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Effects of Long-term Application of Pig Manure on Diversity and Community Composition of

Diazotrophs in Acidic Ultisol

SU Xianchu®?, YE Guiping®®, DENG Milin*?, FENG Mengmeng?, HAN Fengyi®?, FAN Jianbo* HE Jizheng?, LIN Yongxin?*

(1 Cultivation Base of State Key Laboratory for Subtropical Mountain Ecology, Fuzhou 350117, China; 2 School of
Geographical Sciences, Fujian Normal University, Fuzhou 350117, China; 3 College of Geography and Oceanography,
Minjiang University, Fuzhou 350108, China; 4 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 211135, China;
5 Fujian Key Laboratory of Plant Nutrition and Fertilizer, Fuzhou 350013, China)

Abstract: To explore the impact of long-term application of pig manure on diazotrophic community, soils were sampled under 4 kinds
of fertilizations: CK, without pig manure, and M9, M18, M27, application of 9, 18 and 27 Mg/hm? pig manure, respectively from the
Yingtan Red Soil Ecology Experimental Station, Chinese Academy of Sciences. High-throughput sequencing was utilized to measure the
diversity and community structure of diazotrophs. Results showed that long-term application of pig manure significantly increased the
diversity of diazotrophs, which was positively correlated with soil organic carbon, total nitrogen, and available nutrients, but not
significantly correlated with soil pH. Non-metric multidimensional scaling (NMDS) analysis indicated that, compared with CK,
long-term pig manure application significantly altered the community structure of diazotrophs, and the degree of difference increased
with the increasing application amount of pig manure. Mantel test analysis revealed that the community structure of diazotrophs was
mainly affected by dissolved organic carbon (DOC), available potassium (AK) and phosphorus (AP). Long-term application of pig
manure significantly increased the relative abundance of Cyanobacteria and Firmicutes, while decreased the relative abundance of
a-Proteobacteria and B-Proteobacteria, which could be ascribed to the change of soil nutrients. In conclusion, long-term application of
pig manure can significantly increase the diversity, and alters the community structure and composition of diazotrophs in an acidic
Ultisol, while the alteration of soil nutrient contents might be the key driving factor.

Key words: Diazotrophs community; Pig manure; High-throughput sequencing; Community structure; Acid soil

OFRATH : EEKAREEIL ST H (42377301) MR E A MY S 375 MERHE 25 3050 E P L4500 H (2023PNFKL23) 7% i
* SHINFERE (yxlin@finu.edu.cn)
YEE A . FR6HE(2001—), I, HELEN, B0 AL, RS 1k + 3R Y2 252 . E-mail : 109082019014 @student. fjnu.edu.cn

http://soils.issas.ac.cn



976 +

4 5 56 &

ROCEEEY A K B T E e R 0K
S AR A AN I AN RE VR i 4RI
TR H SR A R R B TR, d R
AR LAY 16 s Kl F T JEALIE RN SR, G
HLAR AT A4 550 2 UAE A6 Bk st v 0 ot B i P o S 3t
Btk . FEFIHRART | R AR HE O 5 2 5
PR, AT S - A ) 22 R RIR B (R 24, A=
Py 1 A RERE T N2 e AR AT R R NH,*,
I R R AR 65%00), A W [E AL AT LA
PEAR MY TR AE, Gk b4 FOE A
A, IR Al A AT RS R, A4 A
i A Ry S — PR AU U A DT 3, BERE AR 4
AT SR T FE AR % R 5 3K o A T A 2 [ R
AR A A, Hob, A AR A B A R
Yy 15 R A G 4

oA [ 20 TR B 0% 3 Ao [ R Al ST bk K A<h
9 No [, &3 gt i S AL A Y 2 51
(eI =11 2 = A w TN S O AR TN
JEREGET . B IR A S 2 A AR, R
HEAR T R 2R S 28 BB 35 41 T MELIAEIG B, A
I, B S AR R TR R
i nifH. nifD Fl nifk JEE SR 24 H . H,
nifH 3 5] Gt A% 31 S0 Al 11— I 35k, 76 200 181 0 ol 40 R 4
Al iR BE ORST , B S  RE RETE B T A A A
PIbRic ol S, G B U A nifH 3 Rl Ay A6 U
[P 260 A 2 B RV A ) BARUE b i A 101

