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Effects of High-rate Pig Digested Slurry Application on Pennisetum purpureum and Soil
Quality
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Technology Co., Ltd., Songtao, Guizhou 554100, China; 3 Songtao Miao Autonomous County Agriculture and Rural Affairs
Bureau, Songtao, Guizhou 554100, China)

Abstract: In order to explore the potential environmental risks associated with high-volume application of separated pig digested
slurry and determine its optimal application rate, a two-year field experiment was conducted to investigate the effects of different
application rates of pig slurry (complete substitution of chemical fertilizers) on the production performance Pennisetum
purpureum and soil quality. The crude protein content, biomass, and heavy metal (Cd, As, Hg, Cu, Zn) accumulation
characteristics of Pennisetum purpureum, as well as soil pH and nutrients (total nitrogen, total phosphorus, total potassium,
alkali-hydrolyzable nitrogen, available phosphorus, available potassium, and soil organic matter) were analyzed and compared.
The results showed that: the concentrations of heavy metals Cd and Hg in the plant under all pig slurry application treatments
were below the detection limit. Pig slurry application significantly increased the contents of As, Cu, and Zn in the plants, with the
200% chemical N equivalent treatment reaching peak values of 0.41, 13.49, and 38.31 mg/kg, respectively. However, all
measured values were well below the limits specified in the Hygiene Standard for Feeds (GB 13078—2017) (As: 4.0 mg/kg;),

indicating safe being used as forage grass. The effect of pig slurry on increasing soil potassium content was limited, but generally
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improved soil fertility. The most significant improving soil fertility was observed at the 200% N application rate, with notable
increases in total nitrogen, alkali-hydrolyzable nitrogen, total phosphorus, available phosphorus, and organic matter compared to
the conventional fertilizer control, with the increase rates being 45.24%, 42.94%, 42.20%, 74.77% and 55.91%, respectively. The
experimental area exhibited a naturally high background level of Cd in the soil, and Cd accumulation was observed following pig
slurry application. However, the contents of the other four heavy metals all met the requirements of the risk screening values for
soil contamination of agricultural land specified in GB 15618—2018. Under the experimental conditions, high-volume pig slurry
application (<200% N) in Pennisetum purpureum cultivation systems is proved feasible, maintaining yield and forage quality

while enhancing soil fertility and keeping environmental risks manageable, thus, it is recommended to be used in the study area to

achieve a balance between production efficiency and ecological safety.

Key words: Separated pig digested slurry; Pennisetum purpureum; Soil quality; Heavy metals; Soil fertility improvement
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Table 1 Characteristics of tested soil and separated pig digested slurry
A pH 2% (g/kg) 21 (g/kg) 2 (g/kg) ML (g/kg) As(mg/kg) Hg(mg/kg)
14 7.02+0.63 1.64+0.10 1.11£0.29 15.8+0.95 15.51+£0.82 6.50+0.45 0.025+0.007
FEW 7.71+0.20 0.68+0.7 0.2440.11 1.27+£0.27 0.09+0.02 0.22+0.04 0.003+0.000 38
FE b Cu(mg/kg) Cd(mg/kg) Zn(mg/kg)  MAGI(CA/mL) I G (A/mL) £ HEE (A4 /mL)
14 26.61+3.0 0.32+0.32 71.22+4.80 — — -
FEMW 0.78+0.12  0.004+0.000 6 5.20+0.57 0 0 0
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Table 2 Analytical methods for measured parameters

s 5 +4 FEI M
FAE (%) - - GB/T 6432—2018"%
pH NY/T 1377—2007"" NY/T 1377—2007"" -
HHLF (g/kg) NY/T 1121.6—2006""! NY/T 525—2021"% -
2R (g/kg) LY/T 1228—2015!"% HJ 636—20121"" -
BT A (mg/kg) LY/T 1228—2015"4 LY/T 1228—2015"4 -
2 (g/kg) LY/T 1232—2015" LY/T 1232—2015" -
R (mg/kg) LY/T 1232—2015" LY/T 1232—2015"% -
44 (g/kg) LY/ T 1234—20151"4 LY/T 1234—2015"% -

