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Abstract

In order to screen out the different microbial agents and application concentrations acting on flue-
cured tobacco, Yunyan 87 was used as the research object in this experiment, and the control group
(ck) was set up. Photosynthetic bacteria were diluted 500 (g1), 300 (g2), 100 (g3) times, and chlo-
rella were diluted 50 (x1), 100 (x2), 150 (x3) and sprayed on flue-cured tobacco leaves to compare
the physiological characteristics of flue-cured tobacco leaves under different treatments. The re-
sults showed that: (1) Compared with the control group, the stem circumference of g2 treatment
was significantly increased by 24.96%, the stem height of g1, g2 and g3 treatments was significantly
increased by 19.85%, 24.26% and 18.75% respectively, the maximum leaf length of x3 treatment
was significantly increased by 11.09%, and the root activity of x1, x2 and x3 treatments was signif-
icantly increased by 4.00%, 7.78% and 9.54% respectively. (2) Compared with the control group,
the SOD activity of each treatment was significantly increased, among which the x1 treatment in-
creased the most, which was 41.62%, the POD activity of the x2 treatment was significantly in-
creased, which was 23.25%, and the CAT activity of each treatment was significantly increased.
Among them, the x1 and x2 treatments increased significantly, which were 59.9% and 63.09%, re-
spectively. (3) Compared with the control group, the MDA content of g2, x2 and x3 treatments de-
creased significantly by 15.51%, 20.77% and 23.67%, respectively. (4) Compared with the control
group, the soluble protein and proline content of each treatment were significantly increased. The
comprehensive analysis results of membership function showed that the comprehensive score of
g3 treatment was the highest.
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1. 5|8

FERE B, ERLZ M IR, i SO s O TR, B vuE I
W PR AU E . N AEA SR A A T AT F 1] Bl A 2% B RO 5 AT 5 S M B P B R R
ANHERE, &G40 2 IR 2 R ) SR &5 . BRI R ARG AR B R A I it Jo 1R A0 58 ) i H 25 R
H, R RME RS SRR AR A H R [2]. DA 4l (photosynthetic bacteria){EH—FRREAE
REEIIIF A T RGBT S EH A A A (3], R H R A BRACUR D Re,  FEfE
AEVE IR T R TR0 EEAARIE AR 1R, SGEM PR MRPRTAE I S D R
geth, LRSI A, AR SR R IR S AT S [4] [5]. AHOCWETEER M, SR dim RS H e
IR R B G [ 80, TR A I BV 2H 70 o TRUAE ARG, X AR A B A B P, s e e 1 A ] G
WREZEME, BARENSZ AR T A2 WAREEY R, SRR EEIER, S LA E A,
I LIRAEI[6].

T (microalgae) & — KR AT G B IR MIMAY), HHE SAVIEHEDR . KREMEBE TR K4
AR BERFEW R 2 NA[7]-[10], [EIEF, GEE AT VE Y AEPIIE . LR R A A R N TR
WAEF[11], Bt LK IR, BEHe A KK G B RS = &, Rt Y
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KRR, Mo RESREEDAE KK E[12]-[14], &R FRFEER N EZAEYRIE. MAEDRT
VRS — Pl BLAE AL, 383 ol A= A 2 i i s R SO TR 2 A, A2 RS IR A I R o BAT BB 5 [15] [16]
HAETR TRIADE AR s E N R s AER AR F e ik 000 A K B AT vk ST AR DG Fe i Ay
W& A TR G A E A NEREAE ARG R, SRR ZAR, BTN R RO 5 40 B 5
AR H AN TSR (R, AR A X 0t A A 7 00 97 0 o P A W R I PR E - AR
R AR, SRTHPUEE LM 5T, (RIS AR SR TSR R 8 St AN el S 3

2. MR EHE*E
2.1. IS

ARG T 2025 FEAE ST A BT T BT B R SR R 3R AT, (R = 87, T4 H
10 HikTRe %k, 9 A 21 HRIEL . 58 F b 3-F30, g EY v 1K, W5 A WL & & 27.73 g kg s
ERGE 1.16gke™, &N 0.64 gkg', 248 14.38 g-kg™!, TRE 55.81 mg-kg ™', B 2% 36.92 mg-kg !,
WA 121.57 mgkg™!, & T 4.39 mgkg!', pH 5.78. FEEAMHE L FIE N:P:K (9:13:24) 42 kg/mi, #
HJE N:P:K (15:8:7) 3 kg/H, iBJEA N:K (13:26) 22 kg/H -

2.2. AR

R IR AN = 87,  H BTN A MR A W] EE T T A R Rt . Y6 S gl B AW B RIS AR YR
BHIRAF, BRIEHEE >1 %108 cfu/m L. /NEREEIEF & A/, F/H BG11 B aERE 3% 7 d.

