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Responses of vegetable yield and changes of phosphorus fractions in cinnamon
soil to long-term excess phosphorus application
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Abstract: [ Objectives ] This study explored the vegetable yield responses to long term excess phosphorus (P)
applications, fates and changes of P fractions in cinnamon soil. [ Methods ] A phosphorous fertilization field
experiment was consecutively conducted for 11 years, 21 vegetable seasons in total in the Piedmont Plain of
Taihang Mountain. The five application rates were P,O; 0, 360, 720, 1080 and 1440 kg/hm’, named as CK, P1, P2,
P3 and P4. The vegetable yields were investigated, and the contents of different fractions of soil inorganic P were
measured. [ Results ] Comparing with CK, the treatments of P,O; 180, 360, 540 and 720 kg/hm’ for annual all
had significantly higher vegetable yields. However, no significant differences were observed in vegetable yields
among P2, P3 and P4 application rates. With the single vegetable season application rates of P,O; 360, 720, 1080
and 1440 kg/hm’, the measured surplus P in soil were as 41.2-478.7 kg/hm’, equivalent to 26.2%—76.1% of their
application rates. With the increase of P input rates, the soil Olsen-P, total P, inorganic P fractions including

Ca,-P, Ca;-P, Al-P and Fe-P showed trends of increasing, less change in O-P and Ca,,-P contents were observed.
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The annual P,O; input of 720, 1080 and 1440 kg/hm’ had led to annual increase of 2.3, 4.2 and 5.0 mg/kg available
P contents, respectively. Linear correlation was found between soil P surplus and soil availabe P content. After
calculation, every increase of 100 kg/hm’ of total soil P surplus will lead to annual increasing in contents of soil
Olsen-P, Ca,-P, Ca,-P, Al-P and Fe-P of 1.13, 2.41, 15.27, 4.14 and 1.37 mg/kg, respectively, indicating an
accumulation order of Ca,-P > Al-P > Ca,-P > Fe-P > Olsen-P. Meanwhile, the proportions of Olsen-P in total P
and the proportions of Ca,-P, Ca,-P and Al-P in the total inorganic P increased with the elongation of cultivation
years. [ Conclusions ] When growing cabbage and kidney bean on cinnamon soil, P fertilization rate at 180
kg/hm’ can significantly increase yields but the increase will not be more productive when the P input excess the
rate. With the increases of P fertilization rates and cultivation years, the contents of Olsen-P, Ca,-P, Ca,-P, Al-P
and Fe-P and their proportions in the total inorganic P all showed increasing trends except for O-P and Ca,,-P.

Based on the yield response and soil P balance, P fertilization rates of P,O, 180 kg/hm’ for cabbage and 270

kg/hm’ for kidney bean are recommended.

Key words: long-term fertilizer experiment; cinnamon soil; phosphorus fertilizer; vegetable; yield;

phosphorus fraction
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Fig. 1 Yield response of Chinese cabbage and kidney bean to the application rates of phosphorus fertilizer
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F1 2003~2015 FHIBEHEF LR FE (P, kg/hm?)
Table 1 The average balance of soil P input and output from 2003 to 2015

fbER A i FWF- FWFHTE (%) ViES
Treatment Input Output Apparent balance Apparent balance Surplus
PO 0 71.3+19.2 -71.3 0
P1 157.2 116.0 +28.6 41.2 26.2 112.5
P2 3144 135.3+34.6 179.1 57.0 250.4
P3 471.6 141.1+£39.0 330.5 70.1 401.8
P4 628.8 150.1 +46.7 478.7 76.1 550.0

