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Abstract; Ovicidal- and sucking-inhibitory resistance to the whitebacked planthopper (WBPH) in 13 japonica, 11 indica,
13 hybrid rice from China, and 11 tropical japonica from other countries were evaluated. Ovicidal varieties were found only in
japonica rice, four of 13 japonica varieties showed significant ovicidal response. No ovicidal varieties were involved in indica,
hybrid and tropical japonica varieties tested. In addition, 42 japonica and 43 indica varieties from different provinces in China
were re-evaluated for WBPH resistance. Ten japonica varieties (about 24%) had ovicidal resistance, causing 53% — 100%
egg mortality, In more than 95% of indica varieties, WBPH egg mortality was below 30%. Only four japonica varieties from
Zhejiang Province significantly suppressed honeydew excretion by WBPH. Among 21 japonica landraces in Zhejiang Prov-
ince, ovicidal and sucking response of WBPH showed independent and continuous variations. Sangianhuang, Changhongdao
and Aigandac had ovicidal resistance. Jijiaohuang and Maqueqing inhibited WBPH sucking. This finding indicated that
WBPH resistance genes were retained in sympatric japonica landraces in China.

Key words: whitebacked planthopper; varietal resistance; rice; ovicidal resistance; sucking inhibition; landrace

1 Introduction

The whitebacked planthopper ( WBPH), Sogatella
Sfurcifera, is a rice monophagous herbivore in the paddy
fields. Previously, WBPH was a secondary insect pest of
rice, which seldom caused economic injuries to the paddy
crop. However, since around the 1980s, WBPH populations
have significantly increased following a nation-wide adoption
of hybrid rice in Chinal®:17J, Chemical control of WBPH be-
came inevitable for high yielding cultivation of hybrid rice.
Besides, WBPH that propagates in hybrid rice areas makes
massive migrations to the inbred rice areas, where the plant-
hopper has also become an important economic insect pest at
early growth stage of rice. Intensification of early insecticide
applications for controlling WBPH will deteriorate IPM ap-
proaches in the paddy ecosystems because of ecological toxici-
ty. Rice varieties with WBPH-resistance are fully compatible
with natural enemies, and enable to reduce pesticide applica-

tions to the rice plants at early vegetative growth stages,

when the natural enemies are actively recruited to the paddy
ecosystem. Therefore, utilization of WBPH-resistant varie-
ties is an effective approach to the sustainable IPM in rice.
We have found that a Chinese japonica rice Chunjiang 06
(CJ-06) not only has a unique ovicidal resistance as that seen
commonly in Japanese japonica rice, but also has a sucking in-
hibitory resistance to WBPH. Antixenosis of CJ-06 due to
sucking inhibitory nature plays a decisive role in reducing
WBPH density on the varietyt!¢l. In addition, reproduction
of WBPH on CJ-06 is markedly reduced by inhibition of suck-
ing as well as by the ovicidal activities. As a consequence, CJ-

06 expresses highly stable field resistance to WBPH.
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The present experiments were conducted to clarify the
genetic background for WBPH resistance in Chinese rice vari-

eties.

2 Materials and Methods

2.1 Rice varieties tested

All the rice varieties except for tropical japonica (javani-
ca) were pravided by China National Rice Research Institute
(CNRRD. In particular, Prof. Ying Cunshan, former Direc-
tor General of CNRRI, supplied Chinese japonica and indica
breeding materials, and japonica landraces from Zhejiang
Province from the rice germplasm bank of CNRRI with his
kind arrangements. Two varieties of japonica landrace, Lao-
laiging and Xintaihuqing, were supplied by Jiaxing Academy
of Agricultural Sciences. The japonica landraces used in the
present experiments were listed in Table 1. The tropical
japonica varieties from the Philippines and Indonesia were ob-
tained from National Institute of Agro-Biological Sciences in
Japan,
2.2 Evaluation of WBPH resistance

All the varieties tested were individually planted in dis-
posable plastic cups (7 cm in diameter, 9 cm in height) until
early tillering stage under open conditions. Gravid females
were individually confined onto the upper portion of leaf
sheaths with parafilm sachets (2 emX2 cm), and allowed to
suck and lay eggs for a day at room temperature (26 —30C),

