1E¥1¥ 3R ACTA AGRONOMICA SINICA 2026, 52(2): 527-538 http://zwxb.chinacrops.org/
ISSN 0496-3490; CN 11-1809/S; CODEN TSHPA9 E-mail: zwxb301@caas.cn

DOI: 10.3724/SP.J.1006.2026.54086

EAEX B ERPR LR REFE M S T RERIRNE
#h B wWEE'"™ #Hr’ € =0 ¥ B FEH’

VHR AL K 2 IR S B B, HON 22 730070; 7 H N A AR M Bl B A BT AT, HOR 221 7300705 ° HR A AL TR HE AR BRI
B, H 221 730030; ¢ Hl & AR Bl e R AR AT BT, Hl 22 M 730070
A E: SREEREREZLNEEEY, EREES SRS SR E R, BT R L e 135
LR HUR AR S B W B AR R AR . ASPFSUIRIE HOR e P 15 AE R AT, KE 1. 5. 10, 15 FEE
PR (G S43 0 T, TS5, T10, T15), 38 il &)y 5 RIS B A AT, H0 4 HURE 9 45 1 1 =2 S B S LT
SEIR R, KR 3 AR 1 pH (L T1 1Y 8.28 R Z T15 1 8.14, P < 0.05)FIA WL & HH(T5 & T15 FEIE B.3%), i
B B BTEBUTIS IKIEE, P < 0.05)%50C I N PAbriT kM. p 2RI (PCoA) IR, 5~10 4F R HETE
SERIE TN, MR 57.06%M0AE S o B AR 2k BRSNS B Y 15%38 & 24%, Monhysterida Hi 9%34 2 15% (P < 0.05), Fx
AR T I A LR T T[] 2 D AR R A A AR S S S R R (TS IR, T10 Al T1S W FRE, P <
0.05) LhAR T PT =t AE 15 ARG T FE 39.55%, [RIR B2 o4l d i O 2 T1 Y 15.8 4, 7 b SR R R I
2: RDA il Mantel K 508 1A, 384T AL AN pH & V5 0 10 SCHEIR S A 1 AR BIF G 4 11 T < EE P I B BLIBORR A,
e 2o i v B L et LA A LA 2 S AR A, R AR YRR . SRR T A B I SRR SR G
KW DR, BE BIRLORRHES;, BRI UM

Effects of continuous cropping on the structure and function of soil nematode
communities in potato
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Abstract: Potato is a vital crop for global food security. However, long-term continuous cropping leads to soil degradation and
intensifies soil-borne diseases, posing a significant threat to sustainable production. Soil nematodes are important bioindicators of
soil health and food web dynamics. In this study, we investigated nematode community succession and its underlying drivers in a
15-year potato monoculture experiment in Dingxi, Gansu, China. Four continuous cropping durations—1, 5, 10, and 15 years (T1,
T5, T10, T15)—were evaluated using high-throughput sequencing and soil physicochemical analysis. Results showed that pro-
longed continuous cropping significantly reduced soil pH from 8.28 (T1) to 8.14 (T15) (P < 0.05) and decreased soil organic mat-
ter content, particularly between T5 and T15. In contrast, available nitrogen, phosphorus, and potassium increased and peaked at
T15 (P < 0.05), resulting in a disrupted C:N:P stoichiometric balance. Beta-diversity analysis (PCoA) indicated that years 5-10
represent a critical transition period in nematode community structure, explaining 57.06% of the variation. The relative abundance
of bacterivorous nematodes increased from 15% (T1) to 24% (T15), with Monhysterida rising from 9% to 15% (P < 0.05),
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suggesting a shift in the soil food web from a fungal- to a bacterial-dominated energy pathway. Plant-parasitic nematodes fol-
lowed a nonlinear “rise-then-fall” pattern, peaking at TS and declining significantly at T10 and T15 (P < 0.05). After fifteen years

of continuous cropping, potato economic yield declined by 39.55%, the rot rate by weight increased 15.8-fold, and the proportion
of marketable potatoes declined sharply. Redundancy analysis (RDA) and Mantel tests identified soil organic matter and pH as
key drivers of nematode community succession. Based on these findings, we propose a two-stage succession model for nematode
communities under continuous cropping. We further suggest that applying high-carbon organic amendments to restore fun-
gal-dominated energy channels is a promising strategy to alleviate continuous cropping obstacles and support the ecological

restoration of degraded farmland.

