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Effects of intercropping on quality and yield of maize grain, microorganism

quantity, and enzyme activities in soils
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Abstract: To increase our understanding of the advantages of intercropping gramineae crops with legume crops, we
conducted a field trial comparing a maize monoculture system, a maize-peanut intercropping system, and a maize-soybean
intercropping system with or without application of fertilizer. For each system, we determined maize grain quality ( starch,
protein, oil, and lysine content), economic and biological yields per plant, crop yield per km®, abundance of
microorganisms ( bacteria, fungi, actinomycetes, and nitrogen-fixing bacteria) and activities of various enzymes (invertase,
dehydrogenase, urease, and phosphatase) in soils (pH=6.2). The field experiment was carried out on upland red soil at
the Experimental Station of Jiangxi Agricultural University (latitude 28° 46'N, longitude 115° 36'E, altitude 22. 1 m above

sea level) from 9 April 2011 to 25 July 2011. The experimental plan comprised six treatments (i.e., 3 X 2) and each
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treatment was replicated three times. Each plot area was 33 m*(6 m X 5.5 m) and the field experiment had a total of 18
plots. Crop management was the same as that used for local agricultural production. The results showed that maize
intercropping significantly increased protein, oil, and lysine content of maize grains when no fertilizer was applied.
However, there was no significant effect on starch content of maize grains. When fertilizer was applied, maize intercropping
significantly increased starch and lysine content of maize grains, but did not significantly affect oil and protein content. The
effect of intercropping on increasing the contents of starch, protein, and lysine in maize grains was not greater than that of
nitrogen fertilizer applied at a rate of 50 kg/km’. Intercropping also increased the maize yield (square kilometers) and the
biological and economic yield per plant. Compared to the yield from the maize monoculture, that from the maize-peanut and
maize-soybean mixed cropping systems was increased by 3.7% and 9.7% , respectively, under unfertilized conditions and
by 19.0% and 18. 6% , respectively, under fertilized conditions. However, the effect of intercropping on increasing the
yield of maize was not greater than that of nitrogen fertilization. Intercropping significantly increased the quantities of soil
bacteria, fungi, actinomycetes, and nitrogen—fixing bacteria under different fertilization conditions. Soil enzyme activities
were also significantly affected by intercropping. The activity of soil invertase differed significantly between the maize
intercropping and monoculture systems in unfertilized conditions, and the activities of soil invertase and phosphatase
significantly differed between maize intercropping and monoculture systems under fertilized conditions. A correlation
analysis showed that the abundance of the four kinds of microorganisms and the activities of four soil enzymes were
significantly (P < 0.05) or highly significantly (P < 0.01) positively correlated with each other. The maize grain quality,
yield, and biological yield per plant were significantly or highly significantly positively correlated with the abundance of

microorganisms in soils and with enzyme activities, except for invertase and phosphatase activities.

Key Words: Intercropping; soil microorganism; grain quality; enzyme activities
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Table 1 Effects of intercropping on maize grain quality under different fertilization conditions

A [ e TENY HA R 4y T R

Fertilization Intercropping Starch/ % Protein/% 0il/ % Lysine/ %

AHEAE CK KN986S 68.17+0.55¢ 7.0120.69c¢ 3.59+0.41¢ 0. 16+0. 002d
KN9861 68.48+0.76¢ 8.620.38b 4.00=0. 13b 0.20=0.019c¢
N986 Il 69.40%0. 60c 8.36+0.49b 4.230. 12ab 0.21=0.008¢

JHE Fertilization KN986S 71.19+0. 80b 9.7520. 54a 4.340. 10ab 0.230.012b
KN9861 72.60=0. 66a 10.510. 40a 4.47+0.12a 0.26+0. 005a
KN986 Il 73.09+0. 14a 10.45+0.39a 4.49+0.04a 0.27+0.003a

p

WENEALBE Fertilization 0.0001 0.0001 0.0009 0.0001

&)1 75 3 Intercropping 0.0083 0.0034 0.0216 0.0001

Jit AL Ak B < [ 47 5 2

0.3890 0.3172 0.1783 0.4291

Fertilization X Intercropping

KB N b2 B9V E ARG FRERIRTE 0.05 /K B 225 B3 (P<0.05)