Sucking inhibitory resistance was evaluated by honeydew
excretion, The varieties on which WBPH excreted little hon-
eydew were classified as the varieties with sucking suppres-
sive resistance, In the experiments with 21 Chinese japonica

landraces, amount of honeydew excreted was quantified by

Table 1. Japonica landraces used in the experiments,

Variety Abbreviation Accession no. 1’
Aigandao &EFF RS AGD 1216
Baijing A& BJ 1391
Baikechangdaotou HR Kk BKCTD 20224
Changdaotou # &8k CDT 1437
Changhongdao #4158 CHD 993
Hongke £I5% HK 774
Huangzhong E# HZ 1169
Jijiachuang 7% & JJH 664
Luganqging M # % LGQ 831
Lachudao # R LHD 1053
Linhaiwandao I ¥ B &S LHWD 878
Laolaiqing £k # LLQ JAAS
Laowusi ]t LWS 399
Manluoging 18 % & MLQ 699
Maqueqing K& F MQQ 690
Sanqianhuang =F # SQH 951
Shuangjiangwu ¥ 5 SJW 20112
Taihuqging K ¥ % THQ 20119
Tieganwudao gk 28 TGWD 20126
Xintaihuqing # A # & XTHQ JAAS
Yisuizhong —F# YSZ 694

D Accession no, of CNRRI Germplasm Bank. JAAS, Jiaxing

Academy of Agricultural Sciences.
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weighing.

Ovicidal resistance was confirmed by egg mortality,
which was calculated by counting live and dead eggs at 5—6
days after oviposition by dissecting the leaf sheath tissues at
oviposition sites. The eggs with reddish eye-spots were
recorded as developing live eggs, and white opaque eggs as

dead ones.

3 Results

3.1 Distribution of ovicidal resistance to WBPH among dif-
ferent variety groups

Ovicidal varieties were restrictedly found in japonica rice.
Of 13 varieties tested, four varieties, CJ-06, Chunjiang 15,
Bin-97-405 and Bin-97-408-1, showed significant ovicidal re-
actions. No ovicidal varieties were detected among 11 indica,
and 13 hybrid rice combinations in China (Table 2). As a
comparison with temperate japonica varieties in China, 11
tropical japonica varieties were tested. However, no tropical
japonica varieties showed ovicidal response. WBPH excreted
considerable amounts of honeydew on all the varieties tested
except for CJ-06.

3.2  Occurrence of WBPH resistant varieties in Chinese
japonica and indica rice

Totally 42 japonica varieties from 11 provinces were sub-
jected to the evaluation of the WBPH resistance. Egg mortal-
ity varied continuously from 2% to 100% among them. Ten
varieties (about 24%) showed an egg mortality (53% —
100%%) as high as that of CJ-06 (79%) (Table 3). On the
other hand, no significant ovicidal variety was detected in the
43 indica varieties tested. Egg mortality in the indica rice
ranged from 1.5% to 51%, and was below 30% in 95% or
more varieties (Table 4).

WBPH discharged significantly less honeydew on 4
japonica varieties from Zhejiang Province, namely Xianghu
84, Xiaohuangchong, Xiushui 04 and Yuanjing 2, which indi-
cated sucking suppressive resistance to WBPH in these varie-
ties. No indica varieties suppressed honeydew excretion by
the planthopper. .

3.3 Sucking inhibitory and ovicidal resistance to WBPH in ja-
ponica landraces in Zhejiang Province

WBPH excreted varying amounts of honeydew in differ-
ent landraces tested, which showed continuous variations
among them. Honeydew excretion in Jijiaohuang and Maque-
qing was as little as that in CJ-06, indicating their sucking in-
hibitory resistance (Fig. 1). On the contrary, WBPHs ex-
creted as much honeydew in Shuangjiangwu, Hongke, Man-
luoging, Changdaotou, Taihuqing, and Yisuizhong as they
did in TN1. The other landraces were between CJ-06 and
TNI1.

More than 80% of WBPH eggs died on Sangianhuang,
Changhongdao and Aigandao (Fig. 2). Their egg mortality
was as high as that in the ovicidal CJ-06. Egg mortality in
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Table 2. Occurrence of ovicidal varieties in different variety types of rice,
No. of Average Average No. of Average Average
Variety type . Variety type .
plants no. of eggs mortality of plants no. of eggs mortality of
and Variety and Variety
examined laid per plant eggs? /% examined laid per plant eggs? /%
Japonica rice Hybrid rice

