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Effects of intercropping with waxy maize on soil microbial biomass and enzyme activity of
continuous broccoli field. ZHANG Xue-peng, CAO Yu-bo, NING Tang-yuan®, FANG Qian-
nan, XU Zi-wen, HAN Hui-fang, LI Zeng-jia ( College of Agriculiure, Shandong Agricultural
University/State Key Laboratory of Crop Biology/Key Laboratory of Crop Water Physiology and
Drought-Tolerance Germplasm Improvement of Ministry of Agriculture/Shandong Key Laboratory of
Crop Biology, Taian 271018, Shandong, China).

Abstract ; Using continuous cropping as a contrast, the effects of different intercropping patterns of
waxy maize and maize straw returning on soil microbial biomass and enzyme activities were studied.
The aim was to know how intercropping and maize straw returning benefit for solving continuous
cropping obstacle problems in vegetable fields. Three treatments were used, including relay-inter-
cropping mode of broccoli and waxy maize with waxy maize straw returning ( B/MR-B), relay-
intercropping mode of broccoli and waxy maize without waxy maize straw returning ( B/M-B),
broccoli continuous cropping (B-B). The activities of soil urease, sucrase, neutral phosphatase
and catalase, and soil microbial biomass carbon ( MBC) and nitrogen ( MBN) were analyzed.
Relay-intercropping with straw returning increased MBC and MBN, especially during the later co-
existence period of maize and broccoli. Moreover, the activities of urease, neutral phosphatase
and invertase were increased, and the transformation of organic nutrients in the soil was im-
proved. Hydrogen peroxide was secreted by crop roots in the early stage of residues incorporation,
which increased the activity of catalase. The intercropping system may have the potential to de-
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crease the accumulation of hydrogen peroxide in the soil. Soil urease activity, sucrase activity,

neutral phosphatase activity and catalase activity had significant positive correlations with MBC.

Soil urease activity, sucrase activity, neutral phosphatase activity had significant positive correla-

tions with MBN. Therefore, relay-intercropping with straw returning can improve soil environment

and reduce continuous cropping obstacles to some extent.

Key words: relay-intercropping; straw returning; continuous cropping obstacles; soil microbial

biomass carbon; soil microbial biomass nitrogen; soil enzyme activity.
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Fig.1 Experimental design and cropping arrangement
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BT AE A SEWOR 41 B-B ALY 1 2R T
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K—E R FHEE TV 26 H MBC, M E/ERE K
FEREFF 4 T REfE i 2 2l P8 22 4L MBC,
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F1 AREMEEXIIFEE MBC B9%0 (mg - kg™')
Table 1 Influence of planting patterns on MBC of vegetable field
G £JE(em) AR =i FARHEH AR FRTIFAE E RIS .| RSN
2013  0~10 B/MR-B 119.8+16.5 a 346.6+15.0 b 463.3+18.8 a 180.9+10.4 ¢ 420.6+12.6 a 259.6+25.3 a
B/M-B 119.7+£34.9 a 370.9+8.8 a 345.8+8.0 b 270.9+8.4 b 284.2+18.2 ¢ 185.2+19.1 ¢
B-B 75.1£1.2 b 252.5+10.1 ¢ 250.2+10.0 ¢ 383.6+£21.4 a 356.2+22.5 b 222.5+10.0 b
10~20 B/MR-B 112.0+6.8 b 212.0£7.0 a 312.4+£2.1 a 81.7x4.3 ¢ 357.6+£26.2 a 236.5+27.8 a
B/M-B 68.6+11.2 ¢ 96.9+6.0 b 196.1£13.0 b 174.2+1.3 b 271.0+28.9 b 151.8+14.0 ¢
B-B 164.8+11.2 a 74.7£3.3 ¢ 193.9+3.2 b 208.0+8.8 a 203.1+24.1 ¢ 187.7+15.0 b
2014 0~10 B/MR-B 111.84+19.80 b 247.65+37.07 b  592.41+14.71 b  380.59+12.44 a  587.21+70.29 a  808.10+39.51 a
B/M-B 122.79+13.91 b 302.74+12.03 a  622.53+12.24 a  372.24+28.04 ab 425.58+62.93 b  731.22+52.05 a
B-B 242.91+9.71 a 282.56+20.08 ab 384.90+11.56 ¢ 328.90+15.09 b  316.49+28.26 ¢ = 576.81+93.20 b
10~20 B/MR-B 234.32+6.83 a 246.24+26.61 a  346.65+20.74 a  198.09+16.64 a  229.57+36.14 b  612.59+64.20 a
B/M-B 71.31£2.29 b 208.33+20.11 a  315.95+1.46 b 84.94+3.70 b 366.31+23.57 a  484.64+38.51 b
B-B 47.26+3.84 b 114.37+£38.12 b 312.40+2.52 b 40.26+4.11 ¢ 106.79+32.42 ¢ 367.36+35.58 ¢

