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Abstract: [Objective] Strawberries (Fragaria X ananassa Duch.) are typically planted annually with
annual disinfection treatments to suppress pests and diseases. In contrast, strawberries are cultivated pe-
rennially in Huize, Yunnan, China, fruits can be harvested for 3—5 years after planting. This strategy re-
sults in low carbon emissions and significantly reduces the labor input and the cost of nursery supplies,
chemical fumigants, and plastic film. Under this cultivation system the yield and profits of strawberry

decreases from the third year after planting, and the production becomes unprofitable in the fifth year.
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Soil degradation is suspected to be the reason for the inability to sustain stable production. This study
aimed to survey the factors affecting the soil degradation in perennial cultivation (PC) area. [Methods]
We examined the soil nutrient traits and the microbial structure of four strawberry fields following pe-
rennial cultivation in this area, the SOM (Soil organic matter) content, pH, and key mineral nutrient con-
tents of the strawberry (N, P, K, Ca, Mg, Cu, Zn, and Mo) were assessed. The soil microbial community
was analyzed by high-throughput amplicon sequencing based on Illumina MiSeq PE300 platform. The
soil microbial functions were predicted to determine the effects of PC on soil microbial communities.
The microbial function focusing on C-cycling and N-cycling processes were assessed to determine the
soil productivity tendency. [Results] Our results indicated that PC resulted in significant soil acidifica-
tion, salinization, and organic matter deficiency. The average soil pH was 5.58+0.67 in the first year and
decreased to 4.35+0.53, 3.57+0.28, and 2.98+0.04 in the second, third, and fourth years, respectively. The
average SOM content was 0.66%+0.14% in the first year and 0.27%+0.03% in the fourth year (a 25.6%
decrease per year). The average soil EC was 328.5+£113.3 in the first year and 923.7+158 in the fourth
year (a 41.1% increase per year). The Ca content showed a generally decreasing trend at most sites, and
the lowest Ca content was found in the fourth harvesting year of JC1 (Jiache Town 1, 0.878 g- kg,
74.4% lower than that in the first harvesting year). PC also significantly affected the soil microbial com-
munity. The Chaol richness, Shannon, and ACE indices of the bacterial communities in the soils dif-
fered significantly among the harvesting years. The Chaol richness decreased significantly by 13.6%
from the first to the second harvesting year, 38.2% to the third harvesting year, and 41.8% to the fourth
harvesting year. The greatest decline in the Chaol richness index was observed in the fourth harvesting
year of JC1 (52.2%) and the third harvesting year of JC2 (Jiache Town 2, 52.5%). The Chaol richness
and ACE indices for fungal diversity differed among the harvesting years at all sites except for XJ (Xin-
jie Street). The ACE index decreased by 28.7% from the first to the second year of DB (Daibu Town),
25.0% from the first to the second year of JC2, and 31.7% from the second to the third year of JC1. The
fungal diversity of XJ was lower than those at the other three sites. The average ACE index of the XJ
samples was 578.7, which was 37.2% lower than that of DB, 25.5% lower than that of JC1, and 33.2%
lower than that of JC2. The relationship between the microbial community and environmental variables
was analyzed by RDA. The RDA1 (34.33%) and RDA2 (21.96 %) explained 56.29% of the total varia-
tion in bacterial community structure. For fungi, the RDA1 (26.21%) and RDA2 (12.98 %) explained
39.19% of the total variation. The SOM, pH, and EC were the dominant contributors to the variation of
bacterial community, accounting for 59.8%, 58.9%, and 51.8%, respectively. The soil EC and SOM
were the most important contributors to the variation of fungal community, accounting for 83.3% and
82.7%, respectively. FAPROTAX was utilized to determine the functional effects of PC on the bacterial
community. The relative abundance of N-cycling processes related bacteria showed a decreasing trend.
The correlation analysis showed that most C-cycling and N-cycling processes were significantly posi-
tively correlated with the SOM content and negatively correlated with the EC, whereas most C-cycling
processes was significantly positively correlated with pH. The FUNGuild analysis showed a significant-
ly decreasing trend for that relative abundance of symbiotroph fungi and arbuscular mycorrhizal fungi
(AMF), and the relative abundance of Fusarium, the main pathotroph of strawberry, showed a signifi-
cantly increasing trend. [Conclusion] The PC of strawberries resulted in significant soil acidification,
salinization, SOM deficiency, and shaped microbial community structures. Of both bacteria and fungi,
the community diversity decreased by year, while symbiotroph fungi and AMF showed a significantly

