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EPG analysis of feeding behavior of Sogatella furcifera ( Hemiptera:

Delphacidae) on different rice varieties

SUN Kai, LI Guan-Hua, DING Wen-Bing, ZHANG Yi-Jun, LI You-Zhi* ( College of Plant Protection,
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Abstract: [ Aim] To elucidate the resistance mechanisms of different rice varieties (i. e., Fengyuanyou
272, R9810-T, Huahuiyihao, Minghui 63, Manuogu and Rathu Heenati) against the white-backed
planthopper, Sogatella furcifera. [ Methods] Electronic penetration graph ( EPG) was used to record the
feeding behavior of S. furcifera on the seedlings of these six rice varieties at the 3rd leaf stage. Nine non-
phloem variables and 22 phloem variables based on typical EPG waveforms were considered in the
analysis. [ Results] During 8 h recordings, the total time of non-penetration waveform (np) on Rathu
Heenati was the longest , followed by that on Manuogu, their total time of np had significant difference,
and both of them were significantly longer than that on the other four varieties (P <0.05). The total time
of pathway waveform ( Ne) on Rathu Heenati (8 523. 41 s) was 1. 24 times longer than that on
susceptible variety Minghui 63. S. furcifera spent significantly less time on Rathu Heenati for phloem sap
ingestion (N4-b) than other varieties. All the EPG variables on Huahuiyihao or R9810-T had no
significant difference from those of susceptible variety Minghui 63 (P =0.05). Longer average duration
of watery salivation (N4-a) followed by long time of sap ingestion was recorded on Fengyuanyou 272.
[ Conclusion] It was inferred that antixenosis components and resistance factors out of or in the phloem
region might prevent this insect pest from feeding on Rathu Heenati. Only antixenosis components might
restrict S. furcifera to feed on Manuogu. However, Huahuiyihao and R9810-T might not possess obvious
resistance to S. furcifera, and Fengyuanyou 272 might be a more susceptible variety than Minghui 63.
Combined with the correlation between feeding behavior of insect vector and transmission of persistent

plant viruses, these results also provide some information for control of Southern rice black-streaked dwarf
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virus (SRBSDV) by using S. furcifera-resistant rice varieties.
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(EPG)
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Fig. 1

Typical EPG waveforms for the macropterous female adults of Sogatella furcifera in rice seedlings

A i3 1 h A4 E General picture of 1 h recording; B - G: H KEZE/KAE LAY 7 F ikl EPG JJE, B7n 10 s YIS Seven typical EPG
waveforms for S. furcifera in rice, showing the details in 10 s. np: JEHI[#E Non-penetration; N1 ; HIEE I Penetration initiation; N2 . 14} F43)) Stylet
movement; N3 B Bz BT AG AL SME 3 Extracellular activity near the phloem region; N4-a. FEFJ) B F543 h 7K 75 P W ) Watery salivation in the
phloem region; N4-b. W) fzH7#k Phloem sap ingestion; N5 FEARRHER IG5 Activity in the xylem region.
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®1 BETCEEG6NMKEMRM LR EPG 545 ( 212 REFEA 8 h)

Table 1 The EPG variables of Sogatella furcifera on six rice varieties (the total recording time was 8 h)