2.2 OR[AIEAE S TRIVE X 5 oK SRR 28 3% 7 st R A 0 7 i S K FH 7= i g S )

LT HaT DLE ) JE e A il A RS il B % 1 T, TR0 AR 0K B B RR 2 3 77 a9 o T B BOK
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18.9% fH[R]—JaAE S5 1E T 22 R 246 R 2B B (P>0.05) , EMEAR 54T 19 5 K BRI E 1Y B bk 2 0% 77 i 5 i
F R T AT 2T W AH R AR A X 108 BH 322 UK X oK BRAR 28 55 77 d 52 I K T B VE . BT 1A g
A VR ) TR 8 K A B kk A= By 4, Horp KNOS6T I K986 I1 4 Bk Ak Wy 7 2 75 AN it B 45 1 R
S EAVERS N T 6.9% F1 7. 4% ,FERGAE S5 44 N 43 B3N 2. 4% F1 2. 1% AB AL AE 25 ¢4 T WA I ERL Y
BRRAE S RS R R 3 (P>0.05)  TEANHEAL 2544 A KN9s6 I [aI/ERL 5 e e i 25 5%,
BEAMHAE 25 14 T 18 K BRI () SRR A 7 i e 3 8 TN A5 P T A AR [ AR A X 10 I i 220 M 34 o
FORBRAY RO R RS EEAEH , BT LA I, TS A AE ARG AL 540 F |, AR £ K 197 & 3 e
TR A EARTAL A5 T KN986T A1 KN986 I 14 K 7™ 1t 43 il LL RAE IS I 1 3. 7% F19. 7% , e e 551
TAT AN 19.0% F118. 6% , UtHA T TI/EA R T 58 i FOK 09 R ERFIA ™ 5, it UL AE $2 8 oK R 7 i
Dy Wit &5 45 AR, Hoh e 2 2 R BRI R = 5 R REAE A5 T 1) K B VE A R VR 9 K = i
B 25 5% (P<0.05)

2.3 AN[EIEAC F5 4T T T i A P R i 5 i)

M2 HATLUE Y, TCIRTER IR FASHEAE A5 T, TR VEAR XS T B VR4 8 25 14 - 49 b 20 BT i 25 i
TEHE AL FUAS A 254 KN986T il KN986 11 43+l LU FRAESE i 1 86. 4% F1 81. 2% ,25. 9% 1 29. 8% , At A
B I i 9 P A B AR TR — TR Ah Bt IS 2 22 [ 14 25 538 B 57K (P<0. 05 ) AT LAASH s it IS ]
VX ] LS 25 B i 3 vh B BB I LU R 2514 T KIN986 IT [a] Ak 2 3 v B0 3 0 B0 by die ey, 7 it AE A
AL AAE T KN986T Fil KN986 11 435l bt BE + 1 rh EL PR A B 3G N 1 17. 3% 1 20. 0% \13.2% F116.3% ,
F5E 2 it AR T) P o) 39 e 2 TR R B 5 M X BT B R R A 2L, ELA AR ) B A A R, He it AR
ZRAF T B RIE S AL 251 T B IR 22 Seah 3 0 KO, g v ] S8 %) A Al 0 52 30 it AT A ) 4R 1 52
M, I LAMEAE 2544 KNOS6T [a] /R4 3 T 4 438 v A e 2 T 45 i Ry i 22, 7 it JIE RN AS it AT 2% 14 KIN9 861 il
KN986 1T 43 51| FEAH I (9 BAAVE RS T 53. 1% F148. 7% 124. 1% F1 132. 8% , HIAIWE IR AL 440 F KT
THLRE 251 T B8R
2.4 [l AC S5 AT Tl AT b RS P A 5 Ml
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Fig.1 Effects of intercropping on maize yields under different fertilization conditions
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B KA 5 P A A M 3 TR A A K B BN T 22, 1% , U] T AL R R
KEANE P ARG A BB R BRI PETE 0. 83—1. 24 pg-g -24h™" Z[H], LUBAENE AT
KNO861 [ /AR Ay de e, TEIBAEMENE SO HE AL 25 A7 T, 36 K ) = - 48 vl 8 S0l 1 5 o T/ EH 22 R
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FEAL A F N KNO86I Al KN986 11 434l L BAVERS fiN T 50. 0% 1 44. 1% (14.0% F129. 8% , 3 /Bl iR k0
PEAE 1.63—2. 01 mg-g™'-24h™" ZJa], F it IE 25 74 (1 KN986I FiI KN986 11 437l L S AERS i 1 17. 29% Fi
18.9% , 25+ W3 . W] DLt AL FATRIVE W] LA RT3 - 38 e 0yl 375 P | A D) 0T 8 o J30 S 0% P 2 o A
b, AN B A B 2 K

