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Effects of biogas slurry application on organic carbon
and nitrogen components of alfalfa cultivation soil

RU Liyang', CHANG Huiqing"*
(1. Agricultural College of Henan University of Science and Technology, Luoyang, Henan 471023, China;
2. Henan Xinda Animal Husbandry Co., Lid, Zhengzhou, Henan 450001, China)

Abstract; A field trial was used to determine the effects of biogas slurry on organic carbon and nitrogen com-
ponents of calcareous soil planted with alfalfa. The study included treatments of control without fertilizer, conven-
tional fertilizer nitrogen, 20% fertilizer nitrogen content of biogas slurry+80% fertilizer nitrogen, 50% fertilizer ni-
trogen content of biogas slurry+50% fertilizer nitrogen and biogas slurry based on conventional application of fertiliz-
er nitrogen of 100% and 200%. The results showed that the contents of amino acid nitrogen and total acid hydrolysis
nitrogen in soil increased with the increase of the combined application ratio of biogas slurry. Compared with single
application, the contents of amino acid nitrogen and total nitrogen were significantly increased by 13.93% ~37.21%
and 8.22% ~21.71%, respectively. Application of 20% ~50% biogas slurry was beneficial to the increase of soil
non-acidolysis nitrogen. Compared with 100% biogas slurry application, the contents of unknown nitrogen and total
nitrogen in 200% biogas slurry application decreased by 9.01% ~37.00% and 0.89% ~7.87%, respectively. The
application of biogas slurry was beneficial to the increase of soil acidolysis nitrogen, especially amino acid nitrogen.

Total nitrogen was positively correlated with total nitrogen, amino sugar nitrogen and unknown nitrogen. The
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contents of humic acid, fulvic acid, free humic acid and organic carbon in soil increased with the increase of biogas

mixture ratio. Compared with single fertilizer application, 100% and 200% application of biogas slurry significantly

increased the fulvic acid content, 50% application of biogas slurry significantly increased the humic acid content,

and the ratio of humic acid to fulvic acid decreased with the increase of biogas slurry application ratio. Organic car-

bon was positively correlated with humic acid, free humic acid, residual carbon and fulvic acid. In summary, under

the conditions of this study, it is suggested that when the amount of biogas slurry is 100% nitrogen fertilizer, it is

more conducive to the accumulation of soil organic carbon and nitrogen components.

Keywords: biogas slurry; organic carbon; organic nitrogen; alfalfa; calcareous soil
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Table 1 Basic soil nutrients in the topsoil layer before fertilization

$8#5 Indicator BUA Value
2% Total nitrogen/ (g + kg™') 0.98
4= Total phosphorus/ (g + kg™") 0.78
48 Total potassium/ (g - kg™") 1.94
HHLE Organic matter/ % 0.85
pH 7.91
U Available phosphorus/(mg - kg™") 15.00
RN Available potassium/ (mg + kg™!) 231.00
Wi &l Alkali-hydrolyzale nitrogen/(mg - kg™!) 62.00

x2 HMABRERBUER
Table 2  Basic physical and chemical properties of biogas slurry

F84% Indicator HUH Value
4% Total nitrogen/ (g« L") 1.04
21§ Total phosphorus/ (g - L") 0.97
24 Total potassium/ (g - L") 0.44
pH 7.63
A ML Organic matter/ (g - L") 38.08
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Table 3  Fertilization scheme of each treatment

FLAE Base fertilizer/ (kg - hm™2)

JBAE Top application/ (kg « hm™%) S

Trﬁim N(40%) P,0s K,0 N(60%) Tgtf('lelrtrilllitzr:e)rg "
JRZ Urea TR Biogas slurry (100% ) (100%) PR Urea VR Biogas slurry / (kg - hm™2)
CK 0 0 0 0 0 0 0
100%C 48 0 139 158 72 0 120
20% W 36 12 139 158 54 18 120
50%W 24 24 139 158 36 36 120
1009% W 0 48 139 158 0 72 120
200% W 96 96 139 158 0 144 240
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Table 4  Soil organic nitrogen components content under different treatments

