU g a8 blseo ma b ((s0oi59) Vo) Cond & Pl
b ogelyilid 5 00 ploxil Sl g9y bame glod )3 csl Y e
o&wd 1 s A plodil pidey a8 g Slo ISl eolawl
o3l wl 4 .85 VO o 4y d@Bd )3 590 Fro v o puo b Jouy koo
W) C‘)""—“’I osbas & Slo 1el8 hwgy 0,5 Blo 5l LS .0k
sla M b aiuslh BT ool y Sels yise b A 031> ojls

e Jele 93 By Juad (b3 (S Gliee g b sled
(YY) 23l oo oyde ) ,des 9 A3,

9 TY) Gpgegt o (1) S|l sl lyie; AN
lordgid OLuS 5 4 dags 131015 (VV) (Sopdl a2 4 (VY
3929 b a9 4B S g0 e S5 slaplil )3 39290
P, ) Fiome Sl ey e g aling: S las (LS 5
ol Cenl I (Jois OlS 5 g gy igige (Mg, Ca, Fe, K
S el oald s (e =io Slalllas (YY) ol Jloys 5
5o S 5 3 6 gl sl lyie sLncS S
osine LUl (35 51L(VF) walpe boppibugal 5 6025558
Lol Sgd ol 5 Clgome L (ol dlge (Slaps] 5l colld
5 )16 sl JsSUge o1 (sla JISGal, (V) sl sy sl o,
29 Ladslw & doro el Wil oo oS At pdg STyl
Ly a8 a8 5 a1 ol (4) 85 2lioter coles
2o g 03,8 68l ol sla JISal, (sl 5l il (sl b,
— lagylon (1l 5 Jolw Sypo SalS gl [ialS 4,
I imie 4l slacdglio (F) B9 oo Lol w5 (S9)e
LS Sl 98 Jeily (s 235930 9 J3b aiile (lalS
LS bz slaciewd plod o5 sl o ol gla S0l
(V) 0,5 0939 Cungy g Ay dild cogu0 (IS 5 p Lo

OlaS 5 a by olyde) (2355, ©ad (N yeb
Omag)S Jols LS 3 ol adloe o T )3 Jglore (s38555,8
o bias i) ol (e iomed i oy S sl
gy sl L &5 glyie; )3 SLS 5 g g Ss)Se
348 i (SLaS 5 b Ssiel8 (YY) 29 o bgsye iyl
09 )I0y53 3 bl g Wad oo 8L Dl a9 Wogee | gyl
3592 3lj1 Lo JISoaly el 1 (g5 Sl ol cusls:
rgS Jold olde )3 390 SLS 5 daplaggy Pl LS
1y Sl3T csln JISeoly 5 siilgs g JU1,3L 5 (rpmagS 9,5 <oiors S
(Y5 9 V0 &) st oYL Sl ol el ol g 1S )l

ceilS olul oplp sl o o 5 L &Y guame e o) yas;
Ol 2 &l dgrg Lol dnngs Jb 5 Jgae (l @isy s
Lol il obats] ol il & ol 5 olyie cadS i
DS o B el 3)50 3)90 5 )9S Cilise LI )3 05l
Gl dzly o )0 amwlio gl 55 Wye oyl yod jd ol yaej cuis
Sl dy ape i e Gl i ) (ol glacuis’ 5 (S
cbale an ainly ol e s bS50 (g 51 (F) 0950
< sl (SB35 (a8 5,55 com9)S) o] odos slacplie
s dry L (1) Bgub oo NS & oabs g las ¢ S5, &) ey
o g Ol bl 186 5 e CudS )3 39290 S 5 el
0elys g gl slacdplio i g9y e slalo



OAY ol dilaio 5o (JU1,8Lu 3 cmg 357355 i yS) 0l yae5 0550 Slgn ol 15T (5! c(Silol 9 Al o3 le

Oliwl Wye lyac e)li o 5 AYAF g WWAY el Jlw oo b
> S0 &y ()5 SS9 45 Sy (B (lmlydl
slacdplio i o)y Cpa baige Ol (ljee il )
855 )3 2yl 3y90 JUIBL 5 (w95 comg S 49l
e gge Job aw )3 e il ladiges o ol
ol o odly L (V Jada) WA Jlo o (V JSK3) YAV e
il e glite oadlil ylyds p s Lakises (gla, g5
gl slacdplio palie )3 ©glis cage ()5S 5 (a8 Suis
bl )b cod adgig)lS Glise (V1) 295 slasd 4 e
s €15 o 3l S on s gy 5 o e s
) ccwl oads ¢l e cldMS )5 pwe)S e o byd
g J) )] Gl L asess) g (Joid LS 5 olie l38)
a8l A 81 it (gl andl Linl3al 4 LaiSly > Kl oo by
(¥¥)
laglse o glyde) M 5 35250 S8 5 e oglis
Lt 5 Aoee 0393) S5 came Sglis j1 b Baes |, cilise
(VF) OhlSan 5 yo8 00y -latadly (65,5lsS” slacy e g (o]
O8] CabsS (s )3 (st Jolo |y Lyd aw I el 55 gl
e V¥ e L)) )31 g S9,80 Olie Lagl len S lsie
L2 )gSl (ioren 38 ssmlin L)y g 5l pie Voo 5l i
5 st9 e SS9l (ald b o cdsfo e ol (6,500
5 3t LS )3 4l slacdpbie (e Glads Cunsy
M)

250
200
150
100

50

2 3 ilwodlal gy ol (YY) 23,5 b M 5l codlazul 550
A5 el 1S5 L e b M s
wogmogl] Jgd b odd odndey g byd (sinlojl (gladly) 4
calizeo glaoyliac jl i)y Se B0 (555 5 S ol> yslate )
P DPPH g Ko de e Jgdoo , g o VAB- L 1) olyic
A YO glod ;> ddBs Yo e dy 5 43S by e ¢ Jilie
Gl g giSiml olSiwd SaS &y Ly b (6155 25 5l
o1ilss JoUsl gl o plp )3 9 egli DV se Jobo )3 o]
105 b i 9oy b Bllas g 05

106 = (Abls.nk - Asample) % 100 Yy 4]4)‘)

Acample

o)luas 486 &Sl i JyuS (6)98 @l Avlank dbatly ) 5
o Lises LSLQCA_E.L& &9 c_:J.> Asample 9 B 0 uL“*’ ch)lJL_;o
(VA V) 555 o ol |y ojlac

i 3 iy S0l 415 ol i ) (e snsls
owlidled lojluw 5l wlidlan (claodly 35 (N=YQ) VYAD-1YAYF
Jod g 435 3)90 e (ol la by, olul g 45 59
Jold (ol (lygiSB (o (g (Stired (pizen (235 1,8
GlaS 5 cpioron o WWAY 5 WWAY Jlo 90 10 cugby g bod (ke
290 JUBlo 5 g S9yS e Jol 00 (55031l 0350
35 )3 b

