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Differences in enzyme activity and bacterial community structure in rhizosphere

soil of four grass species
TANG Shan-shan, HU Min’

School of Environmental Science and Engineering, Changzhou University, Changzhou 213164, China

Abstract: The purpose of this study was to investigate the effects of different grasses on the soil micro-ecological
environment. In a pot experiment, four grass species: Paspalum notatum, Lolium perenne, Festuca arundinacea
and Sorghum sudanense, were selected to study the variation in rhizosphere soil enzyme activity and bacterial
community composition and diversity. The experiment included unplanted (CK) pots, and soil chemical analysis and
high-throughput sequencing technologies were employed, and the correlation between these data and soil physical
and chemical properties was explored. It was found that, compared with CK treatment, the activities of -1, 4-
glucosidase (BG) , cellobiohydrolase (CBH), B-1,4-xylosidase (BX), B-1,4-N-acetylglucosaminidase (NAG) and
alkaline phosphatase (ALP) in rhizosphere soil were increased by all four grass species. Furthermore, the contents
of soil dissolved organic carbon (DOC) , ammonium nitrogen (NH, -N) , nitrate nitrogen (NO, -N), and available

phosphorus (AP) differed significantly between the rhizosphere soils of the four grasses. The activities of BG, CBH,
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BX and NAG were highest in S. sudanense. ALP activity was highest in F. arundinacea. Pearson correlation
analysis showed that G and NAG activities in rhizosphere soil were significantly positively correlated with soil
organic carbon (SOC) and significantly negatively correlated with NO, -N. ALP activity was significantly positively
correlated with SOC and DOC (P<C0.05). The Chaol index of L. perenne rhizosphere soil was the highest, and the
Shannon index was significantly higher than other treatments (P<C0.05). Proteobacteria, Acidobacteriota and
Actinobacteriota were the dominant bacterial phyla in the rhizosphere soil of the four grass species. The results of
redundancy analysis showed that soil available phosphorus was the dominant factor associated with change of bacterial
community composition in the rhizosphere soil. In conclusion, grass can significantly improve the enzyme activity
and nutrient content, and optimize the bacterial community structure of rhizosphere soil, so as to improve the soil
micro-ecological environment. This provides a scientific basis for soil improvement. Among the tested grasses, L.
perenne more strongly promoted the circulation and effective utilization of soil nutrients, and increased the diversity of
bacterial communities. Thus L. perenne was the most efficacious in improving the soil rhizosphere environment and
can be recommended based on these results.

Key words: grass; rhizosphere soil; soil enzyme activity; bacteria community diversity
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AWFSE T 2023 4F 7 H ¥R = N BRI T, B AR AR LA ROST A BLAR 16 em X = B 20 em, RS 1.5
kgo AR R ARR B IE(CE B R R R 5 MR PR R A — AR AR R (CKO) L 3t 5 b 388, 4 b 3
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TR G PR 95 B 3 Tl il - B-1, 4-78 25 0 17 i (B-1, 4-glucosidase, BG) . £T 4 — W 7K fi# fiff ( cellobiohydrolase, CBH) #ll
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1.4 LEBAEMBEHSN

{# Ff DNeasy 96 PowerSoil Pro Kit( QIAGEN, 7 [& ) #2£ It - 8¢ DNA , $2 89 £ 5 5 DNA ¥k 5 A1 4li & 2 iR
& 4X NanoDrop 2000( Thermo Scientific, 3 [ ) #E 47K, I 190 B B BH5E B HL kR I DNA S8 8 M. $ By 3
L DNA M BH , 8 40 16S rRNA LA, i 1@ 5149 4 338F (5 -ACTCCTACGGGAGGCAGCAG-3") Al
806R(5'-GGACTACHVGGGTWTCTAAT-3") . PCRi& % & H TransStart Fastpfu DNA Polymerase ( TransGen
Biotech, 4t 51 ) , & W #& % (20 pl.) : 5X FastPfu Buffer(4 pl.), 2.5 mmol-L ' dNTPs (2 pL), #5149 (5 pmol-

