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Resistance of six varieties to witches-broom disease and difference in mi-
gration characteristics of phytoplasma in jujube
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Abstract: [Objective]lJujube is a unique fruit crop in China with a long cultivation history. However,
jujube witches- broom disease caused by phytoplasma seriously threatens the yield of jujube trees.
Therefore, in this study, six main jujube varieties in Beijing area including Gagazao, Dongzao, Fengmi-
guan, Jixincuizao, Hongluocuizao and Houtouzao served as the test materials. This study aimed to ex-
plore the differences in resistance to jujube witches-broom disease and the phytoplasma migrating char-
acteristics in six varieties, which would provide reliable basic reference for the development and utiliza-
tion of resistant varieties and the prevention and treatment of jujube witches-broom disease. [Methods]
By collecting Jixincuizao with phytoplasma and grafting it onto the healthy jujube rootstock, the dis-
ease incidence rate was investigated every 30 days from July to October 2016, and from 2017 to 2018.
Phloem and leaves of 5 cm above the graft union, including the first, second and third branches, and 5 cm,
10 cm, 15 cm and 20 cm below the graft union were collected after they were grafted 39 d, 60 d, 90 d,
120 d and 300 d. In the summer of 2017 and spring of 2018, we collected leaves and phloem at 5 cm
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above the graft union and 20 cm below the graft union. The combination of field investigation and com-
mon PCR technology were used to compare the resistance of 6 varieties to jujube witches-broom dis-
ease and migration features of phytoplasma to different parts.[Results1The results showed that, 60 d af-
ter grafting, none of the 6 varieties of seedlings showed symptoms of jujube witches-broom disease; 90 d
after grafting, Dongzao, Fengmiguanzao and Jixincuizao exhibited symptoms, and the incidence rates
of the three varieties were: 13.8% (Jixincuizao), 11.6% (Dongzao), and 4.1% (Fengmiguanzao). Howev-
er, 120 d after grafting except for Houtouzao, the other 5 varieties all showed symptoms, and the inci-
dence rates were: 32.5% (Jixincuizao), 18.4% (Hongluocuizao), 29.0% (Dongzao), 8.4% (Gagazao) and
23.3% (Fengmiguanzao, respectively. After two years of grafting, all 6 varieties had symptoms of ju-
jube witches- broom disease, and the incidence rates were: 79.3% (Jixincuizao), 69.6% (Hongluo-
cuizao), 67.7% (Dongzao), 57.6% (Gagazao), 51.2% (Fengmiguanzao), and 49.0% (Houtouzao), respec-
tively, indicating that none of the 6 jujube varieties was immune to phytoplasma, and different jujube va-
rieties were differentially resistant to the disease and the difference was significant. According to the on-
set time and incidence rate, cultivars such as Houtouzao, Fengmiguanzao and Gagazao belonged to dis-
ease-resistant type, and Dongzao, Hongluocuizao and Jixincuizao belonged to susceptible type. After
grafting with phytoplasma branches, the phytoplasma was first transferred to the trunk below the root-
stock grafting interface, and then transferred to the trunk above the grafting interface, and finally spread
to the whole plant branches. In addition, the migration speed of phytoplasma was different among differ-
ent jujube varieties. Phytoplasma migrated fastest in Jixincuizao and Dongzao, followed by Fengmi-
guanzao, Hongluocuizao, and Gagazao, and the migration speed was the slowest in Houtouzao.[ Conclu-
sion] Among six varieties, Fengmiguanzao, Gagazao and Houtouzao showed a certain disease resis-
tance, and the migration characteristics of phytoplasma in different jujube varieties were preliminarily
confirmed, whose phytoplasma migrated fastest in Jixincuizao and Dongzao, followed by Fengmiguan-
zao, Hongluocuizao, and Gagazao, and the migration speed was the slowest in Houtouzao. However,
due to the limitation of the sample number of jujube varieties, whether the migration speed of phyto-
plasma was positively correlated with the resistance of different jujube species needed deep research
further.
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Circles and numbers indicate sampling positions: 1. 5 cm above the
graft; 2. The first branch below the graft; 3. The second branch below
the graft; 4. The third branch below the graft; 5. 5 cm below the graft;
6. 10 cm below the graft; 7. 15 cm below the graft; 8. 20 cm below the
graft; 9. Scion.
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Fig.1 Sampling diagram
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Table 1 The disease incidence of main jujube varieties after grafting

