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Abstract

To investigate the effects of different application rates of decomposed sludge on soil fertility and
enzyme activity in nurseries, field experiments were conducted in Huangfa Nursery in Daxing Dis-
trict, Beijing. The results showed that the application of decomposed sludge significantly in-
creased the nutrient content of nursery soil, and the effect of improving the nutrient content in the
0~20 cm soil layer was better than that in the 20~40 cm soil layer. The increase in AN was the
highest compared to other nutrients. In the 0~20 cm soil layer, the application of decomposed
sludge at a rate of 3 kg/m2 (M3) resulted in the highest AP content in soil, which increased by
55.84% compared to CK; the application of decomposed sludge had no significant effect on soil
bulk density and pH, but the trend of soil enzyme activity after the application of decomposed
sludge was consistent, increasing or decreasing at the same time as CK. At the same time, soil en-
zyme activity was greatly affected by the application time, and the effects were different. The re-
sults showed that the activities of urease and protease increased with the passage of fertilization
time. Except for the soil with a weight of 3 kg/m? (M3), the activity of phosphatase gradually in-
creased with time, the other three treatments showed a trend of first increasing and then de-
creasing; the trend of sucrose enzyme activity over time is to first increase and then decrease. In
summary, the application of decomposed sludge can improve the soil quality and fertility of nur-
series. The use of decomposed sludge in landscaping is an important way for the resource utiliza-
tion of sludge.
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1. By

WG Ve TR T AR TG KA E S PR AR I UE Y, ERE AN TN B IR R E AR R
ore UEHER, BEEWTTLEERE RN 3K . Vs IR A RIRAE R N, HE St 2019 R ENS Y
FeE C T 6000 (LA E KR 80%11), Tilil 2025 4EF[E 5 Y8 &7 A4 23 mk 9000 JiIi[1], [FIRS, ¥59E
AbFR AL BB S5TE KRB BT, ST ERAL B R A BESEERR e . B EA. HRLL, TSR AbEE
A B 1 R REAF B BRI, TR IR . BTG R S B Re SR VAL B, AR ERAE AR
faifd, WAL, (HlETAEE EYRRE BRGS0, R 58 oK SRR R SRS 15 g, HACEE
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ARIAR . SR, XTSRS Y RS AT . AR SR R B A T TR A I U
[6], HIRAGFFAKVERTR 2 RF AVERRBAR[7]o SEFTS R HEAE AT UM R B HLAE T, o508 3 i (8],
[l A B T3 ks b s JR e, I AR, KRS, it Y5 Jeil A B T/ kst -+ 45
HHEL RILBES]. sbhh, TRt 2w R, AR A T RIS BRI A ALKy, I
M e EE R, EEANR . BRI, REEEE. MERESETIMEE, £
5EMAVN AR B2 IERDEYI A AR RRFIVED IR, 3B i E 2 50 E
b R AV A REAE N B AR AR IR, B R A e R R ) A AR A Rk A, PR
M X E S RGN REA IR . 75 LTI 2B S R G RN Fe b, 3l bk A AS I AL
BT AN AT B E FEAR[10]. H AT, STt A AL BN AR g A0 IR R VE R AL LTz, JFES
BAs 7 — € I TSR [11]

HFFE i e HE AL AE v [t P 3 sz, ROpis e IR A SR 225, IR ARSI T3 0R |
EARBERMSE, N R SRR AR B I K A .