WAL (mg/kg) LY/T 1234—2015M LY/T 1234—2015"% -

Cu. Zn(mg/kg) HJ 491—2019""%! HJ 700—20142% GB/T 13885—2017"
Cd(mg/kg) GB/T 17141—1997!"¢! HJ 680—2013" GB/T 13082—202124077 84 J5{ 7 I e e i vk
As(mg/kg) HJ 680—2013!"" GB/T 7475—198712! GB/T 13079—2022!>
Hg (mg/kg) HJ 680—2013!"" GB/T 7475—1987"2" GB/T 13081—2022!*¢!
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Table 3 Soil heavy metal contents under different pig slurry application rates

Ab PR As Hg Cu Cd Zn
CcK 6.65+0.17b 0.0220.002a 27.09+7.59b 0.31£0.01b 73.96+11.36¢
Fl 8.64+0.33a 0.023+0.002a 31.3746.96ab 0.330.01ab 90.82+14.99bc
F2 8.66+0.98a 0.023+0.006a 38.70+11.31ab 0.330.01ab 91.86+17.05bc
F3 8.93+0.91a 0.024+0.004a 34.08+6.57ab 0.31+0.31b 90.13+18.49bc
F4 8.40+0.23a 0.025+0.001a 44.84+6.74a 0.33+0.01ab 123.58+15.20a
F5 8.11£0.50a 0.025+0.002a 38.87+6.00ab 0.35+0.03a 96.72+3.43bc
F6 7.99+0.40a 0.025+0.006a 40.70+1.19ab 0.34+0.02a 107.25+3.93ab
o FH 1 A= 49875 YRR i 7 30 2.40 100 0.30 250

T [RIZVEE /NG A R 2 7m Ab BE A 22 5 2.3 (P<0.05), TRl

22 ERHEMNIERSSENZM

M1 4 Al SN L3 pH 2 AR, 45
FEMAL PR -3 pH 5 CK 25 IR . BHZSW0H
MRS, LHEAPLT, RS R RS

JEREARA R, HIYTE F4 A BRHAR R, W3
T CK(P<0.05), HEWE51H 55.91%. 42.20%.
45.24% . FEWIEAINT PSRRI, %38
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Table 4 Soil physicochemical properties under different pig slurry application rates

Ab 3 pH AL (g/kg) 4 (g/kg) 2% (glke) 24 (g/kg)
CK 7.14+0.06ab 41.62+2.10c¢ 1.09+0.02¢ 2.52+0.06b 7.02+0.69a
F1 6.87+0.10b 48.12+9.96bc 1.26+0.11bc 2.92+0.54ab 7.10+0.71a
F2 6.88+0.24b 53.04+11.43abc 1.41+0.24ab 3.19+0.68ab 7.41+1.19a
F3 7.07+0.02ab 57.51£10.66abc 1.49+0.07ab 3.39+0.70ab 8.26+0.47a
F4 7.21£0.02a 64.89+7.64a 1.55+0.18a 3.66+0.18a 7.92+0.64a
F5 7.17+£0.09a 59.81+5.66ab 1.48+0.07ab 3.29+0.35ab 8.19+0.37a
Fo6 7.15+0.28ab 57.14+7.37abc 1.354£0.17ab 3.38+0.19ab 7.27+0.29a

P 1 AT, 30T A e 35 P SO e R
FAR LI 5 i A 2 R R AR TR B — 3, DellE R
J 3 A SO AR R A A CK AR
F4 Ab PR} 255 T CK(P<0.05), 3408 3591 K 74.77%
42.94%, (HA5FEMAL PRI 22 A 03 805 TH a0 +
FEr U A AN, S 2SI CK 2=
LV NTE N

