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Summary Eggplant (Solanum melongena L.) is one of nutritious vegetables welcomed by consumers. However, the
diseases occurred on eggplants, particularly soil-borne diseases became increasingly severe, which hampered sustainable
development of eggplant production. Based on our investigation, eggplant rotation is able to reduce the occurrence of
diseases significantly, but its mechanism has not been explained clearly.

In this study, we collected soil samples from different fields cultivated by eggplant continuous cropping and rotation to
analyze their nutrients, enzymatic activities and microbial community structure using high throughput sequencing technique.

The results showed that the contents of available P, Ca, Mg and Mn decreased significantly, and the activities of
polyphenol oxidase (PPO), urease (UE), alkaline protease (ALPT) decreased; the number of bacterial operational taxonomic
units (OTUs) reduced but fungal OTUs increased, and the bacterial and fungal diversity indexes decreased and the
dominance index increased in fields with four-year continuous cropping (eggplant—eggplant—eggplant—eggplant, EEEE), as

compared with different eggplant rotation fields. However, there were significant differences in the nutrients, enzymatic
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activities and microbial community structure from different soil samples between the four-year eggplant rotation fields

[eggplant-rice-rice—eggplant, ERRE or eggplant-green bean (the early half of the year)+bottle gourd (the latter half of the

year)—green bean (the early half of the year)+bottle gourd (the latter half of the year)—eggplant, EGBE] as well. Compared

with the EGBE, the pH and the contents of total P, available P, exchangeable Ca, Mg and Mn increased significantly, but

the salinity and available boron (B) reduced significantly; the activities of peroxidase, acid protease, neutral protease

decreased significantly but the catalase, UE and ALPT increased significantly; the number of bacterial OTUs increased

significantly but fungal OTUs decreased; the bacterial and fungal diversity indexes increased and the dominance indexes

decreased in ERRE.

In sum, ERRE is a good and worthy way for rotation by comprehensively considering soil pH, salinity, nutrients,

enzymatic activities and microbial community structure in this study. The above results lay a theoretical foundation for

choosing suitable cultivation system of eggplants in mountain regions.
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AN £ E = R4 16S rDNA ¥ 41 £u/41
16S rDNA JEH M EOXx100% ; F-E #H F 5§ = (3t
E A ITS rDNA 7 5 50/ B 1TS tDNA 7 51 250D x
1009%>2",,

2 H#XR

21 TIEBEUERSNER

TEAN [ AhAE 77 ) 3 b, 38 pHL B VA AL
AT SR EAFRENZH R D 5T
B AE T UM L ERRE 7K 5258 1 68 . 35 $2 1 1 4%
pH, M pH 4.73 # = 51 6.50, {H EGBE S 1 %6 1 115
pH TG 2 2 $2 /5 s ERRE /K R 50 F 8 2 2 PRI L1 2k
&, N 259.17 mg/kg FEAK N 164.87 me/kg, {H EGBE 7
AR EEEE SEAE 2R BEIg AT T+, 9280.77 merke:
ERRE 7K 2 /E Fl EGBE 5 b 46 7 5t + 386 HL R
SN BV (KO I K B4k (Fe) PR 52 11 251 AN 1
2 ERRE /K 2584 1 58 (P) & B EEEE E(E G
B M 861.76 mg/kg 1 i £ 926.84 mg/kg, {H

