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WE.: N TGRSR AN, S -2 (Stevia rebaudiana) AR G 1) TIEIERZALREAT THFSC, FHR I R3S A
TR AN A 2 R ARG . S5 RR B, FEAE 2a F 3 a (3% pH . AHUR. AW, DREE. A GERE. RS
BERRE AN 2 P T A Ay SR E R EER. EEd4a)s, DR pHE. SFMEMH ST EEE NE, o
Al L RIS 1 10.07%. 14.38%F1 24.79%, 33 B3 3 38 (EC) FUE RO & & W F 3G n, =0T RE 2.57 F1 1.70 £ L IEAREG .
FEVERG . BERRNG IS R R B AU R RAEEAE 4 a BERRAC, EEXTHRAFAIPEAC T 63.68%. 72.03%. 47.43%. 78.35%
41.07; ZEYEEENFEENE 4 a iRBIm, AR 422 5 SXRML, E1E 4 a R TREMEHGH S RFKT
29.51%H01 16.00%, JhfH A SR T 22.19%. AT 5E &GS &8 S LIRIEIR AR S Hik, EE
T e IR e 2 AR, AR R RO AR IR A B I 3 a.
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Effects of Continuous Cropping on Yield and Quality of Stevia by
Changing Soil Properties

XU Xinjuan', WEI Qichao', LUO Qingyun?, ZHOU Boya®
(1. Henan Institute of Science and Technology, Collaborative Innovation Center of Modern Biological Breeding, Xinxiang 453003, Henan, China; 2. Nanjing

Agricultural University, Nanjing 210095, China; 3. Xinghua Green Biological Products Co., Taizhou 225776, Jiangsu, China)

Abstract: In order to understand the mechanism of continuous cropping obstacles, the changes in soil properties
after continuous cropping of Stevia rebaudiana were studied, and the correlations between soil properties and leaf
dry mass and stevioside were discussed. The results showed that there were no significant differences in soil pH,
organic matter, available phosphorus, urease, catalase, sucrase, phosphatase, leaf dry weight and stevioside
components between 2- and 3-year continuous cropping. However, after continuous cropping for 4 years, soil pH,
total nitrogen and available potassium decreased significantly, which were 10.07%, 14.38% and 24.79% lower
than the control, respectively. But the soil electric conductivity (EC) and available phosphorus increased
significantly with 2.57 and 1.70 times to the control. Meanwhile, the activities of urease, sucrase, alkaline
phosphatase, microbial biomass carbon and microbial biomass nitrogen in soil were 63.68%, 72.03%, 47.43% and
78.35% lower than the control, while the activity of polyphenol oxidase reached the highest, which was 4.22 times
to the control. Compared with the control, leaf dry weight and stevioside decreased by 29.51% and 16.00%, while
the content of rebaudioside A increased by 22.19%. There were correlations between leaf dry weight and

stevioside content and soil properties. Therefore, it was suggested that continuous cropping affects the yield and
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quality of stevia by changing soil properties, and the maximum continuous cropping period in production should

not exceed 3 years.

Key words: Stevia rebaudiana; Continuous cropping; Soil property; Yield

El 26 (Stevia rebaudiana) 25§ FH(Composite) %
EARIARZ MY, WM EE AR
FARERF & Z M F O, FEZ AT, K
BRI RE A P2, Bl 26 BB (steviol glycosides,
SVglys) & — K KRG, FHEHASAIMHEE
(stevioside, STV) Al fiflith T (rebaudiosides) R 51,
tH STV 1 RA (rebaudioside A) &&= HmP . H[E 2
A PRE R EME A O E, BT TR
FRYZ W 1 0 -5 SR - A MO TRAR AW K. HrsE 2
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Az 5 L EFES N, 5 HEREMNT 2 A
b FEAR DG TR, A U - SR ER AL T
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25 A 7 o V) 75 AR R R 2 )

