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WAL HEp, 2007 4F 4 J] 25 HEME &R, &4
3 R E A FEALHARS], 2B4E, ZBFE 0.6 m, kB 0.3
m, NN 14.4 m* (6 m £ x0.6 m 5%/%8 x4
Z8) . K E M AT O R A R T X9 2 75 000
A 1 000kg & N 5.0 kg P 7.6
kg K 6.0 kg, Zjitid o] & & 4 8 300 kg hm =, 5243
TN 40% (N:P:K 2 2:2: 1, 5 i 78 v oA i fin
AT HE L
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1.3.4 34 F B RF 9% 45 19 1) PCR-DGGE /3
Mr SR IRk R C AR 2 W) (1 R 70 & 51] DNA
P& WA ) £ Soil DNAout #8 HU 4 3 fif A= 9y 55 A
21 DNA,

YRR H 16S rDNA J¥ 51| V3 X Bt 4f 7% PCR
2|49y F338-GC 1 R518 #E4T4 14, F338-GC:5'-CGC-
CCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGE-
GGGACTCCTACGGGAGGCAGCAG-3",R518:5'GCG-
TGTGTACAAGACCC-3', 5|9y b 24E T AW )
A . PCR X W AR P 4 :94°C,7 ming; 94°C , 30 s;
55,30 $;72°C ,30 5,35 MFEH;72°C ,7 min;4C {7
f#. PCR W 1K % H:50 pl & % , Buffer 5 pl; DNA
Bidz 1 pl; Mg 4 wl;dNTP 4 pl; 59745 0. 8 wl;Taq
DNA R4 F 0.8 wl; 28 77K 33.6 pl, PCR =49
K25 230 bp,

EE >k A OITS tDNA X Bt Ff % PCR 5149
ITSIF 5 ITS2-GC it 47 ¥ 4, ITSIF; 5'-CTTGGT-
CATTTAGAGGAAGTAA-3', ITS2-GC: 5'-CGCCCGC-
CGCGCGCGGLGGGCGGGGCGGGEGGCACGGGGGGEG-
CTGCGTTCTTCATCGATGC-3" 8| ¥y A T4

kg hm %

Wi w G M. PCR B FEF H:94%C 5 min;94C,
30 5;56°C ,30 5;72°C ,90 5,35 FEHF;72°C ,10 min;
4°CHAF, PCR KRR K50 wl & &, Buffer 5 ul,
ML DNA 1 wl, Taq DNA &R 1 wl, dNTP 4 pl,
I 1wl Mg’ 4 pl, KB T K 33 ul, PCR =4
K2 260 bp,
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60% , BT >R B A8 1 R W B2 30% = 55%
(100% HyAE¥EH] J9 7 mol L™ JR 2 F1 40% 2 &
T W OmE R A W) . Al Bio-Rad 24 A Y
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12 h 453 J5, EB 44 {4 20 min, ] f Alphalmager
HP-1.2.0. 1 {8 & 48 BAH .
L.3.5 oI & sE BCAE 30 ) R N
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AR s R SAS 8.1 B4Ry ANOVA T2 /7 47 U5
227815 & F] Bio-Rad Quantityone 4. 3.2 % {4 i 47
DGGE [ & 87 A B AL 7347 s 5K Canoco 4.5 %K
fEiE4T DGGE Y4 2018 1% 1 32 803 20 #r
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W T/NE - R (p <0.05) (£ 1) ;8 /F &b
BB A o S R TR, B -E R
A P A O s BR AR 2 IS 30 d IR TN -
JRALFR AN, HoAx i 1 3 i B 2 v T A A (p <
0.01) ,/NAz - B I A 3 + 48 25 B 103 2l & i 1 18
HE TR (p <0.05) B F-H0 N4 P 4 e 3%
PERES R I R R . BREME S 30 d S,
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BT A A R A RO R O e, B DL
Xof - AR FH RO AR X 4T
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Table 1 Effect of different rotation treatments on soil available nutrition contents

