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Table 1 Basic physical and chemical properties of cultivated soil

+JZ/cm pH fE APLE/ (gkg ')

HAA/ (mgkg ")

50/ (mgkg ') BHEE/ (mgkg ") 2%/ (gkg ")

0~10 7.55 80. 84 125.2
10~20 7.64 82.41 102.78
20~30 7.90 76.91 114.45

32.24 302. 34 2.23
26.37 223.25 2.43
14.26 156. 63 2.02

1.3 RWigit

T 2020 FE T e AR AR, 16 © % 22 34 (2017 —
2019 4F ) Fi i e 42 (1 b R 1=, F 2020 4% 6 J3 13 H 433l
b A 36 B0 2+ E B SR RR LR e
o HRTSE G B A PR R 150 kg/hm?®, o 8 B2 5
300 kg/hm*fELAE . /NX T AL 100 m* (10 m>X 10 m) ,
XPE1m,EE 3K PLBAHE, AR M 1THE 15 cm,
F Fh it 262.5 kg/hm’; 9 2% 47 B8 30 cm, #§ Fh &
7.5 kg/hm?; R F47HE 20 em, #& Fh i+ 187. 5 kg/hm?*; &
FRATHE 25 cm, & b & 225 kg/hm?; #7 % i S 1715 N

25 cm, # i & 105 kg/hm*; € 42 5 i 3 90 52 50 5 DL &%
H ARG 602 .40 % IR 4% 4714 25 cm . ‘&H@‘zﬁﬁ,«
B R AN TR 21K,
1.4 THXE&E
DAHE A 14 742 8 I 0 5 o 40 ) A e 22 4y BE
(TH14H) KWW HSH) JFEM(9H 9H )
W9 A 29 H) 7845 /N X 8 BURE TS F 4 8 R 48
0~10.,10~20 1 20~30 cm K¢, Pe B AT WL A7 5K AR
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Table 2 Effect of oat single—sequence rotation on soil catalaseactivity ml/g
FE/em e _ i S Ak U I
53 BE P FFAE ) T )
i i 2. 26° 2. 39° 2.77° 2.53°
ML+ W E 2. 20° 2.33" 2.50" 2.36"
010 =g 1.89" 1.96" 2.05° 1. 88
H 1.84" 1.92 2.01° 1.82
K# 1.82 1.88" 1.98° 1.78°
WA 1.51° 1.65¢ 1. 70¢ 1.55
i Wi 5 2.21° 2. 30" 2.50° 2.31°
e+ i Wi 2.11° 2.21° 2.43° 2. 28"
T 1.72° 1.85" 1.93" 1.77
10~20 W . ) ) )
SRS 1.68 1.79 1.86 1.70
K F# 1.66" 1.73 1.85" 1.67"
e 1.36° 1.45° 1.68 1.46°
WEmE 2.01° 2. 14 2. 28 2. 09°
M +F WL 1.98° 2. 05" 2.16° 1.95°
TR 1.44° 1.50 1.69 1.39
20~30 " . ) . )
RS 1.54 1.60 1.72 1.51
KF# 1.54" 1.62" 1.73 1.53"
M 1.19¢ 1.31° 1.54¢ 1.37"
RPN NG OR824 5 8 3% (P<<0.05), FIA]
F3 BEX T EREREREFEN I
Table 3 Effect of oat single—sequence rotation on soil alkaline phosphatase activity mg/(g-d)
FE/em e _ ‘ 0P 2 R 0
53 BE 1 I TFAE) TS
i Wi 0. 85 0.65° 0.55° 0.45a
M+ B 0.73" 0.63° 0.53° 0.42"
010 Hipd 0.67 0.53" 0. 44" 0. 38
HHR 0.61"™ 0.48" 0. 42" 0. 35"
K# 0. 60" 0.47" 0.41" 0. 34"
WA 0. 49° 0. 40, 0.35° 0. 30¢
i Wi 5 0.73 0.51° 0. 48 0. 38
HEAZ + 7 W 0.65" 0.51° 0. 46" 0.37"
THSE 0.56" 0.48"° 0. 40" 0.35%
10~20 o . . . .
RS 0.53 0.37 0.33 0.31
K# 0.52" 0. 36" 0.32 0. 29"
e 0.39° 0. 36" 0. 33bc 0.27¢
ik = 0. 66 0. 46 0. 37% 0. 34°
THEZZ + i Wi L 0.56® 0. 44" 0. 40° 0.33"
e 0. 50" 0. 39" 0. 34 0.32"
20~30 " . y . N
SRS 0.40 0.33 0.32 0.30
K# 0. 40 0. 34" 0.30% 0.28"
M 0. 30" 0.27 0. 26" 0.23"