VBRI, Framh X E 2 D MEAE 2~3 2, £
M) 4~5 a FRFEK, FEHEERG 754 1T RF
SRPE. H EOE T A ) UL B = RN R G 1
Fio PG, ARSCNIEMPE, Xf gk e %
BRACPE 0T . IR 1 S R e W AR A AT
TG, PRNEE G TR S T E S A B
TEERRR, DA A L . sz
HEAEREAG S AT RF 28 RO R R AR K

1 MR

1.1 A% AR

T b AL T 58 P R ) T R L A R B
(86.14° E, 41.76° N), Husb KB, BT
I RGP, DUZR0 0, H1R0m, ok
SRR, ERMK, FHAE 88 C, FEHEWNE
68 mm, 428 K B 2 100 mm, 5 H 1B 472 942 h, 4=
RN 183 do LHERACIE L, htmR, AT
VALIE
1.2 REMEEGHEMRE

BRI Ay R RS S, T 2019 £ 4 H
15—20 H#H7 KE#R, 24 9 H 10 HATEIGE.
KB R A 7 50, KR E )y B R
5 337.5 kg/hm?, FRFZHH 337.5 kg/hm?, il 2L
108 kg/hm?, J& s> BlIEHRFK 6 K3t 36 kg/hm?,
BIBERREREN s WCGRAT 1 AN B 22 A5 T e R
SUHP 30 kg/hm?,  HARHR A [F) K S 2

DAZE | AR R A 2 ORI (CK), IETERIR
WA 2+ 3F14 a. CK Al 2~4 a E/EERFEHAT 15
pH N 8.5~8.8, AN (organic matter, OM) & &= 735 N
25.76. 24.43. 20.83 11 16.13 g/kg, 4%\ (total nitrogen,
TN)YS &R HA 147, 178, 1.50 M1 1.11 g/kg, JHE Bk
(available phosphorus, AP) % & 434 20.48. 35.03.
30.24 F134.57 mg/kg, # &4 (available potassium, AK)
SEYHIN 107.67. 97331 92.00 £ 69.00 mg/kg.
A 4G SR AT SRARFE i, 1% BB T R 1A R AL 3
KRAEE 5 HHHRE, 3 ANES. KRR TE
HE, PHEZ R, PR BRI r) 3R Sy
PR o — 0 3B AR T ST 20 A 100 H 6,
FI T 3 B0 A J R iE VR A 5T s — 4 IR R
RIRARAE, FTLIEREEYERNE. R
FHEHE 105 ‘CAH 30 min J5 75 CHET, HHET R
SFRREUH B 5 & (leaf dry weight, LDW)JE it
60 H Jiife il & &
1.3 ik

2% ifi - L U2VR OG0 13T 5 32 S 1 358
fetr. T3 pH KA HWALE(TKEE=1:2.5), T4
HL T 2 (EC) K LS 200 &« A HLBE H 4
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MEBBRME RS, 2EKHKRRRNEEE LR
BNy A AR I, R R AR AR BT L (0, AR
B KOG . R IENR B (urease, UE)K
R - IR A RN L 32, 1 AL AU (catalase, CAT)
K H SRR B e T B (sucrase, SUC)K H
3,5- HE R K IR Ll ek, e % R 1 (alkaline
phosphatase, ALP)>¥ I B B2 28 — BN L (i, 2%
1L.1 (polyphenol oxidase, PPO)K 4% 2K =My btk 2
o Wit L IRAF 0 EA-MBRH RIS, 700K
FA R 53 BT A8 R B0 56 28090 BT A 280 s
I E Y = % (microbial biomass carbon, MBC)A1 1
e AE W) & & (microbial biomass nitrogen, MBN).

