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Response of grassland soil CO, emissions to urine addition under
different sterilization methods
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XIAO Xiangqgian'?, FAN Bo'?, CAI Yanjiang'?

(1. State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China;

2. College of Environment and Resources/College of Carbon Neutrality, Zhejiang A&F University, Hangzhou 311300,

Zhejiang, China)
Abstract: [Objective] This study, with an investigation of the variations of biotic and abiotic processes driving
soil organic carbon (SOC) mineralization affected by livestock excreta deposition in grazing grassland
ecosystems, is aimed to provide new insights into better understanding of the response and feedback of soil
carbon pool changes induced by anthropogenic activities to global climate change. [Method] In this study,
SOC mineralization rates (as indicated by CO, emission rates) were measured of the soil of an alpine meadow
added with different rates of urine (0, 250, 500, 750, 1 000 kg-hm?-a') under different sterilization

circumstances (no sterilization, autoclaving sterilization, chloroform fumigation sterilization), while the soil pH,
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dissolved organic carbon (DOC), total dissolved nitrogen (TDN), soil organic carbon (SOC), total nitrogen
(TN), ammonium nitrogen (NH,-N), nitrate nitrogen (NO;-N) concentration were simultaneously determined,
so as to explore the differences in the response of biotic and abiotic SOC mineralization processes to urine
addition. [Result] (1) The addition of urine promoted CO, emissions, which increased with the increase in the
amount of urine added under different sterilization methods, demonstrating a positive correlation between soil
CO, emissions and soil pH and NH,-N concentrations (P<< 0.05). (2) Soil CO, emission was inhibited by
sterilization, and the inhibition effect of autoclaving sterilization on soil CO, emission was significantly higher
than that of chloroform fumigation sterilization (P<< 0.05). (3) The CO, emission from biotic and abiotic
processes both increased with the increase of urine addition rate, with the contribution of biotic process to soil
CO, emission being greater than that of abiotic process. [Conclusion] Urine deposition can promote soil CO,
emission from biotic and abiotic processes, with more contribution from the biotic process, however, the
contribution of abiotic SOC mineralization to soil CO, emission should not be neglected. [Ch, 5 fig. 1 tab. 42
ref.]

Key words: soil sterilization; bovine urine addition; soil CO, emission; organic carbon mineralization; biotic

and abiotic processes
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1.1 ikt

R BT VU A BA] 0 92 T A Y N 2R L BT P9 b R 2 e A R 55 00 AR S R G
(32°58'08"N, 102°37'08"E, 4N 3 450 m)PY, WFFE XAE SN 1.9 C, B H B m iRk 20.0
C, EWEKER 747.0 mm, Hr 77.0% £ PTEAERKD (5—9 7)Y, BRI S SR ), AE L
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5T X T 2014 4 5 A FF GRS MEEEH, 2020 4 7 H 38 i F5 BURE ik A 45 E 0~20 em + 2 A9 +
e, FEOMRSIBIBRIR R . AHSERY) . KR SRR TR S, T fLAE R 2 mm AOANEEETE, 2t
& BEHRA KT+ T RAE SR B B 2, A 3 pH 5.71, HHEA MY 63.84 g-kg !, &
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1.2 EFLW
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HEREK i (WHC), #EBEEH 20 °C TSR 7d. BUGFRBINAERE 1 d #hFe 35390 P K 3 DURIIE B /K A
o ST S AMERGREE (% 0. 250, 500, 750, 1000 kgehm 2-a™t, AH4F 455 Fh B Y AU

15 Fphb e, AR 4 ANERE M FIREBIGR, ZERAJREERS B 5 kAR, KP4 IR
I WRE177g L, BRI 74g L', WUEFER 02 L', JREEX 04 gL', JRER 0.1 g L', 41k 0.9
g L' BRIREEN 142 g L', &AL 105 g L' B Be B A AR (9.0 g LY, FisFReE k5, K

C F1 0.3 MPa 5 T KT 30 min, S5 78 KT LIRS A THRES, 78 2 Al i B pi rh 23 il
A 30 mL &5 (A A1 ED . 30 mL Fi & A kgl , FTIF IRz 5 O IRT], e i e S iR T 2
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(BT KR R ZETRK R K ) o 3 S K B E 60% TRk E, SRIE B FE RN
T, PH A I A 2R R N A SR e A5 K (0.22 um JE BRI B R B ASAY), MRS CO, HATR
SHERI R TEE 2SS CO, MR, B FRIE T 20 C GETE = H E¥W ARk E) #5355 N
WGP THFR , BigR 6 h (MR s HIEHERY CO, EEEhAEI N, H 3 K 5 RO AR I A
AEAS BT HbAERF) J5 e R %) CO, RS- 45 .
1.3 54RE

15 CO, RS EN A2 : FHEX 20 mL 38 A BF IR I o 28 SAE R R AUAR, HiFk6hJa, SLRATAH
TS ASAE RN R RE R PR 20 mL AUARRE Sy, AR (3% (Agilent 7890B) M SAAE 1) CO, 14
FUME MRAPERE IR I BCARRE S i) COy R B (11 158 CO, HElcEi %, HatBAh