£ FURAL 272 IR 15 HAPR 63 JRAG A .
. R9810-T . ; . Rathu Heenati
Variables Fengyuanyou 272 Huahuiyihao Minghui 63 Manuogu
B Kz ¥ 45FR Non-phloem variables
PAYK np AYFYIHRFEERTR] (s) 62.87 = 72.83 = 83.74 = 101. 13 = 183.23 + 378.90 =
Average np duration 9.97 b 13.96 b 20.01 b 18.79 b 35.49 b 93.21 a
np [ BT[] (s) 1101.71 = 1 501. 66 + 1291.65 + 974. 86 + 3206.03 + 5282.75
Total time of np 255.46 ¢ 564.30 ¢ 497.01 ¢ 297.44 ¢ 651.00 b 895.99 a
51 YRR AT RFLERT ] (s) 2862.53+ 4120.64+ 5907.46+  7880.02+  639.00 = 2827.56 =
Duration of the 1st probe 1861.45 a 2 159.80 a 2 519.36 a 2765.35 a 227.36 a 1120.75 a
BV R - 2 2t a] (s) 4741.55 5192.27 + 7 806. 30 + 7 438.62 + 2 548.77 + 1482.55
Average probe duration 1894.76 a 1861.31 a 2 379.50 a 2 375.09 a 607.85 a 172.45 a
SR ] (s) 27697.12+ 27298.34+ 27501.35+ 27825.15+ 25592.79+ 23513.79 =
Total probing time 255.19 a 564.30 a 498.04 a 297.43 a 650.76 b 895.40 ¢
BAYR Ne (24522 0) a] (s) 280. 07 = 221.13 % 349.25 + 246.12 + 176.26 + 279.17 +
Average Nc duration 40.93 ab 25.37 ab 60.25 a 22.79 ab 19.33 b 34.42 ab
Ne [ B EFTE] (s) 6216.33 + 4361.43 = 5 685.52 + 3807.99 4101.49 = 8523.41
Total time of Nc 932.02 ab 519. 65 ab 1,200.03 ab 543.95 b 523.10 ab 1329.01 a
FLYKCNS (KT HRFLETE () 429.44 + 612.29 + 639.37 + 1,010.67 +  584.54 = 439.71 =
Average N5 duration 137.04 a 113.87 a 131.31 a 406.85 a 131.64 a 69.37 a
N5 [ BB E] (s) 2325.15+ 2 166.41 + 2362.70 + 3 062.62 + 2233.13 + 3645.97 =
Total time of N5 348.55 a 432.69 a 489.02 a 794.33 a 345.20 a 597.64 a
¥ Kz #4545 Phloem variables
BAYRBAAS Nd-a ()3 R4 1A] (s) 193.43 + 93.69 + 55.19 141.63 + 85.2 % 104. 84 +
Average single N4-a duration 73.90 a 30.65 a 26.61 a 33.35 a 37.57 a 22.81 a
AN Nd-a () B E] (s) 626. 67 = 653.73 = 238.23 + 438.76 = 255.53 = 787.29 =
Total time of single N4-a 191.58 a 237.52 a 135.03 a 117.96 a 93.59 a 198.88 a
PAYKBRRE N4-b () Nd-a [RPEH RS2 TE] () 1 887.69 + 1153.43 + 674. 19 = 755.23 = 678.91 = 879.47 +
Average duration of an N4-a followed by N4-b 358.73 a 166.51 b 111.20 b 125.47 b 91.97 b 174.40 b
BREE N4-b 1ty Nd-a () SAHF 8] (s) 2 379.09 + 2311.33 1254.29 + 2 002.34 + 1745.61 + 1629.73 +
Total duration of N4-a followed by N4-b 474.41 a 409. 66 a 247.65 a 329.51 a 197.14 a 311.21 a
BAYR Nd-a [ 245 22m) a] (s) 904.71 526.06 + 452.20 + 421.35 458.91 + 498.39 +
Average N4-a duration 154.82 a 81.32 b 95.84 b 51.94 b 93.46 b 145.32 b
Nd-a [y G B E] (s) 3 005.76 + 2 965. 05 + 1492.49 + 2441.10 = 2001.13 + 2 416.99 =
Total time of N4-a 562.58 a 503.93 a 267.89 a 378.07 a 254.22 a 309.76 a
F3KREE 1 YK Nd-a fRFTE] (s) 4751.85 + 3423.54 + 3450. 16 3334.08 + 4494.04 + 5210.91 =
Time to the 1st N4-a 794.84 a 400. 96 a 581.75 a 609.58 a 512.69 a 1182.46 a
MEE 1T IR FIASE 1 ¥R Nd-a pURF[E] (s) 4677.18 £ 3386.75 + 3424.82 + 3303.35 4452.23 £ 5076.35 +
Time from the 1st probe to the 1st N4-a 805.38 a 397.02 a 581.54 a 607.83 a 513.31 a 1165.18 a
BARHRBNIAEE 1 R Nd-a (1)SF 240 A] (s) 450. 14 + 440.41 = 400. 86 + 316.32 + 363.56 = 394.33 +
Average time to the 1st N4-a in a probe 94.85 a 61.63 a 54.92 a 42.37 a 59.22 a 49.77 a
BAYRIARBAEE 1 R N4-a ()5 i a] (s) 322.74 269. 69 + 232.29 + 141.30 209.55 + 218.61 +
Minimum time to the 1st N4-a in a probe 96.32 a 50.00 a 52.05 a 24.41 a 37.54 a 53.25 a
FIEE 1 RFEA NA-b LART Nd-a (9 S FFLERTIR (s)  2549.35+ 179203+  948.09 = 1112.57+  1079.95+  1724.48 =«
Total duration of N4-a before the 1st sustained N4-b  456.33 a 385.96 ab 190.90 b 226.92 b 127.67 b 249.28 ab
FRIR Na-b (9B RF T[] () 15100.75+ 11564.21+ 13146.71+ 8874.54+  8356.22+  5295.21=
Average N4-b duration 1896.15 a 1,976.28 ab  2,480. 08ab 1693.69 be 1 605. 50bc 1 260. 51¢
N4-b ) BB (s) 16 149.91 + 17805.44 + 17960.67 + 18513.44+ 17257.05+ 8927.42 =
Total time of N4-b 1 609.76 a 1362.14 a 1926.69 a 1240.94 a 1.306.83 a 1 596.28 b
PAYRIFA N4-b( >10 min) (P HFEERTE] () 15477.04 = 12937.25+ 13942.14+ 11343.08+ 10977.97+ 5851.22 =
Average duration of a sustained N4-b( >10 min) 1718.44 a 1814.98 a 2372.35 a 1 940.00 a 1749.92 a 1228.45b
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453%k 1 Table 1 continued