36.07 % ; M6 & -+ &7 3% Wi 518 #& A B 43 0 3 I T
15.49% .16.67% F129.51% , Hk Al . HHMK
7 B AR I A ST T S R R R A — B (K 4),

2.1.4 SR EE R EEE A e b IR T

£ 0~10 cm +JZ AT B A8 4k, 20~30 cm + 24
[l — 4 2 o, B2 A,
S TR O M R A R B S T R, A
B TP AE IR 2 R AIC, B JS A BT . 55 4k R VR X £

AT RE(ES) .
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Table 4 Effect of oat single-sequence rotation on soil invertase activity mg/(g-d)
2 /em e _ ‘ R T
Sy BE AT TEAE) T )
i 4 1. 60° 1.64" 1.70° 1.42°
WA +Hi BT 1.58 1.60° 1.64" 1.39%
010 3 1.55% 1.58 1.61" 1.37%
H R 1.46" 1. 49" 1.52" 1.33"
K# 1.45" 1.49% 1.52¢ 1.33"
e 1. 35" 1.37° 1.42¢ 1.26¢
WERE 1. 56 1.63° 1.67° 1. 40°
MEAZ + i WL 1.54° 1.59* 1.61° 1. 36°
e 1.53 1.55% 1.59° 1. 35°
10~20
HR 1.45™ 1.46™ 1.50" 1.29
K# 1. 44¢ 1.45" 1.50° 1.29
e A 1.31° 1.32¢ 1.38¢ 1.23
il A5 1.51° 1.61° 1.66° 1.36°
ML+ HEHS 1.50° 1.53" 1.58" 1.32°
3 1.49" 1.54° 1.57" 1.31°
20~30
HH 1.40" 1.42° 1.45 1.28
KRF# 1.38" 1.42 1.44" 1.27°
e 1.13° 1.15° 1.22¢ 0.94"

S IO Tl 1% 1 1 5 e 5 F A il O S | 43 BE A A AR A 3.70%~10.19% 5 ¥ J ) % % 1F 14 0 I 5. 17 %~
AE P 0~10 cm 4 JZ IR Bl 35 22 AL AR 1. 25~1. 32 Z [ , 6.90% o HAt 24> A J2 10 IR 0 P A2 4K 55 0~10 cm AH
SHEVESA AN T 4. 17 % ~10. 00% ; FFAE AL VR hn 1 Lo ASTE) SR b 3 22 ) 1) 22 5 L A /N o

5 X L EIRERE M

Table 5 Effect of oat single—sequence rotation on soil urease activity mg/(g-d)
L /em i _ ‘ - 38 i il 4
4y BE P AR A L] TS
il A 1.32 1.28" 1.19° 1.24°
WG+ MBS 1.32° 1.27" 1.15" 1.23
TH 1.26% 1.24* 1.13" 1. 24
=1 HH 1.25% 1.23 1.12 1.22°
KF* 1.25% 1.23" 1.12" 1.22°
e A 1. 20" 1.17¢ 1.08¢ 1.16"
i 5 1.31° 1.27 1.18" 1. 22a
W+ EI 1.30° 1.24" 1.14% 1.22°
1020 g 1.24" 1.22" 1.11% 1.22°
#H# 1.24% 1.22° 1. 09« 1.21°
KF# 1.24% 1.21° 1.08¢ 1.21°
e 1.18" 1.15 1.05" 1.14°
i 4 Wi 5 1. 24° 1.23° 1.14° 1.21°
W B YT 1.23° 1.17" 1.11° 1. 20°
030 I 1.20" 1.17 1.09° 1.18"
HRR 1.16" 1.15 1.07 1.14°
K#E 1.16" 1.14 1.06° 1.14Y
e 1.07° 1. 04° 0.95" 1.04°
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2.2 BENTEMEVBENT T
TREWREXN AR EAV B, EE+E
TR, 3 W) B % T B, 0~10 em + 2 T B W)
Bt B & KF 10~20 f120~30 em +J2 (£ 6) . A
VEAH L, fe 1 0 5 4 o 7 e RO e A T L
T i £ A KR (P<<0.05) . 7 % 3 S A BE R 0~
10, 10~20 1 20~30 cm = J2 4= 58 41 B %4 4 e &2 3%
YE 4 50 B4 n T 23.34% . 16.51% il 38.92% (P<<
0.05) 5 H T H & 1Y 06 5 K, 20 B 5 o T 110% .
135.29% M1 150 % ; i 2% B % 4 90 4% fn 112.65% .
107.41% #1175.38% o 342 R AR Wi &2 (e