B Criocin =305 B Picro Crocin Je=3_5 3% B Safranal JSI_#

Stigma 425

Style s

IFAY Jlw 45 s (g glaen oyl ie; deld 9 VS 13 05550 CluS 5 oylia0 =Y JSS
Figure 1- The amount of effective compounds of saffron stigma and style collected in year 2014
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Table 1- The amount of effective compounds of different flower parts of saffron collected in year 2015

J5 i Oy S
’ Crocin
Flower part
P (mg.g?)
fms 223.82
Stigma
b 8.153
Style
PR 0.681
Flagella
S 0.901
Petals

JUl 8L 9595

Safranal (mg.g) Pl(?; Ztl:gg)cm
27.606 102.15
7.252 13.42
9.876 2430
49.95 62.22
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Table 2- Dumarten dryness coefficient

waldl g5 O )logd (SWd oy 83905%
Type of climate Domarten drought coefficient range
i 1<10
Dry
w 19.9>1>10
Semi-arid
lailzae 23.951>20
Mediterranean
ok des 27.951>24
Sub-humid
sk o 28>1>34.9
Very wet
Wet
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Figure 2- The air average temperature in Marand city (2014 and 2015)
Treatments with at least one common letter did not differ significantly from each other in Duncan test at the level of 5% probability.
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Figure 3- The air average maximum temperature in Marand city (2014 and 2015)
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Figure 4- The air average minimum temperature in Marand city (2014 and 2015)
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Figure 5- The average monthly rainfall in Marand city (2014 and 2015)
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Table 3- Coefficients of correlation between climatic factors in two years 2014 and 2015 and combinations of crocin,
picrocrocin and safranal in Marand city

o, o Jlw los o9y w9 S w9 SeS JUldlw
Row Trait Year Temperature Rainfall Crocin Ppicrocrocin __ Safranal
Jb 1
(Year)
Le> -0.24 1
(Temperature)
3 ok 0.616 -0.042 1
(Rainfall)
4 095 -0.99** 0.061 -0.612 1
(Crocin)
5 S 95 -0.95%* 0.092 -0.347 0.95%* 1
(Picrocrocin)
6 JoAL -0.936** 0.048 -0.3 0.938** 0.998** 1
(Safranal)
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Figure 7- The antioxidant activity of saffron stigma and petal (2014 and 2015)
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Figure 8- The average of antioxidant activity in different parts of saffron flower
Treatments with at least one common letter did not differ significantly from each other in Duncan test at the level of 5% probability.
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Introduction: Nowadays, due to the decrease in rainfall and groundwater level, the cultivation of crops with

low water requirements should be given priority. Different regions of Iran, especially the region of East and
West Azerbaijan, have faced a decrease in rainfall in recent years, compared to previous years. Saffron could
have relatively stable production in these areas due to low water demand and suitable economic efficiency.
Special properties of saffron such as low water requirement, irrigation in non-critical times, water requirement of
other plants, possible operation of farms for several years after one planting, ease of transportation and storage of
the product, possibility of high employment, possibility of cultivation in areas that lack industrial talents and
limited agricultural water, having medicinal properties and also, suitable domestic and foreign sales market has
made this plant for cultivation. On the other hand, saffron cultivation in the Iran could increase employment and
non-oil exports.If we pay attention to its production and processing processes, it could provide a significant
currency to the country. Today the cultivation of saffron is under development in areas such as Azerbaijan. On
the other hand, due to the harmful effects of the using synthetic antioxidants in the food and pharmaceutical
industries, special attention has been paid for using of natural antioxidants. Considering the importance of
compounds in saffron quality and the effect of climatic conditions in different years on the amount of secondary
metabolites and antioxidant properties of this valuable plant, the present experiment were evaluated the yield and
quality of saffron and compared antioxidant activity of different parts of saffron during two cropping years.

Materials and Methods: The effect of climate of Marand city of East Azarbaijan province in different years
on quality and antioxidant characteristics of different parts of saffron was investigated in this region. So, the
climatic factors governing this region during two consecutive years of 2014 and 2015 in terms of temperature,
rainfall and humidity were studied using meteorological data. Saffron yield in the region were obtained by using
a questionnaire from saffron producers in the region. Meanwhile, the amount of crocin, picocrocin and safranal
and the antioxidant activity of different parts of saffron, including stigma, style, stamen and petals, were
examined.

Results and Discussion: The results showed that the Marand city was classified as semi-arid in accordance
the amount of crocin metabolites in 2014 (maximum: 306 mg/g in the stigma), picocrocin in 2015 (102.15 mg/g
in the stigma), and Safranal in 2015 (highest: 49.95 mg/g in saffron petals) and the antioxidant activity of saffron
and saffron petals were the highest in 2014 (30.43% and 88.32%, respectively). The results showed that the
quality of different parts of saffron varied in different years. Due to the quality of different parts of saffron in
different years, different parts could be used for exploitation.

Conclusion: The amount of active ingredients in the plant were not constant at all and varied according to
the growth and climatic conditions and harvest time. Changes in the amount of active ingredients in the plant
over consecutive years or even hours a day emphasized the importance of collecting the medicinal plant when
the plant contained the maximum amount of active ingredient. The quality of saffron depended on the amount of
crocin, picrocrocin and safranal compounds and antioxidant activity. These compounds varied in different organs
of saffron (stigma, style, stamen and petals) and over consecutive years. Bonab of Marand region of East

Azerbaijan is suitable for saffron cultivation due to the climate change. The quality of different saffron organs
were different in consecutive years of multi-year cultivation. The highest amount of crocin in the first year of
cultivation in the stigma and its antioxidant activity in the stigma and petals were the highest and in the
following year the amount of picrocrocin in the stigma and safranal in the petals were the highest. Therefore,
different metabolites could be harvested according to the need in the maximum number of years.

Keywords: Active ingredients, Quality, Stigma
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Table 1- ANOVA of physicochemical characteristics of cattle manure biochar in different Pyrolysis temperatures

i 2alio a0 Mean of squares

Source of &l Ola o (wle
variation df g ! Colaa oS synb Segm 3,50 A ol Js
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P uséég' Stability performance (?er:mity
gy slod 3 1.02" 26.74™ 218.49™ 1652.78™ 372.22™ 0.087 "
Pyrolysis
temperature
s 8 0.075 151 6.53 25.84 6.00 0.037
Error
Ol yak oy 1.7 55 8 11 4.8 37
CV (%)
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** Significant at 1% of probability level, *: Significant at 5% of probability level, ns: non-significant
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Table 2- The effect of different pyrolysis temperatures on the physicochemical properties of cattle manure biochar

L EVERW) oS Colan PICT VRPN INT FuSB sl JBs
Temperature pH EC(dS/m) Biochar performance (%) Ash (%0) Apparent density
(°C) (1:9) (1:5) (g.cm?)

