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Abstract: In order to investigate the effects of intercropping Centrosema pubescens or Grona styracifolia on soil phys-
icochemical properties, microbial community structure and diversity in the litchi orchard, soil samples from 0 to 40 cm
depth between litchi tree rows were collected under intercropping with either C. pubescens or G. styracifolia. Physico-
chemical factors such as soil organic matter, total nitrogen, total phosphorus, total potassium, nitrate nitrogen, ammo-
nium nitrogen, available phosphorus, available potassium and pH were measured. In addition, Illumina NovaSeq se-
quencing platform was used for 16S amplicon sequencing to analyze the microbial communities in the soil under inter-
cropping with C. pubescens or G. styracifolia in the litchi orchard. The results showed that the nutrient content in the
0-20 cm soil layer was generally higher than that in the 20-40 cm soil layer. In the 0-20 cm soil layer, the C. pubescens
intercropping treatment increased soil organic matter by 7.06%, total nitrogen by 8.70%, and ammonium nitrogen by
103.29%, compared to the control. In the intercropping treatment with G. styracifolia, soil ammonium nitrogen increased
by 69.41%, nitrate nitrogen increased by 32.48%, available phosphorus increased by 112.78%, and available potassium
increased by 9.44%, compared to the control. In the 20-40 cm soil layer, the C. pubescens intercropping treatment in-
creased soil ammonium nitrogen by 114.58%, but decreased available potassium by 48.07%, compared to the control. In
the intercropping treatment with G. styracifolia, soil nitrate nitrogen decreased by 15.07%, while available phosphorus
increased by 105.43% and available potassium increased by 32.60%, compared to the control. In terms of microbial
diversity, the indices in the 0-20 cm soil layer were generally higher than those in the 20—-40 c¢m soil layer. In the 0-20
cm soil layer, the ACE index and Chaol index in the C. pubescens intercropping treatment were decreased by 7.65% and
7.68%, respectively, compared to the control. In the 20-40 cm soil layer, the ACE index and Chaol index in the inter-
cropping treatment with G. styracifolia were increased by 6.93% and 6.74%, respectively, compared to the control. In
terms of soil microbial community structure, the dominant phyla in all soil samples were Acidobacteria, Chloroflexi,
Proteobacteria, Firmicutes, and Actinobacteria, while the dominant genera were Gp2, Gpl3, Bryobacter, Candidatus
Solibacter and Bathyarchaeia within the Acidobacteria phylum. After intercropping, the relative abundance of Thau-
marchaeota, Nitrospirae, Verrucomicrobia, Gp2, Gp13 and Bryobacter increased. Redundancy analysis indicated that pH,
total potassium, total phosphorus, and available potassium were the main physicochemical factors affecting soil micro-
bial community structure. In summary, the results of this study would provide a theoretical basis for intercropping with
C. pubescens or G. styracifolia in litchi orchards.

Keywords: litchi; intercropping; Centrosema pubescens; Grona styracifolia; soil nutrients; soil microbial community structure
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Tab. 1 Effect of intercropping on soil nutrients content
+ 2R fbm HHLE ) AR AR i ARk ! oy el
Soil depth 1 .~ SOM/ TN/ NH;-N NO;-N/ TP/ AP/ TK AP/ pH
/em (gkg™) (gkg")  /Amgkg") (mgkg) (gkg)  (mgkg) (gkg!)  (mgkg)
0~20 CK, 13.46+0.18° 0.69+0.02° 4.25+0.03° 7.08+0.56° 0.28+0.00 4.46+0.08° 7.32+0.86" 86.91+4.50* 5.72+0.01

CP, 14.41+0.55* 0.75£0.05" 8.64+0.33" 7.75+0.09° 0.37+0.02 5.71+0.02° 9.30+1.09° 61.03+2.66" 5.69+0.01
GS; 12.93£0.09° 0.64+0.08" 7.20+£0.07° 9.38+0.20° 0.35£0.02 9.49+2.39" 12.21+1.01* 95.11£2.12* 5.60+0.02
20~40 CK,  10.80+0.23° 0.57+0.05° 2.88+0.68° 6.57+0.59° 0.21£0.10 4.60+0.07° 7.32+1.53" 45.06+2.50° 5.88+0.01
CP, 9.85+0.63° 0.58+0.06° 6.18+0.22° 528+0.67% 0.22+0.03 3.47+0.03° 9.95+1.91° 23.40+0.68¢ 5.76+0.02
GS,  10.05+0.12° 0.55£0.04° 3.58+£0.48° 5.58+0.56° 0.26£0.02 9.45£0.99° 10.86+1.45" 59.75£1.18" 5.83+0.03

T FBIARFR/NG F iR AL BRI 22 57 .2 (P<0.05 ).