SRAET ahE MRMESR BRMEERESR MRMEEISE REARNESR R SR IR AR
Sampling date Treatment Acidolysis ammonia Acidolytic amino  Acidolytic amino  Acid hydrolysis of Acid hydrolysis of ~ Non-acidolytic
(y-m-d) nitrogen acid nitrogen sugar nitrogen unknown nitrogen total nitrogen nitrogen
CK 165.83+£65.00ab  228.62+16.23¢ 21.37+0.00b 175.61£31.52¢ 536.76£14.06¢ 248.50+25.16¢
100%C 99.57+30.73abc  261.75+24.79bc 8.95+2.03¢ 298.20£14.63ab  732.25+24.79b  390.64x12.99b
2022-08-01 20% W 96.25+26.09abc  238.56+16.23¢ 11.43+0.00c 266.72+67.58b  649.41+58.71b  490.04x14.61a
50%W 76.37+26.09¢ 241.87+24.79bc 11.43+4.06c 273.354£22.59ab  682.55+46.86b  454.26+4.87a
100%W  175.77£32.80a 298.20+8.12a 13.92+6.09bc 386.00+33.05a 884.66+35.38a 220.67+20.29¢
200% W 84.66+27.62bc  328.02+42.95a 31.31+4.06a 351.21+£86.02ab  891.29+61.45a 252.48+44.64c¢
CK 145.12+10.14b 268.38+8.12b 16.40+4.06b 223.65+4.06¢ 649.41£16.89d 409.86+12.48ab
100%C 204.76+6.09a 284.95+12.40b 43.73+£2.03a 223.65+4.06¢ 765.38+0.00bc 430.40+43.28ab
2022-11-09 20% W 107.85+4.06¢ 367.78+16.23a 23.86+6.09b 213.71£0.00¢ 758.75+9.37¢ 296.54+88.05bc
50% W 187.37+12.17a  377.72+21.47a 23.86+2.03b 273.35+4.06a 811.77+36.60bc  347.24+78.50hc
1009% W 117.79+12.17¢ ~ 384.35+12.40a 43.74+2.03a 248.50+14.20b  828.33+55.24a 514.56+61.86a
200% W 162.52+16.23b  390.97+16.89a 38.77+2.03a 156.56+16.23d ~ 868.09+12.40a 259.10£63.16bc

T RS NG PR R R — FEYOR [l Ak R A 22 57 8.3 (P<0.05) , Tl

Note : Different lowercase letters in the same column indicate significant differences among different treatments in the same crop (P<0.05). The same below.
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Fig.2  Soil total nitrogen content under different treatments
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Table 5  Soil humic acid( HA ) and fulvic acid( FA) content under different treatments

B (HA)

W (FA)

Ak Humic acid/ (g + kg™") Fulvic acid/(g - kg™") HAZFA/%
Treatment

2022-08-01 2022-11-09 2022-08-01 2022-11-09 2022-08-01 2022-11-09
CK 0.59+0.02d 0.41+0.00f 0.26+0.04d 0.34+0.02¢ 2.10+0.08a 1.14+0.00e
100%C 0.57+0.00d 0.83+0.14b 0.53+0.05b 0.43+0.06¢ 1.07+0.01d 1.79+0.07¢
20% W 0.57+0.04d 0.67+0.00d 0.34+0.02cd 0.34+0.05¢ 1.77+0.05b 2.16+0.00a
50% W 0.67+0.04¢ 0.88+0.00a 0.45+0.06bc 0.41+0.04¢ 1.50+0.02¢ 2.01+0.10b
100% W 1.09+0.04a 0.72+0.00¢ 0.67+0.07a 0.60+0.05b 1.36+0.06¢ 1.27+0.00d
200% W 0.80+0.02b 0.60+0.02¢ 0.76+0.06a 0.88+0.08a 1.07+0.12d 0.74+0.02f
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Table 6  Soil organic carbon, humic acid and residue carbon content under different treatments
e H L% Organic carbon JEEFFR Humic acid W FER Free humic acid
- /(g-kg™h) /(g kg!) /(g kg™h)
reatment
2022-08-01 2022-11-09 2022-08-01 2022-11-09 2022-08-01 2022-11-09
CK 7.29+0.23d 7.45+0.31c¢ 0.88+0.04d 0.83+0.07¢ 0.18+0.04b 0.15+0.02¢
100%C 8.84+0.30bc 9.35+0.19b 1.14+0.00b 1.19+0.07b 0.26+0.04ab 0.27+0.05b
20%W 8.39+0.06¢ 9.05+0.06b 0.97+0.11cd 0.91+0.10¢ 0.20+0.02b 0.20+0.06be
50%W 8.67+0.06¢ 9.09+0.52b 1.07+0.02bc 1.17+0.18b 0.25+0.09ab 0.23+0.04be
100%W 9.41+0.47b 9.54+0.42b 1.69+0.02a 1.29+0.00b 0.27+0.02ab 0.30+0.06b
200% W 10.23+0.42a 10.36+0.15a 1.73+0.12a 1.53+0.14a 0.37+0.06a 0.44+0.00a
e RS T B IR/ SR B 1R JR ik Residue carbon Btk /A DLk
T i Free humic acid/humic acid/% /(g kgh) Residue carbon/organic carbon/%
reatment
2022-08-01 2022-11-09 2022-08-01 2022-11-09 2022-08-01 2022-11-09
CK 22.79+1.80b 16.67+0.00cd 6.41+£0.27¢ 6.39+0.04d 87.91+£0.01a 85.94+0.03ab
100%C 25.00+0.00b 19.23+1.00be 7.70+0.30b 8.16+0.16b 87.12+0.00a 87.29+0.01ab
20%W 17.54+0.72¢ 26.14+2.29a 7.43+0.07b 8.13+0.14b 88.51+£0.01a 89.90+0.01a
50%W 29.35+2.58a 15.95+1.11d 7.57+0.05b 7.58+0.17¢ 87.63+0.00a 83.78+0.06ab
100% W 14.91+1.04¢ 20.00+1.63b 7.36+0.12b 8.53+0.10a 78.26+0.03b 89.62+0.04ab
200% W 23.90+0.24b 26.99+0.35a 8.21+0.21a 8.63+0.03a 80.330.01b 83.30+0.01b
x71 TEEERNENRASEXSH . .
Table 7 Correlation analysis of soil total nitrogen 3 T/TJA ]/[3
and organic nitrogen components
= e BB R B0, R R BRI
Index TN AN  AAN ASN HUN NHN TAHN s o B R S PN =
e — PEEREMIRE RS 5 ROC R N, I R E 45 & W), iX
| . .7 0911* 0923 .147 - 0914" - L —_ — 7 ML 1
AN 1000 0037 0093 0057 0.841"  0.067 B G LA A BOUR R DL R
AAN 1000 09107 084" 0429 09M™ " MATUE/A R IR R B EUIE R TR T
ASN 1000 0963** 0458  0981" " N o N -
HUN 1000 020 oomacc XN HIEREI S LR A H B, BERERE
NHY W0 035 LR BRI R | T LR MR
TAHN 1.000