EGBE R Hu#/F 5 EEEE E/E LW & % 5 s EEEE
{EEGBE R Hb 2 /ER ERRE K R FAIEMIH 2P & &
I3 N 64.15.84.96 F1112.02 mg/kg, = 7] 2 7
# 45 (Ca) & B/ ERRE /K 25 1E Al EGBE F Hh ¢
VEh 54 5 2% 32 5, M 310.87 me/kg 23 5l 42 & £
403.38 F1392.44 mg/kg, 1fi 22 #e ¥ Ca 7E ERRE 7K
B AE B R 2 BN 162.80 me/ke, W3 AT
EEEE & 1F 1 143.70 mg/kg, i EGBE 5 Hu ¢ {F K
145.92 mg/kg, 55 EEEE ¥ 1F 76 B & % 5% ; EEEE 1%
{f EGBE £ #h %8 {F 1 ERRE /K F 5 1F A 8E (Mg) &
505 0N 748.97.906.04 F 1 022.35 mg/kg, — # [H]
ZR W E ERREKERENMB SERE T
EEEE ¥#4F , M 256.73 mg/kg #2551 292.29 mg/kg, 1M
EGBE Fith#¢/E 79 265.00 mg/kg, 5 EEEE &4 7] 2 57
A% EEEEEAF \EGBE S48 /Al ERRE /K 5146
VERIA 2B 5t 73 053 71179 0.90..0.97 A10.82 mg/kg,
=) 2R B2 B (M) 7E ERRE /K S5/ b i 2
Iy B, N 774.42 me/kg, £ EGBE 2448 /F b £
i, N 659.55 mg/ke, i3 [A] 22 7 0 3 .

®1 AEMEHXILEpH FIURF LI F S SR

Table 1  Influence of different cropping patterns on soil pH, organic matter, inorganic nutrients

- AN MP MK P ALK
A3t s ATHL ki 3
Cropping pattems pH Salinity/(mg/ke)  TOM/(g/ke) Total N/ Total P/ Total K/ Available Available
ppine peten ymee FRE (mgke) (me/ke) (ko) Plmgkg)  Kimgke)
AR
Continuous ~ EEEE 4.73b 259.17a 45.81a 659.57a 861.76b 16.58a 64.15¢ 510.33a
cropping
AR ERRE 6.50a 164.87b 44.82a 659.80a 926.84a 16.82a 112.02a 512.50a
Crop
rotation EGBE 4.84h 280.77a 43.97a 630.69a 867.97b 18.57a 84.96b 519.41a
A é N B E Fe .
C ﬁl* Edjj—ff C a/(%%u/k ) Exﬁl}ili;jle M g/(%t: ofke) BI( Eﬂﬂ/k ) Avfljﬁle B/ TU:ll ; e/ M /(!ERE ofke)
T'Opplnb pa erns mb g Ca/([ng/kg) m, g mg g (mg/kg) (g/kg) n/(m g
BE(
Continuous  EEEE 310.87b 143.70b 748.97¢ 256.73b 0.90b 25.77a 726.54b
cropping
A ERRE 403.38a 162.80a 1022.35a 292.29a 0.82¢ 25.02a 774.42a
Crop
rotation EGBE 392.44a 145.92b 906.04b 265.00ab 0.97a 25.60a 659.55h

EEEE : i § =il =i 7~ 75 ERRE : i /KA KA -8l 15 EGBE il 1~ PUZE 52 (1245 +H R CR 4R - 2 5 (248 ) + KR CF
AR )il [RIFIEHRE AN RN FRERORTE P<0.05 K225 A GE T2 R .
EEEE: Eggplant-eggplant-eggplant-eggplant; ERRE: Eggplant-rice-rice—eggplant; EGBE: Eggplant—green bean (the early half of the year)+

bottle gourd (the latter half of the year)—green bean (the early half of the year)+bottle gourd (the latter half of the year)—eggplant. The values within the

same column followed by different lowercase letters show statistically significant differences at the 0.05 probability level.
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3 il i A DR R 5 SO [ e (R 2D . A
ERRE /K 25 EALH 1 E 3 rh . T LA 2 B
AL T DR AN R 1 B R M R, e
0.47 wmol/(g-d)+16.51 mg/(g-d)276.51 pg/(g-dFl
92.63 mg/(g-d) ; I E ALYl R R G A rh It B
B TR, 20 )8 38.08.1.53 F111.23 mg/(g-d) . 7

