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Microbial distribution characteristics around the roots of
Kalidium foliatum and the effect of salt concentrations on
microbial metabolism analysis

CHEN Yu-Zhu'?  TANG Qi-Yong® GU Mei-Ying® ZHU Jing’ LIU Xiao-Jing’
CUI Wei-Dong"?  ZHANG Zhi-Dong *”

1 College of Life Sciences and Technology, Xinjiang University, Urumgqi, Xinjiang 830046, China

2 Institute of Microbiology, Xinjiang Academy of Agricultural Sciences, Xinjiang Key Laboratory of Special
Environmental Microbiology, Urumgqi, Xinjiang 830091, China

3 College of Food Sciences and Pharmacy, Xinjiang Agricultural University, Urumgqi, Xinjiang 830052, China

Abstract: [Background] Kalidium foliatum are typical salt-tolerant plants widely distributed in
saline-alkali desert areas. Salt accumulation constructed a salt island in the rhizosphere. There was rare
investigation about how the microorganism succeed and adapted in the salt accumulation process.
However, it was important to reveal the salt tolerance of Kalidium foliatum and formation of the salt
island. [Objective] We analyzed the distribution characteristics of microorganism in soils of the
rhizosphere, the root zone and the environment, and determined the effect of different salt concentration
treatments on metabolic diversity of rhizosphere bacteria using Biolog Eco microplate. [Methods] Soils of
the rhizosphere, the root zone and the environmental were sampled from Heshuo County, Xinjiang. The
Biolog Eco microplate technique was used to analyze the utilization of microbial carbon sources. The
rhizosphere soil samples were diluted by different NaCl concentrations, and then the dilution was taken to
add into Biolog Eco microplates. The effect of the salt concentration on rhizosphere microbial activity and
diversity was analyzed. [Results] Microbial metabolic activity of the samples showed a trend of the
rhizosphere > the root zone > the environment. With the increase of distance from the root, the proportion
of microorganisms using amino acids and amines as carbon sources decreased significantly, while the
proportion of microorganisms using polymeric compound carbon sources increased significantly such as
Tween, Glycogen and so on. Analysis of diversity showed that the Shannon index (H) decreased with
significant difference. The significant effect of dilution solutions in different NaCl concentrations was
observed on the metabolic activity and distribution of microbial community. And microbial activity of the
rhizosphere was the highest at 5% NaCl solution as dilution solution. [Conclusion] The composition and
distribution of microorganisms around the roots of Kalidium foliatum showed obvious evolution regularity.
And it is necessary to optimize the cultivation condition using Biolog Eco microplate.

Keywords: Kalidium foliatum, Salt concentration, Biolog Eco microplate, Rhizosphere microorganism,
Community distribution
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AR 3 BRERTURKE S . BRTOUTCR A 36 A2 4875
WEPESERARARARTR , RITBHE L RHE AR PR 135,
WA AR X+ 3 RE S (RZS) ;I G TR 240 B il 4%
T AR PR AR AR PR AR A (RS) s PREE T IERE A E#E
SRAETR ] 1 m 22 N B O Bl 55 DX, SR Rl B
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(ES)!M, BN SR S 43 50 1o 25 2% Fe A IR A0V E —
AFESAHT, 3R 20 SRS, BB ET
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TR T 28 °C fHIEEFE 7 d, 4:FE 24 h J Biolog 4
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e P (5 2 . pH 8.8£14, &K
1.26+0.08 mg/kg, ML 12.3+0.15 g/kg, £
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Figure 1 AWCD of soil samples microbial community
from different regions of roots
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Figure 2 Relative utilization of microbial community to
six types of carbon sources in different soil samples

