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Introduction

Tulip flower (Tulipa L.) from the family Liliaceae is a bulbous and monocotyledon plant that has the highest
level under cultivation among this family group. Tulips can be propagated by seeds and bulbs. Its seeds produce
bulbs up to two years after planting and it takes six years for the bulbs to reach the flowering stage. In fields, the
quality characteristics of flowers can be changed to some extent by changing some planting characteristics such as
planting pattern and plant density. Some researchers have reported changes in the quantitative and qualitative
characteristics of various crops and orchards, including ornamental plants, with changes in planting pattern and plant
density. One effect of changes in planting patterns and plant density is alterations in photosynthesis and plant growth
regulators. The purpose of this study was to identify the best planting pattern and determine the optimal planting
density, as well as to examine the impact of these factors on the quantitative and qualitative characteristics of tulip
(Tulipa L.) cv. 'Spryng'.

Materials and Methods

To evaluate the effect of planting pattern and density on growth and flower characteristics of tulip cv. 'Sprying’,
present study study was conducted as a factorial experiment based on completely randomized block design (RCBD)
with 3 replications in 27 plots. The first factor was three planting patterns (square, triangle and rectangle) and three
planting densities (25, 45 and 65 plant/m?) as the second factor. Morphological and physiological traits such as
height, length and diameter of stem, leaf and flower, flowering time, cut flower number, flower longevity, number,
diameter and weight of bulb and bulblet, and the content of chlorophyll and carotenoid were measured. Statistical
analysis of data was performed with SAS 9 software and mean comparison of the data with LSD test at 5%
probability level. Graphs were drawn in Excel.

Results and Discussion

Results showed that the maximum number of cut flowers (59.90) was counted in plants cultivated in triangle
cultivation design with planting density of 65 plants/m?. The lowest time to start of flowering (69.30 days) and the
highest content of leaf chlorophyll (13.57 pg/ml) was obtained in plants cultivated in trianle cultivation design with
planting density of 45 plants/m2. The most flower longevity (12.73 day) and the highest content of carotenoid (1.68
ug/ml) was obtained in plants cultivated in square cultivation design with planting density of 45 plants/m?. The
height of the flowering stem is one of the important traits for the marketing of cut flowers. The results of the present
study showed that the height of the tulip plant was affected by plant density and planting pattern. This result was
consistent with the results reported by some researchers. At low plant densities, long plant spacing reduces plant
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competition for water and nutrient uptake, resulting in larger plant growth and leaf size. Also, long plant distances
cause the roots to develop and grow, and the leaves to grow and thicken. Increasing the vegetative competition of
adjacent plants at high densities causes photosynthetic organs to be placed in the shade (change in the quantity and
composition of the received radiation spectrum in the shade leaves), which has a great effect on the balance of plant
growth regulators, resulted in longitudinal and superficial growth of plant organs. It intensifies the longitudinal
growth of the petiole and accelerates all the developmental processes of the plant. Plant morphology and angle of
leaf deviation can also be effective in increasing leaf size. Uniform distribution of plants and greater absorption of
light and nutrients increased leaf length and width. The results revealed that plants compete for light and nutrients,
and in these competitive conditions, roots and stems are taller than optimal, and the distance between nodes
increases. The effect of planting pattern on flowering process can be related to changes in plant photosynthesis and
the availability of photosynthetic materials for the developing reproductive parts. Changes in planting distance or
pattern can alter inflorescence characteristics by affecting root growth and modifying the production of plant growth
regulators in the roots. These regulators are then transferred to the aerial parts, influencing inflorescence
characteristics. Adjusting the planting distance or pattern can also impact various traits of bulbs and bulblets in
bulbous plants. Competition for receiving maximum light and photosynthesis is a key factor in changing bulb and
bulblet traits. This competition is influenced by planting arrangement and plant density. Some studies have shown
that planting pattern and plant density affect the amount of plant pigments such as chlorophyll and carotenoids, the
main reason being the difference in light intake.

Keywords: Family Liliaceae, Flower quality, Planting pattern and density, Tulip flower
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Figure 1- Plotted land of the experimental site (A), tulip flower (Tulipa L.) variety 'Spryng’ used in the present experiment
(B), the appearance of the petals as the beginning of the flowering time (C) and the beginning of the withering of the flowers
by observing the fading on the edge of petals (D)



VY Sy o ojledd FA alr o((55,9LiS @b g pole) SLEL pale 4 p2d YA

LA g uSo3lul g8 hgyd S LI s oole

Sslol 42325

laodl (pSSbe dulio 9 SAS 9 Jl38ls 5 b modls (¢,lol 4550
SeS b 3905 pary g oy O Jlaisl o > LSD 905l L
b el Excel lble

il § el gy Olds 3 CudlS (5581 g oLiS asl 3 il
Jlazo );I as ol ol (\ J9A>) ool uwb)lg 4:)70 @L.)
S5y 920 0 Jloinl waw 1> 5 B8k 5 (25 (loj S
Dy b dop K kil Adeaw o o B AL S
S ol Gl el o0l 5 olS 1515 (laslesd S oa 0 o0y
ol pasls 5 ol g (o Blw FV/eA) able elas,l o i
Al Canddy qiyo yio > g O g o o Hles 3 (DV/A)
oay sl IS olass g (yetle YOIYA) @bl glis) oy yieS
dol Candds @ye yio b p> dg YO g ot Hles 55 (VW/YA)
elio g @ye ClS GlagSl & das e L5 J cul (¥ Joo2)
VAFY o VWAL g bl iy crupo jio p 40 &gy YO oS5 5o
YU slass by IS adsi el omolio o515 o oSl oty sl IS
Jad o YL a8 ol L (P Jads) ooy (15l dunlie 05000
» (\Y/VY’) Js d)ls.bln u))a.m.u 9 ()J.Au.l.m \c/aA) a,\.@)Jf 48l
92 g 5 el Cusday qpo st 0 > 5y ¥D 0515 5y g5
PO oSy g Lhbwe cuwslS (66X 3 h5) opieS «law oyl
WIES) Sy dsb Vb 43 awslme @ye yio ja )0 Gy
s & o b P S PO aS15 5 ye Cl oSl (el
YO o515 g o (6ol )3 (jg) FAN:) (25 (loj cn
Olej (S 5 S sk ()] reS c S @iy s 2

(F Jgaz) 5,8 Sy 051, (adlS' b
05 it il sl e Slao ) (S aain 5 il glis)
lis)) oS oy ol yob imed gubs il e sayy 3L ol
ol ol 48,8 15 cslS 668Ul g olS STy sl cou AY ol
Daneshvar & Heidari, ) s,u> 5yl slaaily b ass
Sharma ) LysS o bols cusl aaie g JS (g9, (2011
4 e sl alol il oS ol oLis (& Gupta, 2003
3bj Jeolss ol il celopSTy 50 05,8 JsadE s glisy) gl

Olds (g 180 51l

o Oyge Glojen Y )3 (Llj g (odg) (A5 9o g 1)
Sy b g Jobo blo jlad 5 eli5)] (gmen Slio (plplh S
A5 g ySoilul (Gly Cdl 5l Gy joy Vo) 5 b b alsye
ks & bagrpe Slio g (il g (oiugy Slaw 5ySojlul slp
e lio g ab S (Bolal Gjgod 90 B (D) & »
g W)l S b Wl Sle s 9 S0l s
ol yio ilw polide b g Sk b JS dali op VL b SB
b SE o Sl 5Vl ol Vo Joro > Bl Jlab b (S
JolS Sy omesd b pSoilul yiaidee wliie by udsS
b 0 gy Sojil e il Lol b 5 ik b able lo
Fogke olde by udgS b JS ol 0 5L alepe 3 S
2l Ul culs 5l e edd b (slajsy dass b (6,505l
O JOE 035 el (2l lo Sde lyieds SIS 05
@ leg oy (D= ) JS) 5 gades ey Sl ploj g 2lS

A5 (6ol B g8k ley Gt ylgis
N Sp ddg )l g S5 g5s)S (liee spSolil 4l
Bl Sygod (IS ol 08 5l doye ) il slajles
9 Mb (g B2 o Sy g SplS jlp)S /0 Jlade S (61> piges
i Ve bolyon gl g A Jglona b g il 2
P g b 0y Blo jl Jols ojlas juww 3,5 A MolS lads
2 yragidy pSenl ol dugey g Ad disy) (Dg) SooS o)l
Job 92 9 335595 ln (Apsr) Apre) Apr.)) goo Jsb aw

3)5 38 Jdo)lS el (Aps.) Aprr) oo
= ¥/5% x Agr.) = < [YSAx Yo IY x Apray + ALY x Apsr)
Ag59,8" (Hg.ml)
a g S (Hg/ml) = A/AY X Aps.) = «/YVY X Apser
b Lo 5" (Mg/mI) = \V/5 % Aper) = YIAY X Aps.y
JS Jids 1S (HG/MI) = YINY x Aps.) + V5/A x Aper,
oobie b g udsS dlogay (ajln) Sly JhS wole S35 5
O3y 23S pasuie (il b Jol (42jle) by S g sl e
bl g (2 0)95 (L Sl ey (2lgm Pl g bz jly dasly 5
0jg xSl sl S g e Jlemd il L
T Csody alBls @ygod olon plil o s jly dajly (Sis
[ 5 55 03l 51,8 5,5 Blo a3 )3 V0 clod b oyl pd el
ol g iy S oolde LSSy 5 Gy NS (n)g
Jopd ko yhps 5 Gjg & S (g el g 0,5
o b as e 0 el Cunddy slar plail 5 dx il Glo Siis 0ol
Loyd g SIS (g o (jg 9 B4 Sy S WS (S S



YAD  'SPIyNg’ ub, alY J5 oS 5abss sub lpogas 5 aiby 5 cblS 55591 5 oS o515 51 e lS0m 5 53T bl

A %8 (Roghayeh etal., 2012) 5,55 4 (Ahmad, 2012
Lo (5 b (59, CublS’ il (slagS1y (i) bSOl
baxe (A3 (S b oS el i aile Jobo 5 el
X YO) etls Glab o inSliie 3 dibo i) on s 5 4Bl
oles 5 6 el WSl aS] s Jobs (el YO
b gl wls op! (Mladenovic et al., 2020) cusls auls
bulyd il o o8 g cal b s cio S A5 oS
B cisls WS 8l cov able b a5 b j3 ) )3 e
Sl sl 1815 15 5,8 a1y doms opl pobs Limek .cudl
5 ol wolle Bl 5 jlad ey il loj g5y ol dme
Mojiri & Arzani,) 5 ;) 9 s pome A angi 1l J&5 g Joo>
el juin culS W55 (o, Solsl a8 Wy las (2003
g b yidy olS Jobo g ale Job gy )8 b ola 5 My
cuils WS15 balys o &S woby lis (Beg et al., 2001) ;S
& 58 8l mls ol Bede Mo sHSIL sbaasle VU
ol 3 g WS e ) S0y L sdie Dlge g )9 el lalS
g B Ay > & S gpal Bl 5 ady) (BB Ly
Craine &Alietal., 2011) wb o ili8l koSl (s Juolsd

(Dybzinski, 2013; Ford, 2014

Sl 5 Wb o Linlidl ladiey Wby dous jd dgus oo (e Dlge 4
9 s Cel gy 0bj Jolgd (piomen A5 Ml S0 Sy
My il bady, Sidend cdld Ll deady, ud)
2 0 LSy plbeSuS g (MS)5 g by sleosiS el
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Niknejad & ) coul olS (cg05 claanl b plo momd 5 Sign
Slg o 3 Sy Blyzal aygly 9 olS (55)98,90 .(Yahya, 1994
Ol g badigy calpSy LSl A8l e Sy sl Ll
dpde Sy 2y g Job llPl el ol dlge g )90 yidn
(s Mladenovic¢ et al., 2020Niknejad & Yahya, 1994)
299 3L) @pe o )3 olS VO o515 5 005 5 olS )|
& mipe yio p y0 olS Ve WSl o Al ol o YL &S Jbs
235b b bl s alie gl (Kumar etal., 2007) sl cuwd
Ghobadi & ) o35 ) ok S (a3l 5 o3y w33k «JS
Amjad & ) ywew «(; Moosavi et al., 2012Ghobadi, 2010
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Table 1- ANOVA (mean squares) for the effect of planting pattern and plant density on the vegetative and reproductive traits
of tulip (Tulipa L.) cv. 'Spryng’

) S L sl
& RP L S JS b g " PV by S gee Spdsb ablw hd aBle gl
G povet; WL Flower Flower ok Flowering Leaf Leaf Stem Stem
SOV df longevity  diameter Number of time width length  diameter height
T cut flower

Re; I)|§<: ate 2 0.0134" 0.8326™ 3.32™ 0.0047" 0.0572" 0.1140™  0.00173™ 2557

cusls oS

Planting 2 0.2158"™ 2.403" 81.48™ 1.5788™ 0.1584" 0.3422" 0.0716™ 5.124"

pattern (A)

oS oSl
Plant 2 0.555™ 26.12™ 7457 0.191™ 0.4624™ 1.548™ 0.0225" 26.31"

density (B)

Sl x g . o . . . .
AxB 4 0.0636 1.024™ 40.60 0.323 0.0505" 0.3507 0.0174 4.63
EurarZr 16 0.0171 0.494 2.01 0.075 0.038 0.089 0.0062 1.357

J§ 26 — — — — —_ —_ —_ —
Total

ug“\’; (:;’)“D - 1.07 1.93 3.38 1.39 1.93 2.2 1.77 3.058

. 0
NS e

sine Golds 339 pae g doyd N 9 O Jlain maw )3 (g)b Gxe ol Sy

% 0s; significant at the 5 and 1% of probability levels, respectively, and non-significant.
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Table 2- ANOVA (mean squares) for the effect of planting pattern and plant density on the bulb and bulblet traits of tulip
(Tulipa L.) cv. 'Spryng’

03l S0y 55 . . 03l Jwo .
. @R ),.,. :\;ulf b Sl " ) S 059 5l ks e
ot e &35 > by s > ajly ajly S s Bulb I;ulb ™
SO.V. 2" Bulbletdry  Bulblet Bulblet  Bulblet Bulb dry fresh diameter  BUID
df matter fresh : matter weight
; diameter number g number
percentage weight percentage
1<
) ’g" 2 0.949n 0.0049™  0.262" 0.020m 4,71 0.7543" 0.2584"™  0.0056"
Replicate
sl oSl
Planting pattern 2 18.69™ 0.527™ 10.28™ 0.377™ 19.58" 8.378™ 1.518™ 0.062"™
(A
oS "SI’J 2 0.729m 0.552™ 2.918™ 0.252™ 29.17" 0.128™ 0.284" 0.094™
Plant density (B)
"’SX: éﬂ ! 4 22.80™ 0.666™ 2.977 0.089™ 9.34" 1.537" 0.616"  0.0195™
ks 16 1.172 0.042 0.516 0.01 1.99 0.202 0.164 0.025
Error
Js 2 . _ _ _ _ _ _ _
Total
SO - 3.36 4.73 3.39 4.67 6.47 1.99 1.1 3.16
C.V (%)
NS st i

P oo ©oli dgmg pas g do)d Y 9 O Jleis! pdaw 13 () xe iy

. %ns: significant at the 5% and 1% of probability levels, respectively, and non-significant.
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axily ol cpyiin a5 ob ol edh pWSle dwlie (D
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S9) Vg S o1 5 @515 s oS 0 (LS @l
9098l ()1 L @ls cpl Bl S5 o U S b olej
Ngy wasl les & (Daneshvar & Heidari, 2009) (¢,
Syl 53 cusls Aol o oS 5l cov o JS sladdls Hnls
Slgi e A5 Ggy S oS Ll Vsl oyl cillas
Sly Giriwgid e (dguenlS g olS fwgl > i 4 by
coge cudlS alols Ll sl ges Jla 0 oiuli claise
Daneshvar & ) 15,5 WSy sdyp J5 0 5 s il
2 56 Goyb jl el oS L g abold s (Heidari, 2009
398 (LS Ad) laosiS el 3 s cage ) (S
ol Claogad 9 2535 o0 Jite (2lgn Cuond 4 ady) 5l &5
Made e | iy sleplsl a3 s SIS sl
ol imgh slaasl, M, (Corbesier et al., 2003)
M8 oS oy )liS (Gomes et al., 2007) ) Se 5 3055
5 S8 Saw il Ll basg o515 5 LialS s, alol
e 3 So I Bwile e il b pials o b
Al ) GlalS B sl wee



YAV 'SPIYNg’ ob, alY J5 oS 5ol sub olpogas 5 aiby 1 cbls 5591 5 oS o515 51 e lS0m 5 55Tl

'Spryng’ o3, (Tulipa L.) A¥ J5 5909 58 Olio (59, L5 o515 9 CadlS' (55501 51 (Wl po (50lie) (il ylg 55 Y Jgo
Table 3- ANOVA (mean squares) for the effect of planting pattern and plant density the on physiologic traits of tulip
(Tulipa L.) cv. 'Spryng’

sgide,s bav,y 5oz Sd o elal 55
. . . - )
Ol quie 0 Sl DUyl addyl S5 SAESE S el slgd
soy  «ll Total  Chlorophyll Chlorophyll : Dry matter ~ Petal ~ Drymatter  Fresh weigh
R chlorophyll b a Petal -
df phy . percentage  fresh percentage of of aerial
carotenoid - .
of petal weight  aerial organ organ
’I’_SJ 2 0.063™ 0.065™ 0.071™ 0.047m 0.0413m 0.032™ 0.0127™ 2.306™
Replicate
il oS
Planting 2 5.827" 40.401™ 3.818™ 0.167" 0.1867°  0.036™ 0.2855™ 1.069"™
pattern (A)
ol oS5
Plant 2 2.79" 0.352™ 1.058™ 0.025" 0.4019™ 0.305™ 2.052" 31.99"
density (B)
”1)’”: é‘” 4 o117" 0.021" 0.278" 0032  08301"  0.378"  0.1069" 3.074™
18
Error 16 0.022 0.021 0.055 0.007 0.4 0.045 0.014 0.327
L}f 26 — — — —_ — — —_ —_
Total
rtlcaps 1.24 2.87 33 5.91 214 23 1.13 1.57
C.V (%)

5 sime gldS dgng pis g dopd V5 0 Jlein | laws )3 (g)b dime i ey TS FEE
%08 significant at the 5% and 1% of probability level os, respectively, and non-significant.
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Table 4- The interaction effect of planting pattern x plant density on the vegetative and reproductive traits of tulip (Tulipa
L.) cv. 'Spryng’

(oS w515 x CollS 5oN) Ljlowd S5 (g B0l swy J5S Bl sl a5 4l Sy Jgb adlw s Wl glis !
Treatments (planting design x Flower Number of cut Flowering Leaf length ~ Stem diameter Stem height
plant density) longevity (day) flower time (day) (cm) (mm) (cm)
Qe fo 2 S PO X e 12.03¢ 56.60c 70.43ab 14.46a 4.48ab 39.85ab
Square x 65 plantlet/m?
& o 2 2 A VO X e 12.73a 32.20e 7026ab 13.53hc 4.58a 37.85hc
Square x 45 plantlet/m?
Gt o 2 S YD X e 12.33b 18.88f 70.56a 13.38hc 4.51ab 37.41cd
Square x 25 plantlet/m?
@ o g Sy PO x e 11.96¢ 59.90a 70.07ab 13.89b 4.49ab 41.08a
Triangle x 65 plantlet/m?
@ o o Sy Fox el 12.30b 36.10d 69.30d 13.91b 4.49ab 39.68ab
Triangle x 45 plantlet/m?
@ o Sy VO x e 11.96¢ 19.44f 69.53¢cd 12.98¢ 4.54ab 36.30cd
Triangle x 25 plantlet/m?
& o g S PO X Jatee 11.82¢ 55.50b 70.43ab 13.43bc 4.26¢ 38.31bc
Rectangular x 65 plantlet/m?
& e g > S T Jatee 12.28b 31.10e 70.56a 13.74b 4.43ab 37.13cd
Rectangular x 45 plantlet/m?
@ o g > S V0 X Jiatene 12.26b 17.28f 69.93bc 13.03¢ 4.40b 35.28d

Rectangular x 25 plantlet/m?