T TN A2 AN R 2025 2605 AAN: SR FRZS A5 ASN: ZUSE Ml
AR HUN: RS NHN . AR A % TAHN PR B, =+
s 3R i E A (P<0.05) Rk i A1 (P<0.01) , FIH],

Note: TN: Total nitrogen; AN: Hydrolyzable ammonium nitrogen;
AAN: Amino acid nitrogen; ASN: Amino sugar nitrogen; HUN: Hydro-
lyzable unknown nitrogen; NHN: No hydrolyzed nitrogen; TAHN: Acid
hydrolysis of total nitrogen. * and * * indicate a significant ( P<0.05)

and very significant correlation (P<0.01), respectively, the same below.
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HIHE XM T

W3 8 iz B 3 B 5 H A 4 HEAT AR G
SYMT I, A LR 5 A R T S B R AR i
R B R IE MO R, M R A
0.772.0.762 .0.872 .0.695 ; Jil 5 % 55 Uire 15 J66 38 1R . 3%
R R AR R IE A OC R K R
H24 0.758 .0.655,0.805 ; Ui &5 J6F FH R 5 A% i flk . &
FLTR A B IE A O OC R, A IE R B BN 0.708
0.873; ki ik 5 W BLRR 2 B 5 IE M DG G &R HHE R
R 0.486, 55 HRR M B E IEHEE R, LR
M 0.628, 1T UL+ A HLAR A Z B A7 T7E— & A
Ktk

Rz H R T E AR AE R 2R R
FERAS B9 DI A 8 2% A A A AR i) A 2y =X
25 BEORWICME T 5 H - 3Em  J AR 4
WA AL, + 3w B S R RETE
VR TSC it L 81 P B v A R, 2 T R R FH R T R
100% ~200% FH 12 9 18 AL 3T L 25 58 v 1 1
LR B VAW LU R 50% ~ 1009% s 5 R 7
W, X5 Fan R STAE R —80, JEIE R IR
FERETEZS 43 Ry Uife B 65 B 1 R (45 6 ) &85 & 5 S
TR, 205 65 2 8 L T A6 0 3% PR AR, A ARl 55 43k e
DEEEN A T B S A R A B A R
BV O DRI IH AR g P B R v K A U S T
PR B i i LR, AW, e 2 8 5 R % 12 Bl
TRV BCHE Eb A3 1 4 o5 T 4 R, P38 21.86% , M
HYE 20% ~ 50% 5 AR ALAE S04k B X 125 65 A R 7%
A E RO BT
THAEPAR PR ARN ERAEES, K
AR S Ty, PeE R TE R A M AR
J g g RO T AR R R R K, AR R A
RESHBNFGE TR fif 2 0 e LU 48] B 38 m mT AR &
R R EREE S TR E A RIS AL
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Table 8 Correlation analysis of soil organic carbon components