b TR L Available N 5 Available P A Available K
Treatment (mgkg™") (mgkg™") (mgkg™")
Al 135.3 £24.6 Aa 372.0 £26.9 Aa 206.2 +13.7 Aa
Bl 154.0 £+14.0 Aa 321.0 1.7 ABab 216.1 +3.7 Aa
CK1 144.7 £10.7 Aa 259.2 +0.8 Bb 214.8 +4.5 Aa
A2 154.0 +7.1 Bb 255.8 +0.9 Bb 200.8 +13.2 Aa
B2 186.7 +10.7 Aa 287.8 £9.7 Aa 209.1 9.5 Aa
CK2 140.0 +7.1 Bb 241.5 +1.7 Be 190.4 +27.6 Aa
A3 109.7 +8.1 Ab 251.5 +0.8 Bb 210.8 +8.6 Aa
B3 135.3 £10.7 Aa 274.0 3.8 Aa 211.8 +8.1 Aa
CK3 137.7 £10.7 Aa 209.9 £1.2 Ce 188.7 +21.5 Aa

T CK B R-3 RAR B, A /NE-BRAL S, B B9 73 AR ; O SE M AT, 1 M) 30 d, 2 @5 50 d, 3 M5 70 do AR /NG F
B} 43 391 % 7 Ak 3 ] 22 53K 0. 01 i1 0. 05 &g /K 3F, T [A) Note; CK, consecutive cropping of cucumber, A, rotation of wheat-cucumber, B, rotation of
hairy vetch-cucumber; 0, before planting, 1, D30 after planting; 2, D50 after planting; 3, D70 after planting. Different capital or small letters indicate

significant difference at 0. 01 or 0. 05 level, respectively. The same below

2.2 MEEETHSERLEDTLEMFEOSE  F0 RS E AR T EHE 30 d 5

3 2 WAL EMLG 30 d 2 A LR N
B T-HRAL > /N -2 AL 3 > X BE, 22 S 0y
I K (p <0.01) , EHiJF 50 .70 d ¥
/N AL TR > X R > B # - R AL T 75
RIS 70 d /N3 -3 R Ab 38 0% % @5 T HC b &b 38 (p
<0.01) . Z Mm% G2 s 6 5 415 v 55 & 1k
B AL, R 2 AE - S BRI S AR Ak R E i —
i HL A PE B B, BRI, /N 22 - 2T A B 3 1 1 g
T 7 A R R O A Y L 7 E ML 30 d & e AR
Ak B 5o 4 A R I P B TR IR 6 E S 70 d
JINFZ - TR b B S I O A S T b A
H(p<0.01) . i % b %0 W5 RE 0 IR + 38 p 2 Mk )R
o7 A B Sk P R DB X R B s DN S A

PO 5 1 O /N A2 - AL B > B 9 -8R AL B >
XF B, 28 e 1 Ok B AR B E KE (p < 0.01) , JER )
W Ab BEE G s E 2 S o E SRR R AR
VAR S e T A 9 v A W 9 A 5 55 K ) I
Bt my s BE /0 22 B JTCAE PR A= K i 4 4 3
A 9 B 8, ) Do B Al R PR . A% I B DR
WG PEL g /N2 - AL B > B 3 1 -3 AL B > X
MR, /N B T A P ) IR 2 S R B 3 KR (p <
0.01), HREGREME i + S & HA NIRRT
POt e 285 B 14 7K i, A Y 2R R )RR B SR Ok TR
Z— R P R Ul /N 22 Ak B 0 AR A IE
R BT T L /N -0 A A A BT B T
M 15 P ) B

®2 ATEBELE LERHEENI N

Table 2 Effect of different rotation treatments on soil enzyme activities

HAIL A CAT
(0.1 mol L'
KMnO, ml g~' 30 min~")

MK B Urease
(NH, -Nmgg '24h™")

AL Invertase
( Glucose mg 57124 h™1)

b Z W A AL EE PPO

Treatment ( Purpurogallin mg g 7' 2 h ")