2.3, R

AARIG 7 NI, ck: WIETEIK: gl: 1:500 MiMCAAE; g2: 1:300 BiltEA 4R g3: 1:100 WY
FEE AR x1: 1:50 WEia/NERIE: x2: 1:100 WEia/NERIEE; x3: 1:150 Wjita/INEREE, 45 Kb FRAN 8 R - T 5 i
BRI , A SRR — 2 RGBT W2 1. I N KHNXREE, X AATHE 1.2m, #RkEE 0.6m,
NXCRHBENLIX ZHHES, BE/NX 60 MR, ANFI B FITERE B R 26 35 d 55 d EATWEIEAbEE, DARFS)
W Tith FL G YA ROV N B o R 42 22 i PR S RS A AR R i B 5 AT . TR RS 65 d HUREI 2 o

Table 1. Experimental design

F 1L ORERT

W7k Jiik
ck 1HK
gl JGETE 1:500
g2 AU 1:300
g3 HeA4HE 1:100
x1 /NBREE 1:50
x2 /NEKFEE 1:100
x3 /NERIEE 1:150

2.4. WMHEIRR 5%

2.4.1. REMERBOME
JENRAR Z IR E 2% YCO/T 142-2010 CHHELR ZHOIRIEA & ) [17].
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24.2. HREEKERNE
PEJRM R E KR E 25 YC/T 31-1996 B R M B i e A il £ K 7 B - RV [18]6

2.4.3. REFEHNE
SR FH S = 20 5 DU R0 52 AR R TS 1197

244. MEHBENER_BEENE
KA AR R E R B A 5] A= A IR Gl e i S A S B (catalase, CAT) . i A L4 (peroxidase,
POD). HHEMNYEALEF(superoxide dismutase, SOD)JE 4 A1 PA —- % (malondialdehyde, MDA) & & .

2.5. TN AE

WA ZHIR. HAE/KE. ARG /. SOD iHtE. POD WG, CAT ittE. MDA &&. "iEME
HE . HEER & =255 B R B i Fets, 15 AR S A e Fabr it 3¢ 8 s EUE [20], RIG1HE
HAERH R TSR A TR B2 sR 8 R B, B O U B Z A B M 28 B VR T . ARIALEETR
FAF IR A e A FRAR bR AT S A VP TS A R R .

X:M,Xi =1,2,3,-n
Xmax _Xmin

A x, SRR E NG SN RFRINE A X, NPTA BRI R AR R KA X, NPT AR
HOR-FEAR @ FEAR e/ IME

2.6. GEitorH

K Excel 2021 FHATHHH A FE . 42, SPSS 27.0 #HAT W& HT.
3. ZBRESH
3.1. BFAEXEER SRR

2 iR, BAFZEEKICN g2>x1=x2>x3>g3>gl >ck, Hr g2 ibH Y ck AL EAF
EREZES, H o2 MHFMKT ck MFIRTF T 24.96%. FHAFEZEEKIKN g2 > gl > g3 >x2>x1>x3>
ck, Hrgl. g2 fl g3 ¥ ok AFEAEEREZESR, H gl g2 Ml g3 MBMET ck B ZHFEFA T
19.85%-+ 24.26%H1 18.75%. - AbFEF K KAK N x3 > x2 > x1 > g2 > gl > ck > g3, Hri x3 ib# 5 ck
EPRTE e KK EAAAE R E S, H x3 AT ok AHEHET T 11.09%. S0 HE i K5k g2 >
x1>x3>x2>gl >g3>ck, HEWHZMERAMN S EAFAREER.

