%37#3@%4,@3 FEREMBEXRLHFR Vol.37 No.4
2019 4 7 Agricultural Research in the Arid Areas Jul. 2019

iﬁzﬁq 10007601 (2019) 04-0184-09 doi ;10.7606/.issn.1000-7601.2019.04.25
BTSSR REAREFEFRLE
BB AL 1 B B W A A I
WA, AHFL, LR E R K R

(LA BR 2 Be D42 BT, Hol 290 7300705 2. H R & 4Ol BB, Hlt 224 730070)

 EUELRREEERIRFLREEEFER B IAR G, KA B KA E T 7 7%, 2R (CK,) .
INE/BE/ BRFRE(CK,) HEE2a EFdafiiftfFoa SR EMRFRNLIERE 0% SANK BT
MEMENBERTUNEHTRE, FRFXN. (D) ARAAELEFZELZREE , EF6a LEEAERN;(2)HE
FETUER LI EF AR RKY L, AL E > mm AW I ELERS ;) ZLELK AL ERKL
EANHAR, EE6a LEEAHE S ERELHRK1427%; () BLEFTETA T NN L EEE SALEAET
AR B lLk KEEM BALNEE 3HBEESRSLEENBEFHENEEFEAX, 5LBEAEENESE
AKX () BHAEEIEF RS T, EEFARE TS — S B, LR LA E R ELEO~10em L 2B #
BT 10~20cm + B A ZEK AR ERRIERADRE BHELEHWMEHEFRUBLE,

KW DAE SR, IEEMER, PIEMEN, ELE R

FES S S532  XEFREE:A

Soil physical and chemical properties and microbial characteristics of
potato in different continuous cropping years on the Loess Plateau

SUN Xiao-hua', HU Xin-yuan®, LU Li-yin', XIE Kui-zhong', ZHANG Wu'
(1. Potato Research Institute of Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China;
2. Gansu Academy of Agricultural Sciences, Lanzhou, Gansu 730070, China)

Abstract; In this paper,the soil of different continuous potato cropping years in the dry farming area of the Lo-
ess Plateau was studied by using space replacing time series method with the treatments including CK,, wheat/
bean/horse rotation ( CK,) , continuous cropping for 2 years, continuous cropping for 4 years, and continuous crop-
ping for 6 years. Soil bulk density and structure of different continuous cropping years were carried out by field sam-
pling and laboratory analysis. The fractal dimension, total organic carbon, enzyme activity, and microbial number
were studied. The results were as follows: (1) There were significant differences in soil bulk density among differ-
ent treatments, and the soil bulk density of 6 years continuous cropping was the least. (2) Continuous cropping
could change the proportion of aggregates different grain sizes in soil ,and the content of soil grains > 4 mm was the
highest in each treatment. (3) The long-term continuous potato cropping significantly reduced the soil organic car-
bon content and the soil total organic carbon. The 6—yrs cropping reduced total soil organic carbon by 14.27%.
(4) The changes of soil invertase and catalase in the main growth period of potato showed “S” curve variation and
the urease showed a “M”type trend. The activities of the 3 enzymes were significantly positively correlated with soil
fertility factors, and negatively with the soil bulk density. (5) The bacteria in the soil were the dominant microor-
ganism. Fungi and actinomycetes also accounted for a certain proportion; the number of bacteria, fungi, and actino-

mycetes in the 0~ 10 cm soil layer was significantly higher than that of 10~20 cm soil layer, and the long-term con-
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tinuous cropping of potato significantly decreased the soil microbial population, and changed the community structure.