2% Liu U E R = 2 I 77 R e - b
HE R, ML 50 mg #THHER K, A 1.5 mL
50% L0, A FEEL 40 min, 11 800xg Z5.C» 10 min,
0.45 pm AHLGIALIE RIS 8 5 I E i 4 95 5 (%),
443 STV. RA. RB (rebaudioside B). RC (rebau-
dioside C). RD (rebaudioside D). RF (rebaudioside F)
1 RM (rebaudioside M)
1.4 BT

FrHE 5 3 AN EE R AME, SR SAS 9.2
BAFHEAT J5 2243 W1 A Pearson AHSSA0 4T, LSD kit
T2 EEE, BEMKFEN P<0.05. R Graph-
Pad Prism 7 1f .

(o)
(=]
T

AP (mg/kg)

%3
[=]
T

CK

2
HEAEAF IR Continuous cropping years

B A MR . CK: W IR EC: L3238, OM: BHLIT; TN: A% AP: MUK AK: AU . EAR S BERRZE 7 B2#(P<0.05), TH

Fig. 1 Comparison of soil physicochemical properties. CK: Control; EC: Electric conductivity; TN: Total nitrogen; AP: Available phosphorus; AK: Available

2 SRR

2.1 EAEERRN LR MR

HE AT, BRAENUR S ES, EE R
TR . SXTIRAHLL, pH EEELE 4 a B3
B, 43 A EGEAE 2 a A1 3 a PR T 16.46%M119.22%;
EC [HFE & EMEF R Imsgm, EfE3af4an
ZRAEE, ol REXT R 2.32 1 1.79 fiF; HAK
WS EIEEEA 3 E LR EER, EE4 a WEH
e, XTI EE 2a f1 3 a #2517 69.90%.
91.25%7F1 99.92%; EAE 3 a Fl 4 a 4 BRI XA
TEFLEEES, HYEFRTRAEE 2 a.
2.2 EEERN L IEREENE W

EH 26 4E 5 L3RRS R AR A — B 2).
Lt ARLG, R A A T R E R, (H
BEAREIRAIIETC 3 7 s LIRIRAG . FEREREAIO
PERERR IS I 2 RS, EfF2af3aER
ANEE, EE 40 BEFRIK, 200 L BT
63.68%+ 72.03%#1 47.43%; BEEEIEFERE M, +
LW ARG R E N, (EEME 4 a X2,
Iy FEXTIE A 2 a A1 3 a () 4.22.2.87 A1 2.12 1.
2.3 EAEERRN LR E R

TR EIITEENE 4 a G2 RIKE 3),
HHAEE 4 a MAEDEIRSGIEE 3 a MEREZE

T

3 4

potassium. Different letters upon column indicate significant differences 0.05 level. The same below
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15 40 a 200

SUC (mg/g)

CK

same below

Ft, (HEON BRFIES: 2 a BEFFIC T 76.43%H 56.82%;

AR 4 a A ERHENE 22 F13 a 23 BIFFE T

73.81%F1 41.05%.

2.4 EAEFERMH A TREMEHEEET S EREZmH
A 3 5 e 5 R 0T R A B

TE(E 4). MEAELEERRE I, TR EEE N

MBC (mg/kg)
) w IS
= = =)
S S S
©

—_
(=l
(=}

CK 2 3 4
FEAEAF PR Continuous cropping years

& 3 IR A R IR (MBC)FIUAE P & 2 (MBN) 224k

PPO (ug/g)

3 4
FEAEAERR Continuous cropping years

B2 EEEEE LR . UB: fIRE; CAT: %L ERE; SUC: HEFERY; ALP: BLMEBERRRY; PPO: ZMYE LEE. TF
Fig. 2 Changes in soil enzyme activity. CK: Control; UE: Urease; CAT: Catalase; SUC: Sucrase; ALP: Alkaline phosphstase; PPO: Polyphenol oxidase. The

B, HEfE2af3aMERALE, EMFE4a N EE
FEAR, DUNXHIR 64.04%. M, EAE 4 a HIPEE
MERERE, oA, EE2 a M3 atlfiiny
14.00%-~ 19.30%#H 20.42%; SXTR@AHLL, STV &
B N, EIEME 4 a BRBIERAC, HEXT AR 16%.
#AfE2af13af) STV. RB. RC. RD. RF. RM

