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Effects of typical black soil acidification on major microbial
groups
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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
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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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