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Nonlinear regulatory mechanisms of soil carbon quality on microbial carbon use
efficiency following forest-to-cropland conversion

Nie Huiwen Feng Zhiqiang Cao Lei Huang Changjiang Kong Tongyao He Yanghui
(College of Ecology, Northeast Forestry University, Harbin 150040, Heilongjiang, China)

Abstract: [Objective] Land-use change is a key driver of the global carbon cycle. Understanding its effects

on soil microbial carbon use efficiency (CUE) from a microbial metabolic perspective is therefore critical, as
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it can provide a theoretical foundation for assessing the impact of land use change on ecosystem carbon
cycling. [Method] This study analyzed soil samples collected from forest and cropland site in Maoershan,
Heilongjiang Province. Primary forest soil served as the control group, while cropland soils with varying
durations since conversion constituted the treatment groups. Key indicators including soil physicochemical
properties and microbial traits were measured through laboratory experiments. Microbial CUE was
calculated using stoichiometric methods, and the key factors and regulatory mechanisms driving its changes
were systematically analyzed. [Result] (1) Following conversion from forest-to-cropland, microbial CUE
decreased significantly by 12.61% relative to the original level. With increasing cultivation duration,
microbial CUE exhibited a nonlinear trend characterized by an initial decline followed by a later increase,
with the lowest point occurring at approximately 16.5 years after conversion. Prior to this threshold,
microbial CUE declined overall by 34.78%. Specifically, microbial CUE in the plots cultivated for 13 and 24
years was significantly lower than in forest soil, showing reductions of 26.1% and 23.9%, respectively.
(2) Soil carbon quality (ratio of aliphatic to aromatic carbon, rA2930:rA1635) was the most significant
driver of microbial CUE changes post-conversion. As soil carbon quality increased, microbial CUE initially
decreased and then increased at a threshold value of 0.06. (3) Soil carbon quality regulates microbial CUE by
driving shifts in microbial B-diversity and /K strategies. Using 0.06 as the threshold for the soil carbon
quality, there were significant differences in the B-diversity of microbial communities between high and low
carbon quality cropland soils. Overall, r-strategists dominated in post-conversion soils; however, when soil
carbon quality fell below 0.06, the dominance of r-strategists diminished, while the relative abundance of K-
strategists microorganisms increased significantly. [Conclusion] After forest conversion to cropland, soil
microbial CUE first decreased and then recovered, reaching its minimum at 16.5 years. This dynamic is
primarily driven by soil carbon quality (the ratio of aliphatic to aromatic carbon) and exhibits a threshold
effect at 0.06, below this threshold, microbial B-diversity undergoes a significant shift, with the balance of
life history strategies tilting toward K-strategy. This, in turn, drives a gradual recovery of microbial CUE in
the later stages of conversion by enhancing metabolic efficiency. This study demonstrates that soil carbon
chemistry, by regulating microbial community structure and functional strategies, serves as a key mechanism
determining soil carbon cycle efficiency under land-use change. Research demonstrates that soil carbon
quality plays a fundamental role in regulating microbial community structure and function, thereby
governing the efficiency of microbial CUE under land-use change. This finding enhances the mechanistic
understanding of carbon cycling under tillage disturbance and offers a scientific basis for harmonizing
agricultural production with ecological conservation.

Key words: microbial carbon use efficiency; land use change; soil carbon quality; microbial beta diversity;

microbial life history strategies
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AF FeiN 0 127°39'03"E 45°17'14"N 404.11 1

A
AC A H 4 127°39'02"E 45°16'38"N 404.53 0
BF PO 0 127°38'59"E 45°17'14"N 397.55 0

B
BC AR H 13 127°38"24"E 45°16'58"N 377.71 0
CF RMK 0 127°37'17"E 45°16"29"N 414.20 2

C
CcC R H 24 127°3720"E 45°16"29"N 409.36 3
DF FeiN 0 127°34'18"E 45°21"25"N 335.61 3

D
DC R H > 40 127°34'42"E 45°20'08"N 317.80 0

HE(rA2930:rA1635) AT FRAE L 3BT &, 1% U AE
F AT R
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AR FEVED Y, 7 B 53 B ZE RN R TR 2K b, A
FH B R RV WOR 3 Ja L TOC A 58 B~ 05 5
TEZE 5 OR AR i B B I ZEAE 2 ) B DA EL
F410.45. 0.54 By 13 MBC Il MBN & & . fl/E
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A FF FH 07 B 28 IR 48 e, FH Bk IR SNV WO
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96 FLAMFLAR 2 ikl 7 B, 1k 43 F <o T Wil A S
INJEW), CABE IR £R 2% i (pH = 5), 7£ 20 °C Tk
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Molecular Devices, 3% B TE UK I K 365 nm. & 4
WA 450 nm S5 AF I ER . 3 RCEY) CUE
et it AR P,
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A Kooy Al Keop 9 CUE 211 F15 %, BXUHE 0.5;

