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Effects of typical black soil acidification on major microbial
groups
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3 Jilin New Fertilizer Research Center, Jilin Normal University, Siping, Jilin, China

Abstract: [Objective] Black soil acidification may exacerbate the soil degradation processes and
reduce microbial functions, thus threatening the crucial role of the northeast region in guaranteeing
the food security of China. Unraveling the impacts of soil acidification on the soil microbial
community and its underlying mechanisms can help clarify the relationship between soil organic
carbon (SOC) stabilization and soil acidification. [Methods] Soil samples with different
acidification degrees were collected from the corn belts of black soil regions. The changes of living
microbial groups in the soil samples with different pH were investigated by the phospholipid fatty
acid (PLFA) analysis. Additionally, the relationship between changes in the soil physicochemical
properties and microbial community composition was analyzed. [Results] A threshold effect of
black soil acidification on SOC was identified in the corn belts. Moderate acidification did not
cause significant changes in SOC. However, when pH dropped below a certain threshold (6.75),
further acidification resulted in a significant loss of SOC. The cation buffering effect in soil
changed significantly with different acidification degrees. Calcium ion was primarily responsible
for buffering black soil acidification, while when the pH fell below 6.00, both calcium and
magnesium ions buffered the acidification. Soil acidification imposed noticeable stress on soil
microorganism growth. Different microbial groups exhibited an S-shaped response pattern, with
PLFA content initially decreasing, remaining stable within the range of pH 5.25 - 6.25, and
subsequently declining as acidification progressed. However, different microbial groups exhibited
varying sensitivities to soil acidification. Gram-negative bacteria were the most sensitive, followed
by Gram-positive bacteria and arbuscular mycorrhizal fungi. Fungi, particularly arbuscular
mycorrhizal fungi, may play a crucial role in stabilizing SOC during soil acidification.
[Conclusion] Soil acidification significantly alters the structure of the living microbial community,
primarily through changes in cation exchange capacity and substrate availability, which further
affect SOC accumulation. These findings provide scientific support for developing management
strategies to alleviate black soil degradation and acidification.

Keywords: black soil acidification; soil microbial community; soil organic matter; exchangeable
cations

LEARILBEXZHANKR L XZ —, 14, ZEFZRELL0EERE, K, KB
WMREZREGERFZ—, RE7ES2EN  EHRENESEIHET A SZR L™ HIB .

>4 actamicro@im.ac.cn, 7 010-64807516



AT A5 | SRR, 2025, 65(8)

3385

H A 22 1B b A o7 32 B4R h e - HEA LT
o TR EN AR | AR AR S R
AR b S, 2 TR RS2+
IRABIRCEE . LTk, A4 X -4 pH (A
IR AR, M 20 42 80 4R/ E) 21 {42
¥, M+ pHFEHME M 7.08 R 6.4914, pH
EH/NT 5.50 BB E 28 b 31 26.5%5), A
Abew 4 ok, IR B B BT
R, 1980-2023 4E[H], 0-30 cm +JZ %) pH 4F
IR E R 0.004 2 07, mTERNRELX
FR -2 R [ 33 R 0.003 8 BN, WAk Hb i R
(pH<6.5) B 1% X Sk b s i FR Y 45% LA DY
b2 RIS 9 K 0 R o it P 2 - S ik i) 32
Bz —, EZEG R W on (https:/
www.stats.gov.cn/sj/ndsj/), T M B9 L AE T H &
M\ 1999 4E11Y 112.5 J7 t B2 2017 411 233.6 1 t,
FFRFE YRR 222 T t UL b SR, Z4EY)
REFL BRI RE 0 H R | FBFFKYIEm
SEWER R TS, VUK H 28R B KT
TR DR 2R B 50+ iR (b AR AR A
TR, R R A A A T el
I, WA R A AR T R A AR
WAL, A BeA soE R ik, 2

THE LR, IR IEZR LR £ DO A 77 Y
SRR

TR DEPEE TSR, -
BEAZVE BH B 2 45 W B T SR AR R THT, g
55 AR W LA BH 25 - R A T A X 2e W FH
B, fERIERA RS, BREME K
Na®, Ca*", Mg™")nl Ll gimttE M. AP,
W28 vh - 3R Ak, 4EFE 30 1 2F o At
T HEE P MU & B B FR A5 5 4]
HREA, MEHFmEW MRS, HAESA Ca
Mg 2GR I BE 1, DRl 1 oL A AL
i e 1) - X R LA AR (0 2 ekl SR
TERRME - h, A HLAK (soil organic carbon,
SOC) AI Be K™ 1) DR-AP A J& B W B 7 4544 e
AR T 525 5 W o0 Y, 0 T i X 1R Ak BH 9

