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Effects of Iron-reducing bacteria on the transformation of phosphorus in vegetable red soils

LINGHU Rong-yun'?, WANG Rong-ping”, LIANG Jia-wei?, LIAO Xin-rong?, ZHAN Zhen-shou?, WU Yong—gui'

(1.College of Resources and Environmental Engineering, Guizhou University, Guiyang 550025, China; 2.Guangdong Institute of Eco—Envi-
ronmental Technology, Guangdong Key Laboratory of Agro—Environment Integrated Control, Guangzhou 510650, China )

Abstract ; Indoor simulation experiments were carried out to investigate the effects of exogenous iron—-reducing bacteria (IRB) on the trans—
formation of phosphorus(P) in vegetable red soils. The results shows that : labile P(including resin—-P, NaHCO;—P; and NaHCO;-P,) ac—
counted for 109%~19% of total P, moderately stable P(including NaOH-P; and NaOH-P,) was 35% and stable P(including D.HCI-P,, C.
HC1-P,, C.HCI-P, and residual-P) 46%~55%. The introduction of IRB increased the contents of resin—P;, NaHCO;—P; and NaOH-P; which
are of high P activity but declined the contents of D.HCI-P;, C.HCI-P; and NaOH-P, which are of low P activity. In addition, the introduc—
tion of IRB increased soil pH and available P(Bray—P) content. Correlation analyses shows that : there is a negative correlation between pH
and organic matter content, available P, resin—P and NaHCO;-P;; the organic matter content has a significant positive relationship with
available P, resin—P and NaHCO;—P; and there is also a significant positive correlation between available P and labile P. In summary, the
introduction of iron—reducing bacteria changed the P species in the vegetable red soils, activated soil P and thus increased the content of soil
active P.
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Table 1 Correlation between pH, organic matter, Olsen—P and phosphorus forms
pH BT B R resin-P  NaHCO;-P; NaHCOs;-P, NaOH-P; NaOH-P, D.HCI-P; C.HCI-P; residual-P
pH 1

HHLE —0.832%* 1

PERNL —0.573%* 0.729%* 1

resin—P -0.397* 0.580%* 0.940%* 1

NaHCO;-P; —-0.429**  (0.522%%* 0.817%* 0.852%* 1
NaHCOs-P,  0.167 -0.126 -0.164 -0.165 -0.247 1

NaOH-P;  0.436** -0.680%*  -0.538**  —0.397* -0.147 0.125 1

NaOH-P,  -0.399* 0.370* 0.282 0.120 -0.091 -0.146 -0.649%* 1

D.HCI-P; 0.419* —-0.648%*  —0.862%*  -0.827**%  —0.851%* 0.142 0.350% -0.114 1

C.HCI-P;  0.607%** -0.684**  —0.605%*  -0.546%*% —0.551%* 0.079 0.363* -0.221 0.669** 1

residual-P 0.083 -0.057 -0.119 -0.082 -0.115 0.050 0.074 -0.048 0.023 -0.345% 1
TE 78 0.01 /K BB EANC;* 78 0.05 /KPR EARK,
*2 TEREMEYES REVEME MEMEY SR
Table 2 Soil microbial biomass C, soil microbial biomass P, soil microbial biomass C/P
P Xt B A ) T A8 ) Xﬂ‘ﬁﬁiﬁi’li% ) ﬁu%#iﬁﬁzi% ) Xﬂ‘ﬁﬁiﬁ’li% ﬁu%ﬂ#ﬁi%
YRR Img ke YRR /mg kg AW R/ mg kg EPEBYmg kg EWRBREELL A YRR L

#0d 728ab 768b 2.73e 3.67d 266a 209a
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T R Duncan $7 5240 2510047, [l — SRR NG FREFRORTE 0.05 KF B2 R,

