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Dynamics of zeatin riboside content in leaves and roots of two rice varieties
at two developmental stages under the infestation stress by the brown

planthopper Nilaparvata lugens Stal Homoptera Delphacidae
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Abstract The response of zeatin ribosides ZRs in roots and leaves at different developmental stages of two
representative rice varieties to V. lugens nymph infestation was studied using enzyme-linked immunosorbent
assay ELISA . The results indicated that ZR content at the heading stage of Zhendao 2 was more sensitive to
N . lugens infestation compared with that at the grain filling stage with significant reduction of ZR contents in
roots and leaves at 3 6 and 9 days after 15 30 60 and 120 nymphs/plant infestations compared with the
control. For the grain-filling stage of Zhendao 2 N. lugens infestation did not result in significant reduction
of ZR content in roots and leaves except ZR contents in leaves at 9 days after 15 30 60 120 nymphs/plant
infestation and ZR content in roots at 9 days after 120 nymph/plant infestations. However the response of ZR
in Xieyou 63 to N. lugens stress was different from Zhendao 2 ZR contents in leaves at 3 days after 15 30
and 60 nymph infestation increased significantly at the heading stage and there were no significant alterations
of ZR content at the grain filling except with significant increase of ZR contents in leaves at 6 days after 30
60 120 nymphs/plant infestation and at 9 days after 120 nymphs/plant infestation. The results demonstrated
that the effect of V. lugens infestation on ZR content varied with rice variety and developmental stage.
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F=579.89 df=1 100 P =
0.00011 F =798.65 df=1 100 P =0.000086 F =

31.16 df=4 100 P =0.0011

df=1100 P=1.19 1 2
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Table 1 ZR content (pmol/g) in leaves and roots at two developmental stages of Zhendao 2 under N. lugens infestation

F =
47.49 df =4 100 P =0.00073 F =14.19 df =4
100 P=0.0024 F=27.18 df=4 100 P =0.0012

F=0.29

/

Infestation duration d

Developmental stage Rice organ  N. lugens density nymphs/plant 3 6 9
Heading stage Root 15 36.79+3.14 b 45.19+2.02 b 41.36+1.34b
30 34.22+2.28 be 43.04+4.68 b 37.60 + 8.00 be
60 32.23+1.33 ¢ 26.75+£8.32 ¢ 34.33+2.51 ¢
120 34.16 +£2.53 be 26.95+13.29 ¢ 32.29+3.21 ¢
Control 43.02+3.74 a 55.38+7.33 a 51.97+6.35 a
Leaf 15 38.77+3.17d 48.69+2.21 b 55.67+3.05 ¢
30 45.24+2.92 ¢ 48.07+7.50 b 59.52+8.45 ¢
60 46.61+2.37 ¢ 52.48+£3.05 a 59.12£2.95 ¢
120 59.38+6.20 b 52.91+4.33 a 63.97+2.74 b
Control 64.17+£2.30 a 65.90+4.44 a 76.45+£2.56 a
Filling stage Root 15 29.28+7.35 ab 30.76 £5.64 a 29.23+2.71 a
30 26.22+9.55 ab 29.14£8.30 ab 28.18+4.35 a
60 29.34+2.05 ab 27.63+1.44 ab 26.58+6.14 a
120 23.03+5.98 b 24.36+6.81 b 27.96+6.95 a
Control 33.12+5.01 a 26.06+1.06 ab 29.23+2.65a
Leaf 15 37.02+1.75 be 34.18+4.73 ¢ 44.21+3.79b
30 44.52+3.99 a 47.91+3.71 a 44.55+2.78 b
60 33.91£6.94 ¢ 41.15£3.60 abc 44.60+1.23b
120 41.17£2.76 ab 39.88 +8.66 be 43.12+3.20 b
Control 40.14 +4.41 ab 41.92+9.92 ab 49.54+4.95 a

+
<0.05 ISD test . The same below.

2.1.2 6 7R

ZR F=
84.24 df=1 100 P=0.00081 F=217.55 df=1
100 P =0.00031 F =15.89 df=4 100 P =
0.0043

F=8.68 df=4100 P=
0.0079 F=5.30 df=4 100 P=0.0037 F=4.83
df=4 100 P =0.040
F=3.74 df=1 100 P =0.052
1 2
2.1.3 9 ZR
7R F=
638.86 df=1 100 P =0.00010 F=778.46 df =1

100 P = 0.00017

0.0023
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P <0.05 LSD test
are means = SD  and those of the same organ at the same developmental stage within the same column followed by different letters show significant difference P
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F=371.90 df=1 100 P =0.00018 F =
136.90 df =1 100 P =0.00050 F =8.11 df =4
100 P =0.0043 3

