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Abstract: [Objectivellt is of great significance to maintain and improve soil quality and land productivity, meanwhile enhance
the phosphorus (P) use efficiency by studying the distribution characteristics and changes of soil phosphorus in winter wheat/summer
maize cropping in Shaanxi Guanzhong Plain in recent 30 years. [Method] Based on 458 soil samples collected in total in 2011 from
10 typical counties in winter wheat/summer maize cropping in Guanzhong Plain analysis data, we compared its Olsen P content with
the soil survey data in 1980s, and also explored the distribution characteristics of the current soil phosphorus pools at the regional
level. [Result] The results showed that the soil Olsen P content in the plough layer soils significantly increased during the past 30
years. The mean values of soil Olsen P in Baoji, Xianyang and Weinan were 26.09 mgkg™, 27.50 mgkg" and 21.53 mgkg”,
respectively, compared with soil survey data in 1980s, the corresponding increasing rate were 334.83%, 276.71% and 231.23%,
respectively. The proportions of cultivated land with higher soil Olsen P levels were significantly increased, with the largest increase

was observed in 15-30 mg-kg™' and the largest decrease in Olsen P<<10 mg-kg™. The total distribution of soil Olsen P and inorganic
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phosphorus was higher in the west (Baoji City) and the middle (Xianyang City) than in the east (Weinan City), and organic
phosphorus content was opposite. At present, the soil Olsen P level in the large area of Guanzhong Plain under winter wheat/summer
maize cropping was higher than the agronomic threshold, which could meet the supply of phosphorus in high yield crops. Meanwhile,
the cumulative distribution probability of soil Olsen P content (greater than 37 mg-kg™") was more than 20% in Baoji and Xianyang,
the cumulative distribution probability of water-soluble P content (greater than 2 mg-kg™") was more than 22%, so there would be a
higher risk of water environment pollution. [Conclusion] Excessive application of phosphorus fertilizer under long-term intensive
and high-intensity planting conditions significantly increased the Olsen P content in soil. Considering the protection of environment

and rational utilization of limited phosphorus resources, the application of phosphorus fertilizer should be regulated reasonably, so as

to apply fertilizer according to soil and supply fertilizer according to demand.

