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 E oy AR A E N B L ARPR L M R Y e, AR EE 5 R R 1 BB 1E ( Traditional tillage, T) |
7 1E (Ridge tillage,R) f& S $1E+3 & # #7 /& % ( Traditional tillage + Half amount of straw mulching, TS, ) \Z 1+ &
A% FF 7 % (Ridge tillage + Half amount of straw mulching, RS, ) & 4t # 1E + & & £ T & 3 ( Traditional tillage + Whole
amount of straw mulching,TS,) , 2 1E+4 & & #F 7 = (Ridge tillage + Whole amount of straw mulching,RS,) 6 />F [& &
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WAEWM AN el FEN RAMR T A5 H#RE 525.00% ,132.55% ,294.44% 23.85% . 175.00% , F H %t
T 4 2 45 £ 5 27.00% .69.39% 156.41% 48.09% .79.55% , % W 3 T AL 7 4 5l #: % 138.01% ,178.26% ,134.29% .
100.23% ,130.36%; (2) Z2F AT A E A IR L E S M BN E %, L4 RS, AR KB F. RS, A E TR L% %
B A AL B M s AR A R AR T A R 38.34% .43.24% ,1.44% 48.96% ,123.89% , # 1k,
BEA T ALFE 4 B4R 5 79.13% .99.66% .50.95% 24.06% .63.00% , B V£ # B BE 3 T 40 22 47 # & 26.32% .22.65% .
25.32% 21.81% .22.38% ., (3) LEMAMBES L EBYEEMX Kb oW HAHSRME4RE L1l 25
FNBHEREEFEHEA AR SR MR RUBMEMDEFEML,

KEE.EL BB E S D B

hESEE.S154.3;9643.6  XEKERERD:A

Effects of conservation tillage on soil microbes and enzyme activity
in rhizosphere of broad bean
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Abstract; To clarify the effect of conservation tillage on soil microbes and enzyme activities in the rhizosphere
soil of broad bean,the experiment was conducted with six treatments including traditional tillage (T) , ridge tillage
(R), traditional tillage + half amount of straw mulching (TS, ), ridge tillage + half amount of straw mulching
(RS,), traditional tillage + whole amount of straw mulching (TS,), and ridge tillage + whole amount of straw
mulching (RS, ).The effects of conservation tillage on soil microbes ( bacteria, fungi and actinomycetes) , enzyme
( polyphenol oxidase, invertase and acid phosphatase) activities in rhizosphere, the yield of broad bean, and the
correlation between them were studied, so as to provide the reasonable farming methods for production practice of
broad bean. The main results showed that; (1) Compared with T, the treatments of RS,, TS,, RS,, TS,, and R

all can increase the amount of bacteria, fungi and actinomycetes in rhizosphere soil of broad bean, of which RS, has
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the most obvious effect. Under the RS, treatment, bacteria in rhizosphere soil compared with T increased by
525.00% , 132.55%, 294.44% , 23.85%, 175.00% at the seedling, branch, blossom, pod and mature stage re-
spectively, fungi in rhizosphere soil compared with T increased by 27.00% , 69.39%, 156.41% , 48.09% , 79.55%
respectively, actinomycetes in rhizosphere soil compared with T increased by 138.01%, 178.26%, 134.29%,
100.23%, 130.36% respectively; (2) The ridge tillage and straw mulching increased the soil enzyme activity, and
the RS2 treatment effect is the most significant Under the RS, treatment, the content of polyphenol oxidase in rhizo-
sphere soil compared with T increased by 38.34% , 43.24% , 1.44% , 48.96% , 123.89% at the seedling, branch,
blossom, pod and mature stage respectively, invertase in rhizosphere soil compared with T increased by 79.13%,
99.66% , 50.95% , 24.06% , 63.00% respectively, acid phosphatase in rhizosphere soil compared with T increased
by 26.32%, 22.65% , 25.32% , 21.81%, 22.38% respectively; (3) There was a positive correlation between the
amount of soil microorganisms and soil enzymes, among which bacteria and actinomycetes were significantly posi-

tively correlated with acid phosphatase, invertase and polyphenol oxidase, and fungi and acid phosphatase and in-

vertase were significantly positive related.