23 ERHEHMINFREAKRESESENTM

F P 2 AT T A VT A AN 2 3 G Bk
PR, BRTAE F1OAL BRI G A G R LT
CK(P<0.05), H AW AL PR £ 507 B 5 CK 2257 A8
B35 R TR TR 9 A B G SRR (1 AR AL
PR PR 5, R FL AR, Hfh 2 g
W TLEHEA SRS CKEZRARE,
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Fig. 1 Contents of soil available phosphorus, alkali-hydrolyzable nitrogen, and available potassium under different pig slurry application rates
250 ¢ 127
a
b a
=200} b ab ab a
£ ab 9 + be abe 3 ij_ 1
. T s
2l ] + s alk
S el
] I -
o 100 =
T 5l
IE& 50 H
CK FI F2 F3 F4 F5 Fo CK FI F2 F3 F4 F5 F6
AbER AbER
2 FREERHPHBAEBTRESNHEERSE
Fig. 2 Yields and crude protein contents of Pennisetum purpureum under different pig slurry application rates
x5 FRFBRHAZAETREEREERE S E(ng/ke)
Table 5 Heavy metal contents in Pennisetum purpureum under different pig slurry application rates
Qb B As Cu Zn Hg cd
CK 0.12+0.04c 10.74+0.65b 21.77429.01¢ / /
Fl1 0.23+0.09bc 12.17+0.58a 29.01+3.47bc / /
F2 0.27+0.04abc 12.17+0.56a 29.05+4.03bc / /
F3 0.31+0.11ab 12.74+0.77a 30.77+4.93ab / /
F4 0.41+£0.07a 13.49+0.59a 38.31+4.71a / /
F5 0.39+0.09ab 12.63+1.11a 33.76+3.81ab / /
F6 0.29+0.13ab 12.86+0.91a 35.33+5.45ab / /
e FoRKKH . Hg 1 Cd K BRI 0.002 mg/kg; 4 As, Cd. Hg FREERT GB 13078—2017 kA priE ) @

rRARRHFCR AR SEBR FEE, 430 4.0, 1.0, 0.1 mg/kg; Cu. Zn BATFREEFRHE,

24 EHERENREIEEUEREECREAIENE

x4

XESROES . 3 S E B LR A )
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Table 6 Correlations between pig slurry application rate with soil fertility indicators and heavy metal contents
+HEPpH  FEMHAE A BT el A R X e 2 AT 2R
As -0.173 0.228 0.539" 0.164 0.503" 0.696™ 0.451" 0.298 0.678"
Hg 0.402 0.399 0.663" -0.029 0.456" 0.517 0.392 0.28 0.782"
Cu 0.287 0.547" 0.765" —0.144 0.672" 0.728™ 0.432 0.073 0.710™
cd 0.05 0.598" 0.312 0.354 0.387 0.271 0.306 -0.003 0.365
Zn 0.273 0.567" 0.750™ -0.012 0.735" 0.6517 0.405 0.01 0.728"
14 pH 1 0.378 0.496" -0.078 0.247 0.138 0.275 -0.148 0.328
W 1 0.589" 0.335 0.402 0.521" 0.507" -0.191 0.535"

e xR RIRIRTE P<0.05 A1 P<0.01 KSR i 2 A6 .

3 Tt

30 EBHMNNEEEKMZMW

FERAE A VUL, H= i B S R T sk B
FRERE AP . SR PR PR A RO BT A AL
JRAEIE PR A0 o b S TR R, X 24 43 FT i
IR VEAR ZR A I S0, TS S 1 T R DR ik T
P, SRR SRS A WA R0 AR S R (&
2), MFRW IR 100% FEBC(F2 kbH)RF, G
AEFEREIR 142 thm®, MR &5 7.56%, 5% LT
AbFR(CK) T 5 2 25 57 o 1X 26 B3 B Y 28T AR AR Ak
JIEL, {ELieE 5 b it P 2RO AR T e G = ik, X
“YPhpp LA ek e R AR 2 AR R G AR B
TE. BRITARSEPUR I, HEIK 200% FEEACAT KA
AT ARA R R, (H it R % 28K s K R AR
BEHT, /NEEPCK s 2 AE02 N i v A B AT B R
TE R AR A A fif /I P SR A AR 38 n , $5E  n
Mag R A, HARTALHS 38 A A M R | R
iz, dirEF C BRI A YA E & DA EC
Rahaman ZEB3 K3 @ (a0 #E— AL IESE, 38% A&
AR A E A4 K = 2 14 R B, AT (o e 4 o
i, X RFEMAR R ABEUFE RS AL T =R
DA B 5E SR A S P R 3R 5 RE RS IR VR AE KT
FEM A At FH e N AR Y- R G 3R I T
i 55 4 AU O R A o T A