# (Note) : AR ABE, i M3 E f9# Input and output indicate the applied fertilizer P and removal P by vegetables; Fii
S = $ A — i Apparent balance = input — output; FXNATHR = (A — i H/Fi i Apparent balance = (input — output)/output; 24385 = %
A+ HIEHRBEAMLN B - Hi, 3% A SRAEARE AL ER PO (9% H#E Surplus = input + soil P supply — output, and soil P supply indicates the P

output in treatment of PO.
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Fig.2 Annual variation of soil total phosphorus and available phosphorus contents in different treatments
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4 1 Bcke, S5 Wi

o

N+ IEA

SR A X Y o FRE T A4 ) 7 899

HEERRE R OE A, SR RRETE 273.3
mg/kg ity BARKE, ANRUESTCHIBER AR FE R
ZI K Al-P > O-P > Fe-P. Ca,-P > Ca,-P

HESE 11 4Rt FHBEAE, +3% Ca,-P. Cai-P. Al-P,
mwﬁ%ﬂﬁ%ﬁm {H O-P il Ca,,-P JC i 75
fb, S, B 11 4R P,0, 360, 720,
1080, 1440 kg/hm?>, +3% Ca,-P S HIEM T 11.4,
51.5. 110.4. 134.2 mg/kg (48.7%. 220.1%. 471.8%
F1573.5%), Ca-P FHa4E M T 136.0. 473.9,
734.6 F1933.0 mg/kg (139.9% . 487.5%. 755.8% Fil
959.9%); Al-P. Fe-P &Ht/r5l3Em 1 39.3 F133.2,
107.7 F1 52.6., 226.7 1 88.9. 224.6 1 98.9 mg/kg
(55.5% F160.4% . 152.1% F195.6% . 320.2% Fil
161.6% . 317.2% F1179.8%). MEBIE (P,0;) H
N AR S WL 0 4E B G IR R A Cay-P >
Al-P > Fe-P > Ca,-P. Pifi g5 FPATLET (] A RE4< , 1138
Ca,-P. Cag-P. Al-P, Fe-P FLEWRAWIEM, W5
Sent+redr, 4EMEFH PO 360 kg/hm? i), JEfE 3.
6. 1145 T3 Ca,-P HFEAEHIEIN 1.0, 1.5, 2.3
mg/kg, [FFE+IE Ca,-P. Al-P Fl Fe-P 43 Bi4E 415 A0
2.3, 8.6, 10.3 mg/kg, 7.5. 19.8, 22.1 mg/kg fl
11.0. 19.5, 26.8 mg/kg.

TR PRFENBER AR ESE 2, M4t
ATk . ARSI AR PR L i, T L

FHBHE . Ca,-P. Car-P. Al-P. Fe-P #4ini5 + 1wk
RERWHXKR, RIHEBEFEHEKR (£ 2),
B -IERE R B AR 100 kg/hm?, ARWE. Ca-P. CagP
Al-P. Fe-P &5 1,13, 2.41, 1527, 4.14,
1.37 mg/kg, ANFEIEEBHERMHRBZHLRIN Ca-P >
Al-P > Ca,-P > Fe-P > 4 %W .

O2a
|O5a o
E8a

4 |HIla —

R A LB (%)
Proportions of available P to total P
(98]

T

0 Il Il Il Il
PO P1 P2 P3 P4

JbFH Treatments

24 KETEBIEMAE THIREHSHELMEL

il:olte

AN [ e I T T - 9 Al oy 4l e A9 LA B
Ca,-P. Ca,-P. Al-P 5 CHLBEE & LB A2E1L (K 5)
ATLAE W, #2011 AR, s R R
BT, AR A B AL, A O b ek
Fo ol B e e s, MW 2.8% RE3 T
1.1%, AMHFEIEAER T, MEEHENEm, +
A RO 5 WY LU TG I B AN L 8 ARt
FH P,O,360. 720, 1080, 1440 kg/hm? (P1. P2, P3.
P4), AR A B 2.5% . 3.1%. 3.6%.
4.3%, (HAZRZELL 11 40 808 5 2w b ilh 2.3%.
2.7%. 22%. 2.3%, b2 4ERH 4.2%., 4.0%. 5.4%.
5.3% B rREAR . FULTT WL, BEE FORLAR B A3,
Jit A 55 AN it JIE Ak 3 - S S0 o 4 W L 4B 2 R A
WA, EFE R IR, mrE B2
F T 4 W A 88 n e R A O Y S, s o )

R2 TEBRR 0 SERTSHELE () WEXXE

Table 2 Correlation between various P content (y) and the
phosphorus surplus in soil (x)

{3172
Phosphorus fraction a b d
R Avail. P 0.0113 0.3676 0.9234%*
Ca,-P 0.0241 0.0127 0.9639%*
Cag-P 0.1527 16.0490 0.9211%*
Al-P 0.0414 2.6390 0.9638**
Fe-P 0.0137 2.4307 0.9273%*

7 (Note) : *y
FILAHEY

indicates the various P forms increase (mg/kg); n =11, **—P < 0.01.

