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Table 1- Description of the tomato landraces used in the study

PY12593 gm0 031051 K ko a0 031051 KLy
Origin Fruit size Code Origin Fruit size Code
Iran-Miandoab S IRMI7 Iran-Urmia Sox IRU1
Small Large
Iran-Bokan JM":‘_ IRB Iran-Urmia S IRU2
Intermediate Large
Lo ; Sz
Iran-Mahabad . IRMA1 Iran-Urmia IRU3
Intermediate Large
Iran-Mahabad S IRMA2 Iran-Urmia S IRU4
Large Large
Iran-Mahabad JM’:‘_ IRMA4 Iran-Urmia Sk IRU5
Intermediate Large
Iran-Mahabad S2s8 IRMAS5 Iran-Urmia JM?:“, IRU6
Small Intermediate
Iran-Mahabad i IRMAG Iran-Urmia ok IRU7
Small Large
Iran-Mahabad S IRMA7 Iran-Urmia JMW IRU8
Small Intermediate
Sy i S
Iran-Mahabad IRMAS8 Iran-Urmia . IRU10
Large Intermediate
Iran-Mahabad <3 IRMAQ Iran-Urmia <3 IRUL1
Large Large
bgie ; Sz
Iran-Mahabad . IRMA10 Iran-Urmia IRU12
Intermediate Large
L Sy . Luwgio
Iran-Qaraziaediin IRQ1 Iran-Urmia . IRU13
Large Intermediate
Iran-Qaraziaediin JM’;‘_ IRQ2 Iran-Urmia JM’:‘_ IRU14
Intermediate Intermediate
ioadii S)x ; bwgie
Iran-Qaraziaediin IRQ3 Iran-Urmia . IRU15
Large Intermediate
iadii S)x ; bwgie
Iran-Qaraziaediin IRQ4 Iran-Urmia . IRU16
Large Intermediate
inndii bwgie ; Sz
Iran-Qaraziaediin . IRQ5 Iran-Urmia IRU18
Intermediate Large
oadi )3 ; bwgie
Iran-Qaraziaediin IRQ6 Iran-Urmia . IRU19
Large Intermediate
Iran-Qaraziaediin JM""_ IRQ7 Iran-Urmia JM?:A_ IRU20
Intermediate Intermediate
inndii bwgie ; Sz
Iran-Qaraziaediin . IRQ8 Iran-Urmia IRU21
Intermediate Large
Iran-Khoy bogia IRKH1 Iran-Urmia S IRU22
Intermediate Large
Iran-Khoy S5 IRKH2 Iran-Urmia S5 b IRU23
Small Very small
Iran-Salmas S IRSAL Iran-Urmia o3 IRU24
Small Large
Iran-Salmas S5 IRSA2 Iran-Urmia bogie IRU25

Large Intermediate



Iran-Sardasht
Iran-Sardasht
Iran-Sardasht
Iran-Sardasht
Iran-Sardasht
Iran-Sardasht
Iran-Sardasht
Iran-Sardasht
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-Igdir
Turkey-1gdir
Iran
Iran

Turkey

SeS
Very small
S W
Very small
28
Small
S b3
Very small
Sess
Small
28
Small
bauogze
Intermediate
28
Small
bgie
Intermediate
SHi
Large
bge
Intermediate
bgie
Intermediate
bogie
Intermediate
SHi
Large
bge
Intermediate
28
Small
28
Small
bgie
Intermediate
S
Small
SHi
Large
Sos S
Very small
S8
Small
baogie
Intermediate
bagie
Intermediate
Loge
Intermediate

IRSR1
IRSR2
IRSR3
IRSR4
IRSR5
IRSR6
IRSR7
IRSR8
TUIG1
TUIG2
TUIG3
TUIG4
TUIGS
TUIG6
TUIG7
TUIGS8
TUIGY
TUIG10
TUIG11
TUIG12
TUIG13
TUIG14
CH Peto Early
Rio Grande

H-2274

Iran-Urmia
Iran-Oshnavieh
Iran-Oshnavieh
Iran-Oshnavieh
Iran-Oshnavieh
Iran-Oshnavieh
Iran-Oshnavieh
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Piranshahr
Iran-Naghadeh
Iran-Naghadeh
Iran-Miandoab
Iran-Miandoab
Iran-Miandoab
Iran-Miandoab
Iran-Miandoab

Iran-Miandoab

buwgio
Intermediate
buwgio
Intermediate
S
Small
bogie
Intermediate
buwgio
Intermediate
Syp
Large
S8 b
Very small
Syi
Large
Syi
Large
bz
Intermediate
bz
Intermediate
bagie
Intermediate
bogie
Intermediate
bagie
Intermediate
Sas
Small
Syp
Large
SesS
Small
SesS
Small
25
Small
Loge
Intermediate
Syp
Large
bagie
Intermediate
bage
Intermediate
bogie
Intermediate
SesS
Small

IRU26

IRO1

IRO2

IRO3

IRO4

IRO5

IRO6

IRP1

IRP2

IRP3

IRP4

IRP5

IRP6

IRP7

IRP8

IRP9

IRP10

IRN1

IRN2

IRMI1

IRMI2

IRMI3

IRMI14

IRMI5

IRMI6
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Table 2- Characteristics of the primers designed for amplification of SUN and OVATE genes in tomato
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Gene name Accession number Primer sequence (5'—3") Fragment length (bp)
SUN TGAGGCGAAAGGAACACC
EU491503.1 TCCAAGTGCTAAGGCTCT 443
AGCTTCGGTTCTCCAGAGT
OVATE 001247292.2 CAGTAGGTGGGTGTGGGAT 1039
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Figure 1- Amplified fragments of the SUN (left) and OVATE (right) gene fragments with the length of 1000 and 1039 bp,

respectively in different tomato genotypes (Lanes, M: 1Kb DNA ladder (Fermentas, Germany), 1: Turkey, 2: Urmia, 3:Bukan
(for the SUN gene) and Qaraziaddin (for the OVATE gene), 4: Sardasht)

258 lisen Sy 9 TIUI (2 0251 (Sol Caons) OVATE 5 (e Cmms) SUN (5loss o iS5 ol (g5l i -V IS
9 (SUN (45 (810 ) 0 92 ¥ cdnog sl 3 cduS 35 1Y il puitd (gLadigos € U Y saSaly o lodT Ferments) 1Kb o511 ;5L (M) (S5 ,8
(cwdd g :£ (OVATE 5 sl5) crlebudo,d
Figure 2- Digestion of the amplified fragments of the SUN (left) and OVATE (right) genes by using Trul enzyme in different

tomato genotypes (M: 1Kb DNA ladder (Fermentas, Germany), Lanes 1 to 4 digested samples, 1: Turkey, 2: Urmia, 3: Bukan
(for SUN gene) and Qaraziaddin (for OVATE gene), 4: Sardasht)
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CGGGGGCTTTTTGGCGTTTTGCTATAGCACGGCAGCAGCTGCTGAGGCTGCTGTAGCTGCTGCTAATGC
TGCTGCTGATGTTATCGGCTAACAGATGCTCCAAGTGAATTCAAAAGGAAACGCACACAAGCGGCTATTA
GAATCCAAAGTGCTTATCGCGCTCACCTGGTAAAACATCCTCTCTGGGAGCTCTGGTACTTTCACTCATAA
AATTTCACTGTGACCTTGTGGCAGGATCGTTATTAAGGCTCCTTCCTTCCTCCGCTGGAGCCTTTGAACGT
CTACTTTAACGAGGTGGGTACCTCAAAATTTCAGCATCTATGAAAACGCTTTGCAACTCCTGACCGCTTCT
CCCGGCCAGCGGAAACAATTATGTCCCTCGTGCCGTCCTCGTTTAACTTGAGCCTGGTACCATTGACGCCT
TCCCTTCGGTTCTTTCTGTCAGCTCTTCCGGTTTTAGAACTTCGATTTTCAGGCCACAGAAGACCCAGCA
CAAACGGCATCCATGGTACCAGACTCAAGATCAAAGAGGAGGGCACGAGGGACATAATTGTTTCCG
CTGGCCGGGAGAAGCGGTCAGGAGTTCCAAAGCGTTTTCATAGATGCTGAAATTTTGAGGTACCCA
CCTCGCTAAAGTAAACGTTCATACGCCCCAGCTGGAAATCGGAGACGCCATAGTAACCATCCTGCC
TTCAGATCCACTCCAACTTCTAATGCCATATGTCCTCATCCTTCGAGGTGTATACAGGCTGTACCTA
CAACCCCGAGCCCTCTAAGGCCGTCTTCCCCAATATGTAATCAAGTTTCCAAACATTAGTTCAACTA
TACTAAATCTATAAAAAAGACCTAAAACACATCTTATTAGACTTTTATGGTTTGGAACTGTAATATGGTT
TTGTTCCAAGCAT

SUN (45 6 5wS5 axkad 13 ouwd  glwlidd (55U s YA (K 51 giomnd) (g piig] dua b - S
Figure 3- Detected intron region (Bold letters) in the amplified fragment of the SUN gene with a length of 369 bp
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Table 3- Frequency of the identified SNPs in SUN gene in tomato genotypes

SNP g4 09551 35 SNP dlaxs 095552 33 SNP s SNP S slaws SNP ae
SNP type Number of SNPs in exon Number of SNPs in intron Total SNPs SNP percentage
G/IA 1 2 3 30

T/C 1 4 5 50

T/G 2 - 2 20

o5 50 ot Lapins oy 29 T/G g9l uizmanl g
2 292 (AG 5 CIT) Luizman 55 jl Goyal (A9 2 02 (5955
3 e dopd Ar 4S5 ok 3 slolis SNP gy OVATE -3
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ol 3 SNP g 01 5Ll SNP o3 I SUN 55
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09 baiso g (35 0aiS A4S dn b pd e dameS cde 4y Yloxs! 05 Ao 0 S5y il o GIT gg 5l aid yuieadl g4 51 s
o5 ods iS5 g JS 53 (V) wib e oS JelSS Job p> ol /A Lo wgio yobo ay) SNP VY 5L cas Yo+ ya glil 4 SUN
P SNP /by Slie jolas Ly cds Voo o 4l5l 4 OVATE Yooy ol sl ;3 SNP V/EY 4 9551 asb > SNP
23,5 olwlis 981 4l =955 a4l > SNP sl o5 Slglyd Jus b sdalie (L cas

SL.s_buk AGCAGCTGCTGAGGCTGCTGTAGCTGCTGCTAATGCTGCTGCTGATGTTATCGGCTAACA
SL.s_sar AGCAGCTGCTGAGGCTGCTGTAGCTGCTGCTAATGCTGCTGCTGATGTTATCGGCTAACA
SL.s_urm AGCAGCTGCTGAGGCTGCTGTAGCTGCTGCTAATGCTGCTGCTGATGTTATCGGCTAACA
SL.s_tur AGCAGCTGCTGAGGCTGCTGTAGCTGCTGCTAATGCTGCTGCTGATGTTATCGGCTAACA
KK A AR AR A AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR AR AR A AR A AR A AR AR A AR R KK

SL.s_buk GATGCTCCAAGTGAATCCAAAAGGAAACGCACACAAGCGGCTATTAGAATCCAAAGTGCT
SL.s_sar GATGCTCCAAGTGAAT TCAAAAGGAAACGCACACAAGCGGCTATTAGAATCCARAGTGCT
SL.s_urm GATGCTCCAAGTGAAT TCAAAAGGAAACGCACACAAGCGGCTATTAGAATCCAAAGTGCT
SL.s_tur GATGCTCCAAGTGAAT TCAAAAGGAAACGCACACAAGCGGCTATTAGAATCCARAGTGCT
- KKAXKAKARKAAKRAKNKAIAAA AA KA A KAA A A AR A A A A A A AR AR AR A A A A AR A AR A A A AR AR R KK
SL.s_buk TATCGCGCTCACCTGGTARAACATCCTCTCTGGGAGCTCTGGTACTTTCACTCATARAAT
SL.s_sar TATCGCGCTCACCTGGTARAACATCCTCTCTGGGAGCTCTGGTACTTTCACTCATARAAT
SL.s_urm TATCGCGCTCACCTGGTAAAACATCCTCTCTGGGAGCTCTGGTACTTTCACTCATARAAT
SL.s_tur TATCGCGCTCACCTGGTARAACATCCTCTCTGGAAGCTCTGGTACTTTCACTCATARAAT
R R S R i I S S S I S R S S R I e S SR S I S S R I S S S e S S R i

SL.s buk TTCACTGTGACCTTGTGGCAGGATCGTTATTAAGGCTCCTTCCTTCCTCCGCTGGAGCCT
SL.s_sar TTCACTGTGACCTTGTGGCAGGATCGTTATTAAGGCTCCTTCCTTCCTCCGCTGGAGCCT
SL.s urm TTCACTGTGACCTTGTGGCAGGATCGTTATTAAGGCTCCTTCCTTCCTCCGCTGGAGCCT
SL.s_tur TTCACTGTGACCTTGTGGCAGGATCGTTATTAAGGCTCCTTCCTTCCTCCGCTGGAGCCT
KA A KA KR K A AR A KK A R A AR AR I A AR AR I AR A AR AR I A A kA Ak Ak Ak hk Ak kA kkhk kX

SL.s buk TTGAACGTCTACTTTAACGAGGTGGGTACCTCAAAATTTCAGCATCTATGAAAACGCTTT
SL.s_sar TTGAACGTCTACTTTAACGAGGTGGGTACCTCAAAATTTCAGCATCTATGAAAACGCTTT
SL.s_urm TTGAACGTCTACTTTAACGAGGTGGGTACCTCAAAATTTCAGCATCTATGARAACGCTTT
SL.s_tur TTGAACGTCTACTTTAACGAGGTGGGTACCTCAAAATTTCAGCATCTATGAAAACGCTTT
KA A KA AR K A A K AR KA A AR AR I A AR AR I AR A AR AR I A A kA A kA Xk Ak dk Ak kA hkkkhk kX

SL.s buk GCAACTCCTGACCGCTTCTCCCGGCCAGCGGAAACAATTATGTCCCTCGTGCCGTCCTCG
SL.s_sar GCAACTCCTGACCGCTTCTCCCGGCCAGCGGARACAATTATGTCCCTCGTGCCGTCCTCG
SL.s urm GCAACTCCTGACCGCTTCTCCCGGCCAGCGGAAACAATTATGTCCCTCGTGCCGTCCTCG
SL.s_tur GCAACTCCTGACCGCTTCTCCCGGCCAGCGGAAACAATTATGTCCCTCGTGCCGTCCTCG
KAA KA KR KA A KA KNI A R AA KA KA AR AR KA KA AR I A KA AR AR d AR A A XA AR A AR Ak hA*k kK

SL.s buk TTTAACTTGAGCCTGGTACCATTGACGCCTTCCCTTCGGTTCTTTCTGTCAGCTCTTCCG
SL.s sar TTTAACTTGAGCCTGGTACCATTGACGCCTTCCCTTCGGTTCTTTCTGTCAGCTCTTCCG
SL.s urm TTTAACTTGAGCCTGGTACCATTGACGCCTTCCCTTCGGTTCTTTCTGTCAGCTCTTCCG
SL.s_tur TTTAACTTGAGCCTGGTACCATTGACGCCTTCCCTTCGGTTCTTTCTGTCAGCTCTTCCG

