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Effects of increasing carbon with P fertilizer on
phosphorus availability in greenhouse soil
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Abstract Excessive manure application in vegetable production fields has led to soil phosphorus (P) accumulation and
environmental risk. The impact of reducing P fertilizer and carbon source input on tomato yield, soil P surplus, soil
chemical properties, and soil P availability were investigated. Field experiment was conducted in Shouguang with 4
treatments as follows: P fertilizer without rice husk (S, Ps, ), rice husk with P fertilizer (S, Ps,)» no rich husk and P
(S Py) and rice husk without P fertilizer (S, Py) . The diffusive gradients in thin films technique (DGT) and biologically-

based P (BBP) were used to measure soil P forms, combining with soil chemical properties and microbial biomass to
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explore the main factors affecting soil P availability. The result showed that: The soil P surplus has significant difference

among treatments. ranged from 47.3 to 153.0 kg/hm?. Compared with the treatments without C input, C input in both

Sy Ps, and Sy Py treatments significantly increased soil organic matter content by 1.49 and 1.66 times, respectively,

as well as changed soil microbial activity and phosphatase activity. Under the condition of applying P fertilizer, the

contents of TP, Olsen-P and DGT-P in the soil received C increased by 2. 15, 1.66 and 2. 79 times, respectively,
compared with the soil without C. Without P fertilizer, the contents of MBC, MBP and DGT-P in soil received C

increased by 1.46, 4.99 and 2.75 times, respectively. Meanwhile, the S, P, treatment decreased the level of CaCl,-

P while maintained P supply, thus reducing environmental risks. In conclusion, the measures for increasing C and

reducing P fertilizer can ensure tomato yields and maintain the biological available P level and is recommended as the

fertilization scheme for controlling P in intensive vegetable fields.

Keywords increased application of rice husk; controlled application of phosphate fertilizer; phosphorus availability;

facility vegetable field; tomato yield
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Table 1 This study investigates four different treatments of carbon input and fertilization rate
it A & / (kg/hm®)
WAL TR/ & Fertilization
Ab 8 (t/hm*) (t/hm*)

Treatment Chicken Rice REES fi5c Bt
manure husks Chicken Rice Total N P K

manure husks input
FESE A I BEE S, Pse 3.3 0 743 0 743 300 52 455
FA 5210 H R TEBEAE S Psy 3.3 20 743 7 180 7923 300 52 455
58 A3 H H A it 8 HE S, Py 3.3 0 743 0 743 300 0 455
Feioe it AT U BEIL S, Py 3.3 20 743 7 180 7923 300 0 455
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Fig. 1 Effects of increasing C with P reduction on tomato yield (a) and P surplus (b)

F2 HEmESNTEEREAERNZIG
Table 2 Effects of increasing C with P reduction on soil basic nutrient characteristics
A LR/ ) . T B Lt
2/ (g/kg) AR/ .
hb B (g/kg) Carbon and
pH Total (mg/kg)
Treatment Organic total phosphorus
phosphorus Olsen-P )
carbon ratio
FE5E AN b H it JHBEAL S, Ps, 8.45+0.14 a 4,914+0.78 b 0.314+0.01b 29.5+1.37¢c 15.6+2.38a
FEse it M A BENE S, Ps, 8.34+0.01 a 7.30+0.89 a 0.68+0.15 a 49.04%8.52a  11.1£2.37 ab
FESEAT 1 B HE FBSIE SoPy 8.25+0.02 b 5.09740.43 b 0.5840.03 a 36.74+2.78b  8.85+1.11b
Fii5E i AT JHBEIL S, Py 8.2840.05ab  8.47+1.50 a 0.6840.19 a 36.4+5.42 abc 12.8+2.52 a

T ARG b 3R AR AL B ) 22 57t 1 3 (P<<0. 05)

Note: Different lowercase letters indicate significant difference in different treatments (P<Z0.05).
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Fig. 2 Effects of increasing C with P

reduction on soil DGT-P
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Fig. 3 Effects of increasing C with P reduction on soil biologically-based phosphorus
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Different lowercase letters indicate significant difference of MBC and MBC/MBP in different treatments. different capital

letters indicate significant difference of MBP in different treatments (P<Z0. 05).
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Fig. 4 Effects of increasing C with P reduction on soil microbial biomass (a) and MBC/MBP (b)
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Effects of increasing C with P reduction on soil alkaline (a) and acid (b) phosphatase activities

