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1.1 e e

R T 2020 4F 4 H 2 10 HAETE K AR X
e T A X PN RELO B b DO i 17 . 1%
BN 1125 m, HAET 5, 28KM85,
PIRE K 260 mm 247, AFFZE K & 2000 mm, &
WIRZK, EHSE 11.2°C, MWESV, HEBEE
B, A4EH S 3000 h, AW 1714, 24
KIFAE R X 2 —, & BRI RO A
Ko izt IKAS 1, RIERR LA R AL
5 9.12 g/kg, 2R 0.41 gke, LW 0.42 g/ke; W%
A 3847 mglkg, HAWE (P,05) 24.1 mglkg, HALH
(K,0) 162 mg/kg.
1.2 g sk

HERIEEL: I (N P,0; : K,0=0.16% : 0.24% :
0.04%, T B 4 F W20 e A BR 2 7 542
IREAKEEA0 d =9 ), AL NBRRZE (N 46%,
EAE TR RA R ), BRIEH %
TRES (P0546%, =g R ARARA) ,
BIE R B R AP (K0 50%, % 504 4R Ak T4 A
A7),

BEREOR R AR 587, VEYIAN—AF—3A
(4 ApE] ~ 9 AA] ),
1.3 Kt

R LLE MR (NP0, : K,0=32:12:8) K
i NEAR 4% RV W Y B A T ROE R
MR, RAPRHEZEZKFRE T, k74
AhFE, CK: AHEAE (N:P05:K,0=0:0:0), CF:
HHLMAC (N :P,0,:K,0=32:12:8), HRE
1043.4 t/hm?, HLjifi 743.4 vhm?®, 3515 W R0 22 T A0 &%
Bt 150 thm® BEAPAE— RS, Horh B B R
55 409.05 t/hm” . BRIRAN 240 t/hm’, T1: 15% TR +
85% fL B (N : P05 : K,0=32:17.4: 8), T2: 30%
TR +70% FLHE (N : P05 : K,0=32:22.8:8), T3:
45% B +55% FLAE (N : PO, : K,0=32:282:8),
T4: 60% IR +40% TEAE (N:P,05: K,0=32:33.6:8 ),
T5: 100% B % (N : P,05: K,0=32:48:8), %% kb
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(7 ¥k, T HERERERE SR . DREGTG R . R Al S
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Yint R, SR 42 SPAD-502 il 2 0 A4
K LG A N R 48 C1-340 W& Ot &
W BB KR HRCE . HE Co, W
AL R

MRARFE: TEYWORI, £ 0 BRI #—
|, AR 3 BRiERE, R 5E & REEE RS
BIRA, WARAMETHE)E, FH WinRHIZO R £
EUG AT RGP AR R KR . B, mL K
L MRRICEEEE IR

P TP RN BEHLEE 1.1 mx 2.0
m BIRETT, TEREBSHUIA 10 em AbGe—icE), )&
PREFTE
1.5 Hdabrg

RIEEHE LA Excel 2010 F1 Origin 2018 FEHLFH]
K15 SPSS 21.0 #4748 1400, JH LSD kAT &1
K, MK P<0.05 (n=5); R Pearson 7%
HEF ARG 73T o

2 ERESH
2.1 {RWRECHE A AT XS 438 B i 1)
2.1.1  {HIRECHEACAE RS TR Yy IX R A5

WK 1R, 5 CK LML, HAbb R B
ERRALT B EGE, AROEIN T AN A
LEBCE . W T2, T3, T4, TS5 4L BR#E CF
Ab P A 48 T A 3 ) R AR 73.4% . 77.7%
66.0% . 61.2%, T1 ABERBRARE . 5 CF ik
FRAH HG, 25 T8 AL B A 9 40 PR R A Ak,
T2, T3, T4, TS kb H 4 51 & 3 380 124.7% .
160.3% . 131.5%. 109.6%. T3, T4 % CF 4t ¥ +
S8 ik 4 KRR A ) S RN 312.5% . 182.5%, M
T1. T2, TS ZbHEHEMBORTC W #2257 bEA TR
Jita FH R G, A R TR S S R A A5 4k
B T2, T3, T4, T5 3 CF &b B4y 51 5 3% 3% i
121.4% ., 173.4% . 134.1%. 102.5%,