KA KR KA AR A AR AR A AR A A A AR A AR AR A A A A A A AR A AR A AR AR AR Ak A A Ak Ak kA Ak Ak Ak hk k%

SL.s buk TTTTTAGAACTTCGA
SL.s_sar GTTTTATAACTTCGA
SL.s urm GTTTTAGAACTTCGA
SL. s_tur GTTTTAGAACTTCGA

kkkhkk KAk kkk kK

(Cadd o 158K S 5 STUN (4893 :BUK canog,l :Urm) (S5 dea o8 cuigij Ja 13 SUN (45 (9351 an i Jlgi il a3 o -€ JSW

Figure 4- Multiple alignment of the exonic region of the SUN gene in four tomato genotypes (Urm: Urmia, Buk: Bukan, Tur:
Turkey, Sar: Sardasht), (SNPs are highlighted as bold and italic)
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SL.s sar
SL.s tur
SL.s urm
SL.s buk

SL.s sar
SL.s tur
SL.s urm
SL.s buk

SL.s sar
SL.s tur
SL.s urm
SL.s buk

SL.s sar
SL.s tur
SL.s urm
SL.s buk

SL.s sar
SL.s tur
SL.s urm
SL.s buk

SL.s_ sar
SL.s tur
SL.s urm
SL.s buk

TTTTCAGGCCACAGAAGACCCAGCACAAACGGCATCCATGGTACCAGACTCAAGATCAAA
TTTTCAGGCCACAGAAGACCCAGCACAAACGGCATCCATGGTACCAGACTCAAGATCAAA
TTTTCAGGCCACAGAAGACCCAGCACAAACGGCATCCATGGTACCAGACTCAAGATCAAA
TTTTCAGGCCACAGAAGACCCAGCACAAACGGCATCCATGGTACCAGACCCAAGATCAAA

Ak Ak khkhhkhhhkhkhhkhhkrhkhhhkrhkhkhkhhkhhkrhhkrhkhkrhkhhkhhkhkhkhhkkhkrkh *rhkkhkkhkxkxx*

GAGGAGGGCACGAGGGACATAATTGTTTCCGCTGGCCGGGAGAAGCGGTCAGGAGTTCCA
GAGGAGGGCACGAGGGACATAATTGTTTCCGCTGACCGGGAGAAGCGGTCAGGAGTTCCA
GAGGAGGGCACGAGGGACATAATTGTTTCCGCTGGCCGGGAGAAGCGGTCAGGAGTTCCA
GAGGAGGGCACGAGGGACATAATTGTTTCCGCTGGCCGGGAGAAGCGGTCAGGAGTTCCA

KAk Ak hkhkhhkhkhhkhkhhkhhhhhkhkhhkkhhdhhkrkhhhhhdhkh hrxkdhhkhhhkhkrkhhhkhhkdhkrkhhkkhxkx

AAGCGTTTTCATAGATGCTGAAATTTTGAGGTACCCACCTCGCTAAAGTAAACGTTCATA
AAGCGTTTTCATAGATGCTGAAATTTTGAGGTACCCACCTCGCTAAAGTAAACGTTCATA
AAGCGTTTTCATAGATGCTGAAATTTTGAGGTACCCACCTCGCTAAAGTAAACGTTCATA
AAGCGTTTTCATAGATGCTGAAATTTTGAGGTACCCACCTCGCTAAAGTAAACGTTCATA

KK A AR AR A AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR A A A AR A AR A AR A AR AR A AR R KK

CGCCCCAGCTGGAAATCGGAGACGCCATAGTAACCATCCTGCCTTCAGATCCACTCCAAC
CGCCCCAGCTGGAAATCGGAGACGCCATAGTAACCATCCTGCCTTCAGATCCACTCCAAC
CGCCCCAGCTGGAAATCGGAGACGCCATAGTAACCATCCTGCCTTCAGATCCACTCCAAC
CGCCCCAGCTGGAAATCGGAGACGCCATAGTAACCATCCTGCCTTCAGATCCACTCCAAC

KK AR KR AR A AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR A IR AR A AN A AR A A A AR A AR Rk K

TTCTAATGCCATATGTCCCCATCCTTCGAGGTGTATACAGGCTGTACCTACAACCCCGAG
TTCTAATGCCATATGTCCTCATCCTTCGAGGTGTATACAGGCTGTACCTACAACCTCGAG
TTCTAATGCCATATGTCCTCATCCTTCGAGGTGTATACAGGCTGTACCTACAACCCCGAG
TTCTAATGCCATATATCCTCATCCTTCGAGGTGTATACAGGCTGTACCTACAACCCCGAG

KAKXKAKRAXAKAAAAKRKX *hkk* KAAKRAAAIAAAXAAAKRAXAAA XN A AR A XA A A A XA A A A XAk AKX Xk k%

CCCTTTAAGGCCGTCTTCCCCAATATGTAATCAAGTTTCCAAACATTAGTTCAACTATAC
CCCTCTAAGGCCGTCTTCCCCAATATGTAATCAAGTTTCCAAACATTAGTTCAACTATAC
CCCTCTAAGGCCGTCTTCCCCAATATGTAATCAAGTTTCCAAACATTAGTTCAACTATAC
CCCTCTAAGGCCGTCTTCCCCAATATGTAATCAAGTTTCCAAACATTAGTTCAACTATAC

hhkhhk hhhkhhkhkhhhkhkhkrhhkhhhkrhkhkhhhkhhkrhhkrhhkrhkhkhhhkhhkrhkkhkrhkhkrkkhkhkxkxx

SL.s_ sar TAAATCTAT
SL.s_tur TAAATCTAT
SL.s_urm TAAATCTAT
SL.S_buk TAAATCTAT

kAKX KR KKk kK

1Sar S 5 TUr 541 :BUK canog,l :UrM) 55,8 an o5 caisij y e 5 SUN (45 (g sl aa b JIgh dilfia 3 o2 -0 JSU
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Figure 5- Multiple alignment of the intron region of the SUN gene in four different tomato genotypes (Urm: Urmia, Buk:
Bukan, Tur: Turkey, Sar: Sardasht), (SNPs are highlighted as bold and italic)

SN y3ds o8 it scwigij 3 OVATE (45 50 auwd (bl gWSNP Slglys- € Jgas
Table 4- Frequency of the identified SNPs in OVATE gene in different tomato genotypes

SNP g4 SNP dlasi SNP s,
SNP type Number of SNPs SNP percentage
AIG 2 40
GIT 1 20
CIT 2 40
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TCTCTGGGGAGCCGGCCCTGAAGGCTCCGGTGTGTAAGTAAAGCACGTATAACCCTIGAA
TCTCTGGGGAGCCGGCCCTGAAGGCTCCGGTGTGTAAGTAAAGCACGTATAACCCTCGAA
TCTCTGGGGAGCCGGCCCTGAAGGCTCCGGTGTGTAAGTAAAGCACGTATAACCCTIGAA
TCTCTGGGGAGCCGGCCCTGAAGGCTCCGGTGTGTAAGTAAAGCACGTATAACCCTITGAA

Ak Ak khkhhkhkhkhkhkhhkhh A hhkhhhkrhkhkhkhhkhhkrhkhhkhkrhkhkhkhhkhkhkrhkkhkrhkkhkrhkkrkhkx *xx*

ACAACGACGAACATATGGCATTAGAAGTTGGAAAGGATCTGACGGCCAGGATAGTTACAA
ACAACGACGAACATATGGCATTAGAAGTTGGAAAGGATCTGACGGCCAGGATAGTTACAA
ACAACGACGAACATATGGCATTAGAAGTTGGAAAGGATCTGACGGCCAGGATAGTTACAA
ACAACGACGAACATATGGCATTAGAAGTTGGAAAGGATCTGACGGCCAGGATAGTTACAA

Ak Ak kA hhkh kA hkhhkhhk A hhkhhhkrhhkhkhhkhhrhkhhhkrhkhkhkhhkhkhkrhkkrhkhkrhkkhkhkxkxx

TGGCTCCTCCCATCTCCAGCTGGAGCGTAAGAACGTCTACTTTAACGAGGTGCGTACCTC
TGGCTCCTCCCATCTCCAGCTGGAGCGTAAGAACGTCTACTTTAACGAGGTGCGTACCTC
TGGCTCCTCCCATCTCCAGCTGGAGCGTAAGAACGTCTACTTTAACGAGGTGCGTACCTC
TGGCTCCTCCCATCTCCAGCTGGAGCGTAAGAACGTCTACTTTAACGAGGTGCGTACCTC

KK A AR AR A AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR A AR A A A AR A AR A A A AR A AR R KK

AAAATTTCAGCATCTATGAAAACGCTTTGCAACTCCTGACCGCTTCTCCCGGCCAGCGGA
AAAATTTCAGCATCTATGAAAACGCTTTGCAACTCCTGACCGCTTCTCCCGGCCAGCGGA
AAAATTTCAGCATCTATGAAAACGCTTTGCAACTCCTGACCGCTTCTCCCGGCCAGCGGA
AAAATTTCAGCATCTATGAAAACGCTTTGCAACTCCTGACCGCTTCTCCCGGCCAGCGGA

KK AR KR AR A AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR A IR AR A AN A AR A A A AR A AR Rk K

AACAAGTATGTCCCTCGTGCCGTCCTCGTTGATCTTGAGCCCGGTACCATGGACGCCCTC
AACAAGTATGTCCCTCGTGCCGTCCTCGTTGATCTTGAGCCCGGTACCATGGACGCCCTC
AACAAGTATGTCCCTCGTGCCGTCCTCGTTGATCTTGAGCCCGGTACCATGGACGCCCTC
AACAAGTATGTCCCTCGTGCCGTCCTCGTTGATCTTGAGCCCGGTACCATGGACGCCCTC

KA AR R AR A AR AR A AR A AR A AR AR AR A AR A AR AR A AR AR A AR A AR AR A AR A AR AR Ak Rk kK

CGTGCCGGTCCCTTCGGTCAACTCTTCCGTCCCGACAACTTCGTTTTCGGCCAGTCCCGG
CGTGCCGGTCCCTTCAGTCAACTCTTCCGTCCCGACAACTTCGTTTTCGGCCAGTCCCGG
CGTGCCGGTCCCTTCGGTCAACTCTTCCGTCCCGACAACTTCGTTTTCGGCCAGTCCCGG
CGTGCCGGTCCCTTCGGTCAACTCTTCCGTCCCGACAACTTCGTTTTCGGCCAGTCCCGG

KAKXKAKRAXAKAAKNEAAKA A, A AKAAAKAA AR A AR A A A AR A AR AR A AR AR A A A A AR AR A AR ARk Rk kK

TGCTGGTAAAACTGGGTAGGGTTCTTTATTCTTTTTGGTTTAAATTGGACGAAAAAACGA
TGCTGGTAAAACTGGGTAGGGTTCTTTATTCTTTTTGGTTTAAATTGGACGAAAAAACGA
TGCTGGTAAAACTGGGTAGGGTTCTTTATTCTTTTTGGTTTAAATTGGACGAAAAAACGA
TGCTGGTAAAACTGGGTAGGGTTCTTTATTCTTTTTGGTTTAAATTGGACGAAAAAACGA

kA hhkhkhhkhhkhkhhhkhhkrhhkhkhhkrhkhkhhhkhhkrhhkhhhkrhkhkhhhkhhkrhkhkrhkhkrkkhkhkrxkxx

GACTCAAGAGACAGAAGAAATGACCGAAGGAACCGGCACGGACGGCGCCCATGGTCCCGG
GACTCAAGAGACAGAAGAAATGACCGAAGGAACCGGCACGGACGGCGCCCATGGTCCCGG
GACTCAAGAGACAGAAGAAATGACCGAAGGAACCGGCACGGACGGCGCCCATGGTCCCGG
GACTCAAGAGACAGAAGAAATGACCGAAGGAACCGGCACGGACGACGCCCATGGTCCCGG

KA KR KA KR A A KA A A AR A AR AR A AR AR A AR A A A AR A A A A AR A A hA A hk hAhkkhhkkh kA krkhhk%

GCTCAAAATCAACGAGGACGGCACGAGGGACATCCTTGTTTCCGTTGGCCGGGGAAGCGG
GCTCAAAATCAACGAGGACGGCACGAGGGACATCCTTGTTTCCGTTGGCCGGGGAAGCGG
GCTCAAAATCAACGAGGACGGCACGAGGGACATCCTTGTTTCCGTTGGCCGGGGAAGCGG
GCTCAAAATCAACGAGGACGGCACGAGGGACATCCTTGTTTCCGTTGGCCGGGGAAGCGG

KA R KA AR A AR AR A AR A A A AR A AR AR A A A A A A AR A AR A AR AR AR Ak Ak Ak A Ak Ak Ak Ak h k)%

TCAGGAGTTCCAAAGCGTTTTCACAGATGCTGAAATTTTGAGGTACGCACCTCGTTAAAG
TCAGGAGTTCCAAAGCGTTTTCACAGATGCTGAAATTTTGAGGTACGCACCTCGTTAAAG
TCAGGAGTTCCAAAGCGTTTTCACAGATGCTGAAATTTTGAGGTACGCACCTCGTTAAAG
TCAGGAGTTCCAAAGCGTTTTCACAGATGCTGAAATTTTGAGGTACGCACCTCGTTAAAG

kA Ak hkkhkhhkhhkhkhkhhkhhk A hhhhhkrhkhkhkhhkhkhkrhhkhhkdkrhkdkhkhhkhkhkrhkhkrhkdrhkkhkhkxkxx

TAGACTTTCATACGCCCCAGCGGGAGATGGGGGGGGCCATTGTAACTATCCTGGCCGTCA
TAGACCTTCATACGCCCCAGCGGGAGATGGGGGGGGCCATTGTAACTATCCTGGCCGTCA
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.o_urm
.0_sar

.0 _tur
.0 grz
.0 _urm
.0 _sar

.0 _tur
.0 grz
.0 _urm
.0 _sar

.0 _tur
.0 grz
.0_urm
.0_sar

TAGACCTTCATACGCCCCAGCGGGAGATGGGGGGGGCCATTGTAACTATCCTGGCCGTCA
TAGACCTTCATACGCCCCAGCGGGAGATGGGGGGGGCCATTGTAACTATCCTGGCCGTCA

kA hkhkk hhkhkhkhkhkhhkhkhkrhkhhhkrhkhkhkhhkhkhkrhkhhhkrhkhkhkhhkhkhkrhkhkrhkhkrhkkhkhkxkxx

GATCCATTCCAACTTCTAAAGCCCATATGGTCGTCTITTCGCTTCGAGGGGGTCTACGGCT
GATCCATTCCAACTTCTAAAGCCCATATGGTCGTCGTTCGCTTCGAGGGGGTCTACGGCT
GATCCATTCCAACTTCTAAAGCCCATATGGTCGTCGTITCGCTTCGAGGGGGTCTACGGCT
GATCCATTCCAACTTCTAAAGCCCATATGGTCGTCGTTCGCTTCGAGGGGGTCTACGGCT