1501

100

MBN (mg/kg)
wn
<

0
CK 2 3 4

FEAFAEIR Continuous cropping years

Fig. 3 Changes in soil microbial biomass carbon (MBC) and microbial biomass nitrogen (MBN)

CK 2 3 4
FEAE4F PR Continuous cropping years

m RM
w= RF
mm RD
= RC

== RA
mm STV

CK 2 3 4
FEAFAF PR Continuous cropping years

B 4w R E A S R . LDW: Tl SVelys: B, STV: #%1; RA. RB. RC. RD. RF. RM AHififliditf &%), F[H

Fig. 4 Changes in leaf dry weight and steviol glycosides content. LDW: Lear dry weight; SVglys: Steviol glycoside; STV: Stevioside; RA, RB, RC, RD, RF,

RM: Rebaudiosides. The same below
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TEERAEE; RA FENZILEE ISR,
TEIENE 4 a IABN R ME, ORI T 22.19%.
2.5 MHRSHT

R ATEE REHER 1), 4 A TR ES
T3 EC M Z My b BvE v 2 B2 7 OG, 5L
e R, IR, dEIERE. TEERG. BERREGE I
KA R R RE EAHR: RA &85 114 pH.

IR PG L DR MM AE M ER R E R, 5
I EC (HM 2 WALl 2 5% AR STV 5 &
543 ECL sl RUBE S BN 2 M AL B M B R 2
YUMo, SHREE. REVERG. BERREEVE K B IEM
*; RB M RC & &EE S ER 28 FH MK,
RC §E 518 EC REF LMK, RM S 5HEM
S R YRR R 3 IR R

£ 1 MR

Table 1 Correlation analysis

$6F5 Index  pH EC oM TN AP AK UE CAT suc ALP PPO MBC MBN
LDW 0.20 -0.90* 0.45 039 —0.36 0.81* 0.90"* 0.89" 0.89"* 087"  —0.78" 0.90"* 0.11
RA -0.90" 058"  -0.43 051 0.79"  -0.11 -0.71*  -0.43 -0.72"  -0.64" 0.85"  —0.28 -0.58"
STV 0.57 -0.70* 0.57 012  -0.65" 0.30 0.79" 0.56 0.79™ 0.74™  —0.75™ 0.48 —0.00
RB 0.41 0.30 0.32 -0.13  -0.00 -0.57 -0.20 -0.37 -0.24 -0.17 0.12 -0.59" 0.09
RC -0.15 0.65" 0.16 046 028 —0.55 —0.57 -0.62" 049 —0.57 0.53 -0.70"*  -0.37
RD 0.35 —0.18 0.11 0.40 —0.18 0.09 0.19 0.13 0.27 0.24 -0.38 0.11 0.50
RF 0.40 0.20 0.46 -0.06 023 -0.37 -0.15 -0.03 -0.23 -0.21 0.09 -0.45 0.10
RM -0.38 —-0.28 0.11 039  -0.01 0.66" 0.27 0.44 0.38 0.27 -0.26 0.61* 0.11

*: P<0.05; **: P<0.01
3 i

3.0 EFESART HEER

HEAE SR, R EE F R (Passiflora
edulis)IEVE 3 a 5 13 pH 3] 4.16116), ™ & H)1il 4
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KJu . -3 EC a5 LI M m st b A %,
FEd m AR T IR AR, RTEES LR
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7RG, Z e bRgReas e LI R, sk
YR A IEAE FHSY, ¥eb (Eucalyptus grandis ¥ E.
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WRRT U EEARI 7y, —HENERLES ST
AR — 3, XSRS AL thAb,
THE S TR AR EM R R, JEE B
T IE AT SR RAE D B R, B2 A e
AR R N, MAE— SRR B RMOEEE L
B, et — I R IRy T
IR SCHIEFT o
3.2 HEWREEET SR

