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Effects of different continuous cropping years on diversity of
bacterial communities in the rhizosphere soil of potatoes

XU Peiguo', XIE Kuizhong”, HU Xinyuan'?, WANG Wei', TAN Xuelian’

(1. School of Resources and Environment, Gansu Agricultural University, Lanzhou, Gansu 730070, China;
2. Potato Research Institute of Gansu Academy of Agricultural Sciencesy, Lanzhow, Gansu 730070, China;
3. Gansu Academy of Agricultural Sciences Dryland Agriculture Research Institute, Lanzhou, Gansu 730070, China)

Abstract ; Utilizing long-term positioning trials, eight treatments were established, involving potato continuous
cropping for 1 to 7 years (CP1~CP7) and crop rotation ( RT). High-throughput sequencing was used to explore
the effects of different continuous cropping years on the diversity of bacterial communities in the rhizosphere soil of
potatoes. The results showed that in the tested soils, Actinobacteria, Proteobacteria, and Firmicutes were the domi-
nant bacterial phyla. As the duration of continuous cropping increased, the number of soil bacteria exhibited a fluc-
tuating trend, and the continuous cropping years influenced the structure of the bacterial community. The RT,
CP1, CP2 and CP3 treatments had higher soil bacterial similarity, as did the CP4, CP5, CP6, and CP7 treat-
ments. In the soil after 7 years of continuous potato cropping, the relative abundance of Actinobacteria decreased
the most, by 10.47% compared to RT. The relative abundance of Firmicutes significantly dropped in the soil after 6
years of continuous cropping, by 22.07% compared to RT. Nocardioides relative abundance significantly decreased
after 7 years of continuous cropping, by 2.34% compared to RT. The relative abundance of Bacillus was the lowest

after 6 years of continuous cropping, by 9.18% compared to RT, and decreased by 5.14% after 7 years. The rela-
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tive abundance of Gemmatimonadaceae_uncultured reached its peak in the soil after 7 years of continuous cropping

(16.54%) , increasing by 5.26% compared to RT. Long-term continuous cropping has changed the structure of soil

bacterial communities in potatoes, with changes in the types of soil bacterial communities starting after 4 years of

continuous cropping, and the community structure altering as a result. The decrease in disease-preventing bacteria

in the soil has increased the risk of potato diseases.

Keywords: potato; continuous cropping years; rhizosphere soil; bacterial community; community diversity
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Table 1 Basic physical and chemical properties

of soil in the experimental area

F5F5 Indicator {H Value
2% Total N/ (g - kg™") 1.00
2 Total P/(g - kg™") 0.71
A Total K/ (g - kg™") 18.15
A Available N/ (mg - kg™') 65.00
HAH Available P/ (mg + kg™") 14.72
A Available K/ (mg - kg™") 438.00
A PR Organic matter/ (g + kg™") 13.00
BREE Available Zn/ (mg - kg™') 1.47
F Rk Available Fe/(mg - kg™!) 2.10
F U Available Cu/(mg - kg™") 0.56
F%%% Available Mn/(mg « kg™') 2.07
HELH Available B/ (mg « kg™") 0.94

IKEMEES Solution calcium/ % 0.012
HRER Available S/ (mg - kg™!) 45.15
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Table 2 Comparative analysis of bacterial diversity and

2.1

abundance in soils with different continuous cropping years

Qb PR AL K Chao 54X Shannon 541
Treatment Label/ % Chao index Shannon index
RT 97.0 3771a 6.41a
CP1 97.0 3884a 6.47a
CP2 97.0 4044a 6.60a
CP3 97.0 4007a 6.59a
CP4 97.0 3980a 6.48a
CP5 97.0 3975a 6.68a
CP6 97.0 4093a 6.70a
CP7 97.0 3905a 6.57a

1 FSARING PR F R A3 W) 25 57 1 3 (P<0.05)
Note: Different lowercase letters in the same column indicate signifi-

cant differences between treatments ( P<0.05).
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Note : The values represented by different colors in the heatmap in
the figure are the difference coefficients between two samples. The
smaller the difference coefficient, the smaller the difference in species
diversity between the two samples. CP1-1, CP1-2, and CP1-3 re-
spectively represent three repeated experiments of CP1, and other
treatments are the same. The same as following.
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Fig.1 Heatmap of distance between soil bacterial community

samples under different continuous cropping years
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Fig.2 Box plot of distance between groups and within groups of soil bacterial communities under different years
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Note : The length of the branches indicates the dis-
tance between the samples, the samples can be divided
by pre-set groups and different colors, and the vertical
line at the end indicates that the samples are clustered to-
gether with high similarity
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3 Cluster analysis of soil bacterial structural similarity
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Fig.4 Heatmap of soil bacterial communities at the phylum level
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Fig.6 Relative abundance of soil bacterial communities at the genus level