Ei= FURAL 272 R 1 WPk 63 JFRRRAY .
. R9810-T . ; . Rathu Heenati
Variables Fengyuanyou 272 Huahuiyihao Minghui 63 Manuogu
A N4-b Y BRFa] (s) 16059.19+ 17758.75+ 17899.07+ 18359.13+ 17089.81+ 8817.53 +
Total duration of sustained N4-b 1652.57 a 1360.52 a 1,939.69 a 1236.38 a 1326.95 a 1589.16 b
FGREE 1 ¥k N4-b AYBFE] (s) 8 288.57 = 5306.51 = 5257.33 + 3702.90 + 4637.39 + 7742.87 +
Time to the 1st N4-b 1180.90 a 953.77 be 999. 22 be 620.92 ¢ 504.32 ¢ 1388.85 ab
M 1 YRR 1 REFA N4-b [gE] (s) 11461.99 + 7 045.96 6201.03 + 5128.04 = 6245.24 + 10 374.82 +
Time from the 1st probe to the 1st sustained N4-b 1505.57 a 980.62 b 1049.41 b 673.23 b 597.62 b 1 468. 68 a
51 YR Nd-a 355 1 7k N4-b i) (s) 10243.27+  6526.72 + 5981.99 + 4437.29 5347.61 + 8 647.61
Time from the 1st N4-a to the 1st N4-b 1329.12 a 1 015.15 be ~ 992. 81 be 743.04 ¢ 509.61 ¢ 1 398.51 ab
M 1K Nd-a F565 1 YREFA N4-b [EHE] (s) 6 784.82 + 3659.20 + 2776.21 + 1 824.69 + 1793.01 + 5072.09 =
Time from the 1st N4-a to the 1st sustained N4-b 1533.86 a 820. 56 be 859. 88 be 432.13 ¢ 403.76 ¢ 942.79 ab
FAYR N4 )RS ] () 17020.22 + 12849.81 = 13832.17+ 9697.46 = 9565.74 = 6 266.95 =
Average N4 duration 1870.18 a 1951.45ab 2496.22 ab 1716.40 bc 1708.98 be 1323.71 ¢
N4 (1 & Bt E] (s) 18528.97+ 20116.76 + 19214.94+ 20515.78 = 19002.65+ 10557.15 =
Total time of N4 1418.63 a 1356.23 a 1 899.06 a 1 040.70 a 1 300. 36 a 1715.66 b
MEE 1T WORIEEFNEE 1 IR N4 R fE] (s) 10317.98 =+ 6 563.49 = 6 007.33 + 4 468.02 = 5389.41 8 782.16 =
Time from the 1st probe to the 1st N4 1331.47 a 1013.93 be  995.03 be 743.88 ¢ 509.72 ¢ 1411.23 ab

