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Fig. 1. Agarose gel electrophoresis of PCR products (1800 bp) using primer pair PL/P7. M: Size
marker 3kb; Lanes 1 and 2: The grafted IAC and Deperse lime scions on Volkamer lemon
rootstock, respectively; Lanes 3 and 4: The grafted IAC and Deperse lime scions on Sour
orange rootstock, respectively; Lanes 5 and 6: Bakragi and Mexican lime seedling rootstocks,
respectively; Lane 7: Healthy DNA sample (non-inoculated plants) as negative control; Lane
8: Infected Mexican lime as positive control; Lane 9: The grafted IAC scions on Mexican lime
rootstock.
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Table 1. Analysis of variance of the number of days between graft inoculation and detection
of phytoplasmain the graft combinations.
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"s " not significant and significant (P<0.01), respectively.
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Fig. 2. Mean comparison of the number of days between graft inoculation and detection of
phytoplasma in the scions influenced by different rootstocks [Columns with similar letters,
do not have significant differences according to LSD (p<0.05)].
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Table 2. Analysis of variance of the number of days between graft inoculation and detection
of phytoplasmain seedling rootstocks and graft combinations.
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Table 3. Mean comparison of the number of days between graft inoculation and detection of
phytoplasma in seedling rootstocks and graft combinations.
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tMeans in each columns having similar letters, have not significant difference according to LSD (p<0.05).
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Table 4. Analysis of variance of the number of days between graft inoculation and appearance
of WBDL symptoms in the rootstock seedlings.
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ns™*: not significant and significant (P<0.01), respectively.
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Table 5. A comparison of the rootstock seedlings in relation to mean of the number of days
between graft inoculation and appearance of WBDL symptoms.
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tMeans with similar letters, do not have significant difference according to LSD (p<0.05).
I aa b gl e BITANTLSD 05T w50 ey el 5o ediiond Sidie Cipa S slols 4K oS pla St

-
sladlels o Ginan 5 Gsal el Gl oo LSKsy o Ll jsaa PCR 51 st b
mYOSGKe el sladaly o cdslio 5o ad bl usn lacS 5 5 ladlgls S 51 550 ¢ salelSl

Y\Y


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.3.6.3
https://journal-irshs.ir/article-1-284-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

[ DOR: 20.1001.1.16807154.1396.18.3.6.3 ]

s pad Soola solaw o Gl S e

oS3 5 Ldlels 50 51 5us) Lawsd sls st culy 50 (ol g0 sSism lLAaS S 50 55 5 (2S5
ol Dbla 4 o sl pelSls il 5o Lasdl sl st (alulis 5o Al se e SIS 4 ad oLl sy
soliil (1) Real-time PCR 3 wb Lacy sisls =8, 3580 Guaad (sl 0l b ool Lo Laa s sl @by o
0 @S b owlie jo a¥indin lsm eSS 5 0sl 8l so olay dele Ss plas WS
o3 4 Sleal e yeon Bl ¥ 3% by asl Sola solan € lagT Joas 5l a0 Wil 8 e m¥0SKe
oS Olsie 4 aplio (g, iy 5 Sbgoniy casld Gusll 50y (ssme 5801 ) Jeals)
3 Ssola olan 55 5 LS 5o 558 @ by Gl cnalan Lol (¥) s gl o Galis ()l i Ho olS e 4l
Gl al sals H18 wa 8B 5 1, 0T 51 soliid sl Sue (F) ol S 4 b gie Jaad Gainas
ohies pln s w5 2L LS G clie s lis (Sola solen Jole i Jaad dilas sl a8
(¥ F) sl okae Gl ot Lo Glasasel Gl S Glsie s Ca

JWols 5o ad sass @00 5 (IS @¥SiSe ladlgls o WS Syola glaslas «(jua 5 ool Lo
IS solan dsle 53 (obas ads sws glabas GhaledT ol Lk B g oS5 5 o sal Sl
O aa o Glas a¥ading 5 Osal ISy o Sola olan ladlas Gulas 5 o (Oha 5 (nes slada
Olsiets a3 (sl alio 520Ssla (el el il oo GBS sad Sola olan 4 Jaale B8 oo
Oloal 5o alige su sl 3hlie o (sula3 G S S Glgieds WY Ke (sl (rnlio Go30ls ¥ Gad s 5 0L
Ol ol G 5l a5t O SBS d¥s & a ¥ wals ke Soola solan SGose Lo
5900wt o s s Dmas L s LS 5 s 5 OT b Gas SO Jsans
ol (Saesub g0l w¥ i b Jseas Gl (w3l

