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The brown planthopper (BPH), Nilaparvata lugens, is the most destructive insect pest in
rice production worldwide. The development and cultivation of BPH-resistant varieties is
the most economical and efficient strategy to overcome the destruction caused by BPH. In
this study, the modified bulk seedling test method was used to identify the BPH resistance
level and host feeding choice of rice lines of Liangyou8676 (Bph14/Bph15), Bph68S
(Bph14/Bph15), RHT (Bph3), Fuhui676, and TN1 on BPH. Meanwhile, the population,
survival and emergence rate, developmental duration, honeydew excretion, female ratio
and brachyptery ratio of adults were used as indicators to detect the antibiosis effects of
the different rice lines. The results showed that the resistance levels of Rathu Heenati
(RHT), Bph68S, Liangyou8676, Fuhui676, and TN1 to BPH were HR, R, MR, S and HS,
respectively. The host choice implied that BPH was more inclined to feeding on rice plants
with a lower resistance. An analysis of the antibiosis activity of rice lines RHT, BPh68S, and
Liangyou8676 carrying resistance genes indicated a significant reduction in the population
growth rate, survival and emergence rate of BPH nymphs, significant delay in the
developmental duration of nymphs, reduced honeydew excretion of females, decreased
female ratio, and a decreased brachyptery ratio of females and males, when compared
with rice carrying no BPH-resistant genes.
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16 ABSTRACT

17 Background. The brown planthopper (BPH), Nilaparvata lugens, is the most destructive 

18 insect pest in rice production worldwide. The development and cultivation of BPH-resistant 

19 varieties is the most economical and efficient strategy to overcome the destruction caused by 

20 BPH.

21
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22 Methods. The modified bulk seedling test method was used to identify the BPH resistance 

23 level and host feeding choice of rice lines of Liangyou8676 (Bph14/Bph15), Bph68S 

24 (Bph14/Bph15), RHT (Bph3), Fuhui676, and TN1 on BPH. Meanwhile, the population, 

25 survival and emergence rate, developmental duration, honeydew excretion, female ratio and 

26 brachyptery ratio of adults were used as indicators to detect the antibiosis effects of the 

27 different rice lines.

28

29 Results. The results showed that the resistance levels of Rathu Heenati (RHT), Bph68S, 

30 Liangyou8676, Fuhui676, and TN1 to BPH were HR, R, MR, S and HS, respectively. The host 

31 choice implied that BPH was more inclined to feeding on rice plants with a lower resistance. 

32 An analysis of the antibiosis activity of rice lines RHT, BPh68S, and Liangyou8676 carrying 

33 resistance genes indicated a significant reduction in the population growth rate, survival and 

34 emergence rate of BPH nymphs, significant delay in the developmental duration of nymphs, 

35 reduced honeydew excretion of females, decreased female ratio, and a decreased brachyptery 

36 ratio of females and males, when compared with rice carrying no BPH-resistant genes.

37

38 INTRODUCTION

39 Rice (Oryza sativa L.) is the staple food crop for more than three billion people worldwide. The 

40 brown planthopper (BPH) is the most destructive insect pest of rice. BPH extracts the phloem 

41 sap of rice plants using its piercing and sucking mouthparts. Light BPH infestation affects the 

42 growth of rice plants; whereas heavy infestation results in “hopper burns.” (Watanabe and 
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43 Kitagawa, 2000). BPH also serves as a vector that transmits the ragged stunt virus and the gassy 

44 stunt virus (Jena et al., 2006; Jiang et al., 2018). In recent years, BPH infestations have 

45 intensified across Asia, causing heavy yield losses in rice production (Normile, 2008; Ali and 

46 Chowdhury, 2014; Liu et al., 2016). Therefore, controlling BPH is a challenging food safety 

47 issue. Traditionally, farmers solely depended on chemical pesticides for controlling BPH 

48 (Tanaka et al., 2000; Zhang et al., 2017). However, the overuse of pesticides has resulted in a 

49 series of negative effects such as resistance of pests to synthetic chemicals, pests resurgence, 

50 and environmental contamination (Gorman et al., 2008; Do et al., 2009; Naik et al., 2018).