5531 i [ 55 AN [ A PR D % B AR B - 3 A P PV R R 9 203
* CP1 e CP1
200 = CP2 o L «CP2
*CP3 : *CP3
w2 7 ACP4 . ® e ACP4
of . TR e re rces
. x 1(i_}[>7 0.1F ozt .”'i”h coret x CP7
2 . LR
= =200 : £ T =RT
: D oap
O —400 E) o
01 F o )
—600 | P x o
. L o2 A
—800 0-2 o
—1000 I L L ! J —03 E I I I I 1 1
—3000 —2000 —1000 0 1000 2000 —02 0 02 04 06 08
PC1:79.61% PC1:32.16%

B7 AREEEFERNEREBIBEERTINSTITE
Fig.7 Analysis of principal components of potato soil

samples with different years of continuous cropping

3 0w

SR W 0 Ao 2 R B 5 O A R R Y R AR
KRHOT AR, IR Y R R A0 Y
Fom 5 H IR R 2 EASE R Al D40
R Z RN ) Y N O, e
LA ERe A e A . b B 5 A0 Y L (B
A, A 2 R G B E , - S e AR )
S AN PR AR B e T DAYR A A Y K
Ao BRRRFEAE WRT R O A0 TR T AR
It Fifl B B A AR AR PR A G S S G S B
TGS T R U], A AR IS R i nT B
FRAH R A o a5 A R Y 5K B A A AR
AERR YIS A Az R A [i] A BR T - 9 241 TR 4K
AR IR AN]SR AR B9 & B, P TAR
PRA P s B S E R R E K e TS -
o, AR 6 FEM fem . AWFTER I, AR EAEAR
FRAL P - SR R KR 1 = T RT, BE S % B AR AR R
ORI, 4 K R I I B R b H CP6 Ak 3k
B, B RT 380 8.5%, WIfEZRHE S EH K
T b398 v 1 % 43 BRUER D SR %) AN BB i A R AR
Y RAAas B, -3 o A0 B AT AR A T 2 0 FR A R
B, B2 0 1 1 v ) A R R R

FEAE I b i) 40 TR I A R U A AR
WIS TSR A A2, T DA A R A K
SR B0 TR N 2% 7™ 5 e I S A AR 0 IE AR
WFFE R AR &R -3 TP I BRAT B ] ( Acidobacteria ) i
ZEH ] ( Actinobacteria ) 175 J 1 [ ] ( Proteobacteria )
SEYITA T T4 0 S R e M 5 5 1 A B AR R TR

8 NEZEMEFRMDHETIEFAR PCOA HSHTE
Fig.8 Plot of soil PCOA analysis for different

continuous cropping years

BETH ] ( Firmicutes ) A HLZE # 1] ( Actinobacteria ) 7F
) 3 R E AR W A, AP,
5 RT M M, B8 55 3% AF 38 b B T2 B (Acti-
nobacteria ) A%} 5 FE #4545 Frig />, H CP7 Ab 3 F iR
K (10.47%) ; JFEBE T 1] ( Firmicutes ) AR X 3 4
FEAR , CP6 AR/ (22.07% ) , 3 Pl BR 450k i /1>
U S (R BROIR 0 % 22 | T 8% B AE AR T 45 B 0
JRHZA

WFFEUESE , K2 BOF A B o1 ] LA ] 35
TR R R B WD E AR E N R A 2
KT T ( Bacillus ) XA 22950 A BiGVE T, 8 2658
PGB R R, OEOR R 2 1 B 5T AT O
Y ARG 3 ok X - 4 40 R U AR R K
) 2R EAT A I, 28 FOAF R ( Bacillus ) J& T
PR AR FEAEIEANE 6 a BRI, i%4E 5
~7 a MLT HAEAE A FRAL B B EVE 5 a 5 5
PR BB R R 1A% U 2 22 5 1 XU T g
SRIERE I, 2595 R R & ( Nocardioides ) "M il £k
WA s, e A K, JF BA 1B E %
WESRE S ) AHFSE & IR, - B G 8 A
X FRETEEAE 1~3 a BEIK,4~6 a F TGN, 7E1EAE
7 a BFRMEREAR, AWFEUESE 2 ORI R R 7E 1
R e A B T N A N Rl N ) ST LR O
A2 P T 50 R I T BB 5 R T A o R v (S T Y R
HOR S 2 245 G AR A G, T B I 4 AR X 1330k
BUA A RS20, 38 450 F 5 Kk B 2F 50 1 s
( Gemmatimonadaceae_uncultured ) &4 ¥) i i f vp
MR, R IR AR FERI T R 2 AR A
HETE A2 A I A 30, 7 - v 2 B M BT g 1) Al T 2