WP ANEHEBNERYR, A HES
J& AR AEWOR 4 354 5T 14 [R) At 2 Wi g o 4
J&, KW e it T e XY s TS Y . A
T, MR ASRE TN DY K REE e
(AT 4 A N . ASER AT R, iSRS S R A R
H TR 4 B e TR LA B, 7F 200% N 28
THAN(F4 B 52 FERE PR 3 4 o mde i, (E IR
T GB 13078—2017 {falkt T AEbrfE ) YRR . A ]

YEY St 8 4 @ LA — e 22 5, SOF &R
RGN ALY E 5 R E R XK
U A TOTXG AN Ti] 4 b A1) FH 285 789 %) 8 YA XU 10847 4
BrAvEgr, S5 R R, AN [EBFH S A 1E W )T 75
IR /IN R BB G RS A TR R > 2 SR> AR A SR
TR 5 VAR B AS TR0 1) T 6 PR o B4 e XU A
IR SR ISR Ak, [ GB 13078—2017
ChpRE P A AR ) YT Hr 08 B B 4 I BR R (A A1
As. Cd. Hg & itfRE(E 00 2. 1. 0.1 mg/kg, /&
GB 2762—2017 { & &2 EEhrfE &5
R PR As(0.5 mg/kg)if) 4 £ .Cd(0.05 mg/kg)
) 20 f5 . Hg(0.01 mg/kg) 10 {5, RHIEZAFEA R
AW, FRARE IR, AR, R, i HE A
Sy G B A JE TS Y, v AR A,
Z U\ HHE TR BOF R BR E 4R o X AN
BT 2T X IABE BT Y KU, 3 PR LA g AR AT 8
PE, AFEGIHNRMAL T —Fh ST rI AT AR 7 % .
32 EREMNLERSSENEI

FEW S A A K TR 0 RSy R 2
REME HIEE Ty, $em AR ). BARR R,
Tt 2SR RE A Rk I ™ AR R, it
PO G T B LA LRGN, X ST AR R
— 3PS IRy PeESRUR . K
DL A ACAE PR FLrb i B A /U A T R b B i
SR FR, BRPIIENAG4ER . KRRSEE0T
Y AES A D IVE T o e e A A BILBT , OB
TR B FEITR N AN AR,
[DETE 275wtz SRS DS EER Vi i G e 1
FIB RS AT AR T 4R T A FE
Y RS Sy SR TR R B TEARTESE 2SI
g 200% AL (F4 4B 3PP . A .
LW . A RO R B R A B KO, B
FEMIH AN HE—E3E N, &R0 T BRI S

http://soils.issas.ac.cn



il

rA

55 3 1) EI A S S

=

&

PR 52 55 % - e otk 1) 520 579

X F U+ HEXT S R R RE AT IR 28 P 3R A bR
KRG AN IS, I8 A7 B 53 28 e IR 2 £
BaE A, WA A IR TN S A
Je SR T X AN () 2350 T LA B e it P A [ it FH A5
KT FEMTH AT 3R S ma R TS

