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Effects of straw mulching and root interaction on intercropped
maize physiological characteristics and yield

ZHANG Xiang-qian', BIAN Xin-min*, HUANG Guo-qin®, ZHAO Qi-guo’
(1. Crops Research Institute , Anhui Academy of Agricultural Sciences, Hefei, Anhui 230031, China; 2. Agricultural College,
Nanjing Agricultural University , Nanjing , Jiangsu 210095, China; 3. Agricultural College , Jiangxi Agricultural University ,
Nanchang , Jiangxi 330045, China; 4. Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: A pot experiment was conducted to study the effect of different straw mulching levels and root interaction
in maize/soybean intercropping system on maize. The results showed that straw mulching and root interaction increased
the green leaf area per maize plant at maturity stage and the chlorophyll content of different growth stages, and the effect
of root interaction was enhanced with the increase of straw mulching level. The plant water content and the root bleeding
sap of maize at maturity stage were significantly affected by mulching, but not affected ( P >0.05) by root interaction.
Mulching and root interaction increased the photosynthetic rate, stomatal conductance, transpiration rate of maize, and
reduced the intercellular CO, concentration. With the same root separation, the differences between the treatments T1 and
TO were significant. Mulching and root interaction improved maize yield components, and increased biological and eco-
nomic yields per plant at maturity stage. Correlation analysis revealed that the green leaf area per maize plant, the chloro-
phyll content, the root bleeding sap rate, and the photosynthetic rate were all linearly positive correlated with maize
yield. In conclusion, the mulching and root interaction improved maize physiological characteristics and increased yield.
The beneficial effect of root interaction was enhanced with the increase of the straw mulching level .

Keywords: straw mulching; maize/soybean intercropping; root interaction; chlorophyll; photosynthetic characteris-

tics; yield

AT B T AT A K B RGIRAR RN, P LT SRR R AR A S R A I A i
Hzpetas A SRR SBE IR i R~ BORMIWER IR E A A 7= rh i F 5 Ay

%5 H #5:2012-10-15

EEWE: HEK A AR IE4E S5 H (U1033004)

YEE B A IR (1984—) , 55 LR IR L BF 90 A=, FZENFAEYRIVETT 10 198 5Y o E-mail: xianggian111 @ 163 . com,
WIESE  HE ) (1962—) , B VLV EE A, 82, 2N F R 5 o E-mail : hegjxne @ sina. coms



%5 4 1]

K 1) 458 « AR AT i PR 2R EL AR R A T K AR R K B R ) 67

J Iz —Fh Z Je R AR, 3 — BRI A [R] 4 A
TEAS 8] 53 AT FIFR 53 5 oK 5 J7 TG 3 BAb , A 18] 1
R A RO A 2SRRI F O K5 A5 F
FEOPEE )R AT - B, R T
YELEAE D L B B G, A2 s il R 7 0 | b o
FIBE 5, LA Bl Xof 56 45 B 15 1 07 1T 552 W) 452 1y 1 44
S LA TOF - S = SN 0N 1 e 31 I (71 )
Bk T b b (R AH B PR T Z 4050, T AR AR
RIMEAE R E yEE, B AR S ™  mam
EERJF P 2 18100 S AR SCAE Ml b R ERBE A1
— 0 (M 3R R BIRR TR AR K ) 8 1 AR
IO IE T AS[FIRE AT 7 35 /K - FIAR 2R BAEXT B &
KA, H ) — 2 B R R 5 b AR R A B
FRIRNE , 2 R 6l A1 78 56 1) 348 7= 38 R L BB AR
P, NI R 25 T A RIVE R b 3R R B
VERIDLSEAE T RS A i il e e Fde
1 MRS T

1.1 A&

FEARAA G 7 VL VG Al K 2 21 383K 0l % K
17, ZIRF L TR 4G 1159367, 1L 46 28°467, i 44220
m, AR N 17.7°C, B IRE = 10CHY
GBI R 5 640°C, Z4E-F- 5K 1 624.6 mm,
HE IR 50 em, T H E AR 35 em, | EHAE 45
emo JHRA SR G 00K 8RR e T4 Hh 18] (LA Bl
IR A K)o 2 . BRI NS
(No root separation ) F1 ¥ 6} 5 52 4> B AR FS (Full root
separation with plastic film) PARP 7 28, BT 2 Fhih P i
IR BE A — B (BRI b R 2 BREOR AN 2
BRR ), UL 7E Rl — B 55 K 2 Fl AR Ak 2 ]
(AR 55 AR PR AR ) F R A MR 22 (B 7 22 S 24 02
T EBAR R EAES R . A Rk AR R
LTI F 1% L A B O 36 DU 20 21 (6 Rl
+, RS AL 15.6 g- ke, B R A 62. 1
mg'kg’l,ﬁiﬁ@? 14.3 mg - kgfl, A 141. 3
mg kg™ ',pH 6.1,

