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Abstract: [ Objectives ] The transformation characteristics of soil inorganic phosphorus forms under different
nitrogen and phosphorus application conditions and the factors affecting the conversion of inorganic phosphorus
forms were discussed. It provides a reference for the efficient use of phosphorus in farmland and soil nutrient
balance in the dry farming area of Longzhong Loess Plateau. [ Methods ] Based on the long-term positioning
experiment of different nitrogen and phosphorus combined application of spring wheat set in Mazichuan Village,
Lijiabao Town, Dingxi City, Longzhong Loess Plateau in 2017, nitrogen (N) and phosphorus (P,0O;) were set at 4
levels, respectively, 0, 75.0, 115.0, 190.0 kg/hm’, a total of 16 treatments in pairs. Using Gu Yichu-Jiang Bofan
method to determine the content of each form of inorganic phosphorus forms in the soil after harvest (020 cm),
as well as environmental factors (soil organic carbon, total nitrogen, total phosphorus, Olsen-P, pH, grain yield,
biomass,apparent recovery efficiency of applied phosphorus, microbial biomass carbon, nitrogen, phosphorus
and alkaline phosphatase). [ Results ] The distribution order of inorganic phosphorus forms in soil is Ca,,-P >
Ca;-P > O-P > Fe-P = Al-P > Ca,-P. The content of inorganic phosphorus is mainly Ca-P, and the other three
forms of Al-P, Fe-P and O-P account for about 20% of the total inorganic phosphorus. Phosphorus application
significantly increased the phosphorus content of each inorganic phosphorus form in the soil. Nitrogen application
significantly reduced the phosphorus content of other inorganic phosphorus components except O-P and Ca,-P,
and O-P increased significantly. Nitrogen application has little effect on the change of the proportion of each
inorganic phosphorus form. The proportion of Ca,-P and Ca,-P in the total inorganic phosphorus increased with
the increase of phosphorus application, and the proportion of Ca,,-P and O-P showed a significant downward trend
with the increase of phosphorus application. The proportion of Fe-P in inorganic phosphorus is basically
unchanged with the increase of phosphorus application. In this study, soil available phosphorus was significantly
positively correlated with Ca,-P, Cas-P, Fe-P, O-P (P < 0.01), and significantly positively correlated with Al-P (P <
0.05), while correlated with Ca,,-P did not significantly (P > 0.05). Path analysis results show that the direct
contribution of various forms of inorganic phosphorus to available phosphorus is Ca,-P > O-P > Al-P > Ca,,-P >
Fe-P > Ca,-P. In this area, Ca,-P is the main source of available phosphorus in the soil, and Ca,-P and Fe-P are
potential sources of phosphorus. Nitrogen application significantly increased soil organic carbon, total nitrogen,
grain yield, biomass, microbial biomass carbon (MBC), microbial biomass N (MBN),microbial biomass P (MBP),
alkaline phosphatase activity (ALP), apparent recovery efficiency of applied phosphorus, and reduced total
phosphorus, available phosphorus, and pH. Phosphorus application significantly increased total nitrogen, total
phosphorus, available phosphorus, grain yield, biomass, MBC, MBN, MBP, ALP, and reduced organic carbon.
Redundancy analysis results show that soil organic carbon is a key factor affecting the change of soil inorganic
phosphorus forms in the farmland layer of spring wheat farmland in the Longzhong Loess Plateau; Ca,-P with
total nitrogen, Al-P with apparent recovery efficiency of applied phosphorus, O-P with grain yield, Fe-P with
biomass, alkaline phosphatase and microbial biomass nitrogen is significantly and positively correlated, and soil
organic carbon is negatively correlated with each inorganic phosphorus form. [ Conclusions ] The combined
application of nitrogen and phosphorus can promote the activation of soil phosphorus, increase the ratio of Ca,-P
available for plant direct use and Cas-P, Al-P with slow-acting effect, and reduce the insoluble Ca,,-P in soil. The
ratio of O-P improves the potential phosphorus supply capacity of the soil. Soil organic carbon is a key factor
regulating the conversion of soil phosphorus forms in the plow layer.