EGBE 5 1y 56 1 4b 21 + 38 op < 3 S AL 0 Bl R
MEEOMM T EEAREERSG, 50N
7236 1.87 F1 1.53 mg/ (g~ d) ; & AL S B 5 1
i, 4 0.38 wmol/ (g - d) 5 2 My S AL B IR B A Bk
V£ H B % P/ T EEEE 3% 4E 71 ERRE /K 2% 1F
Z 18], 43 54 16.16 mg/ (g - d) . 87.14 pg/ (g~ d)
82.55 mg/(g-d).
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Table 2 Influence of different cropping patterns on soil enzymatic activities

st AL A AR 2RI ik it B 2 1 [ivddneqd= 1 2R
Cromoin );mg . CAT/(wmol/ POD/(mg/ PPO/(mg/ UE/(pg/ ALPT/(mg/ ACPT/(mg/ NPT/(mg/
pping patiems (g+d) (g+d) (g+d) (&) (g+d) (g+d) (g+d)
HAE
Continuous ~ EEEE 0.42ab 56.72b 15.46b 74.03b 79.89h 1.66b 1.43a
cropping
ek ERRE 0.47a 38.08¢ 16.51a 276.51a 92.63a 1.53¢ 1.23b
CI‘OI)
rotation  EGBE 0.38b 72.36a 16.16ab 87.14h 82.55h 1.87a 1.53a

a) UL LR, FIFVEER IS A R)/ING FRERIRAE P<0.05 KV 22 5 A et 28 3o
a) Please see the footnote of Table 1. CAT: Catalase activity; POD: Peroxidase; PPO: Polyphenol oxidase activity; UE: Urease activity;
ALPT: Alkaline protease; ACPT: Acid protease; NPT: Neutral protease activity. The values within the same column followed by different lowercase

letters show statistically significant differences at the 0.05 probability level.

23 TIERAMBEEMSINER
231 mEARF R MAFAE

7t EEEE #1E \ERRE /K 24 /EF EGBE F Hb%e
YE 458, 2018 16S rDNA AN (reads) KN 26 890
24 633 F123 204, 737l 48# 1 552.2 401 Al 1 804 Fh4H
OTUs, 1 J& T R #/F & (Acidobacteria) - A8 &
(Proteobacteria) « 4% 25 (Chloroflexi) « i £k
(Actinobacteria) - % 5}l 1 (Gemmatimonadetes) . J§&
BETH (Firmicutes) ~FUAT 7 (Bacteroidetes) M i A X B2 jig
(Nitrospirae)%SO/l\l‘] 21 1% 1 5 B
FrF @ e i 12 CE 1D o Hod, BRATF BT T F & B
1 bR R 18.90%~36.67% , T 15 4 28.00% . It
Ab FESFIAE 7 A R 5T 10 F T TR
FEBE RS 7 ORI . Horb : 7F EEEE #4F 135
o B 1O BRI S 4H TR 43 ) A BRAT BT T VRTE BT ]
TM7 SR B [ TR 1] WPS-2. ZF HL I 1 ] L &
BEGE [T AT 18 A AL e v 1), HE & FE A A
29.53% + 24.76% + 9.42% ~ 9.12% ~ 6.60% - 4.64% .
3.84%.3.11%.2.86%H1 1.05% ; /& ERRE /K S #6/F +
g, 2y AN BT SRR ] SR B T AR
BEE T WAF B 1T B BB 1T TM 7 JEBE B 1] i

Lo 1A WPS=2, H 35 BE4r 18 36.67%22.26%
9.619%+5.35%-3.56%12.75%+2.56%2.48%1.97 %Al
0.21%; 7t EGBE - HhACAE T3, 43 SN BT 1T
FEAT BT T BRI BE ] TM T 2F B 1]
JEEEB T AL AR e 1 1] WPS—2 FUAT 1 1], H=f
B E 0N 29.55%18.88%11.61%19.76%+9.01%
3.97%-3.33%.3.11%-2.62%M 2.36%.
232 AWBELMIFIE

7t EEEE % 1F . ERRE /K 2 % {F f1 EGBE F 3th
oAE b, EE TS tDNA 5 (reads) 1k 7k K
270 590.301 895 A1208 613, 43 7| 1 % 588.528 Fll
529 F EL B OTUs, JHJ& T 7 % 1 (Ascomycota) 01
(Basidiomycota) « % 7 & (Zygomycota) Bk %
(Glomeromycota) } iz [# (Chytridiomycota) % 5 47,
21H 20% ~30% (1) B v 15 B 2 BT U I 1) 17125
D H, FTRENMWFEE K&, 48 EM
53.54%~67.80% , V-4 60.59% . {E%FtE 7 2\
o % S P TE LR R R R 7 AN [ 1T
o HA/E EEEE&EE L3, 35 B B
AT HEW 11(67.80%) HH T B 11(2.70%) 16 H
17€0.40%) ERFE T [1(0.30%) F 45 1% 1(0.00%) ; 75
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Y[ 12% Bacterial phylum

