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BB, 7 OF, FHEXR, BRiE, K K, TR, B #, /KT
(HTVI R R 2 R85 50022 B, WiV B 311300)

WE: (B8] EHEALRLEFERERGEFHK, mARRMY T EERERRDBEELF, HFHIZRAA
Poaceae ALk A ENFEFF AT RLARIE . Aok, MDA BL, S RRMS () EA4F3 56 TH LIEBERGE
WHAE, BERATRRMAYEERFGNG . [ F& ] 55 L3 5 H Fabaceae, # 7 # Cucurbitaceae. # #F
Solanaceae HHH& 2 F AR 5 A R AF YR EF G ZHAIE, 2ANRES 1 2FE 3 FHYKKEHRE LE, &
MM pH, AR B, . R, BARMAEERE, [SR] RAMN I FEFE I pH ETHRAR, 51585
3 & £ K Zea mays pH 4% &, W\ Citrullus lanatus Ak, TEHER . RS HA R, KFEHMY LIRS
3EMAR. HRESMHES00mg kg AL, F 1 Ty LREHERLH ZAEFAE, § 3 FEAAES L
¥ o-H) HHEH B (AG) & T RAMAY, @44 HEKMEEE (CB) EFAAR ., REAHYZ I, L ERA ) 2 AHHZ L
BT NIAAEF R —5%, WERAANAERL. £ 1 E/%F 35, 54 Panicinae #4h (£ KA 5 £ Sorghum bicolor) X3k
BB ER B (PHOS) &3 &, 5§ 3 ERAMMY LI B-KBHH (XYL) FHEES T (P<0.05) dERAF Y, W-F
# R A} Pooideae M4 (=A&424%3E Brachypodium distachyon. /)~ % Triticum aestivum. 2.7% 3 Lolium perenne) 1.3 X &
% TR RAY, LEMBERESH S A, L ¥ CB, PHOS #v it ZB 2K E (LAP) F 47 A -F# R A, 3
FHRHRAEHEREKR; RABEAAHGREHFFTAR MY L3 PHOS F 53 2 Fhf LA eta A% .
[ 4# ] RAF S LK PHOS v XYL Ehdk &, HABEWIFEA RILE A Loy RAZAME, B S K2435
TR AR, AAF,; LigmsEN

RESES: S157 XEkFRERE: A XEHRS: 2095-0756(2023)03-0520-11

Differential response of soil enzyme activity to continuous
cropping of different plants

YAN Guzhe, FANG Wei, LU Luotian, JIANG Yijie, ZHANG Xiao,
MA Xiaomin, QIU Wei, XU Qiufang

(College of Environment and Resources, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] Continuous cropping obstacles have caused huge economic losses to agricultural
production. There are differences in the ability of plants to tolerate continuous cropping obstacles. Few studies
have been reported on continuous cropping obstacles of Poaceae plants. This study tries to explore the
mechanisms of different plants’ resistance to continuous cropping by investigating 7 soil enzymes in different
plants (families) after 3 seasons of continuous cropping. [Method] Two species of plants from each family of
Fabaceae, Cucurbaceae, Solanaceae and 5 species of Poaceae family were selected for simulated continuous pot

experiment. Soil in the root zone of the plants in the 1st and 3rd seasons was collected after harvest to analyze
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the soil pH, available nitrogen (AN) and phosphorus (AP) and the activities of enzymes related to carbon,
nitrogen and AP cycling. [Result] The soil pH showed a decreasing trend after continuous cropping of different
plants for 3 seasons, among which the soil pH of Zea mays in the 1st and 3rd seasons was always the highest,
while that of Citrullus lanatus was the lowest. The contents of soil AN and AP increased significantly, and AN
and AP contents in the soil of most plants in the 3rd season were above 500 mg kg '. There was no difference in
soil enzyme activities among the treatments in the Ist season, while in the 3rd season, soil a-glucosidase (AG)
of plants of other families was higher than that of Poaceae plants, and cellobiohydrolase (CB) was the opposite.
The changes of soil enzymes in different families and even in the 2 plants of the same family were not
consistent. A clear rule was that in 1st and 3rd seasons the acid phosphatas (PHOS) activity in the soil of
Panicinae subfamily plants was the highest, and the activity of B-1,4-xylosidase (XYL) in Poaceae family was
significantly higher (P<<0.05) than other families in the third season. The soil of Pooideae was generally higher
than that of Panicinae. Soil enzyme showed a dynamic increasing trend in general. The activities of CB, PHOS
and leucine aminopeptidase (LAP) enzymes increased most in Pooideae, Cucurbaceae and Panicinae,
respectively. Soil PHOS enzyme activities of Panicinae and Pooideae, which belonged to the same family of
Poaceae, exhibited the opposite trend of decreasing and increasing. [Conclusion] The soil PHOS and XYL
activities of Poaceae plants are higher, and other enzyme activities do not show obvious changes in the same
family. [Ch, 5 fig. 2 tab. 35 ref.]