300 8.53¢ 10.91° 78.44° 48.001 0.79*
400 9.28° 15.01° 69.33% 60.33° 0.65%
500 9.49° 16.97%® 61.00° 66.67° 0.49%®
600 9.92° 17.48° 23.17° 74.33° 0.41°
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Means in each column following the same letters do not differ significantly at P < 0.05 by Duncan’s multiple range test.
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Figure 1- Carbon stability of cattle manure biochar under different pyrolysis temperatures
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Table 3- ANOVA for morpho-physiological traits of marigold under salt stress conditions and biochar resulting from
different pyrolysis temperatures

©lazyo il
Mean of squares
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S gylie T e ] o Sl gl IS4
Source of @8dl;! . Sy dlani _ . NS .o
iati il S ety T Bl $ownsST oS 1 1 o9y
variation df Number of » Pl sl Bl
Stem leaves Leaf Potassium  Proline Catalase Ascorbate Guaiacol Protein
height area peroxidase peroxidase
?T: 3 32.88™ 2.328" 1507.51" 43.09™ 171.79™ 4.8E-10™ 0.0004™ 7.488E-10™ 2172.13™
al
Hom sles
Pyrolysis 4 0.739"™ 1.767™ 1177 1998.93™  476.48™ 1.6E-8™ 0.0002" 1.501E-9" 5370.68™
temperature
Mo slexsyed
Salt x Pyrolysis 12 0.623™ 0.356"™ 9.94m 271" 51.02" 1.22E-9™ 0.0001™ 4.798E-10" 978.72™
temperature
Elb 40 4.724 0.817 67.52 0.031 0.173 9.38E-10 3.22E-10 4.334E-9" 0.10
rror
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**: Significant at 1% of probability level, *: Significant at 5% of probability level, ns: non-significant
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Table 4- The effect of salinity stress on stem height, leaf number and leaf area of marigold

Lo Wl glas ! S 9 3lans S mhaw
Salt Stem height Number of Leaf area
(dS.m?) (cm) leaves (cm?)
0 11.212 5.402 48.26%
4 9.52b 5.13%® 29.78°
8 8.67b¢ 5.07% 29.52°
12 7.73° 4.47° 26.17°
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Means in each column following the same letters do not differ significantly at P < 0.05 by Duncan’s multiple range test.
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Figure 2- The effect of biochar resulting from different pyrolysis temperatures on the leaf potassium concentration of
marigold leaf under salt stress conditions (DMRT, p < 0.05).
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Figure 3- The effect of biochar resulting from different pyrolysis temperatures on the proline content of marigold leaf under
salt stress conditions
(DMRT,p< 0.05).
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Figure 4- The effect of biochar resulting from different pyrolysis temperatures on the protein content of marigold leaf under
salt stress conditions
(DMRT, p<0.05).
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Figure 5- The effect of biochar resulting from different pyrolysis temperatures on the catalase activity of marigold leaf under
salt stress conditions
(DMRT, p <0.05)
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Figure 6- The effect of biochar resulting from different pyrolysis temperatures on the ascorbate peroxidase activity of
marigold leaf under salt stress conditions (DMRT, p < 0.05)
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Figure 7- The effect of biochar resulting from different pyrolysis temperatures on the guaiacol peroxidase activity of
marigold leaf under salt stress conditions (DMRT, p < 0.05).
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Introduction: Biochar is a carbonaceous substance obtained from heating plant residues and wastes in an
oxygen-containing medium with or without oxygen. Thermal decomposition of biomass in an oxygen-free
medium is called thermophilicity (pyrolysis). Temperature is one of the factors influencing the characteristics of
biochar. One of the objectives of this experiment is to investigate the effect of different temperatures on the
biochar characteristics of cattle manure. The use of biochar as a soil conditioner and source of organic carbon in
agricultural soils with minimal environmental damage is considered. Marigold is an annual plant that is used in
industry and pharmacy in addition to food. Another aim of this experiment is to investigate the effect of biochar
use from different temperatures on marigold under salinity stress.

Materials and Methods: For biochar preparation, after collecting cattle manure from Bardsir farms, air
drying and sieving were used for pyrolysis process for four hours at different temperatures (300, 400, 500, 600
°C). Then pH, EC, carbon stability, ash and biochar performance were measured. In order to evaluate the effects
of biochar resulting from different heat-treated temperatures on salinity tolerance of marigold, a factorial
experiment was conducted in a completely randomized design in the greenhouse. The two factors studied
included salinity levels (0, 4, 8 and 12 dS.m™) and biochar resulting from different thermocouple temperatures
(0, 300, 400, 500 and 600 °C). The biochar rate was considered to be 20%. One month after salinity treatment,
seedlings were evaluated for osmotic metabolites activity and growth characteristics of marigold seedlings.

Results and Discussion: The results of ANOVA showed that all biochar properties were significantly
affected by temperature factor. With increasing the pyrolysis temperature from 300 to 600 °C, pH and EC
increased by 16.29% and 60.37%, respectively, and the ash content increased by 1.5 folds, but biochar
performance and bulk density decreased by 52.28% and 48.1%, respectively. The highest carbon stability was
observed at 500 °C, which increased by 20% compared to 300 °C. The results showed a significant negative
effect of salinity stress on stem height, number and area of marigold leaves, so that with increasing salinity to 12
dS.m, 31.09, 17.28 and 45.7% decrease were observed in these traits, respectively. The physiological
characteristics of marigold were significantly affected by the simple and interaction effects of salinity and
biochar stress. In salinity treatments (0, 4, 8 and 12 dS.m™) with increasing pyrolysis temperature from 300 to
600 °C 2.2, 2.04, 1.97 and 1.92 folds increase in leaf potassium concentration and 1.54, 2.26, 3.00 and 2.45 folds
less than the control treatment in the amount of leaf proline was observed, respectively. The activities of
catalase, ascorbate peroxidase and guaiacol peroxidase enzymes were also significantly affected by the
interaction of salinity stress and heat temperature. The highest enzyme activity in biochar was from 600 °C,
which increased up to 8 dS.m for catalase and up to 4 dS.m* for ascorbate peroxidase and guaiacol peroxidase.

