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Abstract:  Objective The effect of warming on the accumulation dynamics of microbial necromass is of great significance to
the balance of soil carbon(C)pool. However, the impact of climate warming on microbial necromass is poorly understood. Thus,

the objective of this study was to evaluate the responses of microbial necromass to climate warming and the main factors
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controlling this feedback. Method In this study, a meta-analysis was conducted to reveal general patterns of climate warming on
amino sugars (microbial necromass biomarkers) in soils under grasslands, forests, and croplands. Here, 12 published publications
from international and domestic journals were collected and extracted independent observations that met our criteria (29 for total
amino sugars, 35 for glucosamine, 39 for muramic acid, and 25 for galactosamine). Result The results showed that the overall
effects of warming could promote the accumulation of microbial necromass. However, warming effect sizes on microbial
necromass were not consistent across different ecosystems, with the most sensitive responses occurring in cropland. The response
of fungal and bacterial necromass differed under climate warming. Specifically, warming significantly increased the content of
galactosamine and muramic acid, with an increase of 10.3% and 5.0%, respectively. Together with the significant decline in the
ratio of glucosamine to muramic acid, the results suggested that warming benefited the accumulation of bacterial necromass
compared to fungi. Also warming significantly increased the proportion of bacterial necromass to soil organic carbon (SOC),
while the contribution of fungal and total necromass to SOC did not change significantly, suggesting that the contribution of
fungal-derived C to SOC was weakened under warming scenarios. Warming magnitude was a key factor affecting the
accumulation of microbial necromass. For instance, the accumulation of microbial necromass increased by 2.7%—14.6%, when
the warming magnitude was less than or equal to 2°C relative to unwarmed control. However, when the warming amplitude was
greater than 2°C, the accumulation of microbial necromass was decreased by 8.0%—14.3%. Interestingly, the duration of warming
was an important factor affecting the accumulation of microbial necromass. Conclusion The results demonstrate that warming
has significant effects on the accumulation dynamics of microbial necromass and their contribution SOC pool. The intensity and
direction of the warming impact are largely dependent upon ecosystem type and soil depth, in which warming amplitude,
warming duration, and mean annual precipitation are important factors controlling the sequestration of the microbial-derived C
under global climate warming.

Key words: Climate warming; Soil carbon pool; Microbial necromass; Influence factors; Meta-analysis
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Table 1 The list of references associated with data analysis
275 3k HPR A HERG e 2 KR ] TR E
MAT/C MAP/mm
Reference Site Ecosystem Warming amplitude/°C Warming duration ~ Soil depth/cm
[12] 37°53'N, 114°41'E A H 2 9a 0~20 12.2 481
[13] — R 1 9a 0~15 — —
[14] 34°51'N, 92°56'E B 0.4~1.4 3a 0~20 -3.8 383
[15] 31°30'N, 120°33'E A H 2 8a 0~15 16.0 1150
[17] 31°38.5'N, 92°0.9'E R 2 6a — -1.28 430
[18] 43°30'N, 124°48'E 4 10~30 28d 0~20 5.0 —
33°20'~33°36'N,
[19] FeiN 1.6 4a 0~10 15.1 894
111°47'~112°04'E
[20] 37°36'N, 101°19'E H 5 2~3 2a 0~10, 30~40 -1.2 489
[21] 30°51'N, 90°05'E H 5 1~1.3 Sa 0~20 1.3 477
[22] 42°02'N, 116°17'E H 5 0.74~1.17 4a 0~10 2.1 382
[23] 34°51'N, 92°56'E 5 0.1~14 3a 0~50 -3.8 383
[24] 26°19'N, 117°36'E FEN 5 4a 0~20 19.1 1749

. MAT: 4R35 0R; MAP: oK, “77 Rk R IE R EE. THE. Note: MAT: mean annual temperature;

MAP: mean annual precipitation. Data not reported in the literature is represented by “/”. The same as below.
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GL: grassland; FE: forest; CL: cropland; TAS: Total amino sugars; GluN: Glucosamine; MurN: muramic acid; GalN: Galactosamine;

MN/SOC: microbial necromass/SOC; FN/SOC: fungal necromass/SOC; BN/SOC: bacterial necromass/SOC. The same as below.
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Fig. 1 Overall effect of amino sugars (a) and the effect of amino sugars in different ecosystems (b ) after warming

