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R T 2 - A HLE B Ak T 75 B — FhOK R, 2
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il SR [T LY AR R RAR B G 0 F 2 1
L0 B I RN TR MR o R 1 W R
e, MEET R LB T Ak,
SEA WLt ] i 3 5 2 RS ok R T A B AR
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FoK % TR T AR AR R SR
W, X e A AR A S A L
i, BT K A R BR S R A HLBE AL 5
W, A LB v ROR A B X ASHIESE R A
SN AN R M S A I T, BUE R
AR 3k A R A WL vk 8 X b A LB 7 Ak B 12
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1 MRS

1.1 AREXERSREHR

R BT R AR RO B A B s E e
AR W A 5 | (124° 487 33.9” E,
43° 30" 23" N) , i X @B KRR RS
i, MLBGEIH, 5220 m, ERRE4~5C,
R EE34C, FRARIRE-35C, LMY
125 ~ 140 d, A2 600 ~3 000°C, 4EFEKE
450 ~ 600 mm, 4FZEEE]1 200 ~1 600 mm, 4H
TR 402 500 ~2 700 h, +HEFH Rt JFELG+
HEpHNT.6, AMLIFE23.3 g-kg™', &% 1.40 g-kg',
W0.61 g kg™, 18 gkg™', Bt A 124.7

mg-kg™', AXHE (Olsen-P) 11.8 mg-kg™', Hk
B158.3 mg-kg ™',

WIS T 19874F , 5 4b ¥ 3 245 O XF
MO(CK, ARhe, FEfEY ) 5 @t FH & w81
(NPK) ; it HHA B +FE AL H (NPKS) ;
@it A&+ A HLE (NPKM ) . AAFQ ., @i
FRBEBHRAMBI, oA IELe®, A
HLE R TCHLR R EL B R 7 = 3. A HLAE FRS FF ok —
AR — K, T 58— AR YRR R m R T i ] .
TREY R BE . BRIEA Y BN, B MR g
JIES — W P it FH s A A it . A ALAE R (M)
LRI (4 H23 thm™?) , HHESSTER:
N5 g-kg™, P,O, 4 g'kg™, K,0 4.9 g-kg™', BH
IFEFF (S) AEKRFEF (7.5 thm™) , EKH
IS SHE RN N7 gkg™', P,O, 1.6 g-kg™',
K,0 7.5 g-kg™o HLIERIRE (BN 460 gkg™) .
Wilg 4% (%P,0, 460 g-kg™'. N 18 g-kg™') #l
FAEA (HK,0 62 g-kg™') o NPKAFE AL AL it F
HMN165 kg-hm™, P,0, 82.5 kg-hm > HIK,0 82.5
kg-hm™ ; NPKSAbFE AL ALt 5 AN112 kg-hm ™,
P,0, 82.5 kg-hm™, K,O 82.5 kg-hm > FIF5 7.5
kg-hm™; NPKMAb 1k JIEjiti ] & NS0 kg-hm ™,
P,0,82.5 kg-hm™, K,O 82.5 kg-hm “FIA HLIE23
kg-hm ™10 PO kb B A S8 A LR IR AL P T 1
Fiim
1.2 BEZHAR

Tk 2 A AR a0 A v [ AR R 2 B R S B g
B B% SR S AT . BT N E LR IR R
PR TP AR (CK ) 5t FH 20U 41 + A ML AR
(NPKM ) M~b3, HOREEREE M0 ~ 20 em, ITHK
THEAARNKA, B, 12 mmifi.

&1 AR REAREUM R

Table 1 Basic soil properties of the four treatments

e A HLBT B e il AR 2 ARk A
Treatments pH Organic matter/ Total N Total P/  Total K/ Alkaline N/ Olsen P/ NH,OAc exchangeable K/
(g'kg) Ngkgh) (gkg) (gkg)  (mgkg) (mg-kg™) (mg-kg™)
CK 7.3 18.6 1.29 0.57 21.1 113.9 7.4 125.4
NPK 6.0 19.4 1.37 0.67 21.3 143.5 26.8 127.2
NPKS 7.8 33.7 1.52 0.75 20.2 127.2 41.0 274.2
NPKM 7.2 31.5 2.05 1.37 21.2 182.3 185.0 227.6

