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Abstract:  Objective The utilization efficiency of phosphorus fertilizer is generally low in agro-ecosystems as phosphorus is
readily co-precipitated with iron and manganese oxyhydroxides, iron aluminides, or directly adsorbed to the soil minerals,
particularly in the red soil ecosystem. Thus, understanding the subsequent effects of phosphorus retained in the soil on soil
ecological function and crop nutrient supply is of significance to guide the management of phosphorus fertilization. =~ Method

Based on a long-term fertilization experiment in red upland soil, this study investigated the effect of the conventional fertilization
(CK) and short-term phosphorus fertilizer input (at rates of 0, 50, 100, 150 and 1 000 kg-hm’z, P,0s) on soil nutrients, soil
nitrogen cycle process and crop yields after 27 years. We evaluated the relationship between these factors and the residual effect
of phosphorus using the multivariate statistical analysis method. =~ Result Short-term P fertilizer addition at a high rate (1 000
kghm %, P1000) had no significant effects on soil total carbon (TC) , total nitrogen (TN) and microbial biomass (MBC) compared
to the conventional fertilization treatment (CK). Also, it significantly increased soil pH, nitrogen mineralization rate (Ny,;,), soil
nitrogenase activity (SNA), and potential nitrification rate (PNR) (P < 0.05), while it significantly decreased the net N,O emission
potential (Nna0) (P < 0.05). Compared with the low phosphorus dosage treatments (50, 100, 150 kg-hm™), P1000

significantly increased soil available phosphorus (AP), Ny, SNA, PNR and potential N,O production rate (Py ) by

33.3%-76.4%, 88.2%-388.1%, 111.4%—4 826.3%, 22.6%—152.4% and 13.8%—78.9%, respectively (P < 0.05) , but significantly
decreased the net N,O emission potential by 64.6%—78.9% (P < 0.05). These results suggest that the application of a high dosage
of phosphorus fertilizer has a strong residual effect on soil microbial activity and nitrogen processes even after 27 years.
Spearman correlation analysis and redundancy analysis showed that AP and pH were the most important factors affecting soil
microbial activities. Maize yield in the recent three years showed no significant difference among all treatments but was
significantly positively correlated with TP, AP and pH. In comparison to low phosphorus treatments, P1000 treatments showed a
promotion effect of 3%-23% on maize yield based on the historical yield data during 1991—2019.  Conclusion Our results
reveal that the short-term application of a large amount of phosphorus fertilizer has significant positive effects on maintaining soil
fertility, microbial activity, soil nitrogen cycle function activity and crop yield even after 27 years, owing to the promotion of soil

pH and slow release of available phosphorus.

Key words: Residual effect of phosphorus; Nitrogen cycle; Red soil; Long-term fertilization
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e8RS # A0 L3 A I Re AT 1), B X
AR AL SRR 0l PR O oG, 0%
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1.1 B XER RIS 4bIE

W58 X AL T 2= e A i o T BB DX B M 4
(25°18'6.8"N, 103°53'55.4"E ), 4% 1906 m, 41y
W 13~15°C, 4EREKE 900~1 000 mm. %X )&
TARG S IR R KA, HIERACY R R B
F L D T gt

K E ORI 0A T 1987 4F, L4045 5 ik
FEALBEE. PO, P50, P100, P150. P1000, jifif i
3810, 50, 100, 150, 1000 kg-hm™? ( P,Osit ),
B 1A F R AC AL B ( CK ). A A Ak FE = A~
NS, AN TRV AR A B — AN /N A, /N X
333 m’. [ 1987 4EFpdil £ K FF4R, PSO. P100,
P150 F1 P1000 4k 53 5]l A X 1z 751 5 1) 3 Wi PR 5
TSN 6 A 5 55t A A LA 5 R o B A Ak

PRAEARTE W AR 120 kg-hm 2 (i BERRES ), (Al AL
Jiti 5 24 A it A K- — B0 IR (276 kg-hm *-a™ )
130 thma ' (A HLIE CREM ). HHUAL AL
Jif 2 830 gkg !, RAEELA 22 gkg!, A
B RIS R 5 A 29 R 6.1 gk 4.5 gkg '
A HUEAE R IR IE— R PRt , IREAEAEAL, HAE
i 30%, FEALHE 70%. 5 /NX B =M EK (4
A ApRERr ), mhh R X M A oK A AS R,
2R
1.2 TEFERREMBHERNE