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).

®2 EMEXN o ZHEMEEHARM

Tab. 2  Effect of intercropping on o diversity index

+ ZRE AbFE ACE f8%k Chaol 5% Shannon $5 %% Simpson 8§ %X
Soil depth/cm Treatment ACE index Chaol index Shannon index Simpson index
0~20 CK, 1803.11+44.19° 1800.96+42.79* 9.65+0.12° 0.9969+0.00°
CP, 1665.22+69.09° 1662.65+69.02° 9.52+0.07° 0.9962+0.00°

GS; 1809.49+37.37° 1800.22+76.62* 9.54+0.02° 0.9962+0.00°*

20~40 CK, 1542.46+40.65° 1543.00+31.23° 9.04+0.15" 0.9930:0.00°
CP, 1534.61£46.97° 1529.81+46.78° 8.86+0.19" 0.9905+0.00°

GS, 1649.37+13.78° 1646.93£12.5" 9.01x0.02° 0.9925+0.00"

T FFURR/ING S B R A B E] 22 5 .3 (P<0.05 ),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).
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Fig. 1 Soil microbial community composition at
the phylum level
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Fig. 2 Soil microbial community composition at
the genus level
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Fig. 3 Relationship between total soil microbial groups
and soil physical and chemical factors at phylum level
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Tab. 3  Correlation analysis between soil microorganisms and soil nutrients at genus level

i AL o) A

Sk A el HALH

Genus SOM TN NH;-N NO;-N TP AP TK AK pH
Gp2 -0.886"  -0.714" —0.371 -0.714"  -0.7717 —-0.257 0.261 —0.829" 0.600"
Gp13 -0.943"  —0.771" -0.314 -0.771""  -0.657" —0.143 0.522" -0.771" 0.543"
Bryobacter 0.657"" 0.657" 0.771" 0.829" 0.943" 0.600" 0.290 0.886"  —0.943"
Candidatus Solibacter 0.600" 0.543" 0.086 0.657" 0.257 -0.029 -0.609" 0.657"  —0.429
Bathyarchaeia —-0.714"  —0.429 0.200 —-0.486"  —0.143 0.086 0.812"  —0.429 0.029
Nitrospira -0.771"  -0.771" -0.829"  -0.771"  -1.000"" —0.486" —0.174 -0.771" 0.886"
Acidothermus -0.657"  —0.657" -0.771"  —0.829"  —0.943" -0.600"  —0.290 —0.886" 0.943"
Acidibacter 0.829" 0.829™ 0.714" 0.657" 0.943" 0.257 -0.029 0.714"  —0.771"
Occallatibacter 0.886" 0.714" 0.657"" 0.886" 0.943" 0.600" 0.029 0.829"  —0.771"
Sphingomonas 0.714™ 0.886" 0.943" 0.714™ 0.943" 0.257 0.058 0.657"  —0.943"

o FRRBFEME (P<0.05), "EAREFMAE (P<0.01),

Note:  indicates significant correlation (P<0.05), " indicates extremely significant correlation (P<0.01).



578

ARG SR o B AR 5 T AR S RO LRI . BRIV A5 R S B R 1417

WETLEMAEYESEEN TR, XibwEit—2
UL o AR T AR A R B 0 B R IR )2
ACE #5%(H Chaol 8%k, ULRAT R & Ekmn] LI
AR E HIEIRZ R R 2R, RS+
A SR A A ) AR Ty TR AR
3.3 [EMEXT LR A 4 B TR LH BB B i

TR 0 DA R XS = B 1) A () 2 S e - S A
AL E AR AR, A B TR R b s e+ R
B AR At BB Rl T TR 0 5 S
A AR E 22T SR TR 1] AT AR 48 0 fi it
LN R i S NGy R (S A o ¢ | W
RE AT Y AR AR CARPRISAE VR S 2, 2
R A PR B AR A A R 120, R A
g, FHRcRE o Bl ERE I O 5T AR e ek
WEERA T REET . AR T TR AR
XPERE, [RIE i SRR TR . SRR
PR T2 B o 2 b 2 22 S 1 i PR AT i 5 H g
PR B BB IR AE Y BR A R OC

