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Promotion effect of Lysobacter enzymogenes LE16 on the growth of tobacco
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Abstract: Nicotiana tabacum is a cash crop with high fertilizer demands. In Chinese tobacco-growing regions, long-
term excessive application of chemical fertilizers, particularly nitrogen and phosphorus, has led to accumulate
nutrient-rich in soils, which are poorly available for plant uptake with insoluble organic forms. Utilizing
microorganisms to solubilize these bound nutrients presents a viable strategy to reduce fertilizer application, lower
costs, and improve nutrient-use efficiency in tobacco cultivation. This study investigated the effects of Lysobacter

enzymogenes 1.LE16 on soil nutrient mobilization and tobacco growth through soil incubation experiments, pure culture
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assays, and pot trials. The results demonstrated that strain LE16 secretes protease and phosphatase enzymes. In soil
incubation experiments, inoculation with LE16 significantly enhanced the activities of neutral protease and neutral
phosphatase, concurrently increasing the contents of alkali-hydrolyzable nitrogen and available phosphorus in the soil
(P<<0.05). Significant positive correlations were observed between alkali-hydrolyzable nitrogen content and neutral
protease activity (r==0.925%*, P<C0.01), and available phosphorus content and neutral phosphatase activity (r=
0.405%, P<C0.05). Pot experiments revealed that activities of the neutral protease and neutral phosphatase, as well
as the content of alkali-hydrolyzable nitrogen in the rhizosphere soil were significantly higher (P<C0.05) in the
treatments receiving chemical fertilizer+1.E16 (CF-+1LE16) and 90% chemical fertilizer+1.E16 (0. 9CF+1E16)
compared to treatment with chemical fertilizer (CF). Specifically, neutral protease activity increased by 21. 96 % and
46.08% , neutral phosphatase activity by 35.59% and 52.13%, and alkali-hydrolyzable nitrogen by 18.58% and
12.83%, in the CF+1LE16 and 0. 9CF+1LE16 treatments, respectively. The available phosphorus content in the
CF+LE16 and 0.9CF+LE16 treatments was higher than that in the CF treatment, though not significantly.
Furthermore, the uptake of nitrogen, phosphorus and potassium in tobacco plants was significantly promoted (P<C
0.05) in the CF+LE16 and 0. 9CF+1LE16 treatments, with increases of 16.55% and 9. 24 % for nitrogen, 5. 70%
and 4.83% for phosphorus, and 18.46% and 11.59% for potassium, respectively. Additionally, growth
parameters-including stem fresh/dry weight, leaf fresh/dry weight, plant height, and maximum leaf area-in the
0.9CF+LE16 treatment were comparable to those in the CF treatment. The study demonstrates that L.
enzymogenes 1LE16 effectively mobilizes bound soil nutrients, enhances nutrient uptake, and promotes tobacco plant
growth, showing considerable potential for reducing fertilizer application while maintaining yield.
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i ik T it & (Achillea millefolium) Xt # 7€ % 1 [6) fk 24 % . Zhang %5 i & H FJS-3 Mk 1% {11 3¢ 2 /R 18 5§
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O A RE B b 2 R i T 25 (Camellia sinensis) R Capsicum annuwm ) TG HAL R 09 AE KA1 ek R o Bk
Ab , PGPR B b I8 3 2 43 W6 4k U F0 R 0 A QB gl Wk £ 1% (indole-3-acetic acid , TAA) (AR %5 R 45, L HEAE W)
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MM 10.0 g,CaCO, 5.0 g, BRBE NG 2. 0 g, MnSO, 1.0 g, (NH,),SO, 0.5 g,NaCl 0. 3 g,KC1 0. 3 g,MgSO,*7H,0
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I E6ANAIA . 1AM (CK) ;2) 46 (chemical fertilizer, CF) ; 3) 4L It +1LE16 B & ¥ (chemical
fertilizer+LE16,CF+LE16);4)90% 4L I+ LE16 [ & (0. 9 chemical fertilizer+1.E16,0. 9CF+1LE16);5)80%
AEHE+1LE16 & (0. 8 chemical fertilizer+1.E16,0. SCF+1E16),
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JIE(N-P,0O;-K,0, 18-9-18) Al K,SO,(K,0=53. 8% ) i , A M B AL i ¥ 5 IR A 3. A E M LR A 4~5 1
FLE A RS IR g B RS AR B SR . B AR, 1) 3) (4) R 5) Ak B A BRI &) 1 R 13 5 A 400 mL B B
LE16 F &K (ODy,=0.8) . Jai#h/KEF, LI LE16 B & 2 CHE K 2 %, £k 150 mL,