Keywords: broad bean; ridge tillage; straw mulching; soil micro-organism; soil enzyme activity
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Table 1 Treatment descriptions
e i S
Code Treatment Specific measure
. CHE AT
Traditional tillage Traditional tillage during the whole experimental period
i A28 22 5 20em  MEYIFIRITEZE |
R : dee tillae Ridgetillage during the whole experimental period, 20cm high , the crops were
10ge Wiage planted on the ridge
AR+ R 2 ARG AR B 35 FORFEFTHEH 3750 kg - hm™>
TS, Traditional tillage + half amount of straw mulching Traditional tillage during the whole experimental period , with 3750 kg - hm™2 straw
covered.
R AL 22 B 35 FORFEFT I 3750 kg - hm™
RS, Ridge tillage + half amount of straw mulching Ridge tillage during the whole experimental period , with 3750 kg - hm™ straw cov-
ered.
SRS FT 42 R AR A B 56 EORFEFFIE S 7500 kg + hm™
TS, Traditional tillage + whole amount of straw mulc-  Traditional tillage during the whole experimental period , with 7500 kg + hm™> straw
hing covered.
T+ FERT 4 L 2 BRI B ORRSFF AL 7500 kg - hm™
RS, Ri‘ dge tillage + ;vhole amount of straw mulching Rid(;ge tillage during the whole experimental period , with 7500 kg - hm™ straw cov-
ered.
1.3 HESH TESPASEI] , 2% A0 B 18] F) 35 5 e 30— 0 L) B

H Excel 2007 #FHEAT 506 1 5% 5 40 3], -1l
VEREIZE, I SPSS 17.0 A 7E47 . 35 P23 B S AR O
Pt

2 ER 550
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AW T TR 2 RN AR R 3 e S i
AR, R 8 A Ay ) R Y RE R R
JE, TEde SARRR RIERA Y TR L H (1.80%
10°~22.93x10°4/g) , AR HE K Z (1.15%10° ~4.39
x10*1/g) , B /0 (2.20%x10° ~10.00x 10°4~/g)
(F£2,%3,%4),
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0.05) , 30 T AL FEEY 6.25 15 4.25 f5H1 3.38 1%

A AR A A S A TR RS N 7R 4 e B
RLIIR B B K AR TG B B 2RI B, 253200
TE RS, AEFET A 20 B 0T 3k 3 e s A, 2 1 0 A
PRI 1.83 %, 155 22.93%10° 4~/g, TS,. RS, . TS, .
R.T 205 U 45 $E 0 1 7.39 15 .3.42 i . 1.46 %
1.39 1% .0.66 fiF, 2 AL 8] TG W 2 25 55 5 AR B
M TR TN D, BREE I, TS, Fl
RS, BT i i GAR PR T A R & & T T,
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A 5 A W 0 A TR PR S A R A, 2B
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VERFE 5 2008 184 hin i 2 AR s - 98 40 7 40 80U o
LT

HHZ 5 PG LR 3 i, o 19 1 4 o
- 1 2 AR T DA B P SR AR T 1A i 144
I EHE W AL ), AR AEF I, A [
5 A A GARPR TIEE WA AR (R 3), LLT
JoX BROR BRI A AR PR T 0 TR A R e, TR
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27.2% ,69.4% ,48.1% ,H 2= 57 AN W 35 A AR I %
I DR 156.4% ,79.5% , 22 535 B F K- (P<
0.05) ; TS, 7E B W v e 0 45 I A4 T 20 il 42 v
15.0%,52.0% ,34.4% , 2% 5% K1k B & K, 76 FF 46
B B IR 126.9% ,47.7% , 2% 53k 5K
F(P<0.05) . LA 4 55 A 2 55 BE 3 N A T AR PR
AN TR R, FE T AL I R R AU KR ok B
B — E TR RE N A AR PR A 40 A A, 2
BRI