Keywords: potato; continuous cropping; soil nematode community structure; community succession; food web
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Fig. 1 Dilution curve of soil samples under continuous potato
cropping at the OTU level
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the inner maximum and minimum values. Treatments are the same as those given in Fig. 1.
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Fig. 3 Principal coordinate analysis (PCoA) of soil nematode
community composition under different continuous cropping
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Treatments are the same as those given in Fig. 1.
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Table 1 Effects of continuous potato cropping on soil physicochemical properties
o ot 24 L g KA AL TR 4L
Qb PR Total Total Total Available Available Soil organic  Alkali-hydrolyzable
. . . . pH
Treatment nitrogen phosphorus potassium phosphorus potassium matter nitrogen
(gkg™) (gkg™) (gkg) (mgkg") (mgkg") (gkg) (mgkg")
T1 30.48+0.49a 0.85+0.03 ab 24.03+0.06 a 27.06+0.49 ¢ 376.00+3.46 cd 17.43+0.12 a 70.00+2.65 be 8.28+0.01 a
T5 30.61+0.77a 0.86+0.03 ab 24.25+0.18 a 27.46+0.63 ¢ 380.33+4.16 ¢  17.17+0.21 ab 73.00+2.65 be 8.24+0.02 b
T10 30.82+0.08 a  0.85+0.01 ab 24.28+0.11 a 28.57+0.53 b 388.00+2.65b  16.70+0.46 bc 75.33+2.52 ab 8.19+0.03 ¢
T15 31.09+0.52a 0.87£0.03 a 24.34+0.06 a 29.77+0.52 a 394.00+1.73 a  16.20+0.60 c 80.33+4.04 a 8.14+0.01d

AbPEIFI P 1,

RN 51 3 S ) Ak B2 1477 52502 52.(P < 0.05).

Treatments are the same as those given in Fig. 1. Different lowercase letters indicate significant differences among treatments (P < 0.05).

K 4-B JE7R T AN EAEAERR T 1 ek duie v iy
oKX FEAA. R ExR, UBRSAH
(Monhysterida uncultured eukaryote). Acrobeloides sp.
KJA . Paracyatholaimus intermedius F Alaimus parvus
RER ML I, A T1 BRI 12%H E T15
A2 26%. LA Phaseoleae environmental sample A1t
RHP AT AL A, N TL B 30% FRES] T1S 1)
18%. i EEMELL L Aporcelaimellus sp. JH-2004 (5 {
P HAXTEREFE 43%~48% 2 [k 8h, 7 UL

BTG, RUEE RPN EE TR BA K
SRR ETE . HABKTE G A1E . REAEA )
W Trichinella pseudospiralis (3l ¥y % £ ) |
Nematoda environmental sample (FREGREA)FTH A
M T/ NERE, 5 ER IR AR (R RT< 15%), 3l
AR o VU A 2 4 3 T3 4 9 el LA ) 37
AR R A S, ) DA R S T R R R T T B AR
TR B AR L LB A AR A AR S T R,
M B LA X AR OE -



532 fE W 2 %528

A B
100 Il Others 100 Il Others )
I Araeolaimida I Nematoda environmental sample
I Desmodorida B Trichinella pseudospiralis
I Chromadorea_norank 0 Alaimus parvus .
I Triplonchida B Paracyatholaimus intermedius
80 | [ Chromadorida 80 [ Acrobeloides sp. KIA
[ Enoplida I Monhysterida 1 uncultured eukaryote
I Tylenchida I Phaseoleae environmental sample
—_ 0 Rhabditida s I Aporcelaimellus sp. JTH-2004
= I Monhysterida S
3 ol Il Enoplea_norank 2 60
5 g
= =
=] f=]
=] =3
< =
[ o
= 2z
k= 401 E 40
] [5)
~ ~
20 20
0 0
TI TS5 T10 T15 Tl TS5 T10 T15