Keywords: potato; continuous cropping years; physicochemical properties; soil microorganisms; Loess Plateau
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TG A AR H 48 A P T % X T A A
K AT N35°26.714" | E104°50.886, #54k 1 991 m,
IS H A - HH I Hb, R R R R X, P 3R
2000 m, H BRI %L 2 476.6 h, 4E SR 6.4C, =
10°C R 2 239.1°C, JToH 1 140 d, 24 FHEK
1 390.9 mm, 4EZE K 1 531 mm, T4 2.53, it
R e R TR SRR, JE — 44—, +
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Table 1  Soil basic nutrients for different continuous cropping years

oy B (mg - kg™ ARPE/ (mg - kg™!) HAEN/ (mg - keT') o -
by H kg % g B (g kg
IEEE pH it ﬁm@i‘/(g k™) Alkali hydrolysable Avail Avail %ﬂ/(g. ke )
Treatment pH value Organic matter . . Total nitrogen
nitrogen phosphorus potassium
ST
Abandoned ( CK, ) 8.53 17.1 52.8 11.3 584 0.93
i
Rotation( CK, ) 8.49 12.4 33.0 20.4 348 1.00
- ﬁ{’FZ N 8.44 14.7 26.4 13.6 343 0.91
Continuous cropping for 2 years
. A 4 * 8.28 15.3 40.4 11.3 308 0.86
Continuous cropping for 4 years
HEAE6 a 8.45 17.4 58.6 11.8 309 0.95

Continuous cropping for 6 years

7 pH EARYEK © +=2.515%],

Note: the pH value in the table was measured with water : soil ratio of 2.5.

1.2 Rgigit

IREH 2009 4EFPAE /NAZ , 2010 4FFF 4R #4758
H7i55, 2018 A A A e sE 9 4F, i 5 M4k
FEOALFE 1,32 5% (CK, ), 2005 4EBi &, 2006 4L 1%
i A BE 2. 504 (CK,) , /N2 /B 0/ Th S AR A b
PR3 AR 2 a TR (2015-2017 4FJELERN 3 a Thi%
) PR 4 MR 4 2 DR E(2013-2017 AR ESLFp
5a B A5 EE 6 a B (2011-2017 4F

BELEAN T o BEYE) . AN 3 RS, /N X
F123.814 m*( 58 4.2 mx £ 5.67 m) , HEEAE/N
XA 7 17, BRI 37 em, 471 60 em, #4E3 A
AN 4 A T AR S %, /NESY hn’ i
Fi i 187.50 kg, ii4l N &% P,0,4% 105.00 kg KFK
B3 J7 kg, DA EAE 4 A T A&, FEFEE N
67 5008k - hm™ i 5 B8 S b | & hm’Jiti P, O,
108.00 kg 4l N 135.00 kg RKN 3 J7 kg, Horf 174



186 TR A X AR

o537 &

)RR 7E BLAE 19 45 & K 38 0, A AE b 3 I i
Ao FEFNFIAE XS SRy HLAK AL — Uk 58 B, T ) A5
EEF N
1.3 B

eSS B F W e a3 e A A
FIHA—F A TN R TE B AR N T
SRR | AR RS R 2 I (1) #6117 0~20,20 ~
40 em 1)z, M A (2) #EHT IS 0~40 cm
FJRIFARA W LA S 45 (3) #8TIT 0~20, 20~
40, 40~60, 60~80, 80~100 ecm 1 )2 +HE, HRK
TG ik 0.15 mm 7, W 4 358 S0 HLEK (TOC) ;
(4) FETT A BRI BRI K | A A3
28 I THAS TEAT [A) 58 30 AP AR AR 2R AL UK | O BF 14 T,
I A Sl 1 PR A R RO M B T BRI
FA] DL AR AR 2R FBRAR
1.4 MEMBSAZX
141 E3EAFEF 43 pH EHAHBM %, 42
N HELR ;2 P A - et bk, & K A
NaOH JF il — JCHA DG BE 5 Bl N I B0 ; 3% P
F Olsen 5 ; 3L K FH 1 mol - L™ NH, Ac 1242k Jé
R
142 X3EREF FHRIIEN
1.43 EgeMmaodg TR PCR HH E R
g T IR ST TR S B TR ok e
BIRRIAE A 0.05~1 mm , By Riki4E 4 0.005 ~0.05
mm , 584 £2 <0.005 mm, B 0~40 em +)Z2R A
¥ it>4 4.2.1.0.5.0.25.0.15.0.125 .0.055 mm #i .
1.4.4 X3 XA EEBEREEME" . RA
“S” YR 7 S B AR HTH 0~ 20,20 ~ 40,40 ~
60.60~80.80~100 cm +JZIRAFE, AN JEHF
B3t 0.15 mm 7, FREGED 0.15 mm FHifLAY KT+
FEO.1~1 g, 110.800 mol - L™ K,Cr,0, bRifE i 5
mL, FfIA 5 mL ¥ H,S0,, ¥ i85F 170C ~
180°C A S TN 5 min, 5 K48 TR WLARI A

