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Effects of different acid modulators on the microbial communities in maize planting red soil

YANG Ling', ZHANG Yi', ZHONG Junjie', NIE San’an", SUN Geng’, SHENG Hao'

(1. College of Resources, Hunan Agricultural University, Changsha 410128, China; 2. Hunan Soil and Fertilizer Institute, Changsha
410125, China)

Abstract: The aims of this study were to investigate the response of red soil microbial abundance and community composition to different
acid regulators as well as the changes in microorganisms that affect key carbon/nitrogen metabolic processes. Four potted treatments were
set up: no fertilization (CK), calcium / magnesium compound (L), L mixed with pig manure (ML), and L mixed with straw (SL).
Metagenomic sequencing technology was used to analyze the soil microbes and key carbon/nitrogen metabolism process microorganisms.
The results showed that the L., ML, and SL treatments significantly increased the soil pH and exchangeable calcium and magnesium, but
significantly reduced the soil exchangeable acids. The acid regulators increased the bacterial relative abundance of Proteobacteria but
decreased Chloroflexi and Acidobacteria while reducing the fungal relative abundance of Mucoromycota. The archaeal relative abundance
of Euryarchaeota and Candidatus_Bathyarchaeota was increased, while Thaumarchaeota was decreased. The RDA analysis showed that
available potassium is the main factor that affects the structure of soil bacterial and fungal communities, while soil pH and organic carbon

are key factors that affect the composition of soil fungal and archaeal communities. In terms of the carbon metabolism process,
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Proteobacteria had the highest contribution in the SL treatment, while in the ML the highest contribution was attributed to Actinobacteria

and Gemmatimonadetes. In the process of nitrogen metabolism, Chloroflexi contributed more than 80% toward nitrification. Acid regulation
reduced the contribution of Chloroflexi and Acidobacteria in the process of denitrification and nitrate dissimilation reduction. The
contribution of Proteobacteria to SL was lower than that to ML, while the contribution of Actinobacteria to ML was higher than that to L and

SL. The application of L, ML, and SL may alleviate the acidity of red soil, change the dominant microbial community, and facilitate carbon/

nitrogen accumulation.

Keywords :red soil; acid regulation; metagenome; microbial community; carbon/nitrogen metabolism
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Table 2 Soil microbial abundance of different acid regulators

(Reads)
AL B Treatment 4l Bacteria LA Fungi T Archaea
CK 7461 470 12 358 39 564
L 10317 286 13232 34 824
ML 7 667 954 3454 18 966
SL 5202 870 23794 15 334

2.2.2 TSRV AL

SN T BT A TR SZ AN ] R R R 4 e AN
[] , Fir oy EG A8 DL T 1, ARDRT 32 B2 >19% 89 5CEE A
P ANV (P& 1a) ARG =F BRI 4 O 0 3 TR
[T TE H ] (Proteobacteria, 22.64%~45.18% ) it 4k
"] (Actinobacteria, 17.95%~28.08%) . % 25 & ]
(Chloroflexi, 8.70%~22.44% ) F1 B #F 15 | ] ( Acidobacte-
ria, 10.86%~17.66%) . 5 CKAbFAH LY : 34~ ib 7 = %2
P TSI BT TR SF B8, BRAR T S 2 R | RN AT
PR 1T AR X S 8 . ML A B ST Ak A X T 1 4b 2R

&1 AEIFBF T LEEU MR

Table 1 Soil physical and chemical properties under different acid regulating agents

fbsm A LA EA GRS A SRR AR SEARPERR
Treatment pH SOC/ Total N/ Available P/ Available K/ Exchangeable Exchangeable Exchangeable acid/
reatmen (g-kg™") (g-kg™) (mg-keg™) (mg-kg")  calcium/(cmol -kg™) magnesium/(cmol -kg™) (cmol-kg™)
CK 5.38+0.00d  3.85+0.15¢  0.76+0.0la  0.30+0.08b  99.00+7.64c 1.76+0.06¢ 1.30+0.02¢ 1.32+0.07a
L 5.85+0.01¢  4.10+0.06c  0.75+0.04a  0.20+0.06b 127.33+6.67hc 2.37+0.02b 1.47+0.04b 0.20+0.03b
ML 6.14+0.01a  5.44+0.08b  0.90+0.08a  2.59+0.61a  155.67+3.33b 2.91+0.03a 1.68+0.01a 0.05+<0.01c
SL 5.92+<0.01b  6.57+0.22a  0.89+0.03a  0.20+0.03b 374.00+20.82a 2.43+0.04b 1.47+0.01b 0.08+0.02bc