Key words: Longzhong LoessPlateau; nitrogen and phosphorus combination; inorganic phosphorus forms;
phosphorus efficiency; environmental factors
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Table 1 Experiment design

Ab3g N P:0; St N P.0;
Treatment (kg/hm?) Treatment (kg/hm?)
NIP1 0 0 NIP3 0 115
N2P1 75 0 N2P3 75 115
N3Pl 115 0 N3P3 115 115
N4P1 190 0 N4P3 190 115
NI1P2 0 75 NI1P4 0 190
N2P2 75 75 N2P4 75 190
N3P2 115 75 N3P4 115 190
N4P2 190 75 N4P4 190 190
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Soil

pH 7.5, 0.25 mol/L NaHCO,

S1 pptl

pH 4.2, 0.5 mol/L NH,Ac

S2 ppt2

pH 8.2, 0.5 mol/L NH,F

S3 ppt3

0.1 mol/L NaOH—-0.1 mol/L—NaCO,

S4 ppt4

0.3 mol/L Na,Cit—Na,S,0,~NaOH

S5

Ca,-P | Cag-P [ AL-P Fe-P O-P

ppts 0.5 mol/L H,SO,

S6 ppt6

Ca,,-P

E 1 BEmA-HaEE T BE SRR R
Fig.1 Gu Yichu-Jiang Baifan's inorganic phosphorus extraction step
[ (Note) : ppt—UTIE Sediment; Na,Cit—F7 R4 Sodium citrate]
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Table 2 Contents of inorganic phosphorus fractions in soils under different N and P combination treatments
AbFR JEHL#E4L 43 Inorganic phosphorus forms (mg/kg) S TCH LR
Treatment Ca-P Ca P ALP Fep op Cap Total inorganic
? phosphorus

N1 3340 a 219.00 a 38.94a 40.85a 60.28 ¢ 338.09 a 730.97 a
N2 28.27b 212.15b 37.90 b 38.14b 60.37 ¢ 333.08 b 709.92 b
N3 27.82b 218.59a 36.22 ¢ 36.37 ¢ 61.08 b 331.35b 71291 b
N4 25.76 ¢ 212.06 b 37.65b 37.89b 62.02 a 332.88b 708.26 b
EVE Sig. ook ook sk ke sk ok Kook
P1 21.47d 170.83 d 32.31d 3492d 58.08 ¢ 331.03 ¢ 648.63 d
P2 28.07 ¢ 208.48 ¢ 38.53b 3790 c 59.66 b 333.38 be 706.01 ¢
P3 29.88 b 22196 b 42.80a 39.43b 59.74b 334.08 b 727.89b
P4 35.84a 262.03 a 37.07 ¢ 41.01 a 66.68 a 336.90 a 779.53 a
BEE Sig. - sk sk sk - % ok
NIP1 22.65+0.89 h 180.39+£2.06h 3521+£0.29h 3490+0.52¢ 5530+038¢g 345.18+3.01a 673.63+1.41h
N2P1 21.97+0.59hi  16597+3.621 36.54+0.02fgh 33.69+0.21f 57.47+0.29 f 317.87+224e 633.52+4.99]
N3P1 21.15+0.03 i 16597+3311 28.63+0.31] 33.06+0.90 f 57.67+0.40 f 321.96 £4.25de 628.45+7.00 ij
N4P1 20.13+£0.52j 17099 £4.281 28.84+0.27]j 38.00+0.83 d 61.88+0.93d  339.10+3.19bc 658.93 +7.27 hi
NI1P2 30.55+0.30¢ 190.30+3.35g 37.55+0.04ef 41.07+028c¢ 59.47+0.08 ¢ 345.68+2.85a 704.62+541¢g
N2P2 26.51+032f 204.59+2.68f 37.05+1.25fg 37.49+0.45d 57.37+0.50 f 337.58+2.11bc 700.60+4.77 g
N3P2 30.71+1.01e 236.12+2.19d 43.45+1.04ab 37.64+0.31d 60.05+0.54¢ 325.18+1.94d 733.15+3.20de
N4P2 2450+030g  20291+4.08f 36.06+0.53gh 3539+0.71e 61.74+0.81d 325.07+1.65d 685.67+6.24¢g
NIP3 3559+029b 222.84+3.69e¢ 4443+0.34a 42.37+044b 59.59+0.33 ¢ 319.40+£3.04e 72421+£7.06f
N2P3 30.54+027¢ 209.69£3.73f 4225+ 1.51bc 40.77+031c¢ 59.57+1.11¢e 33471 £4.80c 717.53£5.62f
N3P3 27.02+0.32f 23098 £2.48 de 40.38+1.55d 37.46+0.44 d 60.35+0.74 ¢ 341.60 £2.87 ab 737.79 £ 2.93 def
N4P3 26.35+0.28 f 22433+ 11.77e 44.15+0.45a 37.11+£0.58d 59.44+1.86¢ 340.63 £3.84ab 732.01 +17.38 ef
NI1P4 4483+1.32a 28248 +1.85a 38.59+0.85¢ 45.05+0.71a 68.38+0.38a 342.09+3.38ab 821.41+1.31a
N2P4 34.07+0.76 ¢ 268.36+£570b 3574+0.89gh 40.61+0.52¢ 67.09+0.84 ab 342.15+4.05ab 788.02+10.60 b
N3P4 3241+029d 24727+4.14c 3240+0.341 37.30+0.73 d 66.24+1.14bc  336.66 +1.11 bc 752.27 +3.99 cd
N4P4 32.06+0.56d  250.01 £4.64c 41.56+0.58cd 41.06+0.71c 65.02+0.38 ¢ 326.72+1.84d 75643 +£590c¢