51 The use of resistant rice is the most economical, efficient, and environment-friendly measure for 

52 controlling BPH (Khush, 2001; Li et al., 2006; Keepa et al., 2018). Therefore, identifying 

53 resistance genes and growing resistant rice cultivars have great significance in the integrative 

54 pest management of BPH (Deng et al., 2016; He et al., 2019). Lines showing BPH- resistant 

55 genes are abundant in rice germplasm collections worldwide(Jena et al., 2010; Sarao et al., 

56 2016). Rice varieties that are resistant to BPH are representative of a long history of breeding, 

57 with a successful application in rice production. For example, IR26, the first commercial 

58 resistant rice variety carrying Bph1 was released in 1973. Resistance to BPH has played a major 

59 role in the integrated control strategies for the pest throughout Asia (Lakshminarayana and 

60 Khush, 1977; Jirapong et al., 2007; Wang et al., 2016; Ren et al., 2017; Kang et al., 2019). Up 

61 to now, at least 34 BPH-resistance genes have been reported. Among them, 19 and 15 are 

62 dominant and recessive, respectively; 28 major resistance genes have been mapped and 9 genes 

63 have been cloned (E et al., 2008).
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64 Bph14 and Bph15 are two major BPH resistance genes that have been mapped in B5(Wang et 

65 al., 2001, Huang et al., 2001), derived from wild rice Oryza officinalis Wall ex Watt. The 

66 resistance gene of Bph14 has been cloned and its resistance mechanisms had also been 

67 identified (Du et al., 2009). Now, resistance genes of Bph14 and Bph15 are been applied 

68 extensively in rice breeding through molecular marker-assisted selection (MAS) (Hu et al., 

69 2012; Yan et al., 2015; Hu et al., 2016).

70 Bph68S is a newly bred two-line sterile rice, carrying resistance genes of Bph14 and Bph15 

71 (Zhu et al., 2013). Fuhui676 is an excellent indica restorer line which was bred by us, and does 

72 not carry any  known BPH resistance gene. Using Bph68S and Fuhui676, we successfully bred 

73 a new hybrid combination of Liangyou8676, which carries resistance genes of Bph14 and 

74 Bph15, and exhibited excellent agronomic characteristics and resistance to BPH in rice. To 

75 identify the resistance of rice carrying Bph14 and Bph15 to BPH, an evaluation of BPH 

76 resistance and antibiosis resistance of Bph68S and Liangyou8676 to BPH was carried out. Our 

77 research aims to provide scientific evidence for the sustainable control of BPH using resistant 

78 rice.

79

80 MATERIALS & METHODS

81 Rice plants and BPHs

82 Two-line sterile rice Bph68S, carrying resistance genes Bph14 and Bph15, resistant to BPH 

83 biotypes 1, 2, and 3 was used (Zhu et al., 2013). The indica restorer line of Fuhui676 does not 

84 carry any known resistance gene to BPH. A variety of Lianyou8676, carrying resistance genes 
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85 Bph14 and Bph15, was obtained by the hybridization of the parents of Bph68S and Fuhui676. 

86 TN1 does not carry any BPH resistance gene, and, therefore, is highly susceptible to BPH. It has 

87 been used as the susceptible control in this study. Rathu Heenati (RHT), carrying BPH resistance 

88 gene Bph3, resistant to all four BPH biotypes (Lakshminarayana and Khush, 1977; Ainara et al., 

89 2011), was used as the resistance control in this study.

