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Phosphorus balance and critical value in loessial soil of
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Abstract: This study examined the relation of soil phosphorus ( P) with P balance under long-term fertiliza-
tion, the critical Olsen—P value for crop yield, and the reasonable P fertilizer application rate, and thus provided
theoretical basis for the scientific application of P fertilizer and the maintenance of sustainable high production effi-
ciency in loessial soil of Loess Plateau. Based on the long-term fertilization experiment of loessial soil in Pingling,
Gansu (1979-) , six fertilizer treatments including no fertilizer (CK) , chemical nitrogen (N), chemical N and P
(NP), straw plus chemical NP (SNP) , farmyard manure (M), and farmyard manure plus chemical NP ( MNP)
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were used in the cropping system of 4—year continues winter wheat followed by 2—year spring corn. A total of 36
years (1979-2016) data of loessial soil in Loess Plateau were analyzed for content of soil Olsen—P and the P up-
take by plants. Soil accumulated apparent P balance, P residue in soil, and the relationship between soil accumula-
ted apparent P balance and soil Olsen—P were studied. The response of crop yield to soil Olsen—P was examined by
the Mitscherlich equation to determine the critical Olsen—P value for crop yield. The soil P content was depleted
each year in the no—P treatments, while in the treatments with P fertilization the P surplus was 4.3 ~207.9 kg -
hm ™. The accumulative P amount was in the range of 154.9~7 483.6 kg - hm™>. The P surplus in the MNP treat-
ment was the highest among the treatments. The P balance was significantly ( P<0.05) correlated with soil Olsen—
P. The Olsen—P decreased by 1.05 mg - kg™' in the N treatments for each 100 mg - kg™' P deficiency. For each
surplus of 100 mg + kg™ in soil, the Olsen—P in the SNP, NP, M, and MNP treatments increased by 7.55, 2.47,
0.28, and 0.46 mg - kg™', respectively. The agronomic thresholds of wheat and maize were 22.05 and 13.96 mg -
kg™, respectively. It took 21, 24 years for the treatments of NP, SNP, and M to reach the critical Olsen—P value
for wheat, respectively, and it took 2 and 8 years for the treatments of NP and SNP to reach the critical Olsen—P
value for maize, respectively . When the average P application amount was up to 22.9 kg - hmper year, the P bal-
ance does not change, again,was to 33 kg + hmthe crop yield and the P utilization rate were both high and the
soil P residue was low and the phosphorus accumulation in the soil was less, however to 233 kg « hm™ yearly, the
crop yield did not respond to the P input, and the soil P residue exceeded 90% , which implied much P accumula-
ted in soil and increased high risk of soil P loss. Agronomic critical value of soil Olsen—P was 13.96 mg - kg™
(maize) and 22.05 mg - kg™'(wheat.) for dryland cropping system of winter wheat rotated with spring corn yearly
in dryland of Loess Plateau. The treatment of SNP can effectively increase soil Olsen—P accumulation.

Keywords: phosphate apparent balance; critical value of soil Olsen—P ; loessial soil; long-term fertilization;

dryland of Loess Platean
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KFGL 5.01 mg - kg™, L +2.34 mg - kg™, BEIR
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A3HT TSI T) it R 38 ol 0 I R 1) 1 AR
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I e L ot X T 28 5 1 5 W) 68 1 R R AT R B8 A T
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R1 1979—2016 EZMEBEEHERENMHEFTIHBNE

Table 1  Annual application amounts of fertilizes and P inputs from different sources of different treatments during 1979-2016