EEEE ERREEGBE F7R Y& LIE WK 11 Acidobacteria: 12
FFEI T ; Proteobacteria: ZEFE [ 15 TM7 : A& HI ; Chloroflexi : 545 B
I"]; Actinobacteria : JZR A ] ; WPS-2: K1 ; Gemmatimonadetes : 2f
A B ) 5 Firmicutes: J& BE 1& ] 5 Bacteroidetes: 8l #T & ] ;
Nitrospirae : i (LI HE R ] o

Please see the footnote of Table 1 for the details of EEEE, ERRE,
EGBE.

E1 AREMEAXLEPIHI0ONEREIEXNEEE
Fig. 1  Abundance of the top ten bacterial phyla in soil under different

cropping patterns

ERRE /K 24AEM EGBE RS AE 35, 5 M
1 BRI A F 316 11(53.54%,60.44%) 1T
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#17100.01%,0.519%) A4z 11 1(0.01%,0.38%) -
233 MAEMBE S AT

TEAS [ (1) FhodE 77 =0, B3 B AR 0 OTUs &
H A1 OTUs $0 R OTUs B A7 1E 2 57 (3R
3). fE ERRE /K £ #/F f1 EGBE i #8 /F 3 rh
WA OTUs B 8w T EEEE ¥E4F , BT & (1) 48
OTUs T o EA5 2 531 w5 08 82.6% K1 77.7% » 35 =i+
HEAE ) 73.0% , 110 B 1# OTUs FiT & ELA51 43 591 9 17.4%
22.3%, KT EAER 27.0% o

ERRE 7K 2 #/E 1 EGBE 5 b %6 1 + 458 i 40 1
L REEFE B T EEEE YEAE , A8 34 B 5 3091
T EEEE#AF (K 4), H :ERRE /K FAAE 5K
YT 22 R PR 4R B 5 0 9.433, IR B HE R A
40.984; EEEE % 1 1= 38 (1) 40 B 2 FF PR 2 A
98.210, H % BE 48 B =1 » 4 0.994; EGBE 2 Hh 4%
VE - 8 1 40 1R 22 1 1k 48 B5ORD A 35 5 4 B oy il ol
8.701 #110.989, 41/+ T ERRE /K 54 1 fl EEEE #:AF

70 @ Ascomycota o Chytridiomycota @ Zygomycota
m Basidiomycota @ Glomeromycota
60
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F & Abundance/%

10

0

EEEE ERRE EGBE
FiE = Cropping patterns

EEEE.ERRE .EGBE #/R I & UL 1 1, Ascomycota: T4
M 1] ; Basidiomycota: 8 F B ] ; Chytridiomycota: 4% & ] ;
Glomeromycota: BRZEFH ] ; Zygomycota: %A -
Please see the footnote of Table 1 for the details of EEEE, ERRE,
EGBE.
2 AEMEARXTEPSIERTENEEE
Fig. 2 Abundance of five fungal phyla in soil under different

cropping patterns

Z 8o FEAEFAE T N, LR R 2 R
BB ERRA R EA Y EGHME — B H
ERRE /K S50 /F LI B 2 e o =, 1B
6.292, 1t 35 B R E i (1%, 4 0.908 ; EEEE 7 AF -3 1)
T HE 2 BEMEHE B, N 5.060, 18 34 7 Fa A =
50.970; EGBE 5 16 1 1358 1) B 1 22 £ 14 45 20
e 35 B 48 5053 1) N 6.173 F10.956, 241/ T ERRE 7K
R EEEE & 1E 2 |A]