Crnax 72 WA W00 R F 255 26 1 e KB, B 0.607
Beins Be:p 7398 MBC 5 MBN. MBC 5 MBP )
B Lo Le:p 731378 DOC 5(NOj -N + NHj -
N). DOC 5 AP & E s Econs Ec:p 73R8 (BG
+CBH) 5 NAG. (BG + CBH) 5 ACP & &L,
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1.5 HEMSH
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BIEH], 4N 0 8 OTU KAEDT 10% FeAH
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H B r KBS B3+ %5 ] (Ascomycota) 55 5 K 3F
W& £ 5 1 7 B ] (Basidiomycota) fll Bk 3 B |
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2 HERE

2.1 EHEHEY CUE MY REFERHEF

RRARFE AW 5, A9 CUE BARFEAL T
12.61%(P < 0.05, I 1a). HAKE, R LG
45, 13 4E, 24 FER > 40 F L IEWFEY CUE By
18 4> %N 0.46 + 0.06. 0.43 = 0.04. 0.34 + 0.03.
0.35+0.09 1 0.46 £ 0.04( & 1b). H, #H# 13 4
5 24 S UAY) CUB BARM 73 701 &3 BEAIR 26.1%
F123.9%(P < 0.05), T BRI 56 4 4 J 8 >
40 FEE /M LR EZ R BRI —D
WU AEY) CUE BRI [ AR A0 45 o, BOZERE S
% 16.5 F W, FEY CUE I& B & AK{H, Z°8 0.30
(B 1e). FRME N AR MG % 165 FE i, EY
CUE BRI AR bk L 48 T % 34.78%. BENLARAK S B
R, R o 5 2 R MR AR AR R H S AR ) CUE
AL R R (E 1D,
22 HMRESHAEY CUE REHHEHNXER

PRI Ak H i, Bl A L 3w ot &= 0, Ak
Y CUE e[ AIC ) T, IF HAEGR BT &4 0.06 I A
FIHRARAE 0.30C 2a) . + IR B 5 Bk A 2 5
FEAHMA P <0.00D), EFHF 16.5 1, B i & FF
% 0.06(& 2b).
2.3 HRBREFMHMAEY CUE MEENLE

3k — 20 R G B T R R A AR ) CUE i AR
YL, CABR T & 0.06 4 5, KB fa LA A oy
NPH, HITRERER S E S . SRR, TR

X (P < 0.0 DA EE (P < 0.05) T 45 k38 B
A5 (] 3a, b). HEFEBES, PCol iR T
26.54% 1) A2 7 4 W B 7% b PCol fift B B E ik
40.73%, Bk 5t 2 A& IR 51 48 TR B v 8 AR I 32 R 1
PIREALE PCol fif - 2HLIH &7 55, H A0 5 H
FEMA 87 [A) B AFAE 22 5 Mk =K T 0.06 B, 3
B 75 (1) PCol H 22 BAK(P = 0.008), 1 4H & vk
(1) PCol {2 5= (P = 0.024) .

BE— 25 3 T R W, Al A 2B i SR SR I R 5 TR
EEUIME. LL0.06 N BRIE 5> 2, W4 R fAE
() r/K AEAE R 2 7 (P <0.05, & 4a). B EKT
0.06 I, /K FH AL 80K 7.361, =T 0.06 B, /K Az
RN 8.937, HHHE A LA r HEBE HR . 43
PG 7 SRS AN K SR A V) E TR I, K SRS ik
WITEARBR 2 254 NI A2 50k 0.027, B m T
BB 2 N A 0.016(P < 0.05, & 4¢); 1M r Mg
AEWITE PR TC B3 22 R (] 4b).

N R G 7~ T BRI S T A ) A S SR 1) %
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