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Effects of Distillers’ Grain Organic Fertilizer on Soil Nutrients and Fungal Community

Structure of Tobacco-planting Field

TIAN Zhen', ZHANG Can?, SUN Jinhao', LI Yu', TIAN Weigiang?, LI Shaopeng', XIONG Dang’an', HU Anyong®"

(1 Technology Center, China Tobacco Jiangsu Industrial Co. Ltd., Nanjing 210019, China; 2 Guizhou Provincial Tobacco
Company Zunyi Branch, Zunyi, Guizhou 563000, China; 3 School of Geographical Science, Nantong University, Nantong,
Jiangsu 226019, China)

Abstract: In order to explore the effects of applying distillers’ grain (DG) organic fertilizer on tobacco growth and soil microbial
community, a field experiment with the application of DG organic fertilizer at rates of 0 and 1.5 t/hm? was conducted, and the
effects of DG organic fertilizer on soil fungal diversity, fungal community composition and structure were investigated. The
results showed that DG organic fertilizer increased the contents of soil organic matter and total carbon, and had no significant
effects on the Chaol and Shannon indices but altered the compositions of soil fungal communities at different tobacco growth
periods (including rosette, vigorously growing and mature stages). Applying DG organic fertilizer increased the relative
abundances of Mortierellomycota and Rozellomycota phyla at the resettling stage as well as the genus of Talaromyces and
Rhodosporidiobolus at the mature stage. Soil available phosphorus was the dominant factor driving the changes in soil fungal
community composition and structure.

Key words: Distillers’ grain; Organic fertilizer; Soil chemical properties; Fungal community
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PR S S SR R o SR, PR HLAE A I 1 4
B4 I FH R T - 48 TRV 1 S e B B iR . R
U, ATFFEIRIT T it PV AS AT LA X 38 = Ak 2k
TR EL AR B, AT T A R T S L
TR LS R B B 2 2R, LA AP RE A B AE 7 Al A
48 b AT RN R AL BRI ARE

1 #REFE

1.1 KERER

B0 A F 5% N 2 B ST RE N X (106°81°E,
27°51'N), ¥ R E R KWMHE ™, WaAFE
HYBEIR AL R A AR AR, S 4 ) d S 1 AR B A e
Mo FEH AR ST, S TR A 2 KU X 1A
S RO, O X AR K B 968 mm,
SRR 15.0 Co
1.2 Rt

FH 7] 38 56 15 8 P A A AILAE it & 0(CK) Al
1.5 t/hm®> (DG)PIA~Ab B, &F~kbH 3 kEE, Hil6
ANX, BA/NXERE 200 m*, R 5EEREHLX
kgt AHREA UL A . 2. 2.

AP S BRI & 5530 29 15,118,632 FlI
256 g/kg, pH N 6.9, M CHREM X RGN
PRt 45 AL OR A it FH R FE ()45 B R AR TR, X382
MR TR AR AL AR = B R FLVE AT o 7 A 22 i it
525 kg/hm® 52 A AL (N-P,0s-K,0 : 10-10-24)7E Jg 5L 5
15d J5, MIER AR H 22 S HUEAE 8 em,
% 20 cm., fLIE 50 cm Y BIBTRS AR, BEJS . B
45 kg/hm? & 4 HE(N-P,05-K,0: 22-14-10) /K % i
FE R i RO AE S 2 i ) IR Bk 7d )5,
FEPEBSH AR ZY 15 om b 4T LB 105 kg/hm® % F 7K
(952 4 B (N-P,05-K,0: 15-0-30), F&#k 30 d J5iE i
120 kg/hm?®. JBAREER 5 d 5, ZEFREdthinim R4
HUIE, JFH 3 A a6 o &/ NI TR TS
55 6 d il R R AR 5 Bk, IR R iR
M, FHA RO M R 58 X2 AR DL /INX Ry o
PLER PR RLRE | J3 i Geit H - i, RS b
FHAHEL S Ah N =40 87, T 2022 4 5 H 8 H 4% ,2022
4E 8 H 29 H &AWk,