90 The BPHs were collected from rice fields during August 2016 from Fuzhou (26°16′N, 119°15′E; 

91 where BPH populations of biotype-2 dominated), Fujian iprovince, China. BPHs were placed 

92 on TN1 plants in a growth room at the Plant Protection Research Institute of Fujian Academy of 

93 Agricultural Sciences, for a 14:10 h light:dark photoperiod; the temperature was maintained at 

94 25±1°C and the relative humidity was around 75%. The insect-rearing protocol was followed 

95 for a year.

96 Evaluation of BPH resistance and host choice of rice

97 For the identification and evaluation of the BPH resistance of rice germplasm, the modified bulk 

98 seedling test was carried out as described by IRRI (1988) and Huang et al. (2001). Rice seeds 

99 were soaked in water and germinated at 30 C. The germinated seeds of the each rice variety 

100 were randomly sown at a planting density of 2.5 cm between plants in a row and 4 cm between 

101 rows in a plastic tray (45×30×9 cm) containing pulverized soil. The seedlings were thinned at the 

102 three-leaf stage to 10 plants of each variety and infested with the second-instar nymphs of BPHs 

103 at a density of 8 insects per seedling and then covered with fine, light-transmitting cage. To 

104 evaluate the BPH host feeding choice, the number of BPHs that settled on different rice 

105 seedlings was calculated and calculated after 1, 2, 3, and 4 days of infestation. The target 
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106 seedlings were then examined, and each seedling was given a score of 0, 1, 3, 5, 7 or 9 after all 

107 of the TN1 plants had died (ca. 9–10days after infestation). Here, the 0 score indicated no 

108 damage of rice seedling, whereas 9 indicated all the seedling wilted or dead. Accordingly, 1, 3, 5, 

109 and 7 indicated 1 leaf yellowing, 1-2 leaves yellowing, 1 leaf wilted and 2-4 leaves wilted, 

110 respectively. The criteria for scoring were adapted from IRRI (1988) and Huang et al. (2001). 

111 Lower scores indicate higher resistance to BPH. The average resistance score of each variety was 

112 calculated as the weighted average of the scores for all the seedlings tested. Based on the 

113 resistance level evaluation standard of Hu et al. (2016), the rice varieties were classified as 

114 highly resistant (HR), resistant (R), moderately resistant (MR), moderately susceptible (MS), 

115 susceptible (S), and highly susceptible (HS) corresponding to 0–0.9, 1.0–2.9, 3.0–4.9, 5.0–6.9, 

116 7.0–8.9, and 9, respectively. The bioassay experiment was replicated three times and carried out 

117 in the growth room described as above in 2017. 

118 Determination of population growth rate, survival rate, and emergence rate of BPHs 

119 The population growth rate and survival rate of BPH on different rice germplasm were 

120 performed based on the method described by Qiu et al. (2010). Six equally big seedlings at the 

121 three-leaf stage were selected and transferred to a plastic cup (5.5 cm bottom diameter, 8.5 cm 

122 opening diameter, 15 cm height) containing the Hoagland solution. The solution was replaced 

123 every three days but was always maintained at a level good enough to submerge the root during 

124 the experiment. To measure the BPH population growth rate on rice seedlings, each cup was 

125 infested with six second-instar nymphs which were previously weighed, and two cups/seedlings 

126 were taken as an experimental treatment. Six days after the treatment, the weight of the surviving 
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127 BPHs was recorded using a 0.1 mg sensitivity balance. The population growth rate of the 

128 surviving BPHs was calculated based on the method described by Klingler et al. (2005).

129 To examine the survival rate of BPHs on the rice seedlings, each cup was infested with six first-

130 instar nymphs that hatched out within 12 h; the number of BPHs that survived in each cup was 

131 recorded on the ninth days, after the BPH nymphs were released into the cups. The hoppers were 

132 placed on fresh seedlings every three days in the same cup as mentioned above during the 

133 experiment. To detect the emergence rate, the surviving BPHs were continuously observed until 

134 adults emerged. The survival and emergence rates were calculated as the percentage of surviving 

135 and emerging hoppers divided by the total number of nymphs released into the cups at the start 

136 of the experiment.

