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Abstract: [ Objectives ] Planting grasses in orchard improve soil fertility and structure. Hence, we studied soil
biological properties and microbial structures as affected by grass species in orchard. [ Methods ] The field
experiment was conducted at the Mazhuang experimental base in Tai'an City, Shandong Province, China. The test
grass species were White clover (Trifolium pratense), Pith grass (Bouteloua gracilis), Brucella (Eragrostis
trichodes), Curving thrush (Eragrostis curvula) and Canadian Elymus (Elymus canadensis). The five grass species
were seeded in 2017 between the apple rows while no grass planting was taking as control. The microbial
community and enzyme activities in soil were determined in three consecutive years. [ Results ] 1) A total of
31459 bacterial operating taxa (or 1019 OTUs) and 5021 fungal operating taxa (or 108 OTUs) were obtained from
all the soil samples. The average Shannon, Simpson and Chaol indices of bacteria diversity in the grass planting
soils were 4.61%, 7.01% and 27.44% respectively higher than that of control. At the phylum classification level,
Proteobacteria, Acidobacteria, Actinobacteria, Gemmatimonadetes, Planctomycetes, Chloroflexi, Bacteroidetes
and Verrucomicrobia were the dominant bacteria, accounting for more than 95% of the respective treatment.
Ascomycota, Basidiomycota, Glomeromycota and Zygomycota were the dominant fungi, with their relative
abundance accounting for over 80% of the respective treatment. Curving thrush increased soil bacteria abundance
and diversity, but Brucella decreased the relative abundance of germ cell phylum, Phytophthora phylum and
Curvulariaviridis. All the five grasses increased the relative abundance of Basidiomycota; Pith grass decreased the
relative abundance of Ascomycota. Pith grass, Curving thrush and Canadian elymus increased the relative
abundance of glomus. 2) The soil microbial population showed increasing trend with increase in years of the
planted grasses, and the microbial population in three-year-old thrush soil was significantly higher than that in
CK. 3) The activities of soil urease, phosphatase and catalase in the three years were all significantly higher than
those of CK. Thrush, Canadian elymus and Curving thrush increased the soil organic carbon and soluble organic
carbon contents. 4) The results of correlation analysis showed that the soil total organic carbon and enzyme
activities were positively (P<0.05) correlated with the number of microorganisms. [ Conclusions ] Curving
thrush and Canadian elymus planting significantly increased the soil total and soluble organic carbon contents, soil
enzyme activities, microbial populations, and changed the community of bacteria and fungi composition to
different extents as the grass growing year increased. The other three grasses did not show such good effect. So,
Curving thrush and Canadian elymus have great promotion value.

Key words: orchard grass; grass seed; soil microorganism; soil enzyme activity; soil carbon component
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Table 1 Plant height and biomass of different grasses
A VisiiE) B (cm) MREET (2) R (g) b L AREE T (g) o T ()
Grass Treatment code Height Fresh root weight Root dry weight Aboveground fresh weight Aboveground dry weight
—
. BT1 83.50+0.71 ¢ 88.36+0.52 b 20.12+0.37d 154.37+£5.29 b 57.44+1.70 b
White clover
HEfHE
. CT2 4435120 81.11+0.16 ¢ 68.99+0.18 a 17.88+2.04 ¢ 39.89+0.33 ¢
Pith grass
Yo JE
DT3 69.75+0.35d  123.60+1.97 a 53.55+0.65 ¢ 112.27+2.86 ¢ 46.22+1.27d
Brucella
A i
. ET4 129.00+1.41 a 61.52+1.41d 19.15+£0.27 d 95.85+0.56 d 47.39+0.71 ¢
Curving thrush
ISR
FTS 91.00+0.71b  120.68+0.76 a 62.98+0.76 b 171.20+0.90 a 105.02+0.51 a

Canadian elymus

H (Note) : FIFEHE G AF/NG FHEL R R RIA H 0] 22 5 8 3 (P < 0.05) Values followed by different small letters in same column are

significantly different among grasses (P < 0.05).
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[ (Note) :