[AFA R NG TR R Al — AR A3 [A]— 2 JZ A [RI AL B2 Sk (. %50k (P<0.05) o T 1A

2.1.2 XA A YRR HE 2 WL
FH,2013 4 0~ 10 em +J2, B/MR-B 78 ik
WSk Bl , 289 e B/M-B 1 B-B .3 55 ) 36.2%
H169.8% , F =R UK . T K IFFE ] Bk R U3k )
MBN ¥4 B/MR-B>B/M-B>B-B, Jfik 3| i /K
F310~20 em 12, B/MR-B 1F F K UHR 4 1541
539 b B/M-B 1 B-B {3 & H 77.0% Fl 136.0%
i 32 FpoA 01 4 MBN £ 3L~ B/MR-B >B/M-B >
B-B, 7EH AR | TR TP AL | B K3k ik 3
HEIKSE, 2014 4E 0~ 10 em 1+ )2, B/MR-B ZbFH7E
FORFFAEIR NI, 505 e B/M-B #1 B-B .25 5
i 49. 1% 1 73.6% , MBN #% {k % ¥l &y B/MR-B >
B/M-B>B-B, H.A #5 SR AR 10 | 5 K TR A6 1 A £ ok
Wk B/MR-B I B/M-B & & 21.7% .49.1%
F126.5%; 10 ~ 20 ecm + 2, MBN % {& % 31}y
B/MR-B>B/M-B>B-B,B/M-B # B-B 4b i 7E FH Sl
FEMI 35 W, B/M-B Lt B-B i 3 5t 23. 0% i

®2 AEMEEKXIIIE MBN #I#0 (mg - kg™)

B/MR-BTE K HF AL WA IE(H , 5 0~ 10 em 12
fHF 25, 509 L B/M-B 1 B-B .35 &t 62.3% FlI
145.8% , H iR al LA A E a2 A6 e &
YERG FoR—E R F4Em T V5 2246 MBN, i &4E
G ERIFFEFF L H REAE T i — 25 52T+ MBN

2.2 ORI[RIFARAR 2N A Sl T 1 52

2.2.1 AP 4 IR BTG R 05 i
K 2 n]FH,2013 4E 0~ 10 em +)Z B/MR-B ZbHH (1)
FOR T PEAE BRI EORFFAE I KRR 1 3
T B/M-B 1 B-B, E KAk , B/MR-B Ab 2 i 3%
T, REAFEFHA I 2R T 0~ 10 em + )2 IR
T 510~20 em + )2 B-B ACFRAE T K 11 LLS 28k
SR T B 3K T B/MR-B #1 B/M-B, 2014 4
5 Ab 3R il 37 1 AR SEMSOIR I 3k B IS 1) O ~
10 em 1+ JZ B/MR-B #1 B/M-B 43 4 lt. B-B Ab 3 i
FWET 19.3% M1 5.6% , bk E KIS B/MR-B Ab
P 34 5§ 3% %5 T B/M-B , B-BANFE i {1k T°B/MR-B

Table 2 Influence of planting patterns on MBN of vegetable field

Wy +2(em)  AbHE B TR IR EP SIFi] TR BN
2013  0~10 B/MR-B 14.85£2.46 ¢ 60.44+4.94 a 80.44+5.37 a 62.73+4.86 a 55.284#9.75 a 50.33+£9.85 a
B/M-B 29.52+3.46 b 29.04+4.02 b 59.04+3.92 b 44.07£4.37 b 25.16+£3.05 b 33.87+4.80 b

B-B 36.02+1.93 a 31.37+3.33 b 47.37+£3.03 ¢ 28.37+2.54 ¢ 25.16+£2.30 b 20.27+1.54 ¢

10~20 B/MR-B 10.67+1.09 b 28.46+2.41 a 38.46+3.41 a 35.74+4.61 a 44.01£6.72 a 17.41+2.78 a
B/M-B 11.27+1.17 b 14.73+2.42 b 18.41+2.59 b 19.87+3.36 b 24.87+2.49 b 14.43+2.72 a

B-B 23.61+2.75 a 14.31+0.93 b 11.53+3.36 ¢ 12.88+0.63 ¢ 18.65+2.03 ¢ 8.05+1.17 b

2014 0~10 B/MR-B 50.27+4.51 a 56.98+6.92 a 58.32+6.80 a 98.66+6.93 a 39.53+1.65 a 21.45+3.03 a
B/M-B 41.32+3.99 b 50.34+6.11 a 54.26+4.66 a 66.17+6.09 b 31.25+1.55 b 20.87+3.25 a

B-B 35.27+2.37 b 37.00+4.24 b 24.15+2.81 b 56.83+5.84 b 18.60£1.86 ¢ 19.68+2.40 a

10~20 B/MR-B 21.23+1.84 a 29.90+2.89 a 37.33+3.23 b 49.25+7.17 a 30.11£3.72 a 17.77+3.26 a
B/M-B 16.16+1.56 b 20.90+2.29 b 44.48+2.51 a 30.35+5.49 b 23.14+3.18 b 14.61+2.61 a

B-B 14.65+1.35 b 18.97+3.77 b 36.16+1.52 b 20.04£2.60 c 21.35+3.08 b 7.63x1.15b
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Fig.2 Soil urease activity under different planting patterns
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FARWPOR IR F) B2 K-, 2014 4F 0~ 10 em +)Z
MR A 2 B/MR-B AL B B 2 = T B/M-B, &
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T B-B;10~20 em )2 P iR B 14 A48 1h a5t
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Fig.3 Soil saccharase activity under different planting patterns
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Fig.4 Soil neutral phosphatase under different planting patterns
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Fig.5 Soil catalase activity under different planting patterns
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Table 3 Correlation coefficient between soil microbial bio-
mass and enzyme activities

MBC MBN DREE  ERERE P
A
MBN 0.27*
O it 0.28*  0.49*"
AR 0.25% 047" 057""
PEBEREE 03477 048 0427 0.19
WA ER 025" -0.23 -0.06 0.12  -0.53**

* P<0.05; * * P<0.01,
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3 i i
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