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Abstract: [ Objectives ] Phosphorous is easily immobilized in soil, especially in alkaline soil, which is one of
the main reasons for the low phosphorous efficiency in crop production. This paper studied the response of soil
Olsen-P contents and the P budget under different long-term P fertilization treatments in the alkaline soils of
Northern China. [ Methods ] The data used in this research were from the long-term experiments located in
Hebei, Beijing, Shandong, Tianjin, Henan and Shanxi. All the six experiments were conducted from 1991 to 2011
under winter wheat-summer maize rotation, and in soils of pH > 7. The selected treatments included no P input
control (P0), chemical P fertilizer (P), chemical P and straw (P+S), pure manure (M), chemical P and manure
(P+M). The crop yield was recorded, and soil Olsen-P and organic matter (SOM) contents were determined. The
soil P budget was calculated, the relationships of soil Olsen-P with crop yield and soil P budget, and the P use
efficiency (PUE) were calculated. The main factors influencing soil Olsen-P efficiency were discussed.
[ Results ] Without P input (P0), the annual soil P was in deficit of —357.73——28.21 kg/hm?, and the soil
Olsen-P content kept decreasing with experimental years in rate of 0.14 mg/(kg-year); the crop yields were low,
with wheat yield lower than 2000 kg/hm’ and maize yield lower than 4000 kg/hm’. Under the four P fertilization
treatments, the soil P were in a surplus of 23.65-860.93 kg/hm’, with the surplus amount in order of P+M > P >
P+S > M. The soil Olsen-P content increased with experimental years and the annual increase range was in
order of P+M [4.85 mg/(kg-year)] > M [1.87 mg/(kg-year)] > P+S [0.65 mg/(kg-year)] > P [0.63 mg/(kg-year)].
The wheat yield was in a range of 3399-7880 kg/hm’, and there was no obvious difference among the four
treatments. The maize yield was in a range of 4186-9176 kg/hm’, which was highest under P+M and lowest
under P. The wheat and maize yields kept increasing until the soil Olsen-P reached 22.47 mg/kg for wheat and
20.68 mg/kg for maize. The P use efficiency (PUE) of wheat was the highest under P+S treatment (16.17%), and
that of maize was the highest under M treatment (16.45%). With the increase of soil Olsen-P, the PUE of wheat
and maize improved, with the fastest rise under P+S treatment and slowest under P+M treatment. The soil Olsen-P
had an extremely and positively significant (P < 0.01) relationship with soil P budget. With every 100 kg/hm’ of P
deficit, the soil Olsen-P decreased by 0.90 mg/kg. And with every 100 kg/hm* of P surplus, the soil Olsen-P
increased by 22.10 mg/kg in M, 10.60 mg/kg in P+M, 3.90 mg/kg in P+S and 2.60 mg/kg in P fertilization
treatment. Analyzed by RDA method, soil organic matter (SOM) was the main factor influencing soil Olsen-P
efficiency, and could explain 85.0% of soil Olsen-P efficiency variance. [ Conclusions ] With the increase of
Olsen-P in soil, the PUE of wheat and maize improved, and there was a striking increase of PUE under P+S.
Long-term application of M or P+M has effectively increased the efficiency of soil Olsen-P as the increment of
SOM. But under P+M, the P use efficiency was low, and the soil P was easily to be leached or immobilized. So,
the total rate of P under P+M should be reduced, and the proportion of organic fertilizer should be increased, so as
to maximize both agronomic and environmental benefits.
Key words: alkaline soil; crop yield; phosphorus use efficiency; soil Olsen-P efficiency; soil organic matter;
phosphorus budget
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Table 1 The soil types and basic physiochemical properties in experimental sites
TR HiL T+ AYUT (gkg) 2R (gkg) 2 (gke) WA (mgke)  HRWEE (mgke)
Experimental site Soil type Organic matter Total N Total P Available N Olsen-P
[t Hebei %+ Cinnamon soil 8.20 8.70 0.95 0.97 69.70 12.60
Jt3t Beijing # + Fluvo-aquic soil 8.20 12.20 0.64 0.69 49.70 4.60
1LIZR Shandong # 1 Fluvo-aquic soil 7.10 4.10 0.50 0.46 45.30 15.00
FKHt Tianjin #+ Fluvo-aquic soil 8.10 18.90 1.06 1.59 75.10 16.60
A% Henan 1l 1= Fluvo-aquic soil 8.30 11.60 1.01 0.65 76.60 6.50
1117 Shanxi # + Cinnamon Soil 8.30 12.40 1.05 0.17 106.40 15.30

2 WML XKEEMIRNE & LB ERENE [P,0; kg/(hm-year)]

Table 2 Annual P,O; input in each treatment of the long-term experiments on alkaline soils

145 Hh 5% Experimental site PO P P+S M PiM
4t Hebei 0 180.0 182.3 - -
Jt5t Beijing 0 150.0 155.9 - 262.5
114 Shandong 0 180.0 - 120.0 -
K-t Tianjin 0 142.5 - 177.6 -
7 F4 Henan 0 176.5 185.8 - 216.5
1117 Shanxi 0 140.9 - 117.6 157.9

I (Note) : “=” FIRTTHENEALFE Represents no such treatment.