B4 FEZEEERT LIELH B (A)FNFHB)EYHE I F E
Fig. 4 Relative abundance of nematode orders (A) and species (B) under different continuous cropping durations
AbPRIG] & 1, Treatments are the same as those given in Fig. 1.
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%Eﬁ—:%:faﬂ"ﬁ, ,\*HXTEEJA‘F@EE%A%L{/E@BEZQEEZ% Fig. 5 Relative abundance of soil nematode trophic groups

I under different continuous cropping durations
AR 2)- B, BE BAIEAE TIS NSRS, By " oe e, op: 2 fe s pe: 275 UN:
WM T15>T5>T10>T1, HH, H 5 H(Monhysterida) WA 43 26 2k L, AEC IA2E M D RE A, AR B A SO
TN MR L IR, FLBAEARAE R e TR KOTSRS (UN) R A PR

Treatments are the same as those given in Fig. 1. BF: bacterivores;

j]H(P < 0.05); /J\H:E(Rhabditida)iﬂ_:‘ T5 Hd‘ﬁ%ijjﬂgm% OP: omnivores-predators; PP: plant parasites; UN: unclassified
{E {E'ZEjUPE_FF% @% E(Chromadorida)?’iﬁﬁ%‘{ﬂ’»] nematodes. The dominant group is defined as the classified func-

tional group with the highest relative abundance; unclassified

ﬁﬁ 10 £|£ I‘ETJ %:2})[”; i *HX‘—J%%{ZHE{E ﬁﬂ& 1 $ E s Tﬂ—: ﬁ:' Gicl nematodes (UN) are excluded from this classification.
F2 THREEEERSRELIZEGHELZANMENEE

Table 2 Relative abundance of bacterivorous nematodes in potato soil under different continuous cropping durations (%)

T5 T10 T15

EHE(H) ZEAEAERR Continuous cropping years
Group (Order) Tl T5 T10 T15
fF H Chromadorida 1.88 2.55 1.98 4.20

WM H  Araeolaimida 0.30 0.36 0.79 0.36
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[E2P)
KEE(H) EVEERR Continuous cropping years
Group (Order) Tl T5 T10 T15
# 7 H Desmodorida 0.59 1.13 0.65 1.13
/M H Rhabditida 3.75 7.99 1.94 4.10
W H H Diplogasterida 0.19 0.16 0.18 0.16
HErH Monhysterida 8.54 9.90 11.33 14.15
31 Total 15.25 22.09 16.87 24.10

AbPRIG] & 1, Treatments are the same as those given in Fig. 1.
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phorus, AP)FI#EA4# (available potassium, AK)#ik
il —2, FRENEIEHH(10~15 4F)Z UV 2 %
BRAKCFR 53U BE 7 A R

Mantel test FHOCHIEIREMSZE G Fe e 4 ek
P AR S Vg SRR R . i 7
Al HEEAPLR S pH (P<0.01).Chao 1 (P<0.01)
I ACE (P< 0.0 IEM K, EFEH T, SMHE
2§ 1 (bacterivores, BF)5 44l (total potassium, TK) .
4= A (total nitrogen, TN), +IEA LT (SOM)FI pH ¥
RRFEA (P < 0.05), [FI0 5 BB (AP) 2K . 3%
IEASG(P <0.01), )7 A= %k H (plant parasites, PP)
JIT A A A 7 2 00 B E AR SR (P = 0.05) 28 B/l
14 L (omnivores-predators, OP)5 #H# (AK) S
FHE o AR IR 432546 1 (unclassified nematodes, UN)
524 8T AP, TK. pH)FIZ KM 46 5L
(Chaol . Simpson)fF7E) ZIEM KR, Ph gk
RV, LIEAAPLTAM pH 250 2 UV 4544
I 2 R M A DA B FRAR R
2.7 EEERMNEBHREFEREAKREZNZN

AR (R 3)THEMTHL s, Bl 1 VR AR PR 1Y &
K, DA B TR, BARIME, T1
(1 4RIV 72 5l 16,892 kg hm 2, 1fif T15 (15