®2 RS T EMEN TP EF S0

Table 2 Effects of intercropping on soil enzyme activities under different fertilization conditions

. N S AL M Jit S A JOR it 1% TR B 14
e k(e
. . Invertase Dehydrogenase Urease Phosphatase
Fertilization Intercropping o o o o o o o o
/(mg-g™' -24h7") /(ug-g™ 24h7") /(mg-g™' -24h7") /(mg-g™' -24h7")
Al CK KN986S 5.38+0.35d 0.83+0.09¢ 0.34+0.08d 1.63+0.23¢
KN9861 8.81+0.55b 0.90+0. 14bc 0.51+0.09bc 1.85+0.08ab
KN986 11 9.42+0.96ab 0.93+0. 14abc 0.49+0. 06cd 1.83+0. 11abc
HiAl Fertilization KN986S 6.57+0.46¢ 1.11+0.22abc 0.57+0.07bc 1.69+0.26bc
KN9861 10.26+0.29a 1.24+0.13a 0.65+0. 12ab 1.98+0.17a
KN986 Il 10.08+0.71a 1.15+0.20ab 0.74+0. 12a 2.01x0.13a
P
HEACALEE Fertilization 0.0035 0.0067 0.0006 0.0370
[A14E )5 3K Intercropping 0.0001 0.6018 0.0281 0.0031
b P i 5
HEAEAL X 7 2 0.5498 0.8385 0. 5449 0.6436

Fertilization X Intercropping

B - B AR 22 PR AR/ NE FHEERIRAE 0. 05 7K 128 5 .35 (P<0. 05)

2.5 TRARWECGE NG TS T ORAPRLE T SRR AR e e R (R A S A b

3 WoR T Bk b R AR Y | DU TR 2 R OK 4 BT TR AR BRAR A R (BT
TR =) IR L 2 (A B AR IEAH O R, UaBH T 1 e 2 A0 A7 e IE A B AR R VR . SR AN S5 i o ik
it 55 i Ul e AL S R A ARE S Ve Skl 5 A T A e S R e S SRR AR ) i AL
ity 557 UG S B IR G | BRI NG S TE A (BEIRIG S A I BT . WRRR I 5 AR A T i 2 (R A AH DGR 3 A
(P>0.05) , HAR B4R BRI Z [8] B A 3 1 2 (P<0. 05) Bidl 235 (P<0. 01) /K-, MAEARRA: 97 0 5 0Ed (4R
FUBT 53 2R B 1 A O ZRBR0RT LIS | AR W7 s AU K 7 s 8 ) il T L T KR i Joi
PSR K . INRHIRATE ), R A Mgkt 5 - e rh i s M Z [ I OC RO B D), & Z Al ik
) b 25 A I S AR A G RIS R KT DRI kb a4 v P U E B
RIS P AT DA K AR S5 S B N oK B Bk AR A P s R i, - SR AR B RS PR S K
FARRAEY) B FPRLS T S R OC R B YT AR IE AR HEVE T
3 itig