Ak A hkkhkhhkhhkhkhkhhkhhkrhkhkhkhkrhkhkhkhhkhkhkrhkkhkhkh *hkhkhkhhkhkkhkrhkkhkrhkhkrkhkkhkhkrxkxx

GTACCACACACCGAGCCCTTAAAGACCGTGCTCGCCAGAGACGGTCGCCCGCAATTTTCT
GTACCACACACCGAGCCCTTAAAGACCGTGCTCGCCAGAGACGGTCGCCCGCAATTTTCT
GTACCACACACCGAGCCCTTAAAGACCGTGCTCGCCAGAGACGGTCGCCCGCAATTTTCT
GTACCACACACCGAGCCCTTAAAGACCGTGCTCGCCAGAGACGGTCGCCCGCAATTTTCT

KK AR R AR A AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR A IR A A A AR A AR A A A AR A AR R KK

GTCCTTGACCGGAAAGCCCTTTCCTGGAGTGATACGTGAGGCGTTCTCAGACATTTGGGA
GTCCTTGACCGGAAAGCCCTTTCCTGGAGTGATACGTGAGGCGTTCTCAGACATTTGGGA
GTCCTTGACCGGAAAGCCCTTTCCTGGAGTGATACGTGAGGCGTTCTCAGACATTTGGGA
GTCCTTGACCGGAAAGCCCTTTCCTGGAGTGATACGTGAGGCGTTCTCAGACATTTGGGA

KK AR R AR A AR AR A AR A AR AR A AR A AR AR A AR AR A AR AR A AR AR A AR A AR A AR AR A A AR KK

SL.o_tur GACTTGTTTTA
SL.o grz GACTTGTTTTA
SL.o_urm GACTTGTTTTA
SL.o sar GACTTGTTTTA

KKk KkKkKhk Kk Kk kKKK
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Figure 6- Multiple alignment of the OVATE gene in four different tomato genotypes (Urm: Urmia, Tur: Turkey, Qrz:
Qaraziaddin, Sar: Sardasht), (SNPs are highlighted as bold and italic)
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Introduction: Commercial tomato (Solanum lycopersicum L.), one of the most widely grown vegetable
crops worldwide, belongs to the Solanaceae family. The marketability of the commercial tomato mostly depends
on the fruit quality. Tomato fruit quality is determined mainly by color, texture, shape and flavor. Fruit shape,
one of the important traits affecting the quality of tomato fruit, is controlled by multiple minor genes and
quantitatively inherited. Two important genes, involved in fruit shape, are SUN and OVATE genes. The SUN
gene, which is a member of the IQD (I1Q-domain) gene family and the Calmodulin binding protein, controls fruit
length. The more expression of both SUN and OVATE genes leads to increased fruit length. Moreover, the
increased expression of OVATE gene reduces the size of flower and leaf components. Due to the important role
of these genes in tomato fruit shape, identification of single nucleotide polymorphisms (SNPs) as a new
generation of robust, frequent and reliable bi-allelic markers, in the coding regions of these genes might be
necessary for generating functional markers associated with fruit shape.

Materials and Methods: Seeds of 96 tomato genotypes from 12 populations were grown in the research
greenhouse of Faculty of Agriculture and Natural Resources of Urmia University. The genotypes had been
collected from different regions of West Azerbaijan of Iran and Turkey (Igdir). The young and green plant leaves
were used for genomic DNA extraction. The quality and quantity of the extracted DNA was assessed using
spectrophotometry and agarose gel electrophoresis. To identify SNPs in SUN and OVATE genes, specific
primers were designed by using FastPCR and Gene Runner software for amplifying fragments from coding
regions of these genes in 96 tomato genotypes. Then, the amplified fragments of both genes were digested by
using restriction enzymes Trul and Pstl. Due to the lack of polymorphism in the digested patterns obtained by
the used enzymes, four individuals from populations with close geographical distance were selected and
amplified. The amplified bands were then purified by a purification kit (Kiagen, USA) and sequenced (Bioneer,
South Korea). Sequencing was performed from both ends of the PCR fragments using both the forward and
reverse primers used in the PCR reactions. The exon and intron regions of the sequenced fragments were
identified by Softberry software. Following the retrieval of the sequenced fragments of each gene using FastPCR
and Softberry software, multiple sequence alignment using Clustal Omega was used to identify SNPs in the exon
and intron of the genes.

Results and Discussion: Digestion of the amplified fragments of the genes using Trul and Pstl restriction
enzymes produced no polymorphism in the studied genotypes. Thus, four individuals were selected from
geographically different populations and gene fragments were amplified, purified and sequenced in these
genotypes. Sequencing of the amplified fragment of SUN gene revealed an intron region with a size of 369 bp.
Out of the 10 SNPs detected in the SUN gene, four was found in the exon region, while the number of SNPs in
intron was six. Of the total SNPs found in the SUN gene, the percentage of transition and transversion
substitutions was 80 (50% T/C and 30% A/G) and 20 (T/G), respectively. In the OVATE gene, five SNPs were
identified. The percentage of transition (40% G/A and 40% C/T) and transversion (20% G/T) substitutions in this
genes were the same as SUN. The ratio of transition to transversion substitutions was 1:4 for both genes. The
average number of SNPs in a 100 bp fragment in exonic and itronic region of SUN was 0.9 and 1.62,
respectively, while it was 0.5 for exonic region of OVATE gene.

Conclusion: The results of the current study revealed low polymorphisms and point mutations in the exon
regions of SUN and OVATE genes, suggesting that the coding regions of these genes were conserved during the
tomato evolution. Also, the number of SNPs in intron was more than those of exon. Considering the important
role of fruit quality, especially fruit shape, in tomato market, the SNPs found in the current study may be used in
genetic diversity studies, genetic map preparation, and saturation and identification of the functional markers
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associated with tomato fruit shape. These markers could accelerate tomato breeding programs aimed fruit shape
improvement.

Keywords: Fruit Shape, Single nucleotide polymorphism, Tomato, Transition substitution
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Table 2- ANOVA for vegetative traits of African violet treated by colchicine in in vitro culture

.. ’ - . . Sy dob - . . . .
Ol i palio (63151 as 4> S ol S paed J,.b Leaf length S oS S gaed )]aé Sy Cwls
S.0vV df Leaf number Petiole length Leaf width  Petiole diameter  Leaf thickness
Time
s 3 26.44" 164.09** 56.24" 167.11** 2.93** 2.72%*
[Shed]
Error
s 43 19.95 8.18 25.36 22.82 0.23 0.12

Joyd ) Jlein] gaw )3 by Gxe FF g 4y ixe Cglas pas NS
"s: Non-Significant, and ** significant at 0.01 of probability levels.
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Table 3- The effect of colchicine 0.02% for 18, 24 and 24 hours on vegetative traits of African violet in in vitro culture

G andan Time s S puod Job SpopsE S prod yha S Calbus
Colchicine 'me o) i Leaf length iole di Leaf thickness
concentration (hours) Petiole length Petiole diameter
(%) (mm) (mm) (mm) (mm)
18 16.75b 28.36a 1.94bc 1.64b
0.02 24 16.34b 27.98a 2.31b 1.84ab
48 16.79b 26.31a 2.84a 1.97a
0
Control - 23.62a 20.82b 1.54c 0.89c¢
Sald
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Numbers followed by the same letter are not significantly different at 5% of probability level based on Duncan’s multiple range test.
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Table 4- ANOVA for reproductive traits of African violet treated by colchicine in in vitro culture

&l @ J5 s S S Slax 31 JS 2 3 JS slams o3l JS glis )
) JOve s &3l Flower diameter Number of Number of Flower in Height of
S.0OV df (mm) petal inflorescence inflorescence(mm)
Time

ol 3 31.18** 5.51%% 6.31% 35548

Error

s 16 2.57 0.75 1.35 19.98

lopd Vg0 Jloas! pdaw jd )b pxe s g )b xe glay pas NS
m: Non-Significant, * and ** significant at 0.05 and 0.01 of probability levels, respectively.
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Table 5- The effect of colchicine 0.02% for 18, 24 and 24 hours on Feproductive traits of African violet in in vitro culture

o pellS il ol 5 ki S olati 3l U5 by U sl ol )|
Colchicine Time Flower diameter Number of Number of flower in ingg;grs]éec:ce
concentration (%0) (hours) (mm) petal inflorescence (mm)
18 41.14a 7.20a 4.40ab 79.99a
0.02 24 41.11a 7.60a 5.20a 81.91a
48 40.58a 6.60a 5.80a 79.35a
Lali Control - 35.98b 5.20b 3.20b 85.29a
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Numbers followed by the same letter are not significantly different at 5% of probability level based on Duncan’s multiple range test.
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Figure 1- Variation in form, color, vein, tip and margins of African violet leaf resulted from colchicine treatment in in
vitroculture
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Figure 2— A sample of regenerated African violet plant treated by 0.02% colchicine for 18 hour with serrated and modified
margin in leaves (A) in comparison with control plants with smooth marigin in leaves (B)
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Figure 3- Comparison between the growth of control (pot left) and colchicine treated plants (plants right) in African violet
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Figure 4- Compare leaves trichomes of treated (A) African violet by colchicine 0.02% for 24 hours in vitro conditions (4x) and
control plant (B)
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Figure 5- Mmicroscopic pictures (40x) of African violet epidermal cells in diploid (A) and tetraploid samples
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Figure 6- Representative flow cytometer histograms of the relative fluorescence intensity of nuclei isolated from African
violet. Diploid profile (A), Mixoploid (B), and Tetraploid (C)
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Table 6- The percentage of diploid, Mixoploid and tetraploid plants of African violet in in vitro conditions
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Colchicine concentration Time Diploid Mixoploid Tetraploid
(%) (hours) (%) (%)
18 64.70 11.76
0.02 24 64.28 21.42
48 80.00 20.00
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Introduction: The genus of African violet is the most common genus known among the plants of
Gesneriaceae family. This genus has beautiful leaves and flowers that are zygomorph. African violet
(Saintpaulia ionantha) is a famous ornamental plant due to its various colors and shapes that an excellent model
system for in vitro regeneration studies because of its tissue culture amenability. Besides the importance of this
plant in plant production industry and increasing need for new plant varieties with desired traits, more studies for
creating African violet with new features by increasing the ploidy level under the in vitro conditions were not
done until now. Polyploidy is a widespread phenomenon in the evolution of flowering plant and a key in plant
speciation and diversification. Polyploid plants have been used in plant breeding programs for developing
superior varieties and restoring the fertility of interspecific or intergeneric hybrids. Polyploidy in ornamental
crops were successfully obtained under in vitro conditions. The chemical colchicine can be used as the most
effective substance to obtain polyploid plants. In vitro polyploidization has number of advantages such as
treatment of more plants with less material, control of test conditions, lower toxicity of chemicals and high
success rate. This study with the aim of polyploid induction was carried out by different concentrations of
colchicine at various periods under in vitro conditions.

Materials and Methods: The best treatment for the shoot regeneration and proliferation was MS medium
with 2 mg/l BA after optimizing the tissue culture process. The study performed as follows: plantlets grown
under in vitro in proliferation stage were treated with colchicine. The experiment was carried out in a 2-factorial
manner based on a completely randomized design and factors were colchicine concentration at 0.02, 0.05, 0.1%
and treatment duration for 18, 24, 48 hours. Evaluated characters of regenerated plants were as follows: plantlets
survival percentage (the first month, the second month and the third month), morphological traits (include leaf
number, petiole length, leaf length, leaf width, petiole diameter, leaf thickness and variation in form, vein, tip
and margins leaf), reproductive traits (flower diameter (mm), number of petal, number of flower in
inflorescence, height of inflorescence (mm)), microscopic epidermal cells in samples of diploid and tetraploid
and ploidy levels. Assessment of flow cytometery was also used for all of the treated plants with colchicine and
some diploid control plants and were expressed in the form of the percentage of diploid, mixoploid and
tetraploid plants of African violet.

Results and Discussion: Results indicated that tetraploidy induction successfully was changed different
morphological and cytological characteristics. Plantlets of treated with 0.02% colchicine in all three times only
survived after three months, and with increasing treatment time, plantlets survival percentage was reduced. Thus
0.02% colchicine treatment for 24 hour found effective in inducing in vitro culture polyploidy of African violet.
Comparison of the leaves of tetraploid with diploid plants indicated that the leaves of tetraploid plants in length
and width were bigger than the diploid ones. The selected tetraploid plants showed a more compact shape than
the control plants. Other results revealed that the treated plants with colchicine showed delayed growth. The
assessment of microscopic indicated that the epidermal cells of tetraploid were larger than diploid. The results of
flow cytometery evaluation showed that with increasing duration of colchicine, the number of diploid plants
reduced and were added to mixoploid and tetraploid plants. Most plants were mixoploid.

Conclusion: The results of this study showed that the diploid and tetraploid plants indicated significant
differences in term of morphological traits like leaf number, petiole length, leaf length, leaf width, petiole
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diameter, leaf thickness and variation in form, vein, tip and margins leaf, reproductive traits like flower diameter,
number of petal, number of flower in inflorescence and also size of epidermal cells and flow cytometery
evaluation. These differences can be suitable criterion for separating diploid and polyploid plants from each
other. Generally, the combination of tissue culture methods and tetraploidy induction can be used as a rapid
strategy for achieving new forms and properties of regenerates in vitro on African violet.