AT SRV A0 X A 1 v A R RO )
AN B, R ZERO A0 B b TR A B
B, X HIRER AN DR B ERIRRsY
ZER - XATRe S RIEPHRIE S A G, 1
HR R LA ) A P B 25 A PR R A AR, X
EASHAN i Ta e, MELIOE Y B soR) ] .
1M HL, -5 m] B AR A ) FH 0% 705 P B R 2
B LRI AR 2 e IR A A X 5
B 7 i BORELER o B JC A i, (R DGR RS 1 4
T3V 0 F R, A FH 2SR R A A kb 7 R
SR RTFSTAER W], BRI AN 1 HE pH R AR
B, X — GRS S e, ELRR
TR R, FEERROAL 5 pH N,
X IPAER Sk IR ST A5 R — 8, (E15
FENE, WP ES Ca® . Mg* . Na™ ZE5 L
BT, R T REA AR T DI A R A, d R
- HEER FLAR R, DA B2 B o IR vh g ) Rl
i fb s 100,
33 EREMNNIESEESENTM

R BRI Cu. Zn, As L0 EH YR
R, X EETTRIE S IR N ARG g, e
KA B HE RSN, TE2ET5 IR AR B R Y, 3k
Y TCERE AL T E A8 NSy, XS AR i
KRR B BRIBE R, RAEARFRANIETT 2
4, HA3E As, Cu. Zn, Cd FEB W MALIEAL B
WM, RS AETE TR SR W X
B o 355 A A O YT 5 A R AL A S FR Al b T 4
Ja 15 Y RS PP B 25 SR — 3, Lo R B LB AL 3724
Y +EPE 4R Zn, Cu. Cd. As fAE AR E R B
I % ., 7EMEFH 200% N 289k (F4 AbFEI 135 Zn .,
Cu. As Fimhuf, HAmAR T4 b 145875 Y XU
R, BEE ISR, 3 - EE S R & R
Ko X5 RSB, EW Zn, Cu.
As 3 MPESEATRERLE THIERE ., Z W LAY
Wi, BF9E X M 4R Cd AR SeE ™, it FH 2%
W T Cd 2 RBUGEH, (HRFRR R
CA(K: i FR 0.002 mg/kg). X F]RESE FE W5 X 41
S, B Cd WAEYARERAL, BRI T4
FXT Cd (RIS G is . it — PSR 2 4

RN, RS T E R S FE i F X+ 1€ Cd A
RIRAF L AS RN, LS RL 2 Al RS XU

4 #ie

FEVRCTH G4 ) 08 A Pl PN T A Ak R A AR
R, i 200% N 2SO0 -3 A s R ASCR Fe
CIRTE 2ot = ut: ¥ S| NG W17 s (RO R TR N
OB R . BRI A2 i B e, 4% Cd
IR R . RSSO A R As. Hg. Cu,
Zn T ERCE FURIEA g, AR A E ST
GB 15618—2018 HAILxE (4 FH b - 175 Ju KUK 7 1E
{EL. SRTAT, 2o it FH 3K AT B 80 T /KI5 YL FN 4
JEE AR, IR S 5 T 385 TH AT,
DUt F 200% N 2800 B . 425 RENEE N 398 /= 11 far
FEWIH NI TR, IE AT RS T I E 4w . )R
JIPE N G B, RS R A ) AR, PR
AL . [FE, B~ R R f & A s & il T
GB 13078—2017 {falkl LAARME ) MIRREZR, 1]
AT LERE .

Sk

[1] A NRIEFE R R AT, Rl R FHIAT T
BRI T2 F T JR 4 40 Bl S8 FR Al 3 TAE Y38
H1. (2021-05-26). https://zzys.moa.gov.cn/tzgg/202105/
t20210526_6368443.htm

2] FBi, FE, B4R, %5 FEAF AR I vE e
Z B A KR R AR RS A A LR R [J]. H 3,
2023, 55(1): 53-61.

[3] JEEL, ®HF, R, 5. ERCR AR RS H ST
Esh P EVE RsZ IR [J]. L 3E243R, 2023, 60(3): 904-912.

[4] O, TRUL, 3E5R, . HEEITIRE KBS A
KB T—— DLW p A B E o B[] ok T/,
2023, 13(12): 49-53.

[5] ‘#ofdedh, FAaEe, sk, 5. OR[RIE 7 40 88 A 508 T ik
RAFNE S G ST 2N AFFE[T]. £33, 2019, 51(2):
305-315.