bl o (s ad sms w,0 sladleh 5o olay sladilas wogll Swign b Soole o, 5l ¢ S
G ol said GBS @b GBA s s Sols solan laalas o586 wad (Kol bulyd o Fa ek
Seola solan JL Syl eele Gl 2000 bk Lalyd o swse Sl
Jaa3 5 mob 5 oIS @YK sl canlaa aa iy (V) sals (Hishimonus phycitis)
o8 nloe B3y ol slaas® 5 sl 5 (A) ol sud GBS (a5 sad Sysla olan @ (sal IS
SosS b Sola olan dele 0 GESIs LI 5 a¥ iading G SBSS slagSul3s Hb oyl 6l Ghassy o)

s Sl 4 g g & sl e85 Gl (590 (B 2500 Lag] Jaad 5 wad 4l

S 5 4R
w3l JAC lagBuls Jola a¥ipdn oba,s ol Seigy 5 ol oSaay oy 9
Golass 4 susll Ghlie (55 s s LS 3 0o 5igs Olsieds (sl oS5 by 595 mYpuoms 5 as¥oad
gl oo (Bre GBS gadd Sl
References &bo
Kb b (Sosll 51 GBI Gl ATAY L JSbL WS s Lsdan sy oe ep olsaldl
5806 en das .ol Lo “Candidatus Phytoplasma aurantifolia’ « (Citrus medica L.)
AO(F) F-YY (so,slas
A S e wa¥padny Jolit a¥ a3 4w AS 5 oS Gola 5 il glagsly 31 oy ATAY LKLY
(0a YY XYPAY ol oslac o 58 LS o Slidal down go - ST 0553 (ol GBOIS a8 oY
03 Ol G b o dwlie 5 an¥ was aliyl o Slae 5 (5, 800w dallle AYAD 7 SlagSEA sul)ipus Y
slas s 5 SLS yo suSihia 3y - SlEEaT 83550 (2led GBS ((edass 1) SB) OB e3a oLl s dilis
(0= Y0 .s5,5LaS s 5 (Bl sel coliiad Gle sl ( SLEL o sle SLESS dan go (g spens Sas

YY


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.3.6.3
https://journal-irshs.ir/article-1-284-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

[ DOR: 20.1001.1.16807154.1396.18.3.6.3 ]

SLlSan 5 gl o0l e

009 gy iy Olae 5o alias lagly 586 AYAL L plls gl g 5 5 sairus S p (SISO sol)peus ¥
YY(Y) N00-VFY L 5 J (Citrus aurantifolia Swingle) o sel Sussa Sare ol 5 5 Saa
w20 (Citrus latifolia Tanaka) as¥oad s AYA0 a5 saans B o o ( SagSA ool yipmun 0
Giosel «lEEaT Glodl s ymmne Sdasi slas sie 5 LS po 80Sinia 53 ol Laml diu FAAFY o lad 36
oo ¥ e ooslaES s s

0o PYV (g5,0LES (55 5ol 5 s sae GEA 8 slasly AYVO o Loul, F

Soan)y ol o Sew) oS3 A mad YA slypuil (S gals pep (s B8L g ca (alla
LS (slacsslan s sslan Soie Bua b (55 pel Sools sslan Ji Hishimonus phycitis
OY (V) AF-Vo

Soola Jole slacdysils 45 LS aliy) GaSy AYAY slygadsl S 5 (K5 ) wolad . ea alla A

9. Askari, N., G. Sdehi-Jouzani, M. Mousivand, A. Foroutan, A. Hagh-Nazari, A.
Abbasalizadeh, S. Soheilivand and M. Mardi. 2011. Evaluation of anti-phytoplasma
properties of surfactin and tetracycline towards lime witches’ broom disease using Real-
Time PCR. J. Microbiol. Biotechnol. 21(1):81-88.

10. Cantuarias-Aviles, T., F. A.A.M. Filhoa, E.S. Stuchi, S.R. da-Silva, E. Espinosa-Nuneza
and H.B. Neota. 2012. Rootstocks for high fruit yield and quality of Tahiti lime under
rain-fed conditions. Sci. Hort. 142:105-111.

11. Crane, JH. and J.L. Osborne. 2013. Growing Tahiti lime in the home landscape.
University of Florida. IFAS Ext. 12 p.

12. Deng, S. and C. Hiruki. 1991. Amplification of 16S rRNA genes from culturable and
non-culturable mollicutes. J. Microbiol. Meth. 14:53-61.