Ferb U I = AR, [R5 AR R 5128 AN R S RN 7E 0. 05 K- 2% 5 1 3 ( Duncan [CHTE M 24%:) o G FIAER RN 15

K, Data in the table are mean + SE, different letters following the data within a row indicate significant difference between different varieties at the 0. 05

level (Duncan’s multiple range test). The replications for each variety are 15.
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K, B A T BR Rathu Heenati A (1) HA & Ao
XE W, TERRAR A L 0] BE A FEAS R 9% R R Y
SRR IR, 3K AT RE A IBROR 2 T FH TR] 70 48 5 v SR R
NEPIEERNRZ — (K, 1991) . 8Rifi, &
A\ B — BEORIACRRAR 23 00 i 5 25 B DU, ) 55 7
SRR AR 63 AYHUCEAT M EEA 3k, R,
D RRAR A P BEIE A AE AT A -

WK 63 BESZ B A AC R &, 2 5% Bt /K
FEAER 1 5 1) 36 A (PLB S, 2003) . ABF5EH
Pk 63 HAEMK 1 52 BT 43 i) EPG F8ARfis A & 1
225 (P=0.05) , UtH4EYK 1 5 i) Bt #ER XL AR
FHHEE CE R I A B R
RO810-T S 25 b P AE A i) SE R 241 DNA 32 A GR35 Fed
RO810 J5 153 2R i e A (ROt aE, 2012)
RO810-T 4K 1 - FIBAYK 63 =34 (0] Ay EPG F5FR¥K
B WP 22 57, th T I 63 28k ALY 2 S8 R ik
BRCUERESE, 2003) , i A S AP AR AR AL R 24
J5 ) ROS10-T o g Jak i e

FVRME 272 S EE M X )2 AR R A S 5 R
i, 1 T REUZE I R b B0 I 7K I A P YR )
A7 UsF 1) S 3 b A T At i, (L G 0 PR K 1) S8 I (1]
5 H A A W 25 R, SO R R R i s ]
TERTA AP . X R, B CEZE IR

It I N 18] B ) B B MR, X m] REAT A TR i 1 7
RETE I b B BCRRCR 12 i B T RE 2 FLIA K
63 B A SRR A Rl
3.3 MMEBREARN@RMXEE CERSHES
RE TR ME

SRBSDV S — i 7K A 1) B 508 BIR il 149 27 ( Zhou
et al., 2008) ., EFEHT SRBSDV JbfiE e HE &
BRI K VA P PR N TCRE K R B B 38, ToFE
REGRFE I SRBSDV K7 it 4w /K A ) Bz ol itk
AZHBHGE N . L, B 17 ETE KRS 3 B &1
S R bl w0 g A R LG e RUT S AER TS AL

AT AT ALY HL A A Rathu Heenati
0 B2 AR B P A 1) (5 S o b o ) — 2 22 A
XA TR G2 A Bl B I B T
A R EE CEHCE AR Rathu Heenati IS 3R
FMPLRA/N T35, AF CETE [ RN 52 S5
Hh BT FH <6 22 IR R, ] BE A R PR LA AT 8 1 215 )
RPN RN E Qe Rt N TR N RIE TN
Pl B CEVERH AR IR 272 BRIk
30 KT PN YD P ), T A2 38 0 75 SR 7E M
b b B RE IR
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