LR RS 5 A PSR 53, 208 B 58
B T ) Bche g A IS, 5 IR 01 DL S AE )

i HEBG A AR BN R, I B LA
1, A AR B b I TR 1) B S B s kb A
IR I A, B R B RS (R 4) B
A W A SR PR M R A KR B RS, >
TS,> RS, >TS,>R>T Y5, (HA 6] £ & WA [F) b
P P2 S A AR, DLT %R R BESY A
TR 3R B A B, R 3 i) 44
J156.6%%1 45.7% , 2% 535 . K (P<0.05) ,7E51
R FE AR 9T, 45 383 3 3G 0 11.3% ., 30. 3%
9.1% , 22 %A B RS, TS, 8 T 7E4EH W fE
BRI B 4 R B B (P<0.05) , Hoh
RS, ACHE T AR PR 3 i 2 B e S AE B I T
S35 11 O R O e 285 /58 2B ) 11 2 R O 1
VERIFSFF 8 55 78 8 A2 B W Re 3 i A AR By 1
AR R FOh RSP SR RO O

R2 FREBEAXNEEZRER T BRI

Table 2 Effect of conservation tillage on bacteria of rhizosphere soil/ ( 10°4 - g )

fb 3 Hil] g3l THAEW] SEIEH) gAY
Treatment Seedling stage Branch stage Blossom Pod stage Mature stage
T 2.00£0.14¢ 3.41+0.58¢ 2.70+0.28b 16.78+1.10a 1.80+0.28¢
R 2.40+0.57¢ 3.90+0.57bc 7.05+1.34ab 16.58+3.71a 2.00+1.41c
TS, 4.15+2.62bc 5.30+0.42abc 7.25+1.77ab 18.33+2.82a 2.20+0.85¢
RS, 6.75+0.35abe 5.75+0.35abe 9.00+0.28a 20.30+3.57a 3.45+0.49bc
TS, 8.50+0.71ab 6.80+2.55ab 9.90+2.69a 20.78+2.07a 4.40+0.28ab
RS, 12.50+4.95a 7.93+1.31a 10.65+4.45a 22.93+0.72a 5.50+0.85a
e AR E/NG FHERIR P<0.05 K255 W2 R,
Notes: Different little letters show significant difference at P<0.05, the same as below.
*3 AEAMEARMEREZREFETEERNOIMN
Table 3 Effect of conservation tillage on fungi in rhizosphere soil/ (10’4~ + ¢™")
AbE Hi w3l THAEW S5 A
Treatment Seedling stage Branch stage Blossom Pod stage Mature stage
T 2.50+0.71b 2.45+0.21¢ 3.90+0.28h 6.55+0.21a 2.20+0.14c¢
R 2.88+0.18ab 3.10+1.13be 4.05+0.64b 7.80+2.69a 2.80+0.42bc
TS, 3.60+0.14a 3.00+0.28bc 5.80+0.14b 7.95+1.20a 3.35+0.35ab
RS, 3.35+0.07ab 5.05+0.78a 9.20+1.27a 8.60+1.70a 3.20+0.42abc
TS, 2.88+0.18ab 3.70+0.14abc 8.85+1.34a 8.80+0.57a 3.25+0.64ab
RS, 3.18+0.25ab 4.15+0.64ab 10.00+0.99a 9.70+0.85a 3.95+0.21a
x4 FAREKHPEEERETIENEZFRENTWL
Table 4 Effect of conservation tillage on actinomycete in rhizosphere soil/ (10*4> + ¢7")
Sb 3 i 1] w3l THEH] | A
Treatment Seedling stage Branch stage Blossom Pod stage Mature stage
T 1.36+0.08c 1.15£0.21e 1.75+0.28c 2.19£0.08c 1.40+0.01d
R 2.13+0.32b 1.28+0.04de 2.28+0.32¢c 2.39£0.04c 2.04+0.13¢
TS, 2.39+0.40b 2.15+0.28bc 2.23+0.18¢ 2.60+0.05bc 2.30+0.37bc
RS, 2.75+0.00ab 1.75+0.35¢d 3.05£0.35b 3.57+0.42ab 2.52+0.47ab
TS, 3.03+£0.32a 2.68+0.04ab 3.95+£0.28a 3.78+0.83a 2.88+0.01ab
RS, 3.23+£0.04a 3.20+0.21a 4.10+0.42a 4.39+0.29a 1.23+£0.05a
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PEYTREHE = 78 AR By 3 AL Y TE 1, JE o RS,
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5 m SR bR, AR 7 W LIE Y, LR PR
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x5 WETESEBAEMEEENTE
Table 5 Dynamic changes of polyphenol oxidase in rhizosphere soil/ ( £ fBE B FE mg - g - 24h™")