L DA T HEI 9 (5 pmol-1.7 1) 4% 0. 8 pl., FastPfu Polymerase(0.4 pl.) ,BSA(0. 2 pl.), Template DNA 10 ng, #b

ddH,0 % 20 L. JZ B & :95 °C 3 min, 95 °C 30 5,55 °C 30's,72 C 45 s, 4L 47 27 & FF 372 °C 10 min. 3£ 7%
PCR =¥ )5 , FH 2 %6 BN Wi 6 JE Al 9k K PCR 7= 4, PCR =4 B Y 4785 KN IE B, We B A3 J T i 468 1 e
J¥ o I Tlumina MiSeq - {5 #4758 8 DNA 5, PCR A I 5 35 oy b 55 75 A= 4 B= 25 B A FR A | 58 1o

WA FLASH™ (https://ccb. jhu. edu/software/FLLASH/index. shtml, version 1. 2. 11) k4 %} 16S rRNA
W J 4 B0 BF 2, 9 FH Fastp™ (https://github. com/OpenGene/fastp, 0. 19. 6) % J 5] Jii & i 47 o 4% A1 33 0€ , 15
H Usearch (http://www. drive5. com/usearch/, version 11) 2 Bk itk & & 1 i1 & #: 1E 43 2% . € (operational
taxonomic unit, OTU) , 3 33 Uparse™ (http://www. drive5. com/uparse/, version 11) A 97 %5 #H4E\ 4 B i % 15 51)
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AT RS WA ERGE i RDP Classifier™ (https: //sourceforge. net/projects/rdp-classifier/ , version 2. 13) #£47 It
XF, A B e A BOHE o8 STLVA 138 Bl JE™ (https: //www. arb-silva. de/) . fii I Mothur™ (https://www.
mothur. org/wiki/Download_mothur, version 1. 30. 2) #4711 « 2 ¥ M, F ] QUIME (http: //qiime. org/install/
index. html, version 1. 9. 1) 8 {4F 118 B 2 kf 1 I B 4 1
1.5 HHELEE 5 H

i3 IBM SPSS 27. 0 8R4 XA ] 7R F AR B A 38 2 Ak M o0 0 Az 49 2 P ot R A7 50 DR 22 5 28 40 i (ANOV A ) il ik
TR, W KB «=0. 05, [ FE, f# FH SPSS 27. 0 8 4F 1T Pearson A K E 4007, IR B SR 55 2 50 5 +
WG U 2 AR EZ A O R o BT RIEH (version 3. 3. 1) T H-Zx il # %) 4= & (relative abundance) [&] | 32 4 B3
43 #t (principal coordinates analysis, PCoA)Z5 58 . i ] R 1K & vegan WL #EAT 40 B AL #4171 5 LI B M T | 12
it 3% P4 TUAs 40 B (redundancy analysis, RDA) .
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2.1 REARAMEF G LIE R £ F

AN TR AR 4 AR B 498 pHAAE R ALGR & A B &2 5 (P>0.05,% 1), 5 CKAHEAH L, A F i R
ABL LR AR BR A HE TV HLER (DOC) & it i 3 88m , Hop B2 JERNE £ 50 1 DOC & & 3% = T & 5
FFEAL I (P<<0.05), A B H BER SEFMAFFEARE LEMSANO, -N)F &R EMT CKA
B AR B R NO, -N i 3% T A 3 A R SN B, 43 i) b S R 2R SR AR P AR B 119,392 .
52.10% F1105. 68% (P<<0.05) . F B HH & 5 FAR PR 388 S A (NH, -N) & & W 3% & T CK MR PR 3
S35 CK AR PR R AR 3 S 8. 0596 7. 77% 7. 27% F16. 99 % (P<C0.05) . HE&ZE HLAIE F 20 1) #ALRE (AP) &
i T H AL (P<0. 05) , b S 230 M & i de i, BE IR
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Table 1 Differences in physical and chemical properties of rhizosphere soil of different grasses