3 itk

KW TR R, T 5K R AP a1
PP+ CR P RAERE , 3G HL
JRRIFR 5 CBRAA 20 B A1) 3445 22 =1 5070 5 3 81k
VORI 2 B AR D7 =0 LS AR 11 H B IR 4 H
AN B, A] CREF IR o 3 I ) A0 b A
1o Horp iP5 /K R AR L 133 pH I 4.73 2
F RN 6.50, £ FE M 259.17 mg/kg i F BEAL N
164.87 mg/ke, BB ¥ 5 /K FEECAE AT BH 2 28 Ah
HEAE o R A R ER Y54 7 B AR DL, T B 4
& AT AR T A R IR A . A 7
AR FIK REAE L3 p, 2P 4] ik 84.96
H1112.02 mg/kg, #2& fifi 2 AF H B 1) 1.32 £5% F11.75
135, DRI T DT St B AL s Mg 5 2L 703 i 1% 906.04
FT1022.35 mg/kg, & A FIEAF HEL 1.21 550 1.37
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Table 3 Influence of different cropping patterns on microbial community structure in soil

OTUs it OTUs (51t
FAE OTUs No. OTUs percent/%

Cropping patterns * ikl O Bl H

Bacteria Fungi Bacteria Fungi

- A . EEEE 1589.8b 587.6a 73.0b 27.0a

Continuous cropping

WA ERRE 2 502.8a 528.2b 82.6a 17.4b
Crop rotation EGBE 1.849.8b 529.4b 77.7ab 22.3ab

a) W 1T, AFIELA OTUs Bt 5 0.5 g 13, RSB S AR NG FRER/R7E P<0.05 7K V22 AT Gt 4 X o

a) Please see the footnote of Table 1. The OTUs numbers of bacteria and fungi were both measured from 0.5 g soil. The values within the same

column followed by different lowercase letters show statistically significant differences at the 0.05 probability level.

F4 AREMEAR TEARNERESHIE

Table 4  Characteristic values of bacterial and fungal communities in soil under different cropping patterns

il U
L i Bacteria Fungi
Cropping patters” ZREPERRL AR SRR LR
Shannon index Simpson index Shannon index Simpson index
. KA . EEEE 8.210b 0.994a 5.060b 0.970a
Continuous cropping
i ERRE 9.433a 0.984a 6.292a 0.908b
Crop rotation EGBE 8.701ab 0.989a 6.173a 0.956a

a) AR i FFVEHRG AT/ INE 5 BER7RTE P<<0.05 K-V 22 53 AT GE T 7 3o

a) Please see the footnote of Table 1. The values within the same column followed by different lowercase letters show statistically significant

differences at the 0.05 probability level.

i, A AT DLE S e e . X — 4518 5 BRPHE
LR LSS RS, B - A AL P2 R 4R
AR 2.13~4.67 1%, DRI AT 3& 24 J i I , HLAE &
SR JERCAE MR 26 AT 4 DARS AT I8 FH B A& Z= AR ]
TRFF B = AR RN A ™ T

R Ay LR BB R S, S )
LR RE AR, fEAE S RGPt E B EMAME
i FiE /N R PR AR ) AR AR S IR BT R
BB K ET YRR, AR R SR
Pt 2 RS, G AE SR A & A TR A2 1) TR B 4 4808 SR Ak
S AT AR A AR R AR A, B b
S E T, g BRI B . TEARBE A
w33 A AP M TE ERRE 7K R 50 AF 33 i
fiX, 938.08 mg/(g-d), ‘B EAL T EEEE #AE 1 56.72
mg/(g+- ) A EGBE & 1 (1] 72.36 mg/(g-d) . X
— 455 = R EP R TS R — 2 Ml A b
AR AERR R0, i AR s 5 3 A P
PER RS . S S 2 W E A B2 A