137 The evaluation of the BPH population growth rate, survival rate, and emergence rate on each 

138 variety and line seedlings was conducted for eight replicates in the same growth room that 

139 maintained the BPH.

140 Individual development duration of nymphs on rice plants.

141 To determinate the individual development duration of nymphs, the neonates of BPHs that 

142 hatched out within 4 h were collected, and each of them was reared on rice seedlings in the 

143 same cup as mentioned above. The BPH development was detected and recorded every 24 h 

144 until the adults emerged. When adults emerged, the duration of the development of nymphs (i.e., 

145 the time needed for the neonate develop into adult) were recorded. Sixteen replicates were 

146 tested for each rice germplasm under the same environmental conditions of the growth room 

147 described previously.
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148 Quantification of honeydew excretion of female adults

149 Honeydew collection was carried out as described by Pathak et al. (1982). The emerging 

150 brachypterous females (12–24 h old), which previously starved for 3 h, were transferred 

151 individually into a parafilm sachet and attached to the main tiller of a 40-day-old rice plant. 

152 After 24 h feeding, the weight of the honeydew in each sachet was measured using a 0.1-mg 

153 sensitivity balance per BPH female. A total of 8 replicates were tested for each rice variety and 

154 line in the same growth room.

155 Wing formations, genders and brachyptery ratio of BPH adults

156 For detecting the different germplasm of rice affected on the BPH adult wing formations, 

157 genders and brachyptery ratio. Each germinated seed from all germplasm were grown as 

158 described above in individual plastic trays covered with a light-transmitting cage. After sowing 

159 for 40 days, 120 first -instar nymphs of BPH were collected and released into the cage. After 

160 feeding for 15 days, all of the BPH adults were collected, and the female ratio, and the 

161 brachyptery ratio of males and females were recorded. The experiment was carried out on three 

162 replicates on each rice variety in a greenhouse under natural light at a temperature range of 

163 25°C–35°C between September and October 2017.

164 Statistical analysis

165 Statistical analysis of the data was carried out using SPSS18.0, one-way ANOVA and the 

166 significant difference was identified by the LSD(least significant difference) test at 5% 

167 significance level. Percentage values were arsine transformed prior to analysis.

168
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169 RESULTS

170 BPH resistance level and host feeding choice of rice lines

171

172 The severity scores of TN1, Fuhui676, Liangyou8676, Bph68S, and RHT against BPH were 9.0, 

173 8.5, 4.1, 2.8 and 0.4, respectively (Fig. 1), which showed that the resistance levels of RHT, 

174 Bph68S, Liangyou8676, Fuhui676, and TN1 to BPH were HR, R, MR, S, and HS, respectively. 

175 This indicated that the resistance of RHT (Bph3) to BPH was higher than that of Bph68S 

176 (Bph14/Bph15), whose resistance level was, in turn, higher than that of Liangyou8676 

177 (Bph14/Bph15), Fuhui676 (no BPH-resistance gene), and TN1 (no BPH-resistance gene). 

178 The results of BPH host feeding choice showed that there was an obvious difference in the 

179 number of BPH nymphs that settled on the rice seedlings from 1 to 4 days of infestation (Fig. 2). 

180 TN1 had the largest number of BPHs settled on, followed by Fuhui676, followed by 

181 Liangyou8676, Bph68S, and RHT. The number of BPHs settled on the plants of Bph68S, 

182 Liangyou8676, and RHT after 1, 2, 3, and 4 days of infestation was significantly less than those 

183 settled on TN1 and Fuhui676. The host feeding choice tests implied that BPH exhibited more 

184 inclination to feeding on rice plants with a lower resistance.