Ab 3 Treatment pH SOC (g'kg™")  DOC (mg-kg ') NO, -N(mg-kg ') NH, -N (mg-kg ") AP (mg-kg ")
CK 7.94+0.03a 5.99+0.03a 153.044+2.91c¢ 4.56+0. 38a 3.85+0.07b 15.8740. 20b
HEH P. notatum 7.9740.05a 6.07+0.08a 166.32+5.22b 1.65+0. 19¢ 4.16=+0. 23a 15.29+0. 34c
WAL, perenne 7.914+0. 06a 6.00+0.21a 179.53+11. 21a 3.62+0.95b 4.00+£0. 09ab 16.4640. 15a
HEF F. arundinacea  7.897+0. 14a 6.13%+0. 14a 187.97+7.02a 2.3840.18¢c 4.13+0.02a 16.49+0. 46a
INFEELS. sudanense 7.94+0.07a 6.19+0. 05a 166. 25+5. 04b 1.76+0. 19¢ 3.86+0.06b 15.2540. 34c

SOC: A HL#% Soil organic carbon; DOC: AJ # 4 HL##% Dissolved organic carbon; NO, -N: fi & % Nitrate nitrogen; NH,"-N: # 4 % Ammonium
nitrogen; AP: &L B Available phosphorus; [\ 71 A [a] /N 55 5 B 2 7R b B[] 7E 0. 05 7K °F- I A & % 2% 5 Different lowercase letters within the same

column indicate that there are significant differences among treatments at the 0. 05 level; T[] The same below.

2.2 REARAHEMRR LEBE LG EF

2.2.1 AFEARFMRPR LHERETE PR AE SR S AR PR L BG .CBH M BX BTG PE (3 2) , 31X 3 BBk 17 2h AH
SR I VE RN BUY Sy R PP > S > BAE R ST B >CKe SRR PR T3 i 3G G M, & & T
CKAVE ZH b H 73 B T 78. 86 % A143.88% (P<C0.05) . 20 M PF AR by £ 3 CBH M X I M . 3% =
F A b B (P<0.05) o 5 PR A0 BEAR PR + 38 CBH 16 M f 5, b CK LA B 5 B8 22 B0RI i3 2 50 Ak 343 51l o iy
160.00% .135.08% .134.23% .46.40% o 75 FF H AR PR 4 HE X 36 P fie 5, b CK L #5020 o 1 g 2 5 b P 4%
Sl s 1 87. 0896 .81.50% .60. 17 % F110. 50 % , {H & 33 M5 PR 2Z 18] 1 BX 6 M 25 5 AN i % (P=>0.05) o 3 JHAE
PR A3 v (9 NAG 36 M die i, 40 ) T CKLUA B AT B8 22 RER i 3 50 20 3%y 114 157. 8406 .83. 94040 . 146. 41 %
83.65% . M FFARPR 1 ALP I PEf &, 0 5l b CK . H 5 5 SR 2 55 Ah B i 1 58.52%0 .37, 46 % i1 26.47%
(P<<0.05),
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R2 FARAREREFLEBEENES

Table 2 Differences of enzyme activities in rhizosphere soil of different grasses (nmol-g™'+h™)

A FR Treatment BG CBH BX NAG ALP
CK 32.4143. 14c 5.0040. 86¢ 6.1940.47b 4.534+0.52¢ 20.954+0. 53¢
HHE P. notatum 40.29+5. 87bc 5.53+0. 32¢ 6.38+1.29 6.3540.65b 24.1641. 70bc
BAETRL. perenne 48.42+7.17ab 5.55+1.80c 7.23+1.59b 4.74+0. 37c 26.26+0. 66b
R F. arundinacea 49.44+6.92ab 8.88+1.72b 10.48+1.58a 6.3640.84b 33.21+3.56a
TFHES. sudanense 57.97+5. 12a 13. 00+ 1. 82a 11.58+0. 93a 11.68+1.13a 31.90+1.68a

BG: B-1,4-7 % i -1, 4-glucosidase; CBH: £F 4 — #i /K fi# il Cellobiohydrolase; BX: B-1,4-A M1 E -1, 4-xylosidase; NAG: B-1,4-N-Z Bt 7
Wi SR B B-1, 4-N-acetylglucosaminidase; ALP: M @582 #f Alkaline phosphatase; T [f] The same below.