Amd o 5L |y LSD (905l 53 o> & Jlain! gaws 5 55 xe dMiS] 3939 pas S yidio by y> oyt p 5
Means followed by the same letter within each column shows no significant differences at 5% of probability level by LSD test.
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Table 5- The interaction effect of planting pattern xplant density on the bulb and bulblet traits of tulip (Tulipa L.) cv.

'Spryng’
15 x CilS o) byl b odle iy o . L i Suiis o3lo L
‘J” “f’g) Chat . B YT )Li")w b dlaws ' 3 P g9 )Li")w b Sl
(obs il Bulblet — Bulblet g 0 ik Bulbfresh . Bull gy
Treatments (planting design ~ Bulblet dry fresh weight - diameter o Bulbdry  \eight ()  J2MEr 1 mber
x plant density) matter (%) (9) (mm) matter (%) (mm)
& Fo 2 2 B PO X e 33.71a 3.69¢c 19.13e 2.41a 24.45abc 23.51b 36.77bcd  1.58cd
Square x 65 plantlet/m?
& fo 2 2 Sy FO X gy 34.57a 4.62b 21.77abc  2.08b 24.97¢ 23.03bc  37.5lab  1.50de
Square x 45 plantlet/m?
@ e m P S YO X gy 31.48b 4.00c 19.65de  2.58a 28.33ab 24.66a 3757a  14le
Square x 25 plantlet/m?
@ Fa o 2 Wy PO x s 35.26a 3.98¢ 21.33bc  1.91c 26.59hc 2248cd  37.00abc  1.76a
Triangle x 65 plantlet/m?
@ Fa o 2 Ay T x s 31.41b 4.74ab 22.60ab  1.83c 30.04a 22.13de  37.10abc  1.58cd
Triangle x 45 plantlet/m?
@ Fa 2 Wy VO x e 31.61b 5.02a 2297a  2.00bc 30.58a 21.56e 36.24d 1.4l
Triangle x 25 plantlet/m?
G a2 2 K PO s 28.26bc 4.68ab 21.38bc  2.50a 24.78¢ 2224cde  36.19d  1.66bc
Rectangular x 65 plantlet/m?
@ fo 3 Sy ¥ atus 29.62bc 4.47b 20.88cd  2.00bc 24.41c 2235cde 36.5lcd  1.75ab
Rectangular x 45 plantlet/m?
@ fo 3 Sy VO X atus 33.76a 4.03c 2064cd  2.08b 29.55ab 21.63de  36.70cd  1.58cd

Rectangular x 25 plantlet/m?

Amd o Ui 1y LSD yg0jl 13 o y3 & Jlois! o 3 I gxe IS Do g pie S yide Lgy> ygiar o 4
Means followed by the same letter within each column shows no significant differences at 5% of probability level by LSD test.
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Table 6- The interaction effect of planting pattern xplant density on the physiological traits of tulip (Tulipa L.) cv. 'Spryng’

PR c . Migiig,ls b oy .. S 0dbe o yd 1861 33 3
pf‘ﬁxwwdggi)h)w JsJﬁ-eﬁ)-ls aJ‘s)_lg ?"Jsi o )u ST ') Iad P S3T)
(oS ol W39 SHE Sssas ol lod el slo
Treatments (blanting design chlorophyll Chiorophyll petal Dry matter " Drymatter Fresh weigh
eatments (pla ng desig a(ng.ml”)  carotenoid percentage eta’ fres percentage of of aerial
x plant density) (ng/ml) weight (g) .
(pg.mlt)  of petal (%) aerial organ (%) organ (g)
Qe o 2 SR PO X gy 11.88ef 6.99bc 1.55ab 8.91c 9.31abc 10.81bc 35.47bc
Square x 65 plantlet/m?
Qe o o 2 L T X e 12.57¢ 7.42b 1.68a 10.10a 9.16bcd 11.06a 34.57cd
Square x 45 plantlet/m?
Qe o g 2 S VO X e 11.73f 6.94¢ 1.52bc 8.90¢ 9.09bcd 10.30d 38.23a
Square x 25 plantlet/m?
G e g 0 S PO x e 12.91b 8.24a 1.23¢ 9.93a 8.79d 10.20d 33.85d
Triangle x 65 plantlet/m?
G e g 0 g YO x ko 13.57a 7.98a 1.37cde 9.36b 9.69a 10.96ab 35.99h
Triangle x 45 plantlet/m?
@ fa P A YO X e 12.31cd 7.11bc 1.35de 9.23bc 9.42ab 9.95¢ 39.15a
Triangle x 25 plantlet/m?
& o o 2 Wi PO X s 10.92g 6.38d 1.37cde 9.52b 8.95¢cd 10.72¢ 36.34b
Rectangular x 65 plantlet/m?
e fa o p A TOx Jats ) (1740 6.86¢ 1.41bcd 8.98¢ 9.01cd 10.94ab 35.64b
Rectangular x 45 plantlet/m?
& e o 2 A YO X Jatns 10.99g 6.19d 1.46bcd 9.18bc 9.60a 9.85¢ 38.33a

Rectangular x 25 plantlet/m?

Amd o 5L |y LSD (905l 53 o> & Jlain! gaws 5 55 ne dMiS) 393y pas S o Chyy> oyt p 5
Means followed by the same letter within each column shows no significant differences at 5% of probability level by LSD test.
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el bl (ke » p)55)5ee VFA) SIS 4599
(£ Jsiz) 2ol camsay e o 2 > Wi $D oS5 5 qpe
S J9)lS (lie oyt 9 (p)5 VFR) SIS 5 039 VL
2 @5 Y0 WSl 5 o 6650 ) (ke 2 p155,See WY/OV)
sl 5 (o5 AIF4) SIS 5 iy el Casday @y o sm
P9 Vb g5 mpe po pp > Lg VO SIS 5 (et clS
oS 3 (e » P 9See MYY) @ Ldg)lS" (lje oyt
F Joi) dol Cawdey oy sto y 53 45y £ oS5 g o
@ e CBlS @815 Glaljdl a5 ol (i pol iagh ol
bzl cpl s Sis oo doyy Gl g 5 0y lals
il skl (Samani etal., 1999) ) Sen 5 Jlobw (slaaidly
L& wob 58 ;0 (Deo & Martin, 2000) 55l 5 &2
bocdl Gl keadsen J5 g olS St s o815 Ll
cely 35 oS Ll e LinlS olS Ly gy Lab Sl Ll
(Hamidi et al., 2010) 595 0 JS 5 obS 5 (59 ials
Mostofipour & Hashemabadi, ) (esblpila o g Soiume
A6 eeddion (g g9y CBlS ] & K8 5155 (2010
By g e mdeds ialS cde & et cuilS i)yl sl
Gl iy o Ll 1) Wy Sis oo 5 oS A3, Wy
cpl g cwl bl miads Clo b (alS andls S plalS
23l olS 5 Slas g fogd Cudyls )3 (SlodiS e (i o
25 S5 5 0jy Ol 4 e <l o815 Gl S5 JS
b (a8 5l L alpe > (Daneshvar & Heidari, 2011)
by by Jlo o slagsw sy s5togd dlse (el 2 )5
oIS 5 Lilo whe 1) 0)93 Jsb o edima S slaas s
Jb 5 slaggw bolge ool €Ly sl 903 5 0y Jb 3 sl
Slgs o ye @l (5 cadby 5l g Jg Mol o colBy Ay
B b o 1y Eom 5 053 sl Sl 390 (S38kmgid dlga g5
ped daws pd A ol Wiy S0l & a5 L L(Hocking, 1993) aad
oo (R 0y93 cpl Jsb 3 y95 ad 45 5,8 o0 pldl Jlu
2 e cals GaeSly 3 59 gee Jb L s Yl
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Introduction

Endophytes have symbiosis life within the plant tissues without causing any obvious negative effects. Seaweeds
are one of the large and diverse groups of marine plants that play an essential role in marine and oceans ecosystems.
Seaweeds show rich diversity of associated microorganisms in compare with the other multicellular organisms.
Citrus species, are amongst the most important evergreen fruit trees, cultivated in many countries worldwide. There
are several obstacles for citrus production in southern of Iran, limiting continuity of citrus production. Lack of
suitable soil, salinity and drought stresses are the main challenges threatening citrus industry in southern of Iran.
Similar to other citrus species, the production of Mexican lime is threatened by certain biological stresses (such as
pests, plant diseases and weeds) and non-biological stresses (such as salinity, drought, floods, cold and heat stress).
Endophytes are advantageous group of microorganisms that protect plants from biotic and abiotic stresses. One of
the alternative ways to restore normal plant growth may be to use plant growth to stimulate endophytes. Endophytes
can play an important role in plant growth. Endophytes from marine environment are gaining special interest
because of their existence in the harsh conditions of marines and ocean ecosystem such as temperature, light
availability, high salinity and osmotic stress. Endophytes have already been isolated from various marine habitat,
including marine plants, marine invertebrates and vertebrates. Among these organisms, seaweeds are one of the
most prevalent sources of marine-derived fungi and bacteria for chemical studies. The purpose of this study was the
isolation of associated fungi and bacteria endophytes with seaweed species in Persian Gulf to investigate
morphological and molecular characterization by using PCR amplifications 1TS1-5.8S-1TS4 regions and 16s rRNA
gene respectively. Here, we have evaluated the potential of inoculating Mexican lime seedlings with seaweeds fungi
and bacteria endophyte combination, (Aspergillus niger+ Bacillus aquimaris OD14), to improve morphological,
biochemical, antioxidant and photosynthesis pigments characterizes of Mexican lime in salinity condition.

Materials and Methods
The main aim of this study was to investigate the role of endophytic fungi (Aspergillus niger) and bacteria
(Bacillus aquimaris OD14) in improving the growth of Mexican lime seedlings. The seaweed samples were
collected from coastal regions of Bushehr province and Qeshm Island. Fungi and bacteria endophytes were isolated
and identified base on morphological and molecular methods. Molecular characterization was investigated using
PCR amplification of 1TS1-5.8S-1TS4 regions and 16s rRNA gene respectively. Mexican lime seeds were sterilized
with 0.5% sodium hypochlorite for 20 minutes and then completely distilled three times with distilled water.

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
BT 4.0 International License (CC BY 4.0).

https://doi.org/10.22067/jhs.2024.73232.1101



https://jhs.um.ac.ir/
https://orcid.org/0000-0001-9931-6993
https://orcid.org/0000-0003-2480-935X
https://orcid.org/0000-0001-6196-8570
https://doi.org/10.22067/jhs
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Vo Sl ¥ ol FA Al (53,988 alio 3 pole) Ll pole 4y FAY

Seedlings pots containing autoclaved soil were placed in the greenhouse of the Faculty of Agriculture, Hormozgan
University. The experiment was arranged as a factorial experiment based on randomized complete randomize design
with three replications. Isolated fungi and bacteria by MT420720 and MT278260 accession numbers were used in
eight months old Mexican lime seedlings. The suspension was adjusted to a concentration of 1x108 cell per ml for
fungi and 1x108 cell per ml for bacteria inoculums. For better contact of seedlings with endophytes, inoculation was
performed three times. After three months, salinity stress was applied. morphological (Leave, Stem and Root dry
and fresh weight), biochemical (Protein, MDA and soluble sugars), antioxidant capacity (CAT, POD, SOD, APX
and Gr activity) and photosynthesis pigments (Chlorophyll a, Chlorophyll b, Total Chlorophyll and Carotenoids)
characteristics in treated Mexican lime seedlings and control were analyzed. Analysis of variance of traits was
performed using SAS software version 9.4 and the means were compared using LSD method with a probability level
of P<0.05.

Results and Discussion

The results show that most characterizes were significant compare with control. For example, in 6000 ps/cm
water salinity, leave fresh weight (203.49%), root fresh weight (347.41%), stem fresh weight (206.81%) and root
dry weight (421.95%) were significantly higher compared with control (P>0.001). Endophytes inoculation can
significantly improve photosynthesis pigments such as chlorophyll a (65.21%), chlorophyll b (11.9%), total
chlorophyll (28.39%) and carotenoids (59.09%) (P>0.001) compare with control. In antioxidant capacity of
seedling, CAT, POD, SOD, Gr and APX were analyzed, Endophytes can increase enzymes activity. For biochemical
characterizes, in 6000 ps/cm water salinity, endophytes can significantly increase soluble sugars (17.85%) and
decrease MDA (35.18%) in inoculated seedlings compare with control (P>0.001).

Conclusion
The results showed that the use of endophytic fungi and bacteria can increase the growth of Mexican lime
seedlings under salinity stress. Thereby it can be used as an effective tool for growing salinity-sensitive plants in
saline conditions.

Keywords: Abiotic stresses, Antioxidant capacity, Endophytic microorganisms, Glutathione reductase,
Seaweeds
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e 0.00 0.04 0.26 0.00 0.31 1.84 0.00 0.031 0.31
Error

Olyuass oy

cCV 8.88 34.76 10.04 14.72 32.39 17.20 8.49 12.85 6.84
(%)

wwg ww o NS
5 ¢

Ao pd 1523 K 9 S ey e ) ()0 dre B gme il e e ¢
ns,* " and ™*: non-significant, and significant at p<0.05, p<0.01 and p<0.001, respectively.
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Table 2- The effect of the Aspergillus niger and Bacillus aquimaris OD14 endophytic fungi and bacteria inoculations on the
biomass of Mexican lime seedlings in the salinity condition (LSD, p<0.05)

a9 Bl Sid o5y Bl gy ey, S gy Adyy F o)y S SRl S ok
(uS.cm™) S.D.W (gr) S.F.W (gr) R.D.W (gr) R.F.W (gr) L.D.W (gr) L.F.W (gr)
0 - 153 3.11¢ 1.26¢ 5.03¢ 0.45¢ 4.99¢
Control
ey 5.26° 11.292 3.810 17.222 3.422 15.262
Endophyte
2000 aald 1.134 2.79¢ 0.91¢ 4.26¢ 0.43¢ 4.12¢
Control
ey 2.55 5.81°¢ 2.56° 10.97° 2.54b 14.33°
Endophyte
4000 aals 0.91¢ 2.44¢% 0.79 3.75f 0.33¢f 3.69¢f
Control
St 1.9¢ 6.74¢ 1.79¢ 9.26 1.79¢ 9.4d
Endophyte
6000 aals 0.84¢ 2.2¢f 0.419 2.328 0.179 3.43¢f
Control
g 2.54° 6.75° 2.14° 10.38° 1.65% 10.41°¢
Endophyte
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Table 3- ANOVA for the Aspergillus niger and Bacillus aquimaris OD14 endophytic fungi and bacteria inoculations on the
photosynthesis pigments and biochemical characteristics of Mexican lime seedlings in the salinity condition

i gl Jgoe SBT3 e (elgn Ol o Ggime gy, JST‘{:;I’JS b by 5 a Judg IS
S.0.v Sluble sugars MDA Protein RwWC Carotenoids chlorophyll Chlorophyll b Chlorophyll a
f‘_’"ﬁ 1204.5%* 23.57%= 2640.02***  290.45%** 24,01 0.71%* 0.081*** 0.131%*

Salinity (S)
by 1176% 47.82% 74.65% 3608.85%** 0.13%*= 0.16%* 0.029%* 0.36%*

Endophyte (E)
SxE 523*#* 1.22¢ 3.5 516.14%** 0.00* 0.00* 0.01%*= 0.02%=
. 1 0.37 1.37 7.52 0.00 0.00 0.00 0.00

Error

ot a2 08 10.64 3.72 7.25 2.95 317 17 1.28

C.V (%)

o )d o S g g gdaw jd (61 dime ol pay FHE g

and ™ Significant at p<0.05 and p<0.01 respectively.