AR TEAE , B TR R A0 38 250 T 1) 22 5, (A 28 SR M R R ™ A BARME A AN SRR IR 3 T
Fei, 1 HLAE B BGEEM IS IR Li SRR S R R OK || A SRIERS, bR SE A S, Bk
A S AT AEAS 2 W A At . R R 2 A S AR ) 35 PR R 6 K [ R A0 9 v B ) T AR o8 T oK B 7
L, UE EOKRAE RN (E A [ o ) 7= A 488 R S5 4 A3 R S TR A 1, DR L ot it A K
e S ACAE RVE R GBI R KA || AEA VR B A B2 7 s o3, AR /K R P i vl DA e 18% —41%
ARG R RIFER B, S FOR 5 KT AR SRMEWIERT, Toie At AE AL 25 4 F AN B3 T £ oK
BARRG T BFAE Y T H R 57 B W 3, Rl 8 350G 1 BRI Fr i i, X 5 AR R
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TEAFE BT FE A RAN — B, AN R I )RR 0 F oK 7™ ik 482 8 FORMPRIIE R 2K 11 BRI iR
7 T SR BT KPR AR 2
£3 HRTMAENHE BEESEAPRRR.CRR R EN RIS

Table 3 Correlation matrix between the quantity of microorganisms, enzyme activities and maize grain quality , maize yield and biological yield

per plant
i wew (PN e wam o ww B
Fungi Actinomycetes bacllen'a Invertase  Dehydrogenase ~ Urease Phosphatase
N Bacteria 0.95** 0.97** 0.88** 0.83" 0.80" 0.85* 0.94**
FH Fungi 0.96** 0.93** 0.82 = 0.89** 0.96** 0.91**
LR Actinomycetes 0.97 ** 0.93** 0.77 * 0.89 %" 0.98 **
[# %/ Nitrogen-fixing bacteria 0.95** 0.77"* 0.89** 0.95**
AL Invertase 0.55 0.74 0.96 "
Jii (8 Dehydrogenase 0.88"" 0.65
WX Urease 0.84"
WA Phosphatase
JEH; Starch
FEH i Protein
4y oil
AR Lysine
kA )= Biological yield per plant
I A
Starch Protein 0il Lysine per plant Yield
Y Bacteria 0.84" 0.80" 0.74 0.83" 0.77* 0.91**
E B Fung 0.93** 0.90 ** 0.96** 0.91** 0.96**
WL Actinomycetes 0.80" 0.83" 0.83* 0.86* 0.80* 0.87*
B % Nitrogen—fixing bacteria 0.77" 0.86 * 0.91** 0.88** 0.85* 0.81"
AL Invertase 0.57 0.66 0.76 * 0.7 0.64 0.65
Jii 8 Dehydrogenase 0.96 ** 0.96 ** 0.87" 0.94*" 0.96*" 0.95**
JIKAE Urease 0.93** 0.96 ** 0.92** 0.98 ** 0.95** 0.92**
WA Phosphatase 0.7 0.75 0.76 " 0.78" 0.71 0.77*
BEKY Starch 0.94** 0.86 = 0.96 ** 0.94** 0.98**
1R Protein 0.94 %" 0.98** 0.99** 0.92**
43 0l 0.96 0.96 ** 0.84"
AR Lysine 0.98 0.95**
HpRA )4 Biological yield per plant 0.92*

w N EEE(P<0.05), = = NP BEF I (P<0.01)

TIEEY I AR S R G B G, IR O SR T o AR A R IR
THEARY R G LY Z AE AR AR B SRR G R, R AN | R ROK || AR A
AN || TR R BRIRIVE AR T B RERS 4R i AR AR R T TV 2R, SO AR o 200 O 7 2 A AL 2
SR E K || AR RIEOK || M IR R [ REE B TR AR VR AR BRI AR ) R S A R B i A
AESR o TP A A TR | B R AR B A B A T A AR SE R TG A A IS RS i IE 4% 1 T TRl VR AR X
TR T LA S0 M e R A AT | TR Ak TR R B R IR B KOTSRS
A —E, XAl RES 1 TR EACRE N T 3R B R R RLOA A W B B 2 B R T A4 R AR R
BAE AT AR AR b S A S 2 A0 R ORI ) IR IL S AN IR e 425 1 5 Pl B Y

;&5[17,20] i
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TEIERIAHRIC AR AWEFERRERI], FORBARRAE Y™ i . 7 i S HORPRL TR -5 S v e Al % WA PR Tt 0 11
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