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Abstract:  Objective Phosphorus (P) is an indispensable nutrient needed for plant growth and development and P is deficient,

especially in the red soil region of South China. However, the unsuitable application of P fertilizer results in low use efficiency of
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the fertilizer, ranging from 10% to 25% in the current season in the region. This could result in P surpluses in soils, and runoffs
and is one of the important nonpoint source pollutions of aquatic habitats and other water resources. Thus, it is important to
investigate a suitable P fertilization in the region to improve P use efficiency and sustain crop yields. = Method A field
experiment was conducted at the Experimental Station of the Chinese Academy of Agricultural Sciences, Qiyang, Hunan Province,
China. The effects of different phosphorus fertilizers (superphosphate, swine manure, calcium magnesium phosphate,
monoammonium phosphate, diammonium phosphate), P application rates (conventional phosphorus application, phosphorus
reduction 20%, phosphorus reduction 30%), and P combined with amendments (lime, calcium magnesium phosphate fertilizer
combined with diammonium phosphate, or crop straw return) on phosphorus availability and crop growth in red soil were tested.

Result Of the different phosphorus fertilizers, swine manure induced the highest soil available phosphorus and aboveground
biomass and P use efficiency in 2019. Also, under this treatment the crop yield in 2020 was significantly higher than that of other
treatments. Compared with the control treatment, swine manure treatment significantly increased soil available phosphorus and
aboveground biomass by 32% and 241%, respectively, in 2019, and by 73% and 510% in 2020. As P application rates decreased,
the soil available P content was also significantly decreased. However there were no changes in rape seed yield, aboveground
biomass, P use efficiency and phosphorus agronomy efficiency. Among them, 30% phosphorus reduction was the best treatment.
Compared with a single application of calcium magnesium phosphate, the combined application of calcium magnesium phosphate
and diammonium phosphate effectively improved crop yield, soil available phosphorus and phosphorus efficiency index to a
certain extent. The treatment of calcium magnesium phosphate fertilizer + diammonium phosphate had the best effect on the crop
yield, soil available phosphorus, phosphorus fertilizer cumulative use efficiency, phosphorus agronomic efficiency and soil
phosphorus surplus. The addition of lime improved crop yield, soil available phosphorus and phosphorus fertilizer cumulative use
efficiency , but did not reach a significant level as compared to superphosphate only treatment. There was a significant positive
correlation between rape seed yield and soil available phosphorus.  Conclusion  From the above research results, we can
conclude that the replacement of chemical phosphorus fertilizer by swine manure phosphorus could achieve the purpose of
reducing application and increasing efficiency. Also the best amount of phosphorus fertilizer was a 30% reduction of conventional
phosphorus application rate. The calcium magnesium phosphorus fertilizer as a P source should be applied combination with

diammonium phosphate to supply P demand for crop growth in such weak acidic red soils.

Key words: Red soil; Phosphate fertilizer; Soil available phosphorus; Crop yield; Phosphate fertilizer use efficiency

B R A KRB AR 1S KB 300
W, FEARBR R & 7= i & AT AR M,
W E B X B 110 7 km?®, 5 E 4w AL
(4 11.8%"), JEEZAHARIN = XY, SR, Zr8Eh
TR ZU MR & A AL VEA, LR R HAFfE Kt
MR FRAE BT, W3R 2 w0 181 S YRV TR i R AR
AT S0 28 Rk AR AR, AR R, 3K
P 2145 b DX IS 11 24 2 R FH R AR 10%~25%1°),

RN, WAL S Fh 55 A SR B DT T X 42 v
R AR ECE R A/ 22U 5E g
WIRE R0 R B, BT IE AT AT R R R 1 i 41
(pHS5.67 ) MRtk /KFE+ (pHS.81) pH A1 R &
o ZESMEINES 2 FHEERER R, ekt
819 7K R 2 R S 2 43 i) it P Tl TR . e R B
NE, HReA AR m EY - s LR 3 B8Rk

NEFBEIR — B X i AT RE, P BE BRI & A
RS, B, EARRYE LS, AR AR |
RO, SCRBERAEES | B, RIHEWAERD. it
Sb, AHLPRL SR B R KRB Y, XL
A B o iy Al G A R PP B, SR A Rk
B S B AC R RO, AR B RS FFIA A g 21458
PR JEE I RIE 7 ST O I, o B e £ Sl 2 A K
PR —EROR