525k Sig.

otk

R

R

EEE

EEE

stk

stk

7 (Note ) :

R EUEI I + brifEZE Data are mean + SD (n = 3); [RIFEUE G AR - R:Z7R b 3 E] 2% 535 0.05 12 7KF Values

followed by different letters indicate significant difference among treatments at the 0.05 level; *—P < 0.05; **—P < 0.01; ***—P < 0.001.

BILL Ca,-P A E, 205 EEM 50%. it & =X 45 TE
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FEARB i, HAS AT Ca,-P . Ca-P % P1 AbFR4Y 5]
BEINT 20.08%~38.87%. 12.12%~27.73%; HA#Ab
P O-P, Ca,P s P1ALFRIMHIFRAR T 447%~834%.

7.48%~15.32%; Al-P Huf7] P3 AbPREL P1 AL B N
18.07%, P4 AbFHAE P1 ALFRREAR 4.51%., A WA
', CagP Fl Ca,-P 2 ShilE K .

22 A REIESE IR EFrI52 0

2.2.1 X AR A B A R e &3 g, +iE
SR TIR N o ~ o N S € e = W N 1
IR 118 F2 3500 AN A BN ) P /T 0.05, Rk
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Fig. 2 Percentage of ach inorganic P fraction in soils applied with different levels of N and P
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Fig. 3 Percentage of each inorganic P fraction in soils
applied with different N and P combination
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PGB/, N3 PRI, B it 9t 4 185 0 58080 N5
o, P3AbFRIR/N; RS EN 0.80~1.15 g/kg,
BEE A BRI NG Rk 844.72~
1038.55 mg/kg, Pt 0 A 3G a0y, it i i
RGN I s AR08 % 2l 13.15~28.87 mg/kg,
AR a—5, pH N 8.31~8.49, % &
FAX T pH (P < 0.05).

2.2.2 XFPeH BAER/NAE P R R H 40
A, OH EERA R BEIE DR R A e U K
SR U I AE BN B P AE /N T 0.05, Rk T
LA N U 7K ST S He 58 5% 10 3 fig kit i 1 35 AR

L BRSO FH R P2 AR50 (P < 0.001), KPR &2
FHNZEFEFE (P<0.05), XHFWNZERFALE.
K= AL R 1815.4~2076.2 kg/hm?,  Fifiifi 4
YIS NN, N3 AR R, N1 AP
JIN B T A B0 N s M b AR A
4726.4~7428.9 kg/hm?® AE 5l Bt UM £ A 3 i e 4
TN, HI7E N3 AbBE AR e A A [l iof
FIE 6.00%~68.96%, st P3 > P2 > P4,
M AP . BEAE RISOR 2635 N3P3 A B 5
2.2.3 XF AR WA R 1 R i) & 4 AT,
T EE Y i . AL B SR R A T A AN )
R KV 1 2 RN AN A RO ) P4 /NT 0.05,
PRI AT DA Ay RO K B A8 B A0 B R X 1 f
YRR A B T B R A M AR R (P <
0.01) oA 1yt b 5 o R0t i o G915 1k 20 91
439k 227.6~305.5 mg/kg DW . phenol 1.1~1.8
mg/(g-24 h) DW, ¥ 2 it (19 85 m e 55 in J5 s/
N3 b, ¥y it ol k1 3G n S n = 9
P3 AbFEE K UEWRA . BRI 27.6~
41.4 mg/kg DW . 4.6~21.1 mg/kg DW 72835, i
R RO JE N, N3 AP, YIREiE s
AT .
2.3 AEIERBECHHEX TIE LA 5 B/
A