(947 M2 B 0 pH AT LR K5y B
R, H AT TRUEY S 2 0 ro g 35
S T TR W B AT AR SR, B TR AR
LI 2 A Y AS S, ASBEGE 1 BT 2 Ab 7 38
S XA M PR (OB T A5 T4, T LA
HE I R AR [ T A 25 A I 28 K2, 3 L, B
GERF G R IR PELT 5, FLr Pk AT ki B
(9 SRR M L AR B 1 2 W IR AL AR , i
TR T RE AR B 2E AR L (LB 75— A3t
By HS A SO S L R W B R
2 b 108 pH B E TH Aok S LR IEkE 5
T 48 pH 25 T HA L0, S rp e AR S B 45
B SRR ERER O B AT WL 4 A 2 A
SRR T, K 5 R T S E 5 pH Bk R X T
T, N R R B e e R 2
SR 22 A LR [T 77 2 0, 0
S THERR kA R R DRI T 2
R R 2 R T, SO I pH K TR

IR -39, W] AR A2 pH 5 A BILST =2 ] 522 67 R O
KR MEHPL, gesbh, e PR A U 2R
FERIBLG, FOMEE 30 HLS & A X I, 3L
Jirt R A A R TS R - 43 P e s DA S iU [ A
HABTEZAS B9 , W FeHPO, 25 3 H gAMb G
HUTE, S A ML B s B AR, el 38 b i =2 8 1
A, ECE MU L 1R X R A R
G NI A o= ¥ SV W TSR S 3 el R T
HHSE , B S AR5 o 1t B e rp A AL 75 Ak
SN A R 05 B, DT A2 39 v gl 10 A 5

- 35 P 1 R B BT ML R AR DA R A
et Tl P 196 2 3 1 A [) At A T (EL ) 1) R I 2o R A9 A
Xof TR B W R i L =300 B, 23 H B4 T4
Y CE VR R s AL R ) s [ 2, MR Ul <
200 B2 HBLE fLVE L o AR R L BREE 0d 2
A, AR B AR P A P s il EL /N T 200, 3
L5 7 R T 8 8 o 22 IR ARG ) s 34, 10 B R I o
A AR S B Ak A O T B 5 s



1748

M IRERFFIR EIRRE AR ]

PERE & &R . Ak, resin—P Fl NaHCO;-P, 5
D.HCI-P, DL}z C.HCI-P; &t i A5, i 3
D.HCI-P, )}z C.HCI-P; [{3 i o] RE 3 230 U5 9%
WAL o N eA 3 A TE P TC LR 5 & R TR IR
98, T R A 25 T ML IEG % B A 39 150 B K3 D 1
PRSI R A Uk 2% Vi P JC ML R P 1) S ) o) ol ol 22
) T A 0 AR R R P RE A Fe (D) HFA TAE K
A T BRI 5 22 45 A i e 25, %o i 25k 2 T Ak AR
F ABZEA TS th I AR 6 SR e A, 5 TRRIR IR T
I FEBE PR DA T 52 Wi e o 5 1936 H BT E A E T T

4 #ig

(1) i) 21 38 35 b = mp 8 0 2R3 D v 2 1 Ok 1= 38
pH, [7] B (o B3 28 5 P4 184 08k 5 il 5 5% SR B () 184 o, - 3¢
A WU KA AR T B = IR 3oL+
R R R E AT, O R JCHLEE,
S AR T ETCHLEE, 1A MLEE S NaOH-
P>NaHCOs-P,>C.HCI-P,,

(2)BR30 I TR RE K 21 38 38 st 1 vp [ 2 B R
T A0 BT 1 W, 5 3 L BE o resin—P  NaHCO;-P; .
NaHCO;-P; DL}z NaOH-P; ¥ & ¥ & T X B 4 458 |
NaOH-P, D.HCI-P; Fil C.HCI-P; & % T %] I8 435

(3)pH 5A LT A & 6 IO =2 ) 25 5
TR R s AW resin-P Fl NaHCOs—P; A 505
5 resin—P Fl NaHCO,-P; Y335 1| i 25 1F A 5 /K ;
A AL S pH A BT A A R 2 18] (AR S PE 38 A
[TE N

Sk

(114 A AoG5E, BRE S0 3 B p T £ st i S AL ). L 3 fie,
2011 ,42(3):763-768.
LI Jie, SHI Yuan-liang, CHEN Zhi—-wen. Research on phosphorus in
southern red soils of in China[J]. Chinese Journal of Science, 2011, 42
(3):763-768.