FI A0 S0 488 T 21 Sl 2R A 28 B A R 5
IR TR TR AR, ERHER TS 4R T A
I F3% pH BRI RRIESGRIRIELIHE | (pH<6.0 )14,
WAL TE 2L b (A ROPEAEAR R AR L B T R
JEEARTL T AN [ AL oo o 2 80 5 i R 75 A 24 i
SIRPELIHE (pH>6.0 ) Bt 2 A7 AP AN B AL A 2% 1%
AW R, AT B AL A - G e S AN ]

http://pedologica.issas.ac.cn



14 EHRA . NFBEIC RS T L0 R A R R AR A2 1l 237

PP ARG S BEATOESE , R IS TS PRV SRk
ZLIE AR AL i R A2

1 bRk

1.1 FFR BN

T 1l AN T I8 R 4 R M T A P SO TR L
B e E A B 2 B T HESE B U Y (26°45'12'N,
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6.17 gkg' . B A 4345 mgkg!' . A BB
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12.68 gkg ', pH 6.5,
1.2 Rt R HEEE

ARG ILBEE 11 A H, 5008 (1) Nt
(CK1), (2) #HptmE (CK2, TBmRES ), (3)
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R —% (CMPD), (10) B2 —% (MAP) F1 (11)
FERERE B +FSFFA H (CMPS ), 23 (5) ~ (11)

TR AR, 2 30%. B 4 REE

K HFEHLHES , /NX T FLR 40 m*, oA, CK1,CK2,
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WEAC A A 22 5%, CK1. CK2. 0.8SSP. 0.7SSP 4
A Kb B L5 AT A T - Sl A Ak R A R R
RS0 ; CK1, CK2, CMP, CMPD, CMPS % 5
AR R S EEBEAE A 4530 s CK1. CK2. 0.7SSP.
0.7SSPL 4§ 4 AMAbH A KR 0 . A J7 =0k
— A A T S — R FE A o AT S S R 2019
AR (R 100 K ), 2020 4E R H
WA (AARIH 101 ). FISRBIMEET 2018 4F 12
A#A%, 2019 45 5 WK #EiANmSE T 2019 4F
10 A#4k, 2020 4F 5 H ok, 25 Ab 3 10 i dn & 1
FiR o EARES THENEET 10 d — R PEEA 158, 52
TEWETREY . SRR . WERR ik . WERR k. JEIE
B — UMt AAE R AL ;s B 2 A FIE it A Y 40%

F1 LES5HRFHEE

Table 1 Treatments and application rates of fertilizers for rape

Qb FR Jifi#s i P application rates/ Jifi 2 N application rates/ Jiti#f & K application rates/
Treatments (P,0s, kg:hm?) (N, kg:hm?) (K,0, kg-hm?)

CK1 0 180 120
CK2 75 180 120
0.8SSP 60 180 120
0.7SSP 53 180 120
M 53 180 120
0.7SSPL 53 180 120
CMP 53 180 120
DAP 53 180 120
CMPD 53 180 120
MAP 53 180 120
CMPS 53 180 120

[E: CK1: A%k, CK2: W HLMEHE, 0.8SSP: Wik 20% (I WERRES ), 0.7SSP: Wk 30% (I WEMRES ), M: JF€, 0.7SSPL:
WBERES -+ K, CMP: $5EEBEIL, DAP: BEFR "%k, CMPD: TSEEBEIC+BEMR 4, MAP: BER 4%, CMPS: FSEEBENE+FEFF LM .
TIA. Note: CKIl: no phosphorus, CK2: conventional phosphorus application, 0.8SSP: phosphorus reduction 20% ( superphosphate ),

0.7SSP: phosphorus reduction 30% ( superphosphate ), M: pig manure, 0.7SSPL: Superphosphate + lime, CMP: calcium magnesium

phosphate, DAP: diammonium phosphate, CMPD: calcium magnesium phosphate + diammonium phosphate, map: monoammonium

phosphate, CMPS: calcium magnesium phosphate + straw return to the field. The same below.
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Fig. 1 Changes in soil available phosphorus under different P
fertilizers
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Table 2 Changes in yield and aboveground biomass of rape under different P fertilizers