2
o S,P, MBP
. SZ[)P[)
. SUPSZ
1k
® S.P, ACP
Enzyme-P
(=
Olsen-P
-1k .
Citrate—P oc .
-2 I I 1 1

-1
RDAI (36.2%)

Boe THBUMERMBERSENITRIH

Fig. 6 Redundancy analysis showing the relationships among soil properties and proportions of phosphorus forms



34 FOE R R R

2023 4F 55 28 &

XoF - HERR A 4 AR A L i AR BE Y 36. 200 R0 19. 124,
Horpr . MBC X - HERE 4 53 (1 52 WA I o 5 e e T 498l
AR B 20, 5% 5 vk & ACP (12, 0%), OC (11, 4%)
A ALP(11.1%),

3 #

3.1 HHBREBPNLEER~E BERARMLE
BEUERS

ARWFFE 2 A (7 e S A B 3 00 7 i T B 2
HIR8 T HbrP5 4 120 t/hm? (& 1), 1 7% B B {i
ANt PR AL 2 AR T 5 A BB 35, DA R e e o - e
FIEILEH . B2 i 2 BT M NIEYE
KET R XS Yu 00 BRF o045 B — 3. Bl %
AL 24 8 BB (9 45 A (S, P, L Sy Py ) 1L RE 14 15 & il =
L FEE A e, B B SR K A A R
O3 B 7 0 R B 0 TR A B 3R B b A A TR
R A AT FLk, RS 5 I i AR T L i
T TR e R ) RV P R R T (TR 5) ke
PETH il A Yk B 2 TR L R AR — AR R T
B BA B O R L A T A A R R UL A A A
325 (8 1), SR A IS B H A it o Ak 2
S Py AH Gt FH A 5 A0 W I 0 4 0 3 R v R R
FE A HrP RS 58 8 T Tt 0 IR S, Poy e N A
T 52 o TR it FH B AR S, P FIAE 72 A 6 it FH # A0
SoPu IR Z X FEE ALK AN AT
TR AN IR 2R . HLAE RS FE A HH PG it A T 1 SR Al ok
RN . B RS 5 b HOAS il B BRI b B S, Py REFE IR
UE 7 5 7 A Al L R AR - e R B A

- 9 B R A A% S ik - S R E IO AR ) G 5
SYBEREBE 1. 5 R SE R IR B H A it FH R IR Ab 5
Sy Py AHEE 3 3542 W (S, Py L Sup Poy ) A0 AT L gk 25 +
e pH, JF B % 8 & T L HEA PL AR R Rk R
(F 2) 3K FhAEfb — Jy T 2 B R A B 357 4% 22 S
T 5 55— T S 3 R 2 S kA g - HE 9 IR 4y
06 B B8 s B . A I 5 R it Al AR AN it A 2% 1 i
MRE Ik B F RS R B PIEANE &R, XS
Yu FUOREFE AR —5. B0 Luan %50 (9B 5T 8
it 10 KWK 56 0F T A LY R A S 0 fig 95 12 1F
AT B B AF T B it FH AR S DA R T - g A
MU LB, X EZ R N R R et —Fh e C/P L
A LR A LR A 32 BRI R G 3 e 3
FH - 98 1A 2 v A 7 it P B 7tk 5 4 T o 06 A AL
i 5 H 1% ) st 8 0 R AT LR Y EE BB B 9 A AL

B (B Ak 5 TR 38 A LR [ AR
3.2 HmEBEWTIEREEESN

TENE B A5 AN 3 B b 35 2 o b 9 4 Wl R B R
BEE R (GR 2), —J7 T i RS 5T RE 0% 2 i s A
AR S i, 0E R AR XA — E R LS
& IR R LS AL s 53— T 0 R 7t A R M
ST WL A B X T R R B9 106 B DL KA T
A - S A= W) 5 A W o R R A 4 R 4 1 A
e T A SO T R it ol TR 2% 1
T R R it X T g AR RS AN R X
5 Yang SV 1R OF S AE R — B, X T RE R
RS IR AR T A W g AR A A
St — L H PR R G A B AR AR Y R
WA W 25 5 R W) AR AR 3 A vhoaT A T ARG
ESE

