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Tablel Relativity between root exudation and biomass of three groups of microbes under alumimum stress

DGR/ P T AT B hE T FHL ey
Micraobe type Soil type Correlation equation df R? Singnificance
gl i b No2R y= - 01249x+ 11405 3 01925 p< 0101
Baderia MR FR + NoRR+ 2 y= - 01478x+ 21951 3 01391 p> 005
MR FE + NoR+ 3 y= - 01383x+ 21441 3 01439 p> 0105
Wi# 2 AP Zhechun Nol 2R y= - 01 692x+ 4148 3 01248 p> 0105
% 3 P Zhechun Nol 2R y= 01 697x+ 41185 3 01256 p> 005
HIA JEH FF No2R y= - 01516x+ 31818 3 01987 p< 0101
Fungi EMEEE + NoR+ 2 y= - 01 547x+ 51691 3 01806 p< 0105
R BE + NoR+ 3 y= - 01412x+ 4148 3 01877 p< 0105
Wit 2 AR PR Zhedun Nol 2R y= 81 778x- 41388 3 01802 p< 0105
W4 3 P Zhehun Nol 2R y=61713x- 1169 3 01713 p> 0105
e JEAR i No2R y= - 11079x+ 61611 3 01954 p< 0101
Actinomycetes  JEAR P+ NoRR+ 2 y= - 0193x+ 61929 3 01817 p< 005
M bR+ NoRR+ 3 y= - 01 813x+ 61159 3 01838 p< 005
Wi 45 2 MFr Zhechun Nol 2R y=- 21017x+ 1259 3 01749 p> 0005
W7z 3 HFx Zhedhun Nol 2R y= - 11864x+ 11131 3 01689 p> 0105

X RREIREE, y RRTAE YR NoR KR AR PR T 18 NoR+ 2 R R ARMR R 58I N AN 4 25 MR R 2 40, No2R+ 3 KRk
MBr 3 A SMNEHTFR 35 R 53 4); Zhechun Nol 2R R /R 2 5 M Fx 3%, Zhechun Nol 2R K /R iliFF 3 S HiFx 13 Note: x stands for al2
minum concentration; y for the quantity of microorganism; Non2R for no2rhizospheric soils; No2R+ 2 for nor2rhizospheric soils with exogenous exudation from
Zhechun Nol 2; No2R+ 3 for no thimspheric soilswith exogenous exudation from Zhechun Nol3; Zhechun Nol 2R for thizspheric soils of Zhechun Nol 2; and

Zhechun Nol 2R for thizosphere soils of Zhechun Nol 3
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Table2 Effect of oot exudation on population of soilspecific bacteria in soil under aluminum stress (@10°g 1)
tREm a1 1 Fh 2K AN [ 45 Ak BE 9 2 - 9 7K o B £ i SoiRspecific badteria i soil under aluminum stress
Soil type Bacteria type 0 gkg ! 012 gkg™ ! 0 4 gkg ! 016 gkg ! 018 gk !

LR b [if] %8 Azotobacter 93156? 1258 921999 141 76a 741407 8195b 320202 4169c 171402 Ol 58d
Nor2rhizophere HJRIA Rhimbium 411892 8159a 431019 7126 171412 61186 71792 1153¢ 31612 1115d
T AL41 1 Nitrobacteria 31532 01162 21749 (1 95b 11432 0l 45¢ 0832 0158d 0l 172 0104e
SREAG 41 B Denitrobad eria 51082 01742 4439 1124ab 31572 1104b 11952 0185¢ 11262 0l 34d

e Fr+ 2 & (B Azotobacter 1101 742 21145a 1221167 30105 531192 10165¢c 471982 6179d 351732 8 6de
Northizophere+ 2 HJR Rhimbium 521257 5146a 531837 10118a 411622 8174b 151612 5122¢ 81242 2127d
fiti k41 7 Nitrobacteria 41167 11292 61672 227b 21247 0 %c 11652 0176d 01587 0l16e
SR 41 B Denitrobadt eria 71032 2146a 121462 4 63b 31482 11 13¢c 31052 1148¢ 11762 01 55d