2. B 55%
2.1, R
PR T AT IS VR HLE A6 T KX B 5 KA RS, HEEATS AR WL 1.

Table 1. Basic properties of test sludge
F 1 kIS REAR MR

TiH S
pH 1& 7.94
HHLUR g/kg 203
HBEIgkg™ 20.9
Hfg-kg™ 3.19
HBEgkg ™ 26.1
EC/pS-cm™* 1.27*10°
KR I(malkg) 6.77
S/ (mg/kg) 9.88
% /(mglka) 51.0
A I(mglkg) 228
SEEI(mglkg) <1

2.2. Wi

WS XA T AT R AL B, g 7 € AR —— AR SR K — B0 0, DA i~ 1 22 X
Ag, HERFEEREZW, SFEATERIREN . TRt g 1, fROKIRILRE iz .
o s IR 13 Sk, ZhREEMTME ., BE =AREA, 2022 FEFEAMLEE, |
IR MR A, S TE) R BEAT B e A B
2.3 MWt

2023 4F 8 J1, KU H A 58 e BEHLIX A vt , Rk g bk itk 7 955 m AR B = XA (/N X T A 9 30 mx
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30 m), FRAAFETG Ve B FAG B T WA, RSV T3 E) AR/ %) 4: 0 kg/m? (CK). 1 kg/m?
(M1). 2 kg/m? (M2). 3 kg/m? (M3), BEA&HE% & 1 fror. FAMCEE=AEE . A TOER 77
FoRE et e TR E, e R AR FRRIE . RN, BRI SRS, NX IR E R T, (A
& 3 m.

& cemReEa

Figure 1. Specific distribution of experimental sites and sludge application
amount

1 RIS HEI BAA S R SR B
24, FMmRESSH

i B BT SR4E 0~20 ecm Al 20~40 em A% A T ik it R A R, 4550k 2 fis:

Table 2. Physical and chemical properties of soil in the experimental site
Fz 2. WIHEHh T IEIR M R

= e 3 AHUR i 20 A Rk R
tRRE PR #EEBDYOCM™ oovygkgt  (ANmgkg?  (AP)mgkg?  (AK)mgkg
0~20 cm 8.11 138 7.55 34.84 57.3 258
20~40 cm 8.18 1.43 8.34 37.65 49.7 209

FREAM TR IS, & 1A SRR IR T B s, 3 AN JEE LI A . SR
HLAL R 52 3 pH {E, FRJJVENE 3R H(BD), HASERE AN INFA T V4 (KoCr0-H,S0, ¥4l 52 A HLH
(SOM) & &, Bl fRA H0idk il 52 il &U(AN) & 5, 0.5 mol/L NaHCOg, 3= 4 ——HH8A T b (32 5 33 X (AP)
i, 1.0 mol/L NH,OAC 242 — KJEEEEVE2: s A0 (AK) &/ [12],  BEl i bb e vk I e DR B /K A PR R
FEAE] NH3-N,3,5 — B K A7 R L 3kl L e e WE s 1%, 2 =P bb o kD 43 iR I g vs e, R
IR N B BRI R T SR R TS 1

2.5. BIEALTR

Rt A 2 PR H0GA[13] [14], 0 HIRIE ) LR AATLZE T . SR 3 M UbnitE, XTik#Er)
TRPRSHGHAT Y AL, BRSSP BN R, T SEBUANFR bR 2 8] ELE (LA, Ab 2
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A %
TR
MIEMEE T NG, BIC, < X, i,
Fi:Ci/xa(FiSl) 1)
HEtEE R TS, B X, <C < X I,
F=1+(C - X,)/(X, = X,)(1<F <2) @)
AR TR g, B X, <C < X I,
E:zﬁq-xgﬂxp—xge<ﬁs3) 3)
LE R T g0, BIC > X i,
F=3 4)
Hor, i N RIBNER > REL C O ROZ BRI, FOVEE AR E S RO, X, X, X,
NI ARRR

Table 3. Classification standards for various soil indicators in the Nemero evaluation method
% 3. NS HEED & TIBIERN D RIRE

g Z 5y Rt be
T HefEbR

Xa Xc Xp

pH 9 8 7
7 ¥ BD 1.45 1.35 1.25
AL SOM 10 20 30
TR AN 60 120 180
& AP 5 10 20
B AK 50 100 200

BEAh, T LR AL 1.14~1.26 glom® Z AR S ARAEY IEH A K TEH L, XA E LA A E
AR TP AA . BT XS AN F]VE B 30 B AR AL Ja BB AR ZE ORI R, X 2 E AR HEAL RME AT 1
R, KB, BARJSRIR:

M7 H C, >1.45 1,

F =1.45/C,(F <1) ®)

*11.35<C, <1.45H,
F =1+(C, -145)/(1.35-1.45)(1< F, <2) (6)

%11.25<C, <1351,
F =2+(C,-1.35)/(1.25-1.35)(2< F, <3) @)

%1114 <C; <1251,
F=3 ®)

Hx, MRSCEM S EEek, 5 HIRGE LR E T A 08
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n-1 ('Ei)z""(lzimin)2
n 2
X FONEIRMLEE TR E,  F TS AIE 4865 70 IR IR ECF A, n RN A E 18 bR
N R AR T FR bR R 1R EOR B /ME

3. ZR55H
3.1. FEIHEARAIRR Fhit IR R B GRS BE R E AR

B 2 W] 0, i P 25 e dont 3% pH ERg e AN R, AR FR(E] pH BB AAHE, 0~20 cm A
20~40 cm 4b-158 pH EE AL, it FH R 05 Je RE AR 28 pH E, (HERAEZE, AFALE 1% BD £
1.38~1.45 2 [aA], 7E0~20cm TjZ, M1, M2, M3# CK ZRAR3E, 7 20~40cm 12, M1, M2, M3
B CK EZRrARZE,

F= 9)

10

[ H:l Ocm-20cm 20cm-40cm [ H:l 0cm-20cm /] 20cm-40cm
1.61 a
a a a 2 a a a a a a a
81 - t : | a ? g T a T T T
/ / 14 E: / i /
~12
6 s
i 510}
= NS
= ~n 038
ar @
0.61
2} 041
0.2r
0 0.0
CK M1 M2 M3 CK M1 M2 M3
b Qb
(A) (B)
Note: Different lowercase letters indicate significant differences between data from the same soil layer (P<0.05), the
same below.

T ANFV/ING 7 RER A R S (8] (9 22 7 2 2 (P < 0.05), FAl.

Figure 2. Effects of different fertilization treatments on soil pH and BD in forest land
2. NEFEABLLEX A+ 1% pH &, BD KIS/

B ] 3 R, it FE S 3 8 = i T i o - A LS A e AR R, 0~20 om LRI, AHURS =
H R ZI/NEF A M3 > M2 > M1 > CK: M3 [ 38 HLT & & fe ey, 163 1 13.2 glkg, 8 CK 5 1 30.69%,
20~40 cm 3, HHUFR S EMKEVMECN M2 > M3 > M1 > CK; M2 [ H3EH PR S EiE, 5 CK
P T 20.38%; it 1 25 Ve 2 i T SR 4R 0~20 om 1 20~40 cm f 3% AN &, 7E 0~20 cm -2
i, 38 AN 28 KB ME RHES Y M3 > M2 > M1 > CK; M3 1)+ AN & 5 8, B CK 3 1 1 42.53%:
20~40 cm +3%Er, AN &8 M KEV/MEKCN M1 > M2 > M3 > CK; M1 118 AN &8 &5, B CK 5
T 70.31%. HAEAFEACALHEE T 0~20 cm Ak 138 AN &&= T 20~40 cm ARHL 138 AN &, Rk
AR BT TR LIRS R

AN e it A A B 1358 AP PRI G B 4 Ffrs, it 235 Ve 7 il n] Y2 2 42 v 0~20 cm AT 20~40 cm (1)
M t3E AP S . 7F0~20 cm 2, M3 AP & & KB MEEES N M3 > M1 > M2 > CK;
M3 {38 AP S E R, B CK 4215 1 55.84%; 20~40 cm 3%, AP &8 M KB/IMEK A M2 > M3 >
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M1 > CK; M2 bkt 118 AP & & fu s, B CK $&m 1 28.88%; it F J& #4375 e /™ i i B0 0~20 cm Fll
20~40 cm [ +3E AK & &, 7£ 0~20 cm £J29, AK & & RE/MEEESI A M2 > M3 > CK > M1; M2
(13 AK & B, B CK #2551 13.57%; 20~40 cm 38, AK & &M KE/MEIK A M2 > M1 > CK >
M3; M2 (113 AK S Efs, B CK &M T 21.39%.