DGT FARJr i 45 (14 + 52 vh 28 9 B0y ml i o
4 5 AT L L A8 A A b S A ) 6 B Y e SR
Bk b 25 4 R 2 HHE DGT-P & (181 2) , AT B S
FRE5E B 5 48 e B OR OK B 0 AR . B AK B S Bh
PE S R T b FN I B A AL B S, Py X DGT-P &%
RS 3 AT B R it 2 R AR 4 A T AT
i . Deluca %811 FIEK 0L S5 36 A4 ) ) FH i 3%
M Dy R BE B T AR T R AR WA RO 2> OT
FHIAS 6] 9 42 BOR) Do B AR s v . RIS &R
P& i £ MK : CaCl,-P<<Enzyme-P<Citrate-
P<<HCI-P,ix 5 AW 545 R —F (K 3). Margenot
SEAIE oY 2 B L R AR R B D T R R Y
JE » I HLIE i 5 e 4 pH R R 38 i W ) Al I L (H
ARWEFE RS S€ Tt A X 3 pH T B EE R (5R 2),
A BB A 78 00 i S 12 0 Y a6 I TR AS A2 DL LR
pH 1y 2% 214k,

Jit B 2% A8 T 1 Bk i 3 4R S T Enzyme P & i
(K3, X Ui B RE 780 M 23 T + A7 HLwk A
A AT e B R A RS s 5y A —
TR 5T H 2RI A W0 o3 ik 7 A o W R TE B L B R R
WEE A 25 19 B A T 2 s DR O i 2B A AR
I Sl A W e P G B W R
FARTE P ) TR B HE— 25 T e R
it % P (IR 5) o A A L 07 Ak Sy e LB . DY 7
el A7 i A T DR W B A R T SRR e
9 20.5% . MeAh, A 5¢ BA B i R T AR AT LU
B 412 52 I B4 JE 0 D TR 4 0 B W R R O R
T 98 it Wl JES ) 17 0 it P A e W 5 4 o 3% HCL-



% 10 3

BUEE#F . W BR P WU B T W R A AL Y R 35

P h, 50 R R A ) AR R 0 0 7= A 1 K R
F(H O T L is Y™ 9 Bk L i1 HCL-P
i E AR T, BRSO it B IR AL B S, Py
WP T A W S R R T
P IR Wl 6 M 38 2 X e B ) B BN & HL
it e BB g RS A R e
BLUBL K R 3 A 0 16 Bl 3 1L T =F & i e U R RE U
T 2B W 43 T B 22 1) 0 R B 3R R Ak, Rk A
SO R 2R 00 A W [ A L 4R R W R L O
G UL 22 B TR 88 R AT ML IR 43 A6 Dk AR A 4 TR
FI A TEHLFR 53 » DT 76 AS it 5 I8 T 24 45 £ 3 R
AR B, e i B R L AR
8 TR T 0% 1 R M ML R )+ M R AR R
HHT .

4 & it

AR T 5 A TR 5T A I IR A% [ B 4 5 A 43 A
Xof TR it B Al e e N T R R A A TR AL P
BB R AN, EEL RN . ERER
2 E T . 55t P 0 AL Ak LA B, A i A IS A 2 1
UE 2 7t 7 12 A9 () R 06 3 ok A I S ) e ) 2 DA
T S 0/l 3R 4 AT A R - AT BL T KR 4
Herp i B 2 S A AR b R AR, B R AR A
153.0 kg/hm® F& % 47. 3 kg/hm®, H L. %4 i 78
Al A 7 b R IR A e A R K R R 1 R 2
AR R b B R A HR L TR B, G
J2 it 5 A AN Tl Wl AT 55 5L R e 3 T AR 8 4
T AL A i B AT RN AS it B AT A OL T L R
FEIA H 6 A HEBE O i 05 W A AR 25 5 6 e
HE S Bl 32 2 4 TP &8 T 2. 15 1%,
#)Z L Olsen-P FifEm T 1. 66 £, R )= 14
Enzyme-P & &35 T 1. 78 %W H & A4 Y78 S0
415 A+ MBP & i 00 B AR h 7 Rt 5 AT %
PR BBk 2 2R B R HC-P &5 (1. 15 £5) A
+HE MBP &8 (4. 93 ) T HIEBE R AL, W
Soib W i A B AR AL B S,, P, i i B 3 3R 5 MBP
RO A Al G TS L DR - A LB O A Ak R 5 0
L 455 CaCl,-P . Enzyme-P #l HCI-P /K3, i 2 A
WK TR . REC I BTt 85 AR A 2R 52 ) 4 48
BER O AR by F N R R+ 5 MBC(20. 5%)
ACP(12.0%).,