TR0 1 ], o 10 D 70 Rk - K 4y, 8 I AR A T ) e R AF K 1 6590 ~T0%0 o 18 15 Al A5 285 R 56,
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B R SOGB4 A R PRI TG R D 4 Wl R oR FH B A PE R I s e R
FH KGRI o 45 35 00 W 11 B 2 20 R R R/ /B R (g k) = (i A L/ /B0 R Xt
TE) A+ (CELR/ /TR XETH).

1.3.3 A SRS M I - b PR AR L REORE DR P S A A Ak S R 43 0 SR T AR O (3, 5- A AR K
W HE (3 R T ST B b 0 12 v T B 3 U 5 e R R TR O SR FH R A R R AN
2 AE

1.4 3%t 5 5

fifi ] Microsoft Excel 2016 il SPSS 26. 0 &b F %
Wi, 71 22 5 B (ANOVA) 7E «=0. 05 /K ¥ F #47, LA
Duncan’s 2 8 AR 50 & AL BRIA A9 22 5 0 PR A
it 1 M AR AL S 0 A T MR R RS AR A S
BB % ik 22 A) B R DG 1 SR T Pearson AH G 2 £ 43 #T
[ 238 i Excel 2016 Fl Origin 2021 % {422 11 58 1 .

2 HRSAM B IR Prowascassay | BEAASKT Phosphatase assay
2.1 B LELG 3 13 A LR Ak 64 3 AE A El1 LE16% & HEMBREN SR

2101 Bk LELG 40 2R [ A S 6 WG B 7 B9 4 Fig.1 Results of LE16 secreted protease and phosphatase
W E R A WU B R R 5 A R A AL B B R A

L EFP B MR LEL6,28 CHi 7% 48 h e , WA %% 31 B b 1) 375 W 1), 156 1 JEL B 0% 4 a2 1 8 /R 0 1 1l (161 1) o

2.1.2 WEHRLEI6 X LA HLA M IEAME R b it b de B O R R G e AR A 2R (B 2) R
B, AN e T 0 R CCRO) A 398 118 e e 2 80 308 1 0k e 260 o, B 9 A ) S T ) &g A Ak, o P 2 1 i 0 R O~
0.07 pgrg '~h ' Bl A & e FF7E 117, 53~123. 36 mg-kg o fEHE AL (LEL6)7 dJ5 A 4 3 v vk 2 11 5 v 0
B e 28 B E AN, 5 CK 22 5% .35 (P<70. 05) o 55 97 45 A 45 7 b B A v PR 26 I BG4y 41. 63 pg-g '+h ',
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BT CK(P<0.05) ; B & BEAE 35 30 FF 1 H 145, 74 mg-kg ', i R 45 U , HoAr bty 384. 54 mg-kg ',
FEWIMT 1645, 1 CK WERIIN T 2. 34%(P<<0.05).
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w2 6o 20 % T g 2008 V]
a3 A =32 50 £ ¢ /|
=5 10f ; V] 28 ol k - £l =1
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“ ldd d d A d// d// d % sob r/ |-/ ‘. |7/
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1% 3% i 1] Incubation time (d)
B2 TEHIMEZEOHREENEBEIENTN
Fig. 2 The changes of neutral protease activity and content of alkaline dissolved nitrogen in soil
CK B3P A 5 mL JE K i 4b B, LEL6 S L3 42 A 5 mL LE16 W8 i Ab . AN 6l /NG 57 RE 3 7R B A7 Ak B ) 22 53 W 3% (P<<0.05) , R[]
CK represents the treatment with 5 mL sterile water added to the soil, and LE16 represents the treatment with 5 mL L. enzymogenes LE16 bacterial

suspension added to the soil. Different lowercase letters indicate significant difference among treatments (P<<0.05), the same below.

