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i E: (T BRRLGELEA G AFRSCRE T, BADICH RT Rk, IREREE A F Rt
T A KR . LA T A e A I AR R E L. LB 09 AR R4 B sk B A #fak.
fE AR . A AR 8K R e ]k -3- T BR (indole-3-acetic acid, TAA)&E /) 49 1K % A5 ) 12 & & (plant
growth-promoting bacteria, PGPB), i it & #kXI I EF=+746/%7% PGPB & A 491 A 48 /1, A KR
Tk A ReAt 6 TF & Fe 5L ) RAERR 9 B A TR . [ ik ] o 24 R B RAL4 BF 50 PT BB 3 A KI3Z 7
# (National Botanical Research Institute’s phosphate growth medium, NBRIP). A8 &3z 5k . %R FH
(chrome azurol S, CAS)3& 7R Jh A& R2A 37 A i ik b B MR A%, WAk, S MBS TAA % 1L
ADRGBAKR, HERISRAR, FBTHAE ST ERABPLZL S AR AEZR, [£X]
Ji ik RAF 6 MR A AL B AR AL, Hd, 9 2472 H (Pantoea eucrina) DA-1 = 3y K, &
7R A (Paracoccus marcusii) CC-25 £ 42 5% 44 iR Bk Fo fif A£G 71 (>85.20 pg/mL)vA B B AT 69 4k H AR An
IAA 448 7, B+ DA-1 Mk 68 /) & 3%, 3£ %) 105.03 pg/mL; & K% 4T # (Enterobacter hormaechei)
GW4-59 #= [{ 785 70./\ & #K A (Sporosarcina globispora) Z1-38 E& 3 MEA 4847, Bk GW4-59 H
HEBRG fRAE . fRaEF TAA SR A8 5 (>93.12 pg/mL), A4 & 5%, 53] 160.50 pg/mL; Hk
Z1-38 A A, SRBAF JIAA SR, ShEKEREA 57.64%; MR R FBRERE
(Pseudomonas pergaminensis) ZS5-60 F= d 42 1& # Ji. ¥ (Pseudomonas antarctica) ZS9-60 £ & 2 /ME
& 3847, BAMR ZS5-60 BLA AR 6 A A AR ALY 71 (>82.22 ng/mL), Bk ZS9-60 494k H kA= IAA &
RAEH %, TAA F 24 11671 ng/mL. 2RI REY 6 KR PGPB 4| &9 L0 RAH B 2
FRGEHBOER, ERAFFE. K. 2R RETRERMSHE T 54.0%. 22.3%. 29.2%.
30.4%F7 66.0%. (441 #MIAEE L F F 491KE PGPB KR, & 60568 7 TItit i A
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Screening and evaluation of plant-growth-promoting effect of
Antarctic psychrotrophs

WAN Jinlin, MU Hongmei, XIE Yuchun, ZHANG Xinyu, LI Jing"

College of Marine Life Sciences, Ocean University of China, Qingdao 266003, Shandong, China

Abstract: [Background] In the national strategies for green agricultural development and rural
revitalization, microbial fertilizers are indispensable. Strains adapting to low temperature play a
crucial role in developing microbial fertilizers tolerant to low temperature and resistant to
chilling damage. [Objective] The plant growth-promoting bacteria (PGPB) capable of
solubilizing phosphorus and silicon, producing siderophores, and synthesizing indole-3-acetic
acid (IAA) were screened from Antarctic psychrophiles. A pot experiment was conducted to
evaluate the growth-promoting properties of the inoculant developed from the PGPB isolates.
This study aims to provide high-quality bacterial resources for the development and application
of low-temperature microbial fertilizers. [Methods] Strains with multiple growth-promoting
properties such as solubilizing phosphate and silicon, producing siderophores, and synthesizing
IAA were screened with the National Botanical Research Institute’s phosphate growth medium
(NBRIP), silicate medium, Chrome azurol S (CAS) medium, and R2A medium. The selected
strains were prepared into a composite inoculant, and the plant growth-promoting effects of the
composite inoculant were evaluated by a pot experiment with dwarf tomato plants. [Results]
Six strains of Antarctic cold-adapted PGPB with diverse plant growth-promoting properties
were obtained. Among them, Pantoea eucrina DA-1 and Paracoccus marcusii CC-25 showed
excellent phosphorus- and silicon-solubilizing abilities (>85.20 pg/mL) and high siderophore
and TAA production. Especially, DA-1 possessed the strongest phosphorus-solubilizing ability
(105.03 pg/mL). Enterobacter hormaechei GW4-59 and Sporosarcina globispora Z1-38
exhibited three growth-promoting properties. Specifically, GW4-59 was capable of solubilizing
phosphorus and silicon and synthesizing IAA (>93.12 pg/mL), with an excellent
silicon-solubilizing ability (160.50 ng/mL); Z1-38 had the abilities to solubilize silicon and
synthesize siderophores and IAA, with the siderophore synthesis rate reaching 57.64%.
Pseudomonas pergaminensis ZS5-60 and Pseudomonas antarctica ZS9-60 exhibited two
growth-promoting properties. Specifically, ZS5-60 possessed strong phosphorus and
silicon-solubilizing abilities (>82.22 ug/mL); ZS9-60 had exceptional siderophore- and
IAA-synthesizing abilities, with the IAA yield as high as 116.71 pg/mL. The results of the pot
experiment showed that the composite inoculant significantly promoted the growth of tomato
plants, increasing the germination rate, plant height, stem diameter, root fresh weight, and
number of fruits by 54.0%, 22.3%, 29.2%, 30.4%, and 66.0%, respectively. [Conclusion] The
Antarctic environment is rich in PGPB resources, and the prepared low-temperature composite
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bacterial inoculant can promote the growth and development of tomato plants, which has the
potential to be applied in low-temperature agricultural areas and provides elite strain resources
for the development of low-temperature microbial fertilizers.