{:: CK. NPK. NPKS. NPKMZp 5l 2R A AL A X I8 it 1T A4 A L vt T A+ 3 T A e P SR 40+ A LA AR B T
[ilNote: CK, NPK, NPKS and NPKM stands for control (not fertilized), fertilizing NPK, fertilizing NPK with straw back to field and

fertilizing NPK with organic fertilizer, respectively. The same below
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AW N EK (Zea mays L. cv. L224 ) Fl:
& ( Vicia faba L. cv. Lincan No.2 ) . #FH10%
H,0,i2 1130 min’K i, HIZERKFEI TG,
A CaSO B IR 124 hilg2F, BRI — K
W, RIFRRFRIEIRIE AR AR 1, 7E25° CHER
FEOE R 2 ~3 d, FFIERKIT ecmZEA R,
R F R AR ENESR. BEE, AN
ARG ETHEFRINH, TR E MK LA
(HA10 em ALK (PVC) &), MR
BIRWNEERW, HIRKTFH —K, pHHNaOH
FIH,SO AW IHE6.0 ~ 6.5; FFR RABSE 10 cm

00 o0 0 00

BREFRW

(o)}

ELRE S, O B AR g E 1B, SLRTE
FWN I E TR ( AIKH,PO, ) , HHEZ5E
FEWZ I U AR ki 4, I THIR BRI . WA
$E b RN AR PR L AR b B DY R T
i, B3RS ARk BFRMEC TN (mol- L)
Ca(NO,),, 2x107°; K,SO,, 0.75x107%;
MgSO,, 0.65x107; KCI, 0.1x107°; KH,PO,,
0.25x107°; H;BO;, 10x10°°; ZnSO,, 1.0x
10°; MnSO,, 1.0x10°° CuSO,, 0.1 x10°%;
(NH,)Mo0,0,,, 0.005x10°°; Fe—EDTA, 0.2 x
107,

900 hm JERM" | "

T
30 um )Ejt MKi) E
}

ERW®

(DNylon net; @Root mat; @Plant equipment; @Nutrient solution with aerating; (3Soil equipment; ®The soil layer of rhizosphere;

(DFilter paper wick; @Nutrient solution
K1 REGE (A 2EFRWEIESE; B: LTHEFRBRER)

Fig. 1 Root mat device(A:Culture in complete nutrient solution; B: Culture in nutrient solution without phosphorus)

e K4S dia, sl o SR AR
YeF T, 105°CAT30 min, RIGTE6SCHET ZH
&, PR, [, HORTEE R E T A 25 mL
0.2 mmol-L™" CaCLIgE L&, ksl IR, 2
BUVE AR PR SR BOR, b B0 45 b B4 32 U
T EpH . A HLER BF B 7 R0 R M 0 1R e 0 2 1
SE VO S mLZAER PG BRIBOR, A5 mLE L
A, b — 03 T 0 2 35 VA Wl TR B L SR W o
IFRAET-20°CUkAE T, HI T A PLRR BT &0
T — W EAEENACYKRES , P 1M ol 12 ity 7% 4 )
FE o HIEERES AR, e A L
1.3 HEREARE

I AR 2 32 08 K 7 K 5 A5 Y 1Y A it
AE AP XA (CK ) . HUi A& B A

(NPK) . EBEH+F5FF (NPKS) KABH+A
HLAE (NPKM ) H ) HHE £k (Zea mays L. cv.
Zhengdan 958 ) #EATHR PR AR A0 2 o 186 H A A
T K-, — 4B

FoRA K EHASKm, #RRIGR, BUEE. R&
Mg S, PHEZan 5, BRMEER
R LW RS EEERIE L. 3 FILEARER, K
HHPR R FREA25 mL 0.2 mmol-L™' CaCl,&
OET, BERERES, IR AR PR R e
W Ty i\ ko
14 MEMBSHE

R AR B B S0 . AR A R 100 g 75 R
MLBSHE IS, FHWEH,SO,-H,0, 0 &, T4 & I 1Y W e
Ji FHALAR 5 gk e
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T HEpHA M & KA IE - $REHUE 1 p H H 2%
i B B A A i pHIT ( Sartorius PB-10,
Gottingen, fEE ) W, KRB HK LT
A, WS pHTE &R . H—FRIIAFKL T

(1,25, 4,7,.10, 20, 30, 60) %M FiEm
T IEpHUEA TR, P bR M R B R
KIEMERITfE (F£2) , KIERKEL 2.5 1
Ak ifEpH . A% 1E 5 A pHIA Ry MR PrpH.