*
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Table 4- The effect of the Aspergillus niger and Bacillus aquimaris OD14 endophytic fungi and bacteria inoculation on
Photosynthesis pigments and biochemical characteristics of Mexican lime Seedlings in salinity condition (LSD, p<0.05)

Cyged Jooo sid T (92 gl oaTgn  SFPR aagly)5 Total JS Jadg)lS b g5 @ Judg s
Salinity Sluble sugars MDA Protein &1 o Carotenoids  chlorophyll Chlorophyll Chlorophyll
(uS.cm*) (mgigfw)  (nmoligdryw) (%)  wc (%)  (mglgfw) (mg/g fw) b (mg/g fw) a(mg/g fw)

0 wald 93f 4.91° 31.14° 77.14° 0.32% 1.6° 0.69% 0.91%
Control
ety 123° 1.43¢ 35.05% 93.7° 0.46% 1.71* 0.7% 0.99*
Endophyte
2000 aald 115¢ 6.96° 30.24% 75.84% 0.28° 1.52¢ 0.65° 0.72°¢
Control
g 134 4.01f 32.35° 88.38° 0.442 1.64° 0.68° 0.96°
Endophyte
4000 wald 1492 7.32° 28.48¢ 62.45f 0.244 1.07¢ 0.44¢ 0.53¢
Control
Cuby 136° 5.81¢ 31.06° 87.75° 0.4% 1.27¢ 0.63 0.9b¢
Endophyte
6000 aald 112¢ 9.522 24.269 57.579 0.22% 0.81f 0.42¢% 0.46°
Control
g 1320¢ 6.17% 29.75¢ 81.67° 0.35° 1.04¢ 0.47° 0.76°
Endophyte
5 Jodn) 29 dalis &y o jS'g0y (0liglS oy 3] cled Uy pogase sosiS ol (lS e 0ty e Haia
Selunel oyl g e g ) sl s b olS ablis jo gl cpl D) demg (gyei il kulyd cod me)'ﬂ cJlsd
oS ably sl YL ol Sl 5l cudils dr o o Sy p g adlae & 5l &S wien Gloaomy Lulg, Jols
- K0ly pess pas g dnled SYL selusl baglyls b ablas (ol (Gueta-Dahan et al., 1997) ,Kan ¢ ks 135 )l (g i
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Table 5- ANOVA for the Aspergillus niger and Bacillus aquimaris OD14 endophytic fungi and bacteria inoculations on the
antioxidant capacity of Mexican lime Seedlings in salinity condition

i @lo ey S g8l 3935 oeligh STy g oSy Yl
S.0.vV Ascorbate peroxidase  Glutathione reductase  Superoxide dismutase peroxidase Catalase
S5d 12991347+ 311048.1%* 71832.22¢= 399.99%#* 648.1
Salinity (S)
by 357530.09+=* 2975.8%= 181219.52¢=« 3071.34%== 4026.15%*
Endophyte (E)
SxE 15245.16%# 535.85%¢ 20943.12%= 81.62¢= 22.28%
- 13.37 0.89 0.011 0.94 1.16
Error
et 0.54 3.39 0.047 3.62 10.64
C.V (%)

23

o pd wpbd S o ) (g xe F*
™ Significant at p<0.01
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Table 6- The effect of the Aspergillus niger and Bacillus aquimaris OD14 endophytic fungi and bacteria inoculation on
antioxidant capacity of Mexican lime Seedlings in salinity condition (LSD, p<0.05)

STy Setpgfsl 393, 95Usl  jlaT g

N $1aunS T ;YU
S:If:: Ascorbate Glutathione Superoxide ;r(;xi dz:;e C;talase
(1S CmX) peroxidase _reductase _dismutase (un?cs/mg drywt) (units/mg dry wt)
' (units/mg dry wt)  (units/mg dry wt)  (units/mg dry wt)
0 C:r:ﬁol 324.28f 10.489 22.66" 9.83¢ 15.279
<y 708.57¢ 18.96° 153.31¢ 27.31¢ 57.3¢
Endophyte
2000 Cmtjj | 492.85¢ 16.29 145,69 15.19 44.3¢
ontro
g 739.28 21.52¢ 364.37° 41,52° 68.85?
Endophyte
4000 C;:Ltfol 614.28¢ 19.38¢ 198.67¢ 21.92¢ 41.5f
g 768.57¢ 44.97° 529.572 73.072 62.75°
Endophyte
6000 Cmt‘z | 769.28° 20.44¢ 132.459 30.64°¢ 19.5"
ontro
iy 960.712 68.15° 211.94¢ 51.11f 67.16¢

Endophyte
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Introduction

Over time, water deficit and environmental pollution by traditional agriculture that forces the producer to
contribute to competitive and sustainable agriculture. Leafy vegetables are beneficial to human health, therefore, to
adapt an eco-friendly approach in some vegetables, the partial substitution (25-50%) of mineral NPK by
biofertilizers in lettuce improves the yield and agronomic features and produces healthy plants for human nutrition
as well. Lettuce (Lactuca sativa L.) from Asteraceae family is considered as one of the most popular salad
vegetables as a cool season crop. PGPB (Plant Growth-Promoting Bacteria) are rhizosphere bacteria that improve
plant growth through a broad range of processes, i.e., phosphate solubilization, biological nitrogen fixation,
siderophore manufacturing, phytohormone manufacturing, antifungal activity, systemic resistance induction and
plant-microbe symbiosis promotion. The promoting of growth and yield of horticultural crops such as cucumber,
potato, tomato and spinach by plant growth promoting bacteria inoculation at nutrient solutions under soilless
systems have also been reported.

Material and Methods

In order to study the effect of growth-promoting bacteria on the yield, iron concentration and phenolic
compounds of lettuce (Lactuca sativa cv. New Red Fire) under floating systems, the experiment was carried out in a
completely randomized design with three replications in the Research greenhouse of University of Zanjan, during
2020. Experiment treatments consisted of five levels of PGPB (Pseudomonas vancouverensis, Pseudomonas
koreensis, Pantoea agglomerans, Pseudomonas putida, and one level of combined bacteria (Pantoea agglomerans+
Pseudomonas koreensis + Pseudomonas putida+ Pseudomonas vancouverensis)) and control plant (without bacteria
treated). Application of bacteria was done in two stages, one step before cultivation as seed inoculation and the next
step as root inoculation. Lettuce plants grown in hydroculture condition with Hoagland nutrient solution. Growth
conditions were environmentally controlled at a relative humidity of 60/70 % day/night and temperature was
maintained between 20 and 17 °C. At 40 days after transplanting date, the lettuce head were harvested. The freshly
harvested lettuce head were immediately weighed separately of each plant for fresh weight determination. Leaf
samples were dried at 72 °C for 48 h in a drying oven and kept for further investigations. Also, leaf number per
plant, chlorophyll and carotenoids contents, Fe concentration, total phenol, total flavonoids and anthocyanin
contents were measured.

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
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Results

The obtained results in the current study indicated that the application of PGPB on lettuce caused significant
increase in growth, photosynthetic pigments and iron concentration. The maximum growth rate and photosynthetic
pigments content was observed in combined four bacteria treatment, so that, an increase of 388.2% chlorophyll a,
439.8% chlorophyll b, 398.3% total chlorophyll, 246.3% carotenoids contents, 42.6% plant fresh weight and 22.2%
number of leaves was obtained compared to control plants. Plant Growth-Promoting Bacteria (PGPB) can enhance
growth and development of plants. PGPB have direct and indirect influences on plant growth process. The
immediate promation of growth involves either supplying the plant with a compound produced by the bacteria, i.e.,
phytohormones, or promoting certain nutrient uptake from the setting. Whereas, the indirect plant growth promotion
happens when PGPB decreases or prevents the deleterious impacts of one or more phytopathogenic species. Plants
inoculated with PGPB showed higher leaf iron concentration compared to control plant. Thus inoculation with
combined four bacteria induced a 26.2 % increase of lettuce leaves iron concentration. The obtained results in the
current study revealed that the inoculation with PGPB significant decreased the total phenol, flavonoid and
anthocyanin contents. The maximum content of phenol (483 pg g*FW), flavonoid (188.1 pg g*FW) and
anthocyanin (27.5 umol g*FW) were observed in control plants compared to treated plants.

Conclusion
According to the results of this research, the use of PGPB in the hydroculture system, on the one hand, led to a
significant increase in iron absorption, the synthesis of photosynthetic pigments, and subsequently promote growth
and increases lettuce yield. On the other hand, due to facilitating the growth conditions and increasing the absorption
of nutrients for the host plants as a result of inoculation with PGPB, led to a decreases of phenolic compounds
including total phenal, total flavonoid and anthocyanin contents.

Keywords: Anthocyanin, Hydroponics, Iron, PGPR, Phenolic compounds
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Table 1- The concentration of cations and anions of the used water (mg.I'!)

EC

pH o e Ol OlSe bad Lo el 2l ey o
-1 M
(ds.m™) Magnesium Nitrates HCO3" Chlorides S04 Calcium Fe Potassium Sodium
7.2 0.18 225 24 12 4.2 88.3 0.99 0.09 0.1 1.3

(55 32 @5 Sluo) 03Liius! 390 (1SS Jglomo (Jg2 S 5 -V Jgo
Table 2- The ionic composition of the studied nutrient solution (mg.1"")
NOsz S04 H2PO4 K* Ca*? Mg*? NH4*
651 147 735 175.5 120 36 135
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Table 3- ANOVA for the effect of plant growth promoting rhizobacteria application on the photosynthetic
pigments of lettuce cv. ‘New Red Fire’

) Olazyo (ule
Ol pts 2alio 83l as Mean squares
Sources of variation Df a Judg,is b Jubg,is JS Judg 5 Apgiig,ls
Chlorophyll a Chlorophyll b Total chlorophyli Carotenoids
o 5 0.31** 0.02** 0.51** 0.03**
Treatment

s 12 0.001 0.001 0.002 0.000
Error

Sl o 9.96 10.31 9.81 8.23

C.V (%)

oy N Jleis] mdaw 3 (g)ld pxe ¥
=*: Significance at the 1% of probability level
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Figure 1- The effect of plant growth promoting rhizobacteria application on the photosynthetic pigments
Chlorophyll a (A), Chlorophyll b (B), Total chlorophyll (C), and Carotenoids (D) of lettuce cv. ‘New Red Fire’. Psp: Ps. putida,

Pan: Pantoea agglomerans, Psk: Ps. koreensis, Psv: Ps. vancouverensis, Mb: Ps. putida + Pantoea agglomerans + Ps. koreensis +
Ps. vancouverensis. (DMRT, p<0.05)
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Figure 2- The effect of plant growth promoting rhizobacteria application on Fe concentration in aerial organs of lettuce cv.
‘New Red Fire’
Psp: Ps. putida, Pan: pantoea agglomerans, Psk: Ps. koreensis, Psv: Ps. vancouverensis, Mb: Ps. putida + pantoea agglomerans +
Ps. koreensis + Ps. vancouverensis. (DMRT, p<0.05)
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Table 4- ANOVA for the effect of plant growth promoting rhizobacteria application on some physiological and
morphological traits of lettuce cv. ‘New Red Fire’

. s . 4} b .. rty -
"S"”“” @L: : i Mean of squares
ources 0 33 P R - - e N - T
variation de) o2l Olewgi] LR P09 Sy 3l g S5 sgigdls
Fe Anthocyanin  Shoot fresh weight  Leaf number  Total phenol  flavonoids Total
et 5 3.05** 185.42** 166.06** 5.33™ 61637.42** 4723.65**
Treatment
s
12 0.17 0.46 2.44 130.33 16.39
Error
e - 1.83 14.78 2.17 13.08 6.73
C.V (%)
dioyd N Jlain] paws 55 (5 xe g (5)15 gixe pae sy FF S

ns, == : Non-significant and significant at the 1% of probability level, respectively.
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Figure 3- The effect of plant growth promoting rhizobacteria application on the shoot fresh weight and leaf number of lettuce
cv. ‘New Red Fire’

Psp: Ps. putida, Pan: pantoea agglomerans, Psk: Ps. koreensis, Psv: Ps. vancouverensis, Mb: Ps. putida + pantoea agglomerans +
Ps. koreensis + Ps. vancouverensis. (DMRT, p<0.05)
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Figure 4- The effect of plant growth promoting rhizobacteria application on total phenol and total flavonoids content of
lettuce cv. ‘New Red Fire’

Psp: Ps. putida, Pan: pantoea agglomerans, Psk: Ps. koreensis, Psv: Ps. vancouverensis, Mb: Ps. putida + pantoea agglomerans +
Ps. koreensis + Ps. vancouverensis. (DMRT, p<0.05)
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Figure 5- The effect of plant growth promoting rhizobacteria application on anthocyanin content of lettuce cv. ‘New Red
Fire’
Psp: Ps. putida, Pan: pantoea agglomerans, Psk: Ps. koreensis, Psv: Ps. vancouverensis, Mb: Ps. putida + pantoea agglomerans +
Ps. koreensis + Ps. vancouverensis. (DMRT, p<0.05)
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Introduction
Pear (Pyrus communis L.) is a cold-climate fruit tree belonging to the Rosaceae family, and it is native to
Western Asia and Eastern Europe. Fire blight disease is caused by the gram-negative bacterium Erwinia amylovora,
and it is considered one of the most damaging and harmful diseases in pome fruit trees in cold and temperate regions
worldwide. The most sensitive plant organ in pome fruit trees to this disease is flowers. Fire blight disease has five
important stages, from initial infection to the final death of the tree trunk. These five stages include blossom blight,
fruit blight, leaf blight, main branches, and trunk blight, and finally, root blight. The first and most important stage
of pathogenicity in fire blight disease begins in early spring under high humidity, causing the burning and death of

the flower.

Materials and Methods

The Rootstock used in this experiment were Dargazi and Pyrodwarf, and the cultivars studied were Koshia and
Dargazi. The experiment was conducted in two conditions, orchard and greenhouse. In the orchard, a factorial
experiment was carried out in a completely randomized block design with five repetitions. The factors studied were
Rootstocks (Dargazi and Pyrodwarf) and cultivars (Koshia and Dargazi). In the greenhouse, a factorial experiment
was carried out in a completely randomized design with three repetitions. The factors studied were Rootstocks
(Dargazi and Pyrodwarf) and cultivars (Dargazi and Kosha). Gardner scale was used to measure the severity of fire
blight infection. In addition, the levels of sucrose, sorbitol, and pH in leaf tissue were measured. The sucrose content
in the leaf tissue of Koshia/Pyrodwarf Rootstock increased from day 0 to 6 and reached its highest level (10%) on
the 6th day, then decreased to 5% on the 12th day. In the Dargazi/Pyrodwarf base, sucrose levels increased from day
0 to 6 and reached its highest level (8%) on the 6th day, then decreased to 5% on the 12th day. In the
Dargazi/Dargazi base, sucrose levels increased from day 0 to 6 and reached its highest level (7%) on the 6th day,
then decreased to 4% on the 12th day. The sorbitol content in the leaf tissue of Koshia/Pyrodwarf base increased
from day O to 6 and reached its highest level (2%) on the 6th day, then decreased to 1% on the 12th day. In the
Dargazi/Pyrodwarf Rootstock, sorbitol levels increased from day 0 to 6 and reached its highest level (1.5%) on the
6th day, then decreased to 1% on the 12th day. In the Dargazi/Dargazi Rootstock, sorbitol levels increased from day
0 to 6 and reached its highest level (1%) on the 6th day, then decreased to 0.5% on the 12th day. On the other hand,
the pH of the leaf tissue in the Dargazi/Pyrodwarf base remained constant at 6.2 from day 0 to 12 and increased to
7.4 on the 12th day.
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Results and Discussion

The rootstock used in this experiment were Dargazi and Pyrodwarf, and the cultivars studied were Koshia and
Dargazi. The experiment was conducted in two conditions, orchard and greenhouse. In the orchard, a factorial
experiment was carried out in a completely randomized block design with five repetitions. The factors studied were
rootstocks (Dargazi and Pyrodwarf) and cultivars (Koshia and Dargazi). In the greenhouse, a factorial experiment
was carried out in a completely randomized design with three repetitions. The factors studied were Rootstocks
(Dargazi and Pyrodwarf) and cultivars (Dargazi and Koshia). Gardner scale was used to measure the severity of fire
blight infection. In addition, the levels of sucrose, sorbitol, and pH in leaf tissue were measured. The sucrose content
in the leaf tissue of Koshia/Pyrodwarf Rootstocks increased from day 0 to 6 and reached its highest level (10%) on
the 6th day, then decreased to 5% on the 12th day. In the Dargazi/Pyrodwarf Rootstock, sucrose levels increased
from day 0 to 6 and reached its highest level (8%) on the 6th day, then decreased to 5% on the 12th day. In the
Dargazi/Dargazi Rootstock, sucrose levels increased from day 0 to 6 and reached its highest level (7%) on the 6th
day, then decreased to 4% on the 12th day. The sorbitol content in the leaf tissue of Koshia/Pyrodwarf Rootstock
increased from day 0 to 6 and reached its highest level (2%) on the 6th day, then decreased to 1% on the 12th day. In
the Dargazi/Pyrodwarf Rootstock, sorbitol levels increased from day O to 6 and reached its highest level (1.5%) on
the 6th day, then decreased to 1% on the 12th day. In the Dargazi/Dargazi Rootstock, sorbitol levels increased from
day 0 to 6 and reached its highest level (1%) on the 6th day, then decreased to 0.5% on the 12th day. On the other
hand, the pH of the leaf tissue in the Dargazi/Pyrodwarf Rootstock remained constant at 6.2 from day 0 to 12 and
increased to 7.4 on the 12th day. The collected data from both orchard and greenhouse experiments were analyzed to
determine the effects of Rootstock and cultivar on fire blight resistance.

Conclusion
The results showed that the combination of Koshia/Dargaz had higher resistance to fire blight compared to
Koshia/Pyrodwarf. Additionally, the pH and carbohydrate content in the leaf tissue of the rootstock affected the
growth and proliferation of fire blight bacteria. This study demonstrated varying levels of resistance to fire blight
among the studied combinations, indicating significant potential for breeding and improving pear resistance to this
disease. The Dargazi cultivar exhibited very high resistance to fire blight in both orchard and greenhouse conditions.
Overall, the resistance of the Dargazi rootstock contributed to the resistance of the sensitive Koshia cultivar.

