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Effects of EDTA on soil quality and microorganisms in rhizosphere of Cynodon dactylon under lead stress
JIANG Ranran, JIANG Runhai, ZHU Chengqiang, HOU Xiuli®

(School of Agriculture and Life Sciences, Kunming University, Kunming 650214, China)

Abstract: To study the effects of the chelating agent ethylenediamine tetraacetic acid (EDTA) on the physicochemical properties, soil

enzymes, and microbial community structure in rhizosphere soil of Cynodon dactylon, different concentrations of EDTA[0(CK), 2.5, 5.0,
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7.5, 10.0 mmol - '] were applied on lead—contaminated soil, in which the tolerant plant Cynodon dactylon was planted in a pot experiment.

The results were as follows: When 2.5 mmol + L' EDTA was applied to the rhizosphere soil of Cynodon dactylon, the lowest soil pH was
6.80, and the activities of soil available phosphorus (AP), soil acid phosphatase, and invertase were the highest, and they were 2.24, 1.57
times, and 1.41 times that of those of the CK, respectively; When 7.5 mmol L' EDTA was applied, the content of available potassium (AK),
ammonium nitrogen, and nitrate nitrogen in rhizosphere soil was the highest, and their values (96.22, 262.00 mg - kg™, and 15.90 mg-kg™")
were 1.09, 1.30 times, and 6.41 times that of those of the CK, respectively. The diversity of soil microorganisms in the rhizosphere soil of
Cynodon dactylon and the number of OTU in the EDTA concentration of 7.5 mmol « ' were the highest. Chloroflexi, Acidibacter,
Pedomicrobium, and Aspergillus, with the highest relative abundance, increased by 7, 3, 10, 8 percentage points over the CK, respectively.
After applying EDTA, the highest relative abundance of Bacillus in the rhizosphere soil of Cynodon dactylon increased by 9 percentage
points over the CK; The highest relative abundance of Cladosporium was 4.05 times that of the CK. The activities of soil acid phosphatase,
urease, sucrase, and AP positively correlated with Aspergillus and Gibellulopsis, whereas soil urease positively correlated with heavy metal—
resistant bacteria( Bacillus and Chaetomium ), indicating that heavy metal-resistant microorganisms contributed to the increased content of
available nitrogen and phosphorus in the soil. In lead—contaminated soil, the application of appropriate concentration of EDTA can increase
the acid phosphatase, invertase activities of plant rhizosphere soil, and diversity and abundance of microorganisms; improves the
microecological environment of rhizosphere soil; then improves the remediation effect of tolerant plants on heavy metals.

Keywords : Cynodon dactylon; EDTA; lead; high—throughput sequencing
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Table 1 Physical and chemical properties of the tested soils

AR A

gL A L
ST Available  Available ot
. R Pb content/
Test soil phosphorus/  potassium/ (me-ke)
(mg-kg)  (mgekg) METE
J§i-1- Original soil ~ 6.49 334.00 46.48 74.12
i e 135 7.86 233.33 44.54 609.13

Pb contaminated soil
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10.0 mmol - L], A Ab PRI 3 A7, BRRES A it
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IR R 5 1 0.149 mm i J5 F T 5 - 3 Fe AR B
TR
1.2 HIEEE N E

- IR I T 1 SR P A T — U S R A L e 3
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BRI HEREA DNA SR B 135 WL & e i 45 .
56 EE R 2 DNA S HUS , 1 H 2% Bt B e e v Tk R
DR FE LI DNA . DAASFE i 1 L DNA SRR 2R 7
PCRY 4,51 WK 2. RIWVAKZFR:95 C 3 min;95 C
305,55 C 305,72 °C 45 5,30 MEHR ;72 CH A AE A
10 min, 10 ‘CHEFEFEE R o 2% Bl W EE I f Uk i
W PCR ™7y, H H B 5500 KON IE#f e B 53, i1
ZFEIETF A Al MiseqPE300/ NovaSeq PE250 - 15 i#F
T
1.4 A E