TE: AF/NG Tk (a—c) R A7) T ERE i S A Y e v X ] —
FEMR IR FIAE 0.05 KT 225 3%

Note: Different lower letters (a—c) indicate statistically
differences of the utilization of microbial community to same

type of carbon source by different soil samples at 0.05 probability
level.
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Figure 3  Relative utilization rate of soil microbial
community to six types of carbon sources in different soil
samples
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WML . o-D-FLHEF D,L-a-BEMR i, IR
L-AEZAMR . L-RITAM M . L-R N & B 2
Pk-L- 22, BRI y- 72 TR . AR AN D321
MR, By2emy 2-R R HIIRA 42 AR, 25
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50, 2 nlE Tk G YR N- L BE-D-4i 45 b
JHeFN o-D- 20 -1-B5IR , 4SRN L-75 2R ,
PR o- THARR, DARERIRMZR O, Ui st
IR AN [ 1) - S AR W RV AR D e 2 AR PR TR
PC2 FERBE, JE PC2 M5
2.2 AEFENRESHRESMKH S M SRS
22.1 AREEREHRE XTI TTURBR B E
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SIS RAEMRBRAE S UAE P FEAS [F] NaCl v
JET B ARHE PR T T 8, S5 RN 5 R

Table 1 Microbial community functional diversity indices in different samples

G SIS PR E TR R BN T
Samples AWCD Simpson (D) Shannon (H) Mclntosh (U)
HRER RS 1.94+0.01Aa 1.00£0.03Aa 3.99+0.16Aa 1.0240.065Aa
HIX RZS 1.41+0.07Aba 1.12+0.07Aa 3.67+0.26ABab 1.24+0.14Aa
5% ES 0.524+0.03Bb 1.18+0.11Aa 3.16+0.19Bb 1.31+£0.19Aa

TE: AFIBRIRTE 0.01 KV EEFWEE; aflbRIRTE0.05 KF F2ERTE.

Note: A and B indicate extremely significant differences at 0.01 probability level; a and b indicate significant differences at 0.05

probability level.
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Figure 4 Principal component analysis of microbial

community of different soil samples
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Table 2 The carbon source with high contribution rate for PC1 and PC2

Tk IFEZEA Carbon sourse PC1 PC2
kK 4k & 9925 Carbohydratess D-2EFLBHR-y-IN I D-galactonic acid-y-lactone 0.38 0.51%*
D- KB D-xylose 0.75%* —0.16
D-2f LR D-galacturonic acid 0.57%%* —0.34
N-Z[8k-D-#j 25 #% N-acetyl-D-glucosamine 0.35 0.68%*
D-#Z BERR D-glucosaminic acid 0.41* 0.1
D-£F 4k —} D-cellobiose 0.51* —-0.24
o-D-75 % B 1-B R a-D-glucose-1-phosphate 0.65%* 0.59%*
a-D-FLH# a-D-lactose 0.56%* 0.09
D,L-o-f§f2 H il D,L-a-glycerol phosphate 0.82%* —-0.19
FIHEBRISE Amino acids L-#5% X L-arginine 0.63** 0.28
L-K[J4 i/l L-asparagine 0.76** —0.26
L-AZEAM L-phenylalanine 0.55%%* 0.2
L-22% 8 L-serine 0.44* -0.01
L-73% & L-threonine 0.32 0.53**
H&WE-L- A28 Glycyl-L-glutamic acid 0.74%%* —0.45%*
22 Acids WL EE Pyruvic acid methyl ester 0.45% 0.32
v-¥THR y-hydroxybutyric acid 0.78%* -0.16
A FERE Ttaconic acid 0.64%* —0.21
o- ] iR a-ketobutyric acid 0.23 0.71%*
D- 2 D-malic acid 0.84%* —0.12
fi32% Phenols 2-FFIRHR 2-hydroxy benzoic acid 0.68%* —0.25
4-FRFEIRH R 4-hydroxy benzoic acid 0.60%* -0.17
Z ) Polymers 1}yl -40 Tween-40 0.48* —0.22
1} -80 Tween-80 0.35 0.42%*
B Glycogen 0.55%* 0.31
2% Amines K Phenylethyl-amine 0.21 0.67**
J& I Putrescine 0.79%* -0.23

T % FHOCHRRDR; **: HHSCHESR.

Note: *: A little strong correlation; **: Strong correlation.
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Figure 5 AWCD of rhizosphere microorganisms in

Kalidium foliatum under different salt concentrations
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Figure 6 Relative utilization of six types of carbon sources
by soil microbial community under different salt
concentrations
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Figure 7  Relative utilization rate of soil microbial
community to six types of carbon sources under different
salt concentrations
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