161 90 -
4 [_10cm-20cm 20cm-40cm | 20 [ 0cm-20cm [77] 20¢m-40cm|
] -
a ? b ?
12t b 0r T a " a ’
c ¢ 60
5 10] b 2 b B 7 Z
& 2 Lsofr—
CRT e
g _ Bl b
(75} 6 <30+
4 20f
27 10+
0 0
CK Ml M2 M3 CK M1 M2 M3
QLT St
(A) (B)

Figure 3. Effects of different fertilization treatments on soil SOM and AN values in forest land
B 3. FEIHEAEALIE #hith 11 SOM {E. AN ERIZNT

80r [ 0cm-20cm 20cm-40cm ‘ 250 H:l Ocm-20cm 20cm-40cm‘
a B a
- a
70 b P a a b b a_
i L A :
60F 200F — b
P 50 ; Z c o 7 d
on F en
< § / < 150¢ 7 1
£ 40f £
Z 30} 2100t
20F
50F
10F
0 0
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Kb b
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Figure 4. Effects of different fertilization treatments on AP and AK values of forest soil

E 4. TEIHEARAIEX Mt 1% AP B, AK EHIFZN

Table 4. Comprehensive evaluation of soil fertility based on soil fertility index method
= 4. BT HREHIEECEN IR HEETN

s i F F
oH BD SOM AN AP AK
CK 0~20 cm 171 170 1.01 0.87 3.00 2.99 191 124
CK 20~40 cm 171 1.20 0.76 0.64 3.00 273 1,60 1.06
M1 0~20 cm 175 1.60 1.02 115 3.00 2.94 1.86 125
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Bk
M1 20~40 cm 1.70 1.10 0.92 1.09 3.00 2.89 1.73 1.12
M2 0~20 cm 1.88 1.60 1.17 1.18 3.00 3.00 1.90 1.32
M2 20~40 cm 1.84 1.00 0.95 1.04 3.00 3.00 1.80 1.20
M3 0~20 cm 1.82 1.70 1.32 1.24 3.00 3.00 1.95 1.30
M3 20~40 cm 1.93 1.10 0.91 1.02 3.00 251 1.70 1.14

2 4 w50, MEAE 100 KJ5, ASFEIASHEE 324 08 S Fe5(F)7E 1.06~1.32 2 [i], M 0~20 cm £ /=K
E, S FHRNEFER: M2>M3>M1L>CK, M2 4K F & CKIEE T 6.45%; M 20~40 cm +
EkE, SAFFHF/NMEFERN: M2>M3>ML>CK, M2 AHK F 5 CK #2557 13.21%.

3.2. A EIHEARALER R FA it - IR EE E 14 A RN

Jit S A K - ST 1 (B % e, BEPR| BRI DUEAA i, EUEAE AR FEXS 0~20 em IR E PR
Wil 225, AITLAKT 0~20 em (1) H3BREAT 04T, SUCASHE FEA XS 20~40 om ¥ 3R AR 3R AT RN 1) - 1R IS 1
.
3.2.1. AEIHEARLIE M+ RARES . HIREOR N

Wi 5 Frow, IR M B St AL i a) () ER 3G, RS R — N, & A ER RS 1 R I
N CK > M3 >M1>M2,M1.M2.M3 & (KT CK (p < 0.05), 8L F &34, 4% T & T 38.08%, 42.26%,
23.27%; H-AH, HIEMERIN ML>M3>M2>CK, M1, M2. M3 ZE&ET CK, T3 T,
Gyt e T 32.90%, 24.98%, 37.95, {H=/MbBHEZ AR E (@ >0.05); FH=H, HiEtRIAY M2 >
M1>M3>CK, M1, M2, M3 AR A REHEERT CK, 703 1 43.63%. 41.74%. 32.76%.