F 1 BREECHELE TIEMEMX R
szl FH (10%fu/g) 4 (107cfulg) HCLEH (10%fulg) SR (10%cfulg)
CK 2.60+0.11a 0.69 +0.10b 0.36 £ 0.14c 7.25£0.93¢
CF 1.88 +0.26b 0.73£0.11b 0.40 £ 0.02¢ 7.72 £ 1.05¢
T1 1.74 £ 0.05b 1.12 + 0.04ab 0.54 £0.10c 11.79 + 0.52bc
T2 0.50 + 0.06¢ 1.64 + 0.44a 1.13+0.13b 17.09 + 4.42ab
T3 0.42 +0.03c 1.90 + 0.48a 1.65£021a 21.11 £4.99
T4 0.64 £ 0.04c 1.69 £ 0.14a 0.65 + 0.03be 18.07 + 1.34ab
TS5 0.73 £ 0.05¢ 1.53 £0.14a 0.63 + 0.13he 15.63 + 1.52ab

HE: B /NS FRER AR 0.05 ACF E2 SRR, T,

B
o

2,12 THIRBCHE AL AE X - SFE B TS 4 ) S ey
R OO R R, ROk A
3 A A T R R A R AR . AN 2 T

7N, T3 AbPRIREE G e s, HORJE T2, T4 AR,

T2, T3. T4 % CF &b B 43 5 3% fin 38.0% . 41.3%.
35.9%, T1 % CF &b B3 fix i 3% 4 o A7 B A, H
WS AP AL A 2
S S5 CFANFRAHF, T2, T3, T4, T5 kb3 + 4%

x2 BWREHELIERT L IEEE SR (mg/g)

b3 JU it L WAL TREA G

CK 0.88 +0.07b 0.90 + 0.04a 0.93+0.01b 4.35 +0.46e

CF 0.99 + 0.16ab 1.00 = 0.02a 1.00 £ 0.12b 5.62+0.19d

T1 0.92 + 0.06b 0.95+0.03a 0.98 +£0.01b 5.72+0.51d

T2 1.27 +0.07a 0.94 + 0.05a 1.27+0.11a 10.83 £ 0.13b

T3 1.30 +0.03a 0.91 +0.03a 1.29 +0.02a 1391 +0.12a

T4 1.25+0.14a 1.09 + 0.06a 1.17 £ 0.04ab 9.32+0.17¢

TS5 1.02 £ 0.08ab 0.90+0.01a 1.00 £0.11b 6.13 +£0.47d
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Tl T2 G 0 T 38 05, FLp T2 T3 Ab Rk B
25, 4y B CF Ak B 2% 3800 27.0% . 29.0%.
5 CK AbFEAE, CF 5 78 YA it £ AT Ak 2 755 % ity
TP 35 S RN, L Y T Ak S Ak A g R A
B35 e = T CF AL EE, H BRT1. TS 40 #4035 5K
B2 5 T2, T3, T4 &b B4 % B AE Ab B
- S R A i TS 1k 0 B G G N 92.7% . 147.5%
65.8%.
2.1.3  VRVRHECHE AL AR ek 2 A5 i

ok 13 A SR SR TER AR o) | EecSwei ) 1) /=) 5
R fbka®h (£3), 5 CKA#AM e, HAiih
T+ IR IHEN, CF Kb A% 55 43 5 3 R 0 25
gh, H5 CK BT E 2. 5 CF AR,

it VR I T R A ML &, T2, T3, T4 4b
P A) 22 S B 2, Hodh T3 Ab BRSO A, 8 CF Ab
PR 25 0 71.5%. T1, T2, T3 %% CF Ab B + 3
AR A ) g N 38.1% . 50% . 40.5%. 5
CF AbSHAR LY, V8 W it A 0 Ak 3+ 98 2l 15 52 %)
AR, Hod T3 %5 CF Zb PR E BN 24.2%, T2,
T3. T4 Kb+ SEmfn A & i W3, &8 Cr 4k
PR3 51 G 3 B8 N 43.8% . 65.6% . 50.5%. 1A WD
it AT Kb B - A A% 5 s A B i, Horp T3
&5 CF A FR 5 2181 96.9%., 5 CF AbFRAH L, T2,
T3. T4, T5 4k 3 4 5o &4 8 5 /= 40 ) 2 35 15
139% ., 162.6% . 123.9%. 118.7%, T1 4k B3 JinxL
RA R,