1+ IE R, R 2 20 JCHLBE RN R 2
[ 4b T sh &V, EAZ A — B A B2
e R 2y, ARG LB RS S Ca,-P. Cag-P. Fe-
P. O-P Z I 2 W EIEMC (P <0.01), 5 Al-P 2
WEIEMX (P<0.05), 5 Ca,-PHEMEARE P>
0.05), HXWs S Ca-P. Cae-P. Al-P, Fe-P. O-P Fl
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Table 3 Chemical properties of soil under different N and P combination treatments

AbFH Treatment SOC (g/kg) 2% Total N (g/kg) 4T Total P (mg/kg) Olsen-P (mg/kg) pH
N1 9.29¢ 0.88 ¢ 942.00 a 22.10a 8.46 a
N2 9.57 a 0.96 b 911.60 b 18.77b 842D
N3 9.64 a 0.98b 904.80 ¢ 18.25b 841D
N4 9.47b 1.042 902.56 ¢ 17.36 ¢ 841 b
Bk Sig. - - - ok *

P1 993 a 0.90 ¢ 853.49d 14.33d 844 a
P2 9.53b 095b 883.10 ¢ 17.78 ¢ 843 a
P3 924 ¢ 0.99 a 931.92b 20.52b 8.46 a
P4 9.26 ¢ 1.02a 992.45 a 23.87a 838D
BEME Sig. sk sk sk sk sk
NIP1 9.85+0.03 be 0.80+0.002 g 860.52+1.12h 15.40£0.89ij 8.48
N2P1 9.96 +£ 0.39 ab 0.89+0.013 f 851.82+2.311j 14.58 £0.66 j 8.44
N3Pl 10.11+£0.07 a 0.91+0.158 ef 856.91 + 1.93 hi 14.16 £ 0.21 jk 8.43
N4P1 9.83 +£0.05 be 0.99 + 0.029 bed 84472+ 1.86 13.15+ 144k 8.41
NI1P2 9.37+0.02 fgh 0.90 = 0.056 ef 894.20 + 12.06 f 19.93 £0.20 de 8.45
N2P2 9.59+£0.03 de 0.93 £0.030 def 892.23 +10.27 f 16.22 +0.60 hi 8.42
N3P2 9.74+£0.03 cd 0.97 £ 0.045 cde 87594+299 ¢ 17.62 £0.01 fgh 8.38
N4P2 9.43+0.01 efg 1.01 £0.007 bed 870.01 +£323 ¢ 17.34£0.78 gh 8.45
N1P3 9.17+0.02 h 0.87+0.032 fg 97474 +£2.72 ¢ 24.19+0.37b 8.49
N2P3 9.23+0.01 gh 0.97+£0.013 cde 917.79 £ 8.16 de 20.58+0.13d 8.45
N3P3 9.30+0.14 gh 0.98 +£0.022 cd 911.54 +5.64 ¢ 18.99 £ 0.64 ef 8.43
N4P3 9.25+0.08 gh 1.15+£0.049 a 923.61 +4.51d 18.30+2.17 fg 8.45
NI1P4 8.78 £0.05 i 0.95 = 0.004 def 1038.55+4.98 a 28.87+0.54a 8.42
N2P4 9.51+0.06 ef 1.06 £ 0.008 b 984.54+3.14b 23.72+0.28b 8.39
N3P4 9.40 £ 0.02 efg 1.04£0.013 be 974.83 +2.18 ¢ 22.23+0.73 ¢ 8.39
N4P4 9.36 +0.05 fgh 1.03 £0.012 bc 97190 +3.89 ¢ 20.66+0.19d 8.31
BEVE Sig. Hkok * sk sk ns

# (Note) : SOC—EHEA U Soil organic carbon; FHEUE Y N F-I4H + ARifE2E Data are mean + SD (n = 3); [FFEHE G AR FHEER
AbHE] 22 5255 0.05 i35 7K Values followed by different letters indicate significant difference among treatments at the 0.05 level; *—P < 0.05;

#xk__p < 0.001; ns — /AN 3 Not signifecant.