250 mL =T, E4E 100 mL, MLALBIE B Hkig
77 39, IARERY 0.2 mol - L™ FeSO, ¥ &, ic F
FeSO, M EMRFL(V) , T3 AT HLR & 5
1.45 XgEEEEH HIEIREECR A L@k, 8k
AR KMnO, € v, (Fe 1Ll ) REMERER T 3,5
- I KSR e i
1.4.6 XEmAHHKE KAV, @
R AR B R AR IR, R A S T GR35
B, MEERHER 1 SR,
1.5 HBIERITS5HF

I3 FH SPSS 16.0 FI Excel 2010 2555 {4 %R 56 45
BARHATGE T Ao R I Tl

2 ZER5HT

2.1 DHRERRZEEERLTEWEMER

21,1 RRAEE HEFHEEEE HIEZSMER
() —AH S % bR, 3 2 0 N [F] b 2R+ 3 0 ~
40cm HEAEPHFTRI (WK 2) .5 FA [F AL
FIEAEAE 1.19~1.35 ¢ - em JEFEM, Hi 0~20
em )2 BIEATE P/NBEIRARKHET IR 6 a<d®
it (CK,) <i#AE 2 a<fBlE(CK,) <i#EAE 4 a; 1 20~40
em T2 R TN PNB|KARIK B i#EAE 6 a<ilE
(CK,) <JEMF 4 a<iifE 2 a<d® T (CK,) . %5 ATk,
0~20 cm +J2i%E/F 4 a HIERERK, N 1.33 g -
em™, 20~40 em +JZ¥ETE (CK, ) kb2 + 75 1 oy
K, K135 g em™ s NI ZIRIENE 6 a AbFE L
EREMR/N AN 1.19~1.22 g - em™, %E1E6 a
R E N, UL R AN 2L, AP R A R
2 PETE(CK,)) #E K, eSS AT, = Ak 2
1 Wi AR R A AR T S8 EERKET .,

E4 S i D N R X < 1w T 1A= N [ e o
I A0+ e s ma K, #8 T Ab 3 1 AR 45
JUEE  BEA EVEAEBR (3G I, AP Bl A B - 1A
M/,

xR2 AELETIERESN
Table 2 Analysis of soil bulk density with different treatments

i &85 AR
JTH Abandonment ( CK, ) Rotation (CK,)

Item

#E2 a #fE4a #E6 a
2 years of continuous 4 years of continuous 6 years of continuous
cropping cropping cropping

0~20 cm 20~40 cm 0~20 em 20~40 em 0~20em 20~40 em 0~20 em 20~40 em

0~20 em  20~40 cm

B E/ (g em™)

1.23ef 1.35 1.29¢ 1.21
Soil bulk density ¢ 4 o &

1.26d 1.28¢ 1.33b 1.24e 1.22fg 1.19h

T AT R R AR LR R P45 ROR1E P<0.05 KK 225 B3,

Note: Different letters in the same row indicate significant difference at P<0.05 level.