BEARSAR T R, T R S 2



554 HAH W AR 27

¥31%E

R A A it 5T 5 DA DR BO) . ARHIE 5 RIS b A
FEIEAF 4 a kB, (AAFRMAHEATNESE
SEEVER AR, & BB STV FETH 47 1EF
4a BN, M RA & EMERRE, RN
ZFAK . WA R TR A, RAEAR
WS UNE K dh B DI G, A B e A
R B SR RAEAF S /e 70, e
2 R IR AR AR P2, AR e
A I A S A 3 R S IR 95 A B O R O
HEENMMEEPERE T, BATERmFHTE
BAEEE 4 a ikB &, Hl T SR A &
PR A AR BB T A R B YRR RUIK T AR
Braf RIESE, B TR S LA 2
w2 IEASRE AR OG, B4 STV M RA
5P TRIR . SRS TR S IR A A A
MRS, X R WIENRIE I e VIR R
WA B A B, REEAE R AL
SE AR 2 RN, (HAEEAR AR IR B4 &
EYEATIHE LR

ZR b, B AT 5 2 25 AR I ™ E R
MR TE S AT &R, ESMEHT 4 a
SV IR AR 59 T4 2~3 a, RUIES: 3 a ATRE
R PR A AR M R R R IR . R
LRI MRS, B HIEEALERSL, R EHE
WRPR 7> e IR AN E LRI R, 4262 TR
D] A i S 2 T (1 A 5 B V-4 328 A B A (147 ZE L
B, HETBE A BRI A A R I

BE T

[1] DIAZ-GUTIERREZ C, HURTADO A, ORTIZ A, et al. Increase in
steviol glycosides production from Stevia rebaudiana Bertoni under
organo-mineral fertilization [J]. Ind Crops Prod, 2020, 147: 112220.
doi: 10.1016/j.indcrop.2020.112220.

[2] GASMALLAM A A, YANG R J, HUA X. Stevia rebaudiana Bertoni:
An alternative sugar replacer and its application in food industry [J].
Food Eng Rev, 2014, 6(4): 150-162. doi: 10.1007/s12393-014-9080-0.

[3] XU X J, LUO Q Y, ZHOU B Y. Preliminary report on the control of
stevia leaf by bio-organic fertilizer [J]. Agric Technol, 2020, 40(4): 8—
10. [RHH, Rz, AR, EYAa UL ET 44 i35 5 i 7
YR [9). R S5HEA, 2020, 40(4): 8-10. doi: 10.19754/j.nyyjs.2020
022 9003.]

[4] YUPIJ, FAN G H, HAN K X, et al. Soil quality assessment based on

soil microbial biomass carbon and soil enzyme activities [J]. Res Agric

Modern, 2018, 39(1): 163-169. [EANK, YEmtE, #nlK, & T
SRR A W A A B BRI R P A A ) R 0 R AN AR ().
LB FE, 2018, 39(1): 163-169. doi: 10.13872/7.1000-0275.
2017.0101.]

[5] WANG TF, ZHAO M Z, GUAN L, et al. Analysis of nutrient contents
and microbial flora in the continuous cropping soil of strawberry in
different regions of Jiangsu Province [J]. J Fruit Sci, 2019, 36(1): 86—
93. [Eikl, BER, KI&, 5. VLIRA AR X E R EF L7
T3 BAERIX R M ], RBFIR, 2019, 36(1): 86-93. doi: 10.
13925/j.cnki.gsxb.20180273.]

[6] HUANG Y Q, HAN L S, HAN M, et al. Influence of continuous
cropping years on soil enzyme activities of peanuts [J]. Chin J Oil Crop
Sci, 2012, 34(1): 96-100. [# ki, B L E, whMfy, S WAELE/EX
TR R [J]. B EHEHEY B4R, 2012, 34(1): 96-100.]