e BAT 4 B R R W T, AR
Jit JE 0 %) i Wi 5 A 8 i 15 it S FH i PR AR 450

A A R i L O3 T 2 W SR ER A
KRR TG B R A B R . A
B T4 v e 2R A T AT SO T IR A% TR A e i A
) 2 7 0b 5 il e Ot S ekt o L 5 AT R 2 AR
JEE ) A7 A it

S %2k References

[1] Kalkhajeh Y K, Huang B, Sgrensen H, Holm P E, Hansen C B.
Phosphorus accumulation and leaching risk of greenhouse vegetable soils
in Southeast China[ J1. Pedosphere, 2021, 31(5): 683-693

[2] Wang YF, Dannenmann M, LinS, LvHF, LiGY, Lian X J, Wang Z
X, Wang J G, Butterbach-Bahl K. Improving soil respiration while
maintaining soil C stocks in Sunken plastic greenhouse vegetable
production systems: Advantages of straw application and drip fertigation
[J]. Agriculture Ecosystems & Environment, 2021, 316; 107464

(3] BiF, MW, i, 45, RCR, BK. RERELEHERER
HRAE 5 R R #07 1E LY. P B EIE R, 2019, 35(33): 111-115
Yan F, Wang S T, Liu B, Wang W R, Wu W Q, Zhao Y. Soil
phosphorus in facility vegetable field: Accumulation characteristics and
risk control methods[J]. Chinese Agricultural Science Bulletin, 2019,
35(33): 111-115 (in Chinese)

[4] BRMm, RE, RBE, BRKE, BREH, BHTV, EF8. ERTHLE
REFEREIRSBEERRAKRREZ S RHERAEET]. KD FERE
i, 2022, 41(6); 1380-1390
Cheng T H, WuJ, Liang T, Tan QJ, Dai A Y, Chen X P, Wang X Z.
Assessment of fertilizer application and environmental cost from typical
open-field vegetable production in Chongqing City, China[J]. Journal of
Agro-Environment Science , 2022, 41(6): 1380-1390 (in Chinese)

[5] TianJ H, Rao S, Gao Y, Lu Y, Cai K Z. Wheat straw biochar
amendment suppresses tomato bacterial wilt caused by Ralstonia
solanacearum ; Potential effects of rhizosphere organic acids and amino
acids[J]. Journal of Integrative Agriculture, 2021, 20(9); 2450-2462

[6] Guan XL, LiuCY, Li Y, Wang X Z, Liu Y M, Zou C Q, Chen X P,
Zhang W. Reducing the environmental risks related to phosphorus
surplus resulting from greenhouse cucumber production in China[J].
Journal of Cleaner Production, 2022, 332: 130076

[7] B, WE, 265, RESERAAREXN L ERE ST REAHR
HEE R W DAL IR A KA L AR AR 4 R pI0T]. 43K, 2021, 53
(1): 30-36
Jia M M, Liu G M, Huang B. Effects of greenhouse vegetable
cultivation on fractionations and bioavailability of soil phosphorus: A case
study on paddy soil and fluvo-aquic soil in Jiangsu Province[ J]. Soils,
2021, 53(1): 30-36 (in Chinese)

(8] X%, E¥, BFBR, REW, WKL, W, it RELEBERMR
5T R E R B AR e 0)]. edb Rk, 2019, 34(SD: 197-203
Liu L, Wang L, Xu W Q, Zhang G Y, Zhao O Y, Gao J, Li P.
Environmental threshold and prevention of soil phosphorus leaching in
greenhouse soils[J]. Acta Agriculturae Boreali-Sinica, 2019, 34(S1):
197-203 (in Chinese)