55 4 39

PIVINAEAE : B o D % SN [ i AT BR S BRALE Ii  BR A W

187

212 XM AT —Fh AR R R
AN &P R B, B 1 W LU 25 b 3>
4 mm FifR IR Z 5 SR 16.14% ~32.49%,
MANBIRARIKHE R W FEAE (CK,) <A 4 a<iEfE6 a
<HEAE 2 a<¥BFHE(CK,) ;0.15 mm KLAR 0 3 5 7 4%
Fetse/N, N 2.23% ~3.61% , /NI KAR U HE P 1%
Tt (CK, ) <i%E1E 2 a<ifE 6 a<i®fE 4 a<fAE(CK,) .

3 ARG ) T AR ARG TR DA
— G N P GAORE ) % R R 3 AT SR AN
[ R ok tE I, I 2 AT AR A —Fhab B R +
ARG EERMAR, B (CK,) LM >4 mm~
0.055 mm K7 4% () £ 3% 5 15.8% ~ 32.49% % 1E
(CK,) #bF>4 mm~0.055 mm Fife 1)+ 3k 3.61%
~19.88% J#EAE 2 a>4 mm~0.055 mm BiFE g I
2.37% ~31.40% EVE 4 a>4 mm~0.055 mm FiFE ()
485 3.41%~20.99% E/E 6 a>4 mm~0.055 mm
RAT Y 398 53.03% ~21.88%

22 ODHRERREEERLTELFER

2201 REEAME HE LA LR & A
TE BB WA Y AR ROR L, 02 3 A 77 T Fn
e — A E AR, IR 3 R, B R
A 3R LK Y sh B AR b 3 2 B B TR
POPETA I RS AR F B R, 9.53 ¢ -
ke ' H#EAE 6 a RIERA LR SRR, N 8.17 ¢ -
ke ' HEAE 6 a RIELA MK S E TR T
14.27% , 1] WL 3% 1 4 BR X 1 58 B HLAK 1) 52 i AR
K IEFCHEAF T L3 TOC (A HLRR) TR,

S T WFGEAS [ b 3 - 398 Al B ) 1 H LA LR
AR AR, AT 53 76 T 85 46 1 43 51 B 0 ~ 20,20
~40 .40~ 60 .60 ~80 .80 ~ 100 cm - ZIRGHE, 45 H
mE 4 B 5 R, BT RTEEY BRI R JR 35 AR
R 5% B B b MR W 0 i, (A o T b e e P
WSSk, S0 FE I EA PR Bl 5.79
~8.52 g+ kg™';0~20 em 13 TOC B R H B ¥ & T
HEAbs AR A AT 14 TOC LR,

>4 I I ]
g /) ]
X )| |
%; 1 I I ]
FR e e — |
[=9
T 0.25 [T T
w2
¢ 0,15 T
£
E 0.125 I I |
H0.055 T , . , .
0 20 40 60 80 100 120 140
[ 4> % Percentage/%
O 4% 5% Abandoned(CK 1) O % 1 Rotation(CK2)
0% 1£2 a Continuous cropping for 2 years B % {4 a Continuous cropping for 4 years
A% 56 a Continuous cropping for 6 years
1 ARBNETERSESH
Fig.1 Percentage of soil with different particle sizes
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4b ¥ Treatment
00.055mm 00.125mm B0.15mm 00.25mm B 0.5mm B1mm 02mm 4 mm H>4mm

2 FE—AIEARERIE T AT & LB

Fig.2  Proportion of soil with different size in the same treatment
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Total organic carbon content

10.0 1 —eo— 1 55 MLk Total soil organic
Y 9.53 2% PE(+ 4 4 45 HLA%) Liner(total soil organic)
o DT
2
o § 9.0
on % :
=2
S g5
4T o 8.17
g'g | y=—0.3206x+9.6264
=580 R*=0.8262
.mr [}
ez ,2 751
&
7.0 ss A e e e
4 3E(CK1) ¥ AE(CK2) CiEfE2a CEfR4a CiEfE6a
Abandoned Rotation Continuous cropping Continuous cropping Continuous cropping
for 2 years for 4 years for 6 years

