2013,32(2):290-298 < A 3® OE R FE F R 201342 H

Journal of Agro-Environment Science

s B E KSR R T IE R AE Y R T BE SR =20
EIWAR, & ORI, RET MR, TR, HEART, 2 B2, 4 @

(LGN MG K2 A Bl S H AR 22 B, PEAEEE 0100225 2 4V SRR S5E GBI WL I AT, Al 350 7= M A 458 Jo i o o3 S 56 28 /%
TR IS 5 A S 2 F SR, R 3001915 3. 0PV Rz ekl 0E, IipE K4% 030801)

B CRARHIAEA S Biolog BAR HLE BT T R SR PAT S5 HIEA PATI L IEE KT ALS HHIEA ALST I 241
FHRK G A 13 XA R PR IE TR SRR R . 2551, B AR A Z (AWCD ) BRI 3R A s PR 2 LA
TRASEEUE AR AN R R A SRR R AR PR S A i A A REAS SR R 13 AR PR IR R P A
T T DRI R RN A B DR AR TR 22 ) 5 2 SR R R AR o - S A W B i ) — B (D AL B AR (D) BER g AR 3 TE
FEF(P>0.05), AN KT PAT MRPR LI RUAE MR B A - AE N8 50 () 5 R AR 22 53R B 2 (P>0.05), TG AL R T ALS Hi
IR - SR A R T A A A AR B (D) 1825 T RS ALS1(P<0.05) 0 ERU AT as SRR F JL R S PAT JFEA PATT ARG 3L
PREEACKEL ALST LA P 13 1380 E s i Y ) IS BUARARL , A B DR R T ALS T W I ) IS R LA 22 5 o XA
(Rl A A3 BT 4t SR I, S0 R FH %) S e AR S IR R ORISR G .

R RN RS, i%fﬁié%, ByiNEi-E A S Biolog; FERG T

FESES:S15436 XEMARERG:A  XEHRS:1672-2043(2013)02-0290-09  doi:10.11654/jaes.2013.02.012

Effects of Transgenic Soybeans on the Microbial Functional Diversity in the Rhizosphere
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Abstract: Transgenic crops are grown on an increasingly large scale throughout the world, and their increased use has been accompanied by
public concern about their potential ecological and environmental impacts. The persistence and interaction of proteins derived from transgenic
crops in soil and their effects on soil microbial are essential information when investigating their effects within the soil ecosystem. The func—
tional diversity of microbial communities in the rhizosphere of transgenic soybean PAT and its parental isoline PAT1, transgenic soybean ALS
and its parental isoline ALS1, and local major soybean zhonghuang13 was analyzed under field experiment by Biolog—ECO technique. Soil
samples at the depth of 0~20 cm were collected in September 2011 at mature stage. The functional diversity of the soil microbial communities
from the different samples was further analyzed by different techniques, such as statistical analysis and diversity index evaluation of the soil
microbia. The results showed that the average well color development (AWCD) which directly reflected the microbial activities of
changed in the following variation: All the treatments exhibited the elevation of AWCD during the first 48 hours of incubation, but the differ—
ences among the treatments were obvious. Both transgenic soybean PAT and ALS caused high increase of the AWCD while the corresponding
non—transgenic parental isoline and local major soybean zhonghuangl3 had less affection on the AWCD. During the whole incubation pro—

cess, the soil microbial activity of transgenic soybean PAT and ALS was higher than the corresponding non—transgenic parental isoline, and
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the local major soybean zhonghuang 13 was between the transgenic soybeans and non—transgenic parental isolines. The species evenness(J)

and dominance index(D) of the soil microbial communities of transgenic soybeans showed no significant difference (P>0.05) compared with

the non—transgenic parental isolines, The Shannon—Wiener index (H ) of the soil microbial communities of the transgenic soybean ALS

was higher than the its parental isoline ALS1, with no difference between the transgenic soybean PAT and its parental isoline PATI.