Conclusion: In general, biochar salinity is its most important undesirable properties, which increases with
increasing pyrolysis temperature, so the recommendation of biochar application in saline soils requires further
studies. In the present study, the use of biochar under salinity stress did not have a significant positive effect on
the development of marigold resistance and salinity stress tolerance.
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Table 1- ANOVA for the evaluated parameters of olive plant subjected to year, irrigation and foliar application

Sy
; SFe Cogb Sy — "
&l s 3 ,Sdos Y3 R , .
ol as q # 29 099 o095 ; Judg,l5 Y 22l 63 oglle oPan Ol g S o 4
Oyt &l Total Fruit i ) i Malondialdehyde Proline Carbohydrate Total
S.0V df yield weight Oil Relative ~ Chlorophyll lonic Y 4 phenol
o content water content leakage
content
S
Replicate 2 146488 0.003 0.62 15.96 0.005 0.50 0.08 28.58 2.52 0.89
R)
Ju 1 11815ns 9.325#x  62.33** 0.44ns 0.099* 285.73** 7.93** 569.91** 111.72** 9.94*
Year (Y)
d)lyj
Irrigation 2 6326852**  0.044ns 6.23** 405.22** 1.396** 607.88** 72.40** 849.52** 330.08** 283.40**
0]
gl
Foliar 3 3666605**  2.196** .., 3450 0.393** 35.05%* 10.56%* 121.38%* 23.112%% 20.87%*
(F) '
IxF 6 442291ns 0.079ns 0.23ns 0.68ns 0.097** 4.07ns 0.78* 19.45** 1.41ns 3.08ns
YxI| 2 2677464** 0.002ns 0.24ns 9.13ns 0.074* 15.24** 0.31ns 103.29** 50.57** 3.07ns
YxF 3 190645ns 0.094ns 0.34ns 0.14ns 0.040ns 3.70ns 1.89** 19.77ns 6.39ns 0.57ns
YxIxF 6 228609ns 0.168ns 0.21ns 2.35ns 0.019ns 2.18ns 0.21ns 12.33ns 580ns 1.74ns
ELB 44 331853 0.174 1.62 7.25 0.022 2.37 0.34 7.66 4.07 1.80
rror
oy
& ps - 10.45 12.76 10.34 3.14 7.93 8.32 12.37 14.70 12.93 9.25
C.V (%)
)P ime pas NS o yd B Jlais! e )3 ) gixe 1 F o) )V Jlois] paw )3 I xe®F
**and * represent significant at the 0.01 and 0.05 of probability levels, respectively, and ™ represent non- significant.
0945 58 syl 3590 Olho w il Jole 9 5yl (Jlw 23l 151 -Y Joua
Table 2- Simple effects of year, irrigation and foliar application on evaluated traits in olive
oo 339 SFe Cugby g i
b call e . . d o, .a
Lo Wylog a5 3,Ses - ROY) s : IS lyamng S Js g
) . Fruit lonic
Treatments Total yield . oil Relative Carbohydrate Total phenol
Treatments level ka.ha-t weight leakage 1 1iG
evels (kg.ha™) © content  water content (%) (mg.g.FW™) (mg.g™ GAE)
(%) (%)
ol JL 5524a 2.94b 13.13a 85.63a 20.51a 14.35b 14.15b
Jw Year 1
Year ped Jlo
5498a 3.66a 11.27b 85.48a 16.52b 16.84b 14.89%
Year 2
wep 5985a 3.35a 11.68b 90.06a 14.28¢ 11.68¢ 11.36c
100%
Yo
LI wop 5583b 3.30a 12.6% 84.58b 17.19b 16.07b 14.01b
| & : 75 %
rrigation o3 0
50 % 4966¢ 3.26a 12.22ab 82.02¢c 24.08a 19.05a 18.18a
Al
4836b 2.84c 11.18b 83.50b 20.60a 14.61b 13.18¢
Control
| Sl
PRI NEN '\“” L" 5746a 3.24b 12.50a 86.38a 17.81b 17.11a 15.66a
ot Salicylic acid
Foliar Ssls
application K« ”I . 5764a 3.51ab 12.30a 85.95a 17.94b 14.87b 14.18a
aolin
AP TSl geag, 3622 12.80a 86.40a 17.71b 15.80ab 15.04ab

Salicylic+Kaolin

Values followed by different letters were significant difference according to Duncan’s Multiple Range Test at p < 0.05.
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Figure 1- The effect of different levels of irrigation (RDI) on olive yield in two years of experiment
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Figure 2- The effect of foliar application of kaolin (KA) and salicylic acid (SA) on total chlorophyll content in olive leaf under
different levels of irrigation (RDI)

O0100%RDI O75%RDI W50% RDI

2.5
= 4 a
z ) b b
gf c
E d
5« g 1.5
V) =
[
M o
\?R =2 4
B (=S
X
o
e
o 05
¥ —
o
0
Year1 Jy Ju Year 2 55 J

oilesl Jlw 93 45 903 Syt JS Jadg IS sgime o (RDI) (g, iliseo gbaw 551 -V U
Figure 3- The effect of different levels of irrigation (RDI) on chlorophyll content of olive leaf in two years of experiment
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Figure 4- The effect of different levels of irrigation (RDI) on ionic leakage of olive plant in two years of experiment
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Figure 5- The effect of foliar application of kaolin (KA) and salicylic acid (SA) on malondialdehyde content in olive leaf under
different levels of irrigation (RDI)
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Figure 6- The effect of foliar application of kaolin (KA) and salicylic acid (SA) on malondialdehyde content of olive leaf in
two years of experiment
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Figure 7- The effect of different levels of irrigation (RDI) on proline content of olive leaf in two years of experiment
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Figure 8- The effect of foliar application of kaolin (KA) and salicylic acid (SA) on proline in olive tree under different levels of
irrigation (RDI)
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Figure 9- The effect of different levels of irrigation (RDI) on total carbohydrate content of olive leaf in two years of
experiment
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Introduction: The availability of water for irrigating crops is one of the serious challenges at present and the
future of the world. Drought stress has harmful effects on plant growth and productivity, though bringing some
serious changes in plant physiology and biochemistry. Drought reduces plant growth and yield by having
negative effects on plants water potential, cell division, photosynthesis activity, chlorophyll content, and protein
synthesis. Although olive naturally tolerates drought, studies had shown that drought undermines its growth,
yield and photosynthesis. Employing some appropriate transpiration-reducing approaches could induce olive
tolerance towards water deficiency. In this regard, kaolin, through raising light reflection and diminishing the
rate of transpiration, is able to lessen leaf temperature in the stressed plants. Salicylic acid (SA), as a strong
signaling molecule in plants, regulates physiological and biochemical functions effective in defense mechanisms
and also boosts biological and non-biological factors involved in augmenting plants.. The major roles of SA in
drought- stressed plants are as follows: activation of antioxidant defense system, production of secondary
metabolites, synthesis of osmolytes, optimization of mineral status and maintenance of proper balance between
plant photosynthesis and growth. Although some information over effects of SA and kaolin individually on
stressed plants is available, to the best of our knowledge, their simultaneous effects on plants under stressful
conditions has not been investigated yet. Therefore, the present study was aimed to investigate different
applications of SA and kaolin (i.e. individually and simultaneously) on field-grown olives under drought
condition.

Materials and Methods: This research was conducted in Dalahu Olive Research Station located in
Kermanshah province. This experiment was designed as a factorial experiment in the form of a randomized
complete block design with 3 replications. Factors included different foliar spraying (i.e. control, 1 mM SA,
2.5% kaolin, and a combination of them in the mentioned concentrations) and irrigation at three levels (i.e. 100,
75, and 50% of water requirement). Irrigation was performed based on three-day interval schedule according to
the above method by measuring daily evapotranspiration and required volume of water by considering the plant
coefficients of olives and by drip irrigation.

