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Abstract: [Objective] China’s jujube industry has achieved an annual output value exceeding 100 bil-
lion RMB, serving as a crucial economic source for approximately 20 million farmers in saline, sandy,
and arid regions. Shandong Province, one of China’s major jujube-producing areas, features plantations
concentrated in the saline-alkali regions of northwest Shandong and the barren mountainous areas of
central and southern Shandong. The jujube industry plays a critical role in supporting local forestry and
fruit production. However, in recent years, the rapid spread of jujube witches’ broom disease in Shan-
dong has caused widespread jujube tree mortality, threatening the sustainability of the industry. This dis-
ease, caused by phytoplasma, is primarily transmitted by vector insects. Understanding the composition
and distribution of these vectors is essential for developing targeted and effective management strate-

gies. To address this, the current study identified dominant pest species in a severely affected jujube or-
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chard in Feixian County, Shandong Province, and analyzed their role in the transmission of jujube
witches” broom phytoplasma. [Methods] Between April and November 2024, sticky traps were used to
monitor the population dynamics of insect pests in a jujube orchard. The orchard was divided into three
monitoring sites: the upper, middle, and lower sections, all located in areas severely affected by witch-
es’ broom disease. Notably, the upper and lower sections had more abundant weed growth compared to
the middle section. The most abundant pest species were identified using morphological and molecular
techniques. DNA was extracted using the DP304 DNA extraction kit, following the manufacturer’s in-
structions. PCR amplification of the mitochondrial COI gene was performed using universal primers
LCO1490 and HCO2198. The reaction was set up in a total volume of 30 uL, containing 0.5 pL of each
primer, 0.5 pL of dNTPs, 0.3 puL of LA Tag polymerase (TaKaRa), 3.0 pL of 10x LA buffer, 1 pL of
DNA template, and 24.2 pL of ddH,O. The PCR conditions included an initial denaturation at 94 °C for
5 minutes, followed by 39 cycles at 94 °C for 30 seconds, 50 °C for 30 seconds, and 72 °C for 1 minute,
with a final extension at 72 °C for 7 minutes. PCR amplification success was confirmed by observing ~
650 bp bands on 2% agarose gel electrophoresis at 145 V. The successful PCR products were sent for se-
quencing. Based on BLAST results and references, mitochondrial sequences from 16 Membracidae spe-
cies and 4 outgroup species were downloaded from the NCBI database. The sequences were aligned
and trimmed to a uniform length of 658 bp using BioEdit software. A Maximum Likelihood (ML) phy-
logenetic tree was constructed in MEGA 11 using ultrafast bootstraps (10 000 replicates) and SH-aLRT
(1000 replicates). Nested PCR was employed to detect the presence of jujube witches’ broom phyto-
plasma in the extracted DNA, following laboratory protocols. The presence of phytoplasma was con-
firmed by observing target-specific bands in the second round of amplification. [Results] Morphologi-
cal identification confirmed the species as Tricentrus sp. Phylogenetic analysis grouped the collected
specimens (Specimens 1, 2, 3, 6, 7, and 9) with Tricentrus davidi (Fallou) in the same clade, suggesting
close phylogenetic relationships. Due to the lack of relevant reference sequences in the NCBI database,
the specimens were preliminarily assigned to the genus Tricentrus, pending further species-level identi-
fication. The population dynamics of Tricentrus sp. exhibited significant temporal and spatial variation.
Temporal analysis showed significant changes over time (y* = 6.524, df = 1, p = 0.011), while spatial
analysis revealed differences across orchard sections (y? = 39.412, df = 2, p<<0.001). Population densi-
ties in the upper and middle sections were significantly higher than those in the lower section (p<<
0.001). In the lower section, individuals were only detected on September 23 and 30, with average
counts of 1.2+1.2 and 0.4+0.4, respectively. Populations began to rise on August 26, peaking on Septem-
ber 30, with mean counts of 10.4+6.1 in the upper section and 12.0+10.6 in the middle section. Num-
bers declined rapidly thereafter, with no individuals detected after October 28, when daily maximum
temperatures fell below 17 °C. However, a slight resurgence was observed in November when tempera-
tures rose above 17 °C. A total of 36 Tricentrus sp. individuals were collected from the orchard. Nested
PCR analysis detected jujube witches” broom phytoplasma in 8 of these specimens, yielding an infec-
tion rate of 22.22%. [Conclusion] This study identified Tricentrus sp. as a dominant pest species in a ju-
jube orchard and monitored its population dynamics during the fruit ripening period. The pest popula-
tion peaked in late September, followed by a rapid decline, with a slight resurgence observed in Novem-
ber. A close association was observed between Tricentrus sp. populations and weed abundance in the or-
chard, suggesting that weeds may play a role in shaping pest dynamics. Strengthening orchard manage-
ment practices, including targeted pest control and weed removal, is recommended to reduce pest popu-