[9] WEBER, EHIL, 2RK, AEE, EE. PEREVEF-ERSGS
ARG HLI]. P ERLKRFEER, 2021, 26(9): 30-41
Zhang X Q, Wang ZF, Can M Y, Bai H H, Ta N. Analysis of yield and
current comprehensive utilization of crop straws in China[ J]. Journal of

China Agricultural University, 2021, 26(9): 30-41 (in Chinese)



36 oE Rl K E R 2023 4F 55 28 &
[10] Cui H X, Luo Y L, Chen J, Jin M, Li Y, Wang Z L. Straw return Wu J S. Characteristics and influencing factors of biologically-based

1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

L20]

fe1]

[22]

strategies to improve soil properties and crop productivity in a winter
wheat-summer maize cropping system [ JJ]. European Journal of
Agronomy, 2022, 133; 126436

Dikgwatlhe S B, Chen Z D, Lal R, Zhang H L, Chen F. Changes in soil
organic carbon and nitrogen as affected by tillage and residue
management under wheat-maize cropping system in the North China Plain
[J]. Soil and Tillage Research , 2014, 144; 110-118

Guan S, LiuSJ, Liu R Y, Zhang J J, Ren J, Cai H G, Lin X X. Soil
organic carbon associated with aggregate-size and density fractions in a
Mollisol amended with charred and uncharred maize straw[J]. Journal of
Integrative Agriculture, 2019, 18(7): 1496-1507

TIRE, BT, W, ABE, RE, R MEX K EHLERE
B AL 2E T RARAE B SE WS AR ma [T ], ARk, 2022, 37(1):
112-120

Ping HX, CuiJ Y, Chen S, Wei L L, Chen Q, Zhang D L. Effects of
fertilization on the stoichiometry of carbon, nitrogen and phosphorus and
enzyme activities in agricultural system[]J]. Acta Agriculturae Boreali-
Sinica , 2022, 37(1): 112-120 (in Chinese)

Xu X F, Thornton P E, Post W M. A global analysis of soil microbial
biomass carbon, nitrogen and phosphorus in terrestrial ecosystems[J].
Global Ecology and Biogeography, 2013, 22(6): 737-749

Tian H Q, Chen G S, Zhang C, Melillo ] M, Hall C A S. Pattern and
variation of C: N: P ratios in China’s soils: A synthesis of observational
data[ J]. Biogeochemistry, 2010, 98(1): 139-151

Tk, Bk, M, FRNA, RWY, EER FHEE L ERAH
HASEFHERYRERLS T REBEE QXA LHRLM S,
2013, 41(10) : 281-285

Wan X, Dong Y H, Wang H, Li ] G, Song L F, Wang H Y. Eco-
stoichiometric characteristics of soil carbon, nitrogen and phosphorus in
tomato greenhouse soil and its relationship with soil enzyme activity[J].
Jiangsu Agricultural Sciences, 2013, 41(10) ; 281-285 (in Chinese)
Shafqat M N, Pierzynski G M. Long-term effects of tillage and manure
applications on soil phosphorus fractions [J]. Communications in Soil
Science and Plant Analysis, 2010, 41(9): 1084-1097

Sun Q, HuY J, Chen X B, Wei X M, Shen J L, Ge T D, Su Y R.
Flooding and straw returning regulates the partitioning of soil
phosphorus fractions and phoD-harboring bacterial community in paddy
soils[ J]. Applied Microbiology and Biotechnology, 2021, 105 (24):
9343-9357

Yuan J, Wang L, Wang S, Wang Y, Wang H, Chen H, Zhu W. The
use of biologically based phosphorus fractions to evaluate soil P
availability in reduced P-input paddy soils[J]. Soil Use and Management ,
2018, 34(3): 326-334

mWEA - RER, FEE, KL BETVBEREARAETREX L8R
JR oz ) s e B T iR B R A (U], TR XBISE, 2018, 35(1): 43-49
Harlhax Y, Li QJ, Zhang Y. Method and application of situ-measuring
soil phosphorus in arid area using diffusive gradients in thin film(DGT)
[J]. Arid Zone Research, 2018, 35(1): 43-49 (in Chinese)