Results and Discussion: Although olive tree is a drought-tolerant plant, drought diminished its yield. The
results of this study demonstrated a decrease in total yield of olive trees due to water deficit in different years. In
this regard, water deficit under high temperature and low atmospheric humidity are believed to bring about a
reduction in yield of drought-stressed olive. The results of this research showed that the foliar application of SA
and kaolin on olive trees led to a reduction in ionic leakage and malondialdehyde (MDA) and an increase in
RWC, chlorophyll content, phenol and total yield, as compared to the control. Foliar application of SA caused a
significant increase in proline content and total carbohydrates, while kaolin had no significant effect on
aforementioned traits. It seems that a reduction in oxidative damage and an increase in yield of olive cultivars
under different irrigations manifested several defense mechanisms induced by exogenous application of SA and
kaolin. In this context, kaolin was found to protect leaves and fruits from harmful ultraviolet rays and this
remarkably improves the performance of drought-stressed plants by a decrease in the ambient temperature of
plants in order to mitigate deleterious effects of drought such as oxidative damage, chlorophyll degradation, and
lowering RWC. These results have been substantiated for different olive cultivars at different parts of the world
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under this condition.

In the present study, SA increased chlorophyll content, RWC, proline content, carbohydrate and total phenol;
as a result, the yield of SA- treated plants was higher than that in control plants. Similarly, Brito et al (5) reported
that applying SA on drought-stressed olive improved osmolate accumulation, photosynthesis activities, RWC
and chlorophyll content. The accumulation of phenolic compounds in SA-treated plants is believed to protect
plants against stressful conditions. Therefore, the role of SA and kaolin in alleviating drought in favor of
enhancing plants yield represents their efficiency under such condition. In the present study, we also employed a
combination of SA and kaolin and the results showed no synergistic function between them on most traits.
Therefore, to reduce the effects of drought on olive tree, it is recommended to utilize SA or kaolin separately.

Keywords: Carbohydrate, Deficit irrigation, Oil percentage, Phenol, Proline
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Table 1- Soil physicochemical characteristics of the experiment site
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Figure 1- Two-branch pruning (a), three-branch pruning (b) and four-branch pruning (c) of eggplant
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Table 3- The pruning effects on fruit number and yield of first four harvest, total fruit number and total yield of eggplant
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The same letters in each column are not significantly different (Duncan’s Multiple Range Test, 5%).
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Figure 2- The earliness index in three branch pruning of eggplant (DMRT, p<0.05)
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Figure 3- Comparison of the number of fruits per plant in three eggplant branch pruning treatments (DMRT, p<0.05)

9 Lng)LwJ 9 B RAS (6‘)‘ Fo D &y VYWV 9 \‘/G)
lojles 4z 51 Shmgiy cul 5o b sl gl (5, » Slbaw
Loy so cuiS [l b bl cuilss bogee i 2 68l oy
Sluls g (JSbl 9 S2s5) poo 42 lroges e Sy
pLB)l o5 33 glds dgng b duy o sl5 4y (VF) il ialS oo
u.ul_wl — as Ay ,nls)l dl.asb%.n 09 ‘L“’u““’w 5 odsoalaiwl
oD sl les )uL Cod eSS Bl CM»@l [EYYW u.;o]yfv
HyS e )R

38 Glalejl 3 0l (pS0jlul Clio (Stued culpd (ow)y
el gy oy 0, Slas U (a8l Bis) oy dlaly ol lis
lataly (/A7) Jgl o ¥ 3, Sdoe o (+/527) S5 5, Shae
Obredl 3 Slos g a3l Sl (o (So (¥ J9is) D99 )5 gime
2z (W) Conl aad (51 5 500 lagingly (S0
odnlie a3l dlus 5 0,Slos po b gme dasly 55 b iaghy S
P SPgige Clio g5 9 3)Shes (gw)p 53 (IA) Cunl o
45 3 050 i b3 ySlas dlasly 55 olpl yledl doxe B
(V) 298 ylo gize g oo slalayl

olomedl 3 4y oy S lgiee (JS g S ot S
9 &9 azdl sl ar i oS pl o Sles p sute il Wlgy 0
é’l—’ J)l.) Ls'i"‘“" odosliiwl f"é) L Afu.o‘ » 09)4.6 e R L§J5§¢>
Ban &S (J)yg0yd pole (hagh s 4l p Can 5 W)y San
Oy 0Gd )l oslawl 4sb u¥9) 9 4\._J|)J9: J}.aa?u ..\_Jy
J5 a)g Gaa )31 Ll ccusly saled 50 (s ol (slasligd
g0 odlatwl 35 (gladls Jlaa oyd lg o Al Joae

7- Sicilia
8- Palmira
9- Imperial

i idn LS e g 4w 93 oy leg w3 5 3 Sas

Oyl 4 (Y Joio) 250 )L 3 o5 FAAY o ¥E/5Y SY/¥O Ll
8 g Jgmazee jlide odd Saad (pops jad e o3l
abaly g wad oy el p (e (rolie guls sl 4B ol 3l
e g9 (V) ol 035155 (lomesly olS (23 0gee 2 (o] o
Sl clio bl )8 sl g jiwgid dlye jiny @i dg>
5 Ul JialS s o] LS (ali8l g (sdie dlgo (il Jslomo
OBLS ) dinge byl (lgiea o5 dis (63)l50 alox I baiglon
J3 (W 5 VF) ol @i 51,8 (| Kimgy a5 )90 0 oy
2 ogse dliar iolial ad ey balud o 0 Sles ili8l Lol
AU Eeos Gmgh ol 13 oe S5 (g g (¥ JS8) sl 62 5o
ogo St 4S5 Yoz oy jlod )3 (Y o) €855 )18
VOIF o OV ol ey adLigd 5 duw (oyd jlasi 4y Cond digy yo 4D
25U ot bge ST g9 pole e 50 il il doyd
sl @l nghag Sl (S ST d)S5 )15 oy slaless
993 Loy duglie )3 Bogia (g 2 oy sless U pae 2 e
balys 2 55 " Jg S loadl o5, 93 sl 5U5 Jler
¥eo caudy opo dlol g e sl Voo ) o dold) Sl
2 5 Gl g 3 (1) asledges (155 (el
TLygig o (Saogd Jold lomadl dy s i 48 5 (sl
Giliso (clanST b b ysesl oM sl Ul 1) Elidly

1- Black Well
2- Longo

3- Dusky

4- Vittoria

5- Valentina
6- Indra



PYV  leol o,Shos pdigr ywyp il astliae oyl ySop g Slodw o 5e

LX) (_5);*5”}‘-\5, Olho o M %‘).aé -¥ JQ.\Q-
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Introduction: Eggplant (Solanum melongena) is a diploid plant (2n= 24). Eggplant cultivated as perennial in
the tropics regions and grown as an annual in temperate areas According to the statistics of FAO, the area under
eggplant cultivation in Iran were about to 21.3 thousand hectares, with an average yield of 31.4 tons per hectare.
Eggplants grow into large plants that causes too much plant canopy, so pruning the plant is a good way to reduce
the number of branches, leaves and to increase fruit set. Normally, pruning is not done on the eggplant plant and
only 2 plants per square meter could be grown in the field and also greenhouse conditions. However, pruning
operations should be performed in greenhouse conditions and plants might be kept with 2 to 4 branches. A study
was conducted to evaluate the best method of eggplant pruning in greenhouse conditions in the Netherlands and
the plants were pruned into one or two branches. Plants were pruned again from the second branch in different
cases including the first, third, sixth and ninth nodes. The results showed that severe pruning had a positive effect
on plant conditions and fruitset was better in heavily pruned plants.