ARV B AR R 10,210 kg hm 2, FREIRE
ik 39.55%, HAbPR[E) 25 W& P < 0.05). EW- &
W BEEMEAEBR B3 T, M T1#Y 28,979 kg hm > [F &
T15 9 18,769 kg hm 2, [AIREF B 538 09 T R0

RS TR bR R R A R R A
Bt 1.66%H % 17.48% (29 10.5 {51400, #E &

SOM
4
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L ]
»
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< it Group
8 o P2y Tl
3 AR °T5
51 < S8
. L]

é TN, o

T
-0.5

AK AP

L ]

AN

Moh

-0.5 0 0.5

RDAL (52.17%)
El6 LTiELmEESTIEREUMERMNTEST RDA

Fig. 6 Redundancy analysis (RDA) of soil nematode commu-
nities and soil physicochemical properties

AEPRIEE] 1. Asc: BJE H; Des: 53R H; Dip: A H; Eno: #llH%
H; Mon: fu'5 H; Rha: /MTFH; Tri: =F H; Tyl: 371 H; Ara:
W o ] T (0 0 S TR PR AR R REAS o 20 (0 Sk Rm 4L
s RVERIR A 1, A Sk 1 BE S i DR o A 7 78 S PR o
A SR Sk b5 R B A A 1 D) R W R BRI 1 X i R
ATV 43 A ARG S0 /N

Treatments are the same as those given in Fig. 1. Asc: Ascaridida;
Des: Desmodorida; Dip: Diplogasterida; Eno: Enoplida; Mon:
Monhysterida; Rha: Rhabditida; Tri: Triplonchida; Tyl: Tylenchida;
Ara: Araeolaimida. Colored points represent samples from different
continuous cropping durations. Red arrows indicate quantitative
environmental factors, with arrow length reflecting the degree of
influence on community variation. The projection distance of each
sample point onto the arrow from the origin indicates the relative
impact of that environmental factor on community distribution.
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Mantel’s r
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Mantel’s P
— <0.01
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— >0.05

Pearson’s r
1.0

0.5

-0.5

B7 LEBUMER. ZEZHEEEHSEREFRLHNZER Mantel test 18X R E

Fig. 7 Interactive Mantel test correlation heatmap of soil physicochemical properties, nematode diversity indices, and trophic
groups

IAERLFR PIHREP<0.01), EEHLFRNLEEEQ0.01 <P<0.05), KOEHLERALEP=0.05). LN R
Bt Mantel’s r (3R BE, FRRAHSCHER/N . A7 L0775 M 4 SRR F 81 (1) Pearson AHOG R AL, BUEAIREF/RAHCIRE . SOM: T3ty
HLBT; AN: B A AP: BAHE; AK: BAUHR; TN: % ; TP: 48, TK: 24; pH: FRH{E; Chaol: Chaol F & JE+5%L; ACE: ACE
P& S Shannon: TR ZHAEIEE Simpson: ¥ RL ML, BF: BANE; PP: AW E; OP: 2 B/HE; UN: KU
Feh .

Red lines indicate significant correlations (P < 0.01), green lines indicate marginal significance (0.01 < P < 0.05), and blue lines indicate
non-significant results (P > 0.05). Line thickness reflects the strength of Mantel’s r, representing the correlation magnitude. Squares in the
upper right show Pearson’s correlation coefficients among environmental variables, with color intensity indicating correlation strength. SOM:
soil organic matter; AN: alkali-hydrolyzable nitrogen; AP: available phosphorus; AK: available potassium; TN: total nitrogen; TP: total
phosphorus; TK: total potassium; pH: pH value; Chaol: Chaol richness index; ACE: abundance-based coverage estimator; Shannon: Shannon
diversity index; Simpson: Simpson diversity index; BF: bacterivores; PP: plant parasites; OP: omnivores-predators; UN: unclassified nema-
todes.