Others 7R [ H3X 30 AT Z M HABITA TTHIAIN S REZ A TR B, A0 AN & 3R T 0.04, LR AR &

BT 0.03, RAERFF)HHAX & & BB, Others represent the sum of the relative abundances of all other phyla excluding the 30 phyla.
In each group of processing, values of the relative content are not shown in the figure when the relative content of bacteria is less than 0.04 and the

relative content of fungi is less than 0.03.]
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Fig. 4 Microbial population of orchard soils planted with
different grass species
[7E (Note) : BRI FRERIRF— H A R4 B 22 5 35
(P < 0.05) Different letters above the bars mean significant difference

among different treatments in the same month (P < 0.05).]

T O Y S T AR R 3 AR
5 AN A R A B 3 AR e L TS B R
DLt im A A M e A, A A RO i 2018
2019, 2020 4E43 5 L i B X AR R T 34.26% .
36.56%. 36.21%. HBE&EAEFAERIE M, 15
(A R i 2 TR

A2 4 T, S A AR ARG - HEA R L Ak
i ARUERR R W TR AR AL B, 3 MR
Py HEREAL B D K B el A P A AEE
HEES TIHHXTE, 2018, 2019, 2020 4E4r 51t
THH IR T 10.20% . 10.42%. 10.51%. 3 M4E

{53 T 4 B D 25 T b A RO A
R TP AR R, 2018, 2019, mm@ﬂw

FEVEHE IR 1,95, 1.95, 2.10 fi5, VhimJEE 0l
0 JE R P A AL A R S R R A
THARAL, 2020 44 BN b - A U S R D
ISR P B AL P v TR AR R AR P
2.8 ARIEELESNRETIEEE NN
R A AN B S ,  R  B  A R
] (R A TSN, 3 ARy A B A 38 - MR 1
FE TN (K 5), H, DT3 4 &4

2018 4F + 3 O IR BE DG T BERY 2.13 4%, 2019 4F
BB 2.07 £, 2020 FJEIE AT 2.47 £5. 3 A

1y A FEAL B VB A A L A S R I S M R
(B 5)o o, ET4 A= RAbh B - SJERE IR i 1% 14 =
THAb AT AL, 2018 4F @ TIHHHALBE 51.19%,
2020 4E i TIHHHL B 61.92%, 2020 4F & T #Eak
L 67.99%., SiEHAHEL, A FANEL 3 ARGy 5T
AL A BT PESR . FTS A% b7 2018, 2019,
2020 443 LI HHR T 3.46% ., 4.37% Al 5.14%,

2.9 TAREIEELIERRE 5 5E 5 B0

29.1 X AP S R BIE 6 %1, 2018
EEH FT5 Al BT1 A= %A B+ 38 v 14 HLaR &5
O3 AT HEXT R PR R T 38.50% . 27.68% I
27.51%. 2019 4F 45 45 5 ab 1 4 1A HL Ak % 12 L
2018 4F 7, 2020 4FA: RANHE - A ALK 5 & 02
F 2019, 2018 4 BACFE . ET4 AbHLAY 54 HLAK
S, 2020 AR R HE 2019 A BOA HLAR &R
= T9.59%, 2019 4FA: B AT LB EL 2018 4FEAE
T 10.7%.
2.9.2 X 4 B ECH LK & 05 Hy & 7 ],
3 AR A R AL AT BRAR L, AR A AT
1 25 22 S L T IS AT IR B AR ARy
B3 0 8 R LR S Rk, JLLLFTS &b
PRI 0 A MUK & B =, 2018 4F FTS Ab#i 13
MAMR S RN 1.65g/kg, IEH RIS T
50.55%; 2019 4E FT5 4bBHAY T390 HLAR & &
1.68 g/kg, LIEHFXTIRARE T 53.22%; 2020 4
FTS5 Ab#ER 1.96 g/kg, HLIEHIXTIRES T 79.17%.
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Fig. 5 Enzyme activities in orchard soils planted with
different grass species
[ (Note) : HE ARG RER IR — 4240 HLH 22 53 W3 (P <
0.05) Different letters above the bars mean significant difference

among different treatments in the same year (P < 0.05).]
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Fig. 6 Soil organic carbon content in orchard soils planted
with different grass species over three
consecutive growing seasons
[7E (Note) : # EANIFSHER/R R —4F b 22 5 3 (P < 0.05)
Different letters above the bars mean significant difference among

different treatments in the same year (P < 0.05).]
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Fig. 7 Soil total organic carbon content in soils planted
with different grass species over three
consecutive growing seasons