185 Population growth rate, survival rate, emergence rate, and developmental duration of BPH 

186 nymphs

187 The influence of the rice germplasm on the population growth rate, survival rate, emergence 

188 rates, and developmental duration of BPHs was investigated and determined (Table 1). The 

189 population growth rates of BPHs on TN1 and Fuhui676 were 0.28 and 0.27 mg/BPH/d, 
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190 respectively, which were significantly larger than the population growth rates of BPHs on the 

191 trial rice germplasm Bph68S, Liangyou8676, and RHT, carrying BPH resistance genes. This 

192 means that the BPHs grow faster feeding on rice carrying no resistance genes. There was no 

193 significant difference between the population growth rates of BPHs on Bph68S and 

194 Liangyou8676; however, the population growth rate of BPHs on RHT (carrying resistance gene 

195 Bph3) was significantly smaller than that of Bph68S and Liangyou8676 carrying resistance 

196 genes Bph14/Bph15.

197

198 There were significant differences in the survival and emergence rates among different rice 

199 germplasm. For example, the survival and emergence rates of the BPH nymphs on TN1 were 

200 82.29% and 77.08%, respectively, which were significantly higher than the those on the other 

201 four rice lines (approximately 40.63%–72.92% and 34.38%–63.54%, respectively). Compared 

202 with the rice that susceptible to BPH of TN1 and Fuhui676, the survival and emergence rates 

203 were significantly reduced by the resistance-BPH rice, with the influence of RHT (Bph3) being 

204 greater than that of Bph68S and Fuhui676 carrying genes of Bph14 and Bph15.

205 There was a significant difference in the developmental duration of nymphs on rice varieties 

206 (TN1 and Fuhui676) that were susceptible to BPH and those (Bph68S, Liangyou8676, and RHT) 

207 that were resistant to BPH. The developmental duration of nymphs on TN1 and Fuhui676 was 

208 13.4 and 13.8 d, respectively, whereas that of nymphs on Bph68S, Liangyou8676, and RHT was 

209 15.1, 14.7, and 15.6 d, respectively. This implied that the developmental duration of BPH 

210 nymphs was obviously retarded by resistant rice, but the effect of being retarded by RHT (Bph3) 
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211 was greater than that of being retarded by Bph68S (Bph14/Bph15) and Liangyou8676 

212 (Bph14/Bph15).

213 Effect on honeydew excretion, female ratio, and brachyptery ratio of BPH adults

214

215 Honeydew excretion, female ratio, and brachyptery ratio of BPH adults were detected and 

216 calculated (Table 2). The results showed that the honeydew excretion on rice varieties (TN1 and 

217 Fuhui676) susceptible to BPHs was significantly larger than on rice varieties (Bph68S, 

218 Liangyou8676, and RHT) resistant to BPH. For example, the honeydew excretion on RHT was 

219 the least and that on TN1 was the largest. The values of both were significantly different from 

220 those of the other three rice germplasm. However, there was no significant difference between 

221 the values of Bph68S and Liangyou8676.

222 The female and brachypterous female ratios of BPH adults on different rice varieties ranged from 

223 37.60% to 56.74% and 63.65% to 95.39%, respectively. This indicated that BPHs exhibited 

224 significantly higher female and brachypterous female ratios on rice varieties susceptible to them 

225 when compared with of resistance to BPH did, there was no significant difference between TN1 

226 and Fuhui676, but there was significant difference among the rice germplasm of Bph68S, 

227 Liangyou8676 and RHT, the female and brachypterous female ratios on RHT were lowest, then 

228 on Bph68S, followed by Liangyou8676.

229 The brachyptery ratio of males on the different rice varieties was very low, ranging between 0 

230 and 10.64%. The ratio on resistant rice varieties Bph68S and Liangyou8676 was significantly 
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231 less than that of TN1 and Fuhui676; there was no brachyptery ratio of males on RHT in this 

232 study.