Table 2. Effects of different treatments on agronomic traits of flue-cured tobacco

% 2. FRILEX R ZMRAF M0

QbR Z£[l(cm) 2 i(cm) R (em) BRI B8 (cm)
ck 6.33 +0.37b 84.87 +4.24b 60.88 + 5.29bc 23.47 £2.45a
gl 6.44 +0.18b 101.72 £ 1.94a 60.92 + 1.14bc 23.94 +0.65a
g2 7.91+0.32a 105.46 +3.79a 63.42 +2.03abc 25.77 +0.96a
23 6.75+0.11b 100.78 £ 1.15a 59.00 + 0.66¢ 23.68 +0.38a
x1 6.80 + 1.24b 91.66 + 2.40b 64.96 + 1.36ab 2531+0.71a
x2 6.80 + 0.80b 93.81 +4.38b 66.40 + 1.38ab 24.50 + 0.63a
x3 6.77 £ 0.74b 89.77 + 1.64b 67.63 £ 1.45a 2459 £ 1.14a
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3.2. BHLEFFEMEM FE KBTI

HPE 1A, x3 ARFRA I S K AR, 9 89.67%, gl ALFRRI R S K BRI, T 85.64%:; &4t
B R 5K BN x3 > x2 > g2 > @3+ ck>x1>gl, HAALPEZ (MR8 KE B R E 5.
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Figure 1. Effects of different treatments on water content of flue-cured tobacco leaves

B 1. TEAIEXEERM &K EHF M0

3.3. BAIEXTIEIHIR RIENHIR MR

R 2 w50, x3 MRERAOME ARG I, 9 495.41 pglg, HUON x2 4bFE, N 487.75 pglg: A ALIEAR
RIE SR x3>x2>x1>g2>gl >g3>ck, Hixl. x2. x3 WH 5 ck MFRIEM RGN LR EZE
5, HABT ck B HIFRTF T 4.00% 7.78%- 9.54%.
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Figure 2. Effects of different treatments on root viability of flue-cured tobacco

2. T EIIEXT SRR Z5E NEIRNE
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3.4. BB ETE CEE N RRA

HE 3 A, x1 ARFE ) SOD M e, N 105.32 U/g, Hioh x2 4bFR, 4 101.32 U/g: &4b3 SOD
TEHER IR x1 > %2> g2 > g3 > gl >x3 >ck, F AN SOD WG CK A BE T, Ho x1 &b
(1) SOD &1 CK #ETHIBE iR, $2THT 41.62%. WK 4 %0, x2 kB[ POD ik, N 2277.22
Ulg, KN x3 &bHE, 4 2146.02 U/g; % 4bFE POD JEHEIKIKAN x2 > x3 > g2 >x1 > g3 >gl >ck, HHix2
AEES ck AbFETE POD yEPE BAFTERE R, BT ok AEHETF T 23.25%. HIE 5 7750, x2 A CAT
TR, A 121 Ulg, HUCH x1 A0FE, A 118.63 Ulgs SAbEE CAT 3SR x2>x1>x3> g2 > g3 >
gl > ck, FAFLM CAT VEHES CK AHILA B EER, Hrp x1. x2 FF) CAT 3G ck A FLFETHIR
JERCR, 73R TE T 59.9%. 63.09%.

120 -
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Figure 3. Effects of different treatments on SOD activity in flue-cured tobacco
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Figure 4. Effects of different treatments on POD activity of flue-cured tobacco

& 4. NELIEXSHEMR POD JEMERIFZN
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Figure 5. Effects of different treatments on CAT activity in flue-cured tobacco

B 5. NELIEXSEEMR CAT FEMERIFN

3.5. HATEXFEE MDA S BRI

H 6 mf A1, x3 AFEf) MDA & &E5(%, A 19.44nmol/g, KA x2 4bFE, &84 20.18 nmol/g; %
AbFE MDA &8N ck > gl >x1 > g3 > 2 >x2>x3, H x3 i MDA &85 ck A ZE R RN
BE, MET ok AFLFEKT 23.67%-

ab abc
I | ' I | d
gl g2 23 x1 x2 x3
Ab 3

Figure 6. Effects of different treatments on MDA content in flue-cured tobacco

& 6. NEILIEXIHER MDA & 28I/

30
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10

MDA & (nmol/g)

ck

3.6. FALEIEMRZIZEIRTHIRAE

7w, x3 AFRR AR A S B, N 2026 pg/g, HIRCN g2 AbHE, N 19.55 pg/gs Ak
FRALIE MR S BRI x3 > g2 > g3 > x2 > gl > x1 >ck, FACFRMAAETEER A A B CK WH B3R
The I 8w, x3 AHHER S BERE, N 54.24 nglg, HUCN x2 A, N 49.79 nglg: S AEFRIF
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FIREGEMIN x3>x2>x1 > g2 > g3 > gl >ck, HAMHIMER S ER CK WA BHRT, Hihx3
KEERRBLE TR, SRS BARET ok BT 1 80.54%.
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Figure 7. Effects of different treatments on soluble protein content in flue-cured tobacco
E 7. AEAEMERTAMER S ERFMm
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Figure 8. Effects of different treatments on proline content in flue-cured tobacco