Keywords: Colchicine, Flow cytometry, Mixoploidy, Regeneration



Journal of Horticultural Science
Vol. 35, No.2, Summer 2021, P. 195-208
ISSN: 2008 - 4730

i

(323U gbio 3 pole) (SLtl pole & 185
1AB-YoA .o IFee bl oY oyleds FO Al
Yook - BYYe Ls

SR

s

a5, oWl slacgs 4 (Matricaria chamomilla L) Sl &6l glees g Sy

I S 5 G,k oS ll s s cals

Foabl O il el =Tty 3 e deons =T gigle Il Lo ke = ol o el
VWA VI8 23 55 b

WAYNNVYA: oy e

daSe

ool TS 5 sosn 5y ST Ly )3 aly il 3 63,03 dgmg 3,5kae il 515l LoulS s Sam oloxa] b e cwlios Ll o
el Lo jlos s plodil j1,S5 aw b (Bolay JolS” slaSsl auly )b B jo |91 & yguody jlanl (Bd Jloss ;0 VYAD-AF elyj Lo o
i~y L e By g - s o sy > el (e 8 e 30) snld) B oL g
o 3 S VYP) K5 S 5,8l 5 (YD) i 53 S 345 00 531 o 3 5 o] ogn) gl cslooss 5 (s o - Jlo
0395 slosi ) (b g — (2 Jlad CullS ez )3 (e o 3 £)5 TIY) Sofslon 3 )Shos on Bt 5 i — Jled CdlS Ca )3 (@
5 (LS 15 £ )55 LS YIVE) o508 A5 odnlie Cyé — 5y o 5D laduol 055 )3 (duoyd Vo8 Luill o yd (3 YL Ll Canday g
TYV A5 05 osnlie o 5y S b s o oS 3 i o 5 plgin] 8355 > ool 350 (5013 5548 V1) Y
Ll g (B Jlomd =2y i) Sl 0355 5 B iz —Jlad) Slonl 0355 55 glels do ) Wl by LS |y (talél sy
S st 5 038l s a8 53 (110) (59 Sl S ] oy (s~ ) ol o35 31 51 gyl
28l Jganme Sl gl anje 08 s (B9 S Nl calio (LBl a3 9 g 3y CilS

53 oS 5 lS il 3,Slac 535 Mo > 508 S W01

Ofgpe—d YLyl ble s ey bl | S g0
0508 S5 Ale 4 pd )8 (YY) 2l 55 > (Hyperlipidemia)
(10) 29 oo A et | (g0b) slaaisS lawgs oamd Hlia
4 g ol Db Luilel sdes il 51 (S T ulaST oy glgslun—al]
S lgiear 45 3y o Jumily it il (sl s ol
(VF) 255 )18 o0litnl 3)50 (xlo (llojos 85 5 T 3
0903 3 3 )13 lasme (S5 (15 pme )3 polie yobods (LS
ol 53 5lul b g o olen g O Canliol bas) b b dilaie S5
L sl 2o 5 a5 1B 5 o ol (sl 1y (st bl
slacawl jl1) 565 Glsl slol b allges ¢ olesslo sl
Las Gl bus (bS58 9 1 sloyw g loyS aile  Jaume
lml alapadsl 35 < 2la)lSgjle Sbml b 5 (55)sliS ) S o
2 Ul (glys sy o g0 |y LS by byl b a8 20 )5 o
delol bayly 5 51 lals wslsdS U g jlailale sbol b o sLel

.

LY RY-T

(Matricaria chamomilla L.) SLdl a5l gl oS

4SS el (Asteraceae) wlS edlgls 5l dlwsS 2LS
o) TSt gl Lall (Chamazulene) ;Jg;L—olS
ul=1 ;l (b-Farnesene) )b . o (Bisabolone oxide A
S99 alawlgas 4l bl iiws Sl Ggb bl Lol
e S5y g 0 ol Sl 4 a8 canl S5y ] oslelS
0Pls3 gials (YY) 23,5 o S (glosgd Caleg )3 g 0kl
dpalS 655 g S5 Jgpds pals el dlox jla)ls aste oy

St g Hlisly ldsly i)l sl 4:;‘>9Ju;';5|> RS TVES 2P SR SR

Oliwjgs (b @lie 5 (55y9liS pole olSzils
(Email: alirezaabdali@asnrukh.ac.ir o 0dinnr g — )
DOI: 10.22067/jhs.2021.61645.0



http://dx.doi.org/10.22067/jhs.2021.61645.0

VFer lmli ¥ oyloid 'O alr «((55,9linS gluo g pale) SLEL pole 425 V4F

2Lyl 4y zs olpenas lpl 3 Slodl wigl o35 Yo iislo]
38 «Sufglom 3,8 )3 (VL £98 5 )5 48 (g 2590
a bL(VY) b sdalie (uill Jopd 5 dgs 0 S5 dlaw ¢ g0l
caliso claodg Bl ol Cun ialejl ol 55 cord ;3 3,150
oy ctS by lad Ul sLncage 55 5 sl
gl oS (S 5 oS 3Skae (05 o ) 5 oS S

YN

W yg; 9 dlge

Sy dS Y8 5 (i (cmb plio 5 (5,5l pole olKiil>
g Jlad 485 YF g a0 ¥V oldlie (20 b jlsal ()b Jlad
ow | o VY glasyl b o 805 4d85 AY 9 a0 YA Slblyas Job
2 JuygS ygon pialefl al lal g )bl g)b 3 12l L)
Glaf] el 9 S5 T 5 (s JolS Sl b I
CdS) S g g (§lmd oloduol loal) Agls 0355 dus Jolis
— oyt g — Jlad slacas g S (als) o
D9 (08 Jlod = Brd gz g (Bpd Jlod (08 gz 58
A ¥ Sl o VY bwgie A0 Jilis sled 15Ske e i
M8 Siddas g S bl 09,5 13 sl Llod I ¢ yogmnls
0y9 (b ddlate awlidlsn (slayial )l 5l Ay dlale W Sko 30
SB 5l cond Hlox 5l Gilejl g9y g cuslS 51 8 ¢ yinlojl e
SBlas jebay jio Blw Fe LY o Ve b 2o Gos 93 50 ds)je
5l LadSges deaasgls’ 53,8 5,5 5l g 2ol Josds ()l pdiges
Wged o o o sy Cales )3 aS 03 s (st slie 93 Sl
S sladsoss sl Shy S olKislejl ) s ags oS po

(¥ Jpia) 34 (5,555l

15 Jlio cglis 3gai oS (elpy cuslio walBl 5,5 sl 4y plusl
iy 9y s S garS Canl Y 6y95 gy S o bl
PS5 S Bble 3 Canl oS (92 )3 (5)95 (e 9 0D S peia
da_wlgdy cogin— Jlad Cops 53 5 655 0 olS cuiS Sis
4o bl am g o Pl )3 592 9y 2 iy (sjlulegle
B oud Ol (65168 93 ¢ Slodde 43 9 (Sjailo aAl>pe 13 039
—8 Sl Cap ) 5eS 298 g s IS SOl 4
Ogl oleS o5 el a an g L gadge cnl g il )8
sl ady sl il 5 o satnl 5 iy S 05, dawlgay
2 a8l andy Sl geS (Yo ploj e (sl olS gyl 235
2 g dnled 5 i cusls )y ldlss cas (618880 ds
~ o Cpr 3 2550 St 0ol 5 Sl ot (oiboj]
ilig) 9 ey bl iy Ca 1Y) Wl sy s>
e g S R AL
D1 e @i ryote ey Jled caa Jlo pbl St
—Jled a3 )5 Pk i @2 00 B VL s joye )
ay Gl (208 (b e 2 9 il slaole Jsb 53 Cogi>
e oi3u Pl bl (2pe Il Ll bl e 5lsT
A a0 PO oldlas oae 5100 b dinlS je Lls sl
P2 25 (0 Oy (205 T Bpd Ca ) 9 Ll n ke YU
Cap Sl 2l clagore ol 0l S o gl o s
Bblie cpl )3 1nj cwl 508l sbje) S5l 9 @l p cils
g (B 3 (V) cwsl bl plo 5l 53k sl slajy) olus
sors) sl ol olSzulgs 1 e Liblio )3 LalS claosgs cusls
y2 30,5 (e 3y Slos G g CumeS cgod g Ay > Dl
S S o pTielio olyon 4 08y (yite (e (sladlate
95 2 oalojl )3 S st |y Jpasme oS g CoaS Wl 0
9ol bl s > (Silybum marianum L.) aye 45 g, olS
5 e 0395 &) Cund (ool 0395 & A asiie flsal olga
Onlasbas 1l YR g YIAY i a jlol diy JS g dut
P V) 252 SSYeb 5o, V8 ol Ay (sopsn g il 55t

(Y¥20-27 (=155 JWw) Giwlojl slyal @t (b 53 owlindlgd Slof - Jgu
Table 1- Meorological statistics during the experiment

“ o2 ke Lo il led e SHL s il e Cagb,
Month Temperature o perature min, | o perature Rainfall  Average wind speed Relative humidity
on a"(‘f,gge (°C) ’(T)fé’; (mm) (km.h) (%)
November 194 11.7 271.7 0.0 7.0 374
December 14.2 8.5 19.8 41.14 8.5 59.1
January 13.7 8.0 20.0 1.27 7.9 53.9
February 135 6.5 204 10.15 7.5 448
March 20.4 13.7 26.9 42.42 8.3 46.4
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Table 2- Physical and chemical soil characteristics of soil in research station
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Soil depth (Cm) PH Soil texture Organic matter N P 1 K 1
(ds.m) (%) (%) (mgKg?h) (mg.Kg?)
0-30 7.7 7.7 SICL sl ) 1.0 0.03 16.9 130
30-60 9.4 7.6 SiCL i (g0 0.8 0.02 15.1 144
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Figure 1- Images of some of plots and the geographical orientations of sowing rows
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Table 3- ANOVA for traits of German chamomile plant
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coefficient ' per plant €
BLI%Lk 2 631" 0.22™ 0.011™ 0.074™ 0.0080™ 17.8" 1.17m 44.3™  0.00006™ 0.54" 550
oc
> 2 293" 0.25™ 0.012™ 0.056"™ 0.0008 " 187" 0.86"™ 406™ 0.008™  1.21M™ 973™
Landrace (L)
Geographical 4 57.9” 1637  0.024° 0.06™ 0.0012™ 383" 274"  2214"  0.47% 283" 29605"
orientations (GO)
clS Cas X 0358
Luio 7 8 202" 019" 0.005™ 0.116™ 0.0006™ 87.0" 2.16™ 350" 0.083™ 8.67™  4589™
X
EUb 28 1.62 0.27 0.007 0.077 0.0011 4.88 0.70 18.5 4.88 1.16 34.2
rror
Syt pd - 2.2 10.3 15.0 3.5 11.2 3.3 6.5 4.2 135 11.2 54
C.V (%)

#x % NS
¢

bl e o )d So g gy Sl a3 )P dne g 5 dne i S 4T
ms, * and ** Non-significant and significant at 5 and 1 % of probability levels, respectively.
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Table 4-The effect of geographical orientations on German chamomile traits

ol dBlw yhi S0P SWeiw! g po C,.;SU?M&.&&Q},
Diameter of main stem  Optical depreciation Dry weight of 10 inflorescences

Capitule diameter

Cwils Cya
Geographical orientations

(mm) coefficient (9) (mm)
w5zl 5.18% 0.632 0.30° 8.80°
North- South
e 5.04 0.612 0.322 8.09%
East-West
f w52~ B Jlod 5.11% 0.618 0.28° 7.872
North East -South West
Erd oz m g Jlod 5.567 0.57% 0.30° 7.872
North West -South East
ghaws 4.37¢ 0.500 0.292 7.928

Flat (nonlinear sowing)

25,15 LSD 9051 5l onlitl b doy> & Jlonl graws 13 (65 sime IS (S35 b it S yidio B9y (sl)h 45 oo ik Hlowi o clp g o o
In each column means followed by at least one same letter are not significantly different at 5% of probability level based on LSD test.
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Table 5- Interaction effect between populations xgeographical orientations on German chamomile traits

bl; zw)‘ a8lw dlaxs Js HKeY ‘},’,Siﬁ 5.5

5393 Cwlf;’—% blant 4_75_! ).3 439_! ).3 ‘&“)5-‘95-! 3)510-9 ucw;lw\)‘ M)D uﬂ\-ﬂaﬁ‘ D)S.Lo&
Population Gquraphical helght Number of Number of BiOIOgicaI yield L Essential oil  Essential oil yleld
Orientations (cm)  stemes per flowers per (g.m?) Drl;e(c.j :gflores_czence percentage (kg.hat)
plant plant feld (g.m)
ey =l 57.6% 14.43¢ 65.2¢ 395¢8be 108 0.39" 4.31fh
North- South
@B 61.00¢ 12.4% 61.8% 306° 88.49 0.54¢f9 4.82fn
East-West
@ oy~ Sd Jlead
sal North East -South ~ 57.8%f 12.2¢f 60.24 320¢°f 95.4f9 0.69¢ 6.65%
Ahvaz West o
b ogr —)f Jed
North West -South 63.3? 13,000 74.1° 378« 110¢ 0.84° 9.38?
East
e
Flat (non”near 56.0fgh 1039 61.6Cd 302f 8899 0.57def 5.138fg
sowing)
crrmded g g37md 7gse 377 1267 0.45%h 5.67%f
North- South
T8 53.9" 12.2¢f 63.7° 312f 95.5f 1.062 10.12
East-West
ey~ Byd Jled
laio! North East -South 59.7¢% 12.8¢% 75.4% 312 121@ 0.49¢" 5.9gdef
Isfahan West R
Srd gz — o Jled
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East
Ehmﬂ
Flat (nonlinear 58.4¢ 10.8% 56.4¢ 2439 749 0.429" 3.14h
sowing)
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North- South
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In each column means followed by at least one letter not significantly different.
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Populations and the geographical orientations of sowing rows
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Figure 2- Interaction effect of landracexgeografical orientation on Chamazulene content (%6) in essential oil of German
chamomile (LSD, p<0.05)
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Figure 3- Interaction effect of landracexgeografical orientation on b-Farnesene A content (%) in essential oil of German
chamomile (LSD, p<0.05)
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Figure 3- Interaction effect of landracexgeografical orientation on of a-Bisabolone oxide A content (%) in essential oil of
German chamomile (LSD, p<0.05)
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Introduction: The German chamomile (Matricaria chamomilla L.) is an annual herb from the Asteraceae
family. This plant has many medicinal uses. Chamazulene, a-bisabolone oxide A and b-farnesene are part of
essential oil components of German chamomile. Chamomile causes the chamomile essential oil to turn blue
color. Chamazulene is the most important part of chamomile essential oil. Chamazulene has many therapeutic
properties, including lowering total cholesterol and triglycerides and generally having a high anti-concentration
effect of lipoprotein (Hyperlipidemia) in the blood. Most plants are more vulnerable in the early stages of
growth. Within a region with adverse climatic conditions, microclimate can make more survival possible for the
plants. In very warm and dry areas, in furrow sowing condition, seeds sowing in the bed of furrow in the
different geographical orientations causes the formation of microclimates, especially in short plants and at the
germination and seedling stages. For example, salt accumulation on the ridge and reducing soil salt in the bed of
furrow improve growth conditions and on the other hand, shading the ridge on the furrow, by reducing the time
of sunlight shining on the furrow bed reduces soil temperature and evapotranspiration in early stages of seedling
growth. The geographical orientations of the sowing can affect the shading period time of the ridge on bed
furrow.

Materials and Methods: Under low irrigation and saline-sodic soil condition (At a depth of 0 to 30 cm, with
an average electrical conductivity of 7.7 dS.m™, pH 7.7, silty clay soil texture, 1% organic matter and with an
altitude of 22 meters above sea level), a field experiment conducted in a factorial based on a randomized
complete block design with three replications in Khuzestan Agricultural Sciences and Natural Resources
University (North East of Ahvaz, 2016-2017). The experimental treatments were included the geographical
orientations of sowing rows (control (nonlinear flat sowing) and orientations of sowing rows in the North-South,
East-West, North East-South West, North West-South East) and chamomile landraces (Ahvaz, Isfahan, and
Shiraz). The traits that were studied included: plant height, diameter of main stem, light extinction coefficient,
capitule diameter, dry weight of 10 inflorescences, number of flowers per plant, number of stems per plant, dry
inflorescence yield, essential oil percentage, essential oil yield, biological yield, percentage of chamazulene, a-
Bisabolone oxide A and b-Farnesene in essential oil.