Material and Methods: This experiment was conducted in 2018 and 2019 in greenhouse conditions in
Varamin city. This area located 40 km from Tehran with an altitude of 1000 meters above sea level, an area of
approximately 1500 square kilometers, longitude 50 degrees and 51 minutes, latitude 19 degrees and 35 minutes
and the amount of first and second-degree agricultural lands 75 thousand Hectares. The average long-term
annual rainfall is 120 mm, and the prevailing wind direction is southeast to northwest. The combined analysis
based on a randomized complete block design experiment with three replications conducted and the treatments
included three methods of plant pruning (two-branch, three-branch and four-branch). The seeds of Bellen variety
planted in culture trays containing enriched peat moss and placed in an environment with a temperature of
approximately 27 °C and relative humidity of 80%. After germination of seeds, the ambient temperature
decreased to 24 °C during the day and 18 °C during the night. After the seedlings reached 3-4 leaves, they
transferred to the main greenhouse. Pruning and guiding the plant on the scaffolding began with the first flower
appearing on the meristem axis. All the male branches removed before the mentioned flower and the sub-
branches branching from the main axis were allowed to grow above the first flower position. After data
collection, data analyzed by SAS software and the means compared by Duncan test.

Results and Discussion: The effect of year on yield and yield components of eggplant were not statistically
significant (Duncan 5%). Effect of pruning treatments on yield components, number of fruits in the first cut and
early maturity index at 5% level and on total yield, the total number of fruits and number of fruits per plant were
also statistically significant at 1% level. Two-branch and four-branch pruning treatments were statistically
superior to three-branch pruning treatments, but considering the yield in the first four harvests, two-branch
pruning treatment with the production of 5.33 t ha™, compared to two three-pruning treatments and four
branches showed a significant increase. Earliness index of plants that pruning in two, three and four plant
branches were 12.21, 9.5 and 8.83%, respectively. The total yield in three pruning treatments of two, three and
four branches were 44.45, 46.67 and 49.87 t ha, respectively. The results showed that branch pruning had
positive effects on eggplant yield and based on the purpose of the research, including early crop production or
higher total performance, the type of pruning will be different. Examination of the correlation coefficients of the
traits measured in the experiment also showed that the relationship between pruning (branch removal) and yield
in both totals (0.69%*) and the first four harvests (0.80**) was significant. The correlation between the number of
branches and eggplant yield has reported in some other studies nevertheless in some studies has not the different

1- Research Trainer, Greenhouse Cultivation Research Department, Tehran Agricultural and Natural Resources
Research and Education Center, AREEO, Varamin, Iran

2 and 3- Assistant Professor and Research Trainer, Horticulture Crops Research Department, Isfahan Agricultural and
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(*- Corresponding Author Email: peimanjafari@yahoo.com)
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relationship between performance and number of plant branches. In reviewing the performance and diversity of
morphological traits of some local varieties of Iranian eggplant relationship between fruit yield and number of
fruits per plant were positive and significant.

Keywords: Early maturity, Branch, Number of fruits, Pruning
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Table 1- Characteristics of the used soil in the experiment
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Table 2- ANOVA (mean squares) for the effect of irrigation regimes and tragacanth gum application on black cumin
morpho-physiological and yield traits
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Figure 1- The interaction effect of different levels of irrigation x tragacanth gum foliar application on the relative water
content of black cumin plant. (LSD, p<0.05)

351 2l ol S ) 3 o8 e ke olS S 1y I8
S (Y JSL) bl 1S b pemo pie by gyl sine glis
o lS e 55y ol ciliin sl ble 5 LS 3L Jooce
Syl 51 JelS polo o Loyt il (g)lul ilisee gl 5 olS
o 38 S ) JSK) S O s Slgime 2 00le
sialS crel olS S Ol s lgime > inlS 465 ,m o
Ols=e (FY) ohlsen 5 SOL a5 oS S5 Jdy)lS (slgime
Gl o lgizee inli8l dlawly 4 §ym0 s lge 3,5 48" Mg

23,5 sy b lS lgioen Ll o5

S5 g )ls
Total Chlorophyll (mg. g-1 FW)

cbale 1,8 Gpae olyj cudyb aop Ve bl Hles po

Wald d Cond S b )8 lgime Gl cage yi )3 p )5 0
Glyme LS el y i) 0 p, 50l iy clckle 50
oole ) 3 15 Ve By 5 8 (s & 13,5 oS JS by IS
Oeals dald & Cuns (o)l e jobo 4 JST Judo, S (glgiee 1S
QT Byas plc 4y Cows oS S g IS (glgizmo 138 5,8
S 5d )3 p S VIB 90 sl clald oS (b & cdly 38l
Slymome Lol 03,5 olS S Jidg IS lgiome o gime Sl 8l sl

------- %40 — = = %70 ——9%100

0 1.25 2.5

5 7.5 10

ol sl il la clale
Different concentrations of foliar application (g/1)
lanlow 0LS ;3 S Judg IS (slgione o 165 fowo ol Jglomax (5l iz g ulise 1Y JS

Figure 2- The interaction effect of different levels of irrigation x tragacanth gum foliar application on the total chlorophyll
content in black cumin plant. (LSD, p<0.05)
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Figure 3- The interaction effect of different levels of irrigation x tragacanth gum foliar application on the photochemical
efficiency of photosystem I1 in black cumin plant. (LSD, p<0.05)
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Figure 4- The interaction effect of the different levels of irrigation x tragacanth gum foliar application on the plant hight in
black cumin plant. (LSD, p<0.05)
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Figure 5- The interaction effect of the different levels of irrigation x tragacanth gum foliar application on the number of
capsules per plant in black plant. (LSD, p<0.05)
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Figure 6- The interaction effect of the different levels of irrigation x tragacanth gum foliar application on the number of
grain per plantin black cumin plant. (LSD, p<0.05)
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Figure 7- The interaction effect of the different levels of irrigation x tragacanth gum foliar application on the grain yield of
black cumin plant. (LSD, p<0.05)
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Figure 8- The interaction effect of the different levels of irrigation xtragacanth gum foliar application on the biological yield
in black cumin plant.
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Introduction: In fact, drought is stress that restricts the plant photosynthesis and also it causes of chlorophyll
content changes and damage to photosynthetic structures. One of the important reasons that environmental
stresses such as drought reduce the growth and photosynthesis ability of the plant is a disturbance in the balance
between production and removal of free oxygen radicals. Transpiration is a necessary process for photosynthesis
and growth of plants but depending on the conditions that may be harmful in some cases. Therefore, the use of
anti-transpirant can be one of the most effective methods for reducing the amount of water lost through
transpiration and adjustment the reduction of the yield due to water deficiency in arid and semi-arid regions.
Climate change happened on earth and the intensification of stresses caused by it, especially drought stress in
arid and semi-arid regions such as lIran. Therefore, finding strategies that can reduce the effects of water
shortages on plant growth and yield can be very important. The aim of the present study was to investigate the
effect of irrigation regimes and application of different concentrations of tragacanth (naturally dried exudate
from some Astragalus species) on black cumin plant.