204 TR XA BT

42

B AR RKIEAE W R R IR RIS, AR5
K, 2PN & ( Gemmatimonadaceae_uncultured ) 5%
wFEE SRR AW 2, FHRREEE N
JEAHEIREE T UL A 45 T, T DL R R 9 ) £l IR
L AR TR A K EE . ABEFE T IEE 35
B T T R T S B A 0 5 B 5% A 4 B 4 AT RE
SRR A 2 TR I ARG, ELARHLI S AR AR 5 i)
T AT ERA ST,

4 zt B

Lh A B ) 7 A e 0 9 0 R VR AR DL B R
A=Ak i b S A TR A ORE BLRE RT 43S RT L CP1 (1
a) .CP2(2 a) .CP3(3 a) fll CP4(4 a) .CP5(5 a) .
CP6(6 a) \CP7(7 a) M2, Ul W - S8 40 I 1 v 45 1)
TE SR EENE3~4 a M RE TIRKMUE ,, BEEMESE
FREG N, AN RS20 fin ., i i b 48 A TR AE T, 3
P P 240 TR R BB

THAA SR 1 A B0 e AN TR A 2540 Kk
Ak TR TR TT ( Actinobacteria ) 14 AH XT3 B 78 3% 1
7 a AR (58.34%) , B2 DAL EAAE 1 a A0 BHBD
10.47% ;22 B ] ( Proteobacteria ) f A X 3= B 75 3%
YE 7 a PR35 (65.66% ) 3 JEEEFE ] ( Firmicutes )
(AR = BETE EAE 6a B AL T 7R (36.37%) ; BRFT
I"]( Acidobacteria ) FAH X = B i 3% 1 45 FR (19 35 4<
MR FEIEAE 5 a AE] 29.92% , A4 7 a B IK ]
1 30.39% , JEBETE TR A ] 1Bk D Fi s &
RO A R0 T 1] & JE | 235 i Do 4% Y iE
ARKEE, G I AR 1 L3, BB
TR ZE SR A ZF A A 1B ( Bacillus ) AHXS 32 BETE %
£ 6 a WHRML(15.49%) 15 7 a BHHEA LT (4.04%) ;
A5 AR IREJE ( Nocardioides ) #HX%T 3 75 %
Y7 a WS RT FEAK (2.34% ) s 4 F) TAEH AR KB 28
Hlitt 5 & ( Gemmatimonadaceae_uncultured ) #H X F &
B VR AR FR B 4 A BT s

S Z X #h.

(1] T8, g, mag, 5§ SRR KLt R
[J]. "PEDHAE, 2022,36(1): 71-77.
DING K X, WANG L C, SHAN Y, et al. Research progress in potato
continuous cropping obstacles and their prevention and control [ J].
Chinese Potato Journal , 2022,36(1) ; 71-77.

[2] TRER, BB DREREFMII . RS RE[T]. hEL
B2, 2017, 50(6) : 990-1015.
XU J F, JIN L P. Advances and perspectives in research of potato ge-
netics and breeding[ J]. Scientia Agricultura Sinica, 2017, 50(6):

990-1015.

[3] AL, SRk, PVER. FRE Rl A R BLIR M Ak e
(1], PERAFECSR, 2017, 19(1) : 29-36.

YANG Y L, GUO Y Z, SUN J M. Present status and future prospect
for potato industry in China [J]. Journal of Agricultural Science and
Technology, 2017, 19(1) : 29-36.

[4] g, JEHPE, SO, FE DD 377 X LRI B R AT

FI1]. hEfl A TR, 2016, 18(2): 1-8.
ZHONG X, JIANG H P, ZHANG Z M. Studies on comparative advan-
tage and developing tendency of major potato producing areas in China
[J]. Journal of Agricultural Science and Technology, 2016, 18(2):
1-8.