TR S A E T 0 ke M~ (T0) 0.1
kg #ifi~'(T1).0.2 kg4l =1 (T2) F1 0.3 kg #ifi =" (T3)
PUAS KO S REFE R H AR KT K RE RS AT RS AT
FER 10~15 emo HIEFEH 0.20 g-keg™' -, BEIE
FHE R 0.15 g-kg™ ', HFAE 0. 10 g- kg~ '+, R
BT R PR R T o R S AR R BT . B A 1
50 kg, 7% N 25 kg, 2 LR BEA AR R MU 93 2 =,
JRAREARLS HIR AT — WA o 1350 R BEALIX 4 1%
TF,4 x 2 XUH Z A6 (B 2 5 51 7 56 7K SF F b

MR, Horp 4 R 5K, 2 FhBRAR 77 =X) , 3 8 F
ShP AP AL P 4 RS, Sk 32 A, BEATAHEE B R 2
mo TR G RERRREE A 30 em, 5 5 K & Fh
FNFEATF 5", KRG AR 507, FARFKRE
T 2012 5 4 J1 2 H¥E&F, IEFERT 7 A 15 HUGKR,
FORFAR G 4 KL, & B 2 B EWAEK
) L A B i e R M A e ST AT
1.2 #BERESNE

BRI AR SR IR AURRE V%, I B Ak
FRAT AL 4 #RA A — 00 FORAE AR E | I J5 BOF-
BIMH.

M2 2 i F P Rr k4 K 2 2 (SPAD -
502) I, B Hsf 1A 358 B oK rp S AH R A7 i i
FE_ TR STEL S AN A0, RN AL L & 4 kK, )5
DU 8 S BB I, - LASE- BT T4

Vi B « 76 A BE U K — S AE AR 4 8K,
T 18:00 FTE VE T4 19 T4 0 7 59 b B35 (V)
FEEHLIAT 10 em) , 2 23 BEARAR 19 C FR 4T 25 5 Y
NSRS LRI AR U T O, AR R LR AS T,
WH 8:00 BUFFRE, AR ILAE 14 h, FIFH B AS A HT
JE B2, T

A FEPERIINE - 76 FORVESR I ERRIE IR
4 10:00—11:30, 5K A Li — 6400 #5006 A 100
I FARM oA SALRE R Co, W
FIZE G %, R4 B B AR K — 30 4 Bk E ORI
FE I I B ok KRR

A o (M T ) A < o R A R
7E 105°C T ML 45 min A7, F7E 8SC I T 2 1HE
JEFRECT Y EE , A b b BRI 5 4 RRBCE(E . 57 =
(G0 i) R AR B PR 28 ()00 5« S8 B0 T A
TR BEORLECR TR, F 15 7
1.3 Sitoth

X% Microsoft Excel 2003 %54 Xt £ & 1 47 4b B
FWE B, SR F DPST. 05 A 1 /D I 2 25 800
(LSD) AT H 225317 o

2 AR5

2.1 HAEBEFMREZEEMRAHEKBKEH
E R A G

M1 H AT LUE t 7E R — AP S K R R
PARL A 3L ) K R i T R = R AR AL B
£ TOT1. T2 F1 T3 25 T 5l hn 1 3.6% .5.3% .
6.7% 1 7.7% , 0% % & RKiEH B EKF(P >
0.05) , P T DAAS H AR 2R B A48 in oK sk
st A, H AR R RS FT 3 25 K7 B2 = T 88 o



68 T2 X AR AT

31 &

MEF IR E ) FERRAR AL EE TR T1 B TO, T2 B T1,
T3 Ho T2 B AR T A B T 16.5% .4.5%
F7.1%, TEARHRAE T 4353 T 18.4% |

3500
3000 -
2500
2000
1500 [
1000
500

PRk Sk 1 B/om?
Green leaf area per plant

5.9%F1 8.1% , HA[E FaAR 75 =0T T1 A1 TO [6) 47 A
BEER(P<0.05), Ut TRFMESAF TS
TR BpRGEN

0

TO T1

wd be be abc ab
i I I I I I
i NS | FS ‘ NS | FS ’ NS | FS

a
| xs
T2 T3

4k ¥ Treatments

B1 BEMRALENERMAREREHEROM
Fig.1 The effects of mulching and root interaction on green leaf area of maize per plant at maturity stage
HAERE BRI R 22 R B K (P <0.05).  Note: Histograms capped with different letters indicate significant difference( P < 0.05) .
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Table 1 The effects of mulching and root interaction on maize chlorophyll content of different growth stages