ALAE Fertilizer/ ( kg - hm’z) TR/ fe N A N input/ (kg - hm’z) WEBmA P input/ (kg - hm’z)
Qb3 . =] =]
ot \ o Swww/Mamwre T I BE . LE BE
23 /(te hm_z) Fertilizer Total Fertilizer Total
CK 0 0 0 0 0 0 0 0 0
N 90 0 0 0 90 90 0 0 0
NP 90 75 0 0 90 90 0 33 33
SNP 90 75 (FR4FHE Every 2 years) 3.75 22.9 90 112.9 6.4 16.5 22.9
M 0 0 75 118.5 0 118.5 200 0 200
MNP 90 75 75 118.5 90 208.5 200 33 233
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1.4 MEFHZE
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W28 5 VAl
PAB=PI-PO (1)
X, PAB i 75 i ik (kg + hm ™) 5 P1 R
B4 AR (kg - hm™) ; PO NBERY S 2 4 &
(kg -+ hm™),
WRERA T,
APAB=API-APO (2)
K, APAB N BB 7 & (kg - hm™) ;
API R BRI AR (kg - hm™?) ;AP0 i &
BUZ R (kg - hm™)
PSR =PAB/PIx100 (3)
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Fig.1 P apparent balance under long-term fertilization
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Fig.3 Response of soil Olsen—P to the accumulation of P
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160 T XA 5T

o538 &

T K% 6.4% ~61.2% ,SNP AT [ B e/, M AL B
T RARE fz /I, SNP Ab BN A2 ol A 4 07y £ e 2L
A, FIEREIRAYRAE 17.7% ~ 75.9% 2 |8 ; F K
ARy IR SR T i 10 a 18] B R R AE 00y 1 9 0
RAHRIE-T8.7% ~ 41.9% = [a), Hotb A 6 a fEW#5
B R T AR AR &, TCiR /DA i 2 E K Fh
HEAEAY NP M MNP b BB A9 it A R AR 2K T1EY
i,

2.3 TEBFUBRFEHE

23.1 FRRmIE ERGAZBERFEME H
Mitscherlich 77 F2 AR 0 + 3845 2500 & & XHEY) 7= &
FRIBEORE , VEIAR X 72 3k B1) 90% i KA X 7 ek iy %
L1 - 3 S5O B A VR W A RO R AR 2
B, 4 RO S R AR T A T, MR
e FIES P 15 0 T S 2 v 0 - A O = T X
I (LS, V0 7 o e P ) 38 4 v 20, Bl G
PErmas, M e 07 3K 50 10 45 Ak B 4 3 5K
W i SR = BB, 38 FH Sigmaplot 9.0 4814 H

—&— SNP

JINZE TN AR AR 7= i 5 = R RSO0 ) F5 0t 22 (]
6),FEK.Y=95.88(1-e"") (R*=0.58, p<0.0001,
n=54),/N%.Y=93.42(1-¢"") (R*=0.56, p<
0.0001, n=132) , T KA/NEZ A X 7 ik 2] 90% fix
FARXT 77 8 B 1% = 39847 R AE 53 93l oh 13.96 mg -
kg™ ' F1122.05 mg - kg™',

232 KRR AL IR LIEA S TEIRTH
AP 4 DR AL BE (NP SNP M MNP) #F /2
4 BB (2016 4F) 439O 13.48.10.05,
20.74 32.20 mg - kg™' , M FI MNP #bFE#Z + 3G
S B /N RN KA SR R, M AL BEBE R
B RO B KR A B H IR A BN #
Ae2FBAE, 1 NP TSNP AbBEAHE)Z 3847 R il & it
T FRR 2B, A E A5 NP 1 SNP
AP ITEEL 21a Al 24a HFZ 304 508 & 24 g
IRNB/INE A2 RH, 43 ) 75 28 2a Fl 8a #FJ2 1 1A
B B A REIA B KA 2 M s M AL B TR 2L 3 4R
BEZ 3R R & s A REIA BN R A= B

100 T
“ W‘\N

o 60 f
2
s 40 T
2 27F
Qm__ 0 1 1
) 078\ 198 1998 203{} 2018
. —20 v
= E4 Year
o —40

—60 |

(b) £ K Maize

—80

—4— M —&— MNP

B5 HREBHEFTLEARRE (%)
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AL, HIERRR AR B H M A FE L MNP b3
BEBAGEID 14.29% , W 2 I FH R BEAIK 18.9% , 1%
BRI AR 0.4%, XWIFIHLET MNP AL M
b PRI AL R 5 (2016 4E1537.8% ) A¢ H 3R 1
VEIAT BB T (2012—2016 4FAG Ak il & 1 - 34 42
15 59.1% ) , 5 AR = 5 KR RESR i IRt i b
T (2012—2016 4F A 49 W Wl 42 2 86 1 10.2% ) 7
ARWFFEERF, MR AR R 22.9~33 ke
- hm AT DL R R AR A K TR R BT
WA R A, i R A R B A Y
ZAERF AR KT 233 kg - hm e & Wi £ +
Herh R sk B AEY 7 B B AL G A 4
R4 1= VA T N, 5 R R % A I AT A R R AR
gii[%] .
3.2 TEAMBENRFERE