®2 KIEpHHIRM ST

Table 2 Simulation equation to modify pH

4b B BT Y
Treatments Simulated equation Coefficient of determination
CK Y =-0.000 1x*+0.005 1x+6.87 R2=0.49
NPK Y =0.050 In(x)+5.87 R?=0.65
NPKS Y =7.776x""7 R*=0.72
NPKM Y =7.21x"° R?=0.65

Y B W2 PR W R 5 P D . TR M W TR Nl S
PRI 5 SR AR L RSB 2 mL
52 mL 50 mmol-L™ 'R FRANZE vl (pH=5.2) iR
2, KHM12x8 (96 fL) . 300 w LAl AYAEAR
#& ( Whatman Inc., Florham Park, NJ) , %4
8L A [a] —FE dl, DU i EAE QIR . AN
ALUE =28 . A SRR Y (4-MUB-
phosphate (4-HI QL EBERLER ) ) . R
PREREY) (4-MUB, 4-methylumbelliferyl ( 4-F
FEIEW ) ) o RN R, R AR
200 WL, MUEPIEZ M5S0 WL, &l
XTHR CZ2 vp e ) A2 ehn i (22 v in s o
Y ) , B R IUIRERE . fE30°CE SR
Wi FR4 h, FRIGIEE# 2 R840 ( Thermo
Scientific Varioskan Flash, FEER KHE/REML ) Ml
%€, Thermo Scientific SkanTt4X{4- 4= ER/E, BTG
P nmol-h™"- g™ My B

A LR B B0 - AR B B BOR i A AL
iR FH s R AR 3% (HPLC ) g o i He A (03
LB R 4 455 =X 43 M D0 AR 4 0 40 v 1 A AL IR )
BT WA 250 mmx 4.6 mmZ A
PE#E (Alltima C-18, Alltech, Deerfield, IL,
FH) 5 WshHA25 mmol-L™' KH,PO, (pH =
2.5) ; WEK1 mL-min™'; FERO28°C; AN
Kh: 214 nm; HEGITESHAT 20 WL, FrAFE
a5 T 430,45 pom PR . HPLCIE ik A [e 41 43
TE TSR 1 8 B B[R] FR 7 i 2 St e 1 AN A )
FE i 1 180 B

TIEA LB E . 75 SR 1550 °C = 4R
RS h, RIE S5RGBT R R,
F10.2 mol-L™'#if& ( 1/2H,S0, ) 1242&)5 s L
LI B fr i, KR 5 AR K be i 22 B R A A HL
T AR
1.5 HIELBES%T 95

JISAS 8. 153 il e %4l . fe/h i 3 22 ik
(LSD) #f7T R EHEAR, BEKFH40.05,

2 45 R

2.1 FERENEMEMENBES SN

AR, Bk, AEMNH MR R THE
AP TE R E 25 (K2A) o fECKAINPKMAL
PR rf R KRR L 80,25, 4350 2 TR N Ak R
FiRy 47 (0.08410.07) (EI2B) .

Jiti AL Ak B o (2 R ) K b b S R MR R G
W (EI3A) o f G0 H b w3 X 4 3 AR
I RN, E i AR AL B AR T AR AR R A
WE, NPKMA B 78 5AR 28 W vk 15 48 CK AL B v
57.6% (EI3B) .