2.1.3 HEHLEI6 X E A LB AT ALVE - A0 o bk 1 Nl 05 ek R O B i AR AR 25 R (R 3) R
X B CCKO) B R P B8 TR il 176 P R A 00 2 o A A B 3% 1 1) JC W b 78 A s 02 LE16 B 70 7 d 5 138 9 v P i 1R 1l
TR RN RO S B E N, B T CKAREE(P<C0. 05) , 7845 21 Rk F & KAH, 20 %) 4 113. 50 pgeg '*h ' F
70.38 mg-kg ', 5 CKAHM, 43 & 1 48. 722 F183.00% -

120 A a a a a - 80r B [Jck
g i ? W ? =7 % ‘§ 70F [ZALE16 b <y ab 2
I 100 . % /] S ook 7 /| ? v
smo gl be B o %A <] < 918/ i 2 B 1 /]
S e a:_/ =1 s = Bd / 4o 87, 50 / / /
YUY ity s M
22 Y AU 22 O = TV U R
F27 a0 Y A WA 52 7N’ %
g L/ A | A = 20f ¢ % L/
z 207 - k4 v Z 10 % %

LA | [ ZAR ) / /|

0 7 14 21 28 35 0 7 14 21 28 35

1% 3% 1 1] Incubation time (d)
3 TETUESRBEEMEABREENTL

Fig. 3 The changes of neutral phosphatase activity and content of available phosphorus in soil

2.1.4 A HERGRGPE A ROR O E R MO ST AHSCHESr HT R (RR 1), - B e B i A o AR
e 22 8] 7 A8 AR 3 TEAH GG R (r=0. 925, P<<0. 01) o A1 RCHA & t 0 v M 9l TR 6307 ik 22 ) 7 7 B 38 TEAH G G &
(r=0.405,P<C0.05).

2.2 HBHLEI6 X @A Kk a#h

2.2.1 bk LEL6 AHRE AR R £ SMHRERB I 90% HAE + LE16 B (0. 9CF +LE16) 4b 38 g 25
Rl 335 VE R 9, O 12377 pgeg oh L BRI AE (CKO AR AE (CF) Ak 3153 5] 35 42 % 1 164. 3500 il 46. 084 (P<<
0.05, 1 4A) . BEAM, AL+ LE16 (# B (CF +LE16) A1 80% fLHEL + LE16 H & ¥ (0. 8CF + LE16) &b ¥ 2 [F] F¢
%% 5 (P>0.05) 08 F CF AL, 43314 85 T 21. 96 % Fi1 29. 20%
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®1 ITEBEHMAERAISENEXME

Table 1 Correlation between enzyme activity and available nutrient content in soil

Ef=RaN PR 2R R 2R o P I 1 A Rk
Index Neutral protease Alkali-hydrolyzable nitrogen ~ Neutral phosphatase Available phosphorus
rf 2 11 B Neutral protease 1.000 0. 925%x* — —
T fi# 0 Alkali-hydrolyzable nitrogen 0. 925%* 1.000 — —
rp # W% B2 i Neutral phosphatase — - 1.000 0. 405
H 5 Available phosphorus — — 0.405%* 1.000

— : RAESHT No analysis. n=30; *: P<(0.05; **: P<<0.01.