lations and potentially mitigate the spread of jujube witches’ broom disease.
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Fig. 5 Nested PCR second-round detection results of Tricentrus sp. for jujube witches’ broom phytoplasma

PR Tl = ) £ s B =0 £ % ( Tricentrus sophorae
sp. nov.) Al #5 = Hll ff W (Tricentrus brunneus Funk-
houser) , H 2F = F T R FEAR , AL (So-
phora japonica L.)  J¢ N (Sophora japonica f. pen-
dula Lond.) | ## (Robinia pseudoacacia L.) V2 FEFR
(Amorpha fruticose L.) ¥ % (Broussonetia papyr-
ifera L) F AR ¥ (Elaeagnus pungens Thunb) """,
5 2Tt 0 M 00 28] %) = 3] A R T S R AE AR AU 1) R [ £
Wi, Y RV R BAE L R (Ziziphus juju-
ba Mill. var. jujuba) B8 & (Ziziphus jujuba Mill. var.
spinosa) Jl AR AIAC (Lycium barbarum L.) i (Dio-
spyros kaki Thunb.) \Bk[Prunus persica (L.) Batsch]+
Jf| 2% [Vitex negundo L. var. heterophylla (Franch.)
Rehd.]. & 7& (Medicago sativa L.) %", H §r, &

Prel = 3l £ et 1) EL AR A R R A 7R 3 — 2D MR S
o RN, [ P Tc SR 2 (] et 5 5 = e A
TEFRAIC R WA TS« XL SO N4 1 M=
) PR A 3 o e S HG AR AN T B M R AR AR
Iyt E AP RIg R 2% .

L fre] = ) g o 22 e 00 465 i AL HE R A, FT RE
S RPRIGIE AL RIS . A B TR A 5 A a8
FH 51 %68 AN 7] 1 [X SR 4 1) - RE A 36 4T PCR AN
G5 IS 22 - i Ko 4% oy AOKOR A R AR . il b
S DX A ] ) Py R SR S | ] 2R 35 S0 R
BEERIT 1320 R B PR SR e 2R 93 33 DN 1.4%43.0%7.4%
A8.3%!o BRVG 4 SE )1 EL 2L AR I v, 7 0 4
-1 ( Zigina discolor Horvath) Fluii £ 35 S0 i (1] 45
Ty 2 g5t e » BRI 80% s Mk — sl (Singapora shin-