233 DISCUSSION

234 The BPH resistance level and host feeding choice of different rice germplasm were detected 

235 using a modified bulk seedling test. The results indicated that the severity scores of rice varieties 

236 were RHT<BPh68S<Lianyou8676<Fuhui676< TN1 (Fig. 1). RHT scored 0.4 in this study, 

237 exhibited a high resistance (HR) to BPH, and fitted well with the findings of Li et al. (2011) and 

238 Hu et al. (2016), but differed from that of moderately resistant reported by Qiu et al. (2011) and 

239 Chen et al. (2016), it may be related to the difference of BPH populations characteristic in 

240 different province of China. Bph68S (Bph14 and Bph15) was derived from B5 through marked-

241 assisted selection (MAS), was resistant to BPH, with a severity score of 2.8, consistent with the 

242 rice line B5 (carrying Bph14 and Bph15) with scores <3.0 (Hu et al., 2012; Li et al., 2011; Qiu et 

243 al., 2011; Jiang et al., 2018). Meanwhile, the host choice was evaluated, which indicated that 

244 there was an obvious difference in the numbers of BPHs that settled on the rice seedlings of 

245 different resistance levels. The number of BPHs that settled on rice seedlings carrying resistance 

246 genes (Bph3, Bph14, and Bph15) was significantly less than that settled on seedlings carrying no 

247 resistance genes (Fig. 2). This implied that BPHs preferred to feed on susceptible rice plants 

248 carrying no resistance genes; the results coincided well with the research of Li et al. (2011) and 

249 Han et al. (2018).

250 In this study, the indicators, population growth rate, survival rate, emergence rate, developmental 

251 duration, honeydew excretion, female ratio, and brachyptery ratio of adults were used to detect 
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252 the antibiosis to BPHs in four different rice germplasm using TN1 as the experimental control. 

253 The results showed that rice varieties Bph68S, Liangyou8676, RHT, and Fuhui676 had antibiosis 

254 effects on BPHs when compared with those on TN1. Resistant rice varieties Bph68S, 

255 Liangyou8676, and RHT significantly inhibited the population growth rate, survival rate, and 

256 emergence rate of the BPH nymphs, significantly delayed the developmental duration of the 

257 nymphs (Table 1), reduced the honeydew excretion of females, and decreased the female ratio, 

258 and brachyptery ratio of females and males (Table 2). The results indicated that rice germplasm 

259 carrying resistance genes Bph3, Bph14, and Bph15 had significant antibiosis effects on BPHs, 

260 which coincided well with the results of Li et al. (2011) and Hu et al. (2012), however, the 

261 antibiosis indicators of rice varieties (Bph68S and Liangyou8676) carrying resistance genes 

262 Bph14/Bph15 were significantly weaker than that of RHT (carrying Bph3), it differed from the 

263 gene effect of Bph14/Bph15 (B5)> Bph3(RHT) reported by Qiu et al. (2011) and Jiang et al. 

264 (2018), The observation may be related to the difference in the expression of Bph14/Bph15 in 

265 rice varieties Bph68S, Liangyou8676, and B5, the different rice germplasm carrying 

266 Bph14/Bph15 genes performed different resistance level to BPH in the study of Hu et al. (2012). 

267 In addition, though the susceptible rice variety Fuhui676 carried no resistance genes, it had 

268 significant inhibition effects on the population growth rate, survival rate, and emergence rate, 

269 and reduced the honeydew excretion and brachyptery ratio of males; however, there was no 

270 significant difference in the developmental duration, female ratio, and the brachyptery ratio of 

271 females of Fuhui676 and TN1, which suggested the possibility of other mechanisms contributing 

272 to the antibiosis effects to BPHs in rice carrying no BPH resistance gene.
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273 Presently, there is approximately 1.67×107 hm2 of land area devoted annually to the cultivation 

274 of hybrid rice in China, with the hybrid rice accounting for 65% of the total rice yield. 