=ax + b, Hf x ABERE AN (kg/hm?), y h
# 5 (mg/kg) x indicates the P surplus (kg/hm?) and y
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Fig. 5 The proportion of different forms of inorganic phosphorus in total soil P at the sampling year
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S MR} 24 it FH ol BE 2 Bk R 5% 6 T R 58 B 4P 42
T AR 4 e 7t A o 1 53 3k Ay () R ) G
ARk, T A R R A A R T R R A RE K
YEYIWEIE A B0 22205 1, B A 3 o 0l JES it
PR, N R A SO K T2 W R A AR XA
FRAGTE 0, B e 490G R0 40 mg/kg A HAR
XFAK 30 AR R MBI B EAT T 10 ; Tang 55940,
WSHRR RN, b TR R, B B O

BRAE & . IR R A ALY B A
giakok, XX FHARERIEAA EEEMN. H
AR KA R, Rk AES AR EKE . +
A LI i T A 00 A 0 1 KT 45 T
Trite— P RAWFIY

ARG LI, s BT 180 kg/hm? B, Fifi
T8 I Y A 184 I R S SR O i e i e i SR
HLEATRMBES . FSohH “—mik” ek
NSRBI A I, A 180 kg/hm? Ji AERES il 28
R KT PR o ARWHUESEAE T B
FHBEAEET, KEAZE . W3 BUREEAEY) ™ it i R
BEEs B “—Jn Rk IR PRI K
S i 7= s i (P,Os FH &N 357~596 kg/hm?),
VMR WA, ER—REAMT, RREAEERL
;bR ER T ARAS AR IE HEFE R AR AR R 22 5%, ol
Carrijo ZPLIEK#E & (Mehlich-1 P 9 mg/kg) 44T,
FHZEEF G B + O e e R o 61
kg/hm?, T Y- 5 158 () de e it i 54 37 kg/hm?,
TEWE 2K P45 (Mehlich-1 P 48 mg/kg) 544 F, £k
PE- B ARG B A B B0 25 keg/hm?, 17 =
(Mehlich-1 P 85 mg/kg) £514 It AL XS 7= A 5 M,

ARHFGEEE T LI TR A 5 4 th ik
A B AT A b . BEARAE FH A 360 kg/hm? A £ ¢
BERRUAAY 41.2kghm?, HIEARWE . CaP. CacP,
Al-P, Fe-P A Fr¥m, nf W, JF45H 1L Frv
SRR . PR RS . Y 600 me/kg,
PR SR B, BRI, A
Bk 25 me/kg A4, KEAZEBIE PO, i &N
180 kg/hm? (=44 75 t/hm?), 3K 2K 270 kg/hm?
(R 22.5 thm?) . EAC R BRI 2 A . 1
NE AT IR, SR R S A MU AR . B A
R BRSSO SR G S A P
32 KEEZERBTHERZFNENEFSIRE
B

CAPREEY, AP 3, Ca-P. CagP.
Al-P Fl Fe-P ZAEWIA IR, AR Ca,-P >
Ca-P. Al-P>Fe-P, Ca-P i JCHLEEN 80% 2247, H:
H1 Ca,,-P 15 Ca-P 8 70% LA |-, Ca-P 5 10% A4,
Ca,-P V5 1% 240, HEEMIRIESE REN, K
W it PR AR RIS FFA [ 22040+ 4% Ca-P. Ca,P
S, HIEN 64.5%~435.8% Fl1 42.0%~129.3%%,,
L WL W XS EEE L Ca,-P
Cag¢P. Al-P. Fe-P &t/ MBI HI Y 4.9, 2.5,
1.6. 1.0 %, 1 HARBEIE Ca-P. Cag-P. AL-P G