The principal component analysis(PCA ) indicated that the variance contribution rate of PC1 and PC2 were 37.28% and 17.19%, respec—

tively. The correlation coefficients between main substrates and PC1 or PC2 indicated that the main carbon sources for soil microbes were

carbohydrates, amino acids, carboxylic acids and polymers in all treatments. The carbon source utilization mode and metabolic function of the

microbial communities were similar among the transgenic soybean PAT, the parental isoline PAT1, the parental isoline ALS1 and local major

soybean zhonghuang13, unless the transgenic soybean ALS.

Keywords: transgenic soybean; soil microbe; functional diversity; Biolog; principal component analysis
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Table 1 Soil physicochemical characteristics
Ab3E Treatments g kg 2%/g kg B /mg kg AR /g kg!  ESA/mgke!  AHL/g kg pH
CK 0.76+0.10a 0.88+0.23a 20.80+0.34h 1.16+0.02h 12.68+0.16a 13.54+0.36a 7.68+0.01a
PAT 0.67+0.24h 0.82+032b 12.59+0.20e 2.46+0.12a 7.90+0.44¢ 12.78+0.10a 7.76+0.04a
PATI 0.73+0.13a 0.83+0.21b 15.45+0.11d 2.44+0.06a 9.04+0.78¢ 12.69+0.68a 7.65+0.01a
ALS 0.68+0.21b 0.89+0.32a 16.86+0.45¢ 1.41£0.17b 11.44+0.21ab 12.65+0.98a 7.68+0.02a
ALS1 0.74+0.16a 0.88+0.27a 24.29+0.29a 1.49+0.24h 9.45+0.22hc 13.28+0.66a 7.65+0.08a

T R B A VIR RIERR 2 , n=3; R PRI T B3R 22 5 K-

Note: Different letters in the same column indicate significant differences at P<0.05.
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Figure 1 AWCD dynamics with incubation time
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Table 2 Diversity indices for soil microbial communities

mfl ER-AENIEE () PR E (D)

13 2.2120.24c¢ 0.64+0.07a 0.85+0.04ab
PAT 2.49+0.16ab 0.65+0.04a 0.86+0.05ab
PAT1 2.300.17bc 0.71+0.05a 0.87+0.02b
ALS 2.85+0.04a 0.69+0.01a 0.84+0.01ab
ALS1 1.9320.29¢ 0.78+0.12a 0.76+0.09b
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Note: Different letters in the same column indicate significant differ—

ences at P<0.05.

96 h AT LAY Z A EFR R, MR 2 T
D, AN [) ) 2t 35 PRt o 5 AR X 07 1 S A AH EEAR B 1
B IR B R — (D AL FR 80(D) ¥
JoB#EZ 5 (P>0.05), F AL 5L FD ALS PR - HEfE
YITEVE AR - NS B (0 ) B3 = T HOEAR ALS1(P<
0.05) , MALFER b FF PAT MR BR300 i v A 4k -
AeNHEE(H ) 5 EAME 22 7oA 12 (P>0.05) . B
LI EA S g 13 MEL, PR LA Mg
AR -AE N F8 2L (H) b3 — B () R4l 34 B 48 25
(D)PJC 2522 5 (H PR A S DR S R B - S E
YIBETE A e MR B (1) B T4 L A 13
(P<0.05)-
2.3 WSS
2.3.1 EWHHr

FIHRE % 96 h J5 M 1 AWCD {EEE, RH
SPSS 16.0 #AXTE 1 T F o A . AR EUS 2
8 N FAST, RITTTHRFIE 93.30% 0 HH S —F sy
(PC1) BIMRRIE 37.28%, BUEIA; 4 FElH
(PC2)TTRRFIE 17.19% ;55 3 & 8 F Mo sk % 4
B 10.56% 8.34% .7.03% .5.95% .3.65%#11 3.30%,
P BTk AN, B AAS ST 3 — Ao A
T ERGr. WK 2 AT, AR EETE PC bR
BB I A 225 A8 PCL b FE LR G ALS 404
TEIET ) b, AR A fefn by A6 pe2 fil
SIS SRy se ol iy <l e N k2 S NS
e HAH R Y 55 A A T2 224 i %oF B b R s 4 32 A
Y vs B IR A FHBEAr 2E, B BE R O ALS
h—2, 25 A HT R IE R SR PAT X
PEGEAS PATL . ARFEFEDEAS ALST LIRS 1l 3% 4
Flrb e 13 - R WA VA A U5 R S B AR AL, A