DeLuca T H, Glanville H C, Harris M, Emmett B A, Pingree MR A,
de Sosa L L, Cerda-Moreno C, Jones D L. A novel biologically-based
approach to evaluating soil phosphorus availability across complex
landscapes[ J]. Soil Biology and Biochemistry, 2015, 88: 110-119
B0, WEE, TEE, 248, AR, ET R, Bk, ReK. &
TEYPERER R E T ERRASFTEREEWER S FRH
%, 2017, 38(4): 1606-1612

CaiG, HuYJ, Wang T T, Yuan HZ, Wang J R, LiQY, Ge T D,

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[3z]

[33]

[34]

[35]

phosphorus fractions in the farmland soil [J]. Environmental Science,
2017, 38(4): 1606-1612 (in Chinese)

Wang Y Z, Peng XY, WhalenJ K, Shi Y, Lu CY, Huang B, Zhang X
Y, Chen X. Can periodic phosphorus fertilizer applications reduce the
risk of P loss? [J]. Nutrient Cycling in Agroecosystems, 2022, 124(2);
135-151

Idrahim K, Wang Q, Wang L, Zhang W W, Peng C, Zhang S X.
Determining the optimum level of soil Olsen phosphorus and phosphorus
fertilizer application for high phosphorus-use efficiency in Zea Mays L in
black soil[J]. Sustainability, 2021, 13(11);: 5983

Olsen S R, Watanabe F S, Cosper H R, Larson W E, Nelson L B.
Residual phosphorus availability in long-time rotations on calcareous soils
[J1. Soil Science , 1954, 78(2): 141-152

Thomas R L, Sheard R W, Moyer ] R. Comparison of conventional and
automated procedures for nitrogen, phosphorus, and potassium analysis
of plant material using a single digestion[ J]. Agronomy Journal, 1967,
59(3): 240-243

Brookes P C, Powlson D S, Jenkinson D S. Measurement of microbial
biomass phosphorus in soil[J]. Soil Biology and Biochemistry, 1982, 14
(4): 319-329

Vance E D, Brookes P C, Jenkinson D S. An extraction method for
measuring soil microbial biomass C[J]. Soil Biology and Biochemistry ,
1987, 19(6): 703-707

Turner B L. Variation in pH optima of hydrolytic enzyme activities in
tropical rain forest soils[J]. Applied and Environmental Microbiology »
2010, 76(19): 6485-6493

Yu XJ, Chen Q, ShiWC, Gao Z, Sun X, DongJJ, LiJ, Wang H T,
Gao J G, Liu Z G, Zhang M. Interactions between phosphorus
availability and microbes in a wheat-maize double cropping system: A
reduced fertilization scheme[J]. Journal of Integrative Agriculture,
2022, 21(3): 840-854

XUH, BIERK, M4, KER. EFEFTERNERSE KX LB
PRERBEREWLI]. Rl TEH, 2020, 36(12): 117-122

Liu X, Hu G Q, He H B, Zhang X D. Effects of long-term maize
stovers mulching on maize yield and microbial necromass carbon
accumulation J]. Transactions of the Chinese Society of Agricultural
Engineering , 2020, 36(12); 117-122 (in Chinese)

TEAML, KBAE, R, =, WEHN. BREABFEANREALEAE
HUBRAE S B Ra e iR ma [T]. mR Ak K22 4]) , 2021, 39(2): 205-
211

Deng M W, Zhang S J, Zhu B, Li M, Pu Y L. Effects of pig manure
and corn residue on the organic carbon fractions and stability of purple
soil[J]. Journal of Sichuan Agricultural University , 2021, 39(2) ; 205-
211 (in Chinese)

Luan H A, Yuan S, Gao W, Tang ] W, Li R N, Zhang H Z, Huang S
W. 10-Year fertilization alters soil C dynamics as indicated by amino
sugar differentiation and oxidizable organic C pools in a greenhouse
vegetable field of Tianjin, China[J]. Applied Soil Ecology, 2022, 169
104226

Xiao H, Cong X, Dungait J, Bol R, Wang X J, Wu W L, Meng F Q.
Straw incorporation increases crop yield and soil organic carbon
sequestration but varies under different natural conditions and farming
practices in China; A system analysis [ J]. Biogeoences Discussions,
2018, 15(7): 1-27

Cao N, Zhi M L, Zhao W Q, Pang J Y, Hu W, Zhou Z G, Meng Y L.