Keywords: Cultivar, Fire blight disease, Gardner scale, Rootstock, USDA system
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Figure 1- Visual examination of disease contamination in leaves and branches of trees in orchards based on the USDA system
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Table 2- Descending grading of 10 groups of fire blight damage severity in the USDA system (Oitto et al., 1970)

] JLIRWY RIRNPS} 59,5
Fire blight intensity Definitions Group
0 CE )3 (59 y Sl WM b pae 10

Absence of fire blight symptoms on the tree
ol Juad sddls (g9 p b (g )lon WMo H00k>

1-3
The appearance of disease symptoms only on the branches of the current season
4-6 Ao ¥V B slaoge 9y » @ b A
Symptoms appear on 1-2 year old wood
7-12 C"&)‘) dup VA LS\A’ 9 Ao \-v LSLQ’U? SR WjM‘c )9‘e<1é 7
Symptoms appear on 1-3-year-old wood and above the upper 1.8 of the tree
13-25 C"&)‘) Lf'uﬁ VY LS\A’ 9 Al Y-v LSLQ’U? SR WjM‘c )9‘&19
Symptoms appear on 2-3-year-old wood and above the upper 1.4 of the tree
26-50 <30 GBB VY 59y p gl ¥ slacgr 59 p wiMe 5ol 5
Symptoms appear on 3-year-old wood and on the upper 1.2 of the tree
Symptoms appear on older wood and lower 1.2 of the tree
Symptoms appear on older wood and lower 1.4 of the tree
89-99 C‘&)‘E 45 89y f"jM" )94(5 2
The appearance of symptoms on the trunk of the tree
100 <22 JolS 5o 1

Complete death of the tree
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Table 3- GRIN five scoring system and reaction groups against fire blight disease (Thomas & Jones, 1992)
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Concept (group) GRIN code Average pollution intensity group
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Semi resistant
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Intermediate
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Semi-sensitive
ol 5 0-5

Very sensitive
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Figure 2- (a,b) The method of injecting the pathogen, Erwinia amylovora (c) The conditions of pear seedling maintaining and
inducing disease to the plants in the greenhouse with the humidity
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Table 3—- Gardner's scale for determining blight sensitivity of pear seedlings (Sahin et al., 2020)

Comlus mhaw sl Sy 0 Codb oy
Sensitivity level The percentage of blight in the air sector
polie )l 0-10
Very resistant
pokis 11-30
Resistant
ol b 31-50
Relatively sensitive
ool 51-90
Sensitive
u“L“&)Lzue

o 91-100
Very sensitive

IS 6y 90 (Fagl ol y glitie (Bl ST (Olas o (ko) (il @325 —€ Jga
Table 4- ANOVA (mean square) for the effect of different rootstocks on the
contamination intensity of two pear cultivars

CAJOVES I WIS RSN Sol wad
Sources of change Degree of freedom Intensity of pollution
Ssh 4 0.006"
Block
) 1 16.20%*
Cultivar
b 1 454
Rootstock
Abx o8,
) 1 12.80**
RootstockxCultivar
ool sl 16 0.29

Experimental error
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Table 5- The contamination intensity of grafted pear cultivars in the USDA system
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Figure 3- Initial and final symptoms of the disease in the pear tree branches. (a) initial discoloration, (b) browning, (c)
complete blight
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Table 6- ANOVA (mean squares) for the effect of different pear rootstock
and cultivars on the blight percentage in four time stages after contamination
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Figure 4-Total sugars of sucrose + sorbitol of different pear grafted combinations over time
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Figure 5- pH changes of leaf tissues of different pear grafting combinations over time
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Introduction and Objective

The garlic (Allium sativum) is a plant that is known all over the world as a food additive or flavoring and also
because of its medicinal properties. Garlic is chemically diverse, and many compounds have been extracted and
tested from it, including Allicin, diallyl sulfides, and ajoene, which are probably the most studied compounds in
garlic. Garlic has antibacterial activity, cardiovascular effect, stimulation of the immune system and also has an
effect on cancer. Therefore, given the statistics on rainfall and the excessive extraction pressure on underground
water sources, large-scale research on drought in agriculture is essential. Drought is a significant limiting factor in
agricultural production, preventing maximum plant yield. Thus, comparing performance in various environmental
conditions (stressed and non-stressed) and selecting cultivars under such conditions can help evaluate their
resistance to stress. Drought and water limitation are among the most important problems affecting the agricultural
sector to increase the efficiency and optimal production of crops in the world, including Iran. Successful crossing of
land requires research and applied research in this sector. But few studies have been performed in connection with
garlic medicinal plant. Therefore, the present study was designed and implemented with the aim of investigating
yeild indicators in two environmental conditions (environment with supplemental irrigation and dry environment) in
garlic plant with the help of drought tolerance indicators.

Materials and Methods

In this research, in order to investigate the genetic diversity of garlic ecotypes, sieve and to identify resistant
ecotypes in dry land, 6 garlic ecotypes with the arrangement of randomized complete blocks design with three
replications in the crop year 2023 in two stress environmental conditions drought and without drought stress was
designed and implemented in the educational-research farm of Payame Noor University in Asadabad. The studied
drought tolerance indices are: yield index (Y1), stress tolerance index (STI), harmonic mean index (HAM), average
productivity index (MP), yield stability index (YSI), sensitivity index to stress (SSI) and tolerance index (TOL) were
based on the economic yield of garlic in two environmental conditions of drought stress and without drought stress.
Correlation was calculated between tolerance indices and yield under drought stress conditions and supplementary
irrigation conditions, and based on the analysis of these correlations, tolerance indices were selected and the most
appropriate indices were selected in both environmental conditions, including drought stress conditions and
supplementary irrigation that had a good correlation with yield were selected. Finally, after identifying the most
favorable indicators, a three-dimensional statistical graph was used to determine drought-tolerant cultivars with high
yield in both environmental conditions, in which the yield in supplementary irrigation conditions on the X-axis, the
yield in stress conditions (rain) was shown on the Z-axis and one of the above-mentioned selected indicators on the
Y-axis. To show the relationship between three variables and distinguish group A from other groups (B, C and D) as
well as the usefulness of the mentioned index as a criterion for selecting cultivars with high yield and tolerance to
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drought, X-Z level by drawing cross lines to four groups A, B, C and D were divided and because in a three-
dimensional diagram only the relationship between three variables can be evaluated, to study more than three
variables at the same time, bi-plot diagrammatic display based on analyzes Multi-variables were drawn with the help
of the digit-index data matrix to determine the relationships between digits and drought tolerance indices in a single
image. Before performing data analysis, the presence of outliers was checked. Statistical analysis of the data was
done using Minitab version 15 and SPSS version 26.

Results and Discussion

Based on the results of analysis of variance, the yield index in normal humidity conditions and the yield index in
drought stress conditions were significant at the probability level of one percent (P<1%). In this study, STI, SSI,
MP, GMP, HAM, Y1, YSI, DI and STS indicators were significant at the probability level of one percent (P<1%),
which indicates the diversity among ecotypes. garlic in terms of the studied indicators. Based on the decomposition
into main components for drought tolerance indices, both the first and second components justify 94% of the
changes. According to the correlation table, the correlation between yield in normal humidity conditions (Yp) with
yield traits in drought stress conditions (Ys) and MP, GMP, HAM, Y1, ATI, YSI and STS indicators has a positive
and significant correlation. be in the bi-plot diagram, ecotypes Bahar2 and Soolan are located near STI, ATI, GMP
and MP indicators, which are indicators of drought tolerance. These two ecotypes (Bahar2 and Soolan) are also
located in they were placed in the first group, so it can be concluded that according to the biplot diagram, these
ecotypes were desirable and indicative ecotypes. Based on cluster analysis, ecotypes are classified into two
statistical groups, the first group includes ecotypes Maryanaj, Baharl and Emam zadeh koh (Toeejin), and the
second group includes ecotypes Bahar2 and Soolan and Asadabad. Ecotypes with lower yield are placed in the first
group and ecotypes with higher and more suitable yield are placed in the second group.

Conclusion
Based on all the statistical analyses used in the research, the Bahar2 and Soolan ecotypes had the highest
biomass yield. The overall results of this research indicated the very important and useful role of drought tolerance
indices in differentiating the studied ecotypes.

Keywords: Bi-plot, Drought tolerance indicators, Supplementary irrigation, Yield
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Table 1- Different ecotypes of studied garlic plants

) g1 o Gy, i ST o
Row Ecotype name Row Ecotype name
1 @by Vs
Maryanaj Soolan
2 Voke RAIW
Bahar 2 Asadabad
Y ke (o35 095 o3ljplel
3 e
Emam zadeh koh
Bahar 1
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Table 2- Drought tolerant indicators for studied ecotypes of garlic plants

Stress Susceptibility Index (SSI) 1-(Ys/Ye)
@) Jod bl TOL =Yp - Vs
Stress Tolerance (TOL)
(3) $)90 1% L).S"L:"’ LPL:’ MP = YS +YP
Mean Productivity (MP) 2
(4) u&JJ&quﬁ Srlzwﬂ'p
Stress Tolerance Index (STI) ur
) 6390 R (st (ke adls GMF = ,/{¥s 2 ¥p)
Geometric Mean Productivity (GMP)
©) Soigo)lb 1Sho (adlis HMP = 2
Harmonic Index i
(7) '))SL"; ubu‘ = E
Yield Index (Y1) ¥s
®) G5 g bl cos ably s (A5 4 Jeos sl I(EI‘I:(EFFXE.'I'I
Modified Stress Tolerance Index in Without Drought Stress ! (npe
Modified Stress Tolerance Index in Drought Stress ‘ (‘%.}‘E
(10) S 4 Sl a3l DI=Y: x 5
Drought Resistance Index
e e e ars Y — ¥
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(Abiotic-stress Tolerance Index (ATI)) T
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Yield Stability Index (YSI) Tp
(13) S Joos (mdjlial jadls STS=GMPstd+STIstd+HMPstd+MPstd-TOLstd—

(Stress Tolerance Score (STS))

SSistd-bstd

D5 sy g Sutd i el baalyd p0 0,Shes (b Sl a5 S To P Ty (Suid i sl g (Sutd i ooy baalyd p0 4 3,Slee ot YS 4 YP

Yp and Ys are the grain yield in the conditions without drought stress and with drought stress, respectively, and Yp and Y are the
average yield in the conditions without drought stress and with drought stress, respectively.

o 015 axllne 3,50 Cilien (S ST« sz pons 9o —) JSU
Figure 1- The cloves of different studies ecotypes of garlic plants
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Table 3- The amount of monthly rainfall (in mm) in the research location
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Year 2023 February 2023 March 2023 April 2023 May 2023 June

1401-1402

2022-2023 43.3 55.7 61.2 28.9 0
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Table 3- ANOVA for the yield under drought stress and non-drought stress conditions and drought tolerance indices for the
garlic ecotypes

Ol giio (93151 a2 ©lapo (ake
Source of Degree of Mean of Squares
variation freedom YP YS STI TOL SSI MP GMP
)l_’x . 2 44.39 47.27 1.624 0.167 0.009 45,789 46.015
Replication
s 5 580.653**  600.305%*  LSE* 09" 054"  504754%  597.388%
Ecotype
b 10 28.985 23.303 1.154 1.367 0.007 25.802 25.71
Error
4.04 4, 21 A . 4. 4.07
CVY%) 0 08 0 0.158 0.038 06 0
HAM Yl ATI YSI DI STS
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wﬁf‘ K%k *% "
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Ecotype 0.007 0.010 2436.851
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4, 2 11.72 .01 .01 .22
CVY%) 09 0.29 0.013 0.016 8

NS &g ™™ hoyd ) g aio)d O Jlainl glaw )5 45 ixe g 4l xe pué i ay
ns, *and**, Non-significant and significant at the 5% and 1% of probability levels respectively.
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Figure 1- Selection of drought tolerant ecotypes of garlic plant using Stress Tolerance Index (STI) and Geometric Mean
Productivity (GMP)
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Introduction

Ginger (Zingiber officinale) is a perennial and monocotyledonous medicinal and spice plant, whose rhizome,
essential oil and extract are of interest, and this plant has wide uses in various industries. The origin of ginger is
Southeast Asia and possibly India. This plant is mainly cultivated as an annual and the rhizome or the underground
stem is the used part. It should be noted that the use of biological fertilizers can improve the growth and yield of
plants and is also the most natural and best way to keep soil systems healthy. In addition, benefiting from natural
solutions instead of using chemicals reduces pollution and destruction of biological resources. The use of Arbuscular
mycorrhizal and Trichoderma fungi can leads to a reduction in the consumption of fertilizers and fungicides and an
increase in yield, and also reduces production costs and is compatible with environmental principles. Therefore, the
main purpose of this study was to investigate the effects of Trichoderma harizanum, mycorrhiza (Glomus
etunicatum and G. fasciculatum) and the combined treatment of fungi (G. etunicatum + T. harizanum, G.
fasciculitum + T. harizanum) on the growth parameters, rhizome yield and active substances of ginger.

Materials and Methods

This research was conducted as a factorial experiment based on a completely random design in the research
greenhouse of the Faculty of Agriculture, Tarbiat Modares University. The rhizomes were transferred to the
greenhouse and cultivated in pots with amended soil. These plants were inoculated with Trichoderma (T.
harizanum), Mycorrhiza (G. etunicatum and G. fasciculatum) and combined treatment of fungi (G. etunicatum + T.
harizanum, G. fasciculatum + T. harizanum). During the growing season and harvesting, the morphological
characteristics and rhizomes yield were evaluated, and then the essential oil content and composition, the amount of
fiber and the color of the rhizomes and precisely. The effect of treatments on ginger stem traits contains: Stem Fresh
Weight (g), Stem Dry Weight (g), Number of Stems and Stem Length (cm), Leaf Traits contains: Leaf Dry Weight
(9), Leaf Fresh Weight (g), Number of Leafs, Greenness Index, Rhizome Traits contains: Rhizome Dry Weight (g),
Rhizome Fresh Weight (g), Darkness/Lightnees Indicator, Yellow/Blue Indicator, Rhizome Crude Fiber (%),
Essential oil Traits contains: Essential oil Percentage, Essential oil Yield were investigated. Abbreviation of
treatments include contains: Control, M1 (G. fasciculatum), M2 (G. etunicatum), T1 (T. harizanum), M1T1 (G.
fasciculitum + T. harizanum) and M2T1 (G. etunicatum + T. harizanum).

Results and Discussion
The results showed that the inoculation with G. etunicatum had the highest value of stem length (35.68 cm),
fresh and dry weight of the stem (22 and 10.2 g), Spad index (18.17), fresh and dry weight of leaves (34.46 and 8.96
g), number of leaves (9.46) and fiber content of rhizome (4.28%). Also, the highest number of stems,

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
= 4.0 International License (CC BY 4.0).
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darkness/brightness index and yellow/blue color index of rhizome were observed in the control treatment with
values of 7.16, 73.29 and 98.6 respectively. The highest fresh and dry weight of rhizome (35.5 and 5.2 g) were
observed in the inoculation with G. fasciculitum treatment and the highest percentage of essential oil (0.4) was
observed under the combined treatment of the inoculation with G. etunicatum. Camphene, 1,8-cineole, neral and
geranial were identified as the main compounds of essential oil and the amounts of these compounds in the
inoculation treatment with fungi were more than the control. In general, this research showed that the inoculation of
rhizomes with G. etunicatum resulted in achieving the desired growth characteristics, rhizome yield and active
substances in ginger. Camphene, 1,8-cineole, neral and geranial were identified as the main compounds of essential
oil and the amounts of these compounds in the inoculation treatment with fungi were more than the control.

Conclusion
In general, this research showed that the inoculation of rhizomes with G. etunicatum resulted in achieving the
desired growth characteristics, rhizome yield and active substances in ginger.

Keywords: Biofertilizer, Essential oil, Quality, Spice plant
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Table 1- Abbreviation of the treatments

Treatment Abbreviation
sl Control
Control
Fasciculatum
Etunicatum
_l‘)')?gi); T
Trichoderma
Lo 0655 i+ pa 1515 [
3959 5+ p il gl 15265 MLTL

Trichoderma+Fasciculatum

L35S i+ pgiSigl 1)50ke

. . M2T1
Trichoderma+Etunicatum
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Figure 1- Cultivation of ginger rhizomes in the main culture medium
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Figure 2- Ginger plants during their growth and harvest



Vo Sl oF ol FA Al (53,908 alio 3 pole) Ll pole 4y DOF

29> 1 0065l s 3l BT 50 g wiile (Bl el

eilpes o By b Jlwws gilp b gl gy g eas s
P“?d‘ (\) J?‘)s )‘ odlil b 2 ul)m U g M Lg)_;o)’l.\j]
b8
(")

ol 51 dmr tigai iy — ey 1 dms inad g

HERNERWSIRES A TH
digai dulsl s

wledl o Slae g s ja

@) ofl slapgs) bl (il (9 (F59 oy oxiw sl
Ve p)liacsy <o b Jloms o515 b g ooy (b SosS wlikab
ool 3 jlato o 2 o Be+ olyon & g 0nd oy o 5l )5
Sylys) yoglS olKiws I edlatul b ol b pulaliy by, 4 g aiSu,
oo s glsel gl el (celo ¥ Gsed
Coles )3 9 45 g okl Cuwday (alls bl dagl gljcagh,
38des (6 Sojlul a3 dslone b puill (559 (S Moy
s ol Sid gig 3Sbes 3 Jles o pulul oy il
5 GBS OIS )3 05 s 3 Sdes g 38 0

bt (5132
cSys cls T8I0B Jio g5 Ul Sgileg)S olSiwd
yio Yo HP-5 gt Jgb .9 FID jlo,lSsl 0 jexe o Agilent
VO Sl B 4Y Culbus g e die /YT gt 3D b g
NS Bl a2 > YA B 7e 5l Gyl (s32y8eby 9 0391 yi09)Sue
slod 8,8 o Al 3 0,8 Bl (s 0 0 Lli8l e b
ﬁlﬁ )l.w)lfwj LsLob 9 .)I)ftfulw LS Y- ﬁl).g 33 Cound
Cepw b padn Jobs 55 g 00308 oulas o )3 Sl 4 p> YA-
3 okl 3)90 S yiia 5 lgiees adBd p oo VY oLy
céls TRACE MS Juo )5 Gl Sgilog,s olfiws )5
Tk o 4 od Jate Termoquest-Finnigan < i
i 5 g0 Yo Job L HP-5MS s 4 Quadrupole .,
Dy yiogySue /YD Slw B Cwbrs 5 e e /YO 3D
5 Sl Siatelip D g oIl Ve Jolae (nslisen (6551
GC olKuw> wils 30,5 dadze clod 5 Job 55 cepuo 5 g9
B e b anlio b pulel S plulid S el
5 Wiley Adams) oKuws abols 3 o)lubusl lus s L Sy
2 cilhs g g)bjl edlh dule icren o (Main library
(CB-C24) oy lagyySapd G0y Gk ) lie b

el Canddy s bl s cos

553258 § i) Glies

daddls sl 5 ey dy plodl aaiey cudld gy wlo A dgas 5l
g Bab hled Ab) w0 3290 slapgy 9 LS
gy § LSy daddle Sis 5 5 () cpSollul (pizren
Pl el b Jloms ol bwg (5 0 poiy 3Skes)
3 ool by (Siypew pasls o yiSlas | able glis)) )8 b
g Seilul (502, Minolta, Japan) Jue guwdis s o&iws

shs oo
X RS

wegae Pl B bppse dawg begh, )
A5 obj,l Color analyzer 58l b polas U1 § wlse
Sk clbad @ jles o lapgsy) Sl ool Tl slate oy
03> )5 (Caclos FA Cotods 33 ¥o (slod) ol 31> § 0l punndss
5 58b g 5 4y ol 51 gl 5 25 @B Sl g 9 005
ool Cawndds gLl Lpuwsr 9 3,5 Sy b p pSe o 5l
055 a5 s g 01 S L Ky s T Jl38lp 5
A dlome ]l (L) S5 5 alidgy 23U 5 (b)