F3 AEEHEWAER LB SRR
AbE AL (glke) 2%, (gkg) 2 (gkg) A (mgkg) F5E (mg/kg) B (mg/kg )
CK 5.29 £0.15d 0.37 £ 0.02b 0.28 £ 0.02¢ 11.79 = 1.11¢ 10.27 £ 1.27d 57.00 + 11.36d
CF 5.76 £ 0.59d 0.42 +0.02b 0.33 £ 0.02be 14.66 = 1.76¢ 19.25 + 6.04bed 82.00 £5.51¢
T1 6.16 £0.14d 0.58 £ 0.06a 0.34 + 0.03be 14.65 + 3.34¢ 20.80 + 5.51bed 102.00 + 3.06¢
T2 7.80 + 0.56b 0.63 £ 0.07a 0.37 £ 0.02ab 21.08 + 1.74ab 23.83 +4.69hc 196.00 + 4.16ab
T3 9.88 £0.49a 0.59 + 0.06a 0.41 £0.03a 24.28 + 1.59a 37.90 £ 5.14a 215.33 +6.89a
T4 7.51 +0.41be 0.45+0.01b 0.39 +0.01ab 22.07 + 1.93ab 29.69 + 1.90ab 183.67 + 2.60b
TS 6.53 +0.18cd 0.41 +£0.01b 0.37 £ 0.01ab 17.43 + 0.45bc 16.06 + 1.05¢d 179.33 +9.21b

2.1.4  JRRBCHEALAE XS 3 WA (SMB) |
FHHUR (SOC) K HAER M

WMFE 4R, 5 CKALFA L, HAAbFE A 1
SMB #1 SOC &3 m. 5 CF AP AH L, V8
T Bt AL AE 3% SMB Al SOC & B ¥ 45 288 n, H.
T2, T3. T4 Ab¥HAT W #2255 CF AHAH L,
T2. T3. T4 4b P 1 35 5 A= ¥ A ¥ i ik (SMBC)
SRR FEINS53.3%. 70.0%. 262%; +

AR AR R R (SMBN ) & 543 1) 5 35 5
161.7% . 195.6%. 85.1%; -+ Y4 ¥y &) = o
(SMBP) &4 0 2518 10 74.3% . 91.6% . 42.6%:;
SOC 4 i 140 35.3% ., 71.6% . 30.5%.

+ e A W R (qMB ) . SMBN/TN £ SMBC/
SMBN A R A 43 SOC A & & 77 & & 19 A2 L
AFVEY T TG F2 - HE RS B . qMB 2 -4 SMBC
T 5 SOC 7 43 e, SMBN/TN 2 + 352 W1 A= 4y

x4 BRESELIEIT SMB, SOC K EH L AR
hbH SMBC SMBN SMBP S0¢ SMBC/SMBN qMB SMBN/TN
(mg/kg ) (mg/kg ) (mg/kg) (g/ke)