B L, Gp2. Gpl3 AT EH 5,
X ] g + el R A <P, Bryobacter HJE E—
T L o2 ff PR el R ) 24 0 G0 v o o 1) A IR Rk
AR, I A T R I S — AT DL
B R BERE KARPRIE Y AR ST R
FEHH  [R] VR I 2 42 25 140 T Bryobacte 1 2
FAUR TR B A X R, B R A B S AT LA AR
F& TV A S ER 3 A TR A AH R 2
34 TEREVSECEFOEXESHT

PRSI A SRR, T3 pH, 280 . 28
TR AR S e SRR P T T A5 A Y 2 B R
Fo SEEI]. Gp2, Gpl3. AEfLIRERJE .
FRTA & 5 L1 pH RIEAHC, JERERTT. WFFH
T eI, RIERITT . K]S 1 pH 2
TG, Kk, 1% pH sz - SERUA Yk
e E RN 2 — AP Pii
W RIBW T KETT . SRR, DR
Bryobacter , Acidibacter, Occallatibacter , # % fi%
HHEES FEeA . MAA . BEA . 2.
WA S REIEMEX, STHIS HESAE . WM
BA . BEA. 2., BT EE0RMHEE. [
YRR LA AR SRR TR U E
7. PEf# ], L& Bryobacter . #4% FE 20 il 14
J& B AR 2B, BRI AR AT DL 4 BE A
TELER , X SR 2 B Y AR AL AT RE S (A VR FE A 2

)RR SEI LR B SRR
AAT K

4 g

] A SR % - 5855 43 R A g )
FIAE 0~20 cm +)2, X 20~40 cm 1 )2 A0 55
AN B R AN AR A B B RAF I A RUR
/RSP T R R e, U RME RS )
R AR T DL /D JUIR B . eAh, Tl
GRERS TAEIG SR, MEREREEE
BE T RPN IE SRR,
Pr BRI TR T AR . PR TR
FXTERE . AR T 7 A% bl [ 4 B k)
IR 4 B R N - HE SR o BN AR ) 2 PR
Wi, A A I B4 A S B R B o B I RS AR B

£ % Tk

(11 ARFEH, WG, MES, iR, HNE, KAL, BrH

L4, HTE, BREW. RRARTF LR BB L%
2F41, 2018, 8(1): 24-34.
DENG X X, SHU H R, HAO Y J, XU Q, HAN M Y,
ZHANG S L, DUAN C Q, JIANG Q, YI G J, CHEN H B.
Review on the centennial development of pomology in
China[J]. Journal of Agriculture, 2018, 8(1): 24-34. (in Chi-
nese)

2] RiESE, KiK. TR BRI b R R,
1997, 26(5): 26-27.

WU D Y, ZHANG H L. Characteristics of Feizhixiao li-
tchi[J]. South China Fruits, 1997, 26(5): 26-27. (in Chinese)

[3] EMEdl, RIRER, IMIBEE, ER&R05, BLETK. MR

R 2 Tt R T 2 S PR 0], BV PE AR, 2023,
44(5): 955-967.
WANG Y R, YUANBC,SUNY T, WANGZ Y, YUDG.
Screening and evaluation of salt tolerance in the bud stage of
Centrosema pubescens resources[J]. Chinese Journal of
Tropical Crops, 2023, 44(5): 955-967. (in Chinese)

[4] XU, T RERE A AR IS (D). R TRRZy
FER#, 2005.

LIU Z. Studies on the bioactivity consituents Desmodium
styracifolium (OSB.) Merr[D]. Shenyang: Shenyang Phar-
maceutical University, 2005. (in Chinese)

[51 #tEAD, IS, Thel, RRE, EHEAL HECREER
PFEAE A AR B B AR D], R EBGE A, 2017, 75(2):
80-81.

HUF C, FANHY, HAN J, WU F Z, WANG X H. Cultiva-

tion and management techniques of interplanted Pinto peanut



1418

445 8

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

in litchi orchard[J]. China Tropical Agriculture, 2017, 75(2):
80-81. (in Chinese)

BRLE, WIER), B, EFEM, BRET, RilE, R,
THVGIE. 75 el VP AE A X Ao | I PR A
A VIRV LA T ZREE R R IR (0], o ] 1 3 5 IR
2022(5): 203-210.

YAN C B, HU F C, ZHAO Y, WANG X H, CHEN Z,
ZHANG S Q, WU F Z, FAN H Y. Effects of intercropping
Pinto peanut in litchi orchard on soil physicochemical prop-
erties, enzyme activities, bacterial community structure and
diversity[J]. Soil and Fertilizer Sciences in China, 2022(5):
203-210. (in Chinese)

BUNEMANN E K, BONGIORNO G, BAI Z, CREAMER R
E, DE DEYN G. Soil quality: a critical review[J]. Soil Biol-
ogy and Biochemistry, 2018, 120: 105-125.