decreasing trend in the PC. The soil microbial function prediction suggested that PC reduced the N cy-
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cles related bacterial functions, while most C-cycling and N-cycling processes were positively correlat-

ed with the SOM, and negatively correlated with the EC. The PC of strawberries showed a significant

negative impact not only on soil physicochemical properties but also on microbial community and func-

tion. Thus, for this perennial cultivation strategy of strawberries, maintaining soil physicochemical prop-

erties and soil microbial structure and function would be the key problem to solve for sustainable devel-

opment.
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Fig.3 Analysis of a-diversity indices of bacteria and fungi
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Fig. 4 Relative abundances of the dominant phylum in soil bacterial (A) and fungal (B) communities
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Table 1 Statistical analysis of yield
(kg-666.7 m")
BURE A2 P2 4R R Year
=)
Site Year 1 Year 2 Year 3 Year 4

JC1 1846.0+£51.2a 1895.3+104.7a 1477.7£36.2b718.7+57.5¢

JC2 1546.7496.5b 1986.7+146.1 a 1412.0+71.0b

DB 1877.0£190.1 b 2 183.3+105.4 a 1 154.0+60.2 ¢ 849.3+39.4 d

XJ 212674403 a 1548.0494.4b 1068.3£22.2b
VTR NG R E 0.05 K FERBE.

Note: Different small letters in the same line indicate significant

difference at 0.05 level.
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FE R T IR AL AL T BRI AS BE A
HILHR Tk,

DL oA, B &+ N H AR R AT
i g /> 3R [R] VA 43 A1 (3R 2D W7, X6 7= B 52 M AL
o e ) E R O BRI R Fusarium , %50 H 85 51
5 HH a2 21 (1) S fa ik ) TR A 20— B0 Ul
B E RN EEREEARAEEREE. EH5
R A, FL At L TR R T G0 R TE R 9 R B
Colletotrichum - 1. W J53 97 Ji 1 Pestalotiopsis

7N

F9% IR B Verticillium 755554y Z R FF A B3 .

*2 FEMEERKFHRRNZFEADHER
Table 2 Partial least squares regression analysis results

of yield and fungal genus level

& Genus i%iht \fﬁéﬂ%iﬁ%ﬁ
WAL B Fusarium -0.430 3.042 993 785
Ef58)E Coniochaeta -0.277 1.958 574 787
H8)E Penicillium -0.271 1.917 551 417
W2 & Mortierella 0.231 1.631 290 187
SIS JE Exophiala -0.227 1.603 197 421
58 Preussia 0.207 1.461 767 238
e R AR Clonostachys 0.202 1.424 934 82
R Pseudogymnoascus  —0.192 1.358 252 396
kA2 & Cephalotrichum -0.189 1.335 702 335
PR )R Oidiodendron -0.188 1.326 856 067

30 W
31 EESE—HER TR R

AHTTER I, 5% 2 — AR T H 3 pH

FISOM & & 2 I R FiEH, mLEC 23 Bt
AL SR PRETR0.13 40 H 7 AL, 35
LT, BT AR, KIPHE Rah Ligg
MUBs 5 3 T B, 75 22t H A LA R Sk 4 47 4 338 AR 7=
F30, S i 1 T 7 5 EE T IR A B R,
K 1t FH ZE A AL AR R A B el AR B AR s B AR
SOM & i, B8 - 3T A= WD BE VR 4540, T iy T3k
FE U T A A e 2 A AL AT B i E A 7R A AL
SRR 7R T IEE N EEF B . AW A X
Az e U DU RE S NN A HLIER A 2, 22
FH R W %52 I P T 265 oK A B 6 1R ok 25 3R IR 5 7E R AR
T, BT MR B T IR B 1~3 N0 BE, rBE R T
AR F DRl L R A A7 AR T AR K 3R 2 R NI R
MAS R AR5 4 & 86 e al BLR B, B B bA
A, Hofth F 2R & B IE G HIX (A

FEARWE T WL 3 T B 2 10 - e A AN 2h ik
WM. THEpHIEEVIE TS 2,98, T IEMRILPEMT
T WA B RGN T VE B B T TR I X
B, mi N TR BH L N OB e B A R S DX e R R
WA BB AE R, TR 25 4F 108 R0t A8 f 0 5% 28] (1) 1 43¢
pH P& 22", (B153F R 12 , A0 50 Hp B 4E pH R %
0.87. M4k, 13 ECH4E LT 60.40%, SOM & EAF4F
> 013 AN H 4 i, RATE 27 — R R A A 7
o, RIERRAL BT A VLR S R T R R
FERHE.
32 THIEWMEMSHMETR