Key words: continuous cropping obstacle; Poaceae; soil enzyme activity

[F]— e A M % ZE R AR R —AE D B0 ZAEY), BIIZE IR B A AR BOIR O T, 4 Hh AR R 34t
55, O HRECE . EYT R, SN RSN IE NEERR, REEYEAAEX ML, H
H, A e R e b TR L 10%, MRVEYIIR d7 209%0~80%, UHE A E L4 &
VEBEAF AR B A AL TT @ T, [AIE BAR T RAEY) 092 2V fEMSeE . Ve, EESEm
A 22 RE VR T VR R R VR BRSO R e, (RO I N ek, HARME DAFTETE 2 A, e
N HANERAR . R E A R SR . SRR, Rl IX AR A 1~2 B Y T AR A Y F B
B, B, BT AR MR RS I BOR 55k, MERL AT I A e AR R [ e DL “AE
HAEREAT” S OCHER], Giit 1989—2018 AFRYL R K] . EIUEE (AR 5 Hh IR IR AE A 1) (] PN 98 9K 1
iy HEA BT AL B 43 e B8 5 Glycine max (35.3094) . hA2E Solanum tuberosum(28.986 6), UiHHIX 2 Ff
T A B it 0] U™ 5 R AR ) AR S R B i 2D, BaRH SEBRAE 7= Hh R A B} Poaceae HH 4
R B EAE RS . RAFHEY I W W 1E & MR % 0 AR SR AEXT R, XA AS Lycium
chinense SR FEAWENFSE LB : T HERRARPERT . IREREIE PR . MoAC AR R A i DL ROR B A W) A A
b ¥ 3¢ By (6] 4 =y T M0 A Bk i AR D) AR X A AT A A 4R AR R O O i 2 N0 W RR Linum
usitatissimum 5 /N2 Triticum aestivum ¥EAE T U055 1 8K $2 O SA KA 705 & A A KB A #3EH, F
THARRIAER Y AT UL, R RIAR P 32 3% AR Bt A e A TR

T EBHE R EB W B A R BT Y, IR R R A i IR ) M B e AR 2 1 AR
AR, REARW T EAR PR -5, X R Y sl A g, DTS ) - S
PR, IR TARBRIRAEE A B T, R R A AR A AR A R DL R SR A R AL R Bl
HEAERT R A RE, AR R A PRGN, oY i hae TR, 51k BEEEMN, EWMIER 4K
Wz B BARXTIEVERERS X — Ak AL P2 RME B E T 8 T R, (HEE i 2 RHEY)
AR R A 2= IS R WARGE . I, A0ESTE T R 2 R A R D - SRR Y 25
SARME, R Y L R R VRS W B T, YRR RS Y & A LIS B R
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1.1 Y

VAT AR 272 52 2] FE b A AR AR IR E B 3600 101 PRRRILIR G385 WAERAIR 1, L4500
BN BIHE R, BA REF RO RIEROCR . BRAR R AR M BT . pH 5.21, HALHT Ol 193.33
mg-kg !, BMEA N 51.17 mg-kg', AWM 6.00 mg-kg!, AN 133 g kg, &N 2850gke'. B
B SE AR T . AL A EOR T 45%, pH 5.50~7.00, /8RBT, IRA 5L pH
542, HY1UFE: S Bl Fabaceae fE 4= Arachis hypogaea. i Glycine max, 7%l Cucurbitaceae P4 JI
Citrullus lanatus . B )\ Cucurbita moschata, JiiF} Solanaceae Z fili Solanum lycopersicum . 54555 Solanum
tuberosum, RZASF} Poaceae 1. 2K Bl Pooideae — %5 4 ¥ Brachypodium distachyon (Bd-21, #AH
V). M E Lolium perenne, /W% Triticum aestivum, 7V F} Pamicinae £ K Zea mays. 155 Sorghum
bicolor, HEFEIUWE, F/NYLRYFF, P M IERb T4 2t A0 S KR TH B A 2
1.2 it

