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Effects of Combined Application of Organic Manure and Inorganic Fertilizer on Structure
and Diversity of Microbial Community in Tobacco-growing Soil
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Abstract: In order to explore the influences of combined application of sheep manure-derived organic fertilizer and chemical
fertilizer on soil microbial community structure and soil fertility in tobacco-growing area of Luoyang, a pot experiment was
conducted and high-throughput sequencing techniques was used to study the differences in community structure and diversity of
soil bacteria and fungi under four fertilization treatments, no fertilizer (CK), 100% inorganic nitrogen fertilizer (T0), 50% sheep

manure organic nitrogen fertilizer +50% inorganic nitrogen fertilizer (T50), and 100% sheep manure organic nitrogen fertilizer
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(T100). And the relationship between soil physiochemical properties and soil microbial diversity were analyzed. And the results
showed that the dominant soil bacteria phyla were Proteobacteria, Acidobacteria and Actinobacteria, while the dominant soil
fungi phyla were Ascomycota and Basidiomycota. Compared with other treatments, T50 had the highest relative abundances in
Proteobacteria, Acidobacteria and Ascomycota and the lowest relative abundances of in Actinobacteria and Basidiomycota.
NMDS analysis and similarity analysis showed that soil microbial community structure of T50 was significantly different from
those of other treatments. Alpha diversity analysis also showed that T50 had the highest richness and diversity of bacterial and
fungal communities. Soil physicochemical properties and soil key enzyme activities were significantly different under the four
treatments, and T50 had the highest soil nutrient contents and soil carbon and nitrogen metabolizing enzyme activities. Pearson
correlation analysis showed that soil alkali-hydrolyzed nitrogen, available phosphorus, available potassium, protease and urease
activities were most closely related to soil microbial diversity. In summary, combined application of sheep manure-derived
organic fertilizer and chemical fertilizers can promote the release and transformation of soil nutrients by affecting the community
structure and diversity of soil bacteria and fungi, which are conducive to the supply of soil nutrients and the improvement of soil
quality. The results provide a theoretical basis for the application of sheep manure-derived organic fertilizer to improve soil
quality in tobacco-growing areas of Luoyang.

Key words: Sheep manure-derived organic fertilizer; Flue-cured tobacco; Soil nutrients; Soil enzyme activities; Soil bacteria;

Soil fungi; Diversity and community composition
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Table 1 Fertilizer application ratios and dosages in different treatments
A3 N K (%) P,0s Rl (%) K0 K (%) HE ekt H 1 (g/pot)
FHE (e FHE e FHE o FHE 2H0 T B TR A

CK - - - - - - - - - -

T0 0 100 0 100 0 100 0.00 2.22 1.25 1.60
T50 50 50 31 69 29 71 14.08 1.11 1.34 1.31
T100 100 0 62 38 57 43 28.17 0.00 1.43 1.03

Prt-48, RG], —E KT HTE H 45505
A IERRE T, O — R A TR B0, AW
RIAE, FT DNA 25,
1.3 MEmMBEF*

Z: R i B R A LT . AR A
AR AR A i S IR SER BT vk e
R M . o, SRR A R 3,5- K
MR ig, Ph1g £30E 37C #5358 24 h JRE
R 2 B BB (mg/(grd)Frn s IR A IS T
KA, DL g 1IEAE 37°C BiFR 24 h
Je A ) H R Y i (me/ (g d)) Form s IR T 1
SRR - AR e, DLl g 13E7E 37°C
K537 24 h 572409 NHa-N ) fT i (mg/(g-d) R

K 11 DNA 42 B & (Fast DNA® Spin Kit
for Soil)#17 118 DNA $2HL , ¥ 2lifb J5 iy 2L [ 21 DNA
VE R TR A Tl S 0 (PCR)FIASAR . AT 3451 R
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G-3")l ITS4(5-TCCTCC GCTTATTGATATGC-3').
PCR K H] 25 uL Wifk % : 10 % PCR buffer 5 uL,
dNTP 0.5 uL, iE[T /1544 0.5 uL, Tap [ 0.25 uL
(250 U), DNA #i#z 1 pL, dH,O #b5% % 25 uL. PCR
J2 K 98 CHAEME 3 min, 98°C 155, 50°C 30's
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Table 2  Effects of chemical fertilizer combined with decomposed sheep manure on soil nutrient contents and enzyme activities