CK 58.42 +1.31e 5.82 £0.48d 5.63 £0.24d 3.07 £0.09d 10.17 £ 0.80a 1.88 +0.03¢ 1.55+0.12¢
CF 79.96 +5.38d 8.43 +1.08cd 5.84 £0.59d 3.34+0.34d 9.64 + 0.64ab 1.88 + 0.08¢ 1.95 £ 0.33bc
T1 85.07 £ 4.00d 10.01 £ 1.12¢ 7.09 £ 0.49cd 3.57 +£0.08d 8.63 + 0.60abc 2.34 £ 0.02bc 1.91 £ 0.48hc
T2 122.56 + 1.64b 22.06 = 1.79a 10.18 = 0.99ab 4.52 £0.32b 5.64 +0.53d 2.87 £ 0.22ab 3.81 +£0.96a
T3 135.64 + 0.33a 24.92 +0.89a 11.19 £ 0.01a 5.73 +0.29a 5.46 +0.20d 3.04 +0.28a 4.71 £ 0.56a
T4 100.88 +3.27¢ 15.60 = 1.43b 8.33 + 1.14bc 4.36 + 0.24bc 6.61 +0.81cd 2.27 +0.25¢ 3.52 +0.43ab
T5 85.54 +2.70d 11.67 + 1.46¢ 6.68 £ 0.61cd 3.79+0.11cd 7.62 + 1.18bed 2.24 +0.18¢ 2.98 + 0.46abc
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AR 4 /0 L {E, SMBC/SMBN B - 3 73
YA ERA L, RFRAH, 5 CK AP
I, oAb b 35 SMBC/SMBN ¥ B& 4K, b CF. T1
5 CK AbPHE) T % 22 5%, T2, T3. T4 3 CF Ab#H
) SMBC/SMBN 43 1] db B . qMB Fifi ¥ 8 H 5t 1)
R SR 5 B A2k B, CF 5 CK Ab B
8] TG 2 3% 22 5, T2, T3 % CF b B4 51 i 35 34
52.7%. 61.7%. T1, T4, T5 4t B (¥ qMB & T CF,
2R % . SMBN/TN f28 {65 qMB Bk —3,
T2, T3 % CF Ab PR 43 51 i 25 W4 i 95.4% . 141.5%,
T1 5 CF AbFRAH S A AR, (A2 5%

2.1.5 MRS S YA W R T A OGP
53T

W25 frsn, + 3 SMBC. SMBN F1 SMBP 5
TP, 0. AR AR, SR )
Py i B IE ARG R, MRS 15
SMBC J SMBP A7 & & (ARG OC & W5 184
BB, &%, . WA, AR, A h R
W B IEADCOC R, AL AR S A LT . el
RETHK, SR . &0, A0, Bsdin 2
IEARSG, (EASCHEY R . EIRESE . HEREEEY S5
TR A O B I IE AR

x5 ITERSEMEVEYNERBEENEXXR

EiEaN AL 2 21 B AL AR S
SMBC 0.95" 0.78" 0.87" 0.93” 0.88" 0.87"
SMBN 0.95" 0.75 0.84" 0.93” 0.84° 0.89”
SMBP 0.95" 0.80" 0.80" 0.90” 0.85° 0.84"
EiEaN AL e X B4 AR B
Jig i 0.77" 0.54” 0.78" 0.92" 0.75" 0.62"
FUE =R iy it -0.09 0.18 0.02 -0.07 0.06 0.10
IR 0.76" 0.35" 0.67" 0.77" 0.69” 0.48"
FENH 0.56" 0.54” 0.72" 0.73" 0.77" 047"

Heeow . o 2RIRIRTE 0.05, 0.01 K FEFBE,

2.2 TBRECHEACAE XS FORA R & B B = i (A 5
2.2.1  TATRICE AL AR X T A A K R

Wk 6 s, TR WRHC G A0 A Ak B K bk = 3
CF ¥3hn, H T1. T2, T3AbFRE R EE, 43515
E W 59%. 155%. 23.8%, T4, TS 4k B 5 CF
LhHRTC B 25 5 CF ARFEAHLL, T2, T3 AbPRZE
FHL 0 ) N 11.8% . 22.8%, T1. T4, T5 kb3g

TREER. 5 CKAIAMIL, HEALALL B K SR
Ko SMRERER, SR AR R B %
Wme 5 CFALPEARLL, FCMEH AL BRI N T %
KR, BMRREA, BRI, HxREER
(B T3 Ab3 ) 5 B AL AL -5 77 VB0C it A AE Ak B T oK
WA AT R E 2R

xR 6 BEECHENEIEREKAZM
JhBL P (em) 254 (mm) SARE (mm) SEHEIER (em®) SRR (em®) MWRPEEHZ (mm)