Materials and Methods: This research was carried out in a factorial experiment based on completely
randomized design with three replications in a greenhouse of the Agriculture College of Kurdistan University in
2018. The experimental factors were including irrigation at three levels of 100% (full irrigation), 70% (mild
drought stress), and 40% (severe drought stress) of field capacity of soil and spraying with tragacanth extract at
six concentrations of 0, 1.25, 2.5, 5, 7.5, and 10 g/L. Spraying of this material was done using a back sprayer
(Shark model) with a constant pressure of 2.4 bar and a volume of 250 liters of water per hectare., The normality
test was performed using the Mini Tab software, before the data were analyzed. After ensuring the normality of
data, analysis of variance was performed using SAS ver. 9.3. LSD (Least significant difference) was used to
compare the mean of treatments. The graphs are drawn using Excel software.

Results and Discussion: The results showed that increased drought stress intensity (irrigation reduction) led
to the reduced leaf relative water content, Total chlorophyll content, efficiency of photosystem I, plant height,
number of capsules per plant, mean number of seeds per plant, biological yield and grain yield. The positive
effects of tragacanth consumption on reducing and modifying the effects of drought stress on different levels of
irrigation and different concentrations of tragacanth were different. In the present study, under full irrigation
conditions, lower concentrations of tragacanth were useful, while in drought stress conditions, higher
concentrations of tragacanth (except 10 g/L) were useful. In full irrigation, the concentration of 1.25 g/L was
positive for all studied traits. In mild drought stress, the use of higher concentrations of tragacanth up to 5 g/L
had the best effect and more concentrations resulted in a reverse effect on studied traits. In severe drought stress,
the use of more concentrations of tragacanth extract was beneficial and improved the studied traits up to 7.5 g/L,
but 10 g/L had a negative effect on these traits.

Conclusion: The results of this study indicated that the different effects of various concentrations of
tragacanth material in different levels of irrigation on studied traits of black cumin. Therefore, it can be
concluded that the application of different concentrations of tragacanth gum was completely dependent on the
plant's water status. Therefore, using higher concentrations of tragacanth gum in drought stress conditions had a
more positive effect on the plant, and vice versa, using a lower concentration of this material was useful in full
irrigation. The effect of tragacanth gum on reducing and modifying the effects of drought stress in different
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plants requires further studies and extensive research. Tragacanth gum can be introduced as a new anti-
transpirant agent with natural origin and its application can be useful and recommended in areas exposed to
drought stress.

Keywords: Anti-transpirant agent, Chlorophyll, Grain yield, Photosystem Il efficiency, Relative water
content
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1- Murashige and Skoog medium
2- Thidiazuron

3- 1-Naphthaleneacetic acid

4- 2,4-Dichlorophenoxyacetic Acid
5- benzyl adenine

6- Monosodium phosphate

7- Indole-3-butyric acid
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Table 1- Analysis of variance (mean squares) for measured traits of Syngonium under the influence of cytokinin type and
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Table 2- The interaction effect of cytokinin type x its concentration on regenerated shoot number, rooting, secondary root
number, root lenght, root number and root dry weight of Syngonium

e s edild AxalS sl ol Al y Sl adyy Job HEEY Ay SWd (339
Cytokinin Concentration o35 Rooting 496 Root lenght Al Root dry
(mg.I% Regenerated (%) Secondary (cm) Root weight
shoot number root number number (9)
0 1.00¢g 100.0a 37.50 a 1450a 5.75a 0.11a
1 3.00 de 93.75b 0.00c 8.30¢c 4.00bc 0.03c
BA 2 4.00 bc 75.00 ¢ 0.00c 4.00e 2.50d 0.01d
3 4.50 ab 0.00d 0.00c 0.00 f 0.00e 0.00d
4 5.00 a 0.00d 0.00c 0.00 f 0.00e 0.00d
0 1.00¢g 100.0a 37.50 a 1450a 5.75a 0.11a
1 2.00 f 100.0a 1250 b 10.00 b 5.00 ab 0.08b
KIN 2 2.50 ef 100.0 a 10.00 b 8.30¢c 3.75¢c 0.07b
3 3.00 de 100.0a 250c 7.50 cd 3.00 cd 0.06 b
4 3.50 cd 100.0a 0.00c 7.00d 3.00 cd 0.04 c

Al oo 1oyd O Jleas] aws 13 LSD (yg0jl (ol s gixe coglis pae Sl (gt o 53 il gy
Same letter in each column are not significantly different at 5% of probability level based on LSD test.

() KN g (Consl)) BA (1,15 Gl Lamo 3 b iS5 poasisRims £zl —) JSu5
Figure 1- The propagated plantlets of Syngonium in medium containing BA (right) and Kin (left)
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Figure 2- The effect of different types of cytokinin on a) plantlet height and b) regenerated shoot dry weight, and different
concentrations of cytokinin on c) plantlet height. (LSD, p<0.05)
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Table 3- Analysis of variance (mean squares) for measured traits of Syngonium under the influence of type and
concentration of culture medium

O pandS g NELEYSY) azalS alaxy Ay, Job Ay y dax azals el
S.0.vV df Shoot number Root lenght Root number Plantlet height
S bne 1 1.25% 3125 24.20% 1.01%
Medium
bl 1 1.25% 22.05* 0.80" 2.81%
Concentration
hlbxeuis b 1 1.25% 0.05™ 0.00" 011
CxM
Error s 16 0.18 0.60 0.42 0.09

Do B g oy N Jlein] maw )3 (650 bxe i 4 g s (o)l xe pas NS
ns: Non-significant, ** and * significant at 5% and 1% of probability levels, respectively.
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Table 4- The effect of different media on plantlet height, root number and root lenght of Syngonium

s buso ady ) Job ady y dlan azals gl
Medium Root lenght Root number Plantlet height
MS 7.80 a 4.00 a 3.85a
Bs 5.30 b 1.80 b 3.40b

A3l o Ao yd O Jless] pdaw )3 LSD g0l (ollys Jlo xe @iglss pac ,;Sly i y» )3 lie g y>
Same letter in each column are not significantly different at 5% of probability level based on LSD test.
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Table 5- The effect of different concentration of medium on plantlet height and root lenght of Syngonium

.- :.s l .2 . rl‘: w‘) J,b 49‘.&1; &Lé)“)‘
Concentration of medium Root height Plantlet height
0.5 7.60 a 4.00 a
1 5.50 b 3.25b

Al e 2oyd O Jlein) gaws )3 LSD (yg0jl bl ls ixe coglis pas Sl gt o 5> alie gy
Same letter in each column are not significantly different at 5% of probability levels based on LSD test.
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Figure 3- The interaction effect of medium type xconcentration on number of regenerated shoot of Syngonium. (LSD, p<0.05)
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Table 6- Analysis of variance (mean squares) for measured traits of Syngonium under the influence of different media

Rl aald 5 59 Comd Sy 3land S olass 039 09
A a4 P . g .