(2] HAAB, SEENE, B, 55 ARG FREAA HLRR A RIE J) L Emf R
HIEALAE ). T 53 X ALY, 2012, 30(4) : 60-64.
YANG Shao—-qiong, DANG Ting—hui, QI Rui-sheng, et al. Activation of
organic acids on phosphorus of soil with different fertility[J]. A gricultu—
ral Research in the Arid Areas, 2012, 30(4) : 60-64.

[3] skAmE, W, sk T, 55, b LR AR A Bk 5
PERIEAR[]. LI, 2008, 45(5):915-924.
ZHANG Fu-suo, WANG Ji—qing, ZHANG Wei-feng, et al. Nutrient use
efficiencies of major cereal crops in China and measures for improve—
ment[J]. Acta Pedologica Sinica, 2008, 45(5):915-924.

(4] BT AT 3, Gxdkis. FRE FSAEYIBRIE R 22 00 B 5T R (D).
YE# e, 2010, 26(1): 12-14.

CHENG Ming—fang, HE Ping, JIN Ji-yun. Advance of phosphate recov—
ery rate in Chinese main crops[J]. Crops, 2010, 26(1):12-14.

[5] Liu J L, Liao W H, Zhang Z X, et al. Effect of phosphate fertilizer and
manure on crop yield soil P accumulation and the environmental risk as—
sessment[]J]. A gricultural Sciences in China, 2007, 6(9).1107-1114.

[6] Dou Z, Ramberg C F, Toth J D, et al. Phosphorus speciation and sorp—
tion—desorption characteristics in heavily manured soils[J]. Soil Science
Society of America Journal, 2009, 73(1):93-101.

(7] b Eih, BE2esk, vk, S5 ANIF AR SRR 2B A K A Sk
eI IPE AR A2 (A SRR AR, 2011, 31(3):193-199.
BU Yu-shan, LIANG Mei-ying, ZHANG Guang—feng, et al. Difference
of phosphorus fractions and availability of different calcareous soils[J].
Journal of Shanxi A griculture University( Nature Science Edtion), 2011,
31(3):193-199.

8] F ML, SRk 5T, RIS, 55, MRS (L K X e L3 b 26 &
BEARER M. T AR LA, 2015, 42(1):138-142, 156.
WANG Ya, WU Yong—gui, FU Tian-ling, et al. Impacts of acid mine
drainage on form and availability of phosphorus in paddy soil[J]. Guang—
dong A griculture Science, 2015, 42(1):138-142, 156.

[9] Batty L C, Baker A J] M, Wheeler B D, et al. The effect of pH and plaque
on the uptake of Cu and Mn in Phragmites australis (Cav.) Trin ex.
Steudel[J]. Annals of Botany, 2000, 86(3 ) : 647-653.

[10] Z& W4, XS, - 520 3B o2t LB, 1235

i, 2006, 37(5): 1012-1016.
QIN Sheng—jin, LIU Jing —shuang, WANG Guo —ping. Mechanism of
phosphorus availability changing in soil[J]. Chinese Journal of Soil Sci-
ence, 2006,37(5):1012-1016.

(1] A&, 5, AR, 5. BIREEH AN KWK AT
R AR ISR 1], 3RBERL, 2015, 36(4) : 1301-1308.