1.3 tEHEMRESHN

I 455050 F A1 (2022 4E 6 H 5 H) IEK
(2022 4F 7 A 12 H)FIEEI (2022 45 8 A 15 H)
KA B RR 5 cm f9 0 ~ 20 cm + )2 HIERES, B4
ANXBEE 6 A RAESIFR G 1 AR R B+
SRR ST 2T IR B AE T | SR e R 4 8 B ke A kAR
MARIRAR T, IR PGS B0 = T i IR
b B el 2.0 mm WG, RERANAFIVE Y, BAEL
KRYy 25 g Hilf HIELAET —80 C VKA T 145
DNA Y4, A0 RIS AR B s KT, B
J5 i85 0.85 mm F1 0.149 mm Y 57 L4 + Ak 1k
FEf 30T o Il T A I AL FE -4 pHL. 33K
W (AP), fAHLII(SOM)., 2fik(TC). 2Z(TN), #&
ANH-N) A SR (NO3-N), #5845 BAR M ik
SR (R AT ) 1
1.4 11% DNA {REUK PCR ¥ &

13 DNA $2HCH PCR ¥4 . FRE 0.5 g B+
HERE S H ] FastDNA SPIN 57 & (MP Biomedicals,
Santa Ana, CA, USA)##1T -3 DNA RJHRE, #4EHL
BB T 1% BrURRobv6E e r ik RS 0 42 B
i)+ 3€ DNA Fife, FJH NanoDrop-2000 7366
(NanoDrop Technologies, Wilmington, NC, USA)XE i
D2 - SE4E 5 DNA MREE, A5 1%) ITS1F/ITS2R
(ITS1F: 5-CTTGGTCATTTAGAGGAAGTAA-3', ITS2R:
5'-GCTGCGTTCTTCATCGATGC-3")% ELFf ITS1 X
AT PCR &4, ITS JE&[K PCR §"447E 50 pL S
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R Z gy, Horbfuds 25 pl GoTaq"Green Master Mix
2x(Promega), 1ESZ 5[4 1.5 uL(10 pmol/L), FiFE 10
£ B9 DNA 10 uL, F ddH,O 345 Z4AF1 % 50 uL,
AT 3 WEEIFEIFN 1 DR A
[llumina 2 & B Miseq PE300 - & $EATI 5 (b #2675
AR RA A
L5 HiRESH

] R 6 F (v4.2.3) 0 I e B0 47 4k B 73
Bro Hrpr, {4 F DADA2 XA I 5 1 S 4k 3 5 i
A7 i R DR, WA RS 5 0 R R R
UNITE(v8.0); FIH vegan £ Fll microeco £ X H F# #f
% o ZREVETREGHEAT I B VR T AR bR oA
(PCoA) ., H:T BB HYTCA 70T (db-RDA) I 4 2 T
J7 2253 M1 (PERMANOVA); i il Hmisc LA 432
P 5 HL A 2 R R B B LA 1K AR
XFEREHEAT Pearson AHOCTEZMT, HA5 R linkET 42
AT T ARk .

2 HER5HH
21 EREEEVEXNERESEMTELFER
sk

H1ZR 1 RIRN i FH IR A AL S 25 18 1 A e
P (8 R R RN 5, 8 = e 0] 0 4R R T
14.8%. A FIREERY] AL 23R A BLGER 2),
TEATPAEAHLAL S, PIRRIS . REAH] . bl Ay £
A BB 2 A & 2 83 = T CKOARHL, T 2R
i AR LAY 2 e T CKOAR L SR A HILAE Ak 2

() A SO B A AR A K B3 & T CK
QLB (B AE R T B 3 25 5 it TP RE A FLAE X AR
AR R A= K I Y 358 pH FIJCHLA(NHL-N Fl NO; -

INPRTE S A0
22 BEFAVEERANTEERESFEMA
B £ K B 35 )

M 18 3 AR A rp B Y 4 063 B HY 1
IR (ASY), Hirh CK 1 DG b3 [ 3E5 1 017
A ASV, HIFFIECE P51 EE 89.4%(F 1), 7E1]
GYIOKF b T SR B B R R Y DL R
(Ascomycota) . #EffEE [ ](Mortierellomycota) . HF
"] (Basidiomycota) 1 2 2% 1# '] (Rozellomycota) (' 1
e, AATTRAIRT T BEBAIR T 90%(181 2A), TERTER
191, DG AbFE A (- FE TR TR BT TR AR T = B2 g
IR CK A3, WeAa VRS 2508 T 1A XS = BE g = T
CK #bHl; 7ERERKM, DG b bl s A 3 8
T CK AR, 17 B 25 1T TAHX £ BE(R T CK Ab 3
TERUAM, DG AbSE b AR T TAHXT (LT CK
AFR, HF BT TR R EE N T CK AR F(E] 2A),