FHERESCRAET 2019 4FH % (7 H 15 H) Al
B (10 A 15 H), 5 5MER TR A K IR
FWER ORI 1, 765 A A Ak B A /N X Sk
TEPIRR KA R 0~20 ecm 19 +3E, A1
S A o S [RS4SR 3 2% AT 2Rk
It R, BATPITEAR 3 SRIRE N1 ER,
FESL T UKAE Faz 0 5250 % 5 2 mm G, — 3853 K
TJE T g8 ek B, o5 — 3 e e 4 C
VKA, T IE B 2= s e dn . EoK7 &=
NP R A A B R TS R B R AL S A
— NNXER, MR SCEERT [ — 4b B R AR
(2017—2019 4F ) A" & Kt~ S {EAR iz Ak 2
P E A

A BT E 225 SCRR[16]: 13 pH (UK
I 250 1) RAREITRAEINE, HIESKE
FHOHE T AR E B ; NH,-N Il NO-N KA 1
mol- L' (#) KC1 42 . L sh /i E (AA3,
Bran + Luebbe, Germany ), 1345 %(#F ( Available
Phosphorus, AP )& FH Olsen ¥ 5%E , 144 5% ( Total
Carbon, TC ) F14=% ( Total Nitrogen, TN ) & &k
o6 & 4 AL W & ( Vario EL III-Elementar ,
Germany ), + 34 ( Total phosphorus, TP) %
K H,SO4-HCIO, H i, 4HWE b (ki
1.3 TEMEYFEEMRBERECSITRERE

Bo

+IFEIE I 33 % ( soil respiration, SR ) MR
FH IR EWE . MY EY &k ( microbial
biomass carbon, MBC JR FH &0 28 vk EA 1l 7
+ B[ A S PE (soil nitrogenase activity, SNA ) %
F 2 Hh o kA sz e

RV R ( Acid phosphatase, ACP) &1
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e R A ZOEEN . BRI 2 g fif -, HIRK R
125 : 1 B EEBIIA 50 mmol-L™" fo B R 4M 22 il
FEURAT pH 2 AR pHo FIBERIR G #HRS), )
B A e B 200 L B FEEAR AR, FEA S50 pL
WA TOCPRC B IR LI Y, F 25 CRREREFE 2h
&, TEMCR KR 360 nm. KR 460 nm Ak
I W

AW AL % ( Nitrogen mineralization, Ny, ) U7
FREL 20 g 8+ T 120 mL K& M 5 T, 8%
T EKE R W ERIKER 60%, T 25 C. B
FEEFR 7 d, WIEFRE A TR K AR K A
FE o B FREE U I E W AR R RS 35 45 R 1 R HETEHL
A (NH,-N Il NO,-N) &, F LR LU+ 50
PR A AR R

W AE Y fb 3 % ( Potential nitrification rate,
PNR ) A9 52 2R F G0 R £6 30 1 1 PO FREL 5 g fif
+ B F 50 mL B.LAF T, A 20 mL % 1 mmol-L!
(NH,) ,S0,4 11 50 mg-L™" KClO; fEBEEE /K ( pH
7.00) ( Sy 3k B Tl TR0 2 1 YR X Wl Y M 25 S ), AR F 5
KA B ER KB IR 22 0Pl ). TR (25 °C)
AL 180 rrmin ' K53% 24 h, J5AM S mL KCI (1
mol-L™") W4 NO,, B, LiFBH
TE NO, & &t . WTEMILEZLL 24 h N NO,”
1) 25 fb R R .

TE N,O HEGHE 2R ( Potential N,O emission
rate, Py o) FIH NoO HEHGE A (Net N,O emission
rate, Nyo) s G & M 4LAb 3 (i 2 BAAm
), FRELS g 1 Bk g f £+ T 120 mL i
B, MIEHKZE BKE 13 mL. AR ZE M
B OJE, EEEEAR E 180 rmin ' KFEED 20
min DIHEH HIESLBP SR, JFRm4IA S min
HEBR M L 25 50, RG] £ R Ak B 1t 78 b
FEA 10% (viv) B SRIGEIMAR 2 mg L&
#HZE M DEA A 8 mL, ¥ FHHIREFRMH 25 C.
JEWE S5 R HESE 24 b, S300T 12 R 24 hORAE MG
L 1 25 A S A FHC A8 K F s G 2% FID )
FTEL PR KM 2% (WECD ) AYAH %Y ( Agilent
7890, Santa Clara, CA, &) &AM
N,O MR B, LhFLAZI [H] Y NLO R BE AR A 3RAE NL,O 1Y
HEGE 2 . WETE NLO HEH % DL e ab B 9 NLO

HEBGHE R LR, NLO HEBGE 3R DA I & B s 3 rp
1 NoO HEMGH R RIR
1.4 HEabiE

R A B R L OBUR Ry 22 53 N 25 e W
K% ( Duncan, P<0.05) UL SPSS ( Version 22 ) %X
547 . R R ( Version 3.4.3 ) #4347 Spearman
54371 ( Package="“Corrplot” ), F {43431 ( PCA,
Package= “stats” ). JURrHT ( RDA, Package=
“vegan” ). T (Package= “stats” ).