[7] XU SR, ZHANG E H, MA R L, et al. Effects of planting years on the
root system and soil environment of Lycium barbarum L. [J]. Acta
Agron Sin, 2018, 44(11): 1725-1732. [F4E%, KEM, TEW, 2.
AN R AR R MR AR R S L3RRS S [0]. (EZAAR, 2018,
44(11): 1725-1732. doi: 10.3724/SP.J.1006.2018.01725.]

[8] ZHOU H X, LAN Z Q, HAN Z Y, et al. Effects of the soil and substrate
quality of facility vegetables in different planting years [J]. J Henan
Agric Univ, 2018, 52(5): 703-709. [JE¥#FEE, 284k, ks, % -
[ e REL 47 B X Y i 9 - 8 2 2 U B (KSR (0], 9 R ARl K 2
4R, 2018, 52(5): 703-709. doi: 10.16445/j.cnki.1000-2340.2018.05.
008.]

[91 GUO L P, HUANG L Q, JIANG Y X, et al. Soil deterioration during
cultivation of medicinal plants and ways to prevent it [J]. China J Chin
Mat Med, 2006, 31(9): 714-717. [0, HBEE, HH%, % 4
FRED AR Pl o ) SRR B AL T B kg (7], b 2z,
2006, 31(9): 714-717. doi: 10.3321/j.issn:1001-5302.2006.09.002.]

[10] QI X X, WEI X, JIANG Y S, et al. Relation to the content of
Artemisinin and the contents of the nutrient elements in soil and plant
[7]. Guihaia, 2009, 29(5): 627-630. [#/NF, FH, #izk, & #F
EER GRS L MmO S ERRMBII (1] JT0EY, 2009,
29(5): 627-630. doi: 10.3969/j. issn.1000-3142.2009.05.013.]

[11] WU H M, LIN W X. A commentary and development perspective on
the consecutive monoculture problems of medicinal plants [J]. Chin J
Eco-Agric, 2020, 28(6): 775-793. [ £L4%, MROCKE. 25 FRY)ELE R
SR FAFR AR B [7]. P EAES LR, 2020, 28(6): 775
793. doi: 10.13930/j.cnki.cjea.190760.]

[12] BAO S D. Soil and Agricultural Chemistry Analysis [M]. 3rd ed.
Beijing: China Agriculture Press, 2000: 25-114. [#fi- H.. T3R5
Br M), 553 AR bRt s ERROL AR A, 2000: 25-114.]



#am oBTIRSG: &

AR TR RO i Pk 4 7 R D i A 5 555

[13] GUAN S Y. Soil Enzymes and Methods [M]. Beijing: Agricultural
Press, 1986: 274-344. [CHARA. L3ERE R HMITCE: M), Jbat: &
Mk H R AL, 1986: 274-344.]

[14] LIU J, LI J W, TANG J. Ultrasonically assisted extraction of total
carbohydrates from Stevia rebaudiana Bertoni and identification of
extracts [J]. Food Bioprod Process, 2010, 88(2/3): 215-221. doi: 10.
1016/j.fbp.2009.12.005.

[I5]LUO Q Y, LIN Y Y, XIE Y S, et al. Distribution and accumulation of
RA and STV in stevia cultivars seedling [J]. Sugar Crops China,

e, WIRREE, 5. FHHAURIMK IR A RA

J STV SRR RENAS [J]. H EFEEL 2014(1): 13-18. doi: 10.13570/

2014(1): 13-18. [P Rz, R

j-cnki.scc.2014.01.010.]

[16] CHEN X T, WANG Y H, LIN L W, et al. Effects of continuous
cropping passion fruit on soil physicochemical property, microbial
characteristics and isolation, identification of pathogenic fungi [J].
Chin J Trop Crops, 2021, 42(2): 495-502. [Frlbels, E#E4E, ML,

A A SR 5 T P R A A A R R R SR B
MABEH5%E [1]. PO EYZER, 2021, 42(2): 495-502. doi: 10.
3969/j.issn.1000-2561.2021.02.027.]