Keywords: Antarctica psychrotrophs; cold-adapted plant growth-promoting bacteria; composite

bacterial inoculants; chilling damage
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Bl1 SSWEHRAEMRERENTFELSR  A: W B: ffek; C. GaUdkaEMA; D: S IAA. TR,

Figure 1 The results of screening of different growth-promoting properties of experimental strains. A:
Phosphorus-solubilizing; B: Silicon-solubilizing; C: Synthesize siderophores; D: Synthesize IAA. The same

below.
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Table 1 Basic information of the test strains

wAkGE S PR A f i RE ) fiiERE S B G iR IAA J7 5

Strain code Classification status Phosphorus-solubilizing Silicon-solubilizing  Siderophore IAA yield
ability (ug/mL) ability (ug/mL) synthesis rate (%)  (ug/mL)

DA-1 Pantoea eucrina 105.03 90.06 49.01 13.75

GW4-59 Enterobacter hormaechei 93.12 160.50 - 95.12

CC-25 Paracoccus marcusii 91.51 85.20 28.06 61.08

7ZS5-60 Pseudomonas pergaminensis ~ 82.22 107.70 - -

71-38 Sporosarcina globispora - 55.89 57.64 95.81

789-60 Pseudomonas antarctica - - 51.05 116.71

o RN AR i

—: The strain does not have the corresponding growth-promoting ability.

ZFARIGE , SCRATRANE 2 TR 3A Pow, Rl =AXTEE4L, BC Al T 30.4%H01 20.0%.

P HERE AR, SHEAFmF A I 5
PIMEZFRICR sl A, B 2 AT TR IV IR P e
IR TR ZER, CF AR R A
PN IR T 54.0%, #8 BC 4H3E5E T 45.0%,
222 WHEMEHRAIEEYR

Tt R SE AL AR S AR AR &l 3A-3C
Fis, 85 7 K, CF HRZEK & 145 FIXT B4R
BC 4; % 28 K, CF dMmEias X L4 e
T 31.0%, ¥ BC A 1 16.6%, JfH CF 4#Y
FERRAES 2 /%5 REZH 5 7 #1544 (] 3C). A&l 3D
3E i, FEAnTE4mi AL R, CF dlikk e
IR T2 X BRZH AN BC 41, &5 140 K, CF 4
PIRR RS IR R 3 T 22.3%, %% BC 4
T 15.4%, & 3F B, CF 4/ Ep42s 1
XFHRZH$ER T 29.2%, % BC HEEE T 10.6%.
Wi 3G, 3H ffias, CF A4S R B E LT 2 4
XTHRZL, % BC 4#2m T 50.0%, J&25 FAXTHRH
() 1.66 f5. AN 31, 37 fif7n, CF 2 AR ff B s

*®2 MTRFRMUEER

Table 2 Results of germination rate determination

Group Number of Germination
germinations (pieces) rate (%)

AW CF 138 69

MR SEMFE BC 48 24

25 F1 X IR Control 30 15

25 RSN A AL 2E T 8% A e hn A R 1Y
AR DTSR . ZEA DL RS ss RAG
AR T2 2 700 I B e 78 0 147
Frmr . ZEM UL g B gt TRRA T A
KHMER, MEAESCRALE.,

DA I gl 5 5% BH B A R VR A G R 2 A T R
A A 2 00T RN 2 A A= R B 8, 5 HL sk
EL i, KR PGPB M JF & A4t 7 4 o i) 1 R
Ve
3 Wi

FE I FE A K ) T P A2 B & R IR B 1 52 )
IR i 2 — KR 2 S 2 Y DNA i H
iz, VAR B | AL SE, gk S8R
KEFANR . BTG SiEg . JFegl Rz BH &R,
1 5 2 B A Ml X % A6 7% He b B I AR O 2
ERIREESW), fMEYRMEAEREETS%
IR 38 (R 2 B 1A% G B9 1A W B R 3 L
PUH IR A 3, EAREIASE T R IE W k1%
A ThRE, FaE MERIR. JF R FEMGIR AR
TR R, BT DL AR A TR P a8 X AR
YRR TR W, #eEEph. mE.
BETTRINARAI AR, REEEER AT,
HAE ALY B B FE AP PEDS, X TR IR
X el gk fa ke oA BB . R IX o
KRS E S, AAEEIE, WY
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SO )3 AT s Lo A [5) it AE Ao ) 28 9 MR 6 052 0 490 0 A s 0 A [t A Ak 30 26 i AR R 520 . BC:
Wi ZEAAT R4 ; CF: EGWM4; Control: %5 FIXHRA,