140 a 400
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z 120} . 1 _T_ £ 3s0¢ s T )
; a ": —=—
23 100} b [E] Hs 300 c3
ol a7 250} ¢
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e c =2 2150t
e 40} T
# 5 TE 100}
z 20t 3 so}
Z
0 - 0
301 ~30p ~1000r o
= S . = a . a
3 25} B 2 b L <800 ab
+H —e——
- c ¢ ™ = ¢ F =0 4 be
T 2 20 & £ |4 g
# £ ZE 600}
fr E E:;? w7
2 15 NS 15 e z
= == < >
=N = 2 Z 400}
5 10t 55 10} 3
o = 2
§ 5k § 5t % 200
=) n
oL ; : - : oL - - - : oL - : N .
« Cie*&;”@;*&b ~ i«v@\z«v@f«&b « °§«v‘°\2«&2«»‘°\6
QY o Q9 o® 0? o®
Ab B Treatment

B4 F[E4hEE R AR BREY T IR ER I 1

Fig.4 The enzyme activities of different treatments in tobacco rhizosphere soil

CK A AHEAL, CF AL IEAL B, CF+LEL6 LI+ LE16 # &% ,0.9CF +LE16,0.8CF +LE16 43 54 90% 1L I+ LE16 B £ 3% A1 80 % L AL +LE16
WE W, F IR, CK refers to the control group without fertilization, CF represents the chemical fertilizer treatment, CF-+LE16 denotes chemical fertilizer
combined with L. enzymogenes 1LE16 suspension, while 0.9CF-+LE16 and 0.8CF+LE16 indicate 90% and 80% chemical fertilizer combined with LE16

suspension, respectively, the same below.

0. 9CF+1LE16 &b B () + He rp v B 52 B 35 P fc s, 8 352. 78 pgrg '*h ', 8 CK.CF .CF+LE16 1 0. 8CF +
LE16 &b P43 5] 1 & $2 85 T 56. 83% .52. 13% .12. 20% F121. 97 % 5 e Ab , 32 Fl LE16 Ab B (%) vk 85 /2 i 15 1 42 CF
AhEE AR T 24. 73%~52. 13% (P<<0. 05, K 4B) .

CF+LE16.0.9CF+LE16 f1 0. 8CF-+1LE16 &b B () + e I filf 76 M3 2 F & T CK M CF, il ig @ T
9.20%~26.80% M1 7.61%~24.94% (P<<0.05, B 4C) .+ 3l S Ak S W 15 1 2 7 45 R 2 B (B 4D) , 0. 8CF +
LEI6 43 F it i, 8 25.12mL-g '*h ',CF+LE16.0. 9CE-+LE16 #1 0. SCF+LE16 &b F 14 11 48 1k %0 B % 1k 4%
CK.CF AbBE, 43 59 5B 342 % 7 11.54%~22.79% . 6. 79%~17.60% .+ M ¢ 5 W 15 1 (/& 4E) B K £ 0K
0.9CF+LE16 Zb ¥ i i , 35 821. 90 mg-g '+24 h™', 3 & T CK .CF i1 0. 8CF+LE16 4 ¥ (P<<0. 05) , 43 il 44 55
T 28.31%.19.47% F148.88% ; Hv,0. 9CF+1LE16 5 CF+LE16 4b # i) J¢ i & 2 5% .



157

5 35 B 5 W Ol 2E 3] 2026 4F

2.2.2 AP LEL6 X5 (AL bR 1 458 55 53 1 5% i) CF+LE16.0. 9CF+LE16 #10. SCF+1LE16 &b B %) il fi# & &
W E S T CRAR, 4 B T 18.58% .12.83% 1 20.72% (P<<0.05) . + A & =7 CF+LEIL6,
0.9CF-+LE16 fi10. SCF+LE16 4b# 2 ] Jo {2 2 2% 7 (P=>0.05) .