PO LA
9 435 el Sk bbb & e pa lapg Sl el
o 9 08 o3l )8 (Cacbus A Sde 4y dmyd Fo slod) 9l 5D
b e 50 39 5 ai5uy Olaol 51 il 5§l (05 )6 5l
25 p90 3 PS5 S epylimed G o b o g3l 5l ealanl
5 o oSitalefl 4y g sy ol S5 g 0l b ey 00
s Gl oiwd pgase il dobl b e
5 o 55 g eplsmed o s b e 55 L oFibertec)
Soppilp ol Jlro (izman g 20)> VYD 35w Jslowo o]
2 s 0y 1B b s ol J31 g ud dtle 1o 2V /Y
b G oSiwd 51 g oud disy, Bgyls B ladiges ol
Dlbgx b 5D Lo pd VYO dgw b adds Yo Codedy o 228)5 1)3
“Bgd> Yo ooty s 9 085 Al sl Gl ol )y g W02
s Jlade Ol b e g Baudgr dopd VYO Sopalgutan L
i Helwd 31 g ond 2,1 ol jl ladiges ¢ 5 w9 o
4y We (glod) gl & s 9 Bigd S (g)lke b B S
J3Is dame oyl 5l a2y 5 aw g Bas Jate (cele ¥ e
b odasme gl (59 508 K35l a9 ond ool 8 g5l
diged uow g b (650l pylimey S cdd b Jluows 45l
Y Gdedy 2 S ol dx 0 B0 glod (3 g 0ud Jite 058 3 &



QBY i ol 0,550 Slgn 9 pgiey 0 5o 2 LoydeSy b g 1325950 Lo S ZHB 8 313l oy )50 g LS (Slgd)

li s Ko gadls olie L &S casl 1) (YANY)
2 o opl lise o ieS g 390 (6l gme MBI lyly (VA/Y)
b ks > Sy ol gt 3 WY L ol MITL g
(NFY) 10ls jlos b oS 15 sanlie ARS olie 4 M2TO
oS bl (B/R) M2TL jlog 5 cudlss oo sine M3
VEIES i 4 S 5 039 oV M2TO Jlags 35y 5y slass
M3 (p)S YAIDY) ald Jles b oS 535 caw |y 55
O Olie oS g cudlis wop 0 Jlunl waw 3 (gybine
b slos el 2 o9 2392 2,5 YF e 4 M2TL [l 55 o
b oS 3905 Jolo |y (p)5 ANF) S St 49 pYL M2TO
2o pd 0 Jlois] mdaw j3 (gl me M (p )5 V/YY) wals o
O lime & M2TL Jlo )3 Cado opl (lime cpyieS o cublss

{7 Jys2) 23 stalia 5

poxo b bl po wildio

gl Jl @ o pls Gubly aps jl Jeb mls
AUl 395 53 dne poiay i g 5 G p LepdgSey g lyeSile
0 Jlis! gmaw 3 gyl gme b Gliv opl o bz, bl
2 by g 13,55k slag B blie § paiiwe 31 .Cudld by
rl pogdle 39 I3 dne pony SOy sy 2 deyd B Jlein] o
eione S Lol 355 I3 g poiy b p Iysile g8 U
Mz a0y 0 Jlisl mow j0 bz, B Llae 51 5 bydeS 3
290 ol e @8 £ S pSle dmlie @l ulul g,
L 45 3900 3l 1y 5 339 eVl p S ¥O/0 LMITO oy caS
Ormed Gl gy dme BB (0,5 VYY) sals
Jes 29 28 VL M2TL 4 bgpe @ ol (jjg (58
L oS 5905 3Ll |y pojey S5 s oVl p,5 0/Y LMLTO
O peS Cmitrad (Cadld (gl bz BMB (2,5 ¥/AD) salis Hlos
Oty 290 )5 YIVY LMITL & bgyjo &0 i ooy i (g
Jloi & bgye (st pofay JFivdy) SOy parde 4 SYL polie
GBI (VYY) als jlagi b 45 390 VIFA Lyl 5 M2TO
o g0 MEe eSS g cuih doy B Jlis! pdaw (5 (gl e
Jiles porde 4 5VL g Cute polio 1 olls)5 (asli) b asls
290 AVIF Ll g M2TO jlas & bgaje (sl )5 ) & puidn
o B Jlas! pdaw 53 (gl sxe AMB] (ANF) salis jlas b a8
b ie oVl o5 F/YA L M2TO ey o) 1 ogdls 3

Sl Juloxs 5 4520

&y oizmen 9 SAS il I (ill v g 458 e
=l 9 A5 o3lisl EXCEl 1jala 5 5l 53 dbgapo (slylag05 s
S duaglio 1oy 8 o) ks 15 LSD yg0)] aluwsts Lo

e

=W
Sl s b g o Olds

B b a8 ol ol ey uibyly s 5l Job mbs
ol 4Bl Jsb 2 gl e 51 cnian g boy3gSe i g 1 psSele
2 103505 9 152)gSole B 8L cizmen 295yl e oS
Mass (o5 p oz, B blate 3l Lol 290yl sz 35 aBlw dlass (g9,
B 55U cpl p ogde gy 5 ine doyd B Jless] aws 4> 4Bl
blite S (Jg 395 )3 dne Bl St 5 G 59y 2 asSole
2B A opmen g b wop 0 Sl waw 3 bag )6
rops b Jlais] g 3 35 aBlo S5 5 5 oy 0 LopsSes
M2TO jlog ;o S ob ol ke dwslio guls g o bxe
0l jlog b 4 0 oanlie (je ks YO/SA) il Jsb oy
Blo Jsb oppieS 5 sl gl sine MBI (je ks YV/OY)
O b oAb (6803l e il Y/VE e 4 M2TL jlogs yo
0l jlog b a5 15 sanlie (V/-A) M2TO Jlog cow dblo slass
Hlow pd aBle ol (pyieS 5 cubll (o) gxe MBI (V/VF)
Gleto a8l 5 59 YL puizmen A odnlin (F/55) M2T1
(p5 VYY) sald jloas b & 59 (p)5 YY) M2TO o &,
Jlosi & bgye a8l 5 ()59 (oS 9 3 LS (6l dne SIS
o 3 35 @l KB 5 ouyide s (5 VEITY) MITL
(p5 W/5Y) ol Jlag b oS a5 smalie (5,5 V-/Y) M2TO
@ bgye dlo SUS )y (pyieS 9 20 LIS (6l dne SIS
(¥ J52) 352 5 #1V0) MLTL o

Spbbapole
B Bl @S o i wibyly a5l osel s 4 mls
ALl 395 Jlo e (Sijuw pa3ls 59y 2 L39S 9 h2)950le
Dg b pxe doyd O Jleis] maw 3 Caws ol 0 g, i
Ay bpgsey J1 Jy 398 g Syl 1jeole il
Dy bz doy O Jlis] maw o Cio cpl jo g B blie
9 5 Oig Say 2 e Jhlize Sy 12ysSole )8 b cpimen
35U Ll 3gr s gme dopd B Jleis] maw > Sy Sis
dulie s D95 Jbdee Sy S 5 5 (jy p Ly
S asld YL M2TO jlog oS ob ol ke



Vo Sl oF ol FA Al (53,988 alio 3 pole) L pole 425 OOA

L5 e b 45 391 Aoy +/FYD L M2TL jlag &y bgsye puilisl
Cald lop B Jleis! pdaw b dxe BME (1s)d +/VYD)
[-AY L MITO Jlas @ bgpe il dopd ()5S riomen
Jos 2 (Gl o 65 /4Y) bl 0Slee i g duo)d
M2TL b Jlog b b ine B3] 336 &S 05 ol T1 | rdls
g bl Hled b aS” ud sdalie M1 jlad ;o ol oy S 5 O

(0 Jsi) cusls (o) ine 3N MATL

Iy (s oisine M (8 BIYY) amls jlag L a8 cutls |, pls
¥ e L M2TL jlos 4 borys pls pusd e cyzyia 215 ol
(¥ Joiz) 292 25

ol o Slas g a0
osiiamne )*’L’ as ol s il g 4zl odel Cawdey W
Sy Moy 89 2 gyl blite Sl g LopdeS g 1 ysale )8
opd oy Yl g b pxe doyd O Jleinl maw o uslel S5

Juni; 4Bl 4 bgypo Slo 1 boy2950 5 9 1325950k Sz )8 3,18 1Y Jgs
Table 2- The effect of Mycorrhiza and Trichoderma fungi on ginger stem traits

Wl SWd (39

Lo aBlw 5 39 Adlw dlusd alw Job
: Stem dry
Treatments Stem fresh weight (g) weight () Number of stems  Stem length (cm)

Control 21.33% 9.67% 7.162 27.53®

M1 20.66 9® 6.332 3227®

M2 222 10.2@ 7.082 35.68°

T1 17.33% 8.9® 6.662 31.27%
M1T1 16.33" 6.75° 4932 28.91%®
M2T1 16.66° 6.98° 4662 20.76°

Al oo LSD (yg0jl (slue p doyd & Jlois] gaws )3 I3 ixe BMB] 392 g pie skimd )l aliie by y>
Similar letters indicate the absence of a significant difference at the 5% of probability level based on the LSD test.
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Table 3- The effect of Mycorrhiza and Trichoderma fungi on ginger leaf traits

Lo Sy S (59 Sy P ok S 2 dlani S pad LS
Treatments Leaf dry weight (g)  Leaf fresh weight (g) Number of leaf  Greenness index
Control 7.33® 28.53® 8.422 15,7
M1 5.9b 26° 8.332 17.10%
M2 9.462 34.46° 8.962 18.172
T1 7.4% 28 7.86%® 16®
M1T1 5.33°¢ 24.15°¢ 6.13° 11.07°
M2T1 5.2¢ 24 °¢ 5.9° 12.29°

Al o LSD (y90j] (sl p duoyd O Jlassl pdaws )3 I ime WS 3939 pie aims L5 aslive oy y>
Similar letters indicate the absence of a significant difference at the 5% of probability level based on the LSD test.
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Table 4- The effect of Mycorrhiza and Trichoderma fungi on ginger rhizome traits

byleg PRS0l ey P ok wealS oadle by asle e, b
Treatments Rhizome dry Rhizome fresh Darkness/Lightnees Yellow/Blue Rhizome crude
weight (g) weight (g) index index fiber (%)

Control 4852 31.032 73.292 98.62 4.22¢

M1 522 3554 68.18 ® 85 @ 4172

M2 4652 32822 71.48® 93.4 % 4282

T1 5.042 35.132 51.89¢ 60.2 ¢ 4122
M1T1 2770 17.03° 67.03° 775° 4,192
M2T1 2.95° 16" 59.3°¢ 66.4° 42

A3l o LSD (y905l (slus g duoyd O Jloinl aws )3 I3 xe M| g g pite oimd L5 alite by >
Similar letters indicate the absence of a significant difference at the 5% of probability level based on the LSD test.
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Table 5- The effect of Mycorrhiza and Trichoderma fungi on ginger essential oil traits

Ly ylows owlwl aoyd owbw! 3 Sles
Treatments Essential oil percentage Essential oil yield

Control 0.135¢ 0.04°¢

M1 0.094 f 0.03°¢

M2 0.1534 0.05°P

T1 0.198 ¢ 0.07@
M1T1 0.233° 0.04°¢
M2T1 0.425 2 0.06 &

A3l oo LSD (y905] (slius g doyd & Jloin] gaws )3 I3 xe M) g g piie okimd i aliio by >
Similar letters indicate the absence of a significant difference at the 5% of probability level based on the LSD test.
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Table 6- Frequency percentage of desired traits in applied Mycorrhiza and Trichoderma fungi treatments

Control M1 M2 T1 M1iT1 M2T1

s Jsb
Stem length (cm)

a8l dlawy
Number of stems

als 5 o
Stem fresh weight (g)
adlw S )9
Stem dry weight (g)

Greenness index

g?).g )‘JJJ
Number of leaf

Sp 5o
Leaf fresh weight (g)
Sy SIS 3
Leaf dry weight (g)
PRy X 0J9
Rhizome fresh weight (g)

Pos) S 03
Rhizome dry weight (g)

sy /Sy pasla
Darkness/Lightnees index

SNsys pasls
Yellow/Blue index

pojy P b
Rhizome crude fiber (%)

PRV W WESE
Essential oil percentage

bl 3,Skes

Essential oil yield

sllas Slas Slolyd asys

g . 92.85 78.57 92.85 78.57 21.42 21.42
Frequency percentage of desired traits

9 Cduo o Hlade i b )l e OS] 355 pie oind lis S0y (g yianS B sladils jlas 50 Cubo Hlide o b Silo ) ol ol
bl e Cuo yb lde oy yidio b I e NS 359 S0k b sladils
Black cells:the highest value of the attribute, gray cells : the absence of significant difference with the highest value of
each attribute, and white cells : the presence of significant difference with the highest value of each attribute.
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Introduction

In our country, walnut tree propagation is traditionally done through seed cultivation, often resulting in seed rot
and death due to fungal, bacterial, and viral contamination (MC Granahan et al., 1986; Driver & Kenyuki, 1984;
Saadat & Henry, 2002). The traditional method, in addition to low multiplication rates, leads to high variation in
resulting seedlings, potential loss of seedlings due to contamination, and reduced efficiency in subsequent stages
(Unit, 2012; Kaur et al., 2006). Previous research has mainly utilized concentrations of one milligram per liter of
benzyl adenine along with small amounts of indole butyric acid for Iranian walnut growth and enrichment
(Rodrigues, 1982; Revilla et al., 1989; Penuela, 1988; Mejzadeh et al., 2010, 1997; Amiri & Qaraati, 2012; Riosleal
et al., 2012). This research aims to build upon and optimize previous work, evaluating the effectiveness of different
concentrations of two growth regulators, benzyl aminopurine and adenine sulfate, on walnut plantlet regeneration
and growth traits in tissue culture.

Materials and Methods

This study was conducted to optimize the tissue culture protocol for the "Chandler" cultivar walnut and
determine the most suitable culture medium and hormonal composition for micropropagation. Lateral and terminal
buds from the current season's branches were sterilized and cultured in DKW medium containing 2 mg/liter of
benzyl adenine hormone and 100 mg/liter of indole butyric acid hormone, with polyvinyl pyrrolidine at one g/liter
and activated charcoal at 2 g. Two-factorial experiments were used to process and multiply the plant after the
establishment phase. The first factor was DKW culture medium containing five levels of adenine sulfate (0, 20, 40,
60, and 80 mg/liter), and the second factor was benzylaminopurine plant growth regulator with five hormonal levels
containing 0, 0.5, 1, 1.5, and 2 mg/liter in combination with 0.01 mg/liter of indole butyric acid hormone. DKW
base culture medium without any plant growth regulating substances was considered as control. After two months,
growth traits including plantlet weight, stem length, number of leaves, number of buds, and number of leaflets per
plantlet were measured in different culture media. The resulting data were statistically analyzed using SAS 9.1
software, and means were compared using Duncan's multiple range test with a five percent probability level.
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Results and Discussion

The analysis of variance showed that both plant growth regulators, benzyl aminopurine and adenine sulfate, had
a very significant effect at 1% probability level on plantlet weight, stem length, number of leaves, number of buds,
and number of leaflets. The interaction effect of benzyl aminopurine with adenine sulfate treatment on plantlet
weight and stem length was significant at the 1% probability level. However, the interaction effect of benzyl
aminopurine with adenine sulfate treatment on the number of leaves, number of buds, and number of leaflets was
not significant. The results indicated that an increase in the levels of growth regulators benzyl aminopurine and
adenine sulfate led to an increase in plantlet weight. The positive effects of increasing the levels of growth
regulating substances in increasing plantlet weight are likely due to their direct effect on nutrient absorption,
utilization, and the photosynthesis process. These results align with the research of Hatemzadeh et al. (2017) and
Saadat and Henrati (2002). The positive effects of higher concentrations of both growth regulators on the increase in
the number of sprouts and the lack of significant difference between the two high concentrations confirm that the
use of high levels does not exceed the economic threshold. It can be justified that in excessive and unconventional
concentrations, positive effectiveness is not achieved, but it can also impose more costs on the walnut tissue culture
program. The appropriate concentration of BAP and adenine sulfate increases the leaf surface through the effect on
cell divisions, resulting in receiving more light radiation and increasing the rate of photosynthesis. It seems that the
two growth regulating substances in the appropriate concentration intensified each other's effect, affecting the rate of
absorption and utilization of materials from photosynthesis, leading to an increase in the fresh and dry weight of the
seedling. This, in turn, leads to a decrease in the length of the reproduction period in the resulting seedlings and an
increase in the efficiency of the seedling production in walnut tissue culture.

Conclusion
The use of both studied growth regulators significantly increased plantlet weight, stem length, number of leaves,
number of buds, and number of leaflets compared to the control treatment. Plantlet growth was achieved with the
use of plant growth regulators, whereas no growth was observed in their absence. All assessed traits increased
significantly with the addition of plant growth regulators, with the highest trait values obtained through the
simultaneous use of benzylaminopurine and adenine sulfate.