Ca,-P & & Z B (Y AH C R 3 51 0.974 . 0.863 .
0.445, 0.860., 0.720 F1 0.248.

T I BB Z [T — A sh &P
A BAAH OG0 BT JC I 58 4 1 il 1 145 21 43 W X ko
M TTER /N S IR AR A M5 45 845 £ 38 E
BUBE X A R0 (0 Bk o 3 42 0 A AT AU B S ) TG L
BEIE AN T 2k oA B, 2P &
3 5 Wi A 25 1) TC AL X A Al 7 A TR B R )

FOHR 3R AT A 20 X A A5 (1A% 2R AU (32 S)
AIE Y, SIS TOHLEE XA S0 B4 5Tty
Ca,-P (1.0060) > O-P (0.2175) > Al-P (0.1143) > Ca,,-P
(0.0757) > Fe-P (=0.1135) > Ca,-P (—0.1781), Ca,-P X
AR B AR R AR K, UL S5 A7 R0 9 A
KA, R Ca,-P REW A BRI . Ca,-
P. Al-P. O-P. Ca,-P X 8 HA I 480,
HAR AP, O-P 5% & W 2 EA G, (HEHE
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Table 4 Yield of spring wheat and soil microbiological indices affected by different N and P combination
in Longzhong dryland area

Ab ﬁﬁfcﬁ ﬂﬁig@%ﬁ RE, MBC MBN MBP ALP
Treatment Grainyield ~ Aboveground biomass %) (mgke) (k) (mg/kg) [/ (224 1)]
(kg/hm?) (kg/hm?)
N1 1890.6 b 4979.1d 2352¢ 313¢ 7.6¢ 1.2¢
N2 1925.6 ab 5828.4b 2424 be 33.5b 12.7a 1.5¢
N3 19619 a 61513 a 2564 a 344 a 133a 1.5a
N4 1951.6 a 5627.1¢ 247.2 ab 33.6b 11.7b 140
2k Sig. * ook *% ok sk sk
P1 1846.3 ¢ 52333 ¢ 237.1¢ 30.1¢ 9.0d 12¢
P2 1896.2 b 5311.4c¢ 30.60 b 248.6 b 314b 98¢ 1.3a
P3 1928.0b 6117.7 a 33.53a 2623 a 352a 11.3b 1.5a
P4 20589 a 5923.5b 16.74 ¢ 2332¢ 359a 152a 140
B Sig, - — - - — — —
N1P1 18154 a 47264+94.1¢g 2413+22.6c 289+02f 46+06¢g 1.1£0.01f
N2P1 1849.1 a 5526.7 +48.0 de 239.0+184c¢ 31.6+09de 9.1+£09f 1.1£0.04f
N3P1 1893.0 a 5422.5 +424.5 de 237.0+12¢ 325+1.1cd 11.4+0.5de 1.4+0.02 be
N4P1 1827.8 a 5257.7+397.6 ef 231.1+86¢ 27.6+12fF 10.8+0.8de  1.3+0.03cd
N1P2 1868.9 a 4810.8+111.7 ¢ 943+275f 233.6+4.6¢ 30.8+0.8¢ 53+1.1g 1.1£0.02 ef
N2P2 19129 a 5378.1 £107.0 de 3274+427¢ 2364+140c 329+02cd 10.1£0.7 ef 1.5+0.05b
N3P2 1930.6 a 5559.1£113.1de 38.26+228b 251.6+22.7bc 30.5+03¢ 11.0£0.7 de 1.3+£0.02d
N4P2 18724 a 5497.5+£136.7 de 4197+446b 272.8+8.7b 31.6+£1.3de 13.1+£0.7¢ 1.3+£0.04 de
N1P3 1845.8 a 4920.2 + 68.2 fg 9.90+081f 2382+19.5¢ 33.7+12¢ 10.0+0.2 ef 1.3+£0.05d
N2P3 1878.1 a 6599.0 £360.9b 29.93+1.50cd 250.6+7.5bc 36.6+£02b 10.6 + 0.6 de 1.8+£0.08a
N3P3 19479 a 74289 +4184 a 68.96+245a 3055+35a 33.2+05¢ 13.4+04c¢ 1.8+0.12a
N4P3 2040.1 a 5522.7+165.9 de 2534+4.02de 255.1+£242bc 37.4+0.6Db 11.2+1.0de 1.3+0.13 cd
N1P4 20309 a 5459.0 +206.4 de 6.00+2.77f 227.6+92c¢ 31.7£0.3 de 10.7£0.6 de 1.3£0.09cd
N2P4 2062.2 a 5809.7+92.1d 7.76+245f 2438+5.1c 329+12cd 21.1+13a 1.4+0.15be
N3P4 2076.2 a 6194.6 £ 81.6¢ 2837+ 1.35cde 231.7+4.4c¢ 414+13a 17.5+04b 1.5+£0.04b
N4P4 2066.2 a 6230.6 £ 160.7 be 2484+0.73e 229.6+104c 37.8+13Db 11.7+1.1d 1.5+£0.11b
M Sig. ns sk sk sk sk sk Heok

