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Effect of soil planted with Bt rice on the development and
enzyme activities of Eisenia foetida
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Abstract: [ Background] The safety associated with planting transgenic crops remains a concern for the public. Study on the effect
of Bt proteins on the underground non-target organisms is an important part for the safety evaluation of transgenic crops. [ Method] In
this study, pea, alfalfa, and rape were planted as after-reap crops in the experimental field, where transgenic Bt rice was previously
grown. In the field, soil samples were collected in January, March, and June of 2013 and used to cultivate Eisenia foetida in labora-
tory conditions. At weeks 4 and 7, we determined the development and enzymatic activities of E.foetida. The contents of Bt protein in
soil samples at different depths were determined and the survival rate of E.foetida feeding with Bt protein directly was evaluated.
[ Result] The soil samples collected from the plotd planted with transgenic Bt rice TIC-19 and T2A-1 had no significant effects on
the development, survival rate and enzymatic activities of E.foetida compared with soil samples collected from plots planted with the
non-transgenic Bt rice MH63. Samples of the surface soil showed significantly higher levels of Cry2A protein in in January and March
and of CrylC protein in January than soil collected in deeper. There were no significant differences in the amounts of Cry2A Bt pro-
tein in 10 ecm and 20 cm as well as soils collected from T1C-19 plot in March and June and T2A-1 plot in June. Dynamics of Bt pro-
tein were mnot affected by the after-reap crop in this study. The survival rates of E.foetida directly fed with Cry2A and Cry1C proteins

were 96.7% and 95.0% , and did not significantly differ from the control. [ Conclusion and significance] Our results indicated that
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the planting of transgenic ¢ry2A and crylC Bt rice had no significant difference on the development and enzyme activities of E.foeti-

da. Our study provides some basic protocol for evaluating the safety of transgenic rice.

Key words: transgenic Bt rice; afterreap crop; contents of Bt protein in soil samples; Eisenia foetida; growth rate; mortality; en-

zyme activity
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Fig.1 Experimental design of this transgenic field study
1: MH63; 2: T1C-19; 3; T2A-1; A; Bi% Pisum sativum; B: JHZ¥ Brassica campestris; C: 89t Astragalus sinicus; D: %5 [ Blank,
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Table 1 Amounts of Bt insecticidal proteins in the different soil samples in after-reap Bt rice (ng - g™')
ORI ] HORE 2 R
Bt /KA Sampling Depth of the EUS AL B M | TS H
Bt rice time soil sample Fallow Pea plots Alfalfa plots Rape plots
(month-day) (em)
T1C-19 01-15 0 0.63+£0.02Aa 0.58+0.03Aa 0.70+0.08Aa 0.73+0.08Aa
10 0.49+0.03Ba 0.48+0.02Ba 0.47+0.04Ba 0.52+0.04ABa
20 0.40+0.03Ba 0.38+0.02Ca 0.37+0.02Ba 0.43+0.05Ba
03-15 0 0.42+0.07Aa 0.30+0.03Aa 0.41+0.09Aa 0.38+0.03Aa
10 0.27+£0.03Aa 0.26+£0.02Aa 0.29+0.06Aa 0.32+0.02Aa
20 0.38+0.07Aa 0.28+0.03Aa 0.33+0.01Aa 0.34+0.05Aa
06-15 0 0.16+0.02Aa 0.16+0.01Aa 0.19+0.02Aa 0.14+0.03Aa
10 0.16+0.02Aa 0.16+0.02Aa 0.15+0.02Aa 0.18+0.02Aa
20 0.12+0.02Aa 0.13+0.01Aa 0.15+0.02Aa 0.16+0.02Aa
T2A-1 01-15 0 12.71+0.61Aa 12.85+0.57Aa 11.52+0.49Aa 10.89+0.98Aa
10 2.22+0.44Ba 2.23+0.30Ba 2.04+0.33Ba 2.17+0.23Ba
20 1.52+0.10Ba 2.02+0.51Ba 2.07+0.58Ba 1.72+0.16Ba
03-15 0 7.95+1.36Aa 7.74+1.39Aa 6.43+0.57Aa 5.47+1.13Aa
10 0.94+0.10Ba 1.08+0.41Ba 0.59+0.06Ba 0.79+0.08Ba
20 1.11£0.33Ba 0.80+0.06Ba 1.03+£0.08Ba 0.72+0.07Ba
06-15 0 0.37+0.02Aa 0.34+0.04Aa 0.32+0.04Aa 0.35+0.02Aa
10 0.37+0.03Aa 0.39+0.04Aa 0.32+0.04Aa 0.31+0.05Aa
20 0.33+0.03Aa 0.35+0.04Aa 0.35+0.02Aa 0.38+0.03Aa

R PEE S E bR DR, [RIFVEERS R RR /NG PRk 3R A — A [ AR BETE 0.01,0.05 K B2 R 3%,

The data in the table represent means+SE. Different small and capital letters in the same column mean significant difference among treatments at

the same time at 0.05 and 0.01 levels.
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Table 2 Growth rates( %) of E.foetida cultivated under laboratory conditions exposed to the three Bt rice cultivars at weeks 4 and 7

HURE e i) - T%% 4 i Week 4 % 7 i Week 7
Sampling FKAE A
e Caltivar I e = R e T = I e