*3 DREFREEERAEBTHEN=ERMHER

Table 3 Average yield and yield components of potatoes under different continuous cropping durations

Ab 3 e it TR R R o e
Treatment Yield Rotten potato rate (%) Marketable tuber rate (%) Biological yield
(kg hm?) N4 Number H i Weight 44 Number i Weight (kg hm™)
T1 16,891.88+1254.00 a 1.66+1.48 b 0.90+0.79 b 36.95+5.11 a 68.91+0.59 a 28,978.95+1690.44 a
T5 15,465.45+688.07 ab 3.54+£0.47 b 2.46+1.22 b 36.59+5.08 a 66.04+0.71 a 26,876.85+1111.01 ab
T10 14,039.03+344.03 b 4.66+1.30 b 4.04£2.18 b 38.29+6.52 a 66.83£1.13 a 24,849.83+£566.81 b
T15 10,210.20+688.07 ¢ 17.48£11.66 a 14.24+6.23 a 23.70+£16.78 a 44.60£13.69 b 18,768.75+790.97 ¢

SEFRRIE 1o ARG R R AL B A] 22 5 B35 (P < 0.05) 0 BUdf A P-4 fHAR 2%
Treatments are the same as those given in Fig. 1. Different lowercase letters indicate significant differences among treatments (P < 0.05).
Data are expressed as mean + SD.

T T1 19 0.90% 8 2 [ F+ 2 T15 1) 14.24%, ¥z

.
1 158 %, RO SECEIEE R, S T E

FAFOTE R R BRI 22 R A S (H
R RS ERE T1 ) 68.91%8 % FTHE
T15 [ 44.60%, X ELHRE AT 698 1) 88 2 L 49 K
WD, PR T AR AR PR I A PR AL -

3.0 EMEX B RA RN

ARSI, HHE pH Bl EEAFRR AR K 2
TRE(P <0.05), I TI1HY 8.28 &= T15 4 8.14, {HAK
IH A FER e . X — A 5By e 2
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FEME A &, 3X 5 T Pang &P T e ML BES
Fof R0 0 38 00 T T R LA . SOM B =k +
B 2, (B4R R 4 A L 2B AE ) 4T
T HHER) C N = PARSETHE A, RREYEK
PRAL T RTINS o XN IR0 . AR (1
PB4 A ) T 40 R A P A
32 EEEFNTESYMESER
32,1 FBE%K L Beta $AMEET O ABIS
Wow, B SR W R T A A
EAREEVEAEBR F LR o ZREMEF8%0(Chaol . ACE,
Shannon. Simpson)¥JJC i 3 2% 5 (P > 0.05), X 5k
AR A E TP A — . RURETREX D
BEEERG T, SRrE i ak S 5L
KAGEFFYFEE B SIS ENMENRE. T
Bray-Curtis 25 i 3 AR 53T (PCoA) /R, HEAEZ
5 ARG RETE SR Ko A T 3 4 S L 1T 2 Bli(PCol | PCo2)
FLARRE 57.06% 19728 5, JIAEME(TL. TSHFEARREE,
1 IR (T10  T1S)REAS B35 40 55, [ T 4 Fp
21 SRR T B E A
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2 U T TR, T RE ALY R B B DL RN AR S A
T A4 SR Z2 e H R A T RE I 55 38R
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AT B A
322 KMRYMER: mBEEHES i
FW, K AR AR 4 1A W I R O A L TR
T ) 4 TR T AR, A TR 4R R (BF) AR B
F ETHP <0.05) P8 BF Fefih T1 (9 15%H 2 T15
1 24%, J+T T15 KEE(E. H% H(Monhysterida)
BN EBE N 9%TFF 2 15% (P < 0.05), S B &
BRI A P E N . AERKOE I, SRR
HALH A . KIA BRI LA . [l fUUpR i

2R RN th 45 BF BB 12%88 % 26%.
A G AL R B SGERCA . W FRBLR
VIRHOG, Jo 38 0 290 e Baa s 4t 7 R & (A,
A AL SR B TR 22 N 2%, W55 T B TR .

U IE” E SR E TR R 2 UL
LA H 1B RO A2 28 BILIBT O il L A7 T S 5 4 A
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R R IR RS 450 5 2 HEbE . X —BAE
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