CK 207.23 £ 1.67e 23.97 £ 0.96d 698 + 58¢ 234 +245b 7.85+0.70b 0.91 £ 0.05b

CF 280.22 + 3.58d 30.45 £+ 1.30¢ 1079 + 188h 337+ 10b 8.48 +0.48b 1.01 £ 0.07ab
T1 296.79 + 6.72¢ 30.60 + 1.24¢ 1188 + 94ab 340 + 17h 9.11 £ 1.95b 0.99 + 0.08ab
T2 323.58 +3.55b 34.04 £ 0.51b 1252 + 34ab 379 + 10b 9.17+£0.47h 1.09 + 0.08ab
T3 346.89 +2.10a 37.40 £ 0.37a 1447 + 124a 447 + 66a 14.09 + 2.88a 1.21 £ 0.06a

T4 289.68 + 3.39cd 32.14 £ 0.52be 1248 + 163ab 375+ 62h 10.71 £ 0.97b 1.14 + 0.08ab
T5 286.78 + 3.79¢cd 31.87 £ 0.89bc 1102 + 89ah 382 +25h 9.35 +2.44h 1.09 + 0.09ab

222 {AWRBECHEALAEXT F KM G AR Y 2 1] CO, W FE, r BIFEAR T 18.7%. 19.5% . 28.5%.

MmFETHR, SCFRAEAMHLL, BTS ¥z
AN, T1. T2, T3. T4 A FE Y B ZREAK T £ K i

13.7%; TRRBCHEALIEALEE (4 T2 kb 3R ) SALS
WE TR, HT3AMEREE, 8 CF L
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N 28.6%; VA A A B ) G 3 25 5
55 CF AR FEAR LL, T, TS Ab 3 A6 % 3 % 35 B
159%. 18.6%, HAAb¥ETC B % 25 5. A 4bHK
Sy ARG WAL, T3 AR, (A5

TN T i 2 25 5. TR SRR BCREsE n 1 FoKk
fyrtaR R G, T2, T3, T4, TS A A R
BN Ay E B A N 10.8% , 16.3%
13.3%. 10.7%:

®7 BREEULENERESEROZNE

ahm M) Co, e ’ﬁ?LTE'FZE 7%7"6%%33 %Eﬁﬁf KGRI W At
( wmol/mol ) [ mmol/ (m®+s)] [ wmol/ (m® +s)] [ mmol/ (m® +s)] (%)
CK 182.20 + 7.34a 0.38 £0.01d 35.61 +1.97a 7.58 +0.31ab 4.69 +0.12ab 38.70 + 1.78¢
CF 186.86 + 7.32a 0.42 + 0.02bed 35.02 + 1.24a 6.92+0.21b 5.06 £ 0.13a 39.20 + 1.22¢
T1 152.00 + 4.87¢ 0.51 + 0.06ab 38.45 + 0.94a 8.02 £ 0.35a 4.81 +0.19ab 40.66 + 0.55bc
T2 150.43 + 4.33¢ 0.41 £0.0lcd 34.37 + 1.09a 7.47 +0.23ab 4.60 + 0.04h 43.44 + 0.70ab
T3 133.56 +2.85d 0.54 £ 0.03a 38.79 + 1.61a 7.57 +0.17ab 5.12+0.16a 45.58 +0.73a
T4 161.29 + 4.05bhc 0.48 + 0.03abe 36.36 + 0.62a 7.55 £ 0.18ab 4.83 + 0.14ab 4443 +1.02a
T5 173.33 +2.19ab 0.45 £ 0.01bed 37.93 + 1.49a 8.21 +0.10a 4.62 +0.15b 43.38 + 0.70ab

223 IHWEBCHEAENEXT K 5 5

WE 1 FrR, 5 CKARBEAI L, H UG AE 58
RO AL AE AL BRI T EOK =, HBR TS Zb B
A, Bk FE R ECHE LB g, £
K TR S RRIR A, T3 Zb3 ™ s,
4 66.93 t/hm®, FHURJE T2 403, 5 CFAHLL, T2,
T3 b FE ™ 5 W E G0, 53 513 I 28.2% . 40.9%,
T1. T4. T5 5 HE AL TC R E 25 .

mi
@7
wi
mi

30

77 (thm?)