275 Meanwhile, there is approximately 0.64×107 hm2 of area devoted to the cultivation of hybrid 

276 rice in other countries (Yuan et al., 2014; Xie et al., 2016). Therefore, high quality and yield of 

277 resistant hybrid rice is crucial ensuring food security worldwide. The BPH is the most 

278 destructive insect pest of rice; it is also a major threat to rice production worldwide, especially 

279 Asia. Now, it is common knowledge that the most economical, efficient, and environment-

280 friendly measure to control BPH is to cultivate resistant rice. Consequently, breeding resistant 

281 varieties suitable for large-scale production is of significance in meeting the needs of rice 

282 production worldwide. 

283 CONCLUSIONS

284 The resistance level and antibiosis effects of rice on BPH were detected in this study. The 

285 resistance level and antibiosis effects of the different rice varieties were not only determined by 

286 BPH resistance genes, but the rice varieties carrying resistance genes (Bph3, Bph14/Bph15) had 

287 a significantly stronger antibiosis on BPHs than that having none. It manifested that the BPH 

288 resistance level was mainly determined by antibiosis, and that the antibiosis effects were mainly 

289 conferred by the resistance genes. So, the population growth rate, survival rate, emergence rate, 

290 developmental duration, honeydew excretion, female ratio, and brachyptery ratio could be 

291 effective indicators in the evaluation of the antibiosis of resistance rice.
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Figure 1
BPH resistance scores of rice

Rice seedlings identified and evaluated by the modified bulk seedling test under infestation
by BPH. The criteria for scoring were readapted from IRRI (1988) and Huang et al. (2001).
Error bars indicate standard deviation.
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Figure 2
Host feeding choice of BPH on rice

The number of BPHs settled on the rice seedlings BPh68S, Fuhui676, Lanyou8676, RHT, and
TN1 was calculated after 1 , 2, 3, and 4 days of infestation, using the modified bulk seedling
test. Error bars indicate standard deviation. Bars labeled with different letters indicate the
significant difference (least significant difference test: p<0.05).
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Table 1(on next page)

The population growth, survival, emergence rates and developmental duration of
nymphs on different rice
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1

2

3

Rice germplasm

Population growth 

rate (mg/BPH/d)

Survival rate 

(%)

Emergence 

rate (%)

Developmental 

duration (d) 

Bph68S 0.19±0.022 b 47.92±5.89 d 43.75±3.86 d 15.1±0.9 ab

Fuhui676 0.27±0.018 a 72.91±5.89 b 63.54±4.31 b 13.8±0.7 c

Liangyou8676 0.21±0.019 b 58.33±6.30 c 51.04±6.95 c 14.7±0.9 b

RHT 0.15±0.020 c 40.63±5.34 e 34.38±5.34 e 15.6±0.9 a

TN1 0.28±0.021 a 82.29±5.34 a 77.08±5.89 a 13.4±1.1 c

4 Note: Data are Mean ± SD, the same column followed by different letters means significantly 

5 different at p<0.05 level.
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7
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Table 2(on next page)

Honeydew excretion, female ratio, and brachyptery ratio of BPH adults on different rice
varieties
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1

2

3

Brachyptery ratio (%)

Rice germplasm

Honeydew 

(mg/BPH/d)

Female ratio (%)

Female Male

Bph68S 5.43±0.84 c 43.68±2.51 c 76.97 ±4.45 c 3.20 ±0.15 c

Fuhui676 17.49±1.80 b 54.78±2.75 a 93.78±3.46 a 6.81±1.23 b

Liangyou8676 6.14±0.42 c 48.70±1.21 b 85.45±1.15 b 3.95±1.67 c

RHT 1.09±0.44 d 37.60±2.36 d 63.65±2.81 d 0.00±0.00 d

TN1 22.44±2.84 a 56.74±2.81 a 95.39±0.86 a 10.64±1.46 a

4 Note: Data are Means ± SD, the same column followed by different letters means significantly 

5 different at p<0.05 level.

6

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27960v1 | CC BY 4.0 Open Access | rec: 14 Sep 2019, publ: 14 Sep 2019