TE AR T REROR AL B2 [AI7E P<0.05 K- BAT R VS R

Note : Different letters in a column showed significant differences at P<0.05 level.

www.daes.org.an




AGES 612 VeQlE7N R ER= bl B 43 2558 3 1Y

BT RRAT U] AR B AR T SR A T AR (4 y
FBE ML A PR TR T 1] A 25 B 1 1A 0 3 B v T S
ST AL, T2 T B 1) AR AT 149 1] B AR % = BEAR T ST 520 AEEN
AER . 4 HEEL B REE (& 1) AT 3 B AT 3 AP 34 B
[145 T 92741 (Ascomycota, 20.18%~88.86% ) . 5% 1 N
I"J(Mucoromycota , 8.58%~47.26% ) FI4H -1 | ] ( Basid- For B 7 > 5.‘%\ 1:%
iomycota, 1.41%~35.68%) . #4K I, 5 CK AL FRAH L, \ ]
3L IRIGREAR T BRI T RYARRS 325, L AL BRI
TR AR R B A I T A AR
JE ML ACFRFN SL AR FRFE 7 7 ¥ 3E R ] B9 AR F- 2
REAR T H0 T T TR AR XS 322 . AR AL 2 [], ML
SL AL FH Y ¥ E B 1 T AN B2 T LAL B, B R v [ ]
FHF BT X E AR T LA R, SLANFARXT T ML 4b
PR TR AARS R BRI T B ] SR
TR TRYARXS FRE . I RREE (] 1e) AN 52
A 5 BP0 #1152 A i B 1] (Thaumarchaeota,
39.77%~68.34%) .J" ity i '] (Euryarchaeota, 16.38%~
27.03%) . % 7 W 1] (Candidatus_Bathyarchaeota,
4.56%~6.91%) . Candidatus Woesearchaeota [ |]
(1.34%~14.23%) Fil 5% 15 B | ] (Crenarchaeota, 1.67%~
2.25%) . 5 CKARFLXF HE 34> Ab 343 5t v 1)l
W R T 1A Candidatus Woesearchaeota 1 7] 1
AR 2 B2 AR 1 2 o B 1T RO AR 8. ML 5 SLAk
PRAgwr b T A T BRI s T LA R, )
T 1 Candidatus Woesearchaeota & | ) B AH % 32 B
AT LA, SL AL R 75 B 1] Fl Candidatus Wo-
esearchaeota [ | ] IR0 32 B 55 T ML AL B, )7t 74 (o)t
I VRRR AT TR T T AR R BEAR T ML AR B
23 TEBEUMRERMEYETEARNXR

K FICAR 7Bt (RDA) W5 T 3 3L BT 17K
V- AN LR TR TR A A RS2 (1 2) o AL
B (P=0.008) A &5 (P=0.014) . 4= & (P=0.006) Fl 58
e (P=0.026 ) J2& 5 M -1 A TR E VR S5 /e i) =2 [
2 (18 2a) , 73 550 e T8 40 1 45 40 22 5 9 35.89% .25.9%
13.0% F12.9% , A AR T ] VA2 W 1 TR AT 187 1]

1a
'\c\'\no"““"eﬂ
Ac

sYI)

i
o
5
2
=

El
S
H
£

— ) "
SR R R ARG, S A | A R A e P B g : Z: %2 G(\/‘&,
BB G O . B ACET (P=0.004) | 58 4k B (P= Sy
0.002) A LK (P=0.022) . 4 pH (P=0.028) FI & A& ) 1%
(P=0.042) J2 5 M FL T HE & 254 19 2 22 &R (181 2b) .
A3 ) R L A S5 A AR S Y 81.4% . 11.0% ,3.0% . 1.8% | REERAAE RS AR S
F0.8%, FAEET 1A A PL 4 RUA-LHE pH (T
%E%J‘E*ﬁéé s %%? l‘] Zil! Tﬂ% l\j Ejﬁ’ﬂl%@ \ﬁffﬂ. Figure 1 Community composition of soil bacteria,fungi,and
ﬁz)% \é/)ﬁ \pH *ﬂféﬁ'f&%}g%ﬁ%ﬁ *H;éo }J\[Z] 2c é}’*ﬁ archaea treated with different acid regulators(phylum level)

P 1%) WHARTY



B35 % ORI I A BB R DB DR 613

1.1 7

@ -

A |
ﬁ *ﬂﬁi)% 111 (,lites
! Planctomycetes
g
T e\ | A
§ i ZHpEEE Proteobacteria
[q 1
] i Bacteroidetes
b N
& Gemmatimonadetes
a RN
=1 s_Rokubacterial
Others
LN ERR Candidatus_
Acidobactéria Dormibacteraeota
Lok ! Chloroflexi Actinobacteria
-0.7 RDA1(61.11%) 13