5 O PAT
i & ALSI
3 » PATI
i ® (K
w2 ® ALS
o
[a
1 -
o S
or TS
S AAS .
(18
oL . . . . . .
| 0 1 2 3 4

PC1
2 AEIANIE IR A M RR R A E B A
Figure 2 Principal component analysis for carbon utilization of soil

microbial communities in different treatments
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Table 3 Loading factors of principle components of 31 sole—carbon sources

7 Tl A PC1 PC2
A2 B-H FE-D-HIAGHETT (B2 ) B—Methyl-D-Glucoside 0.95 -0.06
A3 D FLBHIR vl (FREZZS ) D-Galactonic Acid y-Lactone 0.69 -0.38
A4 L-HK5 22 (LR 2E )T~ Arginine 0.37 -0.01
Bl PSR Y 5 (CHeAth ) Pyruvie Acid Methyl Ester 0.60 -0.51
B2 D-ABECHES ) D-Xylose 0.91 -0.29
B3 D—PFUBHIE R (2225 ) D-Galacturonic Acid 0.77 0.17
B4 LRI 1AM (B BER S )L~ Asparagine 0.63 0.09
Cl 3 40CRE W) ) Tween 40 0.76 0.40
2 i~ IR BRI (B2 ) i-Erythritol 0.08 -0.03
C3 2-FRHOR IR (FRIRS )2-Hydroxy Benzoic Acid -0.18 0.12
C4 LN AR (RS ) L-Phenylalanine 0.26 0.69
DI ik 80CZRA W) ) Tween 80 0.49 —-0.42
D2 D- 1 #EFEORZE ) D-Mannitol 0.91 0.21
D3 4-FEHOR IR (JRIRZS )4—Hydroxy Benzoic Acid 0.53 0.24
D4 L2 SR (R IR )1 —Serine 0.83 -0.23
El a-FRUHIRE CRG ) a—Cyclodextrin 0.89 0.30
E2 N-ZE-D H#iZEE (M2 )N-Acetyl-D-Glucosamine 0.74 0.26
E3 =¥ T FR (R ERZS )y—Hydroxybutyric Acid 0.27 0.92
F4 L~ B2 (B HE R 2 )T~ Threonine 0.12 0.95
F1 JHHE(R-E9) Glycogen -0.08 0.67
2 D-HIHEIZER GRERZE )D-Glucosaminic Acid 0.90 0.25
F3 KRR (RIS ) Ttaconic Acid -0.07 -0.10
F4 -1 -4 2R (RS ) Glyeyl-L-Glutamic Acid 0.50 0.79
Gl D-EF4E W (HEZE ) D—Cellobiose 0.88 -0.29
G2 1R A 2 M (L Ah ) Glucose—1-Phosphate 0.83 -0.27
G3 a— T AR (FRIEZS ) a-Ketobutyric Acid 0.10 0.69
G4 IR (s ) Phenylethylamine 0.44 -0.25
H1 a-D-FLE(FEZ%) a-D-Lactose -0.33 -0.05
H2 D, Lo~ Hl (Fofth )D , L-a—Glycerol Phosphate 0.88 -0.33
H3 D—ERER ORIERZE )D-Malic Acid -0.08 -0.11
H4 JEEWE (Fe2S ) Putrescine 0.29 -0.20
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Table 4 Correlation coefficients(r—values ) for relationships between soil physico—chemical factors

e USRS S5 (TN) A (NO-N) B (NH-N) LHE(TP) BAWE(AP)
2% (TN) 1.000 0.702% -0.873%% 0.244 0.636*
HAA(NO-N) 1.000 -0.753% 0.378 0.423
B A (NHAN) 1.000 -0.346 -0.6897%*
AHE(TP) 1.000 0.685%*
HAWE(AP) 1.000

T PHRRAGER , o 7R P<0.01,* 378 P<0.05,

Note: 2—-tailed test, **: Correlation is significant at the 0.01 level;*: Correlation is significant at the 0.05 level.
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