37 -+ F 5 W A A B R R B A 8 e
125 5 R AR BRI KR 2 i Ak 3 2 ) 3 2% L B
HEHBERTREWNER D ME+HEH T,
VE® Wi S 8 )2 b 2R 2 B SO B A
KA BN T 50% .73, 91 % F1 94, 44 % ; filt 28 B %L
B3 W 0 46.69% .53, 81% F1124. 26 % ; 40 1 KU =
B A X B /N 4 B 3 T 15.82%, 8.88% Al
23.85% , SR W B AR B B . R AE TR
B b o R 2 R RO Y W T e AR
HRAR TRAES BB G MM L + 88 m e e TR
VEHBRFIRZE 76 S AR 31 b 1 v (B 407 8

Fo6 RIEXTEBENMBENZ M

Table 6 Effect of oat single—sequence rotation on the quantity of soil microorganism

R /em - z@%/ 7 ﬁ:rﬁ/ ) ﬁk%rﬁ/i S/ )
(X107 cfueg ™) (X 10° cfueg ™) (X10° cfueg ™) (X107 cfueg ™)
ik 15.51° 4. 20° 4.67° 15. 52
M+ B 15. 03 3.90° 4,43 15.10°
010 TR 14. 04° 3. 50¢ 3. 85¢ 14. 05
HR 13. 52 3. 00" 3.33¢ 13. 53¢
K# 13. 39" 2. 80° 3.19° 13. 40¢
e 12.57° 2.00" 2. 201 12. 60"
5 Wi 13.32° 4.00° 3.78 13. 33
e + i B 13.01° 3. 60" 3.62" 13.02"
10—20 =g 12.71° 3. 00° 2.92° 12.71°
HR 12.54¢ 2. 60" 2. 62 12.54¢
K# 12. 24¢ 2. 30° 2. 46" 12. 30¢
e 11. 44" 1.70° 1.82 11. 50"
Cik A 8. 83" 3. 50° 3. 62° 8. 83
WEZ M EHL 8.38" 3.20 3.35" 8. 40"
=% 7.75¢ 2. 20° 2.39° 7. 80"
20~30
H R 7. 35" 1. 90" 1.73¢ 7. 40°
K#E 7.13¢ 1.80° 1.62° 7.13¢
e 6. 35" 1. 40" 1.32¢ 6. 40"
2.3 AERETLHEBARIEMBEDHENHEXGE R DL R A G A A A EEAE Y SRR s AR
AN [B) = SFE 5 PR 22 (R 2 52 I mhb 2 IE A O VE b HERTE MR T R IR o S AL

TCEE W B v A T R S R R O A G i )
T 1.000, BP0 EERE AR E T RUEM SR Z D
Bl A= W A 5 R S P 2D A ol O
KR,

3 Wig

3.1 AEBMELAETHEBEENZL
TGS S bR A YA e SR R X

A T 174 35 A 1D S 8 R D DR R e A 1 P
AW R SRR A B OF HREE AR T+
HERERE . ERAETE T AL Eh 6 T i B
M5 R gt Ak 5, Kk BLAE AR RE 08 W 8 42 i/ 0~20
em - JZ= B BEREG R, ELAS R 8 1 A B 2 ) 25 S e
A8 BRI e A 1P 35 0K R v S Y o S O A
THABA R AT &, LR LT AR
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Table 7 Correlation between soil enzyme activity and microbial quantity during filling stage of

oat under different treatments

AL AR BB R

Eign . . FEREREVEME ODREEIEME ANRACE EEEE BEREEE SRR
Pk T
FUR R (R 1 0.796" 0.698" 0.610° 0.626" 0.935" 0.909" 0.628'
T e O T T 0 1 0.778" 0.707" 0. 608" 0.748' 0.762" 0.609"
THE R Tt 0% 1 0.779" 0.586" 0. 756" 0. 745" 0. 588"
IR T 3% 1 0.591" 0.657 0.663" 0.592"
N P 43 1 0.655" 0.715 1.000™
LA B 1 0.974" 0.567
e E G 1 0.716
Jo¥ i 1