[ 260 PR AR v X T P 2l o SRR L2 Rt
LS PR N R E VMG, WIRRE . B,
88 pH . FRA R AN I it S 1), it A
S [E R A R R N R . MR R,
o i A W] BB 2l A AR AR A3 T R M | Rk
ERBAL, TR e [ R D8 Sy —Jr T, A B
FEHR H RS- it AT 23 2o B AR AR 1 R38R o 1 i
B3P 9 ) B A T 2 [ 0 A 11810, —
vt o HA B, FRlE AL, Sl E LRI
B, SR ERARE AR, SR, 245 Mk,
Jiti FH A HLAE X 1 260 B A 75 04 B2 i AT A A i A AL
FEORETEYsRAE . N, A
HLAE 2 B 4 o8 [ 422 b 52 i) = S0 A W e 5 25 A A2l
A0, Lin SRS 4G Y, KA A HLIE &4+
8 pH, TR A 38 b [ U0 R 2 R 5 R
W 2 W A HIUAE 8 1 4 o - e R 40 B PR AR
] R R 2R PE R R, 55 W9 & B i A AL
JIE S [ B SR AR B BRI RN B R, B8 T I AU Y

SO, T I AR AR R 2228 (R, it
FHAALAE XS - 198 18 G0 1 224 1 R ¥ 4L B ) 532 i A7
At — T

SLHUR AR P I, )iz A T E AR
0o ZLEEA T EE KA R R it L — R
Yo HAE S 2204, FHE T RUIE S8t gt — DAk,
Jite FHAT HILAC BE 8% B 4 b 24 45 1 4y )7 ik AR L AT
Ji. AWRTEAR I, TS FERENE A AL R AL,
P v A ML AR o5 250 i A I SOt 4 2
XoF 18 [F] TR ARV B0 R MR S 0 D AR B B AN TS
ST LA ERISEH 5, AT LA R e 8 218
A S0 il AU it P 4 26 R A7 1 14 TR P 21 Ay AT
FER G, M R I e, BRIt X 21 %
1] S0 T 2 A S AL AU 2 S, R B R Bl A 3%
DU S DA TR R PR £ M8 [ U v, A RS &R
G0 B AL S LA A o

1 #R5EFEZE

1.1 HRXHER

TF 5% DX AN VL PG 45 8 YL T vl R 2 o G T 21 3
ARG (28°15'20” N, 116°55'30" E), ZHLIXAY
SAGZEA Sy AR B Z= XU, AR IRk 1
975 mm, 4RI 17.6°C, HIEMSE UL 6
FtkRBMAEK, OF 41.2% BIFR. 33.2% Hkk:
F125.6% (EVRL, J& T HLAIZIEE | k- (Ultisol).
1.2 ARG RERRE

TR A 7 T 2002 4F, SRR ZAE A 2
WHFRBRE 20, IR0 E 4 R IRAL R, 8 EAL
XL R 2Ry, FEAAL A 3 A EE . il HE
FLIE . At 23T B (CK), BH4EHE T 9 Mg/hm?
FIFEFE(MO) . 18 Mg/hm? (/553§ (M18)Fl 27 Mg/hm?
FIREZE (M27 )o MO A0 [y it I £ -5 2 i 0 it S
AT, BEE M18 il M27 (R AE 2k T e S b ar
X AR BTE AN AR T, LA TR B R S it X AT
6 [ U R MR RURE I 0 52 ) o a0 v BT N 4 4 2
W T YA, I BAE R IERE e 3 H . Mh3E
M EEF SR . BAPEK(TOC)157 glkg, EA
(TN)20.1 g/kg, EE(TP)12.1g/kg, EEF(TK)7.90 g/kg.

T HERE R AT 2019 4 10 A, 7E IR FE A
ANIX, SE T SRAE A T R 10 AR,
SKHUEHEVREE N 0 ~ 20 em By, FEAMR A AR
B HEH R PIE A~ TR R AT A VK
S PRIRAR T, S EDIE B0 . IR AR
B o3 MR Ay, — o B e i BT 80 °C Ikl