13. Djavaheri, M. and H. Rahimian. 2004. Witches’ broom of Bakraee (Citrus reticulata
hybrid) in Iran. Plant Dis. 88:683.

14. Faghihi, M.M., A.N. Bagheri, H.R. Bahrami, H. Hasanzadeh, R. Rezazadeh, M.
Siampour, S. Samavi, M. Salehi and K. I1zadpanah. 2011. Witches’ broom disease of lime
affects seed germination and seedling growth but is not seed transmissible. Plant Dis.
95(4):419-422.

15. Garnier, M., L. Zreik and J.M. Bové. 1991. Witches-broom, alethal mycoplasmal disease
of lime trees in the Sultanate of Oman and the United Arab Emirates. Plant Dis. 75:546-
551.

16. Hassanzadeh Khankahdani, H., S. Rastegar, B. Golein, M. Golmohammadi and A.
Aboutalebi. 2017. Genetic diversity in Persian lime (Citrus latifolia Tanaka) accessions
using morphological and molecular markers. Agr. For. 63(3):221-231.

17.Lou, B., X. Ba, Y. Bai, C. Deng, M. RoyChowdhury, C. Chen and Y. Song. 2013.
Detection and molecular characterization of a 16SrlI-A Phytoplasma in Grapefruit
(Citrus paradis) with Huanglongbing-like symptoms in China. J. Phytopathol.
DOI:0.1111/jph. 12200.

18. Ngafiniya, M. and M. Azadvar. 2016. Witches broom disease of lime and its
management. Indian Phytopathol. 69(4s):330-332.

19. Nikooei, M., C. Hemmati and A. Bagheri. 2017. Association of *Candidatus Phytoplasma
aurantifolia’with Cosmos bipinnatus phyllody disease in Iran. J. Plant Protection Res.
57(3):314-317.

20. Schneider, B., E. Seemiller, C.D. Smart and B.C. Kirkpatrick. 1995. Phylogenetic
classification of plant pathogenic mycoplasma-like organisms or phytoplasmas. In: Razin,
S. and J.G. Tully eds. Molecular and Diagnostic Procedures in Mycoplasmology. New
York, USA: Academic Press 2:369-80.

21. Zakipour-Molkabadi, E., Z. Hamidi-Esfahani, M.A. Sahari and M.H. Azizi. 2013. A new
native source of Tannase producer, Penicillium sp. EZ-ZH190: Characterization of the
enzyme. Iranian J. Biotech. 11(4): 244-250.

YyY


https://dor.isc.ac/dor/20.1001.1.16807154.1396.18.3.6.3
https://journal-irshs.ir/article-1-284-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-11 ]

[ DOR: 20.1001.1.16807154.1396.18.3.6.3 ]

Iranian Journal of Horticultural Science and Technology 18 (3):305-314 (2017)

Effect of Rootstock on Witches’ Broom Disease of Lime in Scions of
Different Persian Lime (Citrus latifolia Tanaka) Genotypes

H. Hassanzadeh Khankahdani, S. Rastegar*, B. Golein, M. Golmohammadi and A.
Aboutalebi Jahromi*

In order to assess the effect of different rootstocks on reaction of scions of Persian lime
genotypes against withces’ broom disease of lime (WBDL), an experiment was conducted as
factoria arrangement in randomized complete block design with two factors including
rootstock (Bakrael, Mexican lime, Volkamer lemon and Sour orange) and scion (IAC,
Tahitian lime, Deperse lime and Persian lime) in Agricultural Research Station of Minab
during 2014-2017. The grafted plants were produced via T-budding. Reactions of the grafted
plants and seedlings was evaluated via graft inoculation with Mexican lime scion infected
with WBDL phytoplasma. Based on PCR assays, detection of WBDL phytoplasma was the
earliest (40 days post inoculation) in the scions on Mexican lime rootstock and the latest (116
days post inoculation) in the scions on VVolkamer lemon rootstock. Symptoms of WBDL were
observed in all seedlings except Volkamer lemon and during the course of this study it was
not observed in the grafted plants. The time between graft inoculation and WBDL sypmtoms
appearance was shortest in Mexican lime seedlings. Totally, Volkamer lemon rootstock is
introduced as the best rootstock for Persian lime genotypes in the WBDL -infected areas.
Keywor ds: Inoculation, Persian lime genotypes, Phytoplasma, V olkamer lemon.
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