AFLErE . ian, FEHE IS p L3RR e 2
SEECBURLAT HLER MR, TR A A A L
B B AR AN Y, T e S A W A R
SENN R I 21 & UV B SR AW R IS S T
FHRCRBEARAT S, a2 Al 23 18 gk
AL R I IE AT, AT A 55 XA 6 H A A

PLB R BTRE ST, SEA B S0 BRI 25 A Hl
il T A B 2 AN R T PR

AR AR R AL S A VLR E R R, B
1y 1 358G BIL 5T R A 46 M BH 2 1 X R Ak A BH 45
R

IR Wy e A AL T AR E
AT IR 710 e+ SRR ik R R, pH Y
EAEE AL S iR A5 | 62 B I ml ) 72 A3
23 1 3 5 e A W Y R T R R E 3R R OR
w7 T ) AR 1 Ak 2 2 RN A B
ffa e PEAR AR X T A ke i, R ik T
AE 2338 1o 40722 200 i 235 e b ok P A M o Y A2 Ak
[F1] 22 4t 552 W0 40 BT 70 9% 45 4200 T 5 R B A T )
MR AL TSR 2 PR 2%, AR 22 TR P PR 4T R
(Gram-positive bacteria, G")AHXJ 55 2% [G [F 14 41 B
(Gram-negative bacteria, G7) H A 5 J& 1) 24 Jfld 5%
i LAE 4 SR fe ik B SR He Y AR,
2+ pH (/N T 5.0 B, 40RO Z 1 E AT
PR, AR W RS, 2 4 R (b AR
it — i, B pH {HikF] 4.0-4.5 I, 14
BRI TFE VR 110 190 46 &85 R AR 5T AR AR T RE TS
EEE SRS IIRER ¥ . Ak, IRk
S350 FL A R VR S5 A A DD RE R TS e L T
X T AL 0 o3 it A 5 ISR 000 J) e A RS
P, A AN A H, R DR A R R
HEA MR B 22 N 45000 3 A A TE R 1k
TR B R RR A IE N, H B R R
Y EH 2 52 YR KR 5 3R S5 ME 3 i ) o i)
fige>", AT e SRR fL e R A LR R e
DLt - A B 0 2 W A T R AR DL S AR AR I R
S5 Y5 AT R 23 52 W GAUEE W A i R R A ) e 7 B R
JE 2 I LI AE YA R, SRR R TR

http://journals.im.ac.cn/actamicrocn



3386

DENG Fangbo et al. | Acta Microbiologica Sinica, 2025, 65(8)

ek FErh, IEIRGLA TR R AR TR
A e e AR AR B R Ak B LA R H 5 HLAk 1Y)
K FA T B — PRI

A FEAE IR oK R XOREE T AR R
AR EE ) R AR, T T A LA 7 o
FH B - 32 # 1t (cation exchange capacity, CEC),
+ 35 NE NG 7 R (phospholipid fatty acid, PLFA) &
HABFRILAETR . &7 AR LA ) A AR 5T R
A PR AL XTI AT A W T S e, B g | A TR
AW R A AR A R R AL R ROCEE R . AR

WFSERE RN T i PR LA 2 v L, ok
fedEA PR R | B W R R R, 2E—

R FERAC R 7 RE A S AR AP AR I R O R
AR e SR

1A

1.1 HEmRESLE

R 75 PR AN ] DA FH 32 U pH 43
FREIE, 2022 4F 11 7 8 H# 2022 4F 11 H 10 HAE
TR KA MR PR+ XA R BRI F2 08
Tt TR IR (0722 (0-20 cm) - HERER,
38 1oy, H AT 9 4y, pH 5.00-7.00; B4R
H.29 4y, pH4.50-8.00 (£ 1), RN I
A= T S Y | 1 P S S S e o 11
Bl - SR i (pH>6.50) 11 0 . 55 R Ak + A
it (5.50<pH<6.50) 14 {3 FliR R P + I AE i (pH<
5.50) 13 ¥