6 ES

B, 5 I AR = W Tricentrus sp. FhE R AL Bh 4 e AP FEL IR ARG

1299

shana Matsumura) « 2% i " # [Chanohirata theae
(Matsumura) | FI1#T 2= 77 W 1 (Orientus ishidae Mat-
sumura) X 2 , #4172 AE 50%~68% 2 1], 1] 5 K 5
It ( Batracomorphus allionii Turton) )45 7 Z& AH X
A, N 39% . R WL, BN B AU 7 RE RS D
AR AT T 1l AL G AL F g AT IR . A%
Bl o Lk B R ERIR R S, FR
BRI b, MRS SR MZ%EELA
P 012220 BB 40055 S P ) | e 4 33 S R
Uiy $1) 25 450 P P 1) 3 I A B 0 UE S HL AT AR R R
T B AR . SR T, A% 3 0BG A7 7E — 2 AN 8
P, B R ER A, T R TCIE AR B . X
TR PR SR T 456 0 TR AR g — P IRk B
R 5ERRAIMLEE. HETFENLS, OF
AFF A WU EH P 456 7 L TR A 1) B e 39 O i R Cie-
adellidae ¥} , I ASHF 78 & V& B F1 1 RL Membraci-
dae [F7 40P 485 7 R A AR o 3X — R IAMN R
Ji& T I AEAR FRIEA R RG], o — 2B A i
JRARAL TR SN Z R TR . R
SR FE R — P 255 7 TRl BOR 5% GidL 51
5, B =) A i Ko A 0% B HAE AU AR R
WA e 1 S AR STE ML . 108 90 I 25 & B
TR VR PR 22 KT, R HES 0 A B R AR S K
T3 T A8 F A B TR N BR A, T A A 7= Ml 1) AT ¢
Sk e 2w FR LA

4 B

3 XA = R R R R SR REAT TS AR
TR SR ARSI, I M 1 HAE A R R A B A 3 —
oM s =R A R A A A 2R R A AE
IR, Kk, @ UORFE IR S B, e —5E
FEJEE L A1) A0 ) & AE

ZE#k References:

(11 B, ey, S, 5, 22 Cha M, T . AUREE HulbIR By
YA S AR KM TR EE[I/OL]. 355 2441, 2024:1-19. (2024-
10-11). https://link.cnki.net/urlid/44.1640.Q.20241011.1249.012.
YANG Fan, WANG Shanning, WANG Zehua, YUAN Wenyi,
QIN Wentao, ZHAO Juan, WANG Su. Current status of jujube
pest, control techniques, and future research prospects[J/OL].
Journal of Environmental Entomology, 2024: 1-19. (2024- 10-
11). https://link.cnki.net/urlid/44.1640.Q.20241011.1249.012.

[2]  FRReER, L, XIWR AL . 3R L0407 b ) IR A7 AE 1 8 A
XTH[I]. R H52020(2):39-41.

[3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

SU Caixia, GUO Kaixun, LIU Xiaohong. Current Status, Chal-
lenges, and Countermeasures of China’ s Jujube Industry[J].
Fruit Growers” Friend,2020(2):39-41.

K %, FEH B R RE ST 70 4 R[], R
#%,2019,36(10):1369-1381.

LIU Mengjun, WANG Jiurui. Fruit scientific research in new
China in the past 70 years: Chinese jujube[J]. Journal of Fruit
Science,2019,36(10):1369-1381.

B)E LR B B K KRB IR AR AR
BT, V5S4, 2024, 56(3):33-38.

PEI Guangying, ZHU Yi, WANG Zhongtang, LI Pan, DONG
Fei, ZHANG Qiong. The development status of jujube industry
in Shandong Province[J]. Deciduous Fruits,2024,56(3):33-38.
A6 . U B SO IR [I]. BRVE ML B, 1992, 20(3) : 74-
78.

HUA Lei. Research status on Zizyphus jujuba witches-broow dis-
ease[J]. Shaanxi Forest Science and Technology, 1992, 20(3):
74-78.

JUNG H Y, SAWAYANAGI T, WONGKAEW P, KAKIZAWA
S, NISHIGAWA H, WEI W, OSHIMA K, MIYATA S I, UGAKI
M, HIBI T, NAMBA S. “Candidatus Phytoplasma oryzae” , a
novel phytoplasma taxon associated with rice yellow dwarf dis-
ease[J]. International Journal of Systematic and Evolutionary
Microbiology,2003,53(Pt 6): 1925-1929.

Fds, B, TR, 59, kR % ERUREN B d—rh
AU ZE SO AR )2 AR VR I FE (D). AR5 240, 1984,
11(4):247-252.