WIE 5 Bran, 3R W P B it AT S B ) AR T 3G, ARSI — N H S A ER AR RS T
I ML>CK>M2>M3; FHoAH, HIEFHERIHN M1>CK>M3>M2, M1, M2, M3 % CK £ 5
23, n BT 4.8%, —11.75%, —10.84%:; 7£ 58 =N, A & A RS 1 KR NRIUCN M1 > M3 >
M2>CK, M1, M2, M3# CK ZRr&E3, 7nlitE 1 18.60%. 3.12%. 7.72%.

1200
C_ICKZAMIRNIMZIXKIMS \ 407 CICKZAMIENMIXX M3 7@_
a
1000 | ﬁ_ﬁ . 35k } .
800 - w30[ N
) b = a
& =) b
a ;_ a a + E 2.5 —A—f R
= 600+ fz -
o N £20 N
B =
I 400 3 1.5
1.0 280 b
i W
0.5f
0 0.0 :
oy =M & A 5 H
ABBER (] AL BRI (]

Figure 5. Effects of different fertilization treatments on soil urease and protease activity in forest land
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3.2.2. AEIHEAEALIER HhME - SR RAELES . FENERE TR RS

Wi 6 Frow, MaAE S BEE IR RS, M1, M2 ARHb 3R ER B A5 1t KB NRIUNE AN H > 28
—ANH > B=AH, M3 MHLIER RS R KB N N =AH > F2AH > H-4H, ML M2
B I [ HEFS R I A ST s 5 PRI 3, M3 BE [AIHERE BT s sy . LSS —AH, & FR s iR g
TEPERIAY M2 > M3 > CK > M1, M1, M2, M3 % CK Z5 %%, 7 5l#¢m 7 -5.52%. 19.1%. 3.25%;
BANH, BACHEER SR RREHE ME RPN M2 > CK > M3 > M1, M2 #% CK 753, EFF7T 15.64%,
M1, M3 # CK ZRARE; F=AH, SOMHPWBRREEERIA M3 > M2 > M1 > CK, M1, M2,
M3 % CK ZR 3%, 7hlieE 7 12.28%. 15.17%. 60.25%.

AN [ A TR Ao AP s~ 8 Pl P v P B S TR B2 A 1) 6 o, R MRS 1 E D AN b EE R R IR S T
FEJE AR BAR A a3, BRI A RS , ML M2, M3 (AR 338 BB 1k e KRB RIS — AN H >
F—AH > B=AH, ML M2, M3 BER R HER R DU e Tt s AR ss, e EsE—1H, &
AL T ) EERE B PR BN M2 > CK > M1 > M3, M2, M3 4 CK Z 3 .2%, - Hl#EH T 4.45%. —17.38%,
M1 CK ZRARE: FAH, SR RS RN CK> M1 > M3 >M2, M1, M2, M3
8 CK ZREE, KT 13.31%, 20.91%, 16.69%; 55 =4~ H , %A FE I IEREBEE 1R RPN M1 > M2 >
M3 > CK, M1.M2. M3 %t CK Z& 53 2. 3 , MHh - 338 BB g 75 14450 CK 23 il 4 151 1 36.83%.28.42%..27.1%.