2.2 i AR AR BRp HANER 14 REBRBR 5E 14 O 22 M

CKAMFEAY) E KRR BRpH N T7.07, BEm T H
+3£0.090Ff; . CKAMBRIG AT SRR pH S 25 H +
MR EES (K4) . NPKMALH )2 (1 + 3 pH
5 E KB PrpHM TG 3% 2 5, (HENPKMAL# 19 %
TARPRpH N 7.32, W E T4 H 011407,
I HL# T RAR B £ 1815 0.09 1 A
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e ANFRIFRRRAN PR 22 57 i85% 8 % K V-, TR Note: Different letters on top of the bars denote significant differences between

the treatments based on one-ways analysis of variance (P<0.05). The same below
T B IR T TR A AR R AR R (A) DIEAUEL (B)

Fig. 2 Dry weight of shoot and root (A) and root/shoot ratio (B) of maize and faba bean in greenhouse
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Fig. 3 Phosphorus concentrations in shoot and root of maize (A) and faba bean (B) in greenhouse
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Fig. 4 Rhizosphere pH (A) and variation (B) between treatments in greenhouse
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ol 2 b
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AbF Treatments
H: RFEMBNEGFHR (a~c) AiEtka ~d’

73 59 B R ARBR b AR AR B 45 4k B ) 2 57 38 5% 2 3% K F 5

NPK Sk BEFAR b + HEpH 5 NPKM AL PG i 2% 22
5t, {ANPKSAbH Y HEMR PR 1+ pH B % & TNPKM
AR FH () T KRR B R 1 W R S M 3 i TR
PRt (& 5B) , CK. NPK. NPKS. NPKM
Ab B B - R A Wl R I 0 M 0 B2 AR AR PR 119 10.4
f& . 12145 . 20.645H127.64% . AEARER - FIAR R+
25 it S A AR D R R R T P T ) e 2

%:n 60.0 mmmm iR Rhizosphere soil
I': ol — Sﬂzﬁlﬁii Non-rhizosphere soil
é !
T< 400t
x
®.z 300t
e
W Q
DE 2007
=
&
2 100t
a
%‘
200

NPKS
&J;E Treatments

s g3 AR A (6] i AL

NPKM

AL BRI AR PR 4 FTHEAR b+ pH2E 533Kk 5% 5% 1% 5. % 7K Note: Different lowercase letters (a~c and a’ ~d’) on top of the bars denote
significant differences between rhizosphere and bulk soil and between treatments based on one-ways analysis of variance (P<0.05).
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KI5 RKIE AR ERAR PR S IR PR 1 3EpH (A ) S5RRPEBERREG IS (B)

Fig. 5 Soil pH (A) and acid phosphatase activities (B) in rhizosphere and non-rhizosphere soil in a long-term experiment

REBEFRFMET, CKL}EI#E’J*&MM
@@%M@«a PER 2 A HEE19.7 nmol-h™!
(P<0.05) , {HNPKMLIEE’J*EBT@&@W%@&m
HuAtgEepEER (B 6A) . CKIbHE AT
PR EREEE S s TR EES, AR

AR T B ORAR PR R PR W R BTG 7 . NPRMAL 3 1)
I ARPRERR EE TG 29.4 nmol-h g, A AlE T
P A 8RN T K AR PR A B 2 B 15 1 89.7 % F193.4% .,
NPKMih# i + e A7 LR e B I 2 v T CRALEE ([
6B ) . CKACFEAY - HEA HLBEVE B VS 2h214 ~ 218
mg-kg™', BNPKMALFALT103% ~ 171%. CKAib
R EXR, BUMRR L5250 LGS RI2E
5o NPKMACEA HLBEAEAR PR 8L 1 B, EOKAI

Sy HIAEE T 1384186 mg kg™ A ML .
2.3 ﬁmﬂEiﬂEhﬁM%Bﬂﬁ?E’] Al

U 3G TR 5 ) B K e AR B A HLER
Iﬁ%%ﬁ%’éﬁ{ﬁaﬁarﬂ%ﬁgs%ﬁm%&@%%?ﬁ (%
3) o CKARFRZS [ A58 v A A I 21309 A4 B2 1 25+,

{ANPKMALH H A K I A R BH 5 F . NPKM
1) K AR BRI A R B 2 1 Mk B & T CK AL #E77.0%
(P<0.05) ., CKALFHS5NPKMALH Y 72 AR BRI A1
R BH Bk e W 22 5. ECKAR Y 2 (1 L3
R R T SE SRR IR, MINPKMAR R JCSE R
FRBH S 7. CKALFEFINPKMALFE {1 F K AR B b ok
0 8 3 SRR I B F- . NPKMAL B i 7 AR B b 77
TEERMRIE T, CRACH R & PR BRI B 1.