Results and Discussion: Experimental factors had no significant effect on dry weight of 10 inflorescences
and capitule diameter. The lowest light extinction coefficient was observed in nonlinear flat sowing. The
landraces had no significant effect on main stem diameter but the effect of geographical orientations of sowing
rows were significant. The lowest and highest diameter of main stem were obtained from nonlinear flat sowing,
respectively. The main effect of geographical orientations of sowing rows and interaction of populations and
geographical orientations of sowing rows on number of stems per plant were significant. The highest number of
stems per plant (15.2) was obtained from Shiraz landrace and northwest-southeast geographical orientation but
the lowest number of stems per plant was in Shiraz landrace and nonlinear flat sowing (8.7). In both the highest
and the lowest number of stems per plant, the landrace of Shiraz was common, this indicates a high effect of
geographical orientations of sowing rows on this trait. The highest and the lowest of number of flowers per plant
was observed in Isfahan landrace in north-south orientation (78.5) and Shiraz landrace and nonlinear flat sowing
(49.5), respectively. The highest number of flowers per plant, dry inflorescence yield, and the highest biological
yield were obtained from Isfahan landrace in the north-south, north-south and north west-south east orientations,
respectively. The highest essential oil percentage was obtained from the Isfahan landrace (East-West
orientation). The lowest and highest yield of essential oil was observed in Isfahan landrace and in nonlinear flat
sowing and east-west direction, respectively, which increased by 221%. Isfahan landrace received different

1, 2, 3and 4- M.Sc. Graduate of Agroecology, Associate Professors and Assistant Professor, Department of Plant
Production and Genetics, Faculty of Agriculture, Agricultural Sciences and Natural Resources University of Khuzestan,
respectively.
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signals due to different climatic conditions (Ahwaz) compared to the main region (Isfahan) and this increased the
percentage and yield of essential oil even more than native landrace (Ahwaz population). The highest percentage
of chamazulene, b-Farnesene, and a-bisabolone oxide were shown in the Ahwaz (north-south), Shiraz (south
west-north east) and Isfahan (north to south) landraces, respectively.

Conclusion: Isfahan non-native landrace had higher biological yield (northwest-southeast orientation) and
essential oil percentage (east-west orientation) and essential oil yield (east-west orientation) than Shiraz and
Ahwaz native landraces. Generally, row sowing in the furrow and in a suitable geographical orientation can be a
low-cost method to increase crop productivity.

Keywords: Chamazolene, Essential oil yield, Light extinction coefficient, Medicinal plant
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Table 1- Physical and chemical properties of the soil (0-30 cm)
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Table 2- ANOVA for the effect of Genotype and Harvest time on Essential oil content of African basil (Ocimum gratissimum)

Ol gl @33l 4y Slazyo (ke
Source of variation Degree of fredom Mean Squares
S 9 0.003 ™
Replication
G 9) 1 5.034 "
Genotype
gy X S5 9 0.002 ™
Replication x Genotype
<tby oo 1 0.005 ™
Harvest time
by gloj X Cuigll 1 0033 ™
Genotype x Harvest time
C""f’b)'? Olﬂ} X )I)SJ 9 0.003 1
Replication x Harvest time
ceilejl st 9 0.033
Error

Lo 0 gV Jlais] gdaw )5 5 xe a5 4 g g e pas
"s: non-significant, ** and *: significany at 1% and 5% of probability level

(Ocimum gratissimum) e gomwi! 5 by (229515 8L (uilw! (yl5a0 3 Cwild g o) X uigij Jalio »51 - Jguo
Table 3- The interaction effect of Genotype xHarvest time on Essential oil content of African basil (Ocimum gratissimum)

i Ceiils 1 o owilwl 50
Genotype (Code) Harvest time Essential oil content (%6)
e 0.76 ¢
278 Spring
b 0.72¢
Autumn
e 1.41°
206 Spring
e 1492
Autumn

29 Sglise (Y gnoj 315) T pgammal S w55 il sl Julbg
e M eizman g (3 5 9 S 2 50 i 4 2o
S5 Gl G 93 g 105 edaliie \ e 31350 ()55 —ll
9 Sy Juab (398 (ngR 3 Nidg S D e —L (e
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Table 4- Essential oil components of two genotypes of African basil (Ocimum gratissimum L.) at spring and fall seasons

. s . o s 0.9 0.9
| " | L 278 296
3, X Shbok; 97 ’; o ek e (278)-2 (296)-2
. oS Jon oI D g o &bo Ui Ui
iy Retention - - o3,5 os days o=
N Compounds index Kovats index Kovats index Octob Octob
0.

(calculated) (reference) June er June er

1 o -Thujene 4.89 920 924 476 2.94 0.18 0.36
a-Pinene 5.02 927 932 174 090 - 0.06

3 Camphene 5.30 942 946 023 009 - -
4 Sabinene 5.76 966 969 063 063 035 042

5 B-Pinene 5.84 971 974 064 025 - -
6 Myrcene 6.0 983 988 2.93 3.01 0.21 0.23

7 a-Phellandrene 6.40 1000 1002 026 036 - -

8 5-3-Carene 6.54 1006 1008 024 017 - -
9 a-Terpinene 6.70 1012 1014 2.63 3.38 - 0.20
10 p-Cymene 6.88 1019 1020 1131 356 - 0.23
11 Limonene 6.97 1023 1024 0.98 0.86 - 0.05
12 B-Ocimene (2) 7.14 1030 1032 0.28 140 1189  3.40
13 p-Ocimene (E) 7.40 1040 1044 0.12 0.20 0.45 0.12
14 v -Terpinene 7.79 1056 1054 1315  25.80 - 0.32
15  cis-Sabinene hydrate 7.91 1061 1065 0.76 1.86 0.40 0.36
16 Terpinolene 8.46 1084 1083 083 083 - 0.09
17 Linalool 8.69 1093 1095 1.17 029 010 035

18  2,5-Dimethyl styrene 9.05 1106 1099 - 0.16 - -
19 Allo-Ocimene 9.48 1126 1128 - . 0.17 0.19
20 1-allo-Terpineol 9.79 1131 1130 0.33 0.08 - 0.07

21 Isoborneol 10.53 1156 1155 0.62 0.12 - -
22 Borneol 10.86 1167 1165 2.28 0.71 0.12 0.68
23 p Cymen-8-ol 11.16 1177 1179 0.53 0.13 - 0.07
24 o-Terpineol 11.24 1185 1186 0.26 - - 0.21




Y\O

et B 581l ) i 35 99 bl (sl32 g o S Ay Lo

25 Nerol 1243 1224 1227 060 032 -

26 Neral 12.63 1235 1234 0.06 - -

27 Geraniol 13.17 1246 1249 0.21 - -

28 Geranial 13.50 1274 1264 0.24 - -

29 Thymol 14.35 1295 1289 3548 4585 -

30 Carvacrol 14.46 1299 1208 061 050 -

31 Eugenol 15.96 1353 1356 0.17 0.08 - 0.10

32 Dihydro-Eugenol 16.44 1371 1366 - - 8118  79.20

33 o- Copaene 16.51 1372 1374 021 014 - -

34 Geranyl acetate 16.66 1378 1379 - - 033 085

35 B-Elemene 16.95 1388 1389 030 023 0.26 0.92

36 Methyl eugenol 17.62 1397 1403 - 0.11 - -

37 Caryophyllene (E) 17.74 1417 1417 3.66 151 0.52 2.68

38 Trans- o- 18.12 1431 1432 0.07 0.22 - 0.16
Bergamotene

39 a-Guaiene 18.22 1435 1437 0.29 0.08 - -

40 o-Humulene 18.65 1451 1452 0.65 0.23 - 0.22

41 Germacrene D 19.55 1484 1484 0.73 276 3.58 2.80

42 p-Selinene 19.64 1488 1489 3.73 111 - -

43 a-Selinene 20.03 1502 1498 1.31 0.16 - 0.18

44 5 -Cadinene 20.31 1514 1513 0.10 - - 0.12

45  7-epi-a Selinene 20.36 1515 1520 018 008 - -

46 v-Cadinene 20.47 1520 1522 0.22 0.09 0.15 0.44

47 cis-Calamenene 20.73 1532 1528 0.08 - - 0.05

Bicyclosesquiphellan

48 drene 2357 1646 1647 0.12 - -

49 o-Cadinol 23.80 1655 1652 0.25 - -

50 a-Bisabolol 2458 1686 1685 0.16 - - 0.59
monoterpenes 4379 4558 1409  7.22
hydrocarbons
monoterpenes 4123 4771 012 1.02

oxygenated
sesquiterpenes 11.65 6.59 451 7.94
hydrocarbons
sesquiterpenes 0.41 ~ ~ 118
oxygenated
Phenylpropanoids 0.28 0.08 81.18 79.30
Total 9735  99.06 9989  96.66
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Figure 1- Chromatogram of the chemical composition oil of African basil (Ocimum gratissimum
L.) genotypes. (A): Genotype 278; (B): Genotype 296
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Introduction: Basil genus (Ocimum) contains 30 to 150 species which grown in tropical and subtropical
regions of Asia, Africa, Central and South America and found as a wild plant in these areas. In India, around
25,000 ha is under cultivation of Ocimum spp., with an annual production of about 250-300 tonnes of essential
oil. Ocimum gratissimum L., a dicotyledonous shrub plant, which belongs to the Lamiaceae family, stands out
for the quality, quantity and chemical diversity of the essential oils. These oils have been used in the
pharmaceutical, cosmetic and food industries. Some of the essential oil compounds have antibacterial,
insecticidal and antioxidant properties with high demand on the international market of the fine perfumery
industry. It is also popularly used in herbal medicine for treating several diseases, such as upper respiratory tract
infection, fever, cough, diarrhea and pneumonia. Being a short-duration economically viable medicinal and
aromatic crop, clove basil has huge potential for large scale cultivation. Plant genetic has an important role in
determining the type and amount of secondary metabolites of medicinal plants. Moreover, the recognition of
species and genotypes with high genetic capability in the production of desired metabolites has been at the top of
the plant breeding plans of medicinal plants. In addition, essential oil composition of plants may be affected by

harvest time which is due to the impact of weather conditions on plant growth and development. The present
study was aimed to evaluate the oil composition of two genotypes in two harvests.

Materials and Methods: The research was conducted in the research farm of the college of agriculture,
shahid Chamran University, Ahvaz, Iran during 2019. Two valuable genotypes of Ocimum gratissimum L. (278
and 296), with two different essential oil profiles, were investigated in two harvests; spring and autumn seasons.
The aboveground parts of the plants were collected on June and November and dried on shade at room
temperature. The essential oils of the plants were extracted by water distillation through Clevenger apparatus and
the quantity and quality of the essential oils were analyzed by GC and GC-MS.

Results and Discussion: The results of present study showed that the essential oil content of two genotypes
was not affected by the harvest season while its amount was different in two genotypes. The essential oil content
of genotype 296 was 2-fold of 278. According to the qualitative analysis of the essential oils, fifty compounds
were identified in the essential oils of 278 and 296 genotypes. More than 98% of the identified compounds (in
the essential oils of these two genotypes) were classified into five chemical classes; including hydrocarbon and
oxygenated monoterpens, and hydrocarbon and oxygenated sesquiterpene and phenylpropanoids. The major
constituent of the essential oil of genotype 278 was oxygenated monoterpene, thymol, on June (35.48 %) and
November (45.85 %), which was not found in genotype 296. Gamma-terpinene was also significantly increased
from June (13.15 %) to November (25.80 %). P-cymene (11.31-3.56 %), alpha- thujone (4.76-2.94 %),
Germacrene D (3.73-2.76 %), caryophyllene E (3.66-1.51 %), myrcene (2.93-3.01 %), alpha-terpinene (2.63-
3.38 %) and bourneol (2.28-0.71 %) were the remains of oil composition. Dihydro eugenol, which belongs to the
chemical class of phenylpropanoids, was identified as the main essential oil components of genotype 296 which
its amount was not affected by the harvest time. The other oil constituents were Beta (Z)-Ocimene (11.89-3.40
%), Germacrene D (3.58-2.80 %), and caryophyllene E (0.52-2.68 %).

Conclusion: Terpenoids such as thymol are synthesized via the mevalonic acid pathway, and
phenylpropanoid compounds such as dihydroeugenol and eugenol are synthesized via the shikimic acid pathway.
The metabolite diversity across different species could be explained by the differential gene expression pattern.
According to the results of the present study, thymol was identified as the main oil components of genotype 278.
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This may be due to the increased expression of mevalonate enzymes. The monoterpene was replaced by
phenylpropanoid; dihydrogenugenol, in the oil of genotype 296 which might be due to more expression of the
enzymes of the phenylpropanoid pathway. In the other hand, Thymol, P-cymene and gamma-terpinene in
genotype 278 varied significantly in different harvesting times, indicating the effect of temperature on the
activity of enzymes involved in the synthesis of essential oil components. On the contrary, the amount of
dihydrogenugenol in genotype 278 on June and November is not affected by the environmental conditions in two
seasons. With regard to the conclusions to the proper growth of genotype 278 and 296, as well several harvests
annually, essential oil content and thymol and dihydrogenugenol, therefore, it is suggested that further research
should be carried out for developing plant cultivation in Khuzestan and southern provinces which is not suitable
for basil growth.

Keywords: Basil, Essential oil, Eugenol, Genotype, Thymol
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Table 1- The values of main climatic parameters during the studied time period (2016)
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Table 2- Physiochemical characteristics of soil and water used in this experiment
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Table 3- ANOVA forthe root characteristics of tomato cv. Saint Pierre affected by water and salinity stresses
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Figure 1- Comparison of fresh and dry weight of tomato cv. Saint Pierre root in different levels of salinity
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Figure 2- Comparison of volume and diameter of tomato cv. Saint Pierre root in different levels of salinity
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Figure 3- Comparison of yield and evapotranspiration of tomato cv. Saint Pierre in different levels of salinity
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Figure 4- Yield and evapotranspiration correlation of tomato cv. Saint Pierre in different level of salinity
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Introduction: Nowadays, the decrease of water resources and increasing salinity of irrigation water are
evident in most parts of Iran. Increased salinity of irrigation water can impair plant metabolism, decrease
biomass and stem length. On the other hand, water stress decreases root length and weight and crop yield. One

way to reduce the negative effects of moisture stress is management of irrigation time. This can be investigated
by changing the percentage of moisture permitted depletion and selecting the one with the lowest yield depletion.
On the other hand, the amount of damage to the crop can be reduced by examining different amounts of water
salinity and its effect on crop yield. Therefore, in this study, the effects of different amounts of irrigation water
salinity and irrigation time management on tomato yield under greenhouse conditions were investigated.

Materials and Methods: This study was carried out in greenhouse (No. 2) of Faculty of Agriculture and
Natural Resources of University of Mohaghegh Ardabili. In this research, the effect of different values of salinity
(in different irrigation times) on root characteristics and yield of tomato (Saint Pierre cultivar) was investigated.
The experimental design used in this research was a factorial experiment in a completely randomized block
design with four replications. The applied treatments included salinity of irrigation water (four levels:

S1=1.5ds/m, S2=2.5ds/m, S3=4ds/m and S4=7ds/m) and irrigation time management stress (in three levels,
irrigation at 40, 50 and 65% field capacity, respectively, 11, 12, 13). The pots used in this study were incomplete
cones with a height of 27 cm, a span diameter of 26 cm and a bottom diameter of 19 cm. In this study, indirect

method (transplanting) was used for cultivating tomato. After cultivating the transplants in prepared pots, they

were irrigated with pure water for two months to stabilize the transplants in order to avoid any stress effect on
the transplants. The moisture meter (Model: PMS-714) was also used to measure daily soil moisture of the pots.
Statistical analysis was performed by MSTATC software. The important characteristics investigated in this study
were root length, root weight (dry and wet), root diameter and volume, plant yield, water drainage,
evapotranspiration and water use efficiency.