ZHAO X H, DONG Q Q, HAN Y, ZHANG K Z, SHI X L,
YANG X, YUAN Y, ZHOU D Y, WANG K, WANG X G,
JIANG C J, LIU CJ, LIU X B, ZHANG H, ZHANG Z M,
YU H Q. Maize/peanut intercropping improves nutrient up-
take of side-row maize and system microbial community di-
versity[J]. BMC Microbiology, 2022, 22: 14.

B+ H. RS HTIM]. dEat: B EO M, 2000.
BAO S D. Agriculture soil chemical analysis[M]. Beijing:
China Agriculture Press, 2000. (in Chinese).

ABDALLA M, HASTINGS A, CHENG K, YUE Q,
CHADWICK D, ESPENBERG M. A critical review of the
impacts of cover crops on nitrogen leaching, net greenhouse
gas balance and crop productivity[J]. Global Change Biology,
2019, 25(8): 2530-2543.

2R, SRBERR, BRC e ZTHEIX 3 HLRR A OE IR AT
i XA HUFIRA ] KILRIBTTR 538, 1998, 7(2):
45-52.

LI Z P, ZHANG T L, LIN X X. The cycling and balance of
soil organic carbon and utilization of organic resources in red
soil region of china[J]. Resources and Environment in the
Yangtze Basin, 1998, 7(2): 45-52. (in Chinese)

HOOR, SR, MR, W TR, T, 2R I
Bz DA el [ S ARHERAT ROV [T]. oP g J7 R4, 2014,
43(5): 62-63.

HAN W B, XIE S G, DU C M, CAO W D, REN S M,
LIANG H. Effect of green manure on leguminous intercrop-
ping in orange orchard in hilly area of Sichuan[J]. South
China Fruits, 2014, 43(5): 62-63. (in Chinese)

BESE ik, JATESL, W, BOOR, B, BEH, 5
SN VO] Fr B A el el 2 Rk 2 T 1) P45 A8 7 4 o
BNL[T]. R RS ARL, 2021(6): 143-148.

LIANG Q, JIANG J, ZHOU Z H, Q1 Y, HAN W B, REN S
M, ZENG Z Q, YANG G C. Environment, yield and quality

[14]

[15]

[16]

[17]

(18]

[19]

[20]

improvement of legume green manure planted in hilly citrus
orchard of Sichuan province[J]. Soil and Fertilizer Sciences
in China, 2021(6): 143-148. (in Chinese).

THUE, REZR, #EE, B, BT, S, B,
B TR, SkFAFMEAR RIZRIE X 33IE Ty 2 ma]. IR
WL RRE, 2019, 51(2): 72-75.

YU S H, ZHU G L, DONG H, MU X L, SHI G F, BI J, XIA
G L, CAO W D. Effects of planting different green manure
crops on soil fertility inpeach orchards[J]. Shandong Agri-
cultural Sciences, 2019, 51(2): 72-75. (in Chinese)

EAMR, PR, Sie, FE, R, R frEE X%
Ve JERERRIEk bel 385543 . pH {EEMA)]. A2
i, 2019, 35(15): 59-65.

WANG Y, CHEN C, MA LN, LET1J, XUM, LEL Y S. In-
ter-row grass: effects on soil nutrients and pH Value of kiwi-
fruit orchards in northern Qinling Mountains[J]. Chinese Ag-
ricultural Science Bulletin, 2019, 35(15): 59-65. (in Chinese)
R, RIS, ERHE, BhamE. ALREAT IR R L
LA BT R A B R R IA]. RO R,
2011, 44(7): 1415-1424.

HUO Y, ZHANG J, WANG M C, YAO Y C. Effects of in-
ter-row planting grasses on variations and relationships of
soil organic matter and soil nutrients in pear orchard[J]. Sci-
entia Agricultura Sinica, 2011, 44(7): 1415-1424. (in Chi-
nese)

B, SE5m, Trese, R ORI AR B = AR
BRG], P AR AO A E AR, 2016, 24(9):
1169-1176.

ZHAO C, CAI Q, QIAO Y Y, WANG J K. Effect of ce-
real-legume spacing in intercropping system on alleviating
“N in pea plants[J]. of
Eco-Agriculture, 2016, 24(9): 1169-1176. (in Chinese)
PRERR, BOS s, S99, AR R 251 T E oK EE
PSP R A A SR R[] pE SR,
2013(3): 78-82.