e Fr+ 3 [i] %4 Azotobacter 1021362 181 %a 1201807 23148a 461007 14148 331792 5185¢c 281597 5l 8¢
Norrhizophere+ 3 HJRI# Rhimbium 421847 6189a 461412 958a 331012 4159b  120102? 2199¢ 71792 1148d
Tl AL 40 B Nitrobacteria 31852 1125a 613672 01 8b 11992 0l 64c 11282 0133¢ 01462 0L 09d
AL B Denitrobacteria 51849 2158a 61487 1108 31592 0158b 21757 Ol1lc 11282 0128d

WiE 25 [ 2 Azotobacter 1251582 201 45a 1281817 13185a 601362 8158b 491162 9158bc 221207 4 Mc
Zhe churNol 2 HJRIE Rhimbium 551257 4169a 571672 7N 8a 331992 4159b 271792 11536 131672 41 89c
T 4640 i Nitrobacteria 61067 0195a 81582 0 25b 21767 105¢c 11922 0126cd 01872 O 12d
S 4 B Denitrobad eria 18327 2115a 231042 115%6b 31572 11 04c 41342 0185¢ 21532 01 24d

W35 & %k Azotobacter 1121982 20149a 1201382 34119 581062 7144c 491622 6159cd 301722 41 95d
Zhe churiNol 3 HE SR Rhimbium 531267 6123a  2174? 71 12a 261997 2131b 171582 1126¢c 81152 01 56d
i AL41 1 Nitrobacteria 41122 0131a  6199? 0073b 21082 01 18c 11402 0108cd 01622 Ol 18d
SRAG 41 B Denitrobad eria 51872 1102 619272 0156b 31542 O 74c 21782 0154cd 11622 01 05d

AR+ 2 RORAEMR Br L HEIANAMEWTAR 2 AR R W, AR PR+ 3 RN AEAR R LIS 3 SRR W) . B S Ak

3RERMIIME 2 bRUER 2 ARYE Duncan K56, /R[] 7 BER AL B A] 0105 7K 5P L 535 P 2 57 Note: NorRthizophere+ 2 stands for nor2rhizospheric
soils with exogenous exudation from Zhechun Nol2; and No2rhizopheret+ 3 for nor2rhizospheric soils with exogenous exudation from Zhechun Nol31 Each value

& the mean? SE of three replicates ( n= 3)1 Different letters indicate that the values are significantly different between different aluminum treatments at the 0l 05

level, according to Duncan. s Multiple Range Test
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O &
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025 F k[
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3% ZhechunNo.3

T Ten
on o)
50 5 £
£ | 3 = X
O Q20 ’ _’Q B 4 525 ZhechunNo 2 w 0.30
o * /NER=] 2N b g2 3 R T
= 5 YNER= 2N o M35 ZhechunNo 3 Z 025
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N ER i¥
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2 o005 HEIN EIN = Y
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0 AN IEIN 0 i
0 02 04 0.6 08 0 0.2 0.4 0.6 0.8
ER K B Aluminum treatment concentration (g kg™) 584Kk B Aluminum treatment concentration (g kg™)

AR BR+ 2 FoR AR BRI A ST 2 SRR, AR+ 3 R AR R I N AN AR 3 SR . BdE & Ab 3

WHEEIE 2 brrfEmz; R Duncan K256, AS[F (K 7 BE L 7R AL R 0105 /KF 11 3% 1 2 57 Note: nor2 thimphere+ 2 stands for nor2thizospher2

ic soils with exogenous exudation from Zhechun Nol 2; No2rhizopheret+ 3 for no2rhizspheric soils with exogenous exudation from Zhechun Nol 31 Each value

is the mean ? SE of three replicates (n= 3)1 Different letters indicate that the values are significantly different between different aluminum treatments at the
0105 level, according to Duncan. s Multiple Range Test