Keywords: Growth traits, Plant growth regulators, Proliferation, Tissue culture
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Table 1- ANOVA for the effect of plant growth regulators on plantlet regeneration and growth traits of walnut cultivar

‘Chandler’
~ a3 oo oniile
Ol s 2alio i Means squares
Source of varitions ilbf) aals 49 aslw Job S g9 dlaxs &ilg> dlasi A8 g Slaxd
) Plantlet weight Stem length  Leaf number Bub number Leaflet number
Ol ki 4 1893.73** 1395 54** 14.61%* 19.44%* 487.96%*
BAP (B)
_Qw’w‘}"bl 4 654.01** 2111.77** 5.86** 7.99** 198.89**
Adenine Sulfate (AS)
Bx AS 16 28.72** 53.55** 0.15ns 0.41ns 198.89ns
e 50 7.44 9.29 0.53 0.59 7.55
Error
Sl e 9.16 7.95 25.55 21.28 18.35
C.V (%)

oy ) g0 Jleis] e j3 )b pixe ©glds g b gime Cglas 3939 pis iy ki g % NS
ns, *and **: Non-significant, and significant at 5% and 1% of probability levels, respectively
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Figure 1- The interaction effect of thediffrent levels of BAP xadenine sulfate on the plantlet weight of walnut cultivar
‘Chandler’ 8 weeks after cultivation (DMRT, p<0.05)
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Figure 2- The growth of walnut plantlets cultivar ‘Chandler’ in different benzyl aminopurine levels in 8 weeks after
cultivation
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Table 2- The interaction effect of the different levels of benzylaminopurine xadenine sulfate on the growing traits of walnut
plantlets cultivar ‘Chandler’

Ua o Sidgus 0] ol Ja 5 2l o9 Wlo Job  Spdlaw dlgs e ddy dlas
Treatments Adenine RSLY Plantlet weight ~ Stem length Leaf Bub Leaflet
Sulfat (mg.I'Y) AP (mg.IY) (9) (cm) number number number
1 0 0 0.00 p 0.00 n 0.00i 0.00 ij 0.00n
2 20 0 12.00 0 24.331m 1.00 hi 1.33j 12.00 mn
3 40 0 13.67 0 26.33j-m 1.33 ghi 1.67 hi 13.67 mn
4 60 0 16.33 no 28.33 jki 1.67 fgh 2.00 ghi 16.33 Im
5 80 0 27.00 h-k 30.331j 2.00 e-h 2.67 e-h 27.00 i-1
6 0 0.5 19.00 mn 22.00m 1.67 fgh 2.33f-i 19.00 jkI
7 20 0.5 25.00 jkI 33.67 hi 2.00 e-h 3.33c-f 25.00 g-k
8 40 0.5 24.33 ki 38.33fg 2.67cdef  3.67b-e 24.33 f-k
9 60 0.5 26.00 -1 42.67 ef 3.33 bed 4.33 abc 26.00 e-i
10 80 0.5 29.33 g-j 48.33 cd 3.33 bed 4.33 abc 29.33d-h
11 0 1 21.67Im 24.67 kim 2.00e-h 2.67e-h 21.67 kI
12 20 1 26.67 h-k 34.00 ghi 3.00 b-e 3.67 b-e 26.67 f-k
13 40 1 30.00 f-i 40.67 ef 3.33 bed 4.33 abc 30.00 f-j
14 60 1 32.33 efg 44.00 de 3.33 bed 4.00 bed 32.33d-h
15 80 1 34.33 def 51.33¢ 3.33 bed 4.67 ab 34.33 bed
16 0 15 25.67i-1 25.67 kim 2.33d-g 3.00d-g 25.67 hijk
17 20 15 30.67 fgh 35.67 gh 3.33 bed 4.00 bed 30.67 c-g
18 40 15 36.00 de 41.00 ef 3.67 abc 4.67 ab 36.00 b-e
19 60 15 41.00c 50.67 ¢ 4.00 a 4.67 ab 41.00 c-f
20 80 15 40.67c 61.67b 3.67 abc 4.65 ab 40.67 bc
21 0 2 33.00 efg 29.00 jk 3.00 b-e 4.00 bcd 33.00 f-j
22 20 2 38.00 cd 38.331g 3.67 abc 4.33 abc 38.00 bcd
23 40 2 45,67 b 47.33cd 4.00 a 3.67 b-e 45.67 bed
24 60 2 49.00 b 58.33b 4.00 ab 533a 49.00 b
25 80 2 57.67 a 70.00 a 4.67 a 533a 57.67a

05 L5 M 1o y3 O Jloss] s )3 (Sl (glarely Lin g0l wlil St gy b (slapSibio
Means with common letters did not show differences based on Duncan's multiple range test at the 5% of probability level.
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Figure 3- The interaction effect of the different levels of BAP xadenine sulfate on the plantlet length of walnut cultivar

‘Chandler’ 8 weeks after cultivation (DMRT, p<0.05)
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Figure 4- The leaf number of walnut cultivar ‘Chandler’ plantlet with different levels benzyl aminopurine (a) and adenine
sulfate (b) in 8 weeks after cultivation(DMRT, p<0.05)
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Figure 5- The bud number of the walnut cultivar ‘Chandler’plantlet with different levels of the benzyl aminopurine (a) and
adenine sulfate (b) in 8 weeks after cultivation (DMRT, p<0.05)
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Figure 6- The leaflet number in the walnut cultivar ‘Chandler’ plantlet in different levels of benzyl aminopurine (a) and
adenine sulfate (b) in 8 weeks after cultivation (DMRT, p<0.05)
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Figure 7- Rooted plantlets ofwalnut cultivar ‘Chandler’ in DKW medium containing 6 mg.l"! indole butyric acid
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Introduction

Melon (Cucumis melo L.) is a diploid plant with (2n = 2x = 24) chromosomes, dicotyledonous and annual, which
has been receiving lots of attention for its biological characteristics and economic value for a long time. Iran with
production of about 1.6 million tons per year ranks third in melon production in the world after China and Turkey.
Vascular wilt caused by the soil borne fungus Fusarium oxysporum f. sp. melonis is one of the most important
diseases causing damage to the melon plant. Due to the survival of this fungus in the form of chlamydospores in the
soil and plant debris its control has been a difficult challenge so that, the only way to deal with this disease is to use
resistant cultivars. The present study was conducted to characterize morphologically different melon cultivars with
varying levels of resistance against Fusarium vascular wilt. Furthermore, the presence pattern of two MRGH genes
belonging to the MRGH21 linkage group was tracked in the genome of the melon line, and their variations were
defined. Moreover, the potential for using these genes in gene-assisted selection was investigated.

Materials and Methods

Five different varieties of melon named Charentais T, Charentais Fom1, Charentais Fom2, BG-5384 and the
local cultivar Khatouni were grown under greenhouse conditions. Different characteristics of the plant, including
leaf shape, male flowers, female flowers and normal flowers, and after harvesting the fruits, fruit weight, fruit
diameter and length, diameter of flesh and middle cavity. The differentiation of resistant and sensitive cultivars was
investigated based on the evaluated morphological traits. Additionally, the presence patterns of resistance genes
were examined in the genomic data of the aforementioned melon cultivars. The genomic analysis of melons aimed
to locate the MRGH21 linkage group, which carries several resistance genes. The sequence of this linkage group
was tracked from two gene bank databases in NCBI and MELONOMICS database.

Results

Based on the obtained results, although it was possible to differentiate melon cultivars based on morphological
traits, but since the study of these traits in the evaluation of a large number of samples in selective studies is a very
time-consuming and costly task. Therefore, the presence pattern of resistance genes were analyzed in the genomic
data of different melon cultivars. The sequence between two genes MRGH12 and MRGH13 including MRGH21
linkage group as one of the linkage groups carrying a number of resistance genes on Ch09 chromosome was
retrieved form two gene bank databases in NCBI and MELONOMICS. Due to the presence of multiple point
mutations in the genomic data, the MRGH13 gene sequence was selected for investigation in melon cultivars.
Specific primers, PSh21-F/R, were designed to track part of this gene's sequence. The tracking results showed that a

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
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single specific band, corresponding to the expected size, could be detected in the cultivars Charentais Fom1 and BG-
5384. Sequence analysis using the InterPro network tool confirmed the possible role of the protein coded by the
MRGH13 gene. It was identified as a member of the protein family carrying leucine-rich repeat sequences,
including the TIR, NB-ARC, and LRR domains.

Discussion

Attaining suitable markers to distinguish melon cultivars resistant to Fusarium wilt disease can support the
development of breeding programs with higher accuracy and speed. The results of the present study showed that
based on the morphological traits such as leaf shape, the presence of full flowers, and the number of petals, some
differences can be observed between different melon cultivars, but the noteworthy point is that in selection programs
searching for these morphological traits will be a very time-consuming and expensive task due to the large number
of investigated samples. Therefore, if molecular markers related to the resistance trait are available, the efficiency of
breeding programs is expected to increase significantly. In the present study MRGH13 gene was selected to be
investigated for tracking in melon cultivars and specific primers were designed to track part of the sequence of this
gene. The tracking results showed that a single specific band could be detected in the cultivars Charentais Fom1 and
BG-5384. Biological processes related to MRGH13 protein in the QuickGO network tool showed its relevance in
the signaling pathway that regulates immune responses. In future studies, it is suggested to evaluate the ability to
distinguish resistant cultivars based on resistance genes, including the MRGH13 gene, in a larger number of
samples. Moreover, considering to the predicted functions of MRGH13 protein, more investigation on its interaction
with other resistance proteins as well as proteins of pathogenic agents can be useful for identification of its
functional role in resistance.

Keywords: Fusarium wilt disease of melon, Marker assisted selection, Nucleotide Binding Site—Leucine-Rich
Repeat (NBS-LRR) Genes, Plant disease resistance genes
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Figure 1- The leaf shape and lopes form in the five studied melon cultivars (fom left to right: ‘Khatooni’, ‘BG-5384°,
‘Charentais Fom2’, ‘Charentais Fom1’and ‘Charentais T’, respectively)
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Figure 2- The shape of male flower and perfrct flower in different studied melon cultivars
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Figure 3- Female flower (A) and six-petalled male flower (B) in melon cv. ‘Charentais Fom2’
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Figure 4- The Fruits type, longitudinal and transverse diameter of fruits, fruit surface nets, seed hole shape in standard
melon cultivars harboring resistance genes to Fusarium vascular wilt disease compared to the local ‘Khatooni’ cultivar
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Table 1- Fruit and seed characteristics of four standard melon cultivars with different resistance levels
against Fusarium wilt disease
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Melon cultivars

Fruit and seed characteristics

Charentais T Charentais F1 Charentais F2 BG-5384
o 09 288.5 +34.8 335.4 +56.1 361.5+51.2 1099.3 + 62.7
Fruit weight (g)
. DW b 17.2+1.6 184 +2.7 19.2+25 21.3+3.1
Fruit diameter (cm)
oxe ok 16.8+1.7 17.7+2.7 185+25 22.8+3.3
Fruit length (cm)
° S Colus
G _55 6.5+0.8 6.8+1.2 7+1.1 7.7+14
Flesh thickness (cm)
e 42402 48+03 5.2+03 5.6+0.4
Fruit cavity diameter (cm)
o 2e Ve Ly 1.3+0.02 16403 1.5+0.02 41+005

Weight of 10 seeds (g)

sl o &l 0ol dw o 1 SSlo 3kl (slas slaio 5 09N H ST dus & bgyye (slaodly lawgio #
*Average data of three replicates + the standard error of the average of all three data are presented.
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Figure 5- The sequence range of 1692592 to 1809952 bp on the genomic fragment with the retrieval number of

NW_007546318.1 and an approximate length of 117 kb including MRGH21 linkage group genes on the Melon reference
genome with the retrieval number of GCF_025177605.1 version number 102 released on October 13, 2022
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Figure 6- The sequence range of 686883 to 783580 bp from chromosome number Ch09 of Melon, retrieved from Melon
genomic data version V4.0
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Figure 7- (A) Schematic representation of MRGH13 gene position (MELO3C000335.2.1) in the sequence range of 779244 to
783550 and size of 4.34 kb on the chromosome number Chr09 in different varieties of melon drawn with Melon Genome
Browser (https://www. melonomics.net/melonomics.html#/jbrowse)

The blue dots represent point mutations identified in the genomic range of different melon varieties. (B) Schematic representation of
MRGH13 gene showing the position of exons, the annealing site of the designed specific primers, the amplifiable fragment of the
genomic content of melon cultivars and the location of domains identified by protein sequence analysis in the InterPro web tool.
https://www.ebi.ac.uk/interpro/).
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Figure 8- (A) DNA electrophoresis pattern extracted from melon cultivars, (B) Amplified PCR product with PSh21-F/R
specific primers. 1, 2, 3 and 4 are melon cultivars ‘Charentais T°, ‘Charentais Fom1’, ‘Charentais Fom2’ and ‘BG-5384°,
respectively. M represents 1kb DNA size marker.
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Figure 9- The result of MRGH13 protein sequence analysis using the InterPro web tool (https://www.ebi.ac.uk/interpro/)
showing the gene family, identified domains, large similar protein families and domains represent these families.


https://www.ebi.ac.uk/interpro/

VP 5ol

¥ ool YA wlor (((55,9LaS @rluo g pale) ltl pole 45l QAY

G0:0008150

biological
process

GO:0008987 GO: 0065007

biological
regulation

cellular
process

GO: 0050789
regulation of
biological
process

GO:0050896

response to

Process

[~ Function

stimulus

|
sa > E
Part af H
-
Regulates

Fositively regulates
=
Megatively I'EgLI'EItEE‘-_ B

C I

L
Go:0007154 W Go:.ooso794 W Go:oozzosz W Go:o0s1716 Occurs in
cell regulation of cellular -

communicatio cellular signaling response to Capable of
n process stimulus | | A feeecaiiiaaaiiaaas }-

GO:0007165

zignal

transduction

QuickGO - https:/fwww.ebi.ac.ukiQuickGo

InterPro GO a5l jd 48,5 you0 ow s 39 4 (wlwl s MRGHI3 (455951 (839 00 st b (cimnd 3 158 =Y+ LS
(https://www.ebi.ac.uk/QuickGO/GTerm?id=G0:0007165)

i o Lt Cilise s sloaild 50 |y g (515 51 (6o s 02 5 Loglas

Figure 10- Predicted biological process for MRGH13 protein based on the result obtained from InterPro GO database

(https://www.ebi.ac.uk/QuickGO/GTerm?id=G0O:0007165)
Drawing lines show the pathways of protein involved in different biological processes.

oewd e omed <y ¢ (NOD) 0aiiS yogSil > 5 NB

Sgbie oy N bl 3 juite o Sy 5" C sl
ol g oSey ol LS > (Maekawa et al., 2011)
TIR-NLRs 5 CC-NLRs _Lol 09,5 93 ;3 N bl Jgs

(Maekawa et al., 2011) K4 oo (gpumnds

oo <l ] sbayglsl o TLRS' (slaoss S 3 TIR (pe

o Job (S Glagutign » omed cnl Gl ol SR 29
Oey 0 0 (lrodlgilion wilen Wy o a8 Cuwl il oanlive
NADase cullsd oyl 5 305 NAD+ Jo,uid o JSlos slo
Cul Gy9pe LSl ply 3 Gl cloply cogdi sl
., Wang et al.,, 2019Bayless & Nishimura, 2020)

(Horsefield et al., 2019

3- Oligomerization Domain

4- C-terminal LRR domain

5- Coiled coil (CC)-NLRs

6 - Toll Interleukin-1 Receptor (TIR)-NLRs
7- Toll-Like Receptors

2059848 (pgy SBOS)I (e g pde () solaiedy

pll InterPro oL jo (iigy cpl Jlg MRGHI3 5 lawgs
W9LQA L;Lmu,.i.s”: 0.319:1> LY wf)sf U)I a5 .)9.0.) Jgg‘l) CJLA 9 S
s Glte (PTHR11017) g | 8 )5 o Iy Jol>
Jols 1y ko 09,3 il 0358 SlosiBis g edlsls ol .l
S iSew b ligslen slodslse joan $p6 &5 Ggd o
» (Wang et al., 2019) x> jasuis 1) b 5| Guie
J"""?" ‘)d)l“”” J‘"l}c' ot ")"c L’ fsliane Ls"l'“’l""" ‘um:f
Syo dlor jl (odaate £l slagol ub b cww JNLR
Slgi oo &5 B9 oo Conwlu 398 Gl b g o Jobw 023532500l
dgdme Cighs £yd e pled a4y S olS 1) (jgly drwy
5 LS e NLRs (sl g, (Dangletal., 2013) sl
oduscdadle d}f).o L;Lza(ﬁ.nb 41:..»54.3 g Mlwd J)...M ")I»}b

1- Leucine-Rich Repeat-Containing Protein
2- Nucleotide-binding (NB) Leucine-rich repeat (LRR)
Receptor


https://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0007165
https://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0007165

BAY .. wlaw wlwl » Fusarium oxysporum f. sp. melonis g8 1y ;o ¢yebo polie sl 3lei oyl )0 g 43 R oS

3yl s gyl Slaw jl (golasd wyp b addllas opl yo
Fusarium z,B oy 0 it Jeglie gglaw L oysle
(s09)l398 Sk Sylew Jele OXysporum f. sp. melonis
b jolaieds el Cundts a6l cpl 5l Ll g yals Chuogs
blon 4 Coglie @lio (LS Caa Ji¥se byl 4
o3l ;3 MRGH21 (sla )5 Jol> (650 09)5 05,5 0 55 ddlais
L MRGH13 5 by, 5 ool b 5 s plsl eg) sl
Pyl plo el olanl S5kl cas SOl ealid
i bge 1L SO S 9 L BG-5384 4 Charentais Fom1
s ol MRGHI13 (5 buwg 09535 g Jlg U]
slaly Jobs (aign ol | ggae plysa (WSen ol
3 NB-ARC TIR (slaped 0855 p)> cpawg) jl & 5),S5
ol alS ey e b iy slad S8 &5 wilb o LRR
36 MRGHI13 (15 L basije (s (sl ymano (yp A3
b bpe Glojely slayeae )3 Slgie (uSgn cnl & b ol
o Glogply GEB & 4 L sl Jiss olS By slogesl
Soo b ol psSeny lolid (ol ST cllllas plosl gy
Al e Cuglio 5 o S S )3 Wl e lo slogBig

&3 5wl
iRoR pre Coglee Sl A Y 2 n NS
ke sl (LS psle 0uSiimgfy Cupde g adie (g3 ol
Gimak ol ol B g LalSlel CUSel g0
el oo S s ol plodl dmog: Led iles (o)l
gl pyizme Coglas bawgi VARYA o)l )b &y il jolias]

sl 015 (300 Ao g0, 0Kl

s ol Jobs slayuiign > NB-ARC e
van der Biezen & Jones,) &S o ouas 1) Jolo S o (5)5l>
j99] pBep oy cwed cpl yldle (slawyp (1998
aw Job mes opl &5 cuslosly olis (Apaf-1') pb o sl
ke O s > adble S 4 & Cuol 00 glalong Y
4 AAA+ ATPase sl e )5 odlgls (Siig 5l a5 29 o0
b Ll 1y ATP b sl el eed ol 3gpi00 slod
o 3oyud 5 pwed oyl bawg ATP Jlasl oS cowl odd o i
ol e gie (6)bd e Glpus jop 4 Wl o TIR pod bawgs
S €8lys s gl S JSs 4 Wilge Ol
C ksl »» LRR (oo (Riedl et al., 2005) 595 gz
s sl g cwl ads )18 (alS NLR (sba g
4 &S Wlosd oS5 (glaiolapol Yo U Y+ Cadgo YO LY | e
Enkhbayar etal.,) 1,5 o Ll cul Jo b oS S IS
SIS Gl ) Bl Cle Ko dsgere (nl (2004
(Enkhbayar et al., 2004) yle oo w2lyd by JiiSon o

Jlisl MRGHI3 (55 b bye i cslasislp 501
e b biye Slojply e (pin b ooy ol b3
loyply oo doyuns pl 1S 0 Gl olS o 1y el
(GO:0002764) Ljk ojlos LY eyl clogewly oS oias
OiSamy L &S 2900 slod 4y (o)ltel Wl Sy el ]
Sy cdleb g 3 1) (et 5 05800 BT 0 pS L Jele S
9 d9dse ) (6K Cuws ol Bl b glojely RNA
e olS )3 (el ol S oo b g pols il Jlud 4 plol
Sl Sl e Sluyple yome L(Lanier, 2005) 5o o
e b g e (el yms I 500 LS, (GO:0009863) '(SA)
2 NS seysn o SA gey9n sl 05 8 yme MRGH13
Mol 3 (st 9 (mge Canglio Joli TolS S (il
o led 4 Jolo Spo g Colu 398 slagnly g (st Jelpe
- Ui 3555 b Mol s 93 ol (Ding & Ding, 2020) s,
=303 3,55 |y g Canl sabaio MRGHI3 59,5l 00 i
ol LIl 3 pgp (ol 53 0dd yasuin (sl

8 35 4o

1- Protease-activating factor 1

2- Immune Response-Regulating Signaling Pathway
3- Salicylic Acid Mediated Signaling Pathway

4- Plant Innate Immunity


https://www.ebi.ac.uk/QuickGO/term/GO:0002764
https://www.ebi.ac.uk/QuickGO/term/GO:0009863

Vo Sl ¥ olad FA Al (53,988 alio 3 pole) Ll pole 4yt DAY

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Abbaspour, N., & Shokouhifar, F. (2012a). Detection of resistance gene homologous in number of melon cultivars.
In: 12™ Iraninan Genetics Congeres. university of Shahid Beheshti international Hall, Tehran: Iranian Genetics
Society, 1-6.