Figure 3 Phenotypic images and related data analysis of three groups of tomato plants at different stages. A:
The effect of different soaking treatments on tomato germination; B: The effect of different fertilization
treatments on the growth of tomato sprouts (top row) and seedlings (bottom row); C: Analysis of the effects
of different fertilization treatments on tomato bud length (7 d) and seedling height (28 d); D: The effect of
different fertilization treatments on tomato plant growth; E: Analysis of the effects of different fertilization
treatments on tomato plant height; F: Analysis of the effects of different fertilization treatments on tomato
stem diameter; G: The effect of different fertilization treatments on tomato fruiting; H: Analysis of the
influence of different fertilization treatments on tomato fruiting numbers; [: Analysis of the effects of
different fertilization treatments on the fresh weight of tomato roots; J: The effect of different fertilization
treatments on tomato root system. BC: Bacillus subtilis group; CF: Compound agent group; Control: Blank

control group. *: P<0.05; **: P<0.01; ***: P<0.001; ****: P<0.000 1.

R AL, b T — RGeSk,
VAR B R HL AT PGPB 14 1B i i IR IR ik
AEYIERTE K&, AR SRR X 1 & e o
PGPB & INRE S FEALHE . Mo .
RETR . BREIARG A . WP AR K R A A R
A R S0 A B R RO PLIR R
fEgE A EBELE, B FEIL pH ., &4
TR SRR RO, A MGE S S 4 R T
AR ATEN R Y/ P S i € AP (I B i U N Rala o
UM B R AR ARl S ) SO (4 ) S R
AW, B R 20 M A R A R (A e e
&) TS 7 5 ik 19 1) 86 s ol (26 W Wl 0 £k B9
X, BT b EgErh R L, kN
AT B TR b ARy MR ORI BT, AT 3
SEIRBE (U v S5 Y T RN L G 5B
fiff ik AT EL AT T AN U SOV I e TR 11 R
WL TR . HIREF IR . B s 2 b
DL BT 1840 0 -0 0 52 IR S AR AR AT Aoy i
BRI R IR S, BRI RETR,
P PR TR A RD, SRR G R
AR A LR ESRE T, B ENES
Y, =R TR SR S YA
Ko ek, 7 BB T,
VE RGP R, 8T DAyl 2D - 398 rh 4Rt
R R D R Rk g A RSSO TR e T R
TEARIR A T fms . fnE . PrEkaA R TAA 1Y
REJI1EN PGPB Myffiikedbr, X LLVEFMLEIRE
e EFF O 2F | WA R (RERARKE .

398 5 AL R B 1 R iR R PR IR R BE a8 114 R
AU R i A B R g A | e 1
J1, REm R E S, L Pon KA
R, HESRAE PN SR T RE T

12 i & (Pantoea) U 4 ) iZ P A Ay B2 42
o SR A AR AR, JE A AT
T ZRAEPIMRPR, A AR PR A 4 ) 32 B2
Bz —, DHAEMRRGEZBEMY LK. JUK
PE5 T EA R AR % B 8 B R A
(Pantoea agglomerans) 7t 2 T 5 + 3 b (1) i
RE 18 %] 980 mg/L, f - HEHh A YmE R R 1L
RWERRE T 69%, HEvE H EEEE T ] (Firmicutes)
AR 32 B B S B R, BT iz
(Pantoea vagans)7E i £k i Bl 25 15 T ff s it ik 3
300 mg/L UL b, @RI R, ZE AR
- 398 v 0SS W 1) A SS B G  Ab CF R
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ek P AR g 2k w i A KU R Al A AR B 4 B
Mz w, HEBEEE I 22 Rk, AR,
A AR T T BT Ak ) 2R 25 BREE KA AR 2R A Qi
PRI . 5 IR A L, A5 O A F
) 6 MR EHZEIEA IR B, A 4
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DA-1 7] ik 105.03 pg/mL . RV AT 2 2 i) 7
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HFE G TR BT RN, AR PR R U B W A T R
(Enterobacter) fif i b 1 1 JoAH RS i, A
I 25 A i FE AR s A W B IR 55 1) A e v
77, 34 P. eucrina 7 fif i A 7 it A A D THI A A
FEASH, 2P A T R - SR AR
Y02 A TR AL B e S At R 7 )
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®, MR ERZHNEEZ —, R4 e h
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FHEPAERKEERD, 5 ERHRgG L%, K&
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