FET T 1) 6 oK A B A AL 1R o 24 = 2y 57 R R 9]
BT (E7) o NPKMARF AR B A 398 o S SR iR BH
B o E S TCKAS 574 (P<0.05) . CK,
NPK . NPKSAhHE AR Br A 398 b S SRR B 25 %
TREET

3 U ®

3.1 BRENEYIESERBIRENZE
EAMTFERW, TR AT A 52 BRI A
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Fig. 6 Acid phosphatase activity in rhizospheres (A) and soil organic phosphorus concentrations (B) under maize and faba bean

in greenhouse

R3 BEBEFERMBERADWLENBRIMLSRE

Table 3 Carboxylate species and concentrations in rhizosphere soil of maize and faba bean in greenhouse

W91 lR Tartrate/ (. mol-g™")

LR Malate/ (wmol-g™")

4k 2
Treatments
CK NPKM CK NPKM
2519 Control n.d. 1.406 £ 0.310a 0.025 +0.003a n.d.
K Maize 0.296 + 0.038b 0.524 £ 0.056a n.d. n.d.
#* & Faba bean 0.337 + 0.054a 0.344 + 0.094a n.d. 0.095+0.010a

TE: nd ACRAAGI H .

RIRI B /NG F5 e 78s CK HINPKMAL BRA] 22 53 35 5% . % 7K F Note: n.d. denotes not detected. Different

lowercase letters denote significant differences between CK and NPKM based on one-ways analysis of variance (£<0.05)
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1.00

0.80

0.60 ab

040 + [
b
020 + b
0.00
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7 0 (6 A R AR s S SR R B g 1 ik B2

Fig. 7 Rhizosphere malate concentration in maize in a long-

SEAMRIA B IR

Malate concentrations /(umol-g™')

NPKS NPKM

term experiment in Gongzhuling

P [ SRR REE 4 2. 0114 mg-g ' )L AR
R T KA 5 ML SRR K T I R S

(EB),%%ﬁ%tﬁ$¢%$%ﬂﬁW%Lo
A e SR PR R R E e & s R b Wl T R S Y
W,Eﬂwﬁﬁm¢%¢k%@<wd>,xﬁu
fiidh AR BRI Z N . W, EoK
A Y b A P AR CK AL FRATNPK M A 2 1]
T EES . I LA R E K T20 mg-kg™
W, HEUEEE AR RE s R AR W & R 0 BT
RO AR AR 4 B 2. NPK . NPKM |
NPKS ik F 1 + e vk 4K F20 mg-kg™
(1), VEHHA KA LL L kb B A ) 3 K K A2 5]
WM aa , 1 CK AL 3 b R AR R 0 A R0 A
11.8 mg-kg ™', UL KA A K 37 2 Sl e o
3.2 IRFREFENT TIEBHBANRN

+HEp HJE 5 A ALBE P S5 1 5 A R0tk i &
BHREZ — LAV SRR # 2 1
VWD A PLBE VR B, R R IS 1 TR
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FE W) AT LAE 2o oA AR AR R p HK 12 10 A7 WL B 5 fif il fit
W, R AR A PR R L ARBIRSR
PRpHEU S s A 0. T TR, A 2 DL B A 3 i 4 48
VW A HLBE R M B . T B) B R AR PR - e p H Y B
WARTARMRER L, AR i T ORI R i VR AR K
P, %t HHERH B R R = TR, P iR
LA, AR R MARBR W T R, MIMFEAS T
HRERpH, A ] T 134G HL#E A+ 5809y v fig i i
VA, DT R RERG I IR MO A HLBE R T, e
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Rhizospheric Processes and High Substrate Concentration Stimulating
Mineralization of Soil Organic P in Black Earth