[5] HEPI. CHESEr R MO ERE R BRI ). VEMZRaE,
2018,(2) : 87-92.

CUI'Y. Influence of continuous cropping and controlling measures on
continuous cropping potato[ J]. Crops, 2018,(2) ; 87-92.

[6] #AFC, WEME, FVIME, 55 DRERIBEMEN H RS
AEREIR[)]. TSRS, 2022, 40(4) : 185-191.

HU X Y, TAN X L, SUN X H, et al. Effects of potato continuous
cropping on soil fungal community characteristics[ J]. Agricultural Re-
search in the Arid Areas, 2022, 40(4) . 185-191.

(7] RAGHE, B2, HRIA, 45, NIRRT AR bR 1 S

WEEZFENT [T ). YIRS, 2023, 39(5) « 1140-1150.
XU JY, HEX L, SHAO M C, et al. Analysis of microbial community
diversity in rhizosphere soil of continuous cropping Trichosanthes kiril-
owii[ J]. Jiangsu Journal of Agricultural Sciences, 2023, 39(5).
1140-1150.

[8] DONG L L, XU J, FENG G Q, et al. Soil bacterial and fungal com-
munity dynamics in relation to Panax notoginseng death rate in a con-
tinuous cropping system[ J ]. Scientific Reports, 2016, 6. 31802.

[9] BRGR, i beHh, PMIESE, A5 B AREVE S AR AR 2o e
MBI A0 AT A P AR AR AR [0 ). U2 W24k, 2022, 62(9):
3464-3477.
HOU J F, SHEN M C, SUN F F, et al. Characteristics of bacterial
community in bulk soil at different stages of tomato bacterial wilt under
continuous monoculture system[ J]. Acta Microbiologica Sinica, 2022,
62(9) : 3464-3477.

[10] ESDb, MRS, BRE, 5. BIRREAN T e B RO [ ].

FRHXfAV ST, 2022, 40(1) ; 70-75.
WANG L G, YE C L, CHEN ], et al. Effects of continuous cropping
on bacteria community in oil flax soil [ J]. Agricultural Research in
the Arid Areas, 2022, 40(1): 70-75.
(1] ARWEsy, ARG, FUR, & ElE AR TR A AL
MR )] AOWFRERIE2R, 2022, 41(3) : 585-596.
HAO X F, WANG G Q, GUO E H, et al. Effects of continuous crop-
ping and rotation on rhizosphere bacterial community structure of
millet[ J]. Journal of Agro-environment Science, 2022, 41(3).
585-596.
[12] XU, Sase, Bl 55, HEMRARRRGEMm TS br 4 e e
R TIREIREL) ] HEIERR , 2023, 44(5) ; 372-385.
LIU S, WU H L, CHEN Z, et al. Continuous cropping years affect

the rhizosphere soil microbial community structure and functional taxa



%3 i [ 55 AN [ A PR D % B AR B - 3 A P PV R R 9 205
of celery [ J]. Chinese Journal of Agrometeorology, 2023, 44 (5): PRI ). B, 2012, 26(9) ; 1322-1325, 1321
372-385. TAN X L, GUO X D, MA M S, et al. Effects of continuous cropping

[13] #WXlE, BW, 22KV, 55 ANELEVEAR AR H 38 i o on soil microflora and yield of potato[ J]. Journal of Nuclear Agricul-
WEEPIX ZAEHASE [T ]. TRMXRABIZE, 2014, 32(3) . tural Sciences, 2012, 26(9) ; 1322-1325, 1321.

134-138. [22] SRHEH, EARF, Bits, 55, PUITGEMEARER T e Y E R
XU W X, LUO M, LI D P, et al. Changes in soil physicochemical FELT]. AP EARL AR, 2023, 56(21) ; 4245-4258.

properties and microflorae under long-term cotton continuous cropping GUO HY, WANG D S, RUAN Y, et al. Characteristics and succes-
[J]. Agricultural Research in the Arid Areas, 2014, 32(3) ; 134-138. sion of rhizosphere soil microbial communities in continuous cropping

[14] ETE, TR, $HIT, & &1 m R E X S MR PR watermelon [ J ]. Scientia Agricultura Sinica, 2023, 56 (21):
T HEA IR AR T ] FEASAA, 2002, 48(3) « 682-694. 4245-4258.