[ 8. ANEIALIE XS #E MRl RER & BRI R

3.7. BRI IR (LR R B R B A

XPAGRIG ) 6 AN ACERI 12 NMEAREEAT ER i, K R ZETTERE > 80% HAFEME > 1 1A
FIRIHE, FIRECT 3 ANEHSY, BiFTEkEIL 92.761%. i&HARMATRE RO EA g S IEMEHE
o B 3. £ A4TH, SAOBPESTFMEIT N x3 > g2>x2>x1 > g3 >gl, XRP/NERE 1:150 A
NP AT G /LBl 1) T 8 S it
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Table 3. Principal component analysis of the effects of different treatments on various indexes of flue-cured tobacco

3. NEIEX IR & IErR M E R 5347

E{=tan F R 1 F Y 2 F o3
= 0.129 0.466 0.871
ENL —0.746 0.363 0.428
RORMK 0.943 -0.121 0.048
R 5E 0.387 0.018 0.853
MK 0.582 0.753 0.026
SOD 0.282 -0.767 0.522
POD 0.87 -0.14 0.015
CAT 0.571 -0.79 0.153
WRARWES 0.966 0.046 -0.201
MDA -0.931 ~0.308 0.029
AEMEEA 0.351 0.921 -0.05
it 2 B2 0.967 0.015 -0.2
FHIEAH 5.971 3.107 2.053
TTHRE/ % 49.759 25.891 17.111
R DTk A% 49.759 75.65 92.761

Table 4. Membership function analysis of the effects of different treatments on flue-cured tobacco indicators

4. FRILEX MR BB R RIB R o

AbEE X1 X2 X3 Ul U2 U2 D Her
gl  -1314 -0.358 -0.671 0.000 -1.219 -0.171 0.372 6
g2  —0.136 1.006 1.722 -1.262 —-2.975 -1.523 1.788 2
g3 —0.897 0.552 -0.572 —0.446 -2.391 -0.227 0.948 5
x1 0.161  —1.305 0.555 -1.580 0.000 -0.864 1.007 4
X2 0.960  —0.908 —0.060 —2.436 -0.511 -0.516 1.544 3
x3 1226  1.014 -0.973 —2.722 -2.985 0.000 2.292 1

BE W1=0.536 W2=0279 W3=0.185

4. g

AW G 15 LE i T4 AR = (R Al A P o 79 S FL e Rt PR B2 B FE LAB SR b “ =00 877 Sk
R, KR, RT3 BN FERR AR A A B (g1 1:500, g2: 1:300, g3: 1:100)F1 3 FhAs [m#ke
R /N ERBE(x 1:1:50, x2: 1:100, x3: 1:150) [T W55 it f %of 96 HRAR ZEP00R AR &3 0 i i BLAA R 48(SOD,
POD, CAT &% & MDA & &)@ T RCTIEEE S HER) I, R A R k50 ik
X 5% AL BRI 54 SR AT T VR

R PR TS T2 A KARGUAEE = B E AR bR . ARFFEH, o g e 2Bz s
TR T /NEREE, DL @2 (1:300) Kb FE 5 25 o X 38 W3 B vk FEE 100 2 4T T it B 0 R gt MRk 1007 97
Ak A ME IR AR MU RS HE & R, BRI R 2. A Q S AR BTSRRI B
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JIH R, IR o R] B B R PR R IGR (0 TAA . GAI & S s, (eitannfiic 5 0%,
WA WK TR IS, MR 1 AR SRR 77 0 WA RE JI K5 559 (21]. ABTTTA, /hER
BEAE O THRIR 298 3 7 TSR B, JUH A x3 (1:150) 0B R o IXF] BB R/ NERTE & 75 2
MR (W IAA. ABA. CTK) A5 570 T (2 . —SACRRTAR), X L) o - i W WSefs 289 B
BRIERA, BOERR D EHIGEE, IR R SR RE . BEAh, s I R 4 2 Bt mT
RE DB AR PRI, (B4 SRR 205