" Bin 97-408-1 6 28.0 80.0 a Teyou 500 6 18.2 25.1
Chunjiang 06 (CJ-06) 6 28.0 79.0 a I You 500 5 35.8 17.6
Chunjiang 15 6 24.5 73.9 a Xieyou 10 6 23.3 17.5
Bin 97-405 6 24.2 64.9 a I You 63 5 32.0 16.7
Chunjiang 11 6 26.2 61.7 Il You 2070 6 26.8 15.5
UCD106-17 6 5:.7 48.0 Xieyou 300 6 35.3 15.4
Bin 97-412 6 16.7 39.2 Teyou 63 6 27.3 11.6
Bin 97-264 6 27.7 11,7 Xieyou 100 5 23.8 11.5
Bin 94-54 6 20.6 7.8 Shanyou 63 6 26.3 8.9
Chunjiangzao 1 5 28.0 6.0 Xieyou 63 5 36.6 7.9
Xiushui 11 5 24,5 4.9 Xieyou D2 6 44,7 5.9
Xiushui 47 6 26.2 4,9 Teyou D2 6 20.8 4.0
Chunjiang 100 5 33.0 3.0 Xieyou 9308 6 25.2 3.5

Indica rice Tropical japonica rice
Nanji 3 6 27.2 45,2 Ketan Eson 6 40.7 35.2
You 71 5 33.6 26.1 Ingsa Putih 5 49.0 33.6
Qixiangzhan 5 39.4 13.6 Unoy 6 19.6 20.8
TN1 6 26.5 8.1 Binato 6 42.2 15.6
Shenggui 6 32.2 7.8 Simedan 6 42.4 12.0
Chaohongzao 1 5 35.4 6.4 Palawan 5 33.6 11.6
Saituofu 6 33.3 3.9 Putih 6 44,4 10. 8
Zhongyin 85 6 22,7 3.7 Siboru Toba 6 42.0 5.0
Jingxian 89 5 24,4 2.7 Simedan 2 6 27.3 4.9
Wangdac 6 29,0 2.7 Sigadogabo 6 36.0 4,0
Zhongyu 93-1 5 28.8 2.1 Sihompa 6 26.8 1.6

D a, There is a significant difference from TN1, but not from CJ-06 (P <C0. 05, t -test).

Laohudao,
Baikechangdaotou, Taihuging, and Huangzhong was below
30%, and had no ovicidal resistance to WBPH eggs like
TNI1. The egg mortality of other landraces showed continu-

Jijiaohuang, Manluoging, Laolaiging, Baijing,

ous variations between those of CJ-06 and TNI1.

None of the 21 landraces tested in the present experi-
ment had both the sucking inhibitory- and ovicidal resistance.
Only Maqueqing showed high sucking inhibitory and moderate
ovicidal resistance, and Changhongdao had moderate sucking

inhibitory- and high ovicidal resistance.

4 Discussion

Since 1971,
WBPH has been
Institute (IRRI) by using the standardized seedbox test,

mass screening of resistant varieties to

undertaken at International Rice Research

Most of the WBPH resistant varieties were detected among
indica local rice from Pakistan, Nepal and Indiall®]. From
them, five major genes for WBPH resistance have been iden-
tified, and designated as Wbph 1, Whbph 2, Whbph 3, wbph 4
and Wbhph 5[1:4,9.11,13.201 . These WBPH resistant indica
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Fig. 1. Honeydew excretion by WBPH females in japonica landraces in Zhejiang Province.

Varieties followed by the same letters are not significantly different (P <C0. 05, LSD).

CJ-06 (Chunjiang 06), Resistant check; TN1, Susceptible check.
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Table 3, Ovicidal response in Chinese japonica rice varieties,

o No. of plants Average no. of Average mortality
Variety Origin . ]

