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Effects of Polypeptide Fertilizers on Soil Improvement in Tobacco
Fields and Growth and Development of Flue—~Cured Tobacco

LIU Yue',SUN Jingguo*, YUN Yueli', SUN Guangwei*, CHEN Zhenguo®,
LI Jianping”,ZHU Rong', GAO Xiangkun®, LI Yadong'
(1.College of Life Sciences, State Key Laboratory of Biocatalysis and Enzyme Engineering , Hubei University,
Wuhan 430062, China; 2.Hubei Academy of Tobacco Science, Wuhan 430062, China;
3.College of Resources and Enviroment, Huazhong Agricultural University , Wuhan 430062, China)

Abstract: The study on the effects of polypeptide fertilizers(organic fertilizers converted from protein wastes) on the
improvement of tobacco-growing soil and the growth and development of flue—cured tobacco aims to provide data support for
ameliorating acidified soil, increasing the diversity of soil micro—ecological populations, and enhancing the yield and quality of
tobacco leaves. In this study, using Yunyan 87 as the test material, three treatments of polypeptide fertilizers(H1, H2, H3) were
set up, and tobacco-specific fertilizer(chemical fertilizer) was taken as the control, the soil's physicochemical properties, soil
microbial communities, growth status of flue-cured tobacco, and the quality of flue-cured tobacco under different polypeptide
fertilizer treatment conditions were identified. The results showed that compared to the application of conventional tobacco-
specific fertilizers, the application of polypeptide fertilizers increased the soil pH value by 0.4. Additionally, the total calcium and
exchangeable calcium content in the soil increased by 10.28% and 33.33% , respectively, while the total phosphorus and available
phosphorus content decreased by 25.81% and 45.14% , respectively. This indicated that the application of polypeptide fertilizers
could not only reduce the amount of phosphorus fertilizer used but also alter the soil's physicochemical properties. Soil microbial
community analysis revealed that the addition of polypeptide fertilizers significantly enhanced the richness and diversity of the soil
microbial communities in tobacco-growing soil, with an increase in the relative abundance of Gemmatimonas. The application of
polypeptide fertilizers also improved the growth, yield, and quality of tobacco. In the treatment group with a 67 % of reduction of
phosphorus fertilizer, the plant height increased by 10 ¢cm, and the content of organic acids in the tobacco leaves increased by
11.25%. Additionally, upper medium tobacco rate of cured tobacco leaves increased by 0.17% compared to the control.

Key words: polypeptide fertilizer; reduction of phosphorus application; Yunyan 87; soil physicochemical properties
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1.1 R EE Hh R
BB 7E W A & Bt A v N AT A A A

(30°47'N,108°92"E, 44 1 193 m) #4740 115
ST ARHE LA AL M B AN R pH E 4.32, B fif
R & 4 56.70 mg/kg, A R & i 6.69 mg/kg,
N & B N 85.03 mg/kg, AT R ME S & RN
133 mg/kg.
1.2 RIe A

ALK B 0 i B 87 X6 BT &2 KA
WAL K 2= B Be 7 FE R, L EORHIE B K 57
B ) Bk R AL A B AL S R RHRE A
28 150 “C il A Ak 520 il 4 th 22 7K s 1 22 ik (COF- 3
SRR 5 ku) o ZERIEAR AT
pH{E M 10.85 &% & & 7 90.53 g/kg, & & & N
0.36 g/kg, 4= 8 & & N 71.62 g/kg, & 45 & & N
55.20 g/kgo
1.3 RXEEig it

B LY B 4 A b B H1. £ BKIE 750 kg/hm?,
4 N 90 kg/hm?*, N: P,0O;: K,O 4 1.0: 1.5: 3.0, K I
B AR s H2. £ BKAE 750 kg/hm®, 46 N 90 kg/hm*, N:
P,05: K,O 4 1.0: 1.0: 3.0, sl il i A 33 %05 H3. £ ik
At 750 kg/hm?, 4fi N 90 kg/hm?*,N: P,O;: K,O 24 1.0:
0.5: 2.0, 80 it 5 A 67 % 5 CK. fifi A 55 & B AR, 4t
N 90 kg/hm*,N: P,0;: K,O 4 1.0: 1.5: 3.0, XK %
FABEHLIX A HES % 8 3 E R, I 124 /NX, A
INIX 36 BRAH o ARATHE % 55 cm X 120 em ZEAT R,
REKH FH 8 B AT FH 32 e Ak BEE SR R AT, 8 FH AE B 4
FEOE S5 4 Pt 2 77 K A B A T
14 MERBRFZE