[17] SHENG Y F, WANG H Y, QIAO H Y, et al. Effects of different soil
textures on the degree of replanted disease of Malus hupehensis Rehd.
[7]. Sci Agric Sin, 2019, 52(4): 715-724. [#&H M, EiFHe, Frskc,
S, ANIE) ST 0 ST B R 4 v AR B AS AL RS2 (J). hE
Lk FLE, 2019, 52(4): 715-724. doi: 10.3864/1.issn.0578-1752.2019.
04.012.]

[18] CAI Q Y, YANG X B, MENG X, et al. Effects of continuous cropping
years on properties of flue-cured tobacco soil [J]. Acta Agric Jiangxi,
2020, 32(10): 93-98. [#&AKaE, PR, dtf, % AFEEFERT
T - R B s e (3], YL AR 44K, 2020, 32(10): 93-98. doi:
10.19386/j.cnki.jxnyxb.2020.10.18.]

[19] GU J X, L1'Y, SUN H G, et al. Effects of continuous cropping on soil
nutrients, enzyme activities and microbial community diversity of
Glehnia littoralis [J]. T Chin Med Mat, 2021(10): 2270-2275. [ ZE 85,
AR, e, . EEXACD S LR BRE T R
ZREMERIET (7], HZEH, 2021(10): 2270-2275. doi: 10.13863/j.issn
1001-4454.2021.10.002.]

[20] DU X R, LI Y G, DENG X P, et al. Effects of continuous cropping on
chemical properties, enzyme activities and bacterial communities in
different types of tobacco-planted soil [J]. Chin Tob Sci, 2021, 42(5):
30-35. [ALAYE, FRIS[E, XM, S BEAEXAE AN L gL
UK BREVE AR R (1] P EE R, 2021, 42(5):
30-35. doi: 10.13496/j.issn.1007-5119.2021.05.005.]

[21]LU W G, YU T Y, ZHU H T, et al. Effects of cucumber continuous

cropping on the soil physi-chemical characters and biological activities
[7]. Chin J Eco-Agric, 2006, 14(2): 119-121. [ & %, K&, i
Ve, 55 BUGEMEX TR Btk R AE Vs TS T 7T (1], o
[ 4 A0k 2E3], 2006, 14(2): 119-121.]

[22] LI Y H, DENG P Y, LEI Z H, et al. Effects of growing Rehmannia
glutinosa on activities of urease, polyphenol oxidase and alkaline
phosphatase [J]. SW China J Agric Sci, 2018, 31(5): 1041-1044. [Z &
He, EEN, A, S5 RO IR IREE . 2 ISR B
PEBERR G L (1],
doi: 10.16213/j.cnki.scjas.2018.5.026.]

TUE A 2E3R, 2018, 31(5): 1041-1044.

[23] WANG L K, LUO F L, WANG H L, et al. Analysis of soil enzyme
activity, microorganism and allelochemicals under different continuous
cropping years of Pinellia ternate [J]. J Chin Med Mat, 2021, 44(4):
798-801. [EALFY, ¥Rk, EfdE, 55 FEOANFELEE R T
e BCEY RACEMIR K 0T [9]. FPZ5H, 2021, 44(4): 798-801.
doi: 10.13863/j.isn1001-4454.2021.04.005.]