Key words: soil Olsen P; winter wheat/summer maize system; total-organic P; total-inorganic P; soil organic matter
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Table 1 Distribution and sample size of soil samples collection area.
ity (XD 2 (D A
City County Town Sample size
e ] [N %4 Haozhen, B¢ Yangpingguan. %% Panxi. X T Tianwang. #J7% Diaowei. % Panxi. J& Jil Zhouyuan. 28
Baoji Chencang  %#{¥ Muyi
Uz 1l AR Zaolin. HLAK I Zhujiazhuang. KB Daying. KA Fengming. Bl Gujun. 25J5 Yidian. J#iF Pucun. 36
Qishan F 1k Qinghua. £ Jiaoxi
BN £ Wujing . Bt 5 Duanjia. 4k Jiangzhang . 5 #k Xinglin. 4 2 Zhaogong. 35 Chengguan. %] Famen. 64
Fufeng FH Nanyang. K Tiandu
JEH g BT Zhaocun. L i Mawei Rl Nanshi. JT:3k Zhuangtou. 2% Sangzhen. %} Tangfang. FHE. Tianfu. 53
Xianyang Xingping FiJE Fuzhai. M1V Nanwei. PG5 Xiguan. ZR¥%7» Dongchengban
=5t KFE Dacheng. %K Xumu. #1Z= Duli. ¥/ Quan. %4k Anle. # 74 Boxis 1% Gaoqu. E#F Lugiaos 56
Sanyuan Wik Cuoe. B> Xinxing. % Mae. FZHT Linggian. PGBH Xiyang. 3% Chengguan
I FHF Wangqiao. #fJi Qiaodi. Pl Yunyang. =i Sanqu. & Jinggan. 7K 5k Yongle. 423 Chongwen. 34
Jingyang £ Gaozhuang. K°F Taiping. — ¥ Sanqu
W] 4E Pujiv #7345 Sufang. KJT Dazhuang. UIJG Zhenyuan. ¥#A Youfeng. i3 Wugong. /M Xiaocun. 53
Wugong £7* Changning
H & )5 Lindian. ‘B % Guanlu. JE7¥ Longbei. [# 77 Gushi. 2 ¥ Xiaoyi. FJ& Guandi. F7 Xiaji. Fid 46
Weinan Linwei Guandao. 17 Xinshi. 2Z#} Jiaoxia. F4Jifi Nanshi
L Ik Jingyao~ J5{T: Yuanren. %[ Dangmu. BT Chenzhuang. 33k Potou. ##k Chunlin. JEFH Longyang. 33
Pucheng W% Chengguan. 1% Xiangchun. “F-i#Jifi Pinglumiao. %% HH Jiaqu. 24 Xingzhen. —{% Sanhe
w1 182K Huazhu. ) Caocun. B#4H Xuezhen. & Meiyuan. 1'%t Daoxian. 4] Lveun. %A} Dancun. 55
Fuping W Mizis Ml Nanshe. 77 Liugu. 7% _I'H Dongshangguan. T%¢ Wangliao. XIJ4E Liuji~ /N3 Xiaohui.
i Liuqu. 7K#F Zhangqgiao. 35 Chengguan
&l Total 10 110 458
) gE B3 A (M) T A R S B 6.0. 7.3
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FL/IN, 2050 i 43.62%F1 44.00%; 3 4> (3h) Tt
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Lk, ol B BB 9.15%. 9.87% Al
13.13%, %7 & 8 DL xS T o B A o e s,
A 1.38%; JEFH T E (T ) FATE B T I X 43
AR EEEBER, 73500k 23.3%F1 39.7%. 3 4~ (H1)
7 3% Olsen P & & T 15 mg-kg™ i 1 M A7 EL 451
T35 N 4.99%-6.93%F1 6.36%, H = 24E 15—30
mgkg! 2. 2011 4F, X9, BFHAME® 3 4 (D
738 b A Aol & 43 il A 26,09 27.50 FH 21.53
mgkg!, HLLL 15—30 mg-kg & &1 Lo ifi AR 5 Ee i
K A 55.00%. 46.00%F1 57.00%, FATTHG
DX, VF P T I DXAE S X TR 23 A T AR e K, 43 dllik
64.29%1 63.04%; JiBH T i D) ELEUIG, 1A 30.19%:

X T 06l 1y LR R T = B AR A S AR L
FHEOK, 5 1980 4F T3 2k o AT AR AR LG, 4303
PRT 75.4 F1 20.8 f%. AT JEPH TR M
Olsen P & & >30 mgkg' A+ Mo £ 2 i o5
33.00%- 36.00%F1 20.00%, XX T 15—30 mgkg'
Olsen P HumAY; 3 4~ (M) T +4E Olsen P S &AL
10—15 mg-kg™" 2 (A i) - ST R4 5 K 10%. 16% 1
18%. 11 4 0B 25 B <10 mg-kg™ i+ HuTRIAN | BL 5%
AN, 3R (MO T BRI R T AR 6%4h,
X0 T R R BH T R o IR T 3%, BR 1980 A [ A
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W R ILAL I A BT A R, RN 10—15
mg-kg " (6 b M TR R LU, i TR RRH 734 LA
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Fz2 FEAEHHbX 1980 £F70 2011 EHETIELER GBS @A LLEI R FHE

Table 2 Mean value of Olsen P and proportion of different Olsen P level in surface soil in 1980 and 2011 in Shaanxi Guanzhong

Plain

R b A5 1980 4B 3 - S AT R 2 T AR L 451 RS 2011 AFHF 2 3 K A5 A AUt i AR EL A1 RS

Sampling Proportion of Olsen-P level in surface soil in 1980 (%) I Proportion of Olsen-P level in surface soil in 2011 (%) P

site >40 30-40 15-30 10-15 <10  Mean of Olsen-P  >40 30-40 15-30 10-15 <10  Mean of Olsen-P
(mgkg") (mgkg™) (mgkg™) (mgkg™)

