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Response of phosphorus components in black loessial soil
to long-term different fertilization treatments
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(1. College of Resources and Environment, Gansu Agricultural University, Lanzhou, Gansu 730070, China; 2. Institute of Soil
and Fertilizer and Save Water Agriculture, Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China)

Abstract: In order to scientifically manage soil phosphorus nutrition, the black loessial soil in Jingchuan
County, Gansu Province was selected as the research object. The experiment was designed with six treatments, in-
cluding no fertilization ( CK), nitrogen fertilizer alone (N), nitrogen and phosphorus with fertilization (NP ),
straw plus nitrogen and phosphorus fertilizer (SNP) , farmyard manure (M), and farmyard manure plus nitrogen
and phosphorus (MNP). The determination of phosphorus component content in black loessial soil by long-term tar-
geted fertilization was studied, and correlation analysis was conducted. The results showed that, (1) Compared
with no fertilization treatment ( CK) , long-term application of nitrogen and phosphorus fertilizer (NP ), farmyard
manure (M), and farmyard manure plus nitrogen and phosphorus fertilizer (MNP ) significantly increased soil total
phosphorus content, with increases of 212.47 mg - kg™', 382.39 mg - kg™', and 600.54 mg - kg™', respectively.
The three treatments of phosphorus fertilizer (NP, SNP, and MNP ) and farmyard manure (M) significantly in-
creased soil available phosphorus content compared with the control CK, with increases of 6.70 mg + kg™', 7.57 mg
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- kg™, 42.99 mg - kg™, and 29.25 mg - kg™, respectively. Except for the application of nitrogen fertilizer ( N)
alone, other treatments significantly increased the content of Ca,—P, Ca;—P, Fe-P, and Al-P. Among them, the
application of farmyard manure plus nitrogen—phosphorus fertilizer ( MNP ) increased the most, with increases of
42.80 mg - kg™, 122.10 mg - kg™', 28.10 mg - kg™', 61.70 mg - kg™', respectively. (2) The correlation analysis
results showed that the total phosphorus content had an extremely significant positive correlation with Ca,-P, Cag—
P, Fe—P, and Al-P (P<0.01), with Ca,—P having the highest R” coefficient and an explanatory power of 88.
88% , followed by Ca, =P, Al-P, and Fe—P. The available phosphorus content was extremely significantly
positively correlated with Ca,—P, Cag—P, Fe—P, and AlI-P (P<0.01) , with Ca,—P having the highest the R* co-
efficient and an explanatory power of 97.90% , followed by Ca,—P, Al-P, and Fe—P. In summary, long—term dif-
ferent fertilizer applications had a certain effect on the phosphorus components of the black loessial soil. Except for
the single application of nitrogen fertilizer (N) , all other treatments could increase the content of the active phos-
phorus components. For the contents of Ca,—P, Cay—P, Fe—P, and Al-P, the combination of farmyard manure
and nitrogen—phosphorus fertilizer (MNP ) had the best effect on increasing the content. For the contents of O-P,
the application of farmyard manure (M) had the most significant improvement. The five fertilization treatments all
significantly reduced the potential phosphorus source (Ca,,—P) content compared to the control (CK). Caz—P,
Ca,—P, Al-P, and Fe-P showed exiremely significant positive correlations with the total phosphorus content. A-
mong them, Cag—P had the highest correlation coefficient with the total phosphorus ( R*=0.887) , while Ca,—P,
Al-P, Cay—P, and Fe—P have an extremely significant positive correlation with the available phosphorus content,
with Ca,—P having the highest correlation coefficient with the available phosphorus (R>=0.979).

Keywords: black loessial soil; inorganic phosphorus component; fertilization method ; long-term fertilization
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Table 1

content and phosphorus activation coefficient of black loessial soil

Effects of different fertilizer applications on phosphorus

e e A BRGLREL
Treatment Total phosphorus Olsen-P P activation
/(mg - kg™) /(mg + kg™!) coefficient/ %
CK 984.21+32.2d 1.32+0.5d 0.13e
N 914.48+35.9d 0.80+0.3d 0.09¢
NP 1196.68+57.4¢ 8.02+0.6¢ 0.67d
SNP 949.24+40.9d 8.89+1.6¢ 0.93¢
M 1366.60+49.5b 30.57+2.6b 2.24b
MNP 1584.75+35.4a 44.31+1.7a 2.80a

TE R EU A AR e | [R5 P AR RN E B R R Ak
H[)7E P<0.05 K¥2E5 3%, T,

Note ; The data in the table are represented as meantstandard devia-
tion. Different lowercase letters indicate significant differences among

treatments at the P<0.05 level. The same as below.
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Table 2 Inorganic phosphorus fraction content

AR AR TR
hbFE Effective Moderately active Potential
Treatment phosphorus phosphorus phosphorus
Ca,—P Cag—P Al-P Fe-P Ca;,—P 0O-P