7 (Note ) : FHEUHI AT £ #r7fEZE Data are mean + SD (n = 3); RE,—BEARENACH] >R Apparent recovery efficiency of applied
phosphorus; MBC—f{ 4= )5t Microbial biomass carbon; MBN—f# 4= %+ % Microbial biomass N; MBP—/i 4 #J & Microbial biomass P;
ALP—fMERERRE 15 1 Alkaline phosphatase activity [RIZEUE G AS R FE R Ab B[] 2% 573K 0.05 37K Values followed by different letters
indicate significant difference among treatments at the 0.05 level. *—P < 0.05; **—P < 0.01; ***—P < 0.001; ns — A~ 2.3 Not significant.

BEAE/N, T Cap-P XFEAM I HGE R R, R LEICHURRAL S8 i 2 ma H AR 25 1) O LIRS A i
W] Ca,-P il id 5 W HAWSE S RO LB A 8l 2R 1) " AR AR T . 7EXA B2 L, A8 T0HL
HAEH] . Fe-P. Cay-P XA UM A U ELAERON,  BAEXH A 280l 14 [ 42 0000 52 Wi 25 45 18 25 DO ML S5 5
B2 Fe-P, Ca-P ARG RECNIE, X EE  BEREMHARKER . Car-P MU, B
Je% CarP, Al-P, O-P, Ca,-P WML, £V WHRAERADZ W HA 5 MRS 0L, SRS E80iR



8 44 MG, A5 BRI 2 1 R R AR AN X MR A - HECHLEIE 25 R R 1467

x5 TEPRESENSS LIRERHNER DT

Table 5 Path analysis of various forms of inorganic phosphorus in soil on soil available phosphorus

Rz FI AR

[A] 4223 4% 225U Indirect impact path coefficient

Dependent variable Independent variable Py T CarP —CaP —ALP —FeP —OP —Ca,P it Sum
Olsen-P Ca,-P 0.9736  1.0060  0.9795 —0.1543  0.0537 -0.1001  0.1519 0.0163 —0.0325
Ca,-P 0.8631 -0.1781 -0.1537 0.8718 0.0510 —-0.0799 0.1783  0.0200 1.0412
Al-P 0.4451 0.1143  0.0509 0.4729 -0.0794 —0.0551 —-0.0032 —0.0044  0.3308
Fe-P 0.8605 —0.1135 —0.0977 0.8870 —0.1253  0.0555 0.1318  0.0250 0.9740
O-P 0.7199  0.2175 0.1566  0.7025 -0.1460 -0.0017 —0.0688 0.0163  0.5024
Ca,-P 0.2480 0.0757 0.0188 0.2167 -0.0470 -0.0067 -0.0375  0.0468 0.1723

# (Note) : r,—HiIF AL Correlation coefficient; P,— F 4% 1% 74X Direct impact; r,.P,—Z5 it %F R? {Y S 5Tk Contribution of variables to R2.

