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Table. 1. This study conducted functional enzyme activity analysis, IAA activity assessment and
ACC deaminase tests for the selected microbial strains

Bacteria strains Amylase Lipase  Proteinase Cellulase Chitinase Siderophore IAA (mg/L) dezﬁrir?ase
Tcba05 2.33 1.09 3.27 6.11 0.00 2.34 4.6+1.5 B
Tcb45 2.03 0.00 1.93 6.31 0.00 2.66 57+1.2 -
TCLigB 0.20 0.52 1.11 0.84 0.98 0.57 42403 -
TCB 2-10 1.35 3.07 0.00 0.98 0.00 0.68 19.4%2.4 -
TCB 2-11 0.85 1.55 1.25 0.58 0.00 0.55 17.1x1.3 -
TCB LTF4 0.00 0.00 0.00 0.00 0.00 0.57 53.0£0.5 +
TCBLDR14 0.00 0.00 0.00 0.00 0.00 0.44 48.6t3.5 +
TCBLW17 0.00 0.00 0.00 0.00 0.00 0.67 344+£6.0 +
TCSF7-6 1.23 0.00 0.29 3.31 0.00 5.31 5.33%+0.5 +

' Relative clearance (RC) = (Diameter of hydrolysis zone — diameter of colony) / diameter of colony.

* +, positive for ACC deaminase
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: —, negative for ACC deaminase.

PHEEREZR (F77) mA R K of S5 E
) WA HE (IR ~ HREAR (E5) > A
fEERH R (WIF5) ~ SR (TT3E) ~ PRGEREE
(fEH) ~ FE2R (AR SFEYIEIT R Kl
HERAER o P Z NS ER 2R R 75 75 i » I
TR ORI AP0 L LBEEREHR 100155597
i o EHEGH R MR K S LB Broth 1005 %
B > B B IR R P60 Kl o 1 1&
§ot& o R T IR RS RS H m R
B 7 R AR E 1 bk - JREHAE3 R - AR 21K
AR AL F AR ~ b ERSPR R B E - #EHI21K
ARG R » AR RS -

99



M e = 0 it ) £

R PMRARIKERER RN EIRERET

HEEFEFRENSEBECER

Table.2. The 9 bacterial strains in this study was tested on non-heading Chinese cabbage seeds, and the
results of seed germination, seedling height and fresh weight during the seedling stage were

investigated
Treatment Germination (%) Plant Height (cm) Fresh weight (g)
Tcba05 98 7.63 £ 0.82 0.37 £ 0.07
Tcb45 100 6.88 £ 0.71 0.32 £ 0.05
TCLigB 100 7.77 £ 0.74 0.40 £ 0.06
TCB 2-10 100 7.29 £ 0.58 0.38 £ 0.05
TCB 2-11 98 7.49 £ 0.76 0.39 £ 0.07
TCB LTF4 100 8.29 £ 091 0.46 £ 0.09
TCB LDR14 100 7.14 £ 0.64 0.36 £ 0.06
TCB LDR17 100 7.50 £ 0.66 0.40 £ 0.07
TCS F7-6 100 9.08 £ 1.16 0.59 £ 0.15
LB Control 97 6.95 £ 0.62 0.30 £ 0.04
Water Control 100 7.31 £ 0.80 0.34 £ 0.07
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Table 3. The resulted of the 9 bacterial strains in this study was tested on the potted fresh weight of six

leafy vegetable crops

H& HREZE ZN=E:S PREER S E 7S [LES
Tcba05 24.93+£1.80 7.88+1.31 8.27%1.09 14.83+3.63 2.561+0.47 0.931+0.24
Tcb45 18.52+2.57 6.571+0.85 8.71£1.56 15.42+2.08 2.341+0.55 1.10£0.26
TCLigB 18.21£3.18 6.191+0.91 7.56+1.55 12.76£1.72 2361035 1.04+0.31
TCB2_10 2247+2.15  1021%1.16 8.19£2.33 21.17£0.54 2771045 1.00+0.21
TCB 2_11 28.50+2.32 8.32£0.95 9.83+2.42 31.824+3.56 2.841+0.48 1.03+0.27
TCB LTF4 16.41+1.02 6.51%£0.79 6.90+1.34 12.26+1.12 2241045 0.714+0.23
TCB LDR14 10.74+5.70 7.52%1.10 5.80%0.81 13.87+1.77 2.041+0.46 0.824+0.23
TCB LDR17 17.29+2.81 6.94£0.75 5.01£1.88 13.61£1.29 2.231+0.43 0.86£0.22
TCSF7-6 11.67£5.88 8.971+0.33 8.52+5.14 16.14£1.93 2.3240.43 0.91£0.23
CK 15.39£2.23 5.86£0.75 7.65£5.41 13.54£1.26 2.2240.53 0.47£0.18
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Fig.1. The survival rate of eight varieties of non-
heading Chinese cabbage after seven
consecutive days of flooding.
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Table 4. In 2022, the survival rate of non-heading Chinese cabbage was investigated 7 days after
rehydration of the five potential weather-resistant microbial strains selected