AR R Ol AT RS R T 2 oG L, R O HLAE 7R
Iy AL B 5 AT SOM P fif h it 5 K BEVE . 10 45
RRY, ZF— R E 0 T IR RE YIS 2
¥ . Chao’ 5 %4 . Shannon $& 2 fl ACE & % ) Wt 1 4
B R B TR o A 0 22 AR I R AR R B . B IR 6
58 200 B N B AR T T RS S [, O T A TR R VR A5
SOM.pH Fl EC J& 48 53 ) = Z 51wk 2, 70 3l i 59.8%
58.9%F151.8%. F—J7 1, % T HE#E, TIEECHI
SOM 72 = % (1) 78 7 STk &, 73 il 15 83.3% A1 82.7% «
X — KI5 e M T g R — 50 LR A
SN it FH S 52 ) - 498l 2R ) B VA RN Th RE I 2 A
RO, I IR A ARAR , 40 pH A EC XM R BES 45
B Y,

e 8 K F L, & % W )& (Penicillium) F1 K 7 J&
(Trichoderma) 5 EC £ 2 #F IEMHE, 5SOM & £ &
EANAEI XA B JEAE 2 A . K&
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ZENUR 55 s 5 P B I B 2 A R A R R P T R SR R R AT 389

JE@ e —Fh 2R E B g, DUHAR B v & (R A
AR 2 TR 52 e A A0 0T S A A AR AR A 3 ) g
HHEBERZ - MHEHELNEERE, 2 EHW
JE TR B O 1R R 4 CanmT R PO IR, 3
TEER I N P BRI E R, (R
M NAAR bR L3, F & | 5 AR 2R B35
K, — LG5 & LB 2 H ) S iR A 1 R AR
HEbUE e 5 2 B P RE A R ) A B B 8 (Al
ternaria sp.) FH J] B J& (Fusarium sp.) H. 18 5| 2 1)
FREEHR ., AHER R, B WS R Rk T)
TR 5| AL R 2505 e B A 22 A TR 3 3 H TR) BE v R
WIRF . ARInEE R KN, F5R REE S
TG ORGP ) 0. 52 L 38 SR AR AR 3 DL S 7 figp - 43
PR A AN ER AL B R I il oG B . ARSR A T
DR B DY 4 B A A A7 FH ) T 5 A= 72 AR AR B il
A SRR ) A BRARRALE , FF 523 M b 43 B A 44
B FRR A, WK B SR ANE B B A=, AT 8T
RIGAH TA
3.3 HIRMEMTIEEE K

22 PRI T AR T AL Hh R4S 7 B C AL
GO, AR, B KR S 522 KB
(1 LG A7 38 0 2 B B L 38 AEDGE C R R R A
EBRGAT TN, X R SOM & & FER I
R s J5 B R B AR B bLAg ) 3 I DA R SR AR TR EE
B R B I E A B R RIS — . It
A 5 B A USCERAFA 1) 39, A B AR L TR (AMIF) (1)
FE R ZE T %, AMF Be % (2 3k 4 A K= & 42
11 RE I A AE 3R 8 S AR AR P i R, AMF LG
) I [ 2 B B A Ay 14, B AR K g R AR
LUEZST R

4 4

TEARIG 2T, RILZ G — bt X A 4 77
FrE RPN RBEA, T E S CauMn Zn AR S =
JpH RIEMIK, 5P FEAMEC 2K, 5NAK
TEMRMALE 25— R TR 8 T RN
T B R A S R T IR AL A AL T A
PR R R TR TR, DR A e R Ik R A e A
MRS VEEEPEICRMAN AR, FN~E TR
TR S B DG, BRIy IR AR MR
T 22 FEVE BRI 98 R B8 /KP4 v« 5 NS R AH S I 2
RES51L  AMF LU B 55, b il i B i 2 3

£

B NI R E R R

2 Hk References:

(1]

(2]

(31

[4]

(3]

(6]

(71

(8]

[9]

[10]

FEL, Braktts, oS, B AL, VIV, E3EiH AL W] IES . &
A DU 2R B g b A = IR B S S D], A BB 5 2020(2)
99-102.