Straw retention combined with phosphorus fertilizer promotes soil



% 10 3

BUEE#F . W BR P WU B T W R A AL Y R 37

[36]

[37]

[38]

phosphorus availability by enhancing soil P-related enzymes and the
abundance of phoC and phoD genes[]J]. Soil and Tillage Research,
2022, 220: 105390

Yang C D, Lu S G. Straw and straw biochar differently affect

[39]

242, 250 (in Chinese)

Margenot A J, Sommer R, Mukalama J, Parikh S J. Biological P cycling
is influenced by the form of P fertilizer in an Oxisol[J]. Biology and
Fertility of Soils, 2017, 53(8): 899-909

phosphorus availability, enzyme activity and microbial functional genes in [40] Cong P, Wang J, Li Y Y, Liu N, Dong J X, Pang H C, Zhang L, Gao
an Ultisol[J]. Science of the Total Environment, 2022, 805; 150325 Z ]J. Changes in soil organic carbon and microbial community under
Wi, FEA. R E XS pH EREMSFE A Ew ], Rl FF varying straw incorporation strategies[J]. Soil and Tillage Research,
k5%, 2019(1): 128-129 2020, 204(6): 104735

Shi J, LiJ. Effects of straw returning on pH and available nutrients of [41] Ibrahim M M, Tong C X, Hu K, Zhou B Q, Xing S H, Mao Y L.
brown soil in cultivated land [ J]. Agricultural Developmen: & Biochar-fertilizer interaction modifies N-sorption, enzyme activities and
Equipments, 2019(1): 128-129 (in Chinese) microbial functional abundance regulating nitrogen retention in
EEW, BE, EHAKR, KFHA, FHE, WEH, EHE. KHOBEAR rhizosphere soil [J]. Science of the Total Environment, 2020, 739
BBEATELRR T ERRARER S L BERXR AT KR 140065

W, 2019, 33(5): 237-242, 250 [42] Menezes-Blackburn D, Bol R, Klumpp E, Missong A, Nischwitz V,

Wang Y L, Fan T, Wang X D, Zhang YL, Li L M, Zheng M J, Liu Y
X. Analysis of phosphorus availability and its relationship with soil
properties in the loess plateau under long-term imbalanced phosphorus

input[J]. Journal of Soil and Water Conservation, 2019, 33(5): 237-

Haygarth P M. Citric acid effect on the abundance, size and composition
of water-dispersible soil colloids and its relationship to soil phosphorus
desorption: A case study [J]. Journal of Soil Science and Plant
Nutrition, 2021, 21(3): 2436-2446

TR HEAR

E—EERE v BB ORI A IOt B T b Bl A B 30 i 3R AR O 5 (2 R BRI Y
A BERE L IF o ARG W 2l — SF A AR G 2D R TR O o R B 2 4 AR ARAS
e N B2 4 T ARAR L F5 56l AR RS B9 T 1] 2 A I AN T e ) Bl 180 A% B e ol 2 A 17 5%
Wi, SEJE 2 HUREH E K A SRR S I H I K T B A AR - R B W R L A Y
i AWk 8 LRI 2 55 R R B ARERRE . IFEES 55500 e IERHBUR TAER T/ /R
HHUIEHER 43 2 AL TE LIS X 3% 6 1 3 ik R A Bt n s e, W A LUSE — 1R A Jowrnal of
Environmental Management 1.k 33 3C“ A meta-analysis of arable soil phosphorus pools response to

manure application as influenced by manure types. soil properties, and climate” .

BIRAEER T AT, Wb, IR ARSI, EENEREFY R B IR
it R - ST | B 5 R AS A Oy T A WSS ST B R A E IR S AR A e R A R
ZHR A EE TEAARRERESRVFRAMLLER2RBK., SMEXEAIIEBH HEA
SRBV AL B A R PR AR DTS 20 AR Kk SCI/ET 8 3C %0 W FIHE SC5F 50 R R AR &
5 A s R [ S ARAE Ly ARk 2