AR R Y R EE R,

A O S AR E U W H Y g
A A5l o R (LR, 384 e A g A X 0 1) 34
FERCRANEA B L 5 0T BB T B Hh R AR
BAEE G R . RIH, 41 A0 A 248 D) &R
SRl DR A RO N BT e B A E
B B A 2 B (DL B3k B AT 550 A 2 1 7 22
AR, X 52 i R 3 4 B 7R AR R 2% A B it FH
JIEL R AR - Sl IO A B il S G T, £
5T R/ N A - FORFEAE T, /NZE - A Rl Ak
SRR T RORN O B VE sk  RB E
Fsge B P FNVLVE A 213 0T A AT A B VET
KA £ R T IR 1= 55 6 b 1 18 2R X 50 W oY
W UL & /N2 A RO AR 2% B {EL (13.1 ~ 26.2 mg -
kg ) ETHEENK(9.78~16.0 mg - kg™ ) P AHFS
B RIS AR H/NE ORI A A
I3 M 22.05 mg - kg™ F1 13.96 mg - kg™, 5 _FiRHF
FEEER—B, S MU ZIRE 5 b B (CK,
N NP .M MNP) 1979—2006 4F%4 0F 58 45 e (/N 22
19.35 mg - kg' . EK 15.14 mg - kg™ ) M I, ABF5E
1) E KA RO AR 2 1 (WA | T /DN 22 4R 2 [ (B i
55 SNP Ab P A A R0 O f B AIK TAVE ) 7 i A X
WA, MR A R & 1979—
2016 4EFHI7E 13.7~24.9 mg - kg™ Z ], /NEFIE
KA P4y WIAE 3.83~4.65 t - hm ™ Fl 7.14~8.73
t - hm 22 [8], A SNP Ab B+ e sfoml 5 A ik,
TVEY P~ AR T MNP AL BE & T NP M AL R
FR3| S S PUBIRAE A SR /N 32 R T KA RO A 2 1
P25 B PR /N A i i = T A AR+ e
FIRITTOIE I, /N X Wl 1 W A iR Ok, H
Tz ZEFTRE vk 3 R 2 ol ek e M A0l 1 o 1
KM B

4 25 ig

it A R A SN - M e ¢ T B, PR Ak
PRAF 5 BB 100 kg - hm ™, A 2085 & &2 FF% 1.05 mg
- kg MR AL FE (SNP NP M 1 NPM ) + 3843 29 A
% 100 kg - hm™ 5 %084 & 542 %5 0.28 ~7.55 mg
kg™, SNP Ak 3 - AT R X B 281 75 o o e K
AERETE R 22.9 kg - hm 2, IR R SRR
5,155 33 kg « hm B RE AT ARAGER S R
T M A B T A AT > R R A
AR IA S 233 kg - hm B, AEY PR B0
JeMA R, A HEE AR A L 90% , KRR REE +



162 T XA 5T

38 %

b WA T IR R TR AU, KA INE AR
WA 27 B 20 5 M 13.96 mg - kg' . 22.05 mg -
kg™ ,NP I SNP b5 BT 2 21 a 124 a #F2 T
AR RS LA B N A E A M AL PRTREL 3 a
B2 A R0 & i T A BN A F W MNP Ak
HHE AR S RO &S TE L RIH2 aF £k
—4 L INE AR AR R T IR R A
{8, 54T 233 kg - hm 5 ABR TR K e e |
e A R A 2 AN, RBERR LR E R
i, W RIENE Bk —AE — AR R W R
A H A 3 A 24 B (E M 13.96 mg + kg™ ( EK)
F122.05 mg + kg™ (/INFZ) , FEFF 34 HHC it 260 1S o
AR TN B - R R T 4R B R A i
NEHE T3t
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