KA TIERE A AR, A DIRAR N
Pl e . IR 2 mm B, JeBRAE
VBRI WA PSR G5 . — o R AP AE
4 °CYKFE, FHTINE 1385 /K i (soil water content,
SWO). # & A
fili 2% % (nitrate nitrogen, NO;™-N) 1 1] 7% 4 A HLAK
(dissolved organic carbon, DOC); — IR ARAEAE
=20 °CVK#, FT PLFA RYSEBURIE ; T A%
SPREEN T, TN E - pH ., S HR AL FH A
F. SOC FlE % (total nitrogen, TN),

% (ammonium nitrogen, NH,;"-N) .,

>4 actamicro@im.ac.cn, 7 010-64807516

*1 TEERERER

Table 1 Description of collected soil samples

Sample Longitude Latitude Soil type  Soil
D pH
1 125°1'33.70"E  43°41'0.47"N  Phacozem 5.67
2 124°4726.37"E 43°53'0.74"N  Phacozem 5.95
3 124°7'29.46"E  43°15'44.59"N Phacozem 4.77
4 124°10'18.44"E 43°21'49.31"N Chernozem 5.58
5 124°4'21.01"E  43°19'45.71"N Phacozem 5.51
6 124°13'48.39"E 43°21'15.20"N Phacozem 5.23
7 125°5'13.08"E  43°41'44.43"N Phacozem 5.56
8 124°19'43.69"E 43°22'8.97"N  Phacozem 5.43
9 125°5'44.34"E  43°40'29.20"N Phacozem 5.41
10 124°33"24.67"E 43°20'52.34"N Phacozem 5.23
11 124°10'47.42"E 43°25'40.90"N Phaeozem 4.97
12 124°53'0.91"E  43°31'49.07"N Phacozem 5.94
13 124°25'48.41"E 43°1629.10"N Phacozem 5.42
14 124°1426.30"E 43°18'53.47"N Chernozem 6.32
15 124°7'11.79"E ~ 43°20'22.66""N Phacozem 5.50
16 124°51'33.02"E 43°27'36.67"N Phacozem 5.00
17 124°32'45.98"E 43°20'35.16"N Phaecozem 5.11
18 124°24'55.57"E 43°36'1.65"N  Chernozem 7.77
19 124°1426.30"E 43°18'53.47"N Chernozem 7.73
20 124°5'23.40"E  43°18'49.02"N Chernozem 7.89
21 124°15'13.66"E 43°16'54.08”"N Phacozem 5.26
22 124°14"26.30"E 43°18'53.47"N Chernozem 7.27
23 124°14'26.30"E 43°18'53.47"N Chernozem 5.64
24 124°42'48.62"E 43°23'39.28"N Aquolls 6.27
25 124°36'54.10"E 43°19'51.16"N Aquolls 6.84
26 124°12'17.04"E 43°22'14.88"N Chernozem 7.84
27 125°3'32.79"E  43°50'37.07"N Phacozem 6.23
28 125°1'35.95"E  43°41'1.96"N  Phacozem 6.87
29 124°26'32.52"E 43°17'30.36"N Phacozem 5.13
30 124°45'31.46"E 43°32'48.90"N Aquolls 5.24
31 124°1428.74"E 43°18'51.44"N Chernozem 5.99
32 124°27'29.24"E 43°37'22.45"N Chernozem 7.89
33 124°14'25.93"E 43°19'8.20"N  Chernozem 7.11
34 124°23'40.96"E 43°32'45.14"N Chernozem 7.88
35 124°24"25.80"E 43°16'55.21"N Phacozem 5.08
36 124°14'29.51"E 43°19'8.24"N  Chernozem 6.04
37 124°28'59.73"E 43°20'13.10"N Phacozem 6.09
38 124°1426.30"E 43°18'53.47"N Chernozem 7.79
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Figure 1 Correlation between soil pH and soil exchangeable cations (A-E), and soil carbon, nitrogen-related
properties (F—L). CEC: Cation exchange capacity; SOC: Soil organic carbon; DOC: Dissolved organic carbon;
TN: Total nitrogen; C/N: Ratio of soil organic carbon to total nitrogen; NH4 -N: Ammonium; NO;™-N: Nitrate.
The same below.
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Figure 2 Correlation between soil pH and total PLFA (A), the relative abundance of individual microbial groups
(B-H), and the PLFA ratios of different groups (I-L). G": Gram-positive bacterial PLFAs; G™: Gram-negative
bacterial PLFAs; AMF: Arbuscular mycorrhizal fungal PLFAs; SF: Saprotrophic fungal PLFAs; MSI: microbial

stress indicator.
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