AT —VEY R IEE R AR, A 20 6 2 (MIER), EEAE 3 &, HIEAFMYINY
AYaSE B0 EN, A Y TUR. MR, FA. BEE. TR, BER NE E
Ko ERGHIFEE S, 5. 5. 5. 7. 2, 10, 40, 10, 5. SHk-AE, FRERMAE KIS, KRBE
1.3 #HIXE

TWOILAM AR N CAFE AT, AR &y 25 ¢ Bl 16 h, 18 C. JRIE 8h &
WAGFR, AR HEZEIN IR 2 30 °Co TR BEADRIRTE 75% MO H AR &, HAIORR 35 48 BRAS 4% —
MEORBEAT, A2 TEESE . Piwl, (R MMEtkEF A KK E .

FRFELEH R FRAE RS R AN SR 1 FR , BEAEAR Y AR B a) b Tz pa ) 8 3 AR KR, AR AR AR K
5 0T 3 Y PR ORI ], RS R 38~55d, MR 3 FE, ME TR HHEEACH B EE . A
B8 o i o BRI SE PR AR 0, FESR 1 ZRI e PR MR — 8k [(NH,),HPO ] 1/ RyiB IE [ Z W3 b1 & [ (N:P,Os:
K,0) 47 18:46:0]c AERL#% ML e b 1:50 #EAT L

B, RRAARUDE S0 mL, HLLA R A K 1 EDAERERN AR
ﬁﬁﬁﬁiﬁ %%I‘E{EHE *4‘ , ﬁé%ﬁﬁ 3 Yk i Jij%él{{(“ Table 1 Schedule for transplanting and harvesting

P . - R SRFEAW] B
B 4DEE, SHERAES | TR 3 T LR AR ALY

(F-H-H) (F-A-H)
i, SIS A B e BRI AR R A —
ARFTEREAG, AT RN, AR R X
SR 5 SR ER o 33, AT DAk v T 34 S AR
XA BB 5 B 2P R A S 15 E)
RARER, KR,
1.4 TIEEEENNE

2021-02-07 e, EAK

W1ZE 2020-12-02 2021-02-20 HEAE. INE
2021-03-01 AR, MR
2021-03-08 FAli. PEK., R

W IRk . A BRI 3 2K R . Dk 2021-0429 HE, TR
TEEA LSRG, (45 o- R AT (AG). B-FI 2 BT 2021-05-02 AE2E . Sk
fift (BG). Z1-4k MK fiEE (CB). B-AMIHEEF (XYL); H2%F 2021-03-18 2021-05-07 PR, FEJK. il
QARG L HEwE, WS AR E KM (LAP), N- 2021-05-14  HHEHE ., CHRS
LTE-B-A LM AP (NAG); O BRIGPH L ehs, 2021-05-17  FRAHL, /MK
Oy TR W TR Tl (PHOS). i 115 14 00 52 2R H SATYA- -
CORK F51 {5 S i AL A I L A, AR 5E T 20010700 BT . B . T4

Yoo FRUL2 g RHE, MARSRRZESHIRETER, ST 20200531 .

200 pL 2 - W 5 96 L AR J5 S RO A R R IR A 2021-07-23 T NE . U
25 °C W FRA R R 3 b, S 2 D) R A X
(SynergyTM H1, Biotek) 7£ 365 1 450 nm {7 K I % W6 B -3 144 4 et s
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2 HREMMN

21 AEEYWLEpH RAERR.BER

Hm TS R L R BEIREAH OGRS Gk RO pH . BRI AR ALESE 3 AR (R 2). SA
JEL 3 pH 5.42 #H L, BREK LIS, ALY | 2205, 13 pH 0 TR, Hoh ZRHEY) T FEiR
FEf/N, PR 55 3 AR 1 =R, Frfl B3 pH 976 4.5 LIF, RO R E4F5 L
SRR ik SR A BRI A, B 1 b SR U RO TR AR . KR, A RO o U R
JE i ANAEERAR . 5 3 R A RO R B SR 1 RN, el e e U A A D