9000 - L_ICKLZAMIRNIM2DOXAMS 350 [ JCKZAMIRNIMIK M3
a ~a
8000 |
2 NE 3001 b
= 7000 b > ¢
=l Ny 52500 a 8
= 6000 .4 % b &b L}ﬁ ﬁ
£ 7 ; = ¢
£ s000f 4 ARA F200(
o 4000 & 150
3000 F &
& 2 100}
& 20001
1000 F or
0 A7 A e Y 0 A A Ay —
F—1H FMH F=AH H—1MH FAH
KT [R] AL T[]

Figure 6. Effects of different fertilization treatments on soil phosphatase activity and sucrase activity in forested areas

B 6. REIMGABAIER HhH RS YRR E M BN
4. e
4.1. ARIBHSRKET IR EM M REESEINFFETK

BT 25 e i) pH EREAR T 006 X L3800 pH E, i J5 13 pH ERSRIRE, (AR E TR
Bl HIEFESBURAN KR AR, ERFEMIX . SES A A SIS T R A [ AR A
[15]. HBAE 3 N H G, FBEE SRS AE AFRREE ST, BEARLE T 0~20 cm L2 & =i
FERCRAT 20~40 cm L2, REUHARKERRIS, X5 AL R —8[16] [17]. N IIELZEEHE
FFEHORE, AHaAE AL R A F BB, B IER WS A5 LIRS IR 48505 T s
HEA 5 B 22 R o Ay g, DRl e me A 2 B R L IR GR S I R R R E R R . HLRE
KE, MMEIEEN 2 kg/m? i, 13 0~20 cm Al 20~40 cm R R B A I TR BUR TR R, &AL
AbFE,
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4.2. AENSEKE T BB FFE

A IR S R G AT BB A AL 2 [18] [19], AN IR AR AL ), BRI LR
e LS AL, TEARIEE MU A RS R R NI S AL T T R G EEAEH . LR
s —/MNMEUR IV EYFRRS, SRV LIEAC M E ERAR[20], HOEMESZ 0% pH (H . IRIREL. MERRHE. R
SMRFESE Z R [21], RN, TSR AR S T B L R R TR OC R, MAEMRIThEES
NS A 5 [10] [22] H R AL AL 3 T A8 g Je IR BEEME B U RO 2, AHREE AR, TR
Ab BT - 438 A N - SR 4 A A R [23] [24] [25] [26] .

A, MARERSE—ANH, BRIREESL, MEARACERR) LI AR, BRIREE. IEMERE ST,
R AR EE AR, FART CK, T BRI AT REA2 6 2405 g b (1 B & SR ) 1 3B IR A LB 2 80 I P 7K e
TEFR[27] [28], B TSR N v B 77 2 AR R IR 1 38 S AR RS AR A IR B, i) T 3R EMiE 30,
M FAR T 3RS 1 [29]. 8= = H, M1 WEOEEESEE ST CK, ATRelEEZ M1 /24
NIEE AT, YRS IRIKEEINA 1 kg/m? i, ARt 3R TR R R IR, A (R TR
MR 7t ARk T HIREAEI .

RARSKE, BEERR R, FEORFMNAKMILEERT, LIBSEAGEREEER, BHms,
BN AESREWE, FROMERR, BEEHEA BT, Ik G RG5 IR RS AN AR =4
H, AFE-LIEIREGTE N 4 FREEE RIS, B & T CK.

—AEOUT, & A LR A R T RS R R K, (H R, BT PEREE[26]. S
SO TR AT (1) P T 2 PR A S M O B B DN R, I me T EON AR A M R A 1) A K R
fito Bk, 7EARRIIKIBRIT, TIRERE R,

ASCRE ST U X 75 TR BEAT 1 9286, dn R IR A B R A 2 A, % X TS e R kA
A%, TN R 5 YRR M X R A AT A A v B, N BB AT R T R T

M, TERAAGMEEZS. HERK, R 2R, ALY A AN R0 ) % B 72
R AR S 24 [30] [31], 1 bt )68 s e ot - S i % L AR AL RO, A5 Bh T S AT A FE
HAE AR LIRS R AR LR .

5. &5ip

1) JE5 E YR e FH e i v o ] 3R o

2) TEARBEFAIEEARICHIN , ST i 3mSR REE A L3 TG T AR A A 3
Fhi, EHE S 585 158 = A H HIRIREE S A LR R (RS A B s, IR R A +
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