Survival rate (%)

Treatment
Irrigate once Irrigate twice Irrigate three
Control 39.06 33.62 16.67
Tcba05_100X 37.07 31.03 25.83
Tcb45_ 100X 53.23 32.50 23.44
TCLigB 100X 35.94 30.83 28.57
TCSF7-6_100X 31.67 50.83 46.88
TCT168_100X 28.23 33.06 58.59

20235 & [A] Bk LA SR TR PR EE 1T HH R/ A
aBE o DIR AR RO E R e R e - TS
FHESBR% I » Tcba0S5BaTeb4 5 HI| LLpg LA
e BHGE AT FH ]/ U S BR 1 280 VK AT Al A
B > [RIBR LAAS RIS RE R B (12R22K/3 %) 31T
BB - i AT AR AR @ S EPREERE TR

% » {ETCSF7-6 18 Mk Z 7152 = > A »
A[$27428.3% : TCSF7-6B1TCT 168tk FH
HHRAH I TR TF20% 1715 2R & BERE3 R4S
F o WERY SER IR AR H S E HEAH 2 AT $2 - 17.5-
32.5% » LATCSF7-6 Pk LA IS 2E Byt i » 3
55.8% (£ F1) °

KA - 2023F:EASKAEBNCMEMENER - EKB7TRATERNFIREEFZER
Table 5. In 2023, Five potential stress-tolerant microbial strains were tested, and the survival rate of non-
heading Chinese cabbage was investigated seven days after rehydration

Survival rate (%)

Treatment
Irrigate once Irrigate twice Irrigate three
Control 29.2 40.0 233
Tcba05_250X 25.0 383 442
Teb45 500X 14.2 30.0 41.7
TCLigB_100X 16.7 12.5 40.8
TCSF7-6_200X 57.5 62.5 55.8
TCT168_100X 25.0 64.2 51.7
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Fig. 2. A small-scale field trial on non-heading Chinese cabbage subjected to 72 hours of flooding
followed by 7 days of drainage, comparing the plant conditions of the control group (A), TCLigB
strain (B), TCSF7-6 strain (C), and TCT168 strain (D).
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ABSTRACT

In recent years, extreme climate events such as short-term heavy rainfall, flood stress, warm
winters, drought, and cold spells have become more frequent. These abiotic stresses not only impact
the physiological performance of crops but also significantly affect cultivation practices and yield.
Addressing and mitigating the effects of abiotic stress on crop cultivation has thus become a key focus in
contemporary agricultural research. One approach to enhance crop adaptation to these stresses is through
the use of stress-resistant varieties and refined cultivation techniques. Another promising method involves
the application of plant growth-promoting rhizobacteria (PGPR). These beneficial microbial strains
produce various enzymes and improve fertilizer efficiency, promoting root growth and facilitating more
efficient nutrient uptake from the soil. Additionally, PGPR can biosynthesize IAA and ACC deaminase,
which reduces ethylene production and helps plants better withstand abiotic stresses. In this study, 80
microbial strains were isolated and purified from soil, and through functional analysis, 9 strains were
selected with potential weather resistance. The fertilizer efficacy of these 9 strains was evaluated on 6
non-heading Chinese crops, and 3 Bacillus strains, 1 Streptomyces strain, and 1 Trichoderma strain were
selected for a small-scale field flooding trial on non-heading Chinese cabbage. Based on the evaluation
results from 2022 and 2023, comparing different irrigation frequencies, applying the five bacterial strains
three times before the flooding stress in non-heading Chinese cabbage increased survival rates by 17.5%
to 32.5% compared to the control group. This indicates that these five strains can mitigate the effects of
flooding stress on non-heading Chinese cabbage. The next steps will involve refining the fermentation
processes of the bacterial strains and developing formulations, followed by commercialization. This will

provide farmers with microbial solutions to combat extreme climate conditions.

Keywords: Microorganism, Abiotic stress, Flooding stress, Bacillus, Streptomyces, Trichoderma
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