0.9CF+LE16 &b B iy + BE 4 50w & E & w5, I 55.69 mg-kg ', 5 CF Al CF+LE16 4t 3 G & % % 7 ;
0.8CF+LE16 A MRy + 3 2 & i , 8 1.17 g-kg ',CF+LE16 f10. SCF+LE16 £ BE > [i] L i & 2% 5, H.
¥rmE & T CF A,

CF 4b 3 0 38 5 R0 5 b e i, 0 392. 67 mg-kg ', 0. 9CF+LE16 Ab Bl Yk 22 , H P 4b 38 2 6] 6 i 3 25 5
+ A& RAECF.CF+LEL6.0. 9CF+LE16 f1 0. SCF+LE16 kb3 2 [a] JC i # 22 % . 4, 0. SCF+LE16 4b
HRANR S H R EFEES T CFAM, CF+LEL6.0.9CF+LE16 il 0. SCF+1LE16 4b B iy A5 ML JF & & L L % 2
F(£2),

x2 TRLEHERRETERSSE

Table 2 The nutrients content of different treatments in tobacco rhizosphere soil

i3 U B AR H 24 28 2
Treatment  Organic matter  Alkali-hydrolyzable — Available phospho- Available potassium  Total nitrogen Total phospho- Total potassium
(g-kg ) nitrogen (mg-kg ") rus (mg-kg ') (mg-kg ") (g-kg " rus (g kg ") (g-kg ")

CK 26.63=+1.11ab 92.27-+0.90c 49.49+1. 16b 230.00=£2. 89d 1.42+0.03ab  1.05+0.01c 14.7340. 33b
CF 26.17+0. 35b 93.33£0. 88¢c 51.47-£0. 52ab 392.67+£24.23a 1.394£0.01b  1.092£0.01bc  15.0740. 13ab
CF+LE16 26.80=+0. 38ab 110. 67+ 1. 86a 51.44+0. 86ab 291.67=+6.01c 1.44+0.0lab  1.16£0.01a 15.0740. 33ab
0.9CF+LE16 26.63=£0.55ab 105. 3041. 36b 55.69+£3. 11a 356.67+6.01ab 1.42£0.03ab  1.10£0.02bc  15.1040. 20ab
0.8CF+LE16 28.7740.47a 112.6740. 59 47.68=+1.10b 323.33+13.33bc  1.50£0.04a  1.1740.04a 15.8040. 40a

[F] 5 AN ] /N 7B R 28 5+ 1 3% (P<C0.05), F[A] . Different lowercase letters of the same column indicate that the difference reaches a significant level
(P<<0.05), the same below.

2.2.3 PR LEL6 X85 M0 A 25tk i) 52 i PR B AR LELG6 Ji 85 00 e 2R o3 B 25 21 (3% 3) - W, 08 M A Pk 11
2K fif RN T R T bR v M I R ORI TR ) 3 I it IE A 3 4 R T CKAR L (P<Z0. 05) 5
M CF+LE16.0. 9CF+LE16 #10. 8CF +LE16 &k By it -+ # ¥k T CF 43, 0. 9CF +LEL6 [ 25T HE K T CF
CF+LEL6 43 B340 i 3 25 5% (P=>0.05) .

R3 FELGEEERERZ IR

Table 3 The tobacco agronomic traits of different treatments

Jib B 2% Stem (g-plant™) it Leaf (g-plant™) R = E-viil S FNUNTIE i K
Treatment fif T T if T T Plant height Stem diameter ~ Maximum leal  Leafl number
Fresh weight ~ Dry weight Fresh weight ~ Dry weight (cm) (cm) area (cm?) (No. +plant ")
CK 27.041.5b 3.840.3b 51.3£2.4b 3.540.3b 51.0£1.2b 3.640.03b 234.0+16.3d 11+0.9b
CF 234.0+£12.9a 30.6+0.7a 339.3+38.8a 41.7+1.1a 115.54+1.8a 5.940.13a 845.0+19. 1be 20+0.7a
CF+LE16 259.7+£14.3a 30.4+3.3a  375.0£36.7a 42.74+2.0a 117.3+4. 3a 6.14+0.12a  1008.7452. 2a 21+1. 2a
0.9CF+LE16 237.7+13.3a 31.7+2.1a 340.04+34.8a 42.4+5.6a 113.2+3. 3a 6.140.06a 805. 8+29. 0c 19+1.0a
0.8CF+LE16 227.3+19.9a 30.5+4.5a  351.34+14.8a 49.5+4.7a 107.845.0a 6.240.21a 947.2+£51. 5ab 2040.7a