examined eggs laid per plant of eggs” /%
Longjing 3 Heilongjiang 6 43.0 53.2a
Hejiang 19 Heilongjiang 6 27.3 42.3
Tongxi 112 Heilongjiang 5 40. 6 25.4
Ji 90-105 Jilin 5 20.0 12.8
Zhuganging Shandong 5 35.0 72.2 a
Yanjing 2 Jiangsu 4 20.5 82.%a
Nanjing 11 Jiangsu 5 23.6 78.8 a
Xianyu 1 Jiangsu 4 34,3 62.4 a
Nanjing 7 Jiangsu 5 27.0 55.8 a
Ninghui 18 Jiangsu 5 28.6 36.8
Suyunuo Jiangsu 5 57.6 31. 4
Wuyujing 2 Jiangsu 5 33.6 22.8
Wuyujing 3 Jiangsu 5 26,0 6.0
2428 Jiangsu 4 30.5 5.5
Gaogansuyunuo Jiangsu 4 29.3 4.5
Xiushui 115 Zhejiang 4 19.8 86.0a
T42 Zhejiang 5 41. 6 53.2a
Xianghu 25 Zhejiang 5 33.6 46.8
Xianghu 84 Zhejiang 5 34.6 46.4
Yongjing 194 ' Zhejiang 5 26.0 46.0
Xiushui 11 Zhejiang 5 24.4 45.8
Chengte 232 Zhejiang 4 26.3 41.7
Aicheng 804 Zhejiang 5 32.4 29.4
Xiushui 48 Zhejiang 5 22,4 28.6
Xiushui 46 Zhejiang 4 22.3 28.5
Xiaohuangzhong Zhejiang 5 24.6 18.2
Xiushui 04 Zhejiang 5 25.4 17.8
Laohudao Zhejiang 5 30.6 16. 6
Jing 15 Guangxi 6 34,7 20.0
Baizhujing Guizhou 6 27,0 39.2
Anjing 314 Guizhou 6 33.5 31.3
Zizaojing « Guizhou 5 24,2 22.2
Huangjinjing Guizhou 6 32.2 13.2
Fu 53 Guizhou 4 41.0 11.7
Cungunuo Guizhou 6 32.7 5.7
Xinjing 6 Henan 6 32.5 8.3
Xinjing 5 Henan 5 32.8 2.0
Jing 185-7 Hubei 5 20,0 100.0 a
Xiangjing 1 Hunan 5 12,0 100.0 a
Tainan 17 Taiwan 6 27.5 20.8
Gaohsiung 13 Taiwan 6 24,0 10.2
CJ-06 (ovicidal control) Zhejiang 6 21.0 79.0
TN1 (non-ovicidal control) Taiwan 5 26,5 8.8

14, There is a significant difference from TN1, but not from CJ-06 (P <C0. 05, ¢ -test).
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Fig. 2. WBPH egg mortality in japonica landraces in Zhejiang Province.
Varieties followed by the same letters are not significantly different (P <C0. 05, LSD).
CJ-06 (Chunjiang 06), Resistant check; TN1, Susceptible check.
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Table 4. Ovicidal response in Chinese indica rice varieties.

No. of plants

Average no. of Average mortality

Variety Origin
examined eggs laid per plant of eggs/ %
Yunanheixiannuo Henan 6 33.5 12.3
Xindao 26 Henan 6 45.7 10.8
91499 Anhui 5 44. 6 51. 4
Zhongxian 58 Anhui 4 33.5 44,2
Wandao 27 Anhui 5 29.0 17.2
Wuxiangxian Jiangsu 5 38.6 21.6
Lianjian 33 Jiangsu 5 29.2 8.0
Xiangnuo 4 CNRRI 5 18. 8 13.4
Zhongyouwan 1 CNRRI 6 45.5 5.2
Zhong 86-44 CNRRI 6 30.2 3.5
Zhongzao 18 CNRRI 6 40.5 0.7
Guihuanuolian Hubei 5 41,2 6.0
Yushuinuo Hunan 6 34.0 13.5
Zaoyou 1 Hunan 6 36.2 12,2
Zaoyou 3 Hunan 5 36,4 4,4
Yuexinzhan 3 Guangdong 5 46,2 61.4
Xinfengzhan 2 Guangdong 4 13.3 25.7
Yezhenai Guangdong 5 40. 8 22.4
Yuexinzhan Guangdong 5 34,2 14. 6
Yueyezhan 2 Guangdong 5 33.8 14.0
9567 Guangdong 5 27.0 12.6
Pin 278 Guangdong 5 32.6 11.2
Lijinghongmi Guangdong 5 22.6 11.0
Qingjing 21 Guangdong 5 31.6 10.0
Lujingzhan 1 Guangdong 5 25,0 9.6
Yumei 153 Guangdong 5 38.4 9.2
Zhensizhan Guangdong 6 24.5 9.2
Qingjingzhan 11 Guangdong 5 15.8 7.2
Aojingzhan 1 Guangdong 5 22.6 5.8
Xianhuangzhan Guangdong 4 13.3 1.7
Xiansizhan Guangdong 5 19.6 1.5
Yueyezhan 1 Guangdong 4 37.3 1.5
Jiangxixiangsimiao Jiangxi 5 25,2 75.4
Fengxinhongmi Jiangxi 4 29.8 41.7
Xiangsimiao Jiangxi 5 37.2 20.4
Ganyouwan 9 Jiangxi 4 34,8 11,5
Xuxunian Guizhou 6 31.3 15.8
Guiyu 100 Guizhou 6 32.2 3.3
Tonglianghuozhong Sichuan 6 45,0 11.0
Pengshantieganzhan Sichuan 6 42.3 7.7
Nanjianxiangdao Sichuan 6 46.0 3.2
Longgingzixiangnuo Yunnan 5 36. 8 15. 4
CJ-06 (ovicidal control) Zhejiang 6 21.0 79.0
TN1 (non-ovicidal control) Taiwan 5 26.5 8,8