FET L R AE AR Y, 32 B8 B R AR T
JS7 0ot ok AR A S T 2R B R AR AR R R AR
JIRBG AR AE T R, HE R ) A A R
Z— 5 REFREKBEYVIE EARS S -
b H A o DA R A & A AL S AL OB
HoK = 2 M AR —. Pl B g
XLEEE RS S B ROR LR EAH . TEAR
W5 rh A 38 ek A Ak U A 22 Ty S AL B PE 7E ERRE
K ERAE LB &S, 205 8 0.47 pmol/(g - d) A
16.51 mg/(g-d), 73 il /& EEEE ZEAE A EGBE 2 4t
PE 1 1.12~1.24 £5 1 1.02~1.07 5 5 IR B 35 7% 75
ERRE K RAeAF L i, 9 276.51 pg/(g-d), i
F % T EGBE S Hu %8 {E 1) 87.14 we/(g- )l EEEE
HAE 1) 74.03 pg/ (g d) s Bl 5 1 BEVE ME/E ERRE 7K
BAsrh i, 892.63 mg/(g-d), &% & T EEEE
HEAEF EGBE %6 /F 1 4% iR 1t T (A g A b 1 2R
IR 3E E 7E ERRE /K A8 1E o i Al , 75 EEEE i 4
FIR 2, fE EGBE R HUACAFE i . X 5 18 5 7
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S IR BI IT 25 A — B, BB AR AR PR A 0, At
TFARBR T gt H AL A 2 By A AL B A T
PEE RSB
NIRRT s £ Gty Pt iR e (= a ]
IR — o T L 3Bl A A 200 T 0 L R R S
BERZ , TN S5 A0 BefE — e FE
IR R 7 R E IR LRGN AR
FSCRN 53 i« L 438 B 77 1) R RF FR 92 w8 AR A BRI 1) o
AR K R E FEY R RE B A 55 7 T 35
I AR, R A2 T AR VR RS S At
SRR A7 B SREEFT A, — BN 2R 5
i, WUURE A Wb 22 B b vy s P4 FEFR RO,
TUIRE A 1) 5 S b v, AR 38 PR S P AR ) 2 R
FREGE S, 3 BEFR HOBRAK , W) AR 75 PR 555 B e £
TE, ARSCR MiSeq Ryl /&l 7 77 $Es TR
AU AE e b L AN B IR S M . SRR
B : 7 ERRE /K 25 /E L3 b, 0B It 34 B Fa i s
5 EEEE #%4E \EGBE R AE LR EL M, HHZ
FEMEFREOR 258 = IR LA SRR B R E TR, 2
FEMEFREUE T . X R TE ERRE K25 1E 77 K
TSR R 2P E@EFFE. /£ ERRE
IKEEAEM EGBE R HACAE LI A 5 B E
H ¥ EEEE EAF A 2 2 5¢ i, R B/ ERRE /K 248
YEREGBE M58 AF 38 i 4 1 A5 KBTI 2 , Bl
FRERK, T L AR S PRI, I7E EEEE E4E +
158 v 21 B FH L A L I 3 PRI, U B T R A 1 0
AE R VE SE R A2 T 0 25784 £ 48 Pl 20 A 1Y
) FLR A . IX S5V 2 TN R LA R — 2,
JA RN EEWIEFE T AN [FEAE AR ) L 3500 5 1 AR B
IR E DR R, 45 R BOR B EVEAERR 1)
W0, AT AR bR A B A R AR R B N
@, B R 2GS W RS TN, B
A 5 B0 18 AT % 5% 41 TR RN 2K B AR T PR
%, T B R R, A VR A R Y )
PR B AR 2R R 7 SO A SR B R A S
RREEAT T 08T, YOS IETE LIEMILL i AR
B L 30 TR B kD, O AR R 2, I
TR P22 b 40 T B 1) B B R o e, AR AT
T MiSeq il & P 77638453 T 1 552~2 401 4
4H TR OTUs F1528~588 LB OTUs, iz il 1 H
T RS 7% 3R i B 2R v — 7% M o i v RS PR VK
(PCR-DGGE) T JIg iE Wi 12 (PLFA) 73 T 55 BT e i 2

(R 7K 6281, ER] I fi 8 YR N i BIF 7 - 39 40 7 AN EC T 1)
H R ST S5 8

25 F TR , ERRE /K 546 /E F EGBE 5 #h 42 1
PIRGEAE A a1 OR 3 BlOHE iy 3R R 7 R0 kb AR
FE01e M3 pH L ERBE (R0 S BEVE TR A MBI
SERIS TSR AE  ERRE K AR R AR, & — Pl
FRHES B 7 2
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