Kb FE Treatment

B3 HAARLEHELESBNKRSE

Fig.3 Total soil organic carbon contents before sowing

101 a
z o a
7
6
5
4
3 b
2
0 N\ N 22 A

T4 3E(CK1) e AE(CK2) %12 a (2

Abandoned Rotation Continuous cropping Continuous cropping Continuous cropping

for 2 years for 4 years for 6 years
Ak 3 Treatment
| 0~20cm 920~40 cm 040~60 cm 0 60~80 cm 2 80~100 cm

A AR FEFORLE P<0.05 K 225 B3, T,
Note: Different letters are significant differences at P<0.05 level, the same below.
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Fig.4 Total soil organic carbon content of potato at seedling stage with different treatments

10
a
9 a a
a
5
T8 b
c
257 :
=5 6
=L
& 5
<r1:§4
B g
S
s
- ®
me 2
=
1
0 =

40~60 cm 60~80 cm 80~100 cm

4 JZ Soil layers
® ¥ 5 Abandoned(CK1) % {F Rotation(CK2)
B j% {4 a Continuous cropping for 4 years

Bs5 DRESFPARIERLELEZANKREE

Fig.5 Total soil organic carbon content in different soil layers at seedling stage
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222 AEEEEM

AL, SR E FEEA TN R
“STRIZN A AR B, e R R AR TR R AR R
HFECE 6) o WA BUTEHI ], O 23.24 ~29.50 mg
s ot dT B R IR AR, A 23.48 ~26.45 mg -
g e dT TN PR B S T A LS R S, AT
PEm R R, M DR T R i
T PR B A J5 1) 72 1 B im0, X - AT 7 i v
W HAHE

KT « Eh %8 T A F A N IR Y 3h 52 1k
M ALES UL R (K 7). B0
(e, 1.55~1.91 mg - g7' - d7' ;508 A%
(2L IR, 9 1.31~1.79 mg - g - d™',

A CER . DA R AEF N R A
AN ShA AL 2« S” ALk H e = e AR AR
it (&1 8) o WEAE Y BRAERE |,y 3.87~4.17 mL

st dT HRAR, M3.57~4.22 mL - g7 - d7
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U
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350r
33.0r
31.0f
29.0
27.0
250
23.0
21.0 f
19.0 ¢
17.0 ¢
15.0

Eily 1 3] i A€ 391 EENPN J )

Before sowing Seedling stage Flowering period Bulking period of tuber Mature period
£ & W Growth stages
—e— 14 7% Abandoned(CK1) —s— & F Rotation(CK2)

—— i {F2 a Continuous cropping for 2 years —x— % {f:4 a Continuous cropping for 4 years
—o— %16 a Continuous cropping for 6 years

Eo SRETZAFTHIERLEHNTE

Fig.6  Dynamic changes of soil invertase in potato field at main growth stages
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B7 DHREFTELFHLIEREHNSE
Fig.7 Dynamic changes of soil urease in the main growth period of potato
50r

e R
o © v B o

361
347
32
3.0 — : - : . : — : —
EC I i 3 R A S PN A
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Fig.8 Dynamic changes of soil catalase in potato field at main growth stages
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Table 3 Correlation analysis between soil enzyme activity and major nutrient content

Wi H Item AL Invertase KT Urease HE AL S Catalase BHLT Org. matter A Al Akal. N
HALHE Invertase - 0.87** 0.81** 0.86" 0.88"
IR Urease 0.87** _ 0.91** 0.83** 0.75**
i AL E Catalase 0.81"" 0.91** - 0.72** 0.70"*
T H Item A3 Avail. P HR Avail. K 4% Total N pH 257 Bulk density
AL Invertase 0.87%* 0.87* " 0.62* " 0.76** -0.92"*
WxB Urease 0.92%* 0.83** 0.72%* 0.89** -0.79* *
i E LA Catalase 0.91*" 0.73* " 0.72* " 0.80"~ -0.66" *