b2 Hi I3 B TFAEH B G
Treatment Seedling stage Branch stage Blossom Pod stage Mature stage
T 8.43+1.09¢ 4.85+£1.39d 9.08+1.44b 8.38+0.27¢ 4.93+0.46d
R 8.86+0.55¢ 5.59+0.30cd 7.25+0.40bc 9.65+0.84hc 5.94+0.30cd
TS, 9.43+1.12¢ 7.64+0.87b 7.49+1.25bc 10.31+0.30b 8.73+0.92bc
RS, 10.48+1.42bc 8.08+0.92ab 6.68+1.25¢ 10.65+0.50b 11.31+3.38ab
TS, 11.66+1.78ab 6.94+0.50bc 9.21+1.49b 12.49+0.80a 11.05+1.83ab
RS, 13.41£0.23a 9.39+0.23a 12.58+0.27a 13.45+£0.93a 13.23+0.87a

Fo MERTIEHRUETENSEN
Table 6 Dynamic changes of invertase activity in rhizosphere soil/ ( B2 #& mg - g”' - 24h™")

b2 Hi SRR TFAEH St A
Treatment Seedling stage Branch stage Blossom Pod stage Mature stage
T 14.42+1.19b 8.91+0.13b 59.66+6.08c 76.33+6.57b 48.49+4.19b
R 19.06+0.19ab 14.29+0.49a 67.99+13.73bc 79.31£6.47b 53.35£2.69b
TS, 17.15+1.62ab 14.53+£0.49a 74.57+2.09abc 84.53+5.67ab 55.88+1.67b
RS, 19.53+3.64ab 16.46+0.22a 80.46+0.96ab 89.65+5.99ab 69.74+9.46a
TS, 21.27+1.26ab 16.75+3.18a 79.14+5.82ab 89.08+2.93ab 58.25+0.30b
RS, 25.82+9.43a 17.80£0.62a 90.06+2.63a 94.69+2.56a 79.03+0.18a




84 T 5 b DX AR Y %36 &
F=7 RETEREBRBEEEDSE
Table 7 Dynamic changes of acid phosphatase activity in rhizosphere soil/ ( &} wmol g_] « 24h7! )
Ab Hi Va2l Pivia ] 53 AU
Treatment Seedling stage Branch stage Blossom Pod stage Mature stage
T 91.64+25.74a 88.35+£17.98a 98.31+£3.55b 103.29+6.68b 93.09+14.00a
R 103.05+5.45a 92.08+3.97a 104.50+6.62b 104.30+21.96b 108.75+2.17a
TS, 104.11+£9.33a 91.88+3.26a 101.60+7.51b 107.54+8.88ab 103.14+15.45a
RS, 110.20+3.14a 94.73+9.38a 111.51+11.88ab 112.09+4.41ab 109.43+15.58a
TS, 109.52+22.33a 103.48+18.37a 110.64+1.96ab 114.41+4.75ab 109.09+27.18a
RS, 115.76+7.86a 108.36+15.11a 123.20+2.18a 125.81+3.15a 113.92+24.77a

2.3 TEMEMHEN TEEEEEXES T
LIRS 5 e A R A A RE R e AL
5 R RUE VRO A B I S SE R, R
T Wit 5 e SRl 3 R AT B IR b AR A 23 B
KUY, EAAAE—ERIMRIE(K 8) . Hb S
PR VL WETR i | e TL Tt | 22 M 510 Tl 2% 2 A0 2% TE AT
K B SR IEWE TR NG  Fe el 0 2 B SG, 5
2o W SR AR 1K B S0 2 R G 5 T oA - R P O T
FeA ity 22 W A A S S AR I 35 TE ARG
®8 ARMEAXTLEREDHEN T IRBEXRY
Table 8 Correlation coefficients between soil enzyme and

soil microorganism in different treatments

it H TR W R i FeAL N Z WAL

Item Acid phosphatase Invertase Polyphenol oxidase

P

A El. 0.579" ¢ 0.604 " * 0.479" "
Bacteria

HIH : .

. 0.597" * 0.768 " * 0.324

Fungi

M 0.919* 0.560 " * 0.700 " *
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Note; * * correlation is significant at the 0.01 level, and * correla-

tion is significant at the 0.05 level. The same as below.
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