http://soils.issas.ac.cn



$ 5

SRICHEAE R HIFENE XT 2D HE [ 4K

UBA 22 A PR IR V% 2 ) 5% i) 977

A7, HTIRE T2 51— FEs AR
WG, #E7 et B .
1.3 TEBEAMRNE

B PE B BE Lin 252 RORT A vk b A 7 5 o
THEEEKE BT AT R E S, W -5
Hokig, HHEpH: BU5g XA, L1589tk
FaiE LEIMABR 2 CO. M8 FIK, #ikiz 5 (M pH 1t
(FE20-FiveEasyTMpH , MettlerToledo, Gemman)iill & .
TIEA LR (SOC) AT TN i KT AR 3 2ok
100 H#fiJE, ik & ot & 53 H1 X (VarioMAX
Elementar, Germany)iEfTillxE . 358 A %44 HLok
(DOC)Frat: FRIL 10 g Bt +-4F, &M 1 : 5 194K
Faa A K8 RT3, R . 085 RIS
R AT (TOC Veph, Shimadzu, Kyoto Japan)
Mg . SR (NHS-N) IS A Z(NOs-N) & &
B 5 g RFHkE, BL1:5(m: V)R HBIE 2 mol/L
1) KCHAE W R Ik i i85 fid I 8l 43 A (San**
System, Skalar, Holland)ll % . 43647 %0 (AP) % 2
FREUS g KT 4#E, JmA 50 mL 0.05 mol/L HCI Al
0.025 mol/L H2SO4 IR G R4 5 , i o FH K Lhfa i
M . AR (AK) & LS g W H4FE, A
50 mL 1 mol/L MIBSMRE W= SE IS , (8 KA L
i+(FP640, INASA, China)llliE .
1.4 1135 DNA 2E

B A 33 RE B A . DNA 4R B4 {8 MoBio
PowerSoil™ DNA Isolation Kits (Mo Bio
Laboratories, Carlsbad, CA, USA)RHI & 174 .
FREX 0.25 g i i 1 438, 4% BRG] 6 Ul W 5 i 45
VEA BRI, $2 07 4 DNA 72T —80 °C UK4S
T 347 5 eI 5 50 o
1.5 SEBENFEEVEESHT

e 38 0 BT A5 14 R nifHF Al nifHR ., X
il 5 pR L 58 35 AR ) BR 2R AT FR 23 FIAE [Hlumina
MiSeq (PE300)F- 5 FillE . ARA5 A4S nifH FF 511 F
H FLASH(MUAS 1.2. 7))k {4047 BT e i e F 5 9. fff
H QUME(MRAS 1.8.0)%f Df 425 07 5 HEA T AR B, il
R EF; MiE, KBRS nifH FAHLUEMRN T

FIARAR, I H UPARSE B9 43 1 i it 1 471
LI 95% AR SRR OTUs, itk 741,
FIH MEGA-X 84, #H5 NCBI SRS %F5
MERGEEEW, X4 OTU #1702 JRIRF 5
¥ %= DDBI Bulle )% , BdlaiENH5 % DRA014094.
1.6 HBUES R

BRI BTE SPSS 22.0 & Excel #4F bk
17, TR B AE 53 Z i 1 28 2o 1) B 1k A 2 A A
55 . ML 2 5 2293 5T (ANOVA) Lb #5 4b 38 ] JE A
PRALPE . Shannon #5844 F1 Chaol FRE =%, JH
X 7 (Duncan’s test) K 3o b 34 (1] () 22 5 b 25 . 38
1 J2 IR %k (Pearson) AH ¢ Pk 43 B 8 57 FE A BRAL M i 5
Shannon., Chaol #58%XA9FHE: % . NMDS #1 Mantel
test P AT A R 4.3.1 2/ vegan Bl i 1. KRH
Origin 2023b. R 4.3.1 #fFifftraEl. BRI TG
BRI P 2

2 EREHSWH

1< B 7t P SE FE Xt 4T S R AR IR (Y M R #2 M
21 LA PR AL I 7E N () 5 25 0t 1 T 9 ARk
WM 1R, B HREEEER LT 3 pH, Hop
M9, M18 kbFH 5 CK A Lt 2% 5+ i 3 (P<0.05), 1fii M27
AbPHEAT 2 25 o ISR ARl A S A BT
R BIG IR,  HBEE 2S00 3G I
Jine A1 CK Ak, SOC. DOC Hl NH4*-N & & 7E M9
AR JE B E AL, E M18, M27 AbFE R ) i 2 4
Jn(P<0.05); TN & HAE M27 AbPET B3N T
(P<0.05); LA, Jifi IS HEAEJHES 21T NOs-N |
AP Fl AK 1 (P<0.05),
22 KHMABEMITERRTREEE o SFMHE

5z ap=Al|

Jit A o T LB AR IER R o 2P
(K 1). 1 CK #HLL, Shannon f8%(7E M18, M27
AbHER g 3 (P<0.05), 1 M9 ZbFEXT Shannon $&
BT R 5 TG R 25 A B i 2 4 S Chaol
$8%1(P<0.05), H M27 kb¥f#) Chaol $5 %50 -

