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Marine Microorganisms Producing Pesticide Induce Salt Tolerance in Tomato and Its Mechanism
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(1.Biology Department, Qingdao University of Science & Technology, Qingdao 266042, China; 2.First Institute of Oceanography, Qingdao
266061, China)

Abstract: The exploiture and utilization of saline soil is an urgent technical demand in China. In this study, 8 marine microorganism strains
with pesticides potential were selected to investigate their inducing ability of salt tolerance in tomato under salt stress. Physiology and bio—
chemistry changes might occur when plants under salt stress. In this study, the induced salt tolerance of tomato and Na*, K* concentration bal—
ance in vitro and in vivo by 8 marine microorganism strains was investigated. The results indicated that 4 out of the 8 strains could increase salt
tolerance and relieve salt damage in different aspects. Specifically, as to strain FC02, tomato seedling germination rate, germination index,
plant height, leaves length, number of leaf expansion, stem diameter increased 38.3%, 82.2%, 66.7%, 30.76% and 50% respectively and the
CAT enzymatic activity reached to 3.03 U-mg™+min™ FW, increased 144.1% compared to control. Strain YM possessed the most obvious in—
ducing ability in augmenting seedling chlorophyl content with increase of 88.9%. Strain B9987 not only lowered 48.6% malondialdehyde con—
tent in seedling, but also ameliorated Na*, K* concentration balance in vivo with K* concentration increased 36.09% and Na* concentration de—
creased 39.5%. These results directly and indirectly confirmed the preferable capacity of marine microorganisms to induce plant salt tolerance.
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Table 1 The strains tested and their characteristics

BbRSEA] [l [LLES [ 3 HARIARAE
Strains types Strain No. The species of strains Sources of strains Pesticide activity of strains
el B9987 MBI B Bacillus marinus gAY E  WEEYREAE S EE
MIX-62 ZFHUATTA Bacillus sp. B XiHEAE A A E B R
TRERTE FC02 LT 18/ NI Micromonospora rhodorangea  FHILEES I MY E R AR R
FX58 YN EEETETE Streptomyces microflavus By e YRR EE
HE BBY9-4 JRLLEERER Rhodotorula mucilaginosa LR TR XA A S Ak N R E
NTYM-0112Y(f&#k YM) MAAEE Trichoderma asperellum IR AR B BB B2 =LY )N ]
48-08 K% Trichoderma sp. Em LAY R R R
BL27-02 T8 Penicillium sp. B4R Y M YREEE
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Figure 1 Effects of different marine microorganisms on tomato seed germination rate under salt stress
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Table 2 Effects of marine microorganisms on the length of radicle , hypocotyl and germination index of tomato under salt stress

4t Treatment JEARK fem JE R fem RIFIRE
THLEL YA Wk FE Concentration of salts/% Hikk 42 Strains No. Radicle length Hypocotyl length Germination index

0 CK 2.71a* 3.40 12.40a
0.6 CK1 2.11ade 3.08 6.21b
0.6 FC02 2.96afg 3.55 8.59bc
0.6 FX58 2.93afj 3.34 5.25bd
0.6 48-08 2.06ahkl 3.10 6.00b
0.6 BL27-02 1.64bdk 3.26 3.94bd
0.6 ™ 2.89am 3.44 7.21be
0.6 MIX-62 2.37a 3.64 5.31bd
0.6 BBY9-4 2.52a 2.65 4.60bde
0.6 B9987 2.90ac 2.77 6.10b

W NEREIUCTRFORNE E I 0=0.05 {22 R BEWE, THRTFRHRFEHREEREE. TH.

*The lowercases in the table represent the results from multiple comparisons. Different small letters indicate significant difference,2=0.05. The same as

follows.
R 3 EBFEMEYAEXEME TEMR LS HEHSHF
Table 3 Effects of marine microorganisms on tomato seedling morphosis under salt stress
AbFH Treatment  ¥R7E Height of seedling/cm JEFFH % Numbers of leaves expention/ K Leaves length/cm  Z5# Stem diameter/cm
CK 4.6ad 4.33ad 5.10adf 0.32a
FC02 7.17bc 5.67bc 8.50bc 0.48b
BBY9-4 6.20bd 5.33be 8.10be 0.48b
B9987 6.00bd 5.00a 6.83bdf 0.45b
Y™ 6.80bd 5.67bf 7.83b 0.50b
357 HA PN R (MDA) & &, K 4 B, 5%t A
sof PR He MDA 5 i ) Bk 4y B99ST B4, 4 1.29
25¢ I wmol g FW, LN HAMEIE T 48.60%; FCO2 BIBKMEAR

g
(=)
T

H P FE %X Healthy Index
T ENE

=]
)]
T

CK FCO2 NTYM-0112 BBY9-4 B9987
LbF8 Treatment

B 2 M AR X e T A 4h B A MR

Figure 2 Effects of different marine microorganisms on seedling

(=]

index of tomato under salt stress

B9987 F1 YM b EFGIT B 43K a. HEZE Db
MR R BRI O IR . o YM AR AR R Y
BB B, 43 3K 0.48.0.48.0.96 mg-g FW, % BE
T 53.50%.147.70%.88.90% ; i BBY9-4 #2511
BB S X AL, WA EER