EkzixﬂxﬁxngxLo
2247 Py T " At T M 1000
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FIH Excel 2019 #EATECHE AL, ZEAG IS 1 B0 9 IE MR 7 2255 J5 . R SPSS 26 By HLAE & 75
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Figure I Cumulative CO, emissions from the soils affected by Figure 2 Contribution of biotic and abiotic processes to cumulative soil

sterilization and urine addition CO, emissions under different amount of urine addition
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) TR R 86%~95% Fl 5%~14% (K] 2). FEIRM TS INEEA 500 kg-hm>+a™ B, HAEA )t BT CO, HEK
B BTk K, ik 14%; 1E R NN 250 kg-hm 2-a™' B, 2B ¥t B2 XF CO, HERL (19 ST Mk i K, 15
95%.,
2.2 TEEIE{LISRR

AR, AR . 4 RT3 B PRV S N A 34 I SR S pal e 5, H 8 pH, AT
PEEHLR . BETE R BAR . MR RIS, Hep pH, nlEEA IR . fSASEAEANF IR
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Table 1 Effects of sterilization and urine addition on soil chemical characteristics

Kt PRI, AR SR/ o AR R A AR
(kg:hm™ah)  (grkg)  (grke) (mg-kg™) (mg-kg™) (mg-kg")  (mg-kg)
0 63.95a 6.20 a 6.08 ¢ 26532 ¢ 4576 b 92.95b 20.77d
250 59.58 b 557bc  6.24d 277.86 ¢ 66.63 ab 165.81 ab 21.48 cd
AR 500 56.97b 5.55¢ 6.36 ¢ 320.48 b 96.41 ab 25475 ab 25.07 ¢
750 59.30b 5.80 b 6.48b 337.21b 13236 a 348.65a 4874 b
1000 57.90 b 573bc  6.6la 396.17 a 150.13 a 330.67 a 53.27a
0 55.35a 540a 5.50a 1439.26a 101.44 b 117.43 b 3435b
250 55.15a 543a 5.50a 1480.46 a 13223 b 129.29a 35.55b
F AR 500 55.40 a 553a 5502 1536.71a 159.28 ab 124.44 ab 49982
750 55.13 a 545a 548a 1579.73 a 171.40 ab 118.96 ab 4334 ab
1000 55.43 a 535a 548a 1548.92 2 189.43 a 120.87 ab 41.60 ab
0 53.60 b 515b 5.64d 250.07a 59.05d 106.59 b 35.19b
250 56.90ab  553ab  5.85c¢ 242.11 ab 66.95 ¢ 140.95 ab 36.39b
AKE 500 57.40 ab 5.60 ab 6.03b 222.34b 76.45b 195.46 ab 50.82a
750 60.43 a 580a 6.152 243.17 ab 9243 a 24557 ab 44.18 ab
1000 5530ab  5.10b 6.23 a 237.76 ab 97.45a 292.04a 41.98 ab

LA ARG T RERIR ] — I 7 AL R AN [ PR AN I e 2 [ 22 55 1. 25 (P<<0.05)

23+ CO, HMER S TR L R MR
HCAMHT (P 3) BB HHE CO, HE it 5 + 8 o, 08
pH. BEAK. MIAES BHIEMR (P<005), 54 20 00
B AL I AR At ™ ‘9 e ey
T O, BRI ST R (e "“ 0
BRGSO I () PR BT B G, 5k on | . ® Y
FERIAT, BRI ST T s (@) @ 06
RKEI AT R A 158 CO, HERURE S LHETHE nopn | o X o8
A BUB T A SR BIE ARG, 20 R A K A R
AN RAALIUR ) CO, R 5 AT IR AT LI . =S
TR AP SRR ARG (1 4. EFRERIEL e e e i Moot TN,
R HIR TP DB R A, ST R B =009,
AT AT DU 5 CO, HEMCRHAGHER 5k, i CENES POy PR

M:E'Z}Jrﬂﬁ *H 3@ o Figure 3 Correlation between the soil chemical properties



1246 LA 3 Nl N =+ 2023412 A 20 H

M AAE A D) BEHERC CO, 3945 e R PR A HLER B B IEAHSE, (AR SR A Y R xd £
HE T H A ML A9 U AN R, A U S (T SA). LR AR AR WA HLBR BT AL IE AR SC Y
(K 5B), ARAWpad ReXs 3 CO, HRI Y TTik-5 3 nl i MEA BLBR AT AEARSEE (18] 5C),

= 60 7 - 50 -

e K 1o 2R OK T ST B K

T 50 F 6 o o0

on oo o 40 Mo ()

5 40 51 000 2 ? ° °

i 4 + ° B

=0 ® °c0

R y=0.27x-57.76 3 ° ° I

K i R>=0.823 2+ s °

B 10 | P<0.05 L 10 -

s oo 1 ® @ 00 o 0© °

U 0 1 1 1 1 ) 0 1 1 1 ) 0 1 1 1 1 1 )
240 280 320 360 400 440 1100 1300 1500 1700 1900 210 220 230 240 250 260 270

AL WL (mg - kg ™) AR WL/ (mg - kg ™) YA HLBR/(mg - kg ™)

B4 REAXEHXAE T LR TERFIEL CO, ZRIML TN F

Figure 4 Relationship between soil dissolved organic carbon content and cumulative CO, emission from the soils affected by sterilization
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Figure 5 Relationship between soil CO, emissions from biotic and abiotic processes and soil DOC concentration
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CO, HERCAERA T, (BRSO ki, IS as R DT FLE B S 5 (1

4 Hip
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