2.1

£ 1 KA SR TR R AT AR AR
Table 1  Effects of long-term application of pig manure on physicochemical properties of Ultisols
Qb pH SOC(g/kag) DOC(mg/kg) TN(g/kg) NH4*-N(mg/kg) NOs-N(mg/kg)  AP(mg/kg) AK(mg/kg)
CK 495#0.11a 568%+057c 574%124c 0.66=+0.03b 752+0.15b 595+030c 7.36=+0.00d 60.58 +9.14 ¢
M9  480=+0.03b 6.61+0.73bc 8.22+129bc 0.81+0.12ab 8.31+0.73ab 8.86+145b 33.54+387c 81.17+533b
M18 4.79+0.02b 6.73+0.42ab 10.42+221b 0.81+0.09ab 9.41+126a 11.17+117a 49.76 x755b 119.33+4.48a
M27 4.90+0.05ab 7.67 +£0.20a 13.99+0.71a 0.90+0.06a 9.63+052a 11.80+1.44a 90.43+0.14a 139.54+18.39a
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Fig. 1 Effects of long-term application of pig manure on a diversity indexes of diazotrophic community in Ultisols

FHS 27321, Shannon Fil Chaol $&%k 5 +
By W IEAHOCE R (3R 2, P<0.05), 15 pH G

BEMFEF R, Shannon FEE05 NO3-N AUAHKE R4
f i, 1M Chaol F5ZU 5 AP HIAHOC R E R -

*2 ARERBUMRSERERE o SHEMERNEIERY

Table 2  Correlation coefficients between physicochemical properties of Ultisols and o diversity indexes of diazotrophic community

pH soc DOC TN NH,*-N NOs-N AP AK
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Chaol -0.285 0.876™ 0.897" 0.839" 0.764" 0.888" 0.906" 0.874™
e * 0 RIFRAHSE A P<0.05 il P<0.01 B E /K,

2.3 KEIMAEENORERE RS & EHRZNN
R Ut FH % %t A 2T [ SR AR R 2 A
NMDS 3 & B, [ERRHRE 45 HE M9 M18 il M27
A CKOARFRII 535t , HL o0 54 R B 2 i FH
BTN (&) 2A), Mantel test 5342, 214 %0

2.4 KHATE XA 2E X 4T 15 B R B B % LA R RO 22T
RGERBEWM AR R, Al - B AR
ZH B 3=k 5 ] (Cyanobacteria) . o2 E [ 1 (Alpha-
Proteobacteria) . B-5JE 4[] (Beta-Proteobacteria) F1/&
BETR '] (Firmicutes) , 73 ) i &7 51 4K 44.7% .

—H
A
L

BEE LS £ 5252 AP, AK FI DOC $21(/%] 2B). 30.6%. 5.3% £ 10.6%(/& 3).
(A) (B) Y ¢
F &L ¢ P’ F
Stress=0.098 ] | mffﬁ
10f | \ O O _ o[ [ Y
\ -0.5
| -1.0
05+ |:| NO;-N
- b |
g ® CK DD TC Mantel's
= ool - - % M9 —<0.1
CK3| o w7 —02~04
| DOC
0.5 p— R Mantel's P
. CK 2 R AP <o0
o or | 3 AK 0.01 ~0.03
NMDS1 — =005
(%, =, *3RIFRIE P<0.05, P<0.01 Fil P<0.001 % /K¥)
2 KHABEMDEE TR ELEEEZIMA NMDS 75 #1(A)RLIEE RE RS T IEE 1% A Mantel test

217(B)
Fig. 2 NMDS analysis of effect of long-term pig manure application on diazotrophic community structure (A) and Mantel test analysis of
diazotrophic community structure and soil physiochemical properties (B)
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Fig. 3 Phylogenetic analysis of diazotrophic community

K it FF 4 2 ) Sk e A 1 498 T R 11 26K A
FEEAL(E 4) WP TTEAN RALEE T 340 T8 34504
B, HAXEEAE CK AHE Ty 36.6%, it FH % 6 4k
PR = T WS TR E B . R [FIE S X -
ASTE BRI TR = BE 1 S AEE 25 5%, M9 A B 1
AEHXTERE, 1 M27 AbBRERACIART E B . BT
TR0 AF XS 2 2 i A 218 it FH) S 185 D i e A1 SRR TR T 7
CK I M9 ZbFAARXTFBEAAK, 2350k 0.0% F1
0.2%, Tfi7E M18 Fi1 M27 AbHf v il i 25 B g, HoAH X
FE R 12.0% F1 31.9%,

3 itig
3.1 KEMREIEMIIER R R A% SR

HHERA W) ZREE XS A | R AR RN TR 4 A R
SEIRBE AL o U ARBIE T R, e
6 i R R 212 [ %08 Shannon il Chaol #54k(1%1 1)
LA R A A HUAC 5 35 42 = - e

100 - —
ES | N N|
I < @
=
7 |
80 o i
XX
|
F 60f
&
é 40
20
0 CK M9 MI8 M27
Ak
B4 KERABEMNTEERERELKEENER
EopA ]

Fig. 4 Effect of long-term pig manure application on relative
abundance of diazotrophic phyla in Ultisols
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