& 1 BB RLNE R R SE = 2R R0
Table 1  Effects of distillers’ grain organic fertilizer on agronomic

traits and yields of tobacco leaves

Ak 3 Pt (kg/hm?) R (em) BRIFSE (em)
CK 17985+863b 70.1£2.5b  27.5+0.7b
DG 2064.5+88.1a 74.6+08a  31.0£05a

i : RIPFESIAR/NG F5:3R8 CK Al DG AbFE 7] 2% 5 i
Z(t K, P<0.05); FIAl,

F2 BEREANRNREREN IR F RN
Table 2  Effects of distillers’ grain organic fertilizer on soil chemical properties at different sampling time
SRFEmMF ] bR pH SOM(g/kg) TC(g/kg) TN(g/kg) NO;-N(mg/kg)  NHi-N(mg/kg) AP(mg/kg)
R4 CK 7.06+0.11a 26.17+0.75b 15.81+£0.55b 1.35+0.05a 7.53+0.51a 10.13+0.87a 88.74+£6.43b
DG 7.09+0.17a 28.69+097a 1729+051a 148+0.11a 9.08+0.45a 837+£0.78a 104.48+6.18a
RER CK 6.65+0.12a 2743+0.62b 1680+0.15b 1.27+0.15a 7.40+0.83 a 10.19+0.62a 73.57+3.78b
DG 6.76+0.10a 29.73+0.92a 1838+0.6la 144+0.11a 8.64+1.48a 11.82+1.28a 91.42+39%a
A CK  672£00la 2666+027b 1548=035b 136+0.04b  9.93+0.582a 6.55+0.67a 73.23+595a
DG 6.86+0.53a 29.61+£051a 18.00£03a 1.59+0.04a 9.41+0.67a 6.73+0.16a  77.69£2.09a
TER IR L, AR 3 AR
1642 1017 1404 J& (Fusarium) . #% {id % J& (Mortierella) FI &% T0 16 7 J&
CK o (@4%) (89.4%) (62%) DG (Acremonium)WIFERT A R DG AN T B @ K-

(R BT FR ASV 5, 459 M E 80T 91505 591 50w
LA
B 1 TIEYEFFIITIRASY)HEZEE

Fig. 1 Venn diagram of soil amplicon sequence variants (ASVs)

FHXTEEE S CK AMAH I AATE— B 225, AFERTRR
WIFIRER ], DG AL T BHUE (Botryotrichum) |
7T IE (Lophotrichus) FN JC25 75 T & (Acaulivum) B A YT
FHE; fE, DG AN AR TE S (Talaromyces) Fl
Rhodosporidiobolus J& AT F R = (18] 2B).
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Fig. 2 Relative abundance of dominant bacteria phyla (TOP 10) and genera (TOP 20) in soils at different sampling times
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23 ITEUFEERSEEHENXER

db-RDA HF#ff 2 +- Ak 2A M 5 R VR 2
] 2 (E 5). db-RDA 437 Al BT 6 4> 3= 2l 43 51

.CK

800 -

600+ a

400}

Chao1#57

200+

IR BE RS

RAEIT 4
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0.048) 55 FL I Ve A8 Ak =2 B A7 S 254 Dbk
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M REEFE B0 1Ak A PE A T AR M 2,
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Fig. 3 Chaol and Shannon indices of soil fungi
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Fig. 4 PCoA of soil fungal communities with and without distillers'
grain organic fertilizer at different sampling times

*3 MWEARREKMPLIRARN RS TER
FEDTER
Table 3 PErMANOVA of soil fungal communities at different
tobacco-growing stages

21 [A] b FAA R? P{E
AR vs MER I 1.774 0.151 0.111
AR vs ) 3.307 0.249 0.001
RER ] vs AL 3.069 0.235 0.009
05F ! NO;-N
s *‘
y NT et
9 | © Pt
- w_:_:___: SOM_ © UK
g ° | TC L d ’Jj(f"}uﬂ]
(=) |
~ | iy
| e CK
051 : . DG
NHAN AP
| 1
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RDAL1 (18.1%)

5 TRERMENLFERBTRSN
Fig. 5 Redundancy analysis of soil fungal community and chemical
properties

x4 BMEIBRUFHRATUMIBRNEEEUES
Table 4 Differences in fungal community changes that can be
independently explained by each soil chemical property

I 1 2E M REIE P
AP 0.0810 0.007
TN 0.0665 0.036

NO;-N 0.0642 0.045
NH;-N 0.0565 0.048
SOM 0.0549 0.087
pH 0.0458 0.172
TC 0.0451 0.172

ES5TIELFERZEA Pearson HHX 1%
Fig. 6 Pearson relationships between a diversity index of soil fungi
and relative abundances of major fungi (phylum level) with chemical
properties
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