Results and Discussion: According to the results of this study, salinity values of irrigation water had a
significant effect at 1% level on fresh and dry root weight, root diameter and volume, total evapotranspiration,
total water use, total water drainage output, crop yield and the number of blooms. On the other hand, irrigation
water salinity had no significant effect on the number of unripe fruits at 5% confidence level. For example, the
highest fresh and dry weight of roots were 26.17 and 6.3 g for S2 treatment, respectively. However, the

difference in root weight values for S2 and S1 treatments (Mean equal to 27.5%) was not significant. Also, with

increasing salinity of irrigation water above 2.5 dS/m, root weight (dry and fresh) decreased significantly (at 1%
level). The reason for the decrease in root weight at high level of salt concentrations can be due to the
accumulation of salt (including potassium, sodium, etc.) in various organs of the plant including the root. On the

other hand, the results showed that the effect of irrigation time management was significant only on root
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diameter and weight of ripe fruit at 5% and 1%, respectively. According to the results of this study, irrigation can

be achieved with 50% moisture allowable depletion instead of 40% moisture permitted depletion without
significant change in the weight of ripe tomato fruit. This can certainly cause saving of irrigation water that can
be very effective in the current condition of Iran and lack of water resources. In this study, the relationship
between evapotranspiration and crop yield and the relationship between these parameters, were investigated.

Results showed that, tomato yield coefficient of response to moisture stress (Ky) varied from 0.4 to 1.20. Also
the average response coefficient of tomato to water stress was 1.12. This value was close to the mean Ky

provided by the FAO (Ky = 1.05). The slight increase in Ky value obtained from this study is probably due to
the salinity stress applied to the tomato plant.

Conclusion: This study was conducted to investigate the effect of salinity stress on yield and root
characteristics of tomato under irrigation time management and greenhouse conditions. The results showed that
the effect of irrigation salinity was significant on yield, yield components and root characteristics (e.g., root
weight, diameter and volume, yield, evapotranspiration and drainage output). On the other hand, moisture stress
induced by irrigation time variation had no significant effect on yield, yield components and root characteristics
of tomato except in two cases. This study indicated that the effect of salinity irrigation water is more effective
than water stress on reduction yield. Also, according to the results of this study, the use of 2.5 dS/m irrigation
water salinity instead of 1.5 dS/m in most cases had no significant effect on yield reduction but may also
increase it. The results of this study show that under current conditions of Iran (increasing quantitative and
qualitative shortage of water resources) it is possible to use lower quality waters such as treated wastewater and
agricultural wastewater (with management of salinity and leaching) to achieve the acceptable yields for crops.

Keywords: Maximum allowable depletion, Moisture stress, Water quality, Water use efficiency
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1- Necrotic
2- chlorosis
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Figure 1- Interaction effect of Cd and Pb on shoot dry weight (g.pot?*) of lemon balm (LSD, p<0.05)
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Figure 2- Interaction effect of Cd xPb on Root dry weight (g.pot™) of lemon balm (LSD, p<0.01)
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Figure 3- Interaction effect of Cd xPb on Prolin content (umol.g™* FW) of lemon balm leaf (LSD, p<0.01)
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Figure 4- Interaction effect of Cd xPb on MDA content (umol.g™* FW) of lemon balm leaf (LSD, p<0.05)
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Table 3- Interaction effect of Cd xPb on morphophysiological traits of lemon balm.
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For each treatment, column means with the same letter are not significantly different by LSD test (P< 0.05)
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Figure 5- Interaction effect of Cd xPb on Transformation factor (TF) in lemon balm (LSD, p<0.05)
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Introduction: Pollution of the biosphere with toxic levels of metals has accelerated dramatically since the
beginning of the industrial revolution. Soil pollution by heavy metals including cadmium (Cd) and lead (Pb) is a
global problem, which can cause agricultural lands to become hazardous for wildlife and human populations.
Accumulated Cd and Pb in their roots and shoots may also be negatively affect their photosynthesis, growth, and
reproduction. Cd and Pb uptake and their effects on plants may be influenced by a variety of factors, e.g. the
plant species, cultivar, soil characteristics and etc. Heavy metals such as Cd and Pb may cause the formation of
reactive oxygen species (ROS), damage plant tissue membranes, and inhibit photosynthesis, carbon dioxide
assimilation, and growth. Photosynthesis is the fundamental process of energy metabolism and therefore, closely
related to the plants growth and productivity. However, it is a sensitive process and an important target of
environmental stresses. Plants counteract the harmful effects of heavy metals by a variety of protective
mechanisms including immobilization, exclusion, chelation, compartmentalization, osmotic regulation and
elevating antioxidant system.

Lemon balm (Melissa officinalis L.) is a widely grown aromatic and medicinal plant of the Labiatae family.
The plant has various therapeutic properties and is also used to flavor different food products due to its particular
taste. Little scientific data exist on the response of this medicinal plant to Cd and Pb stress. Therefore, the
objective of this work was to investigate the biological and physiological responses of lemon balm (Melissa
officinalis L.) under cadmium and lead stress conditions.

Materials and Methods: A factorial randomized complete block design experiment with four replications
was used to study the effect of Cd in four concentrations (0, 6, 12 and 24 mg.kg™ soil) as well as Pb in four
concentrations (0, 150 300 and 450 mg. Kg* soil). Before harvesting, chlorophyll fluorescence, photosynthetic
and transpiration rates were measured with fluorescence meter and photosynthetic meter, respectively.
Thereafter, plants were harvested and the roots were washed in distilled water. Then, half of the plants were
separated into roots and shoots, which were dried at 105 °C for 24 h to determine the dry weight, Cd and Pb
concentrations, Cd transfer factor and essential oil content. The other half of the plants were separated into roots
and shoots, kept in liquid nitrogen, and then stored in freezer for one week to determine proline and shoot MDA
concentrations. Data were subjected to two-way analysis of variance (ANOVA) and the difference between
means was compared using LSD test. A significance level of 95% was applied by SAS 9.2.

Results and Discussion: According to the results, root and shoot dry weight, protein content, photosynthetic
rate, transpiration rate and chlorophyll fluorescence were decreased by increasing Cd and Pb concentrations.
However, Cd concentration decreased these traits more than Pb. The shoot MDA concentration, essential oil and
proline content were enhanced by increasing Cd and Pb concentrations. The combination of two pollutants (Cd
and Pb) together reduces the negative impact of each element alone. Shoot and root Cd and Pb concentrations
were increased by increasing Cd and Pb concentrations. The interaction effect of CdxPb application showed that
increasing Cd concentration decreased root and shoot Pb concentrations and increasing Pb concentration
decreased root and shoot Cd concentrations. Cd and Pb were not detected in essential oil. Moreover, the Cd
transfer factor was increased with increasing Pb concentration under high Cd concentration levels (12 and 24
mg.kg™).

Conclusion: This study demonstrated that Cd toxicity is more than Pb toxicity due to its high mobility.
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There was an antagonistic relationship between Cd and Pb. Furthermore, due to the absence of Cd and Pb in the
essential oil, lemon balm may be a suitable plant for areas contaminated with heavy metals especial Cd and Pb.

Keywords: Chlorophyll fluorescence, Essential oil, Proline, Protein, Transpiration rate
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2.50

2.85

3.40

3.80

4.40

4.40

4.40
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40.4
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Table 3- ANOVA for (mean squares) for rate and percentage of emergence of turf seeds

o5 ol @33l ax O o o8 o O w2 )3
S.0vV df Rate of emergence Percentage of emergence
CogeeS 10 1.08%* 8.36%*

Compost

b= 33 0.05 1.61
Error

et - 3.10 1.36

CV (%)

Psze pe NS g doyd Jloin! ) pdaw )3 o Gxe s
ns: non-significant and **: significant at 1% of probability level
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Table 4- The effect of compost on percentage and rate of emergence of turf seeds

o O s a2 ) O ) A8 g
Treatment Percentage of emergence Rate of emergence
(%) (seed per day)
(SongeeS b DXST gy S) 20l 95.75 a 8.27a
Control (without compost)

SR 3 Chngea 71+ b S DI 93.50 b-e 7.27 cd
Soil with 10 ton.ha'* compost

SR 3 CogeeS Y L S LI 93.00 c-¢ 7.05 de
Soil with 20 ton.ha! compost

S 3 CogeeS 3T S L3 93.00 c- 6.97 d-f
Soil with 30 ton.ha! compost

SR )3 CongeeS (¥ L S B 92.25 ef 6.80 e-g
Soil with 40 ton.ha! compost

SR )3 Congre 30 L S B 92.00 ef 6.66 fg
Soil with 50 ton.ha! compost

B )3 CagaS o5 5+ b S LIS 91.00 f 654
Soil with 60 ton.ha! compost

S 3 CogeeS 3V S B3 94.75 a-¢ 7.59 be
Soil with 70 ton.ha! compost

SR 2 Cungead F A b S B 95.00 ab 7.68b
Soil with 80 ton.ha! compost

SR 2 Cungead A b S LI 9450 a-d 7.51 be
Soil with 90 ton.ha! compost

SR >SS F e L S B 92.75 d-f 6.89 ef

Soil with 100 ton.ha* compost

)15, 50050 b s 3 0 Jleas! pdaw 53 (6l gixe MBI LSD (5051 (wliol oS yiio Bys S JBlos el cla pSilio
Means with same letter, have not significantly different at 5% based on LSD test.
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Table 5- ANOVA (mean squares) for the effect of compost and drought stress on some traits of turf

s gl WR L Clmdgyee 0 B SIC JSd ale ell S
&5l Relative water - Electrolyte Total Drought weight of
S.0.vV Proline
df content leakage chlorophyll shoot
e 327.22™ 52??'4 259.50 ™ 521 0.192 "
Compost (C)
Drought stress 2 51345 24068 ™ 14141 43.23* 2.68™
(D)
< 6 57.37 21622 7573 144" 0.037
CxD
= 36 4.65 1.20 0.81 0.22 0.181
Error
et - 3.03 2.30 6.27 2.78 13.43
CV (%)
P gine 3 NS o )d B prdanws )d HId ixe 1 o )d ) e (3 o gimo st
ns: non-significant, *: significant at 5% of probability level, **: significantat 1% of probability level
o Olho (B g (SWlS GG X CuvgreS Jiliie 51-T Jgaa
Table 6- Interaction effect of compost xdrought stress on some traits of turf
. O o (55 [PYORPE JEWY ,
CosgieS S ! e s oo 975 JS b5
o Relative water - Electrolyte
Compoi,t Drought stress content Proline . leakage Total chloropl)hyll
(ton.ha) (%) (MM.gFW) (%) (Hg.gFW™)
aald oA 85.32 ab 12.38 g 5209 1820 a
Control Without stress
mle 25 67.85d 61.96 21.07b 16.71b
Moderate stress
A O 4172 g 153.75a 29.74 13.97d
Severe stress
70 i 87.85a 12.35g 5.11g 1825a
Without stress
e G5 72.35¢ 4024 ¢ 16.44 ¢ 16.98 b
Moderate stress
S A5 51.85 80.97 b 30.96 a 1468 ¢
Severe stress
80 oA 88.15 a 12.35g 5129 18.25a
Without stress
mle S5 72.67 ¢ 39.90 11.45¢ 17.25b
Moderate stress
S A5 52.15 f 80.40 b 2151b 1471c
Severe stress
90 oA 88.40 a 12.34 g 5.00 g 1839 a
Without stress
mle 25 82.77b 20.23 710 f 18.17a
Moderate stress
S A5 62.02 44,68 d 13.48d 16.90 b

Severe stress

5,5 LSD 501 51 onlital b doys & Jloss] o j3 (5l sine oS! K008 b oS o By S ol gyl (sla Lo
Means with same letter, have not significantly different at 5% based on LSD test.
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Introduction: Beautification of urban space and creating attractive face for cities by development of green
space has caused to capita of urban green space be introduced as an important factor in urban development.
Meanwhile, the important role of cover plants, especially turf grass, in creating green spaces has caused to add
quickly the area of these beautiful plants in the cities. Nevertheless, existence of plants with high water
requirements between the turf grasses, have created limitations in terms of water requirements supply. The grass
planted in the country is mainly from imported seed types that are not so compatible with dry and semi-arid
conditions in our country and from this point of view, sometimes they create limitations in terms of water
supply. One of the native grasses in the country, is Tall Fescue (Festuca arundinaceous), which is a variety of
cool-season, perennial and herbaceous grasses. One of the strategies to preserve grass under drought stress is
improving soil structure with the aim of increasing the moisture. Organic compounds that improve soil physical
and biological conditions (such as municipal waste compost and manure) can be effective. Using compost
improves soil structure and strengthens soil mineral content and allows soil to retain moisture for longer.
Because compost can hold water about two to six times its volume and prevent it from being wasted. Compost in
heavy soils, improves soil porosity and makes the soil better ventilation elderly. In light soils, it acts like a
sponge and by keeping water and food safe, it will greatly prevent them from being washed. Therefore, present
research was done to evaluate the effect of mixing different amounts of Municipal Solid Waste (MSW) compost
with soil on some physiological properties of Tall Fescue native grass under moisture stress conditions.

Materials and Methods: This research was conducted in the form of two experiments in research
greenhouse of Ferdowsi University of Mashhad. The first experiment with aim of evaluating percentage and rate
of grass emergence was conducted in a completely randomized design with four replications that the
experimental treatments consisted of ten different levels of compost mixing with soil (10 up to 100 t.ha*) and
control treatment (agronomic soil without mixing compost). In the second experiment, three values of 70, 80 and
90 tons of compost per hectare plus control (ho compost consumption) as the first factor and three levels of
moisture stress of 25, 50 and 100 percent of field capacity as intense stress, mild stress and without stress,
respectively as the second factor that were compared in factorial by a completely randomized design with four
replications.

Results and Discussion: The results of the first experiment showed that the amounts of 70, 80 and 90 tons
per hectare increased significantly the percentage and rate of grass emergence due to increased fertility and
higher water holding capacity and in these treatments, the positive effect of rising water holding capacity has
been dominated on negative effect of electrical conductivity of the soil and this topic has led to an improvement
in the percentage of grass emergence in these treatments. Furthermore, in the amounts of 70, 80 and 90 tons of
compost per hectare, the bulk density of soil significantly decreased and the C/N ratio dramatically increased. In
the second experiment, with increasing drought stress in different amounts of compost, the total chlorophyll
content decreased and relative water content of plant, proline and electrolyte leakage increased. In the compost
treatment of 90 tons per hectare, due to its high ability to store water, the cell membrane integrity was more
preserved and it was done less understanding of stress. The shoot dry weight decreased significantly as a result
of increasing the severity of drought stress.