T Ak FERLAE 40 38 e WA ol — AN AL R b1 35
ST 1/ R < 10087,

Bl b DX A [ i JES A 804538 s 940 K1 A e Ak
BN 6 A A s B . T AT BOHE T R
Excel 2010 5¢Ji%, YEKIH Simoplot 12.5, JU4T (RDA)
S HTAE Canoco 5 11817,

ZER 5o

2.1 KHEATREIERE LI B BRI AL AFE
KIIRTEAL 7720, 3 i & 2 4k
FREAAEAR K 2200 (B 1) ANHaBEIE &4 T (PO),
TR R ARAK, KT 6 mg/kg, HLFf R AE
] 4 KA S R R (P < 0.01), FREEZFN 0.14
mg/(kg-year), JEFHAFEMEBICS, T 9A 80
e H B B [ S A 3 (P < 0.01), {HRA]
Jit JES Ak 3 - 5 A Al % i ot S B[] SE - T R
FREFIRK, K/NIFH: P+M [4.85 mg/(kg-year] >
M [1.87 mg/(kg-year)] > P+S [0.65 mg/(kg-year)] > P
[0.63 mg/(kg year)]. Mt 21 4EJ5, AR & &
FEHEALIE AL (P) FLACBCHEFRSFFALFE (P+S) FIK
T 40 mg/kg, HjEA VAL (M) 4P K 30~100

2

mg/kg, FLIEECHEA VUL B (P+M) S 20~ 140
mg/kg, FEALE I, M Al P+M 4b 3+ HEA o &
e, JEFECY 100~140 mg/kg.
22 KHTREEBLEEMFE5 TEBYHE
ERNXR

B 5 AR 180 /N 22 R Ok 7 = 1 AR Ak
(B 2) ol REBEIESAET (PO), /N~ iAR
F 2000 kg/hm?, F K= EAKT 4000 kg/hm?, FHFF{E
Py 1) 7= Sk 1) B A ) A4 S IR A R . i PR
RSB, /N2 0 K 7 i 2 B 50 4 R 4iE K
i BT, NI ER 3399~7880 kg/hm?, Tk
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REFR/INZ 7 1 RNV A A AR AR — B, T M AR R
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11~154F, M AR /NG =i im THE 3 Mk,
FEHE A Oy A5 T B T H e AR, X T R KR
Ui, MEAE S AEZ S P ALEE TR R B E KT HE 34
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Fig. 1 Changes of soil Olsen-P contents in response to P treatments
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Fig. 2 Dynamics of wheat and maize grain yields in response to P treatments
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Fig. 3 Relationships between soil Olsen-P contents and yields of wheat and maize on alkaline soil
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Fig. 5 Response of phosphorous use efficiency of wheat and maize to soil Olsen-P content

under different fertilization treatments
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Fig. 7 Relationship between Olsen-P and accumulated budget of soil P under different treatments

®3 MEBMEMDRMRN DR E UM ERNEREER
Table 3 The explaination rate of soil Olsen-P efficiency by
P application rate and soil properties

E=7N fEFER (%) PfH

Index Explaination rate P-value
A HLE Organic matter 85.0 0.002
Jifi it P application rate 7.0 0.004
pH 3.0 0.030
RN Available K 1.0 0.144
2A Total N 0.3 0.374
WA Available N 0.1 0.688

i, NI A Ak R i A A R 0 /NI A4k
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i) Ca,-P, Cay-P A1 AI-P 2FUF 3, Bl sfitifk
JIES X 4 MR 0 R A 0% 5 T Bt A LI, AR
DX = Bt AT HLAE T A R i T R
it A BRAE S A A DB IE B 8 A A 2
—E R K IR, BB A U X AR B R RN R
540 mm, {0 Hb X A 34 % Y 2 AE 800~1600 mm,

PRI I A S b DX B AR A 3 T s i X

M B RO A R AR, VR A SO
FrE N E R Y RO T B —KOF
B, RO B gk S i R e R = A E AN
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WS RIS AR MR AR, HANE R
T oK i AR A Y B AT A0 0 Dy b A R A
22.47 F120.68 mg/kg. HUiti LIl (P) FIAL AL it A5 FF
(P+S) AR IAEAC 15 42 )5, B S & ik
FEY P AT R R A S B, H R SO
KWIHEAL 21 4555 T 40 mg/kg GRBE(E), 14
KR & (P,O;) 126.48~133.78 mg/kg A
RERE W L 2 X AE Y R BRI /5 oK o A HLIE (M)
AL AEECHEA HLAE (P+M) ZbBEEAE 10 4F)5, H3EH
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SO S RO PR A, 2001 4F LS A SO
ik 47.45~111.52 mg/kg, {HZXPIFALEL T RY
YEYF= A B =T P, P+S LB, JFH H1Eh
R I R A S S A RIS Y . A TRSE I
TR GAP T, G NE A DL &2
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AL S 3F A
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AW R R o MR RV IX R 15 R P
100 kg/hm?, A [ it AT Ak B -+ 38 A7 25005 34
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kg/hm?, /K [a]jiti I &b B R A 58 A5 R0k o & 3 n
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R0 o B bl 1 R AR IR AR R I R
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PUAEAL P, - 498 SRR 1) 16 Ak 3 5 T Ui £k 2
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o IR R R AR Y, AR A R
8 S 1 v AR P 2 22 i AR ol it A v B A5 DG T 1Y

BD

i
=
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kg/hm?, e R0 HE I it AE B A HUIE AL 3 R
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