ALY B AL EE(SOD). 1 AL VB (POD) AL S AL E M CAT) AR MK P BRI 14 S (ROS) I K B I
Fm PR S e T R RO B B RE 7T I E(MDA)Z BRI AL 4, HS R R AL 14l
MRS O AR FE[22] (23] ASBEFEH, PrA BRI P B 238 T T SOD ik, Horb x1 (NEKE 1:50)4k
IR R K, O 41.62%, [EHXIRIH) MDA & &A1 T g2 Ml x3 AbFL. milk B /INEREE(1:50) BARGRZN S 5
1 SOD ik, (HATIARSE 2] MDA (AR R, WIREI A GG : (1) ML wGTIAS B T RETE s I e (n
B AT R R), 2 ROS AU FGE LG FRAE 11[24]: (2) RIKEERE AT REE S T
P27 M AT T AR DGR A%, T AR B Al i T SR 2 [25]0 3X — B RERBA, S AR W o 77 (418 A RO I ARk B2
R, I AT e R BURI AL, P EUICR B AR & A i B

R R B AN AR AR A RSB, EAIMUBEAER I S, IR RE EIRS 5
K ROS MIAEE M7 T 45K9[26] [27]. ABTFT A, &AL BRIV 1R R A AU 2R & BBON IR B2 50T
2 R I 2 2 A SR R REVR T R AR P (A IR £ . EEIRAT AN . RIS Bt RS, @il ABA
WABERAROUE AR FI T R A OB M A S R AR 0K, R A P 5 1k (28] AE TV MR R 1 5 T
ANEREE 1:150 MBI B . IXR B/ NEREERENS 5 B MR R B IE M T, SRR ASE T RE
730 PR ZL A5 T RN AT BEPR T /NEREA QI ) R K RS R 5 T (A R B - AL RRAT AW B
FrREENE, il T ABA HOBUERAROBI (S 5 7 S igte, 3Em L T IR & i SR R ARk . RN, W)
R A AR R T e Rt TR R LR K

AHEFCME S8 B RZMR . ARG, WS & LPUE B ESE SR bR, BEE ARG
WETC SR BB IR, (ERE — DX RS i SR PR CUABR . SR A5 RS AT I8, IR AR T 5

PR Ak
5. &g
SIBRE O HTEE K, x3 ABECNERTE 1:150) 25515 70 B> Ui FH AR 2 18] /DN BR 5 10 A1 a3k 26 0
PRA BRI R 77 T SE BAR
=
TG HERA G BT ARREIE TR L2 KRR E I E S AT R S5 E RN
(2024520500240067)
SE 3k
(1] xDerg, 2, Br— N, . B4R B Rt B i s e AR E AR i 2], R 244k, 2017, 31(10): 2032-
2038.
2] BEZF, P, BE AR AT 5 1) R O SR )]. R, 2015, 60(36): 3527-3534.

]
1 EioHE, kbR, Je S gnpE R AN R S D). B TRk, 2025, 19(17): 146-150+162.
4] EZRE, BEE, XNTE, % AR R R KNP FEREEH Sk, 2004, 6(2): 35-38.

1 HEEE, P iR, W, 2 SRS BT SR A FRARM . Ak SR R R s R ). R4k
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[16]

[17]
(18]

[19]

[20]

[21]
[22]
(23]

[24]
[25]

[26]

[27]
(28]

&, 2025(3): 210-217.

R, £/, IR, G E B TELO A= F R AT TR [T]. RRUR R, 2013, 19(4): 26-27+42.
ARFEs, Mrareh, b, . ZME/NBEREENT R B T AR 2 AR AR s ], B O RN SR (R 0),
2025, 27(6): 64-71.

R, WEE 5, SadE, S5 /NEREME YRR 00 E SMRE R 7T R[], B EBRE, 2022, 41(10): 18-24.
TR, HERUAR, B, S REEMICE R RIS R AD]. L RHEER, 2022(12): 4-9.

FERBZ, BhFHge, FR. TROBEAEAE MR 22 IR BB Fe i e [J]. WL R 4R (BR AR, 2021, 50(2): 261-266.
FRFR, XS, VPIEAR, S5 /NEREETR S /N2 1t FOR MR [J]. R RS54, 2026, 37(4): 1269-1278.
s, Ba, MRE, % WEEAYIEER RN AR RN E SRR, 2020(5): 1-9.
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