F=3.18 df=4 100 P=0.038 F=7.28 df =4

100 P=0.048 F=8.35 df=4 100 P =0.0042
F=0.23 df =

1100 P=0.86 1 2

2.2.3 9 7R

ZR F =
351.90 df=1 100 P =0.00019 F =339.40 df =1
100 P =0.0002

F=3.29 df =
4100 P=0.036 F=9.61 df=4 100 P =0.0036
F=10.29 df=4 100 P =0.0034

ZR F=1.37 df=4
100 P =0.084
F=0.36 df=1 100 P =0.54 12
2 ZR
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Table 2 ZR content (pmol/g) in leaves and roots at two developmental stages of Xieyou 63 under N. lugens infestation

/

Infestation duration d

Developmental stage Rice organ  N. lugens density nymphs/plant 3 6 9

Heading stage Root 15 23.52+2.45b 28.70+£2.93 a 41.30+2.44 a
30 20.56+1.15¢ 25.65+3.68 be 28.06+6.62 b

60 29.23+1.62 a 24.77+3.58 ¢ 23.26+2.61 ¢

120 18.44+0.72 d 27.21+3.86 abe 24.14+0.66 ¢

Control 28.37+2.58 a 29.55+1.58 a 31.82+2.83 a

Leaf 15 40.97£2.79 a 45.93+5.44 a 41.07+6.08 a

30 38.99+3.43 ab 45.29+0.98 a 40.91+2.16 a

60 39.99+3.98 a 45.51+2.81 a 42.78+1.92 a

120 35.99+2.21 be 43.98+£2.45 a 42.34+3.18 a

Control 35.18+1.81 ¢ 47.30+£6.00 a 39.22+3.08 a

Filling stage Root 15 52.99+8.62 a 51.46+£6.29 a 52.31£3.18 a
30 50.28 +5.81 a 50.78+6.29 a 46.62+£4.31 ab

60 50.15+2.87 a 52.44+4.61 a 42.07+£7.76 b

120 47.72+9.62 a 45.11+4.88 a 40.23+5.74 b

Control 53.19+5.34 a 47.04+£8.27 a 46.27+£9.80 ab

Leaf 15 57.62+4.07 a 53.95+9.97 ¢ 53.43+4.42 ¢

30 57.67+7.64 a 71.01+£7.55 a 64.43+10.39 b

60 58.49+13.98 a 68.71 £4.00 ab 63.10+3.00 b

120 55.05+£6.10 a 64.39+3.41 b 78.02+7.49 a

Control 59.48+5.29 a 50.55+7.37 ¢ 59.23+6.43 be
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Table 3 Percentages (% ) of increase ( + ) or decrease ( — ) of ZR contents following N. lugens infestation
at different developmental stages of two rice varieties
ZR Percentages of increase or decrease of ZR %
N lugens d / it Infestation Infestation
Rice varieties Rice organ - gens censity duration d at rice heading stage duration d at rice filling stage
nymphs/plant
3 6 9 3 6 9
2 Root 15 -14.48" -18.40" -20.41" -11.59 +18.03 0.00
Zhen dao 2 30 -20.45" -22.28" -27.59" -20.83 +11.81 -3.59
60 -25.08" -51.69" -33.94" -11.41 +6.02 -9.06
120 -20.59" -51.33" -37.86" -30.46" -6.52 -4.34
Leaf 15 -39.58" -26.11" -27.18" -17.77 -18.46" -10.75"
30 -29.49" -27.06" -22.14" +10.91 +14.28 -10.07"
60 -27.36" -20.36 -22.66" -15.52" -1.83 -9.99"
120 -7.46" -19.71 -16.327 +2.56 -4.86 -12.95"
63 Root 15 -17.09" -2.87 -4.96 -0.37 +9.39 +13.03
Xie you 63 30 -27.52" -13.19" -11.81" -5.47 +7.95 +0.75
60 +3.03 -16.17" -26.90" -5.71 +11.47 -9.07
120 -35.00" -7.91 -24.13" -10.28 -4.10 -13.05
Leaf 15 +16.45" -2.89 +4.71 -3.12 +6.72 -9.79
30 +10.83" -4.24 +4.30 -3.04 +40.47" +8.77
60 +13.677 -3.78 +9.07 -1.66 +35.927 +6.53
120 +2.30 -7.01 +7.95 -7.44 +27.37" +31.72"
i 12
1 2 “ %" shows that there are significant differences between the data of the same organ at the same developmental

stage within the same column and the control. Perecntages in table 3 were calculated based on the data in table 1 and table 2. The significance was directly adopted

from table 1 and table 2 because the denominator of percentage calculation is same for the same variety and organ.

3 itk 2 63

Weiss and Vaadia 1965
“ K Yoshida et al. 1970
2003 2 63

15 14.63 mg
7R 1991



91

28%

30% Sogawa
1994 Watanabe and Kitagawa 2000

1 ”

2001
ZR “ ”

N P K P K
Wu et al. 2003

Sogawa 1971 1982 Rubia-
1999  Watanabe and Kitagawa 2000

Sanchez et al .