(6] XUBN4r, £, WkESS, % THWL H T A [F RO
AT 48 KR PN S 2N T[], SR
%, 2023, 32(8): 1507-1515

[71 BTk, BER, XA 5. B BHE R A =
iy PRI R A R (D], LI AR, 2024, 55(4): 1080
1088.

[8] BREEME, Tt T304, % HERBLEXHELER
YEVR A H 45355y RS BRI, amK
W RAE2ER (A SRR, 2023, 38(4): 684-693.

[9] Eh=uty, ML, SR, & AR5 K ZMEIEA
B % BG4S Y RN L vt A
R[], EERAIESY, 2024, 37(2): 359-370

http://soils.issas.ac.cn



580 + b %58 %
[10] e A RILFIE R E. H3ES PH EAYIE: NY/T [29] Cai J B, Ran Q F, Zhou J, et al. Effects of arbuscular
1377—2007[S]. db5T: A EAOL H AL, 2007. mycorrhizal fungi and biogas slurry application on plant

[11] e ARIEFERES. Lk 55 6 #645: LA growth, soil composition, and microbial communities of
FE9ME: NY/T 1121.6—2006[S]. dbat: sRrE g H R hybrid Pennisetum[J]. Sustainability, 2024, 16(19): 8416.
*t, 2006. [30] ZET5HE, BRILH, mAlfh, . Bk RAxEE N E R

[12] EZRMR. FRAR M : LY/T 1228—2015[S]. PE 855 4y FVE 4 8 & s 1 sg i [J]. 1L Ve Rl ) 2,
demt: HERRAE S A, 2015. 2022, 50(10): 1422-1428.

[13] EZEMLR. AR E: LY/T 1232—2015[S]. (317 B4R, EiErs, 20, 4. REEWE TSk
demt: v E bR AL, 2015, ED AR B A HE T A 2 [J]. 244, 2023,

[14] EZEMAR. FRARFEAANE: LY/T 1234—2015[S]. 60(3): 893-903.

Jent: AP ERRE T R, 2015, [32] 29, Z45Hn, LR, 55 AS[ER BEVE W B it FH 7 U0

[15] AT HEEMUIRY . 8. 4. 8. saoiile INEZRAER SRR, b ER KR, 2024,
KGR F IR G EE T HT 491—2019[S]. db&: 29(8): 86-94.

[E B E H RA, 20109. [33] Rahaman M A, Zhan X Y, Zhang Q W, et al. Ammonia

[16] EZERAEEGY B/, LHEFE 47, Ml A S8R volatilization reduced by combined application of biogas
TR R GB/T 17141—1997[S]. db&: slurry and chemical fertilizer in maize-wheat rotation
bR AR AL, 1997. system in North China Plain[J]. Sustainability, 2020,

[17] " NS ER RS, RIERTTRY R i, 12(11): 4400.

B BRI HORTE R/ RSO0k HI 680—2013[S]. [34] PMNBE, ELEH, Mhasds, & BIWN T HIERESR
dent: PEPEREE A, 2013, TRRMSZ W], WHLRAL R 224k, 2019, 42(5): 52-56,

[18] A AR A E R A . A HLUICHKE: NY/T 525— 90.

2021[S]. dbat: HrELE S RA, 2021, [35] R4, XUk, HAes, 5. B3k R X RE 3

[19] e N RILFE ISR, K SAMINE Gk K+ e & R AR W], RL PR B R 2, 2021,
TR 1 TH i SR A e R HY 636—2012[S]. dbat: 40(11): 2559-2567.

SRR AL, 2012. [36] L, ZEMfl, Aehsk, 4. VARG - R [ 4E

[20] H AR NRSEFIEFR RS, KB 65 FhoTERAille Y TE 4 m i R E T Meta A3 HT[J]. RO IREER}
BB A S B TR B HI 700—2014[S]. dtat: #E 22f47, 2025, 44(10): 2653-2663.