BT BP0 T KR AR 23 W 0 PR A T FR) 52 ) K2 Bl T KRR AR 2 & A S
Figll Effed of root exudation on respiration rate Fig 2 Effect ofroot exudation on ammonification
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& 40 F (A - % o "’.ﬂ'\é[5,]’:4—}Nun-rh]lophcrc+3 \_:“ o Hfﬂil‘;ﬁ*}N()ll—I'hl/UphL‘l‘C*}
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£ = ’§ = ’§ N #i#3 5 ZhechunNo 3 z 50 . = ‘\ O i35 ZhechunNo.3
s 0HEN E ’\ i3 o :“,'\‘ Y
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0 0.2 0.4 0.6 0.8 0 02 0.4 0.6 0.8
ER¥ B Aluminum treatment concentration (g kg™) &334 B Aluminum treatment concentration (g kg™)

AR ER+ 2 RN AR BRI A SNERR 2 SRR, AR Pr+ 3 R R AR B I A SNEWT R 3 SR A W . B % Ab P 3
WHESE B2 Pz, 48 Duncan K56, AN )5 BER R AL B 0105 7K 18 2% 1 2 57+ Note: nof thizmophere+ 2 stands for no2thizospher2
ic soils with exogenous exudation from Zhechun Nol 2; Nom2rhizopheret+ 3 for noi2rhizspheric soils with exogenous exudation from Zhechun Nol 31 Each value
is the mean ? SE of three replicates (n= 3)1 Different letters indicate that the values are significantly different between different aluminum treatments at the
0105 level, according to Duncan. s Multiple Range Test
KI3 ERME T R AR R 5 WA £ 4 43 A (R i 4 FRMMETR R G ER 0T A A £ 5
Figl3 Effed ofroot exudaion on cellubse hydrolysis efficiency Fig 4 Effect of root exudation on nitrification
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Table3 Effed ofroot exudaion on activity of soil enzyme nde aluminum stress
BR A PR S
) Aluminum . .

B 1 70 I SR AR+ 2 TR R+ 3 Wit 2 2 Wite 3 2

Enzyme type concentration Nor2rhizphere No2rhizphere+ 2 Nor2rhizophere+ 3 Zhechun Nol 2 Zhechun Nol 3
(AF" gkg 1)

H,0, 0 1118? 0110b 1126? 0132b 1123? 0158 1147? 0108 1140? 002
Catalase 012 114572 01 27¢ 11527 0144c 11412 0117¢c 1159? 0007 11432 0L 33c
(O Imol L~ ! 014 114272 01 31c 114772 0115c¢ 1139? 0129¢ 1187? 0116¢c 11477 00 18d
KMnO, ml g ) 016 1114? 0136b 1125? 0126b 1122?0137 11782 0109¢ 11297 01 03b
018 01797 01 13a 1108? 0150a 0187? 0131a 1124? 01010a 0194? 0l 11a
HEAH 0 01772 0111b 01 847 0121d 0l 812 0134d 0l %? 0122¢ 0188? 0Ol 15d
Sucrase 012 0173? 0120b 01 83? 0115d 01 68? 0126¢ 0093? 0110c 0179? 01 0&
(01 1mol L ! 014 0167? 0111b 01547 0114c 0146? 0118b 0169? 0L 08b 0153? 0l 14b
Na$03ml g 1) 016 0160? 0131b 0148? 0120b 0143? 0113a 0158? 0116ab 0152? 0 2b
018 01327 013la 01417 0109a 0139? 0114a 0049? 0122a 0144? 01 23a
VE b 0 121537 3181e 121652 1168d 122622 3115¢ 13170? 31 50d 1217772 31 80d
Amylase 012 101 87? 1119d 11189? 2166¢ 11124? 3122bc 12137? 103 111437 11 12¢
(CH RO 014 91437 21 40c 101 87? 1191b 10135? 2173b 111837 31 42b 111332 11 09c¢
mgg ') 016 8115? 1175b 100 12? 1165 A17? 1158a 11133? 11 17b 10150? 21 93b
018 71237 11 46a 81307 2158a 726? 2111d 9A46? 1189% 8165? 1171a
Jig ity 0 0150? 0l 006e 0156? 01 0l1e 0151?01 021e 0164? 01007c 0l 62? 01007e
Urase 012 01537 01010d 0158? 01 009d 0154? 01014d 0L 76? 01008d 0l 69? 01010d
(NH2N 014 014872 0L 035¢c 015172 0L 012¢c 01497 01 007¢c 0165? 01015¢c 01 50? 01004c
Lgg Y 016 0131? 0L011b 0144 ? 01 010b 0139? 01013b 01532 01017b 01 41? 01004b
018 01277 01 004a 0135? 01 008a 0132? 01 006a 0141? 01010a 0l 38? 01006a
i Y T 1 0 351072 5l61e 411917 8121d 39632 8136e 4515772 31 36 41932 6l 65¢
Acidity 012 33133? 6124d 400977 7186d 371432 748 5318072 d 61d 5217172 8151d
phosphatase 014 311167 8119¢ 34116? 4139¢ 351102 7169¢ 5314472 8 48d 51120? 81 26d
(P,0sLg 016 25175? 8143b 2718572 7142 27131? 547 311612 A 63b 29108? 71 24b
g 'hh 018 171417 7125a 22160? 6125a 191687 5126a 25153? 5172a 211647 5l 18a