EAGTT 0.07 0.09 4.83 9.15 85.85 6.00 15.00 18.00 55.00 10.00 2.00 26.09

Baoji

Hr X - - 4.18 923 86.59 5.80 7.14 1429 6429 14.29 - 21.53

Chencang

5 1TP5S - - 0.70 1.38 97.92 3.10 16.67 22.22 52.78 8.33 - 26.54

Qishan

XL - - 5.43 8.84 85.73 6.10 17.19 15.63 53.13 9.38 4.69 27.42

Fufeng

JRk B T 0.27 0.66 6.00 9.87 83.20 7.30 17.00 19.00 46.00 16.00 3.00 27.50

Xianyang

PP E 1.62 5.57 25.99 23.20 43.62 13.10 18.87 18.87 50.94 9.43 1.89 28.51

Xingping

= A - - 2.49 10.09 87.42 5.60 5.36 12.50 51.79 23.21 7.14 21.20

Sanyuan

RIS - 0.61 6.07 14.17 79.15 7.90 16.13 19.35 51.61 9.68 3.23 26.19

Jingyang

bR - - 13.05 18.33 68.62 9.60 28.3 24.53 30.19 16.98 - 35.74

Wugong

RN 0.12 0.51 5.73 13.13 80.52 6.50 7.00 13.00 57.00 18.00 597 21.53

Weinan

IV X 0.20 2.20 13.90 39.70 44.00 6.80 435 63.04 2391 8.70 17.70

Linwei

L 0.13 0.19 5.08 12.06 82.54 7.00 9.09 15.15 54.55 9.09 12.12 21.89

Pucheng

P - 0.10 4.10 8.50 87.30 6.00 10.91 18.18 52.73 18.18 - 24.44

Fuping
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K KN FORPHEIX 10 MREER (XD
TS EANT 0.91—1.20 grkg! Z 00 FA8., R
TG 3 AMCEEH (T 2011 4E 3R P8 & &
43509 1.1041.08 F10.95 g-kg™, LLH TR (K 3).
TG PR R T P S A MU R ik
145.95. 155.39 F1237.75 mgkg", JL 4512 51
ik 13.27%. 14.39%F1 25.03%. &5 (X)) HE4AHL
S EA T 108.54—266.20 mg-kg™, H 4tk tb i
T 9.25%—29.15%2 0], HIEmm&E (XD HHLI%
R T AR (XD o AT R AN R

WML & 13550 51 0 901.26. 899.45 il 711.52
mg-kg!, AT A B4R BN 81.93% - 83.28% Kl
75.00%, S MU S AL & B TTERR
Ay S Efem, N 106534 mgkg!, 5
AW 90.75%; T FE T IR X CHLEE & R b, A
646.93 mg-kg", AT A ELG k) 70.85%. EXGTT . i
BH 7 09 i T A AR B RO A B 26.09.
27.50 F1 21.53 mgkg”, 5 134w ELE] 5 5N
2.37%- 2.55%K12.27%.

FEAWITH, THEE USRS LI AR K
KR, NS S LA A 0 IR A5G 6
A (P<0.0D) , YUEREA0.7132 (B 1D .

#3 BAXPRETNE/EREHELRSH. ANH. TNBMBNHIERE A TIESHAELS
Table 3 Soil total P (TP), organic P (OP), inorganic P (IP) and Olsen P contents in surface soil and the its proportions in TP in