SR, HEEATE+ (520 cm) EEAERA B E1E
RO, FHIGINT 22.1%, HGUEGF MG . Rk
fig Fa S UM W R (& 2a),
FEAS[R) 0 356 T 0 5 T, 8 R A o 5 YL 174 i
R ABATR] (& 2b ). FEHG IR /N T 48T 2°CRY T L
T, B A% G R BB R R R R S
MYIEZLN , fif G N . LA A . MRERR . &
FERFUHE I T 2.7%., 3.1%. 14.5%F1 9.8%;
HORIEEE KT 2°CHy, M. AEMEaHNE
FAPFUBE S R MEME T 11.9%. 8.0%A1 14.3%,
L R i G W 5 AR A
MR AL RS S R s, AR SOKE
ANTRI GRS TS (<3 4F ), il (3~54F)
I (55 48 ) =41, S5 RURR Y3 TEAFLL )
Xof IS SRR TE] (B 2¢ ), BEIRESRNF T
3 AR, VA | E A A RE R Y TG AR Ak
R BN T 10.6%; HEIRME 3~5 4E0,
IR T ek, BN | L AR R
LFUBH B T 8.8%. 6.4%H 14.2%, hiffiBERRIC
AR HIRRE KT 5 ARR, RS B

B MRERR Az e U S S BN, GRS %)
H53%. 9.0%. 21.8%%19.7%.

TR T R RS, K2 B
AN, RVELMERON R . R RN [ A I FLbE
RMVAES SOC R H 2 i3 EAHE (R=0.57,
P<0.01; R=0.63, P<0.01; R=0.48, P=0.034), &
BE O ON 5 A A P R R0 AN AH G
(P>0.05). UbAl, B SEBHR0N (45 2 2 sl sk
NAE 5 32 (TN) ROV AH A R A 3%
(P>0.05 ). b2 BME 500 MH AN 25 = L B RON (E 5
BRI P Z MR ARG R, RIS 0 5
HER B R ARG HEA 2 (P>0.05) (£ 2), TIE
G JE W XT38 R 1 i 07 37 ) S PR AR ST 2 R K S
( MAP) B5ENA . 2 B RN E . 2 5 2L AL
NAE 5 MAP I3 fiAH X ( R=—0.43, P=0.02;
R=-0.52, P=0.013), S ZFEPIRONAE . HRE R 8500
(H 54 YRR B A EAR B3 (P>0.05). 2R,
KR S . A S A . MR A L
BEAGSZIR SAE R (MAT) BRI R BN, bl
BRI A I C W 1 sh Atk (% 2).

http://pedologica.issas.ac.cn



51 PR S . JET Meta 43 HT (03I 1 G Y aR AR B 1449
. ) ) ]
) TAS b) TAS ) TAS| .. -8+0.023 (8)
L0~20 em ®-0.009 (25) L <2 @ 0.027* (23) 088" (10
1352 @~ —0.088* (10
I >20 cm —e——0.055(2) F>2°C —@— —0.119% (6) I>5a @~ 0.053* (11)
GIN | )50 o d o o8) GIN | e 0.0.031% (26) GIN| <3a & —0.005 (16)
1352 —@—-0.064* (8)
F>20 cm —@— 0.221* (5) F>2C —@— —0.080* (9) L5 4 —@— 0.090% (11)
MurN Lo 50 ¢m ©0.075% (32) MurNL e 0.145%(30) @ MuNt<3a —8— 0.013(16)
1352 —@——0.024(12)
1>20 cm —8—0.030 (5) L2 —@——~0.003 (9) s 0218 (11)-0-
GalN 13 20 ¢m ©0.037* 21) GalN1 <>« 0.098* (19) @ GalN| <3 a —@—0.106* (8)
13-5a-@— —0.142% (6)
1520 cm———@—————0.106 (2) 52— @— —0.143* (6) s 00097+ (11)
F>>a . "
10 -05 00 05 10 02 -01 00 01 02 02 01 00 01 02 03
JAR R HE (RR,,) SRRz e (RR,,) It 7 L (RR.L)

Weighted response ratio (RR,,)

Weighted response ratio(RR..)

Weighted response ratio(RR,.)

B2 3l B ERRE (a), SRR (b)) RIETEIE (c) X S al Hp i R

Fig. 2 Effects of soil depth (a), warming amplitude (b ), and warming duration (¢) on soil amino sugars after warming
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Table 2 Correlation between soil amino sugars effect size and soil organic carbon (SOC) effect size, soil total nitrogen (TN) effect size,

warming amplitude, warming durations, MAP and MAT

B YRR . . 4 O BRI 1
‘ SOC i fE TN 0% i
0N H Warming Warming MAP/mm MAT/C
In (RR) of SOC In (RR) of TN
In (RR) of amplitude/C duration
amino sugars R P R P R P R P R P R P
TAS 0.57 <0.01** 0.17 0.46 0.03 0.86 -0.25 0.2 -0.38 0.062 -0.09  0.68
GluN 0.28 0.16 -0.02 0.93 -0.06 0.73 -0.27  0.12 -0.43 0.02* -0.29  0.11
MurN 0.63 <0.01%** 0.11 0.57 -0.17 0.3 020 0.23 —-0.03 0.88 0.13  0.45
GalN 0.48 0.034* 0.17 0.51 —-0.01 0.97 -0.14 0.5 —-0.52 0.013* -0.19 04

TE: %7 O 0.05 KF EWZE, 7 35 0.01 KF ERE. Note:

level of 0.01.
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