44 B, A AR S A A TR 2SR R T B A Y e 901

BILBHE Eb T 5 v AR AR F e, OR[R] 4R | F
T 2 KAt B IE 3 4B S Lk R E A A
A, PR EEAR-FKR-RGRAERG %2k 15 4F
Wi P AR, 3% Ca,-P. Ca,-P. Al-P, Fe-P
SRYHIEAINT 42, 1.3, 3.6 F103 f%, FELA Ca P,
Al-P RS RE, M4 R G- F R AE %42
13 4EJt FHBEAE, 3282 0L AL-P I Fe-P JEAFL BE0;
gt b, SEMCEHAHE, Bt R LS
TGN 149.58 mgkg, LA CacP HEIER K, HUCH Ca,P;
B IEATCHLEE BEFA AR FRIE I ¥5A 55 ke #s, Ca,-P.
Ca,-P SR # K, AL-P HAN8R4/N, i Fe-P 7ER{
6 R M 8~ 13 4FWEA TR, HIELIY
STz H A AL SRR
AU USRS YT iy A= N AR VB ST
MLBE 5 W10 79.8%, O-P il Fe-P 5 JCHLBERY 57.7%;
P YT DU RR RS R A 211 1 SR L AL
Hi WY 89.0%, Fe-P (5 IJICHL#E 36.6%; HIEIERY &
H A9 LSRR 4 JEHLEE S 8k R 85.0%, Ca-P
i JCHLE 88.1%, A1 K ME=ERE 1 - Ca,-P. CagP.
Al-P. Fe-P & it 5 A7 ML Z [0 A7 76 A & 2 1E AH
KeHFR L KRG+ X AL-P S AR K B A P,
XF O-P 520 i KIS pH, 1fiXF Ca,-P 5200 Fe K K
B

AAFFE R, ElE L G R) B, 114
2t i WL A BT B R R
} Cag-P > Al-P, Ca,-P > Fe-P., A ] FIwEHE
B, Ca-P. CageP. Al-P. Fe-P %t K H [ IoHlL
Wl LU B 20 T v, 3K 13 Y it A\ B A 2 2 DU S R
B, R R A g O e 458 A 1 R
B, (HF A - R A S i B sk KO 1Y
Hom, ARCSHE R GIAEZ B, 2 b
& TIEBEACE RGN, A A R A R
IR

AT R O B AN R Bl A 3 e B KOT 8 = A
A O LA RS R R IR KRR R et
EERE I AR R BE (DPS) 400, R R K A
it (MBC) F#AIL, T3ty e e Ik, +58h
AR LU A2 BT RGN, B AT 25~30 AEAE 2k
)2 DPS 2978 30%", @M AR 12~30 434 DPS
SRR 23.1%, B R USRI 5
8 (25%). AU, BEE TIEWREIR R, BEE L
R, - R R RS B TG R, S
T ERCAMRGER, XT HIEFIEERE. A
FUHE RS ) R 3, A e DR 2% ) 4 Rl AR 2 5 i)

FERE, N BB X W A 7 B 4 582 W) &5 i 5 0 —
HRAWIE .

4 555

1) Jit FHBEAE S E IR 38 . SRR, B
Z= P,O, 4 180 kg/hm?, KSR, ST 550 i1
T 24.0% ., 27.7%, FEUHLIERS 3G 2~4 f5REAE, K
FIE . SRE RIS 2.

2) KEIATEBENT, IR 7 6 (4R35 P ik
71.3kghm?), FEEFEIEIER, HHEAR0mE . Ca P,
Ca,-P. AI-P, Fe-P. O-P &HZWIFML, FHFEAK
1.3~3.5 mg/kg, Ca,-P JCHF51k,

3) R BEE G 0, R B R i
Jn, PO, 4EH A 360~1440 kg/hm?, +IEAEHFH R
W 41.2~478.7 kg/hm?, P I HHEAFHAFLR 100
kg/hm® B2, HIEAREE. Ca-P. Ca-P. Al-P, Fe-P
PR 1,13, 241, 1527, 4.14. 1.37 mg/kg., Ml
% R B AT R AE A A3, JCALE Y
HRWEIR Ca,-P. CageP. AL-P 5 TCHLBE b5 1532 it
e o E i HBEAL 11 4F, £33 O-P, Ca,-P &
B EA,
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