[F (Note) : #F B AFFHRR/RFE—4FEL L E] 2% 5 02 (P <0.05)
Different letters above the bars mean significant difference among

different treatments in the same year (P < 0.05).]
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A S R BRI Ay, B
42 5 KEMAR N, XHEHE 1588 BUE A
R 5 O FF 1 0 A 7 RN I )y T R 45 3 T B
FRE1 T ) 2 REE R AR A S R GRS P
DI BB R 22— TR TR Sl RN
VEARIR Z — 2, S X i DR R IR,
LB AIE 5 43 DA T 5 38 L B R AR 56 ) e
HMFHA, ET4 AR LF, HHAE T OTU
ANBO W TIE R IR, R 5688 A4, LU IE AR HE
T 22.22%; [RIBFAHTR SRR OTU ., 5 EEMZHF

PR T HW . 4 Alpha ZF %1134, ET4 Fl
FT5 A ¥ + 34115 Shannon, Simpson Fl Chaol 54X
ET I IR, X5 Beta ZREVE TS RARST,
W E 2R ZE TR, AR ES R, Hi
R A 32 S 1) EUE 32 R, REAR S R et
ke, ET4 AFE, AL, HEHED,
FE—E T, BRAL TR Z 0 F L%, R
HAIUAAFI, XSHEMEREN 2N
BERNUN ET4 A RO FTS ABRSZ AR B3, (H—&
FREE FRRR T BTN OTU, MHAEMRANA — & iR
EH . A RN BRAY AR PR £ 38 Beta ZREMEAFTE 2 F 1Y
J R it — 2D Bk

TR FE R, 6 A L3RR TP AN A A
BN RAFETT . BRI, 2F S
1. RERET. RTHE], X6 FIRHRBES A
LB T B T 95%, Hirh, ARTE BT TR
FER T T el T 50% ., A, AL R kb B4 &
TSR] BRAT R T IR i T 8, HAb BT
T BT R, A PR A R R, IR T TR
PR TA5 R B3 A 25 18, 45 P HLA I e A g
KR, BIRWIIS5HT, B EREY
iR A A EE T i fk2s s geeo, Rl if A R
WARIE T TR AT 12 5 AU R, L
FRERTTRZ VBRI, sr i fEAR LR EE T, Xf
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Table S Correlation of soil carbon components, enzyme activities and micro-organisms number

S| DOC ToC soc iRt WERRRE FUE R ey i HIH e 9]
Item Urease Phosphatase Catalase Bacteria ~ Fungus Actinomycetes

DOC 1.000

TOC 0.781"  1.000

SOC 0.460 0.766™  1.000

JI% A Urease 0.738™  0.863™  0.804™  1.000

WA Phosphatase 0.342 0.697°  0.929™  0.676°  1.000

i1 AL A Catalase 0.433 0.663°  0.867  0.581°  0.870" 1.000

414 Bacteria 0.328 0.684"  0911"  0.728"  0.873" 0.793™ 1.000

HL T Fungus 0.568 0.758™  0.780"  0.566 0.765™ 0.900™ 0.645" 1.000

TR Actinomycetes 0.317 0.685° 0920  0.698°  0.976™ 0.796" 0.867"  0.717" 1.000

# (Note) : ™—P<0.01; *—P <0.05. SOC— 1A HLEK Soil organic C; TOC— 13 B4 HLEK Total organic C; DOC—H] A5 LR

Dissolved organic carbon.
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