varieties expressed various antixenotic and antibiotic phenom-
ena during the processes of host plant selection and reproduc-
tion by the planthoppers(?:3:7] The antixenotic and antibiotic
phenomena commonly resulted from sucking inhibition of
WBPH on the resistant indica varieties.

In the period from 1986 to 1990, 28527 Chinese rice
germplasm accession lines were screened for WBPH resist-
ance by the seedling box tests in China. Of them, 2743 varie-
ties and lines were moderately to highly resistant to
WBPHIS], About 0. 4% local rice varieties from Guangdong
Province were all non-glutinous indica ricel!%], Allelic analy-
sis revealed that four local indica varieties from Yunnan Prov-
ince, Guiyigu, Biangu, Daqigu and Dahuagu, have a new
dominant gene for WBPH resistance, which was tentatively
designated as Woph 6 (£)[81,

Compared with indica rice, only a few japonica varieties
have been reported to be resistant to WBPHL21-22] | Xjushui
620 is a parental line of CJ-06, which is highly resistant to

WBPH. Yanjing 2 was also derived from a common interme-

diate variety, from which Xiushui 620 and CJ-06 were bred.
All the japonica rice in Japan had been believed to be suscepti-
ble to WBPH. However, it was recently disclosed that Japa-
nese japonica had a unique ovicidal resistancel12:15:18], The
WBPH eggs deposited on japonica rice suffered high mortality
by an ovicidal substance induced at the oviposition sites. Be-
cause it is so common among Japanese japonica rice, high egg
mortality had not been recognized as an induced resistance,
Subsequent low reproduction on japonica rice had long been
misunderstood as a biological character of WBPH. Such ovi-
cidal resistance can not be detected by the seedbox screening
test during infections with WBPH nymphs. Thus, it was ob-
scure whether or not other types of rice varieties have the
same mechanism of WBPH resistance.

In the present experiments, we first employed selected
rice varieties belonging to the different types of Chinese rice
for evaluation of their ovicidal resistance. Ovicidal varieties
were restrictedly found in japonica rice. Tropical japonica, in-

dica and hybrid rice did not show ovicidal resistance at all.
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Such discriminative distribution of ovicidal resistance between
japonica and indica rice was further confirmed by testing 88
rice varieties from different provinces in China. Ovicidal vari-
eties existed only in japonica rice, but not in indica rice. Simi-
lar ovicidal resistance was also found in landraces of native ja-
ponica in Zhejiang Province. The landraces showed varying
levels of ovicidal activities. These findings indicated that the
ovicidal resistance to WBPH was a physiological trait that was
specifically associated with japonica rice.

On the other hand, sucking inhibitory resistance to
WBPH has been little known in japonica rice varieties. Only
four japonica varieties, namely Xianghu 84, Xiachuang-
zhong, Xiushui 04 and Yuanjing 2 were found to cause excre-
tion of very little honeydew, indicating that they have a suck-
ing inhibitory resistance. Of them, Xianghu 84, Xiushui 04
and Yuanjing 2 are derived from common germplasm re-
sources. Xiaohuangzhong is a japonica landrace in Zhejiang
Province. In addition to Xiachuangzhong, two more japonica
landraces, Jijiaohuang and Maqueging, were found to have
sucking inhibitory as well as ovicidal resistance. Of 21 japoni-
ca landraces tested here, 15 races have been described to be
resistant to WBPH based on the seedbox screening test{23],
Particularly, it was mentioned that Sangianhuang showed
definite resistance to WBPH in the repeated seedbox screen-
ing tests. However, the present ex‘periments clarified that at
least eight of the reportedly resistant landraces, including
Sangianhuang, did not have any sucking inhibitory resistance
to WBPH. The nature of resistance evaluated by the seedbox
screening test remains unclear,

The present finding that japonica landraces retain not
only ovicidal but also sucking inhibitory resistance in their
germplasm may indicate a possible co-evolution with WBPH

in the places where japonica rice was domesticated.
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