1.1

= —
S L
<

2

Y Ascomycota.
3 scomycota
a1

SR

Basidiomycota

10k Mucoromycotai . . .
=07 RDA1(88.57%) 12
(c)
L3F T
_Candidatus_Woesearchaeotai
! Euryarchaeota
! thers
§ ECandid ug/_ Bathyarchaeota
F\r! ) Crenarchaeota
“ :
= : St
a
o
E Thaumarchaeota
ATHLE i
-0.7 kb L H L L
-1.0 RDA1(86.04%) 10
2 AEEERFISEN TIER Y TR TEES
B MR TR

Figure 2 Redundancy analysis of soil microbial communities and

physicochemical properties at the level of different acid regulators
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Figure 3 Effects of different acid regulating agents on the

SL

contribution of microorganisms to carbon metabolism process

(84.27%~97.06% ) % i A F BT ik & o B e i, SL A
P 2 B 11 S AR 0 DR (97.06%) 5 T
CKAbTH(94.58% ) Fll ML Ab 3 (85.84% ) .

3 g

3.1 AENRERT X L SR A M R T A A A R

N T TP 790 52 W Ao AL R K 288 A0 T L A
EREVE (81 1) 5 CKA L, 3R BREE I T AR I T T
FRAFIR 28, AR T SR BRT T DRI AT 181 T A RH S 2 18
(& 1a) 43T 3 pH AR A G, AR, it
PHBEAL AT B B A 7R e A HTLAL /R AT I R
- 5E pH, 117 3 pH Al 3 1 5 SR A3 iR
RUUE T S WIS A IRITTAT 1R T8
PRVEAN T , R - HEPR B A T AR K B, R +
S5 pH BB, AR 2 BB AR . e Ah , AP R
AR TR TR 1] AR AR = 22 Bl AT T 1) A i /1 i 44

LR St

100
80
60
401

20

FHXF = Relative contribution/%

CK L ML SL CK L ML

AL HE Treatment

SL

I, BEFE L pH 9 R 2 S ATEEA A I
B FENEAL BEAR HE , HE A AT T4 i A8 18 B 1 DRI RAT
[V AR X =, PR v ) Rk 25 B T T A A X =R
o AT & S IR B, al fE = A HLBUKP
SRS U A, R B TSRS B [ R A S
e PR IE NS, T TR b8 RE 1 B0 B R B, 1
BLAEMRIR P PR P AR R B, Al AR
B0 HE RS A AL P s 1A BB RN R 5 A
A EERECEERETD AR HLZT, e
8 A 7 5 M) I fh A (2 R D R AR AT 68T T)
AR

HERE D TR BER AR E
S (B b)) THRETSHE TR 2 AT,
TG )T o3 e XERE A A BILIR D e 2 R
SMEER , HEAH T BT A PR A R Y, T
MIHIE & TARE IR IR A 35 86 42 A 57 e i
FENC/REATARXT T Bt E5 BE = A0 B v 7 R 110
AR F R AR 1 HH 7 6R TTBAR S R, TR
R AL pH 2L 2 2 EARSC, H 5 PR
AL D 5 OO . PO FEHE AN AT O TR ]
AR IR T IS B AT R A R T A A
WA 5 ik 1) TR AR DR A R B, AR AT TR D
THF T 1) S BETE IV 50 PRBE, $H 1 B 1A 2 119
BEAR AT RE 5 3L J5 B IR IR A A O

5 20 R R LT AR LU, L B TR A0 T 30 RE ) B
5, X AR AT PRBE IR EOR B AR R R S
8 pH A /B B I 3 TOAT G, X T B
F% SR Y 52 P MR IR 20 5 8 R 2R IR BRI A ST A
BRI RR AL R 1) R T AR R BRI T Al
T DA AR DO 2 B (I8 L) o B 7 S5 BURS FF it F T
e FH e v g 2y B TR T B SRR, A T

TR S A S R A

M Others

M Verrucomicrobia

[ Bacteroidetes

M Candidatus_Rokubacteria
Firmicutes

B Gammatimonadetes_d__Bacteria
Acidobacteria

W Chloroflexi

B Unclassified_d__Bacteria

Bl Actinobacteria

M Proteobacteria

CK L ML SL

E 4 REEERT AR Y X @A HHE T SR E R0

Figure 4 Effects of different acid regulating agents on the contribution of microorganisms to nitrogen metabolism process
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