2016-09-13 2016-10-10 2018-04-20
T A SRE Joi R 3k SERE Joi R R SRE TR EL RIRH
Jujube varieties Total Number of  Disease Total Number of  Disease Total Number of Disease
number diseased incidence/  number diseased incidence/ number diseased incidence/
of plants plants % of plants  plants % of plants plants %
RRA 83 0 0.0d 83 7 84e 59 34 57.6¢
Gagazao
B 69 8 11.6b 69 20 29.0b 31 21 67.7b
Dongzao
g B R 73 3 41c 73 17 233 ¢ 41 21 51.2d
Fengmiguanzao
X0 ff 80 11 13.8a 80 26 325a 58 46 793 a
Jixincuizao
AR YRS 76 0 0.0d 76 14 18.4d 46 32 69.6b
Hongluocuizao
ek & 65 0 0.0d 65 0 0.0f 49 24 49.0d
Houtouzao

T AN E NG FHRIR Z 7 8.2 (p < 0.05),

Note: Different lowercase letters in the same column represent significant difference at p < 0.05.

2.2 AEIEF M PERR R X0 if A Sk R K ARFIR AR
ME 20 LLEH,20174E 7 ARMSE RER,6 R 20, RAR A 2017 4F 7 A A R AR K

AR P A R R R R E R B (p > H R 2T 2018 4F 10 H MM FAAK R (p <
0.05) , & HH R B EURAK VOGO IE R IR ZEER . 0.05) , HEM R AR EAZAE — E PR BE T, Bl AT 15
R LB A M S A 2018 4 4 A A DATR A, A oA REL JER A Ak P52 AL DA SRS AN 31 s 2% A0
SERIR , &R PR AR e AR, M AR DR R AR L A 2017 4 7 H R SR A
4 0 BB SR A I, b AT ) B SR SR AR S e 2R K T 2018 4 10 H A AR AE R AR R H
BT ARERAIAKE . 2018 4 10 H G455 EoR, (p < 0.05), 3 B F O iR 4= N — 8 19 FEAS HL
6 A AR b Bl 2 (AR R ARG R 2 R R (p > ], (EL B P TR S AR R AR AR YA AR T AR AR R
0.05) , K IR MR O I BB R LTIE G . RSO G 2017 4F 7 H R RRRL IR AR K % 5 2018 4F



564 ®OOW o F 4k %38%
F 2 AEER S PERRE R
Table 2 The detection rate to the phytoplasma by PCR
2017-07-01 2018-04-20 2018-10-17
TEAH BRI s pes BRI g pus s mmms pak
Jujube varieties Number Positive Number Positive  Total number ~ Number Positive
number .. number .. ..
of positive  rate/% of positive  rate/% of plants of positive  rate/%
of plants of plants
RARAE 28 14 50.0 ¢ 39 2 51b 27 12 44.4 f*
Gagazao
B 28 5 179 f 27 2 74a 15 8 53.3 ¢*
Dongzao
W IR 30 20 66.7b 39 0 0.0d 36 27 75.0 a*
Fengmiguanzao
AL ff A 24 17 70.8 a 31 1 32¢ 18 12 66.7 ¢
Jixincuizao
AR S 22 8 36.4d 41 2 49b 27 19 70.4 b*
Hongluocuizao
k& 26 8 30.8 ¢ 42 0 0.0d 33 20 60.6 d*
Houtouzao

VE [ — AR SUAR NG FRER R ZER B (p <0.05) *3FoR [H—fF 2017 £ 7 A5 2018 4 10 AEKREEEEHEEREE (<

0.05).

Note: Different small letters in the same column during the same period indicate significant differences(p < 0.05); * indicate significant differences

between the same cultivar in summer 2017 and autumn 2018(p < 0.05).
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Fig.2 Agarose gel electrophoresis of PCR products

obtained from DNA extracts of several jujube
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Scion in Jixincuizao; Filled areas denote where phytoplasma is detected.
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Fig.3 Schematic representation of the proposed migration of phytoplasma in main jujube varieties in Beijing
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Table 3 The detection rate of phytoplasma in different parts of jujube trees %
2017-07-01 2018-04-20 2018-10-17
ARA GO ESem REOMF200om  BIEOM ESem GO F200om BRI S em 5407 T 20 om
Jujube varieties 5 cm above 20 cm below 5 cm above 20 cm below 5 cmabove the 20 cm below
the graft the graft the graft the graft graft the graft
RARA 25.0a 179b 26a 26a 14.8a 0.0b
Gagazao
S 143a 0.0b 37a 37a 6.7b 133a
Dongzao
e TS 433a 16.7b 0.0a 0.0a 16.7a 194a
Fengmiguanzao
X0 ff A 542a 83b 32a 0.0b 56b 16.7a
Jixincuizao
ZLIR A 22.7a 9.1b 24a 24a 40.7 a 74b
Hongluocuizao
k& 23.1a 7.7b 0.0a 0.0a 303a 12.1b
Houtouzao

T AR E R R ER B (p <0.05),

Note: Different letters of the same trade indicate significant differences at p < 0.05.
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