2.2.4  THBR LE16 XF % M0 AT AR 35 43 W U & Y 52 i FE AP TR AR LE16 A8 &k 25 12 178 45 KA MR X % 40 i i M (&1 5) o
P A PR R B AP IR I R U R R CF+LEL6 M0.9CF+LEI6 bz R LB EX B (BB E S T CF
A IR (P<C0.05), 40 425 1 16.55% F19.24% (&) .5.70% F14.83% (W) .18.46% H111.59% (4 ) ;0. 8CF+
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LE16 5 CF &b P [a] i) 2 Fn AT 35 45 1 W U & G i E 25 5%, 0. SCE+LE16 4b B 1 5% 532 43 14 W i 42 i Z Ik T CF Ab .
A, 0. SCF -+ LE16 5 M0 A #k Xt &0 8 40 A0 i i i 2 8 (KT CF+LE16 f10. 9CF+LE16 4B (P<C0.05) .
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Fig.5 The nutrient uptake content of tobacco in different treatments
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R AR BE T [R] B5  R E BE 8 02 F A5 AL A0 B AL R Ak, 3 B B e A A Rk S YL FESEIR KT L
b ARSI B RR LEL16 RE % 43 WA 2K B BRI A . L UC, R Rl 45 R R B, I 4 A LEL6 1 bk 1T 3%
$i i - e v b R R e R R N T I LA R R R R A R Y i B R bR LE16 J8 i 52 R R R g Y
T 7 A A b 0 A AL AN LB, 2 TG Y A TR X e R B R LA AR T D .

FE LT KI RENMEIE, BAiC & 2T KEN RS, HeZ M e & mo FREKE ™, H2,
Horp KA 43 J2 LA HLE A DLBE B AR 1R, AN BE WO W B 42 W ORI A k43 A T SIS (2 11 Tl 8 e Tl
S5 ) AL A AL ERTA HLBE 2K A K L A g A ) T AT JE LS 3% 4 7 . A RESE R BT, R v s n A W e
FR 3 R e A TS 1 L R b A A i A DL B W AR S BE B WO Y /N Ay SR R A K B A 1 AR
B 55 B ROk R, DT A LA K S A ke [ N AR R A AR B A R TR (PG PR) I ATF &2 5 18 FH O T BOAS 17 4 2%
HER A AR SE T ZFEY B A T R R L R AR SR v, 2 Fh PGPR AR % 3 I 1L - 0 R R
B, 3 S R R W TR T B VE 2 D phoD DI RESE B B A WAL T . ARG ORI SRR v e S A v AR 22
AT & (Paenibacillus kribbensis CX-7) (4= P NEEL , AT AE B 2D 50 76 ALHE & A IE &0 T 475 b 25 02 2F MR bk 1) 2R 4, JF
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7 A i ) A1 85 R, 30 R o572 P 4 8 1 3P MR R % 4 T, 6 A R e FH AR 0 UAE TR 390 AT LA 80 A
R I 45 J0 A 0RO B 34 A, R B Y 7 B R AR B R s

ABEFE R, AT it LE16 BR 2 R 1 £ 5 - 138 v 1 i v il R v ol R O v, LR 4 SRS A A U
AR R . AN ARIE I LE16 B B IR A 342 o 1 8 A0 R AR T Bl VBRIl i . BEWDRE LELG
TR VRO A\ - 38 v BE A8 3 A 1 3 v % v R 1 A b M R R I TS 0 Ak S b i A AL BRI BILRE R R
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