[24] LIU Y L, CAI L Q, ZHAO R, et al. Response of soil nutrient and
enzyme activity to continuous cropping years of Turpan Hami melon
[J]. Soils Fertil Sci China, 2021(1): 273-281. [XIRFk, BB, #4F,

5 T R LR TR MR PEXT AR SRR AL [(J]. b
3 50k 2021(1): 273-281. doi: 10.11838/sfsc.1673-6257.19547.]

[25] LUO H, FENG C C, ZHAO J Y, et al. Kinetic and thermodynamic
properties of polyphenol oxidase in petroleum contaminated soil [J].
Res Environ Sci, 2020, 33(11): 2621-2628. [ &, BfEFE, BEilG,
S5 TS R IR WY R ACREI ) 0 2 R ERE ()], PR
WAL, 2020, 33(11): 2621-2628. doi: 10.13198/j.issn.1001-6929.2020.
07.23.]

[26] YANG M, TAN L, YE S M, et al. Effects of continuous Eucalyptus
plantation on activity of polyphenol oxidase and phenol contents in soil
[7]. J Soil Water Conserv, 2012, 26(2): 165-169. [¥#, &35, H-23H1,
S5, MR AR X 3 2 W AL B 1 R RS BRI ().
K EAFEE2AIR, 2012, 26(2): 165-169. doi: 10.13870/.cnki.stbexb.
2012.02.040.]

[27] WANG Y, SHEN Q R, SHI R H, et al. Soil microbial biomass and its
ecological effects [J]. J Nanjing Agric Univ, 1996, 19(4): 45-51. [,
PLFCER, SLEm, 45 TSR AN (1], R s R R
224k, 1996, 19(4): 45-51. doi: 10.7685/1.issn.1000-2030.1996.04.010.]

[28] ZANG Y F, HAO M D, ZHANG L Q, et al. Effects of wheat
cultivation and fertilization on soil microbial biomass carbon, soil
microbial biomass nitrogen and soil basal respiration in 26 years [J].

TKATER,

8526 I AL RS A MR B L SRR LI R M (1], A=

AR, 2015, 35(5): 1445-1451. doi: 10.5846/stxb201305070967.]

Acta Ecol Sin, 2015, 35(5): 1445-1451. [Jali% %, #HIE,



556 T AR A A H31 %

[29] ZHAO X S, YANG C X, FENG L S, et al. Effects of the combination (12): 1030-1046. [ErfE, J7fx, B, & WP R4 &
of bentonite and fertilizer on soil biochemical characteristics and Hig (7. hEFREE AarklE, 2013, 43(12): 1030-1046. doi: 10.
microbial quantity [J]. Soils Fertil Sci China, 2020(5): 183-188. [£4% 1360/052013-307.]

W, MR, SR, S R S R 9 A R R [32] HUANG L Q, GUO L P. Secondary metabolites accumulating and

AR [J]. R E S ARk, 2020(5): 183-188. doi: 10. geoherbs formation under enviromental stress [J]. China J Chin Mat
11838/sfsc.1673-6257.19438.] Med, 2007, 32(4): 277-280. [BHEIEET, FE 23, PG T A
[30] ZHANG J C, SUN C, LI C Z, et al. Study on soil organic matter, PRI AR R R TE M TR R [0]. R E R A, 2007, 32(4):
enzyme activity and the effective components of Bletilla striata under 277-280. doi: 10.3321/.issn:1001-5302.2007.04.001.]
different planting years [J]. J Chin Med Mat, 2020, 43(1): 1-4. [(KFH&, [33] LT J, HUANG J, LI P, et al. Effects of continuous cropping on the
N, AN, G ARSI AL LREVR. BRSES A& contents of steroids and triterpenoids in Achyranthes bidentate [J].
BRSBTS (7). 256, 2020, 43(1): 1-4. doi: 10.13863/j.issn Lishizhen Med Mat Med Res, 2010, 21(10): 2433-2434. [Z548, #81,
1001-4454.2020.01.001.] AR, A AR A b S T R = s R A R R )],
[31] WANG L J, FANG X, YANG C Q, et al. Biosynthesis and regulation of [E B 24, 2010, 21(10): 2433-2434. doi: 10.3969/j.issn.1008-0805.

secondary terpenoid metabolism in plants [J]. Sci Sin Vitae, 2013, 43 2010.10.006.]