20

10

0

CK CF T1 T2 T3 T4 T5
vz

B 1 B&EEYIEXEXK 2R
T BRI/ NG 53267R 0.05 KT 1245 3.

3 it

3.0 TRIRECHEARIERT 138 B S
TIBEYS S R R AR, 1Rt
HUES RGP REEREAEM T s o

SR, G 22 A6 A it FH Y AT e A 9 0 R R
T2 A o ) S BN 91.16% F1 79.09%, ELTA
o I 55.03%, HIEEFEEGEE N, SR
YR/ FUDA LUIE A RRAR, AR & A 2 i3
i AR RN ) AR A R, TR
e it Ak A PT84 0 - 3R it B AR
ORFCHRTE AR B, fIMEMEEITR L
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Effects of biogas slurry combined with chemical fertilizer on soil quality and crop growth

LIU Min', JI Li-dong”, WANG Rui', SI Hai-li> (1. Agricultural College of Ningxia University, Yinchuan Ningxia
7500215 2.
Yinchuan Ningxia 750002 )

Institute of Agricultural Resources and Environment, Ningxia Academy of Agricultural and Forestry Sciences,

Abstract: The effects of biogas slurry combined with chemical fertilizer on soil microbial characteristics, soil nutrients and
maize growth were studied. The results showed that biogas slurry combined with chemical fertilizer and biogas slurry alone
reduced the number of soil fungi and increase the number of bacteria and actinomycetes. The number of fungi in 45% biogas
slurry combined with 55% chemical fertilizer treatment was significantly lower than that in conventional fertilization by 66%,
and the number of bacteria and actinomycetes was significantly increased by 160.3% and 312.5%, respectively. Biogas slurry
combined with chemical fertilizer significantly increased soil urease, phosphatase and invertase activities, but the change
of catalase content was not obvious. The application of biogas slurry effectively promoted the increase of soil organic matter,
total nitrogen, total phosphorus, alkali-hydrolyzable nitrogen, available phosphorus and available potassium, and the
differences were significant. Soil microbial biomass ( SMB ) and organic carbon ( SOC ) were effectively increased by biogas
slurry combined with chemical fertilizer. Compared with conventional fertilization, 45% biogas slurry combined with 55%
chemical fertilizer significantly increased soil microbial biomass carbon ( SMBC ), microbial biomass nitrogen ( SMBN ),
microbial biomass phosphorus ( SMBP ) and organic carbon ( SOC ) by 70.0%, 195.6%, 91.6% and 71.6%, respectively.
The application of biogas slurry decreased the MBC/MBN ratio, while soil microbial entropy ( qMB ) and soil MBN/TN value
increased, and increased first and then decreased with the increase of biogas slurry dosage. Correlation analysis showed
that soil SMB was significantly or extremely significantly positively correlated with soil organic matter, total phosphorus,
alkali-hydrolyzable nitrogen, available phosphorus and available potassium. Urease, phosphatase and sucrase were
significantly or exiremely significantly positively correlated with soil nutrients, and catalase was not significantly correlated
with soil nutrients. The application of biogas slurry combined with chemical fertilizer significantly promoted the growth and
photosynthesis of maize, and the treatment of 45% biogas slurry combined with 55% chemical fertilizer was the best. With
the increase of biogas slurry proportion, the yield of maize increased first and then decreased. The treatment of 45% biogas
slurry combined with 55% chemical fertilizer was the highest, which was significantly increased by 40.9%, compared with
conventional fertilization. Comprehensive analysis showed that 45% biogas slurry combined with 55% chemical fertilizer
could effectively improve soil structure, significantly improve soil fertility, thereby promoting crop growth and increasing
yield, which could be used as the optimal proportion of biogas slurry combined with chemical fertilizer.

Key words: biogas slurry; silage maize; microbial biomass; microbial entropy; relevance

76 —