ARy KSR Al b SRR TR 1A )
Year and rape type Treatment Seed yield of rape/ ( kg-hm™?) Aboveground biomass of rape/ ( kg-hm?)
CKl1 450c 1 340c
CK2 753ab 2 765a
0.7SSP 6 S6abc 2 237ab
2019 4F H 32
M 778a 2 934a
Brassia campestris L.
CMP 512bc 1 765bc
DAP 737ab 2 818a
MAP 800a 2 809a
CKl1 384c 1183d
CK2 1 615b 8 797b
0.7SSP 1 528b 8 537b
2020 4FH A
M 2 328a 10 405a
Brassica napus L.
CMP 1312b 6016¢
DAP 1 546b 9 280ab
MAP 1 596b 9 254ab

e RGN [R) - B 2 7 A R 4R 403 S [ Ak 3 1] 2 55 18 2 ( P<0.05 ). F[Al. Note: the year of 2019 and 2020 are compared separately,

different letters in the same column showed significant differences ( P<0.05) . The same below.
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Fig. 2 Relationship between soil available phosphorus and relative
yield of rape under different P fertilizers
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Table 3 Changes in cumulative phosphorus surplus, phosphorus agronomy efficiency and cumulative utilization rate of phosphate fertilizer
under different P fertilizers

BER BB T BRHEA A 0R BEIE BRI 2
AEA B ISR HY Year Qb3 Cumulative phosphorus Phosphorus agronomy Cumulative utilization rate of
and rape type Treatment surplus/ efficiency/ phosphate fertilizer/
(kg'hm?) (kgkg!) %
CK1 -3.5¢ — —
CK2 24.0a 4.0ab 7.6¢d
2019 4 138
0.7SSP 17.3b 3.9ab 4.8de
Brassia campestris L.
M 11.8d 6.2a 16.4a
CMP 19.0b 1.2b 1.3e
DAP 12.7cd 5.4ab 15.1ab
MAP 14.9¢ 6.6a 10.6bc
CK1 -2.1c — —
2020 4FH 7
CK2 16.0a 16.4b 11.2¢d
Brassica napus L.
0.7SSP 9.0b 21.6b 13.0bed
M -1.5¢ 36.7a 26.5a
CMP 14.1a 17.5b 7.3d
DAP 5.7b 21.9b 18.2b
MAP 7.2b 22.9b 16.4bc
22 WEEAEXNIEBEEIEMBER AR 4 OCKI DCK2 mO08SSP @SSP a
g ——
=AY £ 2} ab
221 WRAE R LDERE AT RAE Y iR £ 5 107
N U 2e 8 ¢
M) 5 CKIAILE, SR L AR & ity £ c
BETE (B13). 5 CK2 MLk, 2019 4F 0.8SSP Al T2 4|
0.7SSP Ab 3 + A7 0Bk A B 40 0 1% 15%, B e
1M 2020 4F 143 B> 14%Fi 22% 3" 2019 ' 2020
Ay Year

5 CK1 #Hl, 2019 4 CK2. 0.8SSP. 0.7SSP
AEBRAY MG TS 67% . 64%. 46%, Hi bk ¥y
SR 106% .83% . 67%; 2020 4E W43 1 7 321% .
322%. 298%, Ml b FFAE Y& o3 R ) 644% . 690%

I 03 E RN =4 7 0 e o S5 T
Fig. 3 Changes of soil available phosphorus under different
amounts of P fertilizer
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Table 4 Changes in yield and aboveground biomass of rape under different amounts of P fertilizer

ARy K328 JOBL] IMSEFFRL 1 THSEHE A Y
Year and rape type Treatment Seed yield of rape/ (kg'hm?)  Aboveground biomass of rape/ ( kg-hm?)
CK1 450b 1 340b
2019 4F 3R CK2 753a 2765a
Brassia campestris L 0.8SSP 740a 2 456a
0.7SSP 656ab 2237a
CK1 384b 1 183b
2020 4FH CK2 1615a 8 797a
Brassica napus L 0.8SSP 1 621a 9344a
0.7SSP 1528a 8537a
§_ 100 . R N FEAlk e ASBFR R, Wl il mh it o S A8 1 58 0k
Sl e L S E NI, ST B B, LR 2
3 e : BB EITE (3, % 4, % 5); 8 2019
g oo . ai AEFD 2020 ARG IR AOHE S s ARG
§ a0k o R ) SERL R, 2 A R A R 16.72 mgkg T B,
s P S A {907 R AT 2% B 098 T80
% 0 e d ’ 2 2020 A T AT SR TR G B AR 2 e 47
% O 6 8 10 2 m 6 EFEAT.