WANG Rui-zhe, WANG Pei-fang, REN Ling—xiao, et al. Effects of nu—
trient inputs on changes of phosphorus forms and phytoplankton growth
in Taihu Lake[J]. Enviromental Science, 2015, 36(4):1301-1308.

(2] R, 40K, B, 55, oo LR 0FE 10 4[5 [T].
HIERR}2EEE, 2013, 28(10):1087-1105.

SONG Chang—qing, WU Jin—shui, LU Ya-hai, et al. Advances of soil
microbiology in the last decade in China[J]. Advances in Earth Science,
2013, 28(10):1087-1105.

[13] Pastor N, Rosas S, Luna V, et al. Inoculation with Pseudomonas putida
PCI2, a phosphate solubilizing rhizobacterium stimulates the growth of
tomato plants[J]. Symbiosis, 2014, 62(3):157-167.

[14] 20T, TR 7. 55 S350 Ak B T X A ) M W e ) 2 A S A= A

Bk BRI W R A2 240 - ARl 5 2R Al 27 Az, 2000, 26(4)
461-464.
BIAN Wu-ying, HE Zhen-li. Increasing transformation and bioavail—
ability of specifically sorbed P by P- efficient microorganisms(PEM )[J].
Journal of Zhejiang University (Agric & Life Sci), 2000, 26(4).461-
464.

[15] Blum J D, Klaue A, Nezat C A, et al. Mycorrhizal weathering of apatite
as an important calcium source in base—poor forest ecosystems[J]. Na—
ture, 2002, 417(6890) : 729-731.

[16] B PEFT, 1K BR, X35, 4. B EL RS A Yy SOl 5 ke (]



2016 £ 9 H

P R SUY N POFAR: St s A A L AibA ) 1749

firEla#, 2011, 23(4) 1 407-413.
CAO Qing—qin, FENG Yong—qing, LIU Yu—fen, et al. Advance of plant
phosphorus uptake improved by mycorrhiza fungi[J]. Chinese Bulletin
of Life Sciences, 2011, 23(4):407-413.

[17] Achat D L, Baker M R, Saur E, et al. Quantifying gross mineralisation
of P in dead soil organic matter: Testing an isotopic dilution method[J].
Geoderma, 2010, 158(3):163-172.

[18] Biicking H, Heyser W. Microautoradiographic localization of phosphate
and carbohydrates in mycorrhizal roots of Populus tremulaxPopulus al—
ba and the implications for transfer processes in ectomycorrhizal associ—
ations[J]. Tree physiology, 2001, 21(2/3):101-107.

[19] Biinemann E K, Marschner P, McNeill A M, et al. Measuring rates of
gross and net mineralisation of organic phosphorus in soils[J]. Soi/ Biol—-
ogy and Biochemistry, 2007, 39(4):900-913.

[20] Ding X, Zhang S, Wang R, et al. Exogenous labile C application en—
hances Fe-P utilization for mycorrhizal plants through iron-reducing
bacteria in subtropical soil[J]. Journal of Soil Science and Plani Nu—
trition, 2014, 14(4) :803-817.

[21] Weelink S A B, Van Eekert M H A, Stams A J M. Degradation of BTEX
by anaerobic bacteria: physiology and application[]]. Reviews in Envi—
ronmental Science and Bio/Technology, 2010, 9(4):359-385.

[22] & . LR A2 23 A J PR IMI. ALt b AL R i i,
2000.

LU Ru-kun. The analytic method of soil and agricultural chemistry[M].
Beijing: China Agricultural Science and Technology Press, 2000.

2313k kR T, RENE, & LIERE RIS KR AT (T,
WA AR ZAR, 2009, 20(7) : 1775-1782.

ZHANG Lin, WU Ning, WU Yan-peng, et al. Soil phosphate form frac—
tion scheme[J]. Chinese Journal of Applied Ecology, 2009, 20(7) .
1775-1782.