Abbaspour, N., & Shokouhifar, F. (2012b). Detection, amplification and sequencing of a part of the MRGH21
gene in Khatuni melon. In: Third National Conference on Agricultural Biotechnology.

Ajuru, M.G., & Okoli, B.E. (2013). The morphological characterization of the melon species in the family
cucurbitaceae Juss., and their utilization in Nigeria. International Journal of Modern Botany, 3, 15-19.
https://doi/10.5923/j.ijmb.20130302.01

Alvarez, J.M., Gonzalez-Torres, R., Mallor, C., & Gémez-Guillamén, M.L. (2005). Potential sources of resistance
to  Fusarium  wilt and powdery mildew in  melons. HortScience, 40,  1657-1660.
https://doi.org/10.21273/HORTSCI.40.6.1657

Armstrong, G., & Armstrong, J. (1978). Formae speciales and races of Fusarium oxysporum causing wilts of the
cucurbitaceae. https://doi.org/10.1094/phyto-68-19

Bayless, A.M., & Nishimura, M.T. (2020). Enzymatic functions for Toll/interleukin-1 receptor domain proteins in
the plant immune system. Frontiers in Genetics, 11, 539. https://doi.org/10.3389/fgene.2020.00539

Benoit, F. (1974). The Fusarium problem in melon growing in Belgium and the relative value of certain
rootstocks. Tuinbouwerichten (Belgium), 38, 16-20.

Brotman, Y., Normantovich, M., Goldenberg, Z., Zvirin, Z., Kovalski, 1., Stovbun, N., Doniger, T., Bolger, A.M.,
Troadec, C., Bendahmane, A., & Cohen, R. (2013). Dual resistance of melon to Fusarium oxysporum races 0 and
2 and to Papaya ring-spot virus is controlled by a pair of head-to-head-oriented NB-LRR genes of unusual
architecture. Molecular Plant, 6, 235-238. https://doi.org/10.1093/mp/ssr096

Castanera, R., Ruggieri, V., Pujol, M., Garcia-Mas, J., & Casacuberta, J. M. (2020). An improved melon reference
genome with single-molecule sequencing uncovers a recent burst of transposable elements with potential impact
on genes. Frontiers in Plant Science, 10, 1815. https://doi.org/10.3389/fpls.2019.01815

Chenarani, Z., Shokouhifar, F., Mamarabadi, M., & Farrokhi, N. (2012). Study the effects of explant and medium
types in direct regeneration induction in melon (Cucumis melo L., cv. Khatooni). In: 12th Iranian Genetics
Congress. Tehran.

Chikh-Rouhou, H., Alvarez, J., & Gonzélez-Torres, R. (2007). Differential interaction between melon cultivars
and race 1.2 of Fusarium oxysporum f. sp. melonis. Communications in Agricultural and Applied Biological
Sciences, 72, 825-829.

Chikh-Rouhou, H., Gonzalez-Torres, R., Alvarez, J.M., & Oumouloud, A. (2010). Screening and morphological
characterization of melons for resistance to Fusarium oxysporum f. sp. melonis race 1.2. HortScience, 45, 1021-
1025. https://doi.org/10.21273/HORTSCI.45.7.1021

Chikh-Rouhou, H., Gonzéalez Torres, R., Alvarez, J., & Pitrat, M. (2008). Characterization of the resistance to
Fusarium oxysporum f. sp. melonis race 1.2 in Cucumis melo ‘BG-5384. In Cucurbitaceae 2008, Proceedings of
the IXth EUCARPIA meeting on genetics and breeding of Cucurbitaceae (Pitrat M, ed), INRA, Avignon (France).

Chilosi, G., Reda, R., Aleandri, M.P., Camele, 1., Altieri, L., Montuschi, C., Languasco, L., Rossi, V., Agosteo,
G.E., Macri, C., & Carlucci, A. (2008). Fungi associated with root rot and collapse of melon in Italy. EPPO
Bulletin, 38, 147-154. https://doi.org/10.1111/j.1365-2338.2008.01200.x

Chupp, C. (1930). Fusarium wilt of muskmelon. Plant Dissese Report, 14, 160.

Consortium, G.O. (2015). Gene ontology consortium: going forward. Nucleic Acids Research, 43, D1049-D1056.
https://doi.org/10.1093/nar/gkul1179

Dangl, J.L., Horvath, D.M., & Staskawicz, B.J. (2013). Pivoting the plant immune system from dissection to
deployment. Science, 341, 746-751. https://doi.org/10.1126/science.1236011

Deokar, A., Sagi, M., & Tar’an, B. (2019). Genome-wide SNP discovery for development of high-density genetic
map and QTL mapping of ascochyta blight resistance in chickpea (Cicer arietinum L.). Theoretical and Applied
Genetics, 132, 1861-1872. https://doi.org/10.1007/s00122-019-03322-3

Ding, P., & Ding, Y. (2020). Stories of salicylic acid: a plant defense hormone. Trends in Plant Science, 25, 549-
565. https://doi.org/10.1016/j.tplants.2020.01.004

Doyle, J.J., & Doyle, J.L. (1987). A rapid DNA isolation procedure for small quantities of fresh leaf tissue
Phytochemical Bulletin, 19(1), 11-15.

Enkhbayar, P., Kamiya, M., Osaki, M., Matsumoto, T., & Matsushima, N. (2004). Structural principles of
leucine-rich repeat (LRR) proteins. Proteins: Structure, Function, and Bioinformatics, 54, 394-403.
https://doi.org/10.1002/prot.20144

Food and agriculture organization of the United Nations, FAO. (2017). FAOSTAT database. FAO-ESS Rome,
Italy. http://www.fao.org/faostat


https://doi/10.5923/j.ijmb.20130302.01
https://doi.org/10.21273/HORTSCI.40.6.1657
https://doi.org/10.1094/phyto-68-19
https://doi.org/10.3389/fgene.2020.00539
https://doi.org/10.1093/mp/ssr096
https://doi.org/10.3389/fpls.2019.01815
https://doi.org/10.21273/HORTSCI.45.7.1021
https://doi.org/10.1111/j.1365-2338.2008.01200.x
https://doi.org/10.1093/nar/gku1179
https://doi.org/10.1126/science.1236011
https://doi.org/10.1007/s00122-019-03322-3
https://doi.org/10.1016/j.tplants.2020.01.004
https://doi.org/10.1002/prot.20144
http://www.fao.org/faostat

840

v wlio wlw! » Fusarium oxysporum f. sp. melonis z,6 yly ,o (el palie pl,1 3 lad coy ok o 48 298

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42,

43.

44,

Garcia-Mas, J., Benjak, A., Sanseverino, W., Bourgeois, M., Mir, G., Gonzélez, V.M., Hénaff, E., Camara, F.,
Cozzuto, L., Lowy, E., & Alioto, T. (2012). The genome of melon (Cucumis melo L.). Proceedings of the National
Academy of Sciences, 109, 11872-11877. https://doi.org/10.1073/pnas.12054151

Garcia-Mas, J., van Leeuwen, H., Monfort, A., de Vicente, M.C., Puigdomenech, P., & Arus, P. (2001). Cloning
and mapping of resistance gene homologues in  melon. Plant Science, 161, 165-172.
https://doi.org/10.1016/S0168-9452(01)00403-4

Gonzélez, V.M., Aventin, N., Centeno, E., & Puigdoménech, P. (2014). Interspecific and intraspecific gene
variability in a 1-Mb region containing the highest density of NBS-LRR genes found in the melon genome. BMC
Genomics, 15, 1131. https://doi.org/10.1186/1471-2164-15-1131

Herman, R., & Perl-Treves, R. (2007). Characterization and inheritance of a new source of resistance to Fusarium
oxysporum f. sp. melonis race 1.2 in Cucumis melo. Plant Disease, 91(9), 1180-1186.
https://doi.org/10.1094/PDIS-91-9-1180

Horsefield, S., Burdett, H., Zhang, X., Manik, M.K., Shi, Y., Chen, J., Qi, T., Gilley, J., Lai, J.S., Rank, M.X., &
Casey, L.W. (2019). NAD+ cleavage activity by animal and plant TIR domains in cell death pathways. Science,
365, 793-799. https://doi.org/10.1126/science.aax1911

IPGRI, (International Plant Genetic Resources Institute). (2003). Descriptors for melon (Cucumis melo L.). Rome,
Italy.

Islam, M.R., Hossain, M.R., Jesse, D.M.I., Jung, H.J., Kim, H.T., Park, J.I., & Nou, I.S. (2020) Characterization,
identification and expression profiling of genome-wide R-genes in melon and their putative roles in bacterial fruit
blotch resistance. BMC genetics, 21, 1-13. https://doi.org/10.1186/s12863-020-00885-9

Jiang, G.-L. (2013). Molecular markers and marker-assisted breeding in plants. Plant Breeding from Laboratories
to Fields, 3, 45-83. https://doi.org/10.1007/978-3-319-22521-0 15

Joobeur, T., King, J.J., Nolin, S.J., Thomas, C.E., & Dean, R.A. (2004). The fusarium wilt resistance locus Fom-2
of melon contains a single resistance gene with complex features. The Plant Journal, 39, 283-297.
https://doi.org/10.1111/j.1365-313x.2004.02134.x

Kantoglu, K.Y., Seger, E., Erzurum, K., Tutluer, I., Kunter, B., Peskircioglu, H., & Sagel, Z. (2010). Improving
tolerance to Fusarium oxysporum f. sp. melonis in melon using tissue culture and mutation techniques.
kurumsalarsiv.tenmak.gov.tr

Kourelis, J., & van der Hoorn, R.A.L. (2018). Defended to the nines: 25 years of resistance gene cloning identifies
nine mechanisms for R protein function. The Plant Cell, 30, 285-299. https://doi.org/10.1105/tpc.17.00579

Lanier, L.L. (2005). NK cell recognition. Annual Review of Immunology, 23, 225-274.
https://doi.org/10.1146/annurev.immunol.23.021704.115526

Leach, J. (1933). A destructive Fusarium wilt of muskmelon. Journal of Agriculture Research, 23, 556-559.

Leary, J., JV, L., & WD, W. (1976). Identification of the races of Fusarium oxysporum f. sp. melonis causing wilt
of muskmelon in California. https://doi.org/10.1094/phyto-66-15

Lian, Q., Fu, Q., Xu, Y., Hu, Z., Zheng, J., Zhang, A., He, Y., Wang, C., Xu, C., Chen, B., & Garcia-Mas, J.
(2021). QTLs and candidate genes analyses for fruit size under domestication and differentiation in melon
(Cucumis melo L.) based on high resolution maps. BMC Plant Biology, 21, 1-13. https://doi.org/10.1186/s12870-
021-02904-y

Luck, J.E., Lawrence, G.J., Dodds, P.N., Shepherd, KW., & Ellis, J.G. (2000). Regions outside of the leucine-rich
repeats of flax rust resistance proteins play a role in specificity determination. The Plant Cell, 12, 1367-1377.
https://doi.org/10.1105/tpc.12.8.1367

Maekawa, T., Kufer, T.A., & Schulze-Lefert, P. (2011). NLR functions in plant and animal immune systems: so
far and yet so close. Nature Immunology, 12, 817-826. https://doi.org/10.1038/ni.2083

Meyers, B. C., Kozik, A., Griego, A., Kuang, H., & Michelmore, R. W. (2003). Genome-wide analysis of NBS-
LRR-encoding genes in Arabidopsis. The Plant Cell, 15, 809-834. https://doi.org/10.1105/tpc.009308

Miccolis, V., & Saltveit, M.E. (1991). Morphological and physiological changes during fruit growth and
maturation of seven melon cultivars. Journal of the American Society for Horticultural Science, 116, 1025-1029.
https://doi.org/10.21273/jashs.116.6.1025

Monforte, A., Garcia-Mas, J., & Arus, P. (2003). Genetic variability in melon based on microsatellite variation.
Plant Breeding, 122, 153-157. https://doi.org/10.1046/j.1439-0523.2003.00848.x

Morata, J., & Puigdoménech, P. (2017). Variability among Cucurbitaceae species (melon, cucumber and
watermelon) in a genomic region containing a cluster of NBS-LRR genes. BMC Genomics, 18, 138.
https://doi.org/10.1186/s12864-017-3529-5

Oumouloud, A., El Otmani, M., & Alvarez, J. (2015). Molecular characterization of Fom-1 gene and development
of functional markers for molecular breeding of resistance to Fusarium race 2 in melon. Euphytica, 205, 491-501.
https://doi.org/10.1007/s10681-015-1420-5


https://doi.org/10.1073/pnas.1205415109
https://doi.org/10.1016/S0168-9452(01)00403-4
https://doi.org/10.1186/1471-2164-15-1131
https://doi.org/10.1094/PDIS-91-9-1180
https://doi.org/10.1126/science.aax1911
https://doi.org/10.1186/s12863-020-00885-9
https://doi.org/10.1007/978-3-319-22521-0_15
https://doi.org/10.1111/j.1365-313x.2004.02134.x
https://doi.org/10.1105/tpc.17.00579
https://doi.org/10.1146/annurev.immunol.23.021704.115526
https://doi.org/10.1094/phyto-66-15
https://doi.org/10.1186/s12870-021-02904-y
https://doi.org/10.1186/s12870-021-02904-y
https://doi.org/10.1105/tpc.12.8.1367
https://doi.org/10.1038/ni.2083
https://doi.org/10.1105/tpc.009308
https://doi.org/10.21273/jashs.116.6.1025
https://doi.org/10.1046/j.1439-0523.2003.00848.x
https://doi.org/10.1186/s12864-017-3529-5
https://doi.org/10.1007/s10681-015-1420-5

Vo Sl ¥ ol FA Al (53,988 alio 3 pole) Ll pole a5 OF

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Oumouloud, A., Torres, R.G., Garcés-Claver, A., Chikh-Rouhou, H., & Alvarez, J. (2013). Differential response
of Cucumis melo to Fusarium oxysporum f. sp. melonis race 1.2 isolates. Crop protection, 44, 91-94.
https://doi.org/10.1016/j.cropro.2012.10.001

Pitrat, M. (2008) Melon. In: Vegetables I. Springer, pp. 283-315. https://doi.org/10.1007/978-0-387-30443-4 9
Quiot, J., JB, Q., & KG, S. (1979). Fréquence des principales viroses identifiées dans une exploitation maraichére
du Sud-Est de la France.

Riedl, S.J., Li, W., Chao, Y., Schwarzenbacher, R., & Shi, Y. (2005). Structure of the apoptotic protease-activating
factor 1 bound to ADP. Nature, 434, 926-933. https://doi.org/10.1038/nature03465

Risser, G., & DW, D. (1976) A proposed nomenclature of Fusarium oxysporum f .sp. melonis races and resistance
genes in Cucumis melo. https://doi.org/10.1094/phyto-66-1105

Ruggieri, V., Alexiou, K.G., Morata, J., Argyris, J., Pujol, M., Yano, R., Nonaka, S., Ezura, H., Latrasse, D.,
Boualem, A., & Benhamed, M. (2018). An improved assembly and annotation of the melon (Cucumis melo L.)
reference genome. Scientific Reports, 8 8088. https://doi.org/10.1038/s41598-018-26416-2

Shokouhifar, F., Mamarabadi, M., & Khyrabad, M.M. (2016). Tracking of the gene Fom2 and study on the genetic
diversity of NB-ARC domain in the number of resistant and sensitive melon cultivars against Fusarium oxysporum
f. sp. melonis (race 1). Australasian Plant Pathology, 45, 279-288. https://doi.org/10.1007/s13313-016-0408-5
Singh, R., Kumar, K., Purayannur, S., & Verma, P. K. (2023). Genomics-assisted genetics of complex regions
from chickpea chromosome 4 reveals two candidate genes for Ascochyta blight resistance. Plant Science, 334,
111781. https://doi.org/10.1016/j.plantsci.2023.111781

Sobhani, A., Bashteni, E., Rafezi, R., Heidarpour, A., & Gharib, M. (2015). Khatooni 93, a hew melon cultivar
suitable for cultivation in temperate warm areas of Iran. Research Achivments for Field and Horticulture Crops, 4,
117-126. https://doi.org/10.22092/rafhc.2016.109501

Soltani, F., Shajari, M., Mirbehbahani, G.S., & Bihamta, M.R. (2022). Assessment of melon genetic diversity
based on fruit phenotypic traits and flowering habits. International Journal of Horticultural Science and
Technology, 9, 97-116. https://doi.org/10.22059/ijhst.2021.313939.415

Stepansky, A., Kovalski, 1., & Perl-Treves, R. (1999). Intraspecific classification of melons (Cucumis melo L.) in
view of their phenotypic and molecular variation. Plant Systematics and Evolution, 217, 313-332.
https://doi.org/10.1007/bf00984373

Sudheesh, S., Kahrood, H.V., Braich, S., Dron, N., Hobson, K., Cogan, N.O., & Kaur, S. (2021). Application of
genomics approaches for the improvement in ascochyta blight resistance in chickpea. Agronomy, 11, 1937.
https://doi.org/10.3390/agronomy11101937

Szamosi, C., Solmaz, 1., Sari, N., & Béarsony, C. (2010). Morphological evaluation and comparison of Hungarian
and Turkish melon (Cucumis melo L.) germplasm. Scientia Horticulturae, 124, 170-182.
https://doi.org/10.1016/j.scienta.2009.12.024

Teimouri, S., Rahnama, K., Hajian Shahri, M., & Afzali, H. (2013). Identification, distribution and pathogenicity
of Fusarium species isolated from root and crown of cantaloupe and melon in Khorasan Razavi province (In
Persian), 35-46.