wheat/maize cropping in Shaanxi Guanzhong Plain

HURf M p5 AR AU P AT PR u ToHLE /AT AR i A R4
Sampling site Total P Total-organic P (Total-organic  Total- inorganic P (Total-inorganic Olsen P (PAC)
(gkg™h (mgkg™) P/Total P) (%) (mg'kg™) P/Total P) (%) (mg'kg™) (%)
FAYTH Baoji 1.10 145.95 13.27 901.26 81.93 26.09 2.37
A5 [X Chencang 1.05+0.17 203.00+116.9 19.32 847.96+197.97 80.68 21.53+9.63 2.05
U5z L 5 Qishan 1.19£0.19 232.20+155.02 19.48 960.04+223.48 80.52 26.54+10.10 2.23
R Fufeng 1.17+0.25 108.54+99.52 9.25 1065.34+255.48 90.75 27.42+11.73 234
JHBH T Xianyang 1.08 155.39 14.39 899.45 83.28 27.50 2.55
NP B Xingping 1.15£0.21 172.48+115.28 14.97 979.55+216.54 85.03 28.51+14.63 2.48
—J5 5 Sanyuan 0.98+0.16 166.56+125.93 17.08 808.36+199.83 82.92 21.20+11.31 2.16
¥ BHE Jingyang 1.09+0.18 186.63+129.61 17.07 906.97+208.66 82.93 26.19+13.39 2.40
HIhE Wugong 1.20+0.21 177.72+114.73 14.87 1017.36+179.73 85.13 35.74+17.25 2.98
THT T Weinan 0.95 237.75 25.03 711.52 75.00 21.53 227
¥ X Linwei 0.91+0.17 266.20+120.66 29.15 646.93+196.70 70.85 17.70+7.00 1.95
i EL Pucheng 0.92+0.15 232.87+80.54 25.22 690.41+153.68 74.78 21.89+11.64 2.38
& T8 Fuping 0.96+0.18 263.76+106.22 27.49 695.86+184.71 72.51 24.44+12.24 2.55

Al AHLEE. JOHUBEATR RS A 3 (b 2

The data of total P, total-organic P, total-inorganic P and Olsen P content in the table were Mean+SD

2.3 TS, BUHRAKEEBRNSMRE
fRePE P EIEY p IR B SRR,

ARG R TR EE AR Y T (>1.0
gkg) MEBS RS HIN 74.81%. 67.01%F!1
38.24%. 5 114% (0.8—1.0 gkg™) ¥ RA =57
B 21.37% 28.35%F144.12% (& 2) . ¥4k L, +
BEAREI X AR T X TR T . &
B RN 17—37 mgkg”, KT 17 mgkg™ WIAE
PIRHEBHIEA IE0S, (LT 37 meke™ #4 ARHIT

By g W21, BEF 2011 4Rk PG 56 b 1380 5 45
B IV ZRE RS TT OBH TR Tl - 3L
WS AE 17—37 mgke! 19 BRI A MR B i,

S50 60.30%. 53.10%F1 54.51%, fi&T 17 mgkg'
M) SR AT LR BTG K, 43001 4 19.85%. 25.77%H1
36.30%, M1 37 mgkg” i BRI 5 N
19.85%- 21.13% F1 8.89%. /Ky PhmlE + 3 b & ks
%, FLAETE R AU RN XS = 117 () SRS A R A
=B, ZERBN. HEWE AR g R, 1
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42T Total-P (g'kg™)

142 Olsen-P (mg-kg™)

KL
Water-soluble (mg'kg™)

4= Total P (mgkg™)

400
19 HLB% Total-organic P (mgkg™)

600

)

421 Total P (mg-kg

2500

2000

1500 -

1000

500

y=0.7309x + 425.36
R?=0.7132%* ®

500 1000 1500
JE L Total-inorganic P (mg-kg™")

2000

*ELIRTE 0.01 AP LB, TIH  Asterisks denote 0.01 level significances (**P<<0.01) . The same as below

1 TIEFHMEE. TYMEEETIREMIXR
Fig. 1 The correlation between soil total-organic P, total-inorganic P and soil total P
24r {H T Weinan 24r J&FHTH Xianyang 24r FAYTT Baoji
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O vt s [ IF ot ma
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6
3
0 1 1 1 1 ]
0 20 40 60 80 100 20 40 60 80 100 0 20 40 60 80 100

KA iM% Cumulative distribution probability (%)

B2 BAXPHEXTIREHE. AHBAKEEHNRRS HHE

Fig. 2 The cumulative distribution probability of soil total P, Olsen P and water-soluble P in Shaanxi Guanzhong Plain
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