WANG Zhuo, ZHOU Peizhen, YU Baowen, JIANG Xiuying,
ZHANG Cheng’ an. On the bionomics and control of Hishi-
monoides chinensis Anufriev, the vector of jujube witches’
broom disease[J]. Journal of Plant Protection, 1984, 11(4): 247-
252.

AT, R ARNE , Sk Bk, RS, FOR, IERIE ATS
e, BRI . 6 AN AKURHUTE S P A R R =
FERFTCI]. R 24,2021, 38(4): 560-568.

HAO Xindi, LU Jinjin, DAI Lizhen, ZHANG Tieqiang, WANG
Jinzhong, WANG Long, GUO lJialuo, REN Zhengguang,
WANG Jianwen. Resistance of six varieties to witches- broom
disease and difference in migration characteristics of phytoplas-
ma in jujube[J]. Journal of Fruit Science,2021,38(4):560-568.
Vel AL, S L KT A AR L R, KA L R A 2O
o3 PR TS AE XIS 20 BT By BT S [D). AR 2 4 24, 2022, 31
(3):262-267.

YAN Xiongfei, ZHANG Quan, ZHANG Peng, LIU Qingzhao,
HAO Zhe, L1 Gang, LIU Yonghua. Risk analysis and manage-
ment of jujube witches’ broom disease in Shaanxi Province,
China[J]. Journal of Biosafety,2022,31(3):262-267.
WEINTRAUB P G,BEANLAND L. Insect vectors of phytoplas-
mas[J]. Annual Review of Entomology,2006,51:91-111.

T, TARSE RS , L5558, IR 9, WA L. it i B
B FLC T ) g B s A SE SO e [I]. 1l A SRR, 1981513



1300 S R S 4 Fa2
(1):36-41. 1775) species group (Hemiptera: Membracidae) from Russia
WANG Zhuo, YU Baowen, ZHOU Peizhen, JIANG Xiuying, and adjacent territories[J]. Zootaxa,2022,5094(4):573-586.
SHEN Juying, CHEN Zuoyi. Study on the vector insect of ju- [18] 3, [T, KT . ol AR A T AR 17 = 301 £y et Jeg — B M ()
jube witches” -broom ( I ): The vector insect- Hishimonus chi- WH :fEERL: G A RED ] BRI, 1999,21(2):
nensis[J]. Shandong Fruits, 1981, 13(1):36-41. 98-100.

[12]  FhilOs, 5K B, FHBLZR . S0 A A B i« (U 2% 55 g YUAN Feng, YAN Jiahe , ZHANG Yazhou. A new species of Tri-
AR TFE[T]. AR 254, 1988, 15(3): 173-177. centrus (Homoptera: Membracidae) damaging Sophora japonica
SUN Shumei, ZHANG Fengwu, TIAN Xudong. Studies on the Linn. in Shandong province, China[J]. Entomotaxonomia, 1999,
biology and control of Hishimonus sellatus Uhler a vector of ju- 21(2):98-100.
jube witches” - broom disease[J]. Journal of Plant Protection, [19] EIZE, R, RALRE R =) f b A= 1 22 45 M K 55 1A 7).
1988,15(3):173-177. B HUHIR, 2000, 37(5): 278-282.

[13] AREEE, ZEWE S BN, T, A A%, 5001, M 28 AR5, YAN Jiahe, YUAN Feng,ZHU Chuanxiang. Bionomics and con-
R AR b b DX RO AR A VS T A i e e e A 0 (D). trol of Tricentrus sophorae Yuan et Yan [J]. Entomological
JEHTAR 2B 24,2019, 34(3) : 59-65. Knowledge,2000,37(5):278-282.

DAI Lizhen, GUO Jialuo, FENG Yuhuan, WANG Long, HAO [20] EEEER, EA . dbatbol B AR ERE CTOHM]. dbat: Btk
Shaodong, GUO Li, YANG Baodong, REN Zhengguang, WANG #1:,2018.