Qb HHLF(g/kg) DR R(ngke) ABi(mg/kg) HAH (mgke) FEREEE(me/(gd) & HEE(mg/(g-d)) NRAEF(mg/(g-d))
CcK 1033+£0.52¢  4037+323c  11.79+047¢c 97.94+099¢  6.55+0.59b 0.53£0.05d  029+0.03¢
TO 10.55+0.55¢ 57.60+2.41b 1735+135b 13233+4.02b 8.01+0.63b 0.70£0.03¢  0.43+0.03b
T50 13.94+033b 72.85+0.86 a 23.11+045a 162.68+288a 10.87+0.15a 1.33+0.01 a 0.74+0.01 a

T100 1623+£040a 5570+1.86b 18.59+049b 13733+1.67b 1232+134a 1.02+0.03b  0.41+0.02b

T RPFESIARRE NG 51278 AN 5 b B E] 22 57 3% (P<0.05); T ll.

S5 A RO A R AR RS R R R
T50>T100>T0>CK, LLAHLEFMIEHLIEEERY T50
Ab PRI R, L T A A B s B RS R DR
THPEFR PN T50>TO>T100>CK , $JL) T50 kbR &,
IERTE -t RPN
22 BRFEFHIESEHIERES T ERED
B 2R
TR EE R ACE fil Chaol #8403
1, Z¥eMEH Shannon Fil Simpson f8HERAFE ., H 3K 3
AAT, T50 AbHRAY AR IR OTU i %,
ACE. Chaol #l Shannon 5% #% 5, Simpson &%

ik HHEANFER) OTU i . ACE Al Chaol FE435%
oA T50>T100>CK>T0; +IEAHFE Y Shannon FE%X
DK -3 B Y OTU %t . ACE il Chaol 11 Shannon
B E M A T50>TO>T100>CK ; -+ 3 40 I (1)
Simpson 5 F FL N T50<TO<CK<T100, + 3 ELE 1
Simpson 55 K TS0<TO<T100<CK.
23 TEMEYBEERSHFESIERERTFHXER
i# it Pearson 73T (8 )AL, +IEMER OTU
i . ACE. Chaol I Simpson 5 %5 + 3R 55% K+
AEVEAB 5, Shannon F8E S0 AE . A WE .
ARCBR B MR 6 PR AR R IEAR GG R, A

F3 BHFEEFVES THAREEEX LIRFMEY Alpha ZHERIEZ N
Table 3  Effects of chemical fertilizer reduction combined with decomposed sheep manure on alpha diversity of soil bacteria and fungi
MEY Qb3 OTU % ACE 5%k Chaol F5%% Shannon 5%k Simpson $5 4%
M CK 2843 +67a 3424+71a 3391+70a 6.25+0.03b 0.007 6 £0.0010a
TO 2766+ 144 a 3330+125a 3298+ 126a 6.36 £ 0.02 ab 0.0052+0.0004b
TS50 3012+57a 3557+40a 3521+46a 6.42+0.02a 0.004 5+0.0002 b
T100 2916+ 107 a 3493+88a 3450+ 76a 6.33 £0.04 ab 0.008 0 +£0.0015a
HEAE CK 404 +31b 472 +38b 470+ 38 b 2.65+0.15¢ 0.2200+0.0396 a
TO 525+ 13 a 594+7a 602+8a 376 £0.11 b 0.048 9 £0.0069 b
T50 558+ 13 a 628+ 12a 625+ 12a 4.01 £0.08 a 0.0379+0.0066b
T100 512+ 17 a 581+ 16a 571 +£20a 349+0.12b 0.0828+0.0194b
o“o“{é@x%x@@,@, NS S B & RS S
O & S AT ot O & & & Ay
W &EEESEEFFEEE ® TSN ITFTELE
OTU | (x| (x| (4% . ® o . o o . o 1.00 OTU % (kx o (xkx (k% (k% . . . *% . . . 1.00
ACE @ @& @ @ c 0 0 00 0Ll ACE®® & 6 000 00005
Chaol (% @ @ o ® 0o 0o 0 O Chaol = @ & ©o @ & - © & ©
Shannon | (** L**‘; [ . . . [ ) . . 0.50 Shannon  (##* (xx . x| (ex | (xx . . . 0.50
Simpson | (**) @ ° 0.25 Simpson | (** 00 = ) 0.25
MIEE 0 @ @ & @ @ 0.00 R 00 0 @ e 0.00
Mm{f"fﬁ wx ) (ex) | (xx . wx | (ex . M%ﬁ wx (ex) | (k% . Kk wk .
,{J‘&“ﬁ@% w5 (% . w5 (k% —-0.25 ﬁiﬁ@; w5 (k% . % (% —-0.25
ﬁyﬁf}f P . Kk k% 0,50 @y&j}iﬁ sk . P 0,50
Eﬁ*ﬁ% D @ . E{:;{% s | (e .
%l‘_—]% s ke —-0.75 %r_—] sk | (s —0.75
s B o9 iRk |G| o9