Al 2.11 £0.26 Bb 1.17 £0. 15 Aa 3.67 £0.09 Aa 9.65 +0.39 Aa
Bl 2.40 £0.32 Aa 1.30 £0. 66 Aa 3.29 +0.12 Bb 8.86 +0.26 ABb
CK1 1.81 £0.24 Cc 1.07 £0.29 Aa 2.96 £0.11 Cc 8.58 +0.54 Bb
A2 1.78 £0.28 Aa 1.20 £0. 10 Aa 3.50 £0.13 Aa 8.85 +0.01 Aa
B2 1.69 £0.10 Aa 1.20 £0.36 Aa 3.50 £0.08 Aa 8.33 £0.55 Ab
CK2 1.73 £0.25 Aa 1.37 £0. 15 Aa 3.55+0.05 Aa 6.69 +0.26 Be
A3 2.18 £0.29 Aa 2.33 +£0.23 Aa 3.25+0.11 Aa 9.53 £0.10 Aa
B3 1.82 +0.09 Bb 1.47 £0. 15 Bb 3.37 £0.05 Aa 8.83 0. 13 ABb
CK3 1.85 +£0.25 Bb 1.77 £0. 06 Bb 3.39+£0.43 Aa 7.19 £0. 18 Bb
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J5 30 d bR 2= R AHI R BEE ORI A K,
A PR 25 S K, BB JF 70 d Ak H ] AE L
PR 63%

R4 DCGE [ 3% 1) Ko 1k 245 R 3 47 £ 153 o
Br (Bl 2b) AR 48 070 0 7 45 3 DGGE %54 i A 1
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A0 3 RIS R IR AL B R I Y R At , R W B
JICE B G X A S8 20 T B 9 45 00 1 5 A R A E A
J&i 30 d /N7 -E VAR AR Ab 15 6 R B 2 A 0 B,
BNz -8 AR B M IS 30 d T3 B RE VR 45 40 52
M A X4 Ko FE ARG 50 d Fil 70 d, &5 1R b HLY
A, 55 0T RE R B AR X 45007 | 3 WY 0 A o 28 AR K 5 10
AR R - S AN TR 7 5 A0 — 2 152

L
Tl

I
I
I
oL W e =

LU
T
1
L
1l
LI
L
LLLIL
-
L
|
[T

|
[
|
[
|
[
|
[

|
[
|
|

|
|
|
[

|
I
|
I
[
[

|

I

L]
Tt

[T

|

I

LI
[T

I
[

I

T T T

T
|

[

R

LU

I Y I
T T
[
T T

L

T TITT
I

]

T
[T T T

T T T 1T

|
|

|
|
I
|
|
|
|
|
|
|
|

|
|
|

I

I I | A

Bl A3 CKO B3 CK3CK2 B2 A2 CKIl1

b

1 AN TR] e A Ak 3025 10 30+ SR 20 1 DGGE 83 ()
Lok it/ 2% U &L (b)
Fig. 1 DGGE profile (a) and lane/band detection of DGGE profile (b) of soil bacteria at various plant growth

stages in different rotation treatments
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Fig. 2 Cluster analysis (UPGMA) (a) and PCA analysis (b) of soil bacteria at various plant growth stages in different

rotation treatments
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S0 P (T 3b) R, f B GG 2%l B30T 5 AR A -5 R
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FJG 70 d /N -3 A B 4 S8 0 TR T 9% 405 A4 1) AR 0
Pedgr, 35 84% o /N -BUNAL B S B 13 R AL
P BTE ARG 30 d M8 B RRTHE 7 25 0 9 A 04
B 15BN 79% R WIE MG 30 d P FE AR b S
S LRI 7 45 F 114 52 o A A B ) 25 S S ]
50T B 22 S AR, i 8 R A BT A S RO B v 46
WRA—EW . EAEE 70 d XI5 E AT+
SRR R AR AR LR IR 79% L 20 X —F
JRBAE A, T A 4 398 0B 9 45 4 20 B 22 fk