5 FIEAS TCHUBE 5 B A (A O R AR & . i
AR HTRTAL, A RS A S LB 4L 4y
HZ A [ 7 Olsen-P = 0.638xCa,-P + 0.744, H:
T RE 1=0.970, P<0.01, A% B EKF, BB
EABNN, WL, Ca-P RiZIX + A 8w n 35
{731/78
24 MREEFS5LIBERHBES ZENXR
TCARSHT (RDA) 45258 (K 4) WoR, AT
(RHESEA 2 . NEE =i SZE Rt X e
PLBE 2 20 (R B SR N 87.4% , 4 — Bl B R hy
73.97%, 9 HERERE N 7.42%, WK 48 LR
th, Cac-P 52% . Al-P 58EFWCFHHAE, O-P 5

1O F ! oN2P4

RDA2 (7.42%)

i
—0.8 |,SOC: 58.9%; F'=31.6; P =0.002 i

-1.0 1.0
RDALI (73.97%)

E 4 HERFSIRTNBEATHITR I

Fig. 4 Redundant analysis of environmental factors and
soil inorganic phosphorus forms
[ (Note) : SOC—A#LK Soil organic carbon; TN—24%{ Total
N; MBC—E ¥k Microbial biomass carbon; MBN—{#{A4: )
it Microbial biomass N; MBP—fi{/E ¥ it ## Microbial biomass
P; ALP—BM:BERREES 4 Alkaline phosphatase activity; REp—Ti
HE [B1SCFI) FH 2% Apparent recovery efficiency of applied phosphorus;
ZLCL—AF KL= &t Grain yield; SWCL— I/ 4 &k
Aboveground biomass.]

FPRL™hE | Fe-P 55 LR A 1y o A0Sl P 0 P ol 1V
DAY A B R A G, ALK S 4 Tl
WAL TP S R AOG . A BB R Wi JC LB 4 2224k
RN T, XTI 2RI RERN 58.9%. BT
X TCHLBARLE 73 J5 2 R R AR R/ NI S A LI > kR
PR > R > AR > B YR > BUEYR
A > BRAL ISR R > Ml b 3 A= Py i > pH > PRk
PRI 1 o

3 ihig

3.1 ARIEBE ST IR TR SR
AT 3F (] Ph) 2 2 R FH AL 245 0] - 45 01 7k TC ML 3 2%
) 7 6F - P ol RO A T T AR T R R AT
45 R I B A6y A0 R 3 TCHLEE e R
Ca-P hF, P 5 TCHLBE S 1Y 80%, Hrh XL
Ca,-P HAEXFIEHY, Car-PIRZ, CarP Fiffk, ¥
R T ST 2% A47, HAh 3 FIEA AL-P., Fe-
P. O-P 5 UHLBEEEAY 20% e 400, + i rhwial
Sy Z A EL R . W2, R AL 2D T
- HE T LB AL 53 1 o3 A R A A T 3K ARG
t, RIETCHLEEA  & AR Ty Cay-P > Cag-P >
O-P > Fe-P = Al-P > Ca,-P, B! IFEA SCHR A1 55 [X.
BN RE T XA AR R IR AW 5T h A5 s AH A
e SN T S R T Y = S N W1 R 7
i, X HREFIGE AL, iU FREAT T S0
LB S i, APFRERY], RIS IS
R EIEASE, TERHYBA S 1 5EE E MIC LR
B PR O 18 M0 S 3 AH G o a8y Ao B 5 A ) il 2
B v 8 v R A B M R A R A
Wi it 22 1 I A B SRR AR, X P AR R
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Jite SR ) MG I B = 3, Tt A (R S R
WS BRI 2, PRI B & 5 R,

A it FOR A 3 T 2 43 5 1 WF gE D
K B SO RO - OB L 43 5 M BIF 5T 25 S e
B, it 35 R O-P. Ca,-P LASMAY TCHLBAE 2H
45, XF O-P & T E R, X5 A58 45 B A
L, {HAAFSE H O-P JCHLHEE 7k it 28 5 i 34 fin i
B T RE AN [R] f J AO A R i L I A AR BR
HURE J7 35 108 9 DX 38 5 52 )+ 38 TE LI 19 2 T 5
fbo AW, MEsE R E T 45 LB A 5 &
. REFCAEEREI Ao 20, it H B Ie 5
I ETCHLEE R 2000 A 28 5 L2 AR
X 1t I it FF O B 1 SRR I . OHLEE IR AT
BB ARWFFE T, AU X A T LB 4y L 5
MAHE /N, Cay,-P Cag-P (5 IG5 Y L (5] if 25 it
BRI AN, Ca,-P. O-P F (% Y Lo 151 I 25 it
A IR B NS, Fe-P & TUHLEE Y LA bt
B R INEEA TR AL, X5 TR 1L AR
+ ERBFSE LS AL . AL-P R B O3S 0 S 4
JE /N o 33X AT BE 5 AR Ml X 9 T R B8 DR 2K 4
AXo WA, K IR AR 3= i R T A
FER AR Ca,-P FIEAG ZAAEH Cag-P. AL-P 1Y LL
], FRAR I8 Rl PE Ca,-P . O-P 1 L0l 4334
R S, RT3 AR AR o,