CHEN G D, HUANG G B, CAI Q. Effects of different ni-

trogen applications and intercropping stripe compounds on

inhibition” Chinese Journal

yield and nitrogen use efficiency under maize/pea intercrop-
ping[J]. Soil and Fertilizer Sciences in China, 2013(3): 78-82.
(in Chinese)

Az, TEZH, PEIHE. 6 Fh I RHRAT Y 535 R D
X Pl A SRR AURRAE 52 I [J]. B Hb2E R, 2021, 29(4):
671-676.

CHEN L Y, WANG Z B, HU L P. Effects of interplanting
six Leguminous green manure plants in apple prchard on soil
carbon and nitrogen characteristics[J]. Acta Agrestia Sinica,
2021, 29(4): 671-676. (in Chinese)
CASTELLANO-HINOJOSA A, STRAUSS S L. Impact of



578

ARG SR o B AR 5 T AR S RO LRI . BRIV A5 R S B R

1419

(21]

[22]

(23]

[24]

[25]

[26]

cover crops on the soil microbiome of tree crops[J]. Micro-
organisms, 2020, 8: 328.

DING T T, YAN Z C, ZHANG W Z, DUAN T Y. Green
manure crops affected soil chemical properties and fungal
diversity and community of apple orchard in the Loess Pla-
teau of China[J]. Journal of Soil Science and Plant Nutrition,
2021, 21: 1089-1102.

ZHULZ,HEJ, TIANY,LIXY,LIY H, WANGF, QINK,
WANG J. Intercropping wolfberry with Gramineae plants
improves productivity and soil quality[J]. Scientia Horticul-
turae, 2022, 292: 110632.

ZHONG Z M, HUANG X S, FENG D Q, XING S H,
WENG B Q. Long-term effects of legume mulching on soil
chemical properties and bacterial community composition
and structure[J]. Agriculture, Ecosystems & Environment,
2018, 268: 24-33.

B, PLagE, BUACIE. T AR MU R 4L
S8 BRI i 187 BIE S B R (9] AR A AR, 2012,
23(9): 2609-2616.

CAO P, SHEN J P, HE J Z. Applications of archacal mem-
brane lipids in investigating archaeal community composi-
tion and its responses to environmental factors[J]. Chinese
Journal of Applied Ecology, 2012, 23(9): 2609-2616. (in
Chinese)

SHEN J P, ZHANG L M, DI H J, HE J Z. A review of am-
monia-oxidizing bacteria and archaea in Chinese soils[J].
Frontiers in Microbiology, 2012, 3: 296.

XA, SO, ROk, RIGAE, B RE IS
PR B R TS BERE (D], A, 2023,
50(1): 413-426.

[27]

(28]

[29]

[30]

(31]

(32]

(33]

LIUJJ, MA W D, HE S, WU Z X, LI C. Ammonia-oxidi-
zing microorganisms in acidic soil and their influencing fac-
tors: a review[J]. Microbiology China, 2023, 50(1): 413-426.
(in Chinese)

STEMPFHUBER B, ENGEL M, FISCHER D. pH as a
driver for ammonia-oxidizing archaea in forest soils[J]. Mi-
crobial Ecology, 2015, 69: 879-883.

HUANG JJ,MA K, XIA X X, GAOK L, LU Y H. Biochar
and magnetite promote methanogenesis during anaerobic
decomposition of rice straw[J]. Soil Biology and Biochemis-
try, 2020, 143: 107740.

YANG L, BARNARD R, KUZYAKOV Y, TIAN J. Bacte-
rial communities drive the resistance of soil multifunctional-
ity to land-use change in karst soils[J]. European Journal of
Soil Biology, 2021, 104: 103313.

FUERST J A. Phylum Verrucomicrobia[M]//Reference
Module in Life Sciences, Elsevier, 2019: 551-563.

CHU H, FIERER N, LAUBER C L. Soil bacterial diversity
in the Arctic is not fundamentally different from that found
in other biome[J]. Environmental Microbiology, 2010,
12(11): 2998-3006.

PERTILE M, SOUSA R M S, MENDES L W, ANTUNES J
E L, OLIVEIRA L M S. Response of soil bacterial commu-
nities to the application of the herbicides imazethapyr and
flumyzin[J]. European Journal of Soil Biology, 2021, 102:
103252.

LUO Y, ZHOU M, ZHAO Q, WANG F, GAO J, SHENG H,
AN L. Complete genome sequence of Sphingomonas sp.
Cra20, a drought resistant and plant growth promoting
rhizobacteria[J]. Genomics, 2020, 112: 3648-3657.