2004
ZR

7R

63

Rubia-Sanchez et al. 1999
2003

7R

A # I 4k (References)

Chen J]M Yu XP Cheng JA LuZX Zheng XS Xu HX 2003. Evaluation

for tolerance and compensation of rice varieties to infesting of brown

planthopper  Nilaparvata lugens . Chinese J. Rice Sci. 17 3 265 -
269.
2003.

17 3 265-269

Chen RC Qi LZ Cheng XN 1986. Study on brown planthopper
Nilaparvata lugens population dynamics | . Effect of temperatures and
food on population growth. Journal of Nanjing Agricultural University
3 23-33. 1986.

1.
3 23-33

Cheng XN Wu JC Ma F 2003. Brown Planthopper Occurrence and
Control. Bejing China Agriculture Press.

2003.

Cook AG  Perfect TJ 1985. Seasonal abundance of macropterous
Nilaparvata lugens and Sogatella furcifera based on presumptive
macroptery in fifth-instar nymphs. Ecological Entomology 10 249 —
258.

Doerffling K 1977. Storage processes the role of hormones. Z.
Pflanzenernaehr Bodenkd . 140 3 - 14.

Dong XH He ZP Guan CH 2001. Effects of IAA and zeatin introduced
through secondary-root on translocation and portioning of photosynthate
in maize. Journal of China Agricultural University 6 3 21 - 25.

2001.
63
21-25
DuJ Ding JH 1991. Estimation of total amount of sap ingested by

Nilaparvata  lugens  Stdl under experimental condition.  Acta

Entomologica Sinica 34 1 122 -125. 1991.
341 122-125
Mae T Ohira K 1981. The remobilization of nitrogen related to leaf growth

and senescence in rice plants  Onza sativa L. Plant  Cell
Physiology 22 1067 -1 074.
Meng YL Cao WX Liu XW Zhou ZG Jing Q 2004. A preliminary study

of simulation on shoot dry matter partitioning in rice. Acta Agronomica

Sinica 30 4 376 - 381.
2004.
30 4 376-381
Mo HD 1992. Agricultural Experimental Statistics 2nd edition . Shanghai
Shanghai Scientific & Technical Press. 1996.

QuZH Wu JC Dong B Li DH Gu HN 2004. Two-way effect of
pesticides on zeatin riboside content in both rice leaves and roots. Crop
Protection 23 11 1131 -1 136.

Rubia-Sanchez Suzuki EY Miyamoto K Watanabe T 1999. The potential
for compensation of the effects of the brown planthopper Nilaparvata
lugens Stdl  Homoptera  Delphacidae  feeding on rice. Crop
Protection 18 39 —45.

Silverman FP  Assiamah AA  Bush DS 1998. Membrane transport and
cytokinin action in root hairs of Medicago sativa. Planta 205 23 -
31.

Sogawa K 1971. Effects of feeding of the brown planthopper on the

components in the leaf blade of the rice plants. Jpn. J. Appl.



92 Acta Entomologica Sinica 49

Entomol . Zool. 15 175-179.

Sogawa K 1982. The rice brown planthopper feeding physiology and host
plant interactions. Annw. Rev. Entomol. 27 49 -73.

Sogawa K Uhm KB Choi KM 1994. Overseas immigration of rice
planthoppers into Korea associated meteorological conditions. Proc .
Assoc . Plant Prot. Kyuchu 40 80-89.

Sogawa K 1994. Feeding behaviour and damage mechanisms of the rice
planthoppers. In  Elings A Rubia EC eds. Analysis of Damage
Mechanisms by Pests and Diseases and Their Effects on Rice Yield.
SARP Res. Proceedings. Waganingen. 143 — 154.

Watanabe T ~ Kitagawa H 2000. Photosynthesis and translocation of
assimilates in rice plants following phloem feeding by the planthopper
Nilaparvata lugens Homoptera Delphacidae .

1192-1 198.

Journal of Economic
Entomology 93 4

Weiss C Vaadia Y 1965. Kinetin-like activity in root apices of sunflower

plants. Life Science 4 13 1323 -1 326.

Wu JC Qiu HM Yang GQ Dong B Gu HN 2003. Nutrient uptake of rice
roots in response to infestation of Nilaparvata lugens — Stl
Homoptera Delphacidae . J. Economic Entomol. 96 6 1798 -
1 804.

Wu JC Qiu ZH Ying JL Dong B Gu HN 2004. Changes of zeatin
riboside content in rice plants due to infestation by Nilaparvata lugens
Stdl  Homoptera Delphacidae . J. Economic Entomol. 97 6
1917-1922.

Yoshida R Oritani T Nishi A 1970. Studies on nitrogen metabolism in
crop plants VIII. Occurrence of kinetin-like factor in root exudates of

rice plants. Proceedings of the Crop Science Society of Japan 39 363
-369.