- SR RN OB R R WO B T
P R A A e G o R FH L R O 1 A3
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oy F AT e A D 43R o

JH R AR 20 AR 2 B R e 25 R 8 e ) 6 Ty
2, TR A S 30(HIAI) .60(4T T ) (101 d
RGN BEAT B o 2R i K A P 5 T 5 0 et
S P i R R RO O B I S A RS R
i~ W8 A A s 0 R O A ik R R
H Solarbio BC1570 AJ UL 43 ' 3 v K6 I 3 7510 6
B 5 M AT 5 PR bR A iR H Solarbio BC0030 A I,
36 B A I ) 6
1.5 HEBSItHH

% F Microsoft Excel 2022 .SPSS 27.0 # 17 %k
e Ge Tt TH 5 A G 3 BT e 25 S W 3 A b s R
Graphpad prism 6 #1748 153 Hr il 4] .
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Different letters in the figure indicated significant differences(P<<
0.05) among different treatments. The same as below.
Bl 1 R AR MR 48 3 pH A0
Fig.1 Effects of different fertilization measures on
pH of tobacco—growing soil
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5 CK H1 . H2 &k B AH e, 4 38 4 8 5 5 43 31 B fI%
T 25.81% .5.48% .1.43% .
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Fig.2 Effects of different fertilization treatments on total phosphorus and available
phosphorus content in tobacco—growing soil
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Fig.3 Effects of different fertilization treatments on total calcium and exchangeable
calcium content in tobacco—growing soil
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2.2.1 TR Ab BT R AW A 8 G W BE VR Alpha £
FEVE P BT Alpha 2 K38 BU1E b XS 400, 7T L
KB — ARG P HAEYIRE X —5ir6e
MR YRR s B 2. Hod, Chaol
& %5 Shannon 48 %5043 ) 52 B T 0 5 AR B+ 486
A WIRETR ) E & S Z M Shannon FE 5B , +
BT W BE T 2 HEPE R R, Chaol $8 8K,

FUZ YA R

MF 1A L, % A B Chaol 5 %% i 75 2
WY H1>H3>H2>>CK, Shannon & i 1 1 215
K S H2>H1>H3>CK. H i, £ ik Ae 4 2
Chaol 8 #F1 Shannon 8 ¥l ¥4 & F CK, H. 2 IKE
4b FAE Chaol 5 %% b 55 CK M F , 2 %5 9.24 % ~
15.34 % , & W it JH 22 1k A BE 0% 134 I 4 48 v B A=
BRI ES 2R,

1 AEMEELETHEE T EMEYEE Alpha SH BB ST
Tab.1 Analysis of Alpha diversity index of microbial communities in tobacco—growing
soil under different fertilization treatments

b B Chaol 5L Shannon 5§ %X Ak B Chaol 5% Shannon #§ %
Treatment Chaol index Shannon index Treatment Chaol index Shannon index
CK 5424b 10.60a H2 5925a 10.76a
H1 6 256a 10.63a H3 6 027a 10.60a

TE < [ 90 B J5 AR A AN Rl /NE A B 3R AN [l b B R) A d 35 1 22 5 (P<<0.05) ¢

Note: Different lowercase letters following data in the same column indicated significant differences(P<C0.05) between different treatments.
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Fig.4 PCoA analysis of bacterial communities in
tobacco—growing soil at OTU level

I 4 T, Axis 1R Axis 2 B BT kR0 51 N
21.1% F114.4% , Bt TR N 35.5%0 . 7E Axis 2
Wb H Ab BRES S A AR 5y ) b H3 ALY A A
TEIEJr I b s 7E Axis 1#l I, H2 4 B 45 53 0 A 4
WEJ7 M) b, CK #4534 78 T 5 [n) b H 45 4b P 20 [6] #E
BRI, B4 A B A A B AR W B VR 45 H 25 R
o FRgEREN 5 CKAM i FH 22 IR X 4 58
Y RETS I Beta ZREMEA — & 5200 .