WAN Hong, RUAN lJiwei, ZENG Zhiwei, LUO Hong, JIA
Qiaoya, WANG Lianrun, DU Huiming, TAO Pang. The produc-
tion status and development countermeasures of Yunnan four ev-
erbearing strawberry industry[J]. China Vegetables, 2020(2): 99-
102.

Xof H A B R LR IR KR o B R AR, Bl E Ak,
2018,45(4):725-733.

YANG Yeqing, FAN Linjuan, LIU Qizhi, LI Weihua, SONG
Zhaoxin. Effects of dazomet and chloropicrin on the soil nem-
atode communities and nutrient content of replanted strawber-
ry[J]. Acta Horticulturae Sinica,2018,45(4):725-733.

BAGGIO J S, CORDOVA L G, TOLEDO B F,NOLING J W,
PERES N A. A reassessment of the fungicidal efficacy of 1,3-di-
chloropropene , chloropicrin, and metam potassium against Mac-
rophomina phaseolina in strawberry[J]. Pest Management Sci-
ence,2022,78(8):3416-3423.

ZRZE N, EHATN, THOME AR b3 b B U7 IR R B
T TR LR B[], BRI R, 2011, 57(2):23.

LI Junjian, WANG Yanli, YU Yanmei. The comparative on the
efficacy of different soil management methods in controlling re-
plant diseases in greenhouse strawberries[J]. Shaanxi Journal of
Agricultural Sciences,2011,57(2):23.

MART] E, SIERRA J, DOMENE X, MUMBRU M, CRUANAS
R, GARAU M A. One-year monitoring of nitrogen forms after
the application of various types of biochar on different soils[J].
Geoderma,2021,402:115178.

STAFILOV T, SAIN R, BLAZEVSKA R, TANASELIA C. As-
sessment of natural and anthropogenic factors on the distribution
of chemical elements in soil from the Skopje region, North
Macedonia[J]. Journal of Environmental Science and Health,
Part A,2022,57(5):357-375.

WANG X Y, LIANG C, MAO J D, JIANG Y J, BIAN Q, LI-
ANG Y T,CHEN Y, SUN B. Microbial keystone taxa drive suc-
cession of plant residue chemistry[J]. The ISME Journal, 2023,
17(5):748-757.

EDGAR R C. UPARSE: Highly accurate OTU sequences from
microbial amplicon reads[J]. Nature Methods,2013,10(10):996-
998.

WANG Q, GARRITY G M, TIEDJE J M, COLE J R. Naive
Bayesian classifier for rapid assignment of rRNA sequences into
the new bacterial taxonomy[J]. Applied and Environmental Mi-
crobiology,2007,73(16):5261-5267.

SANSUPA C, WAHDAN S F M, HOSSEN S, DISAYATHA-



390 3 L)

4

{: F424

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

NOOWAT T, WUBET T, PURAHONG W. Can we use function-
al annotation of prokaryotic taxa (FAPROTAX) to assign the
ecological functions of soil bacteria?[J]. Applied Sciences,
2021,11(2):688.

NGUYEN N H,SONG Z W,BATES S T,BRANCO S, TEDER-
SOO L, MENKE J, SCHILLING J S, KENNEDY P G. FUN-
Guild: An open annotation tool for parsing fungal community
datasets by ecological guild[J]. Fungal Ecology,2016,20:241-
248.

SCHLOSS P D, WESTCOTT S L, RYABIN T, HALL J R,
HARTMANN M, HOLLISTER E B, LESNIEWSKI R A, OAK-
LEY B B, PARKS D H, ROBINSON C J, SAHL J] W, STRES
B, THALLINGER G G, VAN HORN D J, WEBER C F. Intro-
ducing mothur: Open-source , platform-independent , community-
supported software for describing and comparing microbial com-
munities[J]. Applied and Environmental Microbiology,2009, 75
(23):7537-7541.

DIXON P. VEGAN, a package of R functions for community
ecology[J]. Journal of Vegetation Science, 2003, 14(6): 927-
930.

LI X L,FANG J C,SHAGAHALEH H, WANG J F,HAMAD A
A A, ALHAJ HAMOUD Y. Impacts of partial substitution of
chemical fertilizer with organic fertilizer on soil organic carbon
composition, enzyme activity ,and grain yield in wheat-maize ro-
tation[J]. Life,2023,13(9):1929.