+ 4754 % Soil available phosphorus/(mg-kg™)

K4 i AN ) S BARAC S ST S8 S AR 7 B DG 2R
Fig. 4 Relationship between soil available phosphorus and crop
relative yield under different amounts of P fertilizers
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EA PRI, Y e R A AR,
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RO & i TACE B, WU R AR T A S

2.3 AEIBEBERES M A SR = A B A

F A ZER R
2.3.1 /TR A 9 s i o) 4T S 2 A Ak AR
A A Tl TS R R 4 X - A9 2O 1)
U GnE sa iR, 5 CK1 ZRFEAH EE, 2019 4F CMPD
R A A R B 21%, T CMP. CMPS A4b#
JC i F 7254k, 2020 4£ CMP, CMPD, CMPS #b¥ /3
BHRTE 30%. 37%. 9%, = ANAbFRZ A ¥ S,
B ELT CK2 AbBE, A K IEELE ( Sb),
0.7SSPL #b ¥ +HEA R & it 55 0.7SSP AL L i 3
2R, “HBBEMRT CK2 b,

P EE WAL B LR X R 7 i R T AR )
B anZ 6 fin, 2019 4F CMPD AbH 5 CK1 4b
FEAH LG 221G 7 58% , Hop it il 2 & T CMP .CMPS
AbFE; 2020 4F CMP, CMPD., CMPS 4bHi 4351 i &
B 242% . 291%., 282%, 1B =ANRhBRE TG B % 2%
5. 2019 4£ CMPD Ab¥iM B A E B ES T
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Table 5 Changes in cumulative phosphorus surplus, phosphorus agronomy efficiency and Cumulative utilization rate of phosphate under
different amounts of P fertilizers

BMERFHERBERRFARTL

s BER BB T BRHEAC A 0R BENE HBUR
AR B3 Qb
Cumulative phosphorus Phosphorus agronomy Cumulative utilization rate of
Year and rape type Treatment
surplus/ ( kg-hm?) efficiency/ (kg-kg™") phosphate/%
CK1 -3.5¢ — —
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Fig. 5 Changes of soil available phosphorus under different P fertilizer control measures ( Figure a shows the soil available phosphorus of
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Table 6 Changes in yield and aboveground biomass of rape under calcium magnesium phosphate fertilizer and its regulation and lime control

treatment
ARy KSR Al piseil SRR MR b A
Year and rape type Treatment Seed yield of rape/ ( kg-hm?) Aboveground biomass of rape/( kg-hm?)
2019 4R 13K A CKl1 450b 1 340d
Brassia campestris L CK2 753a 2 765ab
CMP 512b 1 765¢cd
CMPD 712a 2 240bc
CMPS 506b 1 590d
0.7SSP 656a 2237bc
0.7SSPL 734a 2806a
2020 4 H A CK1 384c 1183¢
Brassica napus L CK2 1 615ab 8797a
CMP 1312b 6 016b
CMPD 1 503ab 8 206a
CMPS 1 468ab 6 446b
0.7SSP 1 528ab 8 537a
0.7SSPL 1831a 9113a
a) b)
X 1201 X 100 -y =15.64x - 46.81 A .
= (5] 2
2 = 1604 — 5528 g | R=05p0l . -
< 100F R =0.8, P<0.01 A 5 80| Ay y=756x— 1831
§ L e y= 3.74x +23.50 < A0 R =0.6. P<0.01
2 80+ A R =0.2, P<0.05 Qi .....
s or A e o T e S A
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Fig. 6 Relationship between soil available phosphorus and relative yield of rape under different phosphorus fertilizer control measures
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Table 7 Changes in cumulative phosphorus surplus, phosphorus agronomy efficiency and cumulative utilization rate of phosphate under
calcium magnesium phosphate fertilizer and its control treatment and lime control treatment

JO— 4o BER 2P T BRHEA 0% BRAL R FRA R
B3
Cumulative phosphorus Phosphorus agronomy Cumulative utilization rate
Year and rape type Treatment
surplus/ ( kg-hm?) efficiency/ (kg'kg™) of phosphate/%
2019 4 H 21 CK1 -3.5¢ — —
Brassia campestris L CK2 24.0a 4.0ab 7.6ab
CMP 19.0b 1.2b 1.3¢
CMPD 16.3cd 5.0ab 7.0ab
CMPS 18.9b 1.1b 1.5¢
0.7SSP 17.3¢ 3.9b 4.8b
0.7SSPL 15.2d 5.4a 9.5a
2020 4 H 2 CKl1 -2.1d — —
Brassica napus L CK2 16.0a 16.4b 11.1ab
CMP 14.1ab 17.5b 7.1c
CMPD 11.0bc 21.1ab 10.9abc
CMPS 13.2ab 20.5ab 8.2bc
0.7SSP 9.0c 21.6ab 13.0a
0.7SSPL 7.9¢ 27.3a 14.2a
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