WA B FE R AE 0. 05 1 0. 01 7K - 1 246 6

it 0 1 E B S 20 B T IR T AR 0 A B (Y
AW B H USSR, & b Bt E A SRS e T AR
WA B b5 KA . FeVEREN b g ad Uk SR I 1R T
e, AL RE T BT sR  o EA E A fRAR B R T
SR T R HERP GRS E AL SR I SR 2 4R T
YR+ HE AT RIS R BN — BT — D4
S AR e b 5 S U R M AR Y R A i —
Th % 2 — i o7 AR A A - M R W R P, LA SR
B B B K, R 47,95 %% 5 - S IR I PR TE
B AW RN E — SR NERAER T
14.73% . % AE G RHE Y 5 + IR B 0 H: B 5L i A
o R A U PR Y AR Y AR T A AE S T ik —
A, M AR A A W T T 8 B TR AE
KEMETR,

b i T i TR T 3 AR, A TR A A
AT R Y e 4 A S R DR T M X R R
0~10 ecm + 2 & T 10~20 em + 2% (B 7AW 5%
W, 2 F AR FE 0~10 cm F1 10~20 em + 2 i B 9
W B 2R HE T 20~30 cm £ 2. K
Fit 149 VE FE 2% K it A - 18 o 1) BR 3R 0 A AT A A T
W%ﬁUﬁ%ﬁé%i%ﬁi%ﬁ%ﬁﬁm

ﬂﬁ@%%wmim + A LR

2 VR BRI B Y 5 e, AE b RO

P, A L A3 i R LR S IE A OGO R, AR

F 5% 32 36 b A7 T A8 34 L X, 3% Ml DX 4R 8 T L AR S R

HA 1°C 8RR B vl RE k] 1A LT A% 43 %, AT
F 30 0~20 cm - R BTG P A AR B &

TR S EY R EE B MG,

ﬁ% K
E R

ok 48 Ak S TR M DA AHE 2 40 BE D) A RO A B e T
Ji W 1 A0 Ak R 34| IR T TR M S 2 28, e S BE
AT I BAR Bl J5 PR 1 T, BT 46 0 fe ok, HE R
W R . B BRBR AU & BN A2 T A 4 T b B
ANFE A AR AL W R S M AR AN
BAR, B A E 00 M BE HOT I0T  RERE EEE M
Tt B0 HE R B (E, Bl S B AR . AR £
36 IR T8 005 R A 43 BE DT B S AE W RE SRR AR, T B R T
X Bt B A W A K RE B, X R A W R B B
A4 R EE S W R T R
P o A A RN B ik i SR T PR AR . S BEI Y
P W R T e O B S B R T SR
Z A, T AB R P A A Y SR B AT T SR 9
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Effects of crop rotation on soil enzyme activities and
microorganisms of oat in Qilian Mountain area

LU Jin-xiang',ZHAO Gui-qin"", WEI Kong-tao', CHATI Ji-kuan', YANG Zhen®
(1. College of Grassland Science , Gansu Agricultural University ,Key Laboratory for Grassland Ecosystem , Minis-

try of Education, Grassland Engineering Laboratory of Gansu Province ,Sino-U. S. Centers for Grazing Land Eco-
system Sustainability, Lanzhou 730070, China;2. Sanbao Agricultural Science and Technology Development Com-
pany of Shandan County,Shandan 734100, China)

Abstract: [ Objective] Through the rotation of oats with rapeseed, Vicia sativa, highland barley and barley, the
effects on soil enzyme activity and soil microbial quantity were studied. [Method] Therefore, a rotational cropping ex-
periment was conducted in the field planting oat for 3 years in Shandan Army Horse Farm. Common vetch, oat+
common vetch, rape,nakedbarley, barley and oat were planted respectively. [Result] The results showed that soil en-
zyme activity declined with the increasing soil depth. Crop rotation significantly increased soil catalase, invertase and
alkaline phosphatase activities compared with continuous cropping. The enzyme activity of oat-legume rotation was
much higher than that of oat-grass, among which, oat-common vetch rotation had the most significant effect. At flow-
ering stage, the activities of catalase, invertase and alkaline phosphatase in the 0~20 cm soil layer increased 55. 92%,
20.36% and 51.47% ,respectively. Cropping rotation also significantly increased the number of soil microorganisms.
The treatment of oat-common vetch gave the greatest increment, the number of soil bacteria in 0~10 ¢cm, 10~20 cm
and 20~30 cm soil layers increased 23.34% , 16.51% and 38.92% , respectively, compared with continuous crop-
ping (P<C0.05). The number of fungi increased 110% , 135.29% , and 150% , and the number of actinomycetes in-
creased 112.65%,107.41% ,and 175. 38% , respectively. [ Conclusion] The rotation of oat-legume increased soil en-
zyme activity and number of microorganisms significantly more than that of oat-grass. In the production of oat in Qil-
ian Mountains, the rotation of oat-common vetch is expected to repair continuous cropping obstacles and improve the
soil environment.

Key words: oat;rotation;soil enzyme activity ; soil microorganism