®2 FB1FNE 3 TEYBEREAEEDRE LELFERLER

Table 2 Comparison of soil chemical properties in root zone of different plants after harvest in the first and third seasons

pH W% A/ (mg- kg ™) AR/ (mg-kg™")
ERY LS
1% 3% 1% H3% kS 3%
1k 5.03£0.05bc  4.20£0.08 abc  561.65+60.70 cde  705.83+58.59 a 149.89+17.64 ¢ 651.52+21.10 a
W 523+0.17ab  4.10+0.08 abc  567.42£34.93bcd  577.84%30.07 ab 161.44+£30.06 de  355.58+63.73 ef
)N 423£025¢  3.97+0.05 be 492.05+46.00 ¢ 672.01£96.79 ab 161.36£30.12de  393.66+34.33 def
FR 490022 cd  4.13+0.21 abc  664.13£22.70 ab  553.72+108.19 ab 323.48+17.76 a 577.35+93.74 ab
i 493+0.09bc  4.13+0.12abc  647.74+56.66 abc  520.56+131.32abc  292.47+18.44ab  478.03+0.02 bede
L 477£0.05¢cd  3.97+0.05 be 530.86+10.41 de  360.96+12.77 ¢ 267.34+49.73 abc  304.40+£51.93 f
B AR 457+0.17d  3.93+0.12¢ 540.13£39.37de  356.81+20.47 ¢ 245.17£16.65bc  425.49+40.00 cdef
BE 473£0.12cd  4.23£0.12 ab 593.97429.02bed  667.47+82.33 ab 218.97+46.98 cd  546.70£60.91 abc
INEE 4.83£0.05cd  4.23+0.12 ab 567.93+26.81 bed  687.14+71.14 ab 114.48+11.85 ¢ 524.25+41.53 abe
E N 543+0.17a  4.27+021a 699.27+75.11 a 546.80+114.25 ab 288.63+4534ab  599.87+42.06 ab
5 5 477£0.09cd  4.13+0.05abc  397.89+24.82 f 509.08+23.38 be 124.26+3.98 ¢ 485.14+24.71 bed

BT ARG FRERR N R ) 22 53 .35 (P<<0.05)

22 AEEYTERREETEER

221 H1ERBMHMHIER. R, HAEFMMESR TR LZF B 1 2 HIERIGHRAHEEN AG 1 BG 161
AR (B 1 AR B), AG IEMHR AR, . BEARMEK, M/NEMEREA; BG IHEE
oRE G SREMEK, BEmdloeA . R, BERMNGEGR, RS RRER, B2k
K (P<0.05). CB M SMAML T AG il BG, KM Z B EIKTES AG A —2; XYL &t
E R DS, RUERER (K 1CH D), 5 LA, il 1 25, KNEEYZIE 4 Fp G5
it 35 P e R B 2 o S, RIS, JURORAAE Y B sh 3R, Rl FOKRAE T A A4 b i HE Ty
Ab T H i (AG Ml CB) Ui AIK (BG) I . 5 T AEFAHCH LAP Il NAG {H P H & Z [\ 9748 5 1L
WRAE A B IGTE/), (HRE RT3 LAP iP5, HADAEY) Z MR 3% 22 7 (Bl 1E); NAG Gk E iy
R, KR DA MG E (8 1F), PHOS Ji e A R Y 22 18] 14 22 52 T A B R a5 /Ny,
KIS, RARHEY) & TAERABHEY), Hrim ik 2 m R (B 16).

SATEE 1 B ATA A Y R TS MR 2 A B A e Mg IR R B . B A G RAETE T AG 5 PHOS

(R=0.647). BG 5 XYL (R=—0.605) [ LAP (R=0.653). CB 5 XYL (R=—0.704), i}iHH A )44 % + S ity
EPE R A . EL R AR, W TUOC G 4l) £ T R IEMSE (1 4).
222 H3FREMYEEHR. R, BRI LEEEREEZF B3 FHY IEREE, B XYL AN, £
SR M ) R 2 B AR el i N (8] 2), H AR AR RARMEY AG & TARAEHEY) . I
CB WA ; AFMEY ZH) 15 BG iGitE 22 R AR E; RARMEY) XYL v SIS TAERARHEY) . 25
TR, FRAE 3 ZRAEY IS, AR R S TR RRAE P AE GBS R SRR R, i ORI BRI, AR
P 14 2 Fh NGB IG M — B0 22 AU . H IR R A G AY PHOS 6 P 2 [RIRH A9 AS ) A s B
— R SR, RN . SR RN Z R 22 R AU
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Figure 1 ~ Soil rhizosphere enzyme activities of different plants after the first season
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Figure 2 Soil rhizosphere enzyme activities of different plants after the third season
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