WANG L, YANG F, YAOYAO E, YUAN J,RAZA W, HUANG
Q W, SHEN Q R. Long-term application of bioorganic fertiliz-
ers improved soil biochemical properties and microbial commu-
nities of an apple orchard soil[J]. Frontiers in Microbiology,
2016,7:1893.

YANG J F,ZHANG T R,ZHANG R Q,HUANG Q Q,LI H K.
Long-term cover cropping seasonally affects soil microbial car-
bon metabolism in an apple orchard[J]. Bioengineered,2019, 10
(1):207-217.

LI X G, CHEN D L, CARRION V J, REVILLINI D, YIN S,
DONG Y H,ZHANG T L, WANG X X, DELGADO-BAQUER-
1ZO M. Acidification suppresses the natural capacity of soil mi-
crobiome to fight pathogenic Fusarium infections[J]. Nature
Communications,2023, 14(1):5090.

GUOJH,LIU X J,ZHANG Y,SHEN J L,HAN W X,ZHANG
W F, CHRISTIE P, GOULDING K W T, VITOUSEK P M,
ZHANG F S. Significant acidification in major Chinese crop-
lands[J]. Science,2010,327(5968):1008-1010.
MIRY H, GANIE M A,SHAH T I, BANGROO SA,MIR S A,
SHAH AM, WANI F J,QIN A Z,RAHMAN S U. Soil microbi-

al and enzyme activities in different land use systems of the

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Northwestern Himalayas[J]. PeerJ,2023,11:¢15993.

FUZY A, PARADI I, KELEMEN B, KOVACS R,
CSERESNYES I, SZILI-KOVACS T, ARENDAS T, FODOR
N, TAKACS T. Soil biological activity after a sixty-year fertil-
ization practice in a wheat- maize crop rotation[J]. PLoS One,
2023,18(9):¢0292125.

WANG W N, LIU HJ,CHEN L F,KOOREM K,HU Y C,HU
L J. Natural restoration alters soil microbial community struc-
ture, but has contrasting effects on the diversity of bacterial and
fungal assemblages in salinized grasslands[J]. Science of the To-
tal Environment,2023,891:164726.

WOO S L, HERMOSA R, LORITO M, MONTE E. Trichoder-
ma: A multipurpose, plant-beneficial microorganism for eco-sus-
tainable agriculture[J]. Nature Reviews. Microbiology, 2023, 21
(5):312-326.

DE OLIVEIRA MENDES G, DE FREITAS A L M, PEREIRA
O L, DA SILVA I R, VASSILEV N B, COSTA M D. Mecha-
nisms of phosphate solubilization by fungal isolates when ex-
posed to different P sources[J]. Annals of Microbiology, 2014,
64(1):239-249.

LEITAO A L, ENGUITA F J. Gibberellins in Penicillium
strains: Challenges for endophyte-plant host interactions under
salinity stress[J]. Microbiological Research,2016,183:8-18.
ZHANG M M, LIANGGY,RENS,LILP,LIC,LIYJ, YU X
L,YINY P,LIU T, LIU X J. Responses of soil microbial com-
munity structure, potential ecological functions, and soil physi-
cochemical properties to different cultivation patterns in cucum-
ber[J]. Geoderma,2023,429:116237.

WIN T T,BO B, MALEC P, FU P. The effect of a consortium of
Penicillium sp. and Bacillus spp. in suppressing banana fungal
diseases caused by Fusarium sp. and Alternaria sp.[J]. Journal
of Applied Microbiology,2021,131(4): 1890-1908.

FANIN N, KARDOL P, FARRELL M, NILSSON M C, GUN-
DALE M J, WARDLE D A. The ratio of Gram-positive to Gram-
negative bacterial PLFA markers as an indicator of carbon avail-
ability in organic soils[J]. Soil Biology and Biochemistry,2019,
128:111-114.

DASTOGEER K M G, ZAHAN M I, TAHJIB- UL- ARIF M,
AKTER M A, OKAZAKI S. Plant salinity tolerance conferred
by arbuscular mycorrhizal fungi and associated mechanisms: A
meta-analysis[J]. Frontiers in Plant Science,2020, 11:588550.
WAHAB A, MUHAMMAD M, MUNIR A, ABDI G, ZAMAN
W,AYAZ A,KHIZAR C,REDDY S P P. Role of arbuscular my-
corrhizal fungi in regulating growth, enhancing productivity,
and potentially influencing ecosystems under abiotic and biotic

stresses[J]. Plants,2023,12(17):3102.