2.2.3  ASTA)ife AR Ak BT R AR - S B A 0 R A
Sy HT TEJE K b X AR S R HE 4 20 4 Y £
TR Wy Rl 20 BCHEAT T 43 AT, A5 SR &L 5 B R, Horp
AN [R] 4k B AR A S TE TR K P A R HE 4
10057 A ol A 0 BE 95 43 ) & JG30-KF-AS9(8.54 %~
12.75%) . 2 B0 M & |8 Gemmatimonas (4.39 %~
5.68%) AD3(2.10%~3.46 %) . % ¥ ¥ % J& Rho-
.79.
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danobacter(1.96 %~4.07% ) .Subgroup_2(1.82% ~
2.89% ) . ¥4 I8 A B W J& Sphingomonas (2.05% ~
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(1.69%~2.12%) . IMCC26256 (1.74%~2.14%) .
PR B B Acidothermus(1.29%~1.62%) . H |
it FH 22 BR AR Ak B , 2F B o ( Gemmatimonas)
AT 2 B2 5 CK AR LL A B 38 hn , M Gemmatimonas

AN FoAE 38 v J O 4 s, X s - I BT AL
ARMVER . 5, JIG30-KF-AS9 X 4 4
A B M AR, B 5 B ] 3R 4
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Fig.5 Analysis of the relative abundance of microbial communities in tobacco—growing soil at the taxonomic level

2.3 AEIMIEAEEREKETHZME

2.3.1 A [e]ite AES Ak X K AR 20 PR B B2 e A
F 2 i, AR ) H3 Ab P 25 Bl i K, 5 CK LU HT A
H2 4b BEAH I, 43 9148 K 0.88.0.72.1.26 e 7E i
2], H3 A PR BR e, 5 CKOHT R H2 4 B AR
Fe, 4 6 10.8.1.78 em , H3 Ab ¥ 5 CK 2 F &

#(P<<0.05) ; H3 kb 3 25 [l fr K, 5 CK . H1 Al H2
AL EA L, 43 33K 0.9.0.8.,0.2 em, 1 H. H3 4b B
5 CK A HI 4b 3 22 5 W 3% (P<<0.05) . Z& &3 #7,
e Jiti FH 22 IR IE A 5l s it A8 JIES XoF 0 26 ) 2R K R
B AR BEAE A, L DUt # AE 67 %0 19 H3 Ab 3
(RS LB 1.0:0.5:2.0) Ry e ab B,

F2 BLABBAKEEZERZEKIF

Tab.2 Analysis of main agronomic traits of tobacco plants in each treatment

A H O] P /em 2 Hl/cm R /em R 5E/cm
Growth period Treatment Plant height Stem circumference Maximum leaf length Maximum leaf width

BRI (B8 35 30 d) CK 27.00a 6.40bc 48.26a 24.58a
Seedling Stage( 30 d after transplanting) H1 24 20a 6.56b 45.20a 24 40a
H2 27.40a 6.02¢ 48.84a 25.70a

H3 29.00a 7.28a 49.30a 26.88a

FTTUW (B2 A5 60 d) CK 122.50a 9.70a 71.00a 27.40a
Topping Stage(60 d after transplanting) Hi 124 60a 9.50a 71.30a 27 40a
H2 127.60a 10.00a 73.60a 28.00a

H3 131.20a 10.00a 74.40a 28.80a

A (AR JE 101 d) CK 121.70b 10.50¢ 75.90a 28.00a
Maturity Stage(101 d after transplanting) H1 123.70ab 10.60be 74404 28.30a
H2 129.92ab 11.20ab 74.70a 28.90a

H3 131.70a 11.40a 76.80a 29.40a

TE < 17 81 B8 5 b A AN [l /NG 5 R[] — I 3] [] — 48 b AS [ b L i) £ i 38 1 22 3 (P<<0.05) . T 3R Al

Note: Different lowercase letters following data in the same column indicated significant differences(P<<0.05) among different treatments

within the same period. The same as below.
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2.3.2 A[] it AT &b 350%F % A A= BEAE AR Y52 R
R B4 PR TE AL 27 B3 2 VT 05 0 A A e B B T Y
CHEFEAR . HIFE 3 AT H3 AL FE | H - b o
Faewd e e T HAS G, H3 4P A CK.
H1 . H2 &b 3 | 38 4w 5 it o0 0 328 11.61% .
54.32% . 27.55% , ARt g & B o iR E
12.50% .45.95% .8.00% o 4 3 1% 43 #7 45 2 W