Conclusion: Based on the findings of this study, application of 90 tons of compost per hectare significantly
improved some of physiological traits for Tall Fescue grass in drought stress conditions. Also, it seems that Tall
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Fescue grass cleverly has tried to deal with drought stress with target of increase the amount of moisture
available for itself. Therefore, using 90 tons of compost per hectare for Tall Fescue grass in low water conditions
and occurrence of moisture stresses is recommended.

Keywords: Chlorophyll, Drought, Electrolyte leakage, Grass
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Table 1- Some physicochemical characteristics of studied soil
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Table 2- Chemical characteristics of compost and biochar used in the experiment
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Table 3- ANOVA for the effect of fertilizer treatments on dry matter, RWC, chlorophyll a, b and total, and carotenoid of
grapevines leaves cv. ‘Bidane-Ghermez’ under drought stress conditions

e day 0P Slyiome b5 bdeS S b lS
A >) . a Ju " " A
el s P N ?) ? % ? Apgidg,lS
L) pove YRR+ 1)1 “ Chlorophyll  Chlorophyll Total Carotenoid
SOV df Dry o a b chlorophyll

e Matter RWC

Ssh

3 0.27 40.97™ 0.03" 0.00" 0.01"s 0.33"

Block
Drought 1 2.73™  210.92" 0.37" 0.01™ 0.84™ 3.36™
stress

’_’_5 3 0.69™  65.79™ 0.20™ 0.01* 0.42™ 2.32"
Fertilizer

265X
Drought 3 0.39™  104.86™ 0.01"s 0.00" 0.01"s 0.40"
stress
fertilizer

s

21 1.17 48.62 0.02 0.00 0.01 0.37

Error

o po

&l s 8.44 14.34 8.67 6.95 7.24 11.35
C.V (%)
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Table 4- Simple effect of fertilizers application on dry matter, RWC, chlorophyll a, b and total, and carotenoid content of
grapevines leaves cv. ‘Bidane-Ghermez’

S 09 Slge . . ‘ Mgy S
Treatment  Sis b audy I8 badg N5 JS J89)5  carotenoid

D ) Chlorophyll  Chlorophyll Total

ry [T a b chlorophyll

matter RWC

g % mg.gtFw
& Ae
- 305b  79.10a 124p 027¢ 151c 455b
Controlsss
ool Sl
Potassium 3.72a 86.02a 151a 0.34b 1.85b 559
sulfate
CogeeS 36a 8198 158 037a 1.95a 5602
Compost
Sk 3.49ab  83.149% 1.56a 0.35ab 1.91ab 55%
Biochar
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Fertilizers: potassium sulfate (10 g.pot ), compost (5% w/w), biochar (10% w/w). Means with the same letter in each column are not
significantly different at probability levels of 5% based on DMRT.
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Table 5- The effect of drought stress on RWC, chlorophyll a, b and total, and carotenoid content of grapevines leaves cv.

‘Bidane-Ghermez’
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RWC
g % mg.gFw
aalo 318 831% 108a 0.32a 142a 1.04b
Control
Drought 376 7356b 0.79 0.25b 1.04b 123
stress
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Means with the same letter in each column are not significantly different at probability levels of 5 and 1% based on DMRT.
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Table 6- ANOVA for of the effect of potassium sulfate, compost, and biochar application on elements content of grapevine
leaves cv. ‘Bidane-Ghermez’ under drought stress conditions

" e N P K C M F Z C M K K
i el a g e n u n  — S
ISR Mg Ca+ Mg
S.0vV df

ok 3 0.00™ 0.01™ 0.02™ 0.00™ 837" 386" 1.29™ 71457 0.035™ 0.01"
Block 0.00™

Drought 1 0.32" 037" 046™ 0.05™3015.6971675.48™ 55.12" 460560 0.021™ 0.00™

stress 0.06™

Fert3i9|i§ Jor 3 013" 012" 113" 0.62" 0.05174770.805882.02173.14710584.65" 9.96™ 0.40™

X §‘>’ u*“’
355
Drought
stress
fertilizer
s
Error

Oy oy
3.48 9.74 841 568 1342 9.18 1112 6.27 841 6.20 7.87
CV (%)

0.09™ 0.03™ 000" 000® 001" 273.87" 316.39™ 16.41™ 257.99®  0.68™ 0.00™

w

0.01 000 001 001 000 2399 2002 108 59282 0.036 0.00

S sme pas g 3o y> K g g Jlosn] o )3 ()b ime iy 4™ g 2

* %

" and ™ significant at 5%, 1% and non-significant, respectively
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Table 7- Interaction effect of fertilizers (potassium sulfate, compost, and biochar)x drought stress on elements content of
grapevines leaf cv. ‘Bidane-Ghermez’

s ‘.w-J ‘5395 )w N Mg Fe Zn Cu K
Drought stress Treatment % (mg.kgt 1g
W Sraepi g 054a a4 1720 1197ef 185
Control
s el Sl 3762 0.36bc 5947c 8474 1477d 324c
Potassium sulfate
Control g
(80 % FC) T 3.84a 0.38bc 106.68a 60.88¢c 23.62a 2.84d
Compost
Sl 3500 041b a178de 2703 2107 434p
Biochar
R 3.36b 0.34bc 35.20ef 15.86e 11.05f 2.29f
Control
Ly ela)
ly Olalgus
SA a 3.36b 0.34bc 39.55de 68.04b 12.60e 2.70de
o Potassium sulfate
Drought stress g
(40 % FC T 348b 0.36bc 71.05b 30.02d 16.82c 2.49%f
Compost
Sl 346b 032¢ 2872f 1813 2047 5008
Biochar

2 AT gl S dtn i G s o le (ko 5t 2 3 (g o o) sl S 23 ) CangenS (oSS 2 2y SVTO) sl Sl

Fertilizers: potassium sulfate (10 g.pot ), compost (5% w/w), biochar (10% w/w). Means with the same letter in each column are not
significantly different at 5% of probability level based on DMRT.
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Table 8- The effects of potassium sulfate, compost, and biochar on element content of grapevines leaf cv. ‘Bidane-Ghermez’

Lo P K Ca Mn K
Treatments % mg.kg! Ca +Mg
- 043¢ 088c 130c 26350 051b
Control
ek g 0.40¢ 1.04b 1.86a 34164a 047bc
Potassium sulfate
o 0.55b 0.95bc 1.86a 286.61b 0.43c
Compost
_’l?y'b' 0.67a 169 1.48b 265.61b 0.91a
Biochar

Bl oSSl glaials i gail ol doy3 ) 90 Jlats gaw 1 (g el plis (glyls St S yiie By gl S lapSobe gte b
Means with the same letter in each column are not significantly different at 5% of probability levels based on DMRT.
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Introduction: the lack of water resources in arid and semi-arid regions is one of the most important limiting
factors of the growth of plants, especially fruit trees. Grapevines are one of the most important horticultural
products in the world as well as in Iran. The water content of plant tissues, their growth, and the availability of
different nutrients in the soil are significantly reduced under water stress conditions. Therefore, the successful
production of the plant under water stress conditions depends on the management of plant nutrition. By
application of organic and chemical fertilizers, the physical, chemical, and biological properties of soil can be
improved. Besides, it can reduce the adverse effects of drought stress conditions.

Materials and Methods: To evaluate the effect of compost, biochar, and potassium sulfate application on
dry matter, relative water content (RWC), chlorophyll a, b, total, and carotenoid contents, as well as the
concentration of macro-and micronutrients of leaves of grapevines ‘Bidane-Ghermez’ under two drought stress
conditions, this experiment, was conducted in the research greenhouse during 2017-2018. The experiment was
carried out as a factorial experiment based on a randomized complete block design (RCBD) with two factors and
four replications. The first factor, without drought stress conditions (80% field capacity (FC)), and drought stress
conditions (40% FC), and fertilizer treatments included potassium sulfate (1.25 g.kg™), compost (5 % w/w), and
biochar (10% w/w).

Results and Discussion: The results of the analysis of variance (ANOVA) showed that the interaction
effect of drought stress xfertilizers application was not significant for dry matter, and RWC (P>0.05). Also, the
results of ANOVA indicated that the simple effect of drought stress conditions was not significant for dry matter
but the simple effect of fertilizer application was significant for leaf dry matter (P<0.01). Without drought stress
conditions, there were no significant differences in leaf dry matter between different fertilizer treatments.
However, under drought stress conditions, the highest dry matter of grapevine leaves was observed in biochar,
compost, and potassium sulfate, respectively. Also, there were no significant differences in leaf dry matter of
grapevine between biochar treatment under drought stress conditions and all fertilizer treatments without drought
stress conditions. The simple effect of drought stress conditions was significant for leaf dry matter (P<0.05). The
results of ANOVA revealed that the interaction effect of drought stress xfertilizer application was not significant
for chlorophyll a, b, total, and carotenoid contents of grapevine leaves. However, the simple effects of drought
stress conditions and fertilizer application were significant for chlorophyll a, b, total, and carotenoid contents of
grapevine leaves (P<0.01). Relative water, chlorophyll a and carotenoid contents of grapevine leaves were not
significantly different among fertilizers treatments. The increase of chlorophyll a/b ratio compared with control
was changed in order biochar>potassium sulfate>compost. Moreover, the interaction effect of drought stress
xfertilizer application was significant for nitrogen (N), magnesium (Mg), ferrous (Fe), zinc (Zn), and copper
(Cu) concentrations of grapevine leaves (P<0.01). The ANOVA indicated that the simple effects of drought
stress conditions and fertilizer application had a significant effect (P<0.01) on macro- and micro-elements
concentrations of grapevine leaves. By application of biochar, the concentration of P, K, Mg, and Cu of
grapevine leaves significantly were higher than compost and potassium sulfate applications. This consequently
resulted in higher chlorophyll a/b ratio and dry matter of grapevine leaves in biochar treatment for control under
drought stress conditions.

Conclusion: Based on the results of this research, it can be concluded that the application of fertilizers
reduced drought stress effects on biochemical characteristics and dry matter of grapevine leaves. According to
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the results, at first the application of biochar is recommended, then potassium sulfate and compost. Our previous
results indicated that by application of compost, the available sodium (Na) of soil was increased 8.53 and 60.52
% for potassium sulfate and compost treatments compared to control, respectively. While, by application of
biochar, the available Na of soil reduced 3.73 % in comparison with control. This finding is so important
regarding the Na effects on soil structure, the toxicity of Na for plants as well as the interaction between Na and
K. Considering K is a critical element to regulate the water content of plant tissue and reduces the hazards of
water stress conditions, the higher concentration of Na prevents K uptake from the soil solution by plant.

Keywords: Biochar, Carotenoid, Chlorophyll, Compost, Potassium sulfate
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Table 1- Soil characteristics of the tested area
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Table 2- ANOVA for the effect of vitamin application on vegetative characteristics of tomato plant cv.‘Delphus’

g Slaryo (uko
Ol gt 29lo ] Mean square
al; - ~ R = " . . sl
S0V %F) £ | Bl ,la3 Sy dlaas 5 059 SiS (339
Height Stem diameter Leaf number Fresh weight Dry Weight
S 2 13.641" 9.760™ 13.011" 502.231™ 114.769"
Replication
o 12 837.530™ 2.655™ 91.044™ 21332.132™ 16116.137™
Treatment
s
24 0.530 0.422 0.030 0.120 0.047
Error

Mgme ™ g do ) pdaw jd o gme ¥
** Significant at 1% of probability level and ™ non-significant
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Table 3- The effect of vitamin application on vegetative characteristics of tomato plant cv. ‘Delphus’

Loy Qg g5l EEWIRRY: 5;.3 NKeY g5 039 Qg SWiS (39
T Plant height Stem diameter Leaf Fruit Weight Dry weight
reatments
(cm) (cm) number (9) (9)
aals 201.00i 3.00c 17.00i 227.001 99.33m
Control
S35 2 o5 ke O 210.00h 5.49ab 18.44h 317.00k 165.331
50 mg.L* Pyridoxine
S 9 7ed ppSiaka Vo 215.00g 5.71ab 29.22¢ 367.00i 207.33]
100 mgL! Pyridoxine
S90S e 100 211.00h 4.75b 30.00d 337.00j 185.33k
150 mgL! Pyridoxine
ool 5 oS e B¢
50 mgL- Thiamine 224.00d 4.66b 31.00c 377.00h 209.33i
Ol ) p S Vo 234.00b 5.33b 33.00b 403.00f 214.66q
100 mgL? Thiamine
Ol 5 5 e 10 211.00h 4.66b 24.33f 392.33g 211.33h

150 mgL? Thiamine

ol SO glaaly Wi 903l oy duo )3 V Jleiin] rdans )3 I ime BB pae Sily gt b 4D S yidie g 3g3g°
“Means followed by the same letters in each column are not significantly different at 1% of probability level according to Duncan’s
multiple rang test.