2.2.2 ANJRIRFEARBR 4 HE IS v S A T A AR OGHE Bl A ) R AR B B R4 AR B Ak IS e
Z IR AEAS TR AR B (A DGR (32 3) o BG MINAG TG M3 5 804 DLk 2 038 IE A G, 1 5 i 28 0 5 W 3 6 4 OG
(P<<0.05) . ALP &5 + 5 A HLAR A AT ¥ M A HLAKk 25 52 W 2% 1A OC (P<<0.05) . {H BG .CBH . BX .NAG #I
ALP M-S pHAE 8 2 20U #RC8E 5 76 3% A & (P=>0. 05) .

R3 FARAERFLEBEES DEBAMRAOBXME

Table 3 Correlation between enzyme activity and physical and chemical properties in rhizosphere soil of different grasses

i H Item pH SOC DOC NO, -N NH, -N AP
BG —0.451 0. 529+ 0. 445 —0. 536+ —0.048 0.038
CBH 0.001 0. 320 0. 256 —0.470 —0.208 —0.199
pX 0.116 0.314 0.417 —0.385 —0.058 0. 024
NAG 0.021 0. 546+ 0.001 —0. 634 —0.153 —0.512
ALP 0.014 0.519% 0. 594* —0.511 0.123 0.091

*, P<C0.05. F[A The same below.

2.3 FEAERFLIER LR BERSHAE x4 FERERETEME Alpha S HEEIEE 2N
WU S % AR 60 4R £ B O A Table 4 Effects of different grasses on the Alpha diversity index
2 = JiER:R L)

2.3.1 AFIRAARPR L B4 H Alpha 2 4 2 45

of rhizosphere soil bacteria

pog:i! Chaol #§%(  Shannon 4§ %k G

ﬁ*ﬁ 5 ZH BE 5 Y 41 T S rﬁ m %iéj ik #) 98 % , Treatment Chaol index  Shannon index Coverage
J2 B U B A8 4048 R T b HERE A (0 104 W 4H R CK 5250+140a  7.120.05b  0.9840.000a
(F£4), 1A E A AR B+ 509 Chaol $8 5 vh H &5 P. notatum 5353+112a  7.1140.05b  0.9840.000a
iﬁﬁfi%%(t—ﬂlj()) ﬁ‘{jﬂ\%ﬁﬁg(5353) TE]:Jﬁ MASER L. perenne 54704143a  7.21+£0.02a  0.98=+0.000a
e \ e . " e 3 F. arundinacea  4918+171b 7.0440.04b 0. 9840.000a
X Ik (4918) , IF H i 5 1Y Chaol 38 % 5 1K T

FFHRLS. sudanense 5205+ 34a 6.90+0.02c  0.98-0.000a

HoAt b 3 (P<20.05) o 78 2 7L AL 3 A9 48 7 Shannon
FER(7.21) B3 T H AL (P<<0.05) . H/tAe
Ak 3 %9 40 A Shannon 5 51 (6. 90) i 3% T Ho b 4b #E(P<<0. 05) .

2.3.2 A[FEIRBEAM PR 4340 5 £ FE V4 BT i FH 3 Ak #5243 BT (principal co-ordinates analysis, PCoA ) ¥l AN [F]
AR B AR B - A0 T R 75 1 Beta Z2FEPE 0 5 AR B 0 33 40 T8 RE v B 220 T (R=0. 9541, P=0. 001) , §t Bl] i SE AR R
TIEAE ARV S5 L AFAE W 22 55 (B 1) o i 2550 AR P 500 40 TR R 7 5 At A A 9 JE B8 5ot , 3% I G 1 o
R B AR s A 9 200 1R RV 45 4 S AR AR AF AR BR3¢
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Fig.2 The relative abundance of bacterial communities in rhizosphere soil of different grasses at the phylum level
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Table 5 Correlation analysis between bacterial Alpha diversity index and soil physical and chemical properties

5 H Ttem pH SOC DOC NO, -N NH, -N AP

Chaol #§ 4% Chaol index 0.456 —0.378 —0.275 0.238 —0.025 —0.231

Shannon #§ #{ Shannon index 0.016 —0.593%* 0.071 0.533* 0.298 0.457
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