H3 Ab 3 1 3B A0 i 4 i & i B S T HL AR
(P<<0.05),CK . H1 . H2 8] 22 5% K g & . e 4
B b HL AR bR e 4 5 3 T A
b HE(P<C0.05) , HiAx 45 b B IR) 22 S5 OR 3% 5 H 4b
F b S 2K T H2 AR B (P<20.05) L1
H1.CK il H3 &b Hf 8] 22 5 K 2. 3%

%3 R MEAE AL R R A 3 A O A T A AR O B

Tab.3 Effects of different fertilization treatments on physiological indexes of tobacco leaves at maturity stage

i e WA/ (g/kg) A5 it/ LR e B R &/ AL ERE A/

"y Total phosphorus (g/kg) (mg/g) (mg/g) (mg/g)
Position Treatment . . . . ;
content Total calcium content Organic acid content Free amino acid content Soluble sugar content

ot 1n CK 1.12ab 12.74b 26.58a 22.37a 93.48a
Upper leaves H1 0.81b 25.63a 32.75a 31.50a 95.83a
H2 0.98ab 16.01b 30.89a 23.08a 90.06a
H3 1.25a 12.22b 35.92a 26.29a 100.53a
s - CK 1.44ab 13.58ab 20.63a 21.94a 65.82a
Middle leaves H1 1.11b 14.91a 21.97a 22.32a 73.14a
H2 1.50ab 12.69b 24.96a 20.40a 69.65a
H3 1.62a 13.67ab 22.95a 21.39a 78.27a

% 22 KB Ak 3L 3mSR R e A AL R
iR CK 4y B4R 8 3.17% ~35.14% F1 6.50 % ~
21.00% , 5 Ab 3R] TG 3 25 o b v 0 e i
SR A AN 22 5N B . A T
B b, BOAR H3 A B S o R e e e] i I b
Yy T A AR (P A A B R 2 S OR L 4
BRI AE it 2 R ) LA e 9 I AT —
100 1 o o e o s 8 = o 23 N ]
TEH
2.3.3  AS[AI Kb B X8 5 A E 22 e MR i s
FAH, 45 Kb S S R R T RN R
CK>H3>H2>H1, H , H3 k¥ 5 CK 7 4l it
S A R AR AL . A5 Ak B AE S R rh AR
RN BRI 8 H3>H2>CK>H1 fll H3>
CK>H2>HI1, Hr  H3 &b P& CK /3 94w 1
0.07 JG/kg 1 0.17 % , 8 R e o

R4 TELAEEEEMEFERS T
Tab.4 Analysis of economic traits of cured tobacco
leaves under different treatments

fib B P/ e/ i/ AR %
Treat- (kg/hm?)  (JG/hm?) (7t/kg)  Upper medium
ment Yield Output value Average price  tobacco rate

CK 138.65 4216.25 30.41 93.05

H1 135.55 4110.25 30.32 90.12

H2 136.45 4158.12 30.47 91.14

H3 138.25 4213.25 30.48 93.22

3 #Ziwh5itib

HHE AT M 2 R R P A 2 A4 1 1
A R oA (7 - ok /b D PR B AR 1Y
AW, R AR B R, A ML L
A R R U 0 o 4 1R Ak 2 B ] R
S FEY R E RN R —, AR E
B, R S R X R B, Bk
10 a, Wb 48 A I 4 3 0 A 20w & Bt B0 T R IE
P R T AR R AR Az BT M Pk RS,
R U 0 A AL AE X D Sk bR Y BT A Y AR
U it 5 i 25 R Y 4 5 52 TE TCAILAE A BE o
BAR I PR 43 A A ) SR FH it — 2 A L
FEFE Sy il B A b 7 AR, [ B 75 2R A0 2 L
A AL 0 Sl ATUAE Sk il R 0 5T AR ) A
B b 2 IR (H1 H2  H3) i 4 4 pH & 48
BN R IR CK 42 & T 5.22%~9.07% , +- 5 4
W A0 A 2 S i 3 R IR 21.50%~25.81% M
16.74 % ~45.14 % , 4 18 4= 45 F1 32 e 14 45 &% it B 3%
Hhn 9.32%~12.65% H125%~33.73% . 3 B it
2 JIK A X6 45 vey 438 pH (A A7 {2 VR, 3 ] B & A
N BRI & 50 K, RR E A AL RO
X5 T ARG g A R — S0, 8l it T
M2 S8 , RS 3 R AIK M bl B i Rk e
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