(B A: 405 ; K B: EB; *f**R/RTE P<0.05 fl P<0.01 /K I {2 EAHE)

1
Fig. 1
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Pearson correlation analysis of soil microbial community diversity and soil environmental factors
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Fig. 2 Effects of chemical fertilizer combined with decomposed sheep manure organic fertilizer on species composition of soil bacteria at
phylum level
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Fig. 3 Effects of chemical fertilizer combined with decomposed sheep manure on species composition of soil fungus at phylum level

http://soils.issas.ac.cn



5 4 19

TRAE AT - BB ZEA HLAL BTG JCATLAC X A AR SR MUV 4540 P 22 BE R 52 ) 809

LA E I 1(Zygomycota) FUAHXT B, W& RFR T HH
THT AT ERE, TS0 AbBEHA & s i TR T TR
AT TAXS R, SRR F BT AT 2R
25 BAFEFUVESTHIEEREX LIEREY

eyl gl

I 4A FoR, W X 4 CK, TO. T50 F1 T100
PEPRZ A —E R, H2 B A, et
T RE % AR A TR A RE I8 G5, (EUAS ] b $HG) 338
Y PRREVE S5 R0 52 0 25 57 N BH S o A LU B 3B T BT
S5E, 4 A Ab IR - S TR AR R S A 43 B R H T ]

(A)
Stress= 0.1725 CK
TO
T50
0.05F T100
o
8
S 0.00
Z
—0.05}
1 1 1 1 1
-0.10 -0.05  0.00 005 0.10

NMDS1

5 W X B CK A FE S it AR AL FLA» B A &, (H 45
HEAL PR E]) 7 BB FA AU (K 4B i), UL g
% W Jp A A - HE TR RV S5, (EAS [ £ it A A 2
X R REE SR 25 NI . &l S AT,
2 2] i) B K T Ak BREE B i, A 4 1) 25 S R T4
£5, {85 P AR 22 83 T B K

A SA RIAL, T IR, MRS CK AbEE
L Z R A RE, (5 T50 4bF# 5 TO, T100 ZhHE2ZH
B hESBAlAL, T HEAER, SAaHEEE

WEZS

B) K
Stress=0.121 To
T50
T100
02F
I
1%
=)
z
0.0
-02+
-0.3 -0.2 -0.1 0.0 0.1

NMDS1

4 [EMEZHBHNPLEME T IET TIEME (A)FIE E(B)EEE NMDS £ 47

Fig. 4 NMDS analysis of soil bacterial (A) and fungal (B) communities under chemical fertilizer combined with decomposed sheep manure
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Fig. 5 Similarity analysis of soil bacteria (A) and fungi (B) under chemical fertilizer combined with decomposed sheep manure
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