Traband, R.C., Wang, X., Lui, J., Yu, L., Hiraoka, Y., Herniter, I.LA., Bowman, C., Resendiz, M., Wang, Z.,
Knowles, S.P., & Lo, S. (2023). Exploring the phylogenetic relationship among citrus through leaf shape traits: A
morphological study on citrus leaves. Horticulturae, 9, 793. https://doi.org/10.3390/horticulturae9070793

Udoh, L.I., Obaseojei, W.P., & Uzoebo, C. (2021). Single nucleotide polymorphisms: a modern tool to screen
plants for desirable traits. In: Plant Breeding-current and Future Views. https://doi.org/10.5772/intechopen.94935
van der Biezen, E.A., & Jones, J.D. (1998). The NB-ARC domain: a novel signalling motif shared by plant
resistance gene products and regulators of cell death in animals. Current Biology, 8, R226-R228.
https://doi.org/10.1016/s0960-9822(98)70145-9

Van der Hoorn, R.A., Kruijt, M., Roth, R., Brandwagt, B.F., Joosten, M.H., & De Wit, P.J. (2001). Intragenic
recombination generated two distinct Cf genes that mediate AVR9 recognition in the natural population of
Lycopersicon pimpinellifolium. Proceedings of the National Academy of Sciences, 98, 10493-10498.
https://doi.org/10.1073/pnas.181241798

van Leeuwen, H., Garcia-Mas, J., Coca, M., Puigdoménech, P., & Monfort, A. (2005). Analysis of the melon
genome in regions encompassing TIR-NBS-LRR resistance genes. Molecular Genetics and Genomics, 273, 240-
251. https://doi.org/10.1007/s00438-004-1104-7

Wang, J., Wang, J., Hu, M., Wu, S., Qi, J., Wang, G., Han, Z., Qi, Y., Gao, N., Wang, H.W., & Zhou, J.M. (2019).
Ligand-triggered allosteric ADP release primes a plant NLR complex. Science, 364, eaav5868.
https://doi.org/10.1126/science.aav5868

Zheng, X., & Wolff, D. W. (2000). Randomly amplified polymorphic DNA markers linked to fusarium wilt
resistance in diverse melons. HortScience, 35, 716-721. https://doi.org/10.21273/hortsci.35.4.716


https://doi.org/10.1016/j.cropro.2012.10.001
https://doi.org/10.1007/978-0-387-30443-4_9
https://doi.org/10.1038/nature03465
https://doi.org/10.1094/phyto-66-1105
https://doi.org/10.1038/s41598-018-26416-2
https://doi.org/10.1007/s13313-016-0408-5
https://doi.org/10.1016/j.plantsci.2023.111781
https://doi.org/10.22092/rafhc.2016.109501
https://doi.org/10.22059/ijhst.2021.313939.415
https://doi.org/10.1007/bf00984373
https://doi.org/10.3390/agronomy11101937
https://doi.org/10.1016/j.scienta.2009.12.024
https://doi.org/10.3390/horticulturae9070793
https://doi.org/10.5772/intechopen.94935
https://doi.org/10.1016/s0960-9822(98)70145-9
https://doi.org/10.1073/pnas.181241798
https://doi.org/10.1007/s00438-004-1104-7
https://doi.org/10.1126/science.aav5868
https://doi.org/10.21273/hortsci.35.4.716

DAY ... wlaw wlwl » Fusarium oxysporum f. sp. melonis g8 1y ;o ¢yebo polie sl 3lei oyl )So g 13 oS

66. Zink, F. (1985). Inheritance of resistance in muskmelon to Fusarium wilt. Journal of the American Society for
Horticultural Science, 110, 600-604. https://doi.org/10.21273/jashs.110.5.600

67. Zink, F., & Thomas, C. (1990). Genetics of resistance to Fusarium oxysporum f. sp. melonis races 0, 1 and 2 in
muskmelon line MR-1. Phytopathology, 80, 1230-1232. https://doi.org/10.1094/phyto-80-1230


https://doi.org/10.21273/jashs.110.5.600
https://doi.org/10.1094/phyto-80-1230

Journal of Horticultural Science
https://jhs.um.ac.ir A

Research Article
Vol. 38, No. 3, Fall 2024, p. 599-610

Effect of Different Rootstocks on Morphological, Phytochemical and Molecular
Indicators of ‘Thomson Navel’ Orange Fruit at Commercial Maturity

F. Ahmadi'='**, M.M. Sharifani'=’2, A. Mousavi'*’3, N. Akhlaghi Amiri‘=**, M. Khoshhal Sarmast'’2,
Kh. Zaynali Nezhad'“*

1 and 2- Ph.D. Student and Associate Professor, Department of Horticultural Science and Engineering, Faculty of Plant
Production, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan, Iran, respectively.

(*- Corresponding Author Email: Fatemeh.Ahmadi_s96@gau.ac.ir)

3- Associate Professor, Department of Plant Molecular Biotechnology, National Institute of Genetic Engineering and
Biotechnology (NIGEB), Tehran, Iran

4- Assistant Professor, Department of Horticulture Crops Research, Mazandaran Agricultural and Natural Resources
Research and Education Center, AREEO, Sari, Iran

5- Assistant Professor, Department of Plant Breeding & Biotechnology, Faculty of Plant Production, Gorgan University
of Agricultural Sciences and Natural Resources, Gorgan, Iran

How to cite this article:

Ahmadi, F., Sharifani, M.M., Mousavi, A., Akhlaghi Amiri, N., Khoshhal Sarmast, M.,
& Zaynali Nezhad, Kh. (2023). Effect of different rootstocks on morphological,
phytochemical and molecular indicators of ‘Thomson Navel’ orange fruit at commercial
maturity. Journal of Horticultural Science, 38(3), 599-610. (In Persian with English
abstract). https://doi.org/10.22067/jhs.2024.86813.1326

Received: 12-02-2024
Revised: 11-04-2024
Accepted: 05-05-2024
Available Online: 06-05-2024

Introduction
External and internal quality of citrus such as color, shape and taste increase economic benefit. The vigour of
each rootstock causes qualitative and quantitative change and the effective factor on commercial maturity, which is
important for gardeners and producers. Considering the characteristics of the fruit in grafted trees, the present
research was conducted with the aim of evaluating the effects of trifoliate orange, Citrange and Citrumelo rootstocks
on some morphological, phytochemical and molecular traits of ‘“Thomson Navel’ orange fruit.

Materials and Methods

This research was carried out in 2018 at Ghaemshahr Horticultural Research Station, Mazandaran. It was
conducted in the form of randomized complete block design (RCBD) of uniform and 10-year-old ‘Thomson Navel’
orange grafted on ‘trifoliate orange’, ‘Citrange’ and ‘Citrumelo’ rootstocks with four replications. The samples were
collected at the end of October and were transferred to the research laboratory of Horticulture Department, Gorgan
University of Agricultural Sciences and Natural Resources for further research. Measurements were made on the
morphological traits, quality characteristics of the fruit, the phenolic compounds of the peel and the pulp of the fruit
and relative expression of fruit pulp sucrose phosphate synthasel gene. Data variance analysis was done using SAS
software (version 9.0). Mean comparisons were done with Duncan's multiple range test.

Results and Discussion

The results of analysis of variance showed that the rootstock effect on traits of length-to-diameter ratio, weight
and density of ‘Thomson Navel’orange was significant at the five percent probability level (p<0.05) and the fruit
length and diameter traits were significant at the one percent probability level (p<0.01). The results of mean
comparison showed that the characteristics of length, diameter, length-to-diameter ratio, weight and density of
‘Thomson Navel’ orange at commercial maturity on the trifoliate orange rootstock were more than the two other
rootstocks. Due to the early harvest, the density of the fruit was recorded lower than one, so that the highest amount
(0.5 g per cm®) was observed in the rootstock of trifoliate orange however it was not significantly different from
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Citrange rootstock. Based on the results of analysis of variance, it showed that the effect of rootstock on total
soluble solids was significant at the level of five percent. Also, the rootstock had a significant effect on titratable
acidity, taste index, vitamin C, acidity, EC and total sugar at the level of one percent. However, the amount of
vitamin C was higher in the Citrumelo rootstock. The highest amount of acidity and EC belonged to trifoliate orange
rootstock and the lowest amount belonged to Citrange rootstock. The highest amount of total sugar was observed in
the dwarfing trifoliate orange rootstock, while its lowest amount was recorded in the vigorous Citrumelo rootstock.
The highest amount of total soluble solids was observed at the rootstock of the trifoliate orange. The amount of
titratable acid in the Citrange rootstock was higher than the other two rootstocks. The taste index was higher in the
trifoliate orange rootstock than the other rootstocks. According to the results of analysis of variance, the rootstock
effect on the index of total phenol of fruit peel and pulp and total flavonoid of fruit peel was significant at the five
percent probability level (p<0.05) and only on the antioxidant activity of the fruit peel at the statistical level of one
percent (p<0.01). Also, there was no significant difference in total flavonoid traits and antioxidant activity of fruit
pulp. The highest amount of total phenolic, total flavonoid and percentage of antioxidant activity was found in the
trifoliate orange rootstock. Also, between the fruit organs, phenolic compounds were recorded more in the fruit peel
compare to the fruit pulp. The peel of orange is more exposed to ultraviolet rays and changes in environmental
conditions, Therefore more secondary metabolites accumulate in that part of the plant. The highest relative
expression of fruit pulp sucrose phosphate synthasel gene was obtained in the Citrange rootstock.

Conclusion
The vigor of different citrus rootstocks caused the dwarf trees to have a higher accumulation rate of
phytochemical indices than the vigorous trees. The trifoliate orange rootstock is suitable for fresh consumption due
to the early commercial maturity of the fruit. Fruit peel rich in phenolic compounds is used for medicinal purposes.
The technical knowledge from this research will be useful for citrus producers in East Mazandaran.

Keywords: Commercial maturity, Fruit size, Phenolic compounds, Rootstock, SPS gene
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Table 2- Characteristics of the used primers in RT-qPCR reaction for ‘Thomson Navel’ orange
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Genes Forward primer (5' to 3") Reverse primer (5' to 3")
CitSPS1 GTCCTACTCGTTACTTCGT TTCCTCTCCTTCAATCTGTT
CitActin CATTAGCACCAAGCAGCAT GCCAGACTCATCATACTCAGA
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Table 3- ANOVA for the effect of different rootstocks on the morphological traits of ‘Thomson Navel’ orange fruit
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b 2 193.025™ 45713 0.011" 72.750™ 2605.083" 0.011"
Rootstock
e 6 2.259 1.604 0.001 19.194 206.750 0.001
Error
el 2.03 1.67 2.50 0.89 6.48 6.30
CV (%)
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**and * significant at 1% and 5% of probility levels, respectively.

Table 4- The effect of different rootstocks on the morphological traits in ‘Thomson Navel’ orange fruit
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Cultivar Length Diameter Length/Diameter Volume Weight Density

(mm) (mm) (cm?) (%) (g.cm®)

it 81.91a 79.26 a 1.03a 469 a 248 a 050a

Trifoliate orange

‘?’“‘” 71.10b 75.99 ab 0.95b 490 a 220 ab 0.47 ab
Citrange

51”5’“‘“ 68.96 b 7250 b 0.93b 487 a 197 b 0.40b
Citrumelo
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Table 5- ANOVA for the effect of different rootstocks on the quality characteristics of ‘Thomson Navel® orange fruit

Ol (be
5 askia i Mean squares
e &b i GO 5 iy apee! U Colan 3
S.0.v D.F i . ; .. P ol Omolizg Al o | S5
Jglowo Ogam] Flavor Vitamin C pH o Total
TSS TA index EC sugar
Sk 3 0.067™ 0.001"™ 0.110™ 1.041"™ 0.001™ 0.007™ 0.55"™
Block
“b 2 1.191" 0.351™ 28.241™ 20.921™ 0.370™ 0.56™ 143.79 ™
Rootstock
e 6 0.052 0.001 0.673 0.213 0.009 0.013 0.312
Error
Oyl o
S 2.34 6.97 8.89 1.59 3.18 3.27 1.99
(%) cv

o gy g S e j0 b xe S gy g
**and * significant at 1% and 5% of probility levels, respectively.
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Table 6- Comparison of the average effect of different rootstocks on the quality characteristics in ‘Thomson Navel’ orange
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. Jyloo Oyl yid . Vitamin C S S Total sugar
Cultivar Flavor index 1 pH 1
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P9
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orange
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Means with same letters show nonsignificant different at p<0.01.
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Table 7- ANOVA for the effect of different rootstocks on the phytochemical traits in the peel and the pulp of the ‘Thomson
Navel’ orange fruit
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**and * significant at 1% and 5% of probility levels, respectively.
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Table 8- The effect of different rootstocks on the phytochemical traits in the peel and the pulp of the ‘Thomson Navel’ orange

fruit
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(mg.g* DM)  (mg.g™ DM) (mg.g DM) (mg.g™ DM) antioxidant activity ~ antioxidant activity
(%) (%)
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Means with same letters show nonsignificant different at p<0.05.
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Figure 1- The effect of different rootstocks on the relative expression of sucrose phosphate synthasel gene of ‘Thomson
Navel’ orange fruit
(Dancan, p<0.01)
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Introduction

One of the most important global challenges is food waste, about 30% of the world's agricultural land is wasted.
Every year, about 9.5 million tons of food is lost in the post-harvest phase of agriculture. Therefore, storage
technology is very important to increase shelf life, preserve nutrition and maintain the taste of fresh products.
Storing strawberry fruits at an inappropriate temperature after harvesting significantly increases weight loss, rotting
and softening. L-phenylalanine as an amino acid is used for the biosynthesis of all phenolic compounds through the
phenylpropanoid pathway. In recent years, the application of exogenous phenylalanine has been considered for use
as a biologically safe molecule to maintain the postharvest quality of many horticultural crops. L-phenylalanine
treatment has been reported to reduce the frost damage of plum fruit during cold storage by maintaining membrane
integrity and improving reactive oxygen species (ROS) scavenging capacity. The treated fruit showed a higher
DPPH inhibition capacity by increasing the accumulation of phenolic compounds and antioxidant enzyme activity.
Aghdam et al. (2019) also reported that application of L-phenylalanine significantly reduced cold damage,
membrane lipid peroxidation and ROS accumulation in tomato fruits during cold storage.

Materials and Methods

Strawberry fruits were obtained from a commercial greenhouse located in Urmia at full maturity stage. The fruits
were transported to the laboratory of the Department of Horticultural Sciences in Urmia University with necessary
precautions to prevent any mechanical damage to the product. The fruits were separated in terms of size and
uniformity, so that the fruits were divided into 3 groups, one group as a control group and 2 groups were treated
with concentrations of L-phenylalanine (4 and 8 mM). After drying the treated fruits, they were placed in zipped
nylon bags and kept in a cold room for 15 days at a temperature of 3 £ 0.5 °C and a relative humidity of 90-95%.
Also, three biological replicates at each time point were included in the analysis. The samples obtained at each of
these times were used to evaluate skin color, titratable acidity, soluble solids, taste index, pH, weight loss, firmness,
antioxidant capacity, total phenol content, and polyphenol oxidase enzyme activity.

Results and Discussion

The results showed that the effect of post-harvest treatment, storage time, and the interaction between them were
statistically significant on all of the traits. In terms of color changes, the effect of post-harvest treatment (p<0.05)
was significant only in b* index, and the highest rate was observed in the 4 Phe treatment. The effect of storage time
was also significant in a* and Chroma indices (p<0.05) and the highest level was observed in both of these indices at
day 5. The effect of storage time was also significant in TA (p<0.01), the highest value was observed in day 10. In
antioxidant capacity (p<0.05), TSS (p<0.05) and taste index (p<0.01), the interaction effect between storage time
and Phe treatment was significant. In antioxidant capacity, the highest percentage of DPPH inhibition was observed
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in day 10 and 4 Phe treatment, in TSS, the highest rate was observed on day 10 and 8 Phe treatment, and in taste
index, the highest rate was observed on day 15 and 4 Phe treatment. The effect of post-harvest Phe treatment and
storage period on fruit weight loss was significant (p<0.05) and (p<0.01) respectively, and the lowest percentage of
weight loss was observed in Phe 4 and day 5. In terms of firmness and total phenol content, only the effect of Phe
treatment was significant (p<0.05) and (p<0.01), respectively, the highest level of firmness in the 4 Phe treatment
and the highest amount of total phenol content in the 8 Phe treatment were observed. In the PPO enzyme, only the
effect of storage time (p<0.05) was significant.

Conclusion
According to the obtained results, the 4 Phe treatment is the best concentration of phenylalanine to increase the
shelf life of harvested strawberry fruits under cold storage.

Keywords: Amino acid, Fruit firmness, Titratable acid, Total phenol
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Table 1- ANOVA for the effect of post-harvest application of L-phenylalanine on the
physicochemical characteristics of strawberries cv. Sabrina during cold storage
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Table 1 continued- ANOVA for the effect of post-harvest application of L-phenylalanine on the physicochemical
characteristics of strawberries cv. Sabrina during cold storage
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Figure 1- The effect of storage time on a* (A) and Chroma (C) and postharvest L-phenylalanine treatment on b* (B) of
strawberry cv. Sabrina fruit during 15 days of storage (DMRT, p<0.05)
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Figure 2- The effect of storage time on the TA of strawberry cv. Sabrina fruit during 15 days of storage (DMRT, p<0.05)
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Figure 3- The interaction effect of storage time xpostharvest treatment of L-phenylalanine on soluble solids of strawberry cv.
Sabrina fruit during 15 days of storage (DMRT, p<0.05)
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Figure 4- The interaction effect of storage time xpostharvest treatment of L-phenylalanine on the strawberry cv. Sabrina
fruit taste index during 15 days of storage (DMRT, p<0.05)
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Figure 5- The effect of postharvest L-phenylalanine treatment and storage time on weight loss of strawberry Sabrina’ fruit
during 15 days of storage (DMRT, p<0.05)
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Figure 8- The effect of post-harvest L-phenylalanine treatment on the content of total phenol (A) and the effect of storage

time on the activity of PPO enzyme (B) of strawberry cv. Sabrina fruit during 15 days of storage (DMRT, p<0.05)
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