[ B BT AR A A [R) AR B R R T e i 4l e i e

/N, MDA 58K 1.96 wmol - g FW, Xt FRFEE T
21.70%, AR BEMRZ B )22 7358 T 83 (P<0.05)1],
.3 7K F-(P<0.01)
24 MNEMLEFHHEEFEN M

Bl 5 @R, &R RIS , F L4 B i
TEMERA AR 3R E . B998T BHIARAL B A B 4h
B SOD JiIE MK 37.56 U-mg™ -min™ FW, X HR$R
BT 38.01%, HIRE YM B, 5T 29.35%),
BBY9 -4 B Ak 3 il 15 M 42 &5 i B/ R 10.94%
POD FAE KDL YM B RRAL S iE M, i 9.03
U-mg™-min™ FW, HX} B T 51.33%, B998T bk
AT 22.33%,FCO2 Btk F1 BBY9-4 B kAL FEAS {k,
B, T CAT EgAY A2 LN DL FCO2 B ARG FAY I
Ve K 3.03 Urmg ' »min™ FW, HXTRRIRET
144.10% , YM B AR A B9987 B bk B4R 131.40%
1 43.00%,
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Figure 3 Effects of marine microorganisms on tomato chlorophyll content under salt stress
3.0r R4 DB TEFREMRERLEXN TR
B 25F M A Na* K& EHIRIM
oo Table 4 Effects of marine microorganisms on Na*, K*content in
~ § 20r e i
g _§ tomato seedlings root and leaves under salt stress
3 £
= o 15¢
i g Kby #2 Root/mg-kg'DW I Leaves/mg-kg™ DW
g = 1.0} Treatment Na* K+ Na* K
|]E| 05k CK 17.74a 14.26a 40.78a 31.03a
B9987 10.50a 15.00b 24.67b 42.23b
0—CK Bo9s7 BBY94 FCOZ  YM BBYO—4  1690a 15.10b 36.54¢ 30.93a
4b38 Treatment FC02 14.32a 15.78¢ 25.6d 37.22¢
B 4 EEREYER RN BB YM 10.34a 12.3d 26.13¢ 34.21d

Figure 4 Effects of marine microorganisms on tomato MDA

content under salt stress
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Figure 5 Effects of marine microorganisms on the protective enzymes activity in tomato seedlings under salt stress
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WAEYTE AT AR, X Eh G Y S Eh 5T,
VRIS ) s TR R B g

PGS RR W, HHRIE Rl A6 52 0 2 AT AR
0L, W v A 35 B 2 AP B (Bacillus marinus ,B9987 )i,
BABSF R FHEYPIER TR, R IR = B EE
AR PRI SRR B B, IR i Ak MDA &
&, IR FE AL KR, B i B R
ZZRILE ) X T EEEEE (Rhodotorula mucilaginosa,
BBY9-4) . K% ( Trichoderma asperellum,YM) . /N
B (Micromonospora rhodorangea,FC02 ) $& S fE ¥ Hi £k
ITIRE , TCIeTE R IR AR BRI R IR - R,
AT TCAEXT T AR Wik S %8 A B b F A
FBFHEYPERTTR , HR— A R RR . HRE
B, X 4 BRETHR Y 2 BRERSR B VR )T A3k
AR, X 2 BRIEAMRIBETAE R IC S , B A 7ERR B
Y b e T R U LR RERT, a4k 2 #ck A
AR S ER R, FE R A BUA BiER M FET , 38
WA PP CRR) B E REY)
A RIFHIR AT KT

4 g

1 3 B A TR E MR 0.6% TEHLER I WA
1 2l O 8 I A S TELEER VR R, X 8 Bk
HA AL ¥ 7 00U Y o ok AT 0 8 e il b 1
B & TRIE, K906 Y B998T Btk . YM B&#k FCO2
PR BBY9-4 MRk, 0 HIALBEER A T A9 F Al
THBHEES &, W E F AL B A LR R N
T B A Nat KYRE . 4558 FCO2
BPR \B998T BbR \TY ERAKAE & TR = B A 4 H A9 A2
Y, SRR WA AE A P AR R N R ARG
TR, FERN B R BIST Btk B E RS T E
AR K&, 53 IR, 3R T 36.09%, R}
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