e o« APIFRIRTE 5% 1% K F-AH 1 B 2

Note; * ,

it — T R R YRS A R,
ot N )6 AR A PR 1) = Rl 3% M 5 A ) P
11 BB 3BT, LATH BE 7= A 5 i 1) 5 2 7
FH 2 4 W20, /TS 3 LA 1Y RO 25 STk R
89.29% ( >85%) , A Mt +IEIE 1 R G WAL F A5
B X R 4 48 T2 A3 KA A RRAE )
BT, 55— A IR (ALl IR | o A A A )
5 3RS (A HUTT AR A RO | s
SR pH) FEETHH T b 3 S, S AR
RIS, 7 25 TR AR IR F 81.15% , 7E 2 HB A
T £ A, S AR Ty Y e B, WOER
— B R T R I BR A K, R R
HRE A" LR G Aabn, BRI, 55— 43 7T LA
b FIR HEZER IR ST,
223 THBAMKE TEMEYR LTRSS
(G PR 4, F T3P e B i AR Rk, +
A MR (AT AT R A N L = K
FHESH LAY B AP0 A
ARTIFFE N AS ) 326 A A B %) 3850 R AN )20k, B O ~
10.10~20 em, HZE 5 A1, A :0~10 cm + 2%
1 2 a MOANPEECE 1 2 5 THRE GEVE 4 a FIIETE 6
a; LB :0~10 em )2 0E W E 5 TR E1E2 a,
PEAE 4 a FIFEME 6 a3 A :0~10 em L2 TEAL
P B TAAE B 2 a J5E 4 a FIEE 6 a,
A= PR A TR A BG nTs

25 b R A AR R AN B > TR TR >
B, HLANERCR 5 95% L |, (5 da v s, BiRH +

# % mean significant correlation at 5% and 1% levels respectively.

x4 B TIBERSHEE
Table 4  Principal component eigenvalues of the soils tested

W—FRsr B FERS BEENS

i H . o e
It 1st principal 2nd principal 3rd principal
em component component component
FEE{H Eigenvalue 9.74 0.98 0.54
J72% R % 81.15 8.14 4.50
Proportion of variance
F i ZTRAE %
Proportion of 81.15 89.29 93.78

cumulative variance

RS AEAETEMENBETESN
Table 5 Variance analysis of soil microbial quantity

in different treatments

continuous cropping

- i -
AbE +JZ/em Hﬂ[ﬁ. l ﬁjl%*é -
Treatments L Bacteria Fungus  Actinomycetes
reatments ayer (10%fu + g7 )(10%cfu - g1 )(10%cfu - g ™)
EHE(CK)) 0~10 21.37e 7.93b 15.84a
Abandoned 10~20 1111 5.25d 9.46¢
#AE(CK,) 0~10 37.48b 94la 8.73¢
Rotation 10~20 17.14g 6.48¢ 5.96d
HME2 a 0~10 44.95a 7.63b 12.18b
Zyeasof g 19.18f 5.64d 5.23de
continuous cropping
HfE4 a 0~10 32.51c 7.65b 4.60e
yeasof g 14.95h 2.39% 2,601
continuous cropping
HAE6 a 0~10 23.33d 0.50f 0.81g
6 years of . .
10~20 10.84i 0.43¢ 0.50g

T : FIZBAR R R LA R TR R TE P<0.05 K B2 R B,

Note: Different letters in the same column indicate that the

difference is significant at P<0.05 level.
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B AN R R R, R A E B A —E
H, E0~10 em 2, 405 B0 19 RN N
HEAE 2 a>BeE>TEAE 4 a>iBEAE 6 a>TRTE; HIHEUE
PIFEAE 0~10 cm B, 3 4E 6 a 10~20 em HfiK; i
LB BT ENE 2 a>E>EME 4 a>#fE 6
a, HFRUZEY B B R PR &=
DR M T 7 25 Tl 2 0 T 24 P 0 o =2 B A, 0 T 5
YERIR A= KR

3 W ®
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