TAN X L, GUO T W, HU X Y, et al. Changes in soil physicochemi- [23] QIN'S, YEBOAH S, CAO L, et al. Breaking continuous potato crop-
cal properties and microflorae under long-term cotton continuous crop- ping with legumes improves soil microbial communities, enzyme activ-
ping[J]. Crops, 2022, 48(3) : 682-694. ities and tuber yield[J]. PloS One, 2017, 12(5) : e0175934.

[15] FVIME, WIFC, Bt 55 3R DA EAREMEFER - [24] AERE, skiG, HUERS, 45 AEYAHUICKT L 3EEE R 450

HERAL PR AT, TR AT, 2019, 37(4) . AL VG AL 25 M PR P [T ], UE B 244, 2019, 59(12) .
184-192. 2323-2333.
SUN X H, HUX Y, LULY, et al. Soil physical and chemical prop- ZHU F Y, ZHANG Q, XIAO J L et al. Regulation of soil microbial
erties and microbial characteristics of potato in different continuous community structures and watermelon Fusarium wilt by using bio or-
cropping years on the Loess Plateau[ ] ]. Agricultural Research in the ganic fertilizer [ J ]. Acta Microbiologica Sinica, 2019, 59 (12);
Arid Areas, 2019, 37(4) ; 184-192. 2323-2333.

[16] Th¥ EhIE AHFERN, 5F. DA VERET X T Y 2R [25] ZHOU X G, LIU J, WU F Z. Soil microbial communities in
o[ )]. REAEALEER, 2015, (5) . 589-596. cucumber monoculture androtation systems and their feedback effects
MA L, MA K, YANG G L, et al. Effects of continuous potato on cucumber seedling growth [ J]. Plant and Soil, 2017, 415(1):
cropping on the diversity of soil microorganisms[ J]. Chinese Journal 507-520.
of Eco-Agriculture, 2015, (5) :589-596. [26] SRIEEE. Tl A R 2 e B R R/ NP2 R R

[17]  ARFT, ZEWRE, ZRF055. JEAERT R ARES L e A i s i it o PN R R BRI Y0 (D] RIS WP ERR
[J]. Wk, 2005, 25(2) ; 27-30. 2 2020.

ZOU L, YUAN X Y, LI L, et al. Effects continuous cropping on soil ZHANG S H. Taxonomic and biological analyses of Luteimonas
microbes on soybean roots[ J]. Journal of Microbiology, 2005, 25(2) ; Yindakui Sp.nov. and Nocardioides Dongxiaoping Sp. nov. isolated
27-30. fromplants on Qinghai-Tibetan plateau[ D]. Taiyuan; Shanxi Medical

[18] HEJZ, ZHENG Y, CHEN C R, et al. Microbial composition and di- University, 2020.
versity of an upland red soil under long-term fertilization treatments as [27] HH3E, XUIDBLH, HK, 45 H R BIOLAK) M5 R 22 5 K411
revealed by culture-dependent and culture-independent approaches R R TIRE T T]. BREERI, 2015, (5) . 1739-1748.
[J]. Journal of Soils and Sediments, 2008, 8(5) : 349-338. TIAN M, LIU H H, SHEN X, et al. Biodiversity and function analy-

[19] XYL, FI2, 25T 17,55 DR EmAERRar st e[ 1], ey ses of BIOLAK activated sludge metagenome[J]. Environmental Sci-
&, 2019, (6): 1-7 ence, 2015, (5): 1739-1748.

HOU Q, WANG W X, LI G C, et al. Advances in the research on (28] e, 8k, TR, 45 55T 16S 1DNA P S INT T A 2%
potato continuous cropping obstacles[ J]. Crops, 2019, (6): 1-7 YEBEL AN RE T A2 [T ], h AR A a4, 2021, 37(24):
[20] %H%‘“‘ R, SR, ANIF] AR R e 2 L e K™ 116-123.

[21]

HIFEM) ] TEHRRIERE, 2018, 46(10) : 83-85.
HAN C L, HUO Y Z, TIAN Z Q. The effect of different continuous
cropping years on the soil environment and yield of potatoes[ J]. Jian-
gsu Agricultural Sciences, 2018, 46(10) ; 83-85.
W, SRIDesc, ThA: ) 4%, AR S H R X R A

YUAN Y, LI L, HUANG H C, et al. Analysis of bacterial community
in ganoderma Lingzhi continuous cropping soil based on 16S rDNA
amplicon sequencing [ J ]. Chinese Agricultural Science Bulletin,

2021, 37(24) . 116-123.