‘oails o8y K han s olS ag; SS9 22 Bty 32,5 1Y Jge aalsl
Continue Table 3- The effect of vitamin application on vegetative characteristics of tomato plant cv. ‘Delphus’

i Gy g Bl yhs Spolaad &g oy e S (5
Plant . Leaf Fruit )
Treatments height Stem ((?:lrz:]r)neter number weight Dry \(I\Slght
(cm) ©)
St 221.00e 4.50bc 22.20g 437.00¢ 253.33f
50 mg.L™ Folic acid
el S8 5 S Vo 215.00g 4.83b 22.00g 467.00d 275.33¢
100 mg.L? Folic acid
el S8 5 2 pSedke V- 229.00¢ 5.33b 2066d  495.00dc 300.33d

150 mg.L™* Folic acid
O el yid o p)S oo Ot iS9 5 sl )5 lee 0
Aol Sgb 2 0 pyS e

50 mg.L? Pyridoxine +50 mg.L* Thiamine+50
mg.L™! Folic acid
+omels i g p)S e Vet S g5 g Sl Ve
ol S8 5 e pyShee Ve

100 mg.L* Pyridoxine +100 mg.L!
Thiamine+100 mg.L™* Folic acid

bpold 2 S e VDo S 3 5 3 2 s 1D 271.00a 7.00a 33.55a 502.00a 341.66a
ol Sgb il S e VO

150 mg.L? Pyridoxine +150 mg.Lt
Thiamine+150 mg.L! Folic acid

220.66e 4.16bc 31.00c 495.66¢ 330.33c

218.66f 4.30bc 29.00e 497.00b 335.33b

ol S5 glaels Wi 903l oy duo )3V Jleiin] dans )3 o ime M| pae Sily ygiar b 4D S o gy dgng”
“Means followed by the same letters in each column are not significantly different at 1% of probability level according to Duncan’s
multiple rang test.
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Table 4- ANOVA for the effect of vitamin application on productive charactristics of tomato plant cv. ‘Delphus’

Slayyo (iilo
Mean square

)
dblj ERJES Sl P S 09
ol pad 2 $ Slass oue liws o 5 092 2 09 R 3,Slos
o DF & > Pedicle .%ﬁ’w Fruit fresh 7 .
S.0vV Flower number Fruit number Fruit diameter - Fruit dry Yield
number weight .
weight
e
Replication 2 84.00" 13.003™ 13.004™ 13.012™ 13.060™ 18.423™ 15.426™
et 12 113.863" 119.988™ 12.300™ 19.340™ 2662.681" 10.957" 4317845.578™
Treatment
s
Error 24 3.222 0.015 0.003 0.019 0.001 0.033 0.239

Mgme e ™ 500 ) Jloin! pdaw )3 Iy ize **
™ Significant at 1% of probability level and ™ non-significant
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Table 6- ANOVA for the effect of vitamin application on chemical characteristics of tomato plant cv.*Delphus’

Ola o (ke

Mean square

g5 Jgd

Total phenol

i gle
S.0.V

gl

b Judg 15

Cholorophyll b

a Jady 5

Chlorophyll a

& omalizg
Vitamin C

e

Lycopene

Jolomo sols dlge

S5

Total acid

Carotenoids

Soluble solid

PH

1.530"

0.090°

0.046

aal

0.154" 4.84ns

0.035™

0.001™

0.001™

2

IS

Replication

1.460™

09317 0.128"

63.509" 20.33"

1.299™

0.625°

0.030"

12 0.046"

sl

Treatment

0.077

0.019

0.013

0.028

1.707

0.012

2

0.011

24 0.010

s

Error

oo

g dopd B pdaw Jhu;,m' oy ) pdaw 3 5 dee

ns

S peergve

Significant at level of 1%, * Significant at level of 5% and ™ non-significant.
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Introduction: Tomato (Solanum lycopersicum L.) is a perennial plant, which is rich in antioxidant compounds,
lycopene, polyphenols and vitamin C. Iran, with production of 5.24 million tons, is ranked sixth in the world in tomato
production. According to the latest FAO reports in 2019, the total area under tomato cultivation was 121203 hectares,
with an average yield of 43.30 tons per hectare, and annual production of 5248904 tons. Vitamins are made from
natural ingredients and are suitable for the growth, function and improvement of plant nutrition. The aim of this study
was to investigate the effects of different levels of pyridoxine (50, 100 and 150 mgLt), thiamine (50, 100 and 150 mgL"
1) and folic acid (50, 100 and 150 mgL ™) and the combination of these vitamins on the plant growth, yield and chemical
properties of tomatoes.

Materials and Methods: This study was conducted as randomized complete block design with three replications in
the greenhouse of Iranshahr University during the years 2019 to 2020. The tomato cultivar was Delphus, the seedling of
which was purchased from Pakan Bazr Isfahan Company. In August, with the beginning of the tomato planting period
in the greenhouse, seedlings were planted and the harvest lasted until December. Seedlings were planted in rows of 75
cm wide and 40 cm apart. Irrigation was performed in the greenhouse with a drip system. The first irrigation was
carried out immediately after planting and the second and third irrigations were carried out one day later for one hour
and the subsequent irrigations were carried out in proportion to the growth of seedlings, every other day, every four
days. At the 7-8 leaf stage, the plants were guided vertically on the thread. The greenhouse temperature was 25 to 32 °C
during the experiment and 18 to 24 °C at night and the relative humidity was about 50%.

Results and Discussion: The results showed that all used concentrations of pyridoxine, thiamine and folic acid
increased the growth parameters compared to the control, so that the highest plant height (271 cm), stem diameter (7
cm), number of leaves (31) fresh weight (502 g) and dry weight (341.66 g) were produced at a concentration of 100
mgL* pyridoxine + 100 mgL* thiamine + 100 mgL? folic acid. Interaction of B vitamin levels at low, medium and high
levels had a significant effect on the reproductive parameters of tomato plants, so that the highest number of flowers
(41.33), number of fruits (29.55), number of clusters (9.77), fruit diameter (22.44 mm), fruit fresh weight (158 g) and
fruit dry weight (10.81 g) and yield (5688.9667 g/plant) at a concentration of 100 mgL™ pyridoxine, 100 mgL™*
thiamine and 100 mgL* was observed per liter of folic acid. Increasing of yield can be due to increased nutrient uptake
and assimilation, and increased growth due to the presence of vitamins. Similar results by EI-Gharmany et al. (2005)
stated that foliar application of vitamins (B1, B6 and B12) in appropriate concentrations in cowpea significantly
increased the number of pods per plant and total yield compared to the control. Shabaly and El-Ramady (2014) and
Shabana et al. (2015) found that some natural ingredients have increased yield of garlic and tomatoes. Also, all
concentrations of pyridoxine, thiamine and folic acid used increased biochemical parameters compared to the control.
Maximum pH (4.78), acidity (0.28%), soluble solids (3.93%), lycopene (2.64 mg/100 g fresh weight), total phenol
content (66.66 mg/100 g fresh weight, vitamin C (13.36 mg/100 g fresh weight), chlorophyll a (1.98 mg/g fresh
weight), chlorophyll b (0.98 mg /g fresh weight) and carotenoids (3.33 mg/g fresh weight) were obtained by using a
combination of 100 mgL™ pyridoxine, 100 mgL™ thiamine and 100 mgL™ folic acid. Foliar application of vitamin
treatments may play an important role in physiological and metabolic processes that affect the process of photosynthetic
metabolism and lead to an increase in soluble solids and minerals. The interaction of vitamins improves the action of
biochemicals on amino acid metabolism and nucleic acid synthesis. However, Abdel-Halim (1995) reported that foliar
application of some vitamins improved leaf growth, increased chlorophyll, chemicals, and internal hormones in
tomatoes during the winter. EI-Ghamriny (2005) reported that foliar application of B vitamins (B1, B6 and B12)
increased leaf chlorophyll in cowpea compared to the control, and Burguieres et al. (2007) found that folic acid at a
concentration of 50 mgL increased minerals in peas. Hendawy and Ezz EI-Dinn (2010) reported that vitamin B
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complex as a coenzyme in enzymatic reactions such as carbohydrates, fatty acids and proteins involved in
photosynthesis and respiration. In addition, Abd El-Hakim (2006) reported that some antioxidants improve biochemical
properties in some beans.

Conclusion: The results showed that the use of pyridoxine, thiamine and folic acid vitamins alone or in
combination with each other improved the growth, reproductive and biochemical characteristics of Delphi greenhouse

tomatoes. The highest growth rate, yield and biochemical properties were obtained at 100 mgL* pyridoxine + 100 mgL"
! thiamine + 100 mgL* folic acid.

Keywords: Growth, Nutrition, Tomato, Yield, Vitamins
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Figure 1- Lily flowers of ‘Tiber’ (right) and ‘Donato’ (left) cultivars
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Figure 2- Lily bulbs of “Tiber’ (right) and ‘Donato’ (left) cultivars
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Figure 3- The cut flower of ‘Tiber’ (up) and ‘Donato’ (bottom) cultivars from right to the left: stage of bud appearance, stage
of 3 cm bud length and after disbudding, respectively
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Table 1- Mean comparison and ANOVA for the effect of cultivar and disbudding on the lily plant height, stem diameter, leaf
number, leaf area, and the number of scales

ol gl 4l b2 S 1 3laws S b WERIR
Plant height Stem diameter Leaf number Leaf azrea Scale number
(cm) (mm) (cm?)
)
Cultivar
“Tiber’ 79.16b 7.13b 48.03a 35.45h 39.43a
‘Donato’ 105.16a 7.62a 42.69b 47.96a 25.45h
o Bl
Disbudding
DO 97.2% 7.44a 44.77b 44.10a 30.24b
D1 87.60c 7.36a 45.31ab 41.05b 33.66a
D2 91.60b 7.30a 45.99a 39.97b 33.43a
5 gl
S.0vV
Wg) ok EXS *% ok * %
Cultivar
4.’79.6 Lﬁ"b ** ns * ** **
Disbudding
W = X5 . ns ns ns ns ns
Cultivar x Disbudding
s
135 0.09 5.16 9.0 5.0
Error
Pl 3.99 4.17 5.01 7.19 6.88
CV (%)
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D0= No disbudding, D1= Disbudding at the stage of bud appearance, and D3= Disbudding at the stage of 3 cm bud length. *, ** and
ns: Significantly differences at 5% and 1% of probability levels, respectively. Means within each column followed by the same
letters are not significantly different at p<0.05, using Tukey's test.
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Figure 4- The effect of disbudding on lily bulb size of “Tiber’ (top) and ‘Donato’ (bottom) cultivars. From right to the left
side: non-disbudding, disbudding at the stage of bud appearance, and disbudding at the stage of 3 cm bud length, respectively
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Table 2- Mean comparison and ANOVA for the effect of cultivar, disbudding, and their interaction effect on the lily bulb
weight, bulb size, scale size, number of bulblets, and propagation coefficient of Lily

ST R R s LW S5 g
Bulb weight Bulbssize Scale size . -
> Bulblet number  Propagation coefficient
()] (cm) (cm?)
5
Cultivar
‘Tiber’ 63.51b 17.07b 3.55b 1.04b 1.10b
‘Donato’ 89.48a 19.50a 6.04a 1.85a 1.19a
dons Bl
Disbudding
DO 49.64¢ 15.94c 3.88¢c 1.19 1.12b
D1 94.91a 19.66a 5.40a 1.51a 1.15a
D2 84.95b 19.24b 5.10b 1.63a 1.16a
) ad Bl
Cultivar Disbudding
‘Tiber’ DO 42.42e 14.93e 2.73e 1.00c 1.10c
D1 82.09b 18.51b 4.20c 1.07¢c 1.11c
D2 66.04c 17.76¢ 3.71d 1.05¢ 1.11c
‘Donato’ DO 56.87d 16.95d 5.02b 1.39%b 1.14b
D1 107.73a 20.82a 6.60a 1.96a 1.20a
D2 103.85a 20.72a 6.48a 2.20a 1.22a
S.0.V
r"é) *% *% *% *% Ex3
Cultivar
4’5“& d» **k **k **k **k **
Disbudding
‘\7""“ Gl X f"s) *k * * *% *%
Cultivar x Disbudding
s 68.7 0.67 0.18 0.10 0.001
Error
el 10.84 4.46 8.89 1458 3.02
CV (%)
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D0= No disbudding, D1= Disbudding at the stage of bud appearance, and D3= Disbudding at the stage of 3 cm bud length. *, and **:
Significantly differences at 5% and 1% of probability levels, respectively. Means within each column followed by the same letters
are not significantly different at p<0.05, using Tukey's test.
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Introduction: Lily (Lilium spp.) is one of the most beautiful and popular ornamental bulbous plants that
belongs to the Liliaceae family. Lilies (Lilium spp.) belong to one of the six more important genera of bulbous
flowers, which is the fourth most famous plant in the world after Rose, Dianthus, and Chrysanthemum. The

genus Lilium comprises more than 100 species, which are mainly distributed in the northern hemisphere. These
species are taxonomically divided into seven sections, including Martagon, Pseudolirium, Lilium, Archelirion,
Sinomartagon, Leucolirion, and Oxypetalum. It has been suggested that early removal of Lily buds should
enhance Lily bulb yield. Disbudding improves the process of bulb development through its influence on the
accumulation and transport of carbohydrates in Lily bulbs. In several studies, the effect of bud removal on
vegetative characteristics and propagation of Lily bulbs including cut flower length, leaf area, size and weight of
the bulb, number, and size of bulbs, number, and size of scales have been reported. With considering the

importance of Lily bulb production in the country and the lack of current research on new Lilium hybrids,
including various Oriental and OT hybrids, this study was conducted to investigate the effect of cultivar and
disbudding on the vegetative characteristics of Lily flowers and its effect on production and multiplication of
Lily.

Materials and Methods: To study the effect of cultivar and disbudding on the growth and bulb production
of Lily, a factorial experiment in a completely randomized design with two cultivars (the Tiber and Donato), and
three disbudding items (DO= No disbudding, D1= Disbudding at the stage of bud appearance, and D3=
Disbudding at the stage of 3 cm bud length) was conducted in three replications. This research was carried out in
hydroponic greenhouses in Dehaghan city, Isfahan province, in an area with a longitude of 51°, 61" E, 31°, 96°
N, and 2004 m mean above sea level. Temperature, humidity, and light intensity inside the greenhouse during
the growing period was 15-25 °C, 50-70 percent, and 20-30 kilolux, respectively. Evaluated characteristics
included the plant height, stem diameter, number of leaves, leaf area, number of buds, bulb weight, number of
the scale, scale size, number of bulblets, and propagation coefficient.

Results and Discussion: The results showed that cultivar and disbudding (Except stem diameter)
significantly affect all evaluated traits, while their interaction had a significant impact on bulb weight, bulblet
number, propagation coefficient, bulb size, and scale size. In the Donato cultivar, plant height, stem diameter,
leaf area, bulb weight, bulb size, scale size, number of bulbs, and propagation coefficient were 32.9%, 6.9%,
35.3%, 40.9%, 14.2%, 70.1%, 77.9%, and 8.2%, respectively higher than Tiber cultivar, while in the Tiber
cultivar, the number of leaves and number of scales was 12.5% and 54.9%, respectively higher than the Donato
cultivar. The highest plant height and leaf area were observed in non-disbudding treatment. However, the
shortest stem and the smallest leaf were observed in disbudding at the stage of bud appearance and disbudding at
the stage of 3 cm bud length which was 10.1% and 9.4%, respectively less than the non-disbudding treatment.
By disbudding at the stage of bud appearance, the maximum number of scales, the heaviest bulb, the largest
bulb, and the maximum scale size was measured that increased by 11.3%, 91.2%, 23.3%, and 39.2%,
respectively compared to the non-disbudding treatment, while the lowest value of mentioned traits was recorded
with non-disbudding treatment. By applying bud removal treatments up to the third level, the number of leaves,
the number of bulbs, and propagation coefficient increased by 2.7%, 37.0%, and 3.6%, respectively, compared to
the non-disbudding treatment, although there was no statistically significant difference between disbudding at
the stage of 3 cm and disbudding at the stage of bud appearance. On the other hand, the lowest value of these
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traits occurred in the non-disbudding treatment. In the Tiber cultivar, the highest bulb weight, bulb size, and
scale size were obtained by disbudding at the stage of bud appearance, which showed an increase of 93.5%,
24.0%, and 53.9%, respectively, compared to the non-disbudding treatment. Furthermore, in the Donato cultivar,
disbudding at the stage of bud appearance significantly increased bulb weight, bulb size, and scale size by
89.4%, 22.8%, and 31.5%, respectively, compared to the non-disbudding. Also, the highest bulblet number and
propagation coefficient in this cultivar were obtained by disbudding at the stage of 3 cm bud length, which
increased 58.3% and 0.7%, respectively compared to the non-disbudding treatment.

Conclusion: In general, it can be concluded that the Donato cultivar has a significant advantage in most of
the evaluated traits over the Tiber cultivar, which can be attributed to the genetic distance between different
Oriental and OT hybrids. Disbudding at the stage of bud appearance, if the end of the branch is not damaged,
was the most appropriate treatment for replanting, production, and propagating of Lily bulb.

Keywords: Bulblet, Lilium, Production, Scale, Variety
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