A~ 37 S A KM I TCHLBE I 2 B A= W 5%
PERIBTIE W], Ca,-P CHLBERRER B A 2, W21E
Pl 2 E SR EZORIE; CageP. AlL-P Fll Fe-P
SESUWETR ;i Ca,o-P F1 O-P M H J&—Ff ¥ 7 W U5 .
AR BN, LE T & R RAELL X Ca,-
P J& HIEA RN FEWIR, Ca-P. Fe-P U 1EWE
IR, X SEIAMFREE AL
3.2 AEIRSBE X IR R FHIS 0

ARBEFT Y, AN TR R B it Xk - 9 B Ak 1 e A
R o - AT AL A I 2R 1 B SE B i s
/N, BEE R TR . ERIORE B - RS
i R AN R B L, AR ERSE
Bl & o, LB it 20 38 I SE B s o o 33X AT g
Bl T mEY K, SEOLEFE RS AL
e, (A I8 REMIRIEIE AT, K
THFE B AL & BEFRAR . A5 2% B 00k e £
Hea R R ER N, FLRRAC s nmisn, X5
T BT A5 R . P RE SR TRl 2 T i 1Y
B A= e h R W s RN, B A A 40 B T

A7 BRI, RORHESE T £ R E R, X
T 2 F ok Re L, Bk ALY
1) 3 fif S B PR, AT ol 4 20 B i 1 R0, AR5
o, R RO T A O e R, X
P 1) S i A R R T A R
Jin, ER— KR IO 2> 20 0 5 Ak AR A i Bl b
Py T WBOR] FE A X i BT 2, (B A7 — /N
STINEEREAR G BA AR, SRS AT R
RIS, 3 ks R AR 0 VR ) B
o ARWFFEH, it 8-St 25 A, Xl RE e
HY B A U PR, AR e R, TR
RS, fED RIS B R L, 3 A & o
K. ARBFRAZEIS SR R BFR 25 R —
o AW IA N it 00 AR BB I 1 4 pH FRARTO
R AT BIF 9 2 BH it 20 R 260 i 0 35 A 1K 1 4% pHL,
IR 145 pH %A WE5g e, AP, it
R HEREAR T 5 pHL X AT RER O K5 it
FIRIE, 2ot St M R RS AR A I = A T A R
Ffl 1R AL

ARG, it R B T B o v R AR
FANE BRI R W A, HLYTE N3 AR
R B, AT K BE H U vT 4 s Ve A=
Pk, i, H A Y S AU R W I 4 G
2, AHad it O P R A e,
B LS LTI, B R T DN E AR
OB R BRI ORI R, HoH B
i BEAEIECR R34 7E P3 AbBEA B I K, A OF
SR, ERE TR E AR R ALK, BT
Koy, FEAWAIH, EEEMROCEENRES, N
M=, HiEsden, MNEEREFhSZ
g, ERE RN, RRTES SRR, AL
F4) Tl FES P 2 0T 4 8 D A Wl P SRR S R v, PR
JE I S5 g s, Bl ro i v B A Al X FE )
MR, FEEHTFRZRXEZ A KN, A
NEJE, AHMASEES g, RS R
WABEIREL, 70%~80% MWL) Ca L5 A AR,
WAL Fe-P A1 AL-P TENFEAE,  HL A it &
B, FEASEERM, SRR R R,

- SRR A A R AT D e - 4 T S - A
JIHEE AR R, IR PR I R Y R AR
—o ABETE, AR E R I . AL B
Fr R IR R RR E T, B7E N3 LA R K, it
RONHE P A K 118 I ) 53 ) e T - B HIL 0 A
T AR AR 8 2 i B . IR, T R IR RAE
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