?‘M“ > ; i Obalejl Il & Slose " £, LTS S PRI
S o L] Seedling fresh welgh_t re}tlo Brown Green leaf Height Ao Sy Accumulation
S.0V df at the end to the beginning leaf number Root dry  Leaf dry

of the experiment number weight weight
WS)““’ 8 5.51™ 21.14™ 70.25™ 36.47" 0.01™ 0.11™ 4025.12™"
Medium
Eurar;r 18 0.001 0.002 0.006 0.007 0.0001 0.0006 123.63

o) B g o) N el maw )3 (g pxe i 4y g i gyl me pas NS
ns: Non-significant, ** and * significant at 5% and 1% of probability levels, respectively.
Sladend (193 CulS Ll il 53 G395 p9uigRiow ezl (guud) Gl iliio CulS (51 pns 15U -V Jgi>
Table 7- The effect of different media on growth traits of Syngonium seedlings produced under in vitro conditions

e Sy lams S 53 et 3 W“ P 039 S
CulS logd Gnllw e, aiy, Sy S (339 e uﬁ:b;‘:]d'-\g‘h« _
Medium reen Height Leaf dry weight eedling fresh weight ratio at
B;?Jvr\:]nb!eeraf leaf 9 RV(\)IS;[ (::ty ywel the end to the beginning of the
number g experiment
gt VS e
ol 3909 1452 a 11.35a 2.06 b 0.63 a 422b
Vermiculite + Peat
moss
Y g9+ CapsSsS
Coco peat + 6.52d 1162¢ 10.97b 267a 0.64a 392¢
Vermiculite
olecut Sy 6.69¢ 1431b 1052¢ 179 d 052b 442a
Perlite + Peat moss
Vs o 493e 10.00d 10.33d 2.04b 046 ¢ 337d
Vermiculite
N 9.43a 636 f 8.85 f 193¢ 035d 313e
Coco peat
oo 463 8.62e 10.01e 191¢c 0.44¢c 236 f
Peat moss
o 701b 5.00 g 1027 d 108 f 0.45 ¢ 232
Perlite
Sent SaSS 701b 4421 872 1626 032d 2371
Coco peat + perlite
Jagsy 0.00h 0.00i 0.00g 0.00g 0.00e 0.00g
Rockwool

ALl o 103 0 Jlon] o ;3 LSD el bl o sine iglis pas Sy gty 53 ailiio g >
Same letter in each column are not significantly different at 5% of probability level based on LSD test.
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Figure 4- The effect of different media on acclimation of Singonium plantlets
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Figure 5- Adapted plantlet of Syngonium in peat moss + perlite medium (right) and rock wool medium (left)
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Introduction: Ornamental foliage plants are commonly used for beautifying indoor spaces. Consequently,
determining the best method of mass propagation in a short time, is necessary for these plants. For this purpose,
an experiment was designed and performed to micropropagate the Singonium ornamental plant.

Materials and Methods: For the first stage, the effect of different plant growth plant growth regulators on
the regeneration of nodule explants was evaluated. In this experiment, 1 cm nodal explants were placed in semi-
solid MS culture medium containing different concentrations of BA and Kin (0, 1, 2, 3 and 4 mg/l) in
combination with 0.2 mg/l IAA. This experiment was performed as a factorial based on a completely
randomized design with four replications. The first factor included different types of cytokinin (BA and Kin) and
the second factor included different concentrations (0, 1, 2, 3 and 4 mg/l). In the second stage, the effect of
different types of culture medium and its different concentrations on plantlet proliferation was investigated. This
study was performed as a factorial experiment based on a completely randomized design with five replications.
The first factor included the type of culture medium (MS and Bs) and the second factor was the different
concentrations of culture medium (0.5 and 1). In the third stage of the experiment, the acclimation of in vitro
plantlet was investigated. This experiment was performed as a completely randomized design with three
replications. The experimental treatments included different culture media: vermiculite, peat moss, vermiculite +
peat moss, perlite + peat moss, perlite, coco peat + vermiculite, coco peat + perlite, coco peat and rock wool.

Results and Discussion: According to the results of the first experiment, it was found that the use of
cytokinin in MS culture medium is effective on plant regeneration. The highest number of regenerated plantlet
was observed in culture medium containing 4 mg/l BA with 0.2 mg/l IAA. It is noteworthy that with increasing
BA concentration in the culture medium, the plant height decreased, but in contrast, the number of produced
plantlets increased. Benzyl aminopurine (BAP) has been introduced as the most important and effective
cytokinin in inducing and increasing branching in plants. Research has shown that the use of external benzyl
adenine affects plant growth by affecting plant cells or by controlling the accumulation of a number of cytokinin
compounds. As a result, the use of cytokinins in culture medium under in vitro culture conditions is necessary to
induce and increase cell division. According to the second experimental results, produced plantlets in MS culture
medium had higher height, number of roots and root length compared to B5 culture medium. Results also
demonstrated that the use of 2 MS in the propagation stage of this plant is appropriate due to the improvement
of growth traits such as plantlet height and root length. The use of optimal and suitable culture medium is very
effective in the success of plant micropropagation. In the present study, the use of MS culture medium showed
better performance compared to B5 culture medium. The appropriate amount of components, better ion strength
and more minerals in this culture medium compared to B5 culture medium are probably the factors influencing
its superiority in in vitro culture. In the acclimation stage, the use of vermiculite + peat moss culture medium led
to 100% adaptation of plants and improvement of growth traits in the plant.

Conclusion: The results showed that the type and concentration of cytokinin had a significant effect on the
most of the evaluated parameters. With increasing the concentration of cytokinin in the culture medium, the
number of regenerated plantlet was increased, but on the other hand, the height of regenerated plantlet also
decreased. The use of culture medium containing BA compared to KIN had a more pronounced effect on
increasing the number of regenerated plantlets. Application of MS medium compared to Bs medium was more
effective in increasing plantlet height, root length, number of roots and number of produced plantlets. Also, half-
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strength MS medium, increased plantlet height and root length. Therefore, at this stage of propagation, the
application of %2 MS culture medium is recommended. In the acclimation stage, it can be stated that the use of
vermiculite substrate in combination with peat moss is a suitable option considering 100% compatibility of
syngonium plantlets and improvement of growth traits in comparison with other substrates.

Keywords: Adaptation, Culture medium, Regeneration, Reproduction, Syngonium
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