KK,

4% DCGE &l 3% (1 807 1k 45 3 ik 47 £ oy
AT (B 4b) o AR PR+ 48 B 1 T 7 45 A0 41 AR
(9 TG A 22 04> PC1 ORI PC2 43 HI AR 38 278 1y
40.3% 1 24.4% . X HREHM G 70 d 5 2 M AT+
S8 10 B AE — A X, 1 At RIS X 8B A
Xif #5315, e B X BEGE AR S 70 d 5 E A AT LR A
FEVR G M 22 A0/, X S R 25 MR . /D
27 B N FE A Ab 3 45 B 0 0 S B AR =
BIL, 5 L Ath 0 A BE R M X B, 3 I /N 22 - R AR
VEXT 3 LR BE VR S5 M S AR W B K, B -
WIS A AL R A2 RS 50 d Ab, H A i 1 5 ) B
% SAR L TEE MG 70 d A HE S T A B
JERE N TN IR C e SR N (S O IS
K5 A RS S AR LR O B
2.4 NEEEFEERREXNERN~EHNE W

5 W AS [R) 56 Ab BB I B 8 7 2, /N3 -3
JI A 3 I 7 R S s TR (p <0.01)
HE =il 36 782 kg hm 7 B P NAL BB
JRE R E T A (p <0.05), Sk 33 547
kg hm 7%,
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Fig. 3 DGGE profile (a) and lane/band detection of DGGE profile (b) of soil fungi at various plant growth

stages in different rotation treatments
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Fig. 4 Cluster analysis (UPGMA) (a) and PCA analysis (b) of soil fungi at various plant growth stages in different rotation treatments
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Fig. 5 Effects of rotation treatments on total yield of cucumber
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FHRT X (p<0.01), 467 A 6 H A& 5 1F 5
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BHT-H N REAE6 A4 HE 14 HIEMK
BEFETXE(p<0.01),f£6 A 15 HE25 H
Jope) 25 T A (p <0..05) o [H A 1 Ak 7 B
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Fig. 6 Effects of rotation treatments on cucumber yield in different periods
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EFFECTS OF ROTATIONS OF CUCUMBER WITH WHEAT AND HAIRY
VETCH ON SOIL MICRO-ECOLOGICAL ENVIRONMENT
AND ITS YIELD

Yu Gaobo Wu Fengzhi’" Zhou Xingang
(Horticulture College, Northeast Agricultural University, Harbin 150030, China)

Abstract Soil available nutrients, enzyme activities, microbial community diversities and cucumber yield
in a field under crop rotations of cucumber with wheat or hairy vetch were investigated with conventional meth-
ods and PCR-DGGE to study the effect of the rotation on soil micro-ecological environment and yield of cucum-
ber. Results indicate that the rotations significantly increased cucumber yield and effectively improved soil mi-
cro-ecological environment. The rotation of wheat-cucumber increased the yield of cucumber the most signifi-
cantly (p <0.01), by 28.04% , and improved the overall activities of polyphenol oxidase, catalase and ure-
ase. The rotation of hairy vetch-cucumber increased the yield of cucumber by 16. 78 % and improved the con-
tents of soil available nutrients, and the invertase activity significantly over CK (p <0.01). DGGE analysis
shows that the rotation helped increase the diversity of bacterial community in the rhizosphere, while decrea-
sing that of fungi at the late fruit-bearing stage. The effect of the rotation of hairy vetch-cucumber was more sig-
nificant. The rotation of wheat-cucumber showed certain effect on rhizosphere soil funged and bacterial commu-
nity structures 30 days after transplanting of cucumber. To sum up, the rotations of cucumber with wheat and
with hairy vetch help mitigate the cucumber soil sickness, improve the soil microbial eco-environment and raise
the yield of cucumber.

Key words Cucumber; Rotation; Soil micro-ecological environment; Yield