Jinzhong. Leaf hopper species screening of potential vector YU Guoyue, WANG He. The Beijing forestry insect atlas ( [ )[M].
transmitting jujube witches’ -broom phytoplasma in Beijing[J]. Beijing: Science Press,2018.

Journal of Beijing University of Agriculture,2019,34(3):59-65. [21]  BREZE, X5 S XUBER, BRI, 2R, 25 1 . Beptige )11

[14] BEZ0H, &, POLY, M-8 G U, I , /AR, 5K DX i i 2K s v K HCRPRE I K 25 5 4% B AU T AE A s
T T IR AL GO, ERE |y SREE GO R e AU R PGRTEE)]. WA R R A 2023, 60(3): 980-989.

15 Wolbachia WL K 548 K 6 4y BT [J]. BLA B H 2240, CHEN Yuxin, LIU Ruichang, LIU Jinchun, CHEN Xiulin, LI
2021,58(4):949-958. Boliao, LI Guangwei. Species identification, population dynam-
GUO lJialuo, WANG Jinxuan, HE Guangxue, Hapazi - Qiaheban, ics and screening of leathoppers as potential vectors of the ju-
DAI Lizhen, HUANG Libin, ZHANG Zhiyong, ZHANG Tie- jube witches’ -broom in jujube orchards in Yanchuan, Shaanxi
qiang, REN Zhengguang, WANG Jinzhong. Infection of Hishi- province[J]. Chinese Journal of Applied Entomology, 2023, 60
monus lamellatus by Wolbachia (Rickettsiales: Alphaproteobac- (3):980-989.

teria) and jujube witches’ -broom phytoplasma, and phylogenet- [22]  TEst . [UTER3E SO0 A0 1) 4L FE (], 1178 A, 1982(3):
ic analysis of these pathogens[J]. Chinese Journal of Applied En- 58-59.

tomology,2021,58(4):949-958. WANG Zhuo. The spread of jujube witches’ -broom phytoplas-

[15] &%, e hEzE B 528 4 [ E fMusaf AL ma by Hishimonus sellatus Uhler[J]. Shanxi Fruits, 1982(3): 58-
Ha st A AR M. B A ARk 2002. 59.

YUAN Feng,ZHOU Yao. Fauna Sinica, Insecta. Volume 28 : Ho- [23] b, sk AR, BHBAR , J3 TR RRIR ALt 2 — B s L
moptera, Cicadoidea, Membracidae, Centrotinae[M]. Beijing: ZE LU K A ) AR PE LS (0], T R, 1985(1):42-45.
Science Press,2002. SUN Shumei, ZHANG Fengwu, TIAN Xudong, WAN Xin. Ob-

[16] ®XUF, FHE, Ze 30, FEFaET, 0 55, 2548, iy, i . 4% servation on biological characteristics of Hishimonides aurifaci-
S P A ) A R AR 1 B PCR 51 A k) B s i alis Kuoh, one of the vectors of jujube witches’ -broom phyto-
1%:CN118421812A[P]. 2024-08-02. plasma[J]. China Fruits, 1985(1):42-45.

ZHAO Juan, WANG Su, QIN Wentao, CHENG Yanli, LIU [24] BREZE . Bt DA HE RO 0 - R0 5 5658 T HUBAL 9 1Y
Yayong, JIANG Nan, MENG Panpan, YANG Fan. Nest PCR I3 TAEAR[D]. 4E% : 1842 K%, 2023.

(polymerase chain reaction) primer group, kit and detection CHEN Yuxin. Species identification and molecular basis of leaf-
method for specific detection of jujube witches broom phyto- hopper transmission of jujube witches’ -broom in the jujube or-
plasma:CN118421812A[P]. 2024-08-02. chards of northern Shaanxi province[D]. Yan’ an: Yan’ an Uni-

[17] TISHECHKIN D Y. Review of the Gargara genistae (Fabricius, versity ,2023.