T AR BR+ 2 RO AR BRI ISR AR 2 SR WA, AER R+ 3 R AR PRSI AN SN AR 3 SR . B d o A B
3RERMIIE 2 bedER 2 AR Duncan K056, A5 [ (197 REF 74k B E) 0105 7K P 1 1235 P 2% 55 Note: NorRthizophere+ 2 stands for nor2rhizospheric
soils with exogenous exudation fran Zhechun Nol2; and No2rhizphere+ 3 & shart for nor2rhizospheric soik with exogenous exudation from Zhechun Nol 31 Each

value 8 the mean ? SE of three replicates ( n= 3)1 Different letters indicate that the values are significantly different among different aluminum treatments at the

0105 level, according to Duncan. s Multiple Range Test
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EFFECT OF SOYBEAN ( QWYCINE MAX) ROOT EXUDATION ON RHIZOSPHERIC
MICROBIAL ECOSYSTEM UNDER ALUMINUM STRESS

Jin Tingting Liu Peng Huang Chaobiao Wang Fang Xu Gendi Huang Peina
(KeyLabaatay f Botany, Zhgiang Namal Uhivasity, Jinhua, Zhgiang 321004, Chima)

Abstract Out of 19 different genotypes of soybeans ( Glycine max), Variety Zhechun No. 2 (ADRresistant) and Variety
Zhechun No. 3 (ADsensitive) were screened and selected as subjects in this study, which was designed to have 5 different ali2
minum ( A" ) treatments 0, 012, 014, 016, and 018 g kg™ !, (i.e. 01293, 01493, 01693, 01893, and 11093 gkg !, r&
spedtively, in soil total AP" ) and 3 parallel treatments ( nor2rhizospheric soils, rhizmspheric soils and bulk soils with exogenous
soybean exudation) . Thirty days affer the treatment, respiration rate, cellulose hydrolysis efficiency, ammonification rate, nitr2
fication rate of the soils, and activities of acid phosphatase, catalase, and sucrase were measured. Results indicate that in trea2
ments low in soil Al (012and 014 g kg "), iritated secretion fiom the soybean roots increased the population of soil microbes,
strengthened their capability of material transformation and stimulated the activity of soil enzymes, whereas in treatments high in
soil Al (018 gkg '), root exudation was restrained comparatively, resulting in inhibition of the activity of microorganisms and
soil enzymes. The results also demonstrated that exogenous root exudation could also influence the microbial ecosystem, trigger2
ing changes in activity of the soil enzymes and in major biochemical functions of the soil, thus mitigating aluminum poison to soy2
bean, which is convincing evidence that root exudation obviously affects the microbial ecosystem.

Key words Aluminum stress; Soybean; Root exudation; Microorganism population; Biochemical function; Soil enzyme