(month—day) Fallow Pea plots Alfalfaplots ~ Rape plots Fallow Pea plots  Alfalfa plots  Rape plots
01-15 MH63 31.2+3.2a 28.1x4.1a  38.7+x4.6a  37.7+3.9a 42.4+4.6a 37.3+6.3a  51.3+6.6a  53.4+6.5a
T2A-1 26.6+3.6a 31.4+1.6a  32.9+2.7a  29.3x1.8a 34.7+6.1a 40.8+3.5a  41.9+8.5a  39.2+3.0a
T1C-19 34.9+39a 32.1+3.1a  36.9+2.9a  29.6+4.2a 42.6+x4.2a 41.9+3.9a  46.8x3.4a  40.7+6.2a
03-15 MH63 33.1+2.8a 33.9+1.7a  40.2+2.4a  33.7x1.2a 46.4+4.6a 48.2+7.3a  50.2+7.9a  43.7+5.3a
T2A-1 26.4+2.2a 33.1x3.5a  31.6+2.4a  32.6%3.5a 35.8+3.6a 46.9+4.2a  40.5+2.8a  43.6+4.6a
T1C-19 27.8+2.8a 28.2+2.6a  40.8+3.4a  33.2+2.5a 35.6+1.3a 42.1+4.6a  54.9+5.8a  44.0+6.8a

TP B P E bR EDR . RS EEIRE BEANRNE 85 FOR W] — B AR R AL BE 0.05 KF B2 5 3
The data in the table represent means=SE. Different small letters in the same column mean significant difference among treatments at the same
time at 0.05 level.

£3 BKBHETREEHEEDTHEN T RARHRFEMBIHETE( %)

Table 3 Mortality rate (%) of E.foetida cultivated under laboratory conditions exposed to the three Bt rice cultivars at weeks 4 and 7

IURE i i) - T%% 4 i Week 4 %7 Week 7
Sampling VI ERLY
e MR giom sdm i MR giom ssm i

(month—day) Fallow Pea plots  Alfalfa plots  Rape plots Fallow Pea plots  Alfalfa plots  Rape plots
01-15 MH63 7.4+2.9a  9.3+2.9a 9.3+2.9a 7.4+2.9a 20.4+2.5a 20.4+3.7a  18.5+x1.8a  18.5+3.3a
T2A-1 11.1+2.8a 5.6+2.8a 11.1+2.8a 9.3+4.0a 18.5+3.3a  18.5+4.3a  20.4+3.7a  16.7+3.9a
T1C-19 9.3+4.0a  9.3£2.9a 9.3+3.7a 12.9£2.5a 24.1+4.0a 20.4+2.5a  22.2+39a  20.4%2.5a
03-15 MH63 11.1£2.6a 16.7+2.5a  15.7+2.8a  1l.1x2.1a 22.2+2.3a 18.3+2.2a  23.3+1.9a  22.2+2.5a
T2A-1 9.242.9a 15.6+3.6a  10.5£2.2a 10.6+3.0a 15.6£2.1a 21.4+2.3a  16.6x1.4a 17.1£2.6a
T1C-19 10.1+£3.2a 11.1x1.7a  15.6£3.2a  16.7+2.3a 17.2+1.2a 22.2+2.6a  19.6x2.1a  25.8%3.6a

RTEE B bR DR, [RIZVBER S AR R NG TR R 1R — IR R 2 BEAE 0.05 JKF 225 B3
The data in the table represent means+SE. Different small letters in the same column mean significant difference among treatments at the same
time at 0.05 level.

R4 TERMEIUEHERREZMENERTEST

Table 4 Three-way ANOVA comparing growth and mortality rates of E.foetida under different conditions

H: K& Growth rate FET-HR Mortality
[{Z Factors
4 J& Week 4 7 J& Week 7 4 J&] Week 4 7 J& Week 7
HURERH ] Sampling dates 0.832 0.573 0.523 0.808
JETEVEY) After-reap crop 0.097 0.183 0.811 0.995
JKFEELFP Rice varieties 0.322 0.097 0.278 0.270
WORERT A S5 ZEVEY) Sampling datesX after-reap crop 0.958 0.978 0.464 0.835
CRERR [A] < K AR i A Sampling datesXrice varieties 0.909 0.787 0.160 0.774
Ja TEAE <K R S e After-reap cropXrice varieties 0.821 0.667 0.357 0.748
JEURE B [11) < S5 ZE VR 4 < 2K A it 0.859 0.826 0.822 0.633

Sampling timeX after-reap cropX rice varieties

x5 EBKEHERNTIENFFEREENSERSEMRESHFENZMN
Table 5  Activities of detoxification enzymes and contents of protein of E.foetida cultivated under laboratory conditions

exposed to the three Bt rice at weeks 4 and 7

SR e i) ‘ BEASE (mg-g!) AchE #GPE(ADyy, - min™ - mg™)  GSTs i&PE(AD,y, ,, + min™' « mg™")
Sampling IKFE
time Cultivar 4 )4 7 44 7 4 )4 £

(month—day) Week 4 Week 7 Week 4 Week 7 Week 4 Week 7
01-15 MH63 39.2+3.6a 41.5+4.9a 7.3+0.6a 7.3+0.4a 1.6+0.3a 1.6+0.1a
TIC-19 40.6+2.3a 39.9+1.6a 7.2+0.7a 7.1£0.7a 1.5+0.2a 1.7£0.2a
T2A-1 40.1+4.5a 40.9+4.4a 7.6+0.9a 6.7+0.6a 1.6+0.3a 1.5£0.4a
03-15 MH63 40.6+5.5a 38.2+2.5a 6.5+1.4a 6.6+0.6a 1.7£0.1a 1.5£0.1a
TI1C-19 37.6+£3.3a 41.9+2.6a 7.7+0.7a 7.0+1.4a 1.5+0.2a 1.8+0.2a
T2A-1 41.8+4.5a 42.4+2.1a 6.9+0.6a 7.4+0.9a 1.7+£0.2a 1.5£0.3a

R T (bR, PRI MR NG 5 0 R IR B 0.05 KT 1225 5.2
The data in the table represent means+SE. Different small letters in the same column mean significant difference among treatments at the same
time at 0.05 level.
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