[24] Wang G P, Liu J S, Wang J D, et al. Soil phosphorus forms and their
variations in depressional and riparian freshwater wetlands (Sanjiang
Plain, Northeast China )[J]. Geoderma, 2006, 132:59-74.

[25] EACH, BR R, 30 28 R P BEERE SO KSR R (). b
P A2 4R, 2013, 24(1) : 260-268.

WANG Yong—zhuang, CHEN Xin, SHI Yi. Phosphorus availability in
cropland soils of China and related affecting factors[J]. Chinese Journal
of Applied Ecology, 2013, 24(1 ):260-268.

[26] JKT52, 2k ZOEARTE, S5 Rl AM BB SE ORI 3R H] 32
%&i%%*ﬂ%gﬂﬁj\%%uﬁm AR, 2012, 32(22):7091-7101.
ZHANG Yu-ting, ZHU Min, XIANYAN Xiang—wa, et al. Influence of

mycorrhizal inoculation on competition between plant species and inor—
ganic phosphate forms[J]. Acta Ecologica Sinica, 2012, 32(22):7091 -
7101 .

271 & [, H%Ek, I':lJiT‘i*/'P‘, . VA WA R A R LA RDIE &

WERRERA AU S R[]). AE)E 37 S IEREIR, 1997(1):43-48.

FENG Gu, YANG Mao—qiu, BAI Deng-sha, et al. Influence of VA fun—
gion availability of different phosphates in calcareous soil[J]. Plant Nu—
trition and Fertilizer Science, 1997(1):43-48.

[28] Mk, 48 52, g h M ROF SRR BT ST LR [T]. 2R SR,
2012, 32(18):5889-5899.
LIN Chao-feng, GONG Jun. Recent progress in research on neu—
trophilic microaerophilic iron( Il )—oxidizing bacteria[J]. A cta Ecologi-
ca Sinica, 2012, 32(18):5889-5899.

29 ¢, it A5, X0 W WA pH X SRR AR P KA 1A A
BRIE SRR AT, AR A4, 2014, 34(4):933-942.
WU Chao, QU Dong, LIU Hao. Effect of initial pH value on microbial
(Fe) reduction alkaline and acid paddy soils[J]. Acta Ecologica Sinia,
2014, 34(4):933-942.

[30] FMEUK, M IRLE, 2 8. AIE] Fe( I )XHE M5 e AL ikid

AT, TP ERREE R, 2013, 33(6):993-998.

WANG Ya-e, FENG Juan —juan, LI Jie. Phosphorous removal using
dissimilatory reduction of different Fe( Il ) in activated sludge[J]. Chi—
na Environmental Science, 2013, 33(6):993-998.

(311 ARFEZ,, B /INEE. A HUAC IR AR AR IS MR AT SRR 3 K I 28 5%
NF g RE [T, JEHERR, 2009, 127(2):45-46.
70U De-yi, SUI Xiao—hui. Effect of organic fertilizer and humic acid
fertilizer on the soil carbon cycle and greenhouse effect[J]. Humic Acid,
2009, 127(2) :45-46.

[32] P-4, fRipeld, ERIC. +3EA PUSTX A R MoK IO & & i1
ST A E A Aol 241, 2012, 20(8) : 1054-1058.
TAO Shi-feng, XU Xiao—feng, KOU Tai—ji. Effect of soil organic matter
on the contents of available and water—extracted phosphorus[J]. Chi—
nese Journal of Eco—A griculture, 2012, 20(8) : 1054-1058.

[33] sk B, 2R DU 13 A e A AUk FE D) AR,
1998, 35(1):104-111.
ZHANG Bao-gui, LI Gui—tong. Roles of soil organisms on the enhance
plant availability of soil phosphorus [J]. Acta Pedologica Sinica, 1998,
35(1):104-111.

[34] Lovley D R. Bug juice:Harvesting electricity with microorganisms|[J].
Nature Reviews, Microbiology, 2006, 4(7) :497-508.