LAY ALK JETH R S S T R BRI IR R
Index Organic carbon Humic acid Free humic acid ~ Residue carbon Humic acid Fulvic acid
ﬁ.ﬁl@% 1.000 0.772** 0.762" " 0.872" " 0.454 0.695" "
Organic carbon
ﬁ;ﬁﬁgﬁ 1.000 0.758" " 0.655"* 0.294 0.805" "
Humic acid
w?%ﬁ;iﬁﬁﬁa 1.000 0.708 " * 0.157 0.873" "
Free humic acid
ﬁ%@ﬁk 1.000 0.486" 0.628 " *
Residue carbon
HHHR Humic acid 1.000 0.060
& HAR Fulvic acid 1.000

RAMEWAEZES , HHEESE D RN, K0
Tt A ML RE AT 2 i v - R i Mk R e B A
IR KB it R RE S B R R R R
A, AU, TR B 2548 & T R
fife SAR I R TR S A& 1, IR S AR &
ok 754.89 mg - kg, I REH 67.99% , 1M &
SRS RAA VAL 5y h & AR, 50 AW 2
SRARAL 7, AT RS PR R R R b e - e
VAN EE R B8 W, 2 B R A Ry A S A W | )
FURE R RE 2, #F b B o R e A M A A AE
R R B IR 5 IR AR )
PR BT AR R AR AT i 0 2 e 4
AR LA RS A B e T L 4erp, 254
AR ST B, KU FH A HILAE AT 2 i
RS S BE (P N 148.7 mg - kg™ ) . AHFS
0 28 B YRR vt A it A I T 3 i R R i
RETRAAA i AR 2 8 A AR g 1
ARAE AN 3 5 3k 5k T B 2R T A AR A
FELE AR, R T IR S AU B AR I
b2 , At A 395, mT AR [ R T R A A
A R RSRAMEN L P R E WA SR, 1T
DL S 2R WOOR | R G R Tk 3] — A AR
SERTPIRAS . BRI A IS E IS A B 38 A
Z 6 T B A A B STERAUR TR R A A, H
B IR AR BRI 27.70% , T ZRFR S A (N-E
ARERERA AE a- R IR A MR 5%+
S8 )65 B IR A 3 R A 7 0 AR 4 TR ik R R [
BREEWABAERAC P AL, 2 + R A
PLEE B L i 4l oy, R R 5 76 - p
*/[{/\[31732] .

RAFFE B it A 25 el s+ HE 45 TR i S
G3AT LA, G v X g O R A R A3 A L 1 7 4 T A

KB GRS HNIR M S AAE Oy L4 rh 2
MAPLA, R T R W 1, W gk
FAE 4 S Bt ST e 5 R AR R W 2 SRR A B i 1 T
P PP AR KRS O A E Y BT
L ADETE P A LA A B B0 He R
BIMRUC : BRI AR SR BERER AER
FHBSR, X BRI e R — 2, R
TIHAHLRA o A R R B AT — e 3k, B
AR LAV EAA D 5 2R AT —E
ARH DGR o ARt R B4 R S W e SR
RS RMARME R R EFEM KR, H5HA
AR MBS FARFI B E

4 4 i

TRV P DA i - e i 2 B R A AL L R
RVECE TR VG L B AR
TR U7 B 65 9 TR AT MILAIR 2 et 15 I A O 5 e
MR LB R R, 58t AL AR AR L, R 100% F1 200%
AR AL 2 1)+ R i B /U RN R M s B TR S A
A3 B 8.22% ~21.71% M1 13.93% ~37.21%,
+ 4w R ) W E A 0.14~0.23 ¢ - kg ' F10.17
~0.45 g - kg™, 5 100% 78 AR AU it FH 40 BE AR
Et,2009% 78 & AR 8 280 M it FH A 38 1) - 398 0 i 2
RARMESEMER G T 497 mg - kg’
34.79~91.94 mg - kg ' F10.01~0.10 g - kg™ ; 1A ite
FHRT 5 5 IR i A 3 o5 L, 0 H R IR i A B R A
Ao MM E R R, 2 A5G S A A
PSR ARG RS JE TR i 2 T IR |
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