2 4 R

21 ARE#BAENTEBEAERMEDFTEK
=AU

e B A T RS R A B ) LA B 2
(1), M, 14 pH FR7E P1000 4b 3 i i 55 5
S (pH = 6.28), TEHABALBE TR E %R (P <
0.001,% 1) fEE %, +3 AP & 16H MUt AE( CK )
by, b 113.7 mgkg', 7E P100, P150 Fl
P1000 4Bz (31.67~35.66 mgkg' ), 1E P50
PO AL ER AL (P < 0.001, % 1), fEfkZE, +
e AP RIS HFMLMBE . EEE, HIETP
e LI AR B R & (138 g'kg™'), P50,
P100., P150 1 P1000 Xz, #F PO Zb 3 £ Ak (0.76
gkg') (P <0001, £ 1), HHEH TP HFEAEHKS
M AR 3 5 A

TEEZE, NH,-N & 76w Bt IE A1 PO &b Bt
e (30920 11.49 mg-kg ™' #19.90 mgkg™ ), P50,
P100.P150 4b B Rk 22.( 7.83~8.99 mg-kg ' ), P1000
b H A (4.74 mgkg') (P <0.001, £ 1), 1F
hZE, FPAALFEAY NH,-N S B EER/KE 1.0
mgkg ' LLIF(P<0.001, % 1), 7%, 11 NO,-N
S RTEH G AEALFE . P50, P100. P150 i
(203.3~218.6 mg-kg '), £E PO 1 P1000 4b H H fz A%
(135.4~140.0 mg'kg ') (P<0.001, £ 1), 7K,
A Ab R 4 1 NO,-N & it i Z R T 2 2( P < 0.001,
1), HAE P1000 AbHid 3% (41.04 mgkg ') ik
FHAA IR, T E ZFbEfkE, 4 (TC),
2 (TN), HHEFIE (SR) FI--HERFIAE (SQ)
TEA R AE BEE] T 2% 22 5% (P>0.05, R 1),
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AN TR] it AR AL B8R =AF (2017—2019 ) 2K P1000 &b FHEAF X JH: Al il Aofs i A 281 fy SR REUHA P340 0
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TR BN T, HUCh 3 pH A AP B EEACFR A3 PRV AR 2006 4F 2 Rijfie i ( B
(F b)) #F—A0 08 1992—2019 4F[AI A Bk BE7=80 il LA 4%~74% ), (H Bl A ] 4E K 3%
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SR S
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© 1997—20014F  6%~25%
2002—20064F  4%~74%
200720114 2%~13%
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%_"5" 5000 | « P50
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2500 |
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4y Year

. NSAURALIRE T 122 5w, T & 1c Hid S0 A5 P1000 Ak BRAR XS HAL b6 E 4L B (PO, P50, P100 Fl P150)
A3 7= H 4> L . Note: NS represents no significant difference between treatments. The cumulative yield promotion effect in Fig.lc refers to

the growth rate of maize yield in the P1000 treatment in comparison to other phosphorus treatments ( PO, P50, P100 and P150) .

B 1 AFERGACAE PR I =A4F (2017—2019 4F ) TR (a), AR 53T =4F TR 8 (LA T (b)
PAKe 1992—2019 4Rl F K7 8 (¢)
Fig. 1 Maize mean yield in recent three years ( 2017—2019 ) under different fertilization treatments (a ), random forest regression between crop

yield and different soil factors (b ), and corn yield during 1992-2019 (¢ )

22 AERAAENTIEMEEE., TEMFR P50 F P100 AFEEL (£ 1), I (SR)
RS EREE M R TR (SQ) FEANIRIAb PR TE W E M2 R, H
TR YRR (MBC) 7EW MUGAEAL BT & SRAEMEREFEFRIL (P<0.05, £ 1), XAfEZ

i (31.34 pugeg'), P150 Al P1000 ZbFivk 2z, H FAEPSCR G AR BRI i8>, E AR AR
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Fig. 3 Nitrogen cycle process under different phosphorus treatments
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