18 Excel 2019 84 %5 4 43 25 B oC 8t #4740
1o I RIEF T H2 6 Venn K& KL 5 4
PR LB 5 - S AL T R TC AR 2B (RDA) [ 5 3 2o

R2 yIB519
Table 2 Amplification primers
EILZEAS EltZESi F i FF5) REiFFS1 Kz
Primer name Primer type F- terminal sequence R~ terminal sequence Length/bp
338F_806R 41 16S rRNA ACTCCTACGGGAGGCAGCAG GGACTACHVGGGTWTCTAAT 468
ITSIF_ITS2R B ITS CTTGGTCATTTAGAGGAAGTAA GCTGCGTTCTTCATCGATGC 350

1% WHART]
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30

(A)
—~ ab
T 25T a
4 a
£ 20t
= ab ‘}
%‘ b
% 15 I bC
15
T 0f 2 b
3 cd
it R
4o d
& 0
0 2.5 5.0 7.5 10.0
EDTA ¥ &£ EDTA concentration/(mmol-L™)
0.71
B) X
0.6
20
o0
2 051
g
Z 047 p
z
2 03f a b
= be 2
B 02F c
H be b
! Fh%
0
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EDTA #¢J# EDTA concentration/(mmol-L™")
[J #Hf_E3# Aboveground O #R Root
AN)ING RN A B R 22 53 8 25 (P<0.05) . R[]

Different lowercase letters indicate significant differences among
treatments ( P<0.05). The same below

1 AFREESENTRE
Figure 1 Lead content of root and dry biomass of

Cynodon dactylon

=3 MR LB

Table 3 Physicochemical properties of rhizosphere soil

EDTA %[ AR AR SR AR
EDTA concentration/ pH Available phosphorus/ Available potassium/ Ammonium nitrogen/ Nitrate nitrogen/
(mmol-L") (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
0 7.25+0.09a 146.00+17.69d 88.20+5.38a 201.00+0.71¢ 2.48+0.25¢
2.5 6.80+0.15b 327.00+6.25a 87.76+6.97a 235.00+19.09b 7.90+0.28bc
5.0 7.29+0.01a 139.00+15.56d 73.98+4.88h 190.75+20.86¢ 10.48+5.15ab
7.5 7.19+0.13a 202.50+13.44¢ 96.22+8.07a 262.00+6.36a 15.90+3.04a
10.0 6.95+0.07b 271.50+7.78b 86.43+3.66ab 230.33+8.22b 6.65+0.92bc

T« A SUAN )N SRR AN 6] 4 3 EDTA AR R 1) s 3R P 5 ) 47 fik 35 22 57 (P<0.05) .

Note: Different lowercase letters in the same column indicate significant differences in soil physicochemical properties under different concentrations of

EDTA(P<0.05).
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Figure 2 Activity of urease,acid phosphatase and sucrase in

rhizosphere soils of Cynodonts dactylon
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Fiis o FEANPET TR B (B 3A) , ZBTE 1A T (Proteobac-
teria ) A Xt 32 B e , 7E 27.32%~30.92% 22 [f] , JELRE 5
I (Firmicutes ) A X} 3= i 24 8.709%~23.02% , i ZE TR ]
(Actinobacteriota) . 2% 25 I ] ( Chloroflexi) . & #F 174 [ ]
(Acidobacteriota) #H XF £ FE & 5% , 70 9 R 11.33%~
16.14% . 11.21%~18.18% . 9.29%~11.43%; Jiti il 7.5
mmol- L EDTA J& , 2825 15 ] (Chloroflexi ) AT 3 B fi
= O BRI T 74 A 4 a5 . R B JE KOF B (A
4A, KR RIHZEE R J5 ), 760t in 2.5 mmol - L7 %
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EDTA ¥ & 7 10.0 mmol - L™ B} AH X = BF e 5 .
77.00% , 2 XiF B8 20 /) 4.05 1% , il 55 & (Aspergillus) TE
7.5 mmol - L™ i EDTA 2H HAHXS F 3 5 51, 9 16.00%,
b X REZH 38 i 1 8 N 43 54, Gibellulopsis AHXT 4= FE7E
5.00%~13.00% Z.[d) . =¥ B EDTA A i fin A # T4
P BEP A TE 1 1] (Proteobacteria) . F4E 4[] (Asco-
mycota) \FEIRFT 1 & (Acidibacter) . T 1015 J& (Pedomi-
crobium) ¥ il )® (Cladosporium) NS5 (Aspergil—
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