FREERLF H RA:, 2014, [37] ERTBAEMTRAETENS, BREHLZ MG EEA

[21] EZRFERY . KB 8. B 8. WMieE Rk . BRmEEEZRRE SHPIEEYRAE: GB
WAy EE B GB 7475—1987(S]. dtat: thEARMAE L R 2762—2017[S]. dbat: H EARAEH AL, 2017.

1, 1987. [38] Wang Z C, Sanusi I A, Wang J D, et al. Biogas slurry

[22] EFRTHWEEHLDR, BERMELE SRS, R significantly improved degraded farmland soil quality and
PRI E R E PLIRE RS GB/T 6432—2018[S]. b promoted Capsicum spp. production[J]. Plants, 2024, 13(2):
AU I EARAE S A, 2018. 265.

[23] HEFR G VBRI R, I E R AR B2 5 [39] Amlinger F, Gétz B, Dreher P, et al. Nitrogen in biowaste
S TP A SN TN 7 QN > N SN | LI 1 = < s L and yard waste compost: Dynamics of mobilisation and
E TGRSR GB/T 13885—2017[S]. Jb&t: [ availability—a review[J]. European Journal of Soil Biology,
Frifi i A, 2017. 2003, 39(3): 107-116.

[24] ERTGEEEHLAR, BEXREAEMERS. W [40] T/DN=, BRE, SKIGHE, 5. VHWRE WX e T 0% Fr 2R bl
FAREYIISE: GB/T 13082—2021[S]. dbit: v EARE H T IEBR AR R SR A R[], P ERE R, 2024,
fit, 2021. 40(29): 52-58.

[25] ERHGHEEEHAR, BERHEAEEERS. M (417 BIYRES, T3, 253K, 5. WEHEE w6 2% R 4 ik BR &
Hh AR BN : GB/T 13079—2022[S]. dta: thEbRiE ZRM PR A R AR IR (D). R T Ak 23R, 2020, S1(11):
H AL, 2022, 2757-2763.

[26] EFRNHEBEHALR, BEGEAEEZRAS. MR [42] Shim, X R, JEHE, 45 R EARAE T -+ 3 &R
HSR AN GE . GB/T 13081—2022[S]. dbnt: rh EARfEL SIS [T]. P E RSO 23], 2011, 19(3):
AL, 2022. 520-524.

[27] AESHER, ERNTHWEEELR. HHEASRE K [43] ZE, KR, R, S5 TBIBO BT R X A
FH Hb 4375 YL KBS B ARG T): GB 15618—2018[S]. . o RHTE W] K B RRRER, 2019,
dta: o EARAE S Rk, 2018. 33(3): 185-191.

[28] I FK i B K g A5 Bmy, A 1 [ FAR AL BRZE 5 [44] Zhang M Y, Riaz M, Xia H, et al. Four-year biochar study:

2. kRl BAEARUE: GB 13078—2017[S]. dtut: v EHR
W H AL, 2017.

Positive response of acidic soil microenvironment and

Citrus growth to biochar under potassium deficiency

http://soils.issas.ac.cn



534

JEI A SEEE

B
R 1=y 1

i T X G 5 S - M i ) R

581

[45]

[46]

conditions[J]. Science of the Total Environment, 2022, 813:

152515.

Sk, LT, BEh, S B T gt
FEE N R RE S 4 R XU AT 52 (0], AR Mk HLAW 27 412
2023, 54(8): 359-370.

Shi RY, Liu Z D, Li Y, et al. Mechanisms for increasing
soil resistance to acidification by long-term manure
application[J]. Soil and Tillage Research, 2019, 185:
77-84.

[47]

[48]

[49]

ik, CENRE, RO, G MR ERIRE kB E
4 )8 B4 S e [3]. Aok TR 24, 2021, 37(8):
195-203.

JBAE, SEARN, FREAL, & VLN RN AL IR E S
W4 R V5 Y 5 A SRR RS PN (1], ARl IRl
iR, 2025, 44(2): 398-408.

XU wE, HEA, AEME, 4. VORT SR M T B X AR
TS RIEYNESE E ERED]. BERE, 2019,

40(6): 2877-2884.

(FEHE: £ %)

http://soils.issas.ac.cn