CK 44+10e  745£1.8d 24.1x14d 21.0+25d 360.1+16.5a 13.9+1b
N 37+10e 763+3.1d 21.6+19d 21.9+3d  253.6+172c 24.6+7.5a
NP 7.0£05d 1060+28c 45.5+32¢ 334x6.1c 252.0+12c 22.5+29a
SNP  92+0.5¢ 101.7+3.6¢ 45.1+03c 38.3+4.5bc 271.3+10.3bc 15.6+1b
M 346+15b 154.9+5.8b 623+8.8b 432+84ab 276.6+0.7b 24.8+7.5a
MNP  472+15a 196.6+16.3a285.8+6.8a 49.1+2.6a 273.8+13.5bc 13.9+1b
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b CK ¥ 5 35 38 i, 5 38 0RO [, 43 500 14 m
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FHLINE BN (MNP ) AL HE Y Ca,—-P 5 H3E 285 1L
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Table 3 Different phosphorus sources accounted

for the proportion of total phosphorus

b
s Ca,-P  Cag—-P  Al-P Fe-Pp  Ca,-P  O-P
Treatment
CK 0.4d 7.6d 2.4d 2.1¢ 36.6a 1.4c
N 0.4d 8.4cd 2.4d 2.4be¢  27.7b 2.7a
NP 0.6d 8.9¢ 3.8¢ 2.8bc  21.7¢ 1.9b
SNP 1.0c 10.7b 4.8ab 4.0a 28.6b 1.6bc
M 2.5b 11.3b 4.6b 3.2b 20.3¢ 1.8be
MNP 3.0a 12.4a 5.4a 3.1b 17.3d 0.9d
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y=0.063x—55.987
- R=0.851"
‘_.o
o o
([ ] .."..
Y e 9
%,
0 . 1 1 1 1 J
800 1000 1200 1400 1600 1800
4> 1% % &t Total phosphorus content/(mg * kg ')
551
y=0.034x—4.782  ® °.
e R=0.559" e ®
0 45 .t
i ° ..
s BE o e °
3
3 °
&I’ 25F @ . ®
ﬁ .. [ ]
15 1 1 J
800 1100 1400 1700
4= % it Total phosphorus content/(mg * kg ')
30
[ ] [ ]
—~ 206 ° ° °
22
[ J [ ] [ ]
L
18 ° y=—0.001x+20.484
o ® R°=0.003 °
4 o0 o o
10 1 1 J
800 1100 1400 1700

4T ¥ 5t Total phosphorus content/(mg * kg )

2.3 THBASSEBIHXR

SRRV YT+ 4 A 6 45 T ALBE 4L 4 1Y 5T
RN M, X2 5 B RN 45 TCALBE 4L o0 7 AR Lk
BHEJ7RE B 1) FAHSCHE e b (B 2 3R 4) . T4
Ca,-P Cay—P Fe-P Al-P 5+ 55 & E# 0 0
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0.01 level, the same below.

&1

Fig.1

# indicates significant correlation at the P<0.05 level,

# 3 indicates highly significant correlation at the P<

EHMERTNBES KR

Relationship between total phosphorus and inorganic phosphorus components
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Table 4  Correlation between total phosphorus content and

inorganic phosphorus components in RDA analysis

JCHLBELH 53 flRE DURRE
Inorganic Degree of Degree of F P
phosphorus explanation/% contribution/%
Cag—P 88.8 95.0 127.0  0.002* *
Fe-P 1.4 1.5 2.0 0.166
Al-pP 1.2 1.3 1.9 0.184
0-p 0.8 0.8 1.2 0.312
Ca;,—P 1.1 1.2 1.9 0.212
Ca,-P 0.2 0.2 0.2 0.646

WFFE I, K AUIE (N) AR BBy 1Y 2 |38
BB RIS b R B TR, A 2R (Ca, -P)
I EEE PERE R ( Cag—P (Al-P Fe—P) &8 {1k 1
AR E BIEBER (0-P) & it WE RN, X R W]
— it FH 2R AN AN X B3 - v i v v W G
W, IR 2255 kA O-P WEE, 56 L MEED W9
KW T A — i A, it % -4 Olsen—P 75 i
A YN ] S (o s SR S R AL
R I B A it R ) B, IR R S = Ak
ERANEL I, R A & A2 B s i 3 ik



LN Par DE g > |~ =
5551 B RE RS . B 4 Bl 28 20 43 WK AN [) it AES A 3482 76 g iy 183
60 250
~ sk y=1.032x+1.531 =
"o R=0.979" e Tea 200 .
iy - =l e
4u o 40 4 ¢
& %0 gE1s0f .ot
T €3
12 £3
B 5 =E 100 R »y=2.680x+76.405
—a 20 I O R=0.963"
C ok '. S 50
0' 1 I 1 1 J 0 1 1 )
0 10 20 30 40 50 0 20 40 60
4 25 1% & Olsen-P/(mg + kg ') 3 2 T 1% & Olsen-P/(mg * kg ")
60 100
° Y *
~ 50| - .
w | e ] 2 80 R
£ .9 i ot
. 40l ~. ..... d PR ® ..
b1 @ o : ° w & 6ok TR 1
g e, £ R
KT P et EFE | e et
o . = .
SEUN S
H2 20 $=0.588x+25.271 N R »"':;23020*'8*9237,;002
] R’=0.734" - M =0.
& < 0
10 [
0 1 1 J 0 1 1 1 1 J
0 20 40 60 0 10 20 30 40 50
T %% 7% & Olsen-P/(mg * kg ) H A% 7 & Olsen-P/(mg * kg ")
30 -
o ° 400
~ 25(® ° [ ] o
B 2 [ ] ° o Z30k... [ [ f
S 0 eeenn. N M 7 SCEEEEETRRPRRRY ¥V 0 DU
i 20 Bt . e M) ‘e
w3 o
mz 5@ e e [ &£ 200
i o0 s y=—0.463x+288.450
= y=—0.044x+19.892 oy & R'=0.040
HS 10 R—0.018 B3 :
9 : & 100
s <L -
3 S
0 1 1 1 1 0 1 1 1 1 ]
0 10 20 30 40 0 10 20 30 40 50

4 R W % & Olsen-P/(mg * kg ™)

&3

% T % & Olsen-P/(mg * kg )

BB E ELNBAS X R

Fig.3 Relationship between Olsen—P and inorganic phosphorus components

R5 RDA STEMNHMSESEIBASEXE

Table 5 Correlation between available phosphorus content

and inorganic phosphorus components in RDA analysis
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