YU Xingchen' LIU Qian' LI Chunjie' ZHU Ping” LI Haigang"*" ZHANG Fusuo'
(1 College of Resources and Environment Sciences/ Key Laboratory of Plant-Soil Interactions, MOE, China Agricultural
University, Beijing 100193, China )
(2 Institute of Agricultural Resources and Environment, Jilin Academy of Agricultural Sciences, Changchun 132000, China )

(3 College of Grassland, Resources and Environment, Inner Mongolia Agricultural University, Huhhot 010011, China)

Abstract [ Objective ] Soil organic phosphorus (P) is one of the important P sources for plants. A
large number of studies have shown that rhizospheric processes improves bioavailability of soil organic P
through stimulating mineralization of soil organic matter. [ Method ] In the present study, investigation
were made of contributions of the rhizospheric processes of maize and faba bean to mineralization of soil
organic P through an experiment combining root mat culture in greenhouse and in-situ measurement in
the field, and exploration done of effect of soil organic P concentration on organic P mineralization in
black soil, which is high in organic matter concentration. [ Result ] No big differences were observed
in dry weights of shoot and root of the maize and faba bean in greenhouse between low P (CK) and
high P treatments (NPKM); Root/shoot ratio of the maize reached 0.25 in either treatment, and was 0.08
higher than that of the faba bean in CK and 0.07 higher in NPKM. Fertilization did not affect much P
concentrations in shoot and root of the maize, and neither in shoot of ther faba bean. However, it did
increase P concentration in root in the faba bean in NPKM by 57.6% as compared with CK. Rhizosphere
pH of the maize in CK was 0.09 higher than the pH in bulk soil, and rhizosphere pH of the faba bean in
NPKM was 0.11 higher than the pH in bulk soil and 0.09 higher than that of the maize. Acid phosphatase
(APase) activity in rhizoshpere of the maize was significantly higher in CK than in bulk soil. No significant
difference was observed in APase activity between rhizosphere and bulk soil. APase activity in rhizoshpere

of the faba bean was 93.4% higher than that of the maize in NPKM. Soil organic P concentration in CK
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varied in the range of 214 mg-kg™' ~ 218 mg-kg™', and was 103% ~ 171% lower than that in NPKM. Organic
P in rhizosphere was depleted by crops in NPKM and by 138 and 86 mg-kg ' with maize and faba bean,
respectively. The organic acid anions in rhizosphere of the maize and faba bean included tartrate and malate
anion. Tartrate concentration in rhizosphere of the maize was 77.0% lower in CK than in NPKM, and
Tartrate concentration in rhizosphere of the faba bean did not vary much between in CK and in NPKM. In
the field, rhizosphere pH of the maize was higher in CK than in NPK, NPKS and NPKM. Compared with the
pH in bulk soil, rhizosphere pH of the above four treatments decreased by 0.3 ~ 0.51 units. Rhizosphere pH
of the faba bean did not differ much between NPKM and NPKS. But pH of bulk soil was significantly lower
in NPKM than in NPKS. But, NPK was significantly lower than all the other treatments in pH of bulk soil
and of rhizosphere soil. APase activity was higher in rhizosphere than in bulk soil in all the treatments. No
significant difference was observed in APase activity in rhizospheres of between the treatments. And APase
activity in bulk soil did not vary much with treatment. Malate concentration in rhizosphere was higher in
NPKM than in CK, but did differ much between CK, NPK and NPKS. [ Conclusion ] Mineralization of
rhizosphere organic P was regulated by both rhizosphere processes and concentration of organic P in soil.
Long-term fertilization promotes accumulation of organic P in black soil and increases concentration of the
substrate of mineralization, which is beneficial to mineralization. Rhizospheric process of maize in the field
enhances this process, thus maintaining P supply intensity in the root layer. Thus, building a high organic P
pool and selecting crop varieties that are highly efficient in using organic phosphorus is an effective strategy
to maintain P supply capacity of black soil and achieve the target of reducing P fertilization and improving
its efficiency.

Key words Maize; Faba bean; Rhizosphere pH; Acid phosphatase; Organic acid; Mineralization of

organic phosphorus
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