s AR NG IDINEE 22141 TS B
Mulching Root separation Big trumpet period Silking stage Filling stage Maturity stage
FS 39.83+1.92d 51.65£2.29 ¢ 55.35%£2.19 ¢ 37.78+2.05 ¢
TO
NS 41.15£2.28 cd 52.58 £2.23 be 57.25+2.36 de 38.70+2.35 de
- FS 41.28+1.75 cd 52.98 £2.22 be 59.20 £2.54 cde 39.30+2.96 cde
NS 2.95+2.91 bed 54.30 £2.65 be 61.03 + 1.49 abed 42.15£2.78 abed
o FS 43.43£2.91 he 53.63 £2.85 be 60.85 +3.14 bed 41.30 £2.06 bed
NS 44.93 £1.92 ab 56.13 +1.97 ab 63.88 £2.83 ab 43.68 £2.43 ab
3 FS 45.75+2.16 ab 55.58 £2.58 ab 61.43 +3.88 abc 42.58 £3.51 abc
NS 47.53£2.50 a 58.95+£2.54 a 64.93+1.36 a 45.25+2.10 a
BLi#3/KF Mulching 0.0003 0.0041 0.0002 0.0008
P FRARALFE Separation 0.0803 0.0329 0.0131 0.0165
TE 2 N2 IEFENIN
BLEKCY: x L 0.9978 0.7579 0.8996 0.8480

Mulching x Separation

T R AP R R £ ARt . AR ARVNG FHRERIRAE 0.05 /KF 12257 BH (P <0.05).

Note: Values are means = SD. Small letters in the same column indicate significant difference ( P < 0.05).
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Fig.2  The effects of mulching and root interaction on water content and root bleeding sap of maize plant
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Table 2 The effects of mulching and root interaction on photosynthetic characteristics of maize at filling stage
e i PG puES LB JiEl] CO, e S ZEHE A
M{l J;jl Root w et Photosynthetic rate Stomatal conductance Intercellular CO, concentration Transpiration rate
ulching oot separation /ol m~2+5~1) /(molem=2+s~1) (pmol*mol =1) (mmol-m~2-s~1)
0 FS 23.30£2.55 e 0.24+£0.04 f 137.08+8.74 a 3.45+£0.31 ¢
NS 25.53+3.8l e 0.27+0.03 ef 133.88+5.45 a 3.73+£0.56 fg
- FS 30.53+2.37d 0.33+0.05 de 122.10£6.30 b 4.18+0.39 ef
NS 34.80+£3.36 cd 0.37+0.04 cd 113.75+7.70 be 4.63+0.40 de
- FS 36.70£2.05 be 0.41+0.03 be 106.58 +5.89 ¢ 5.23+0.43 cd
NS 39.28 £2.94 abc 0.47+0.03 ab 96.23+4.84 d 5.78 £0.54 be
- FS 39.50+£2.91 ab 0.48+0.07 a 91.20+£7.87 de 6.18+£0.56 ab
NS 42.75+£3.00 a 0.52+0.04 a 83.80+4.82 e 6.58+0.46 a
7K Mulching 0.0001 0.0001 0.0001 0.0001
FARRAL P Separation 0.0098 0.0140 0.0069 0.0222
2l T o [ AR R
i KF x AL 0.9135 0.9494 0.7687 0.9512

Mulching x Separation

T R AP R R £ brifEE . FANE ARVNG FHRIRE 0.05 /KF L2257 B (P <0.05),

Note: Values are means + SD. Small letters in the same column indicate significant difference ( P <0.05).
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Table 3 The effects of mulching and root interaction on maize yield components and yield

2o - R /em FHL/ em TR KL THIE /g R R g BRRETE R/ g
B P o o
. . Ear Ear Kernels 1000-kernel Biological yield Economic yield
Mulching Root separation . .
length diameter per ear weight per plant per plant
FS 14.08+1.1e 4.08+0.1¢1 398.7+10.6 ¢ 245.7+21.1e 309.0+12.8 ¢ 109.6+10.0d
TO
NS 14.75+1.2de 4.19+0.1ef  420.9+10.6 de 253.1+15.9 de 346.1+12.5d 118.8+10.2 cd
FS 15.34+1.4cde 4.25+0.1de 428.7+12.9d 261.1+15.8 cde 348.8+13.1d 123.0+12.5 cd
T1
NS 15.85+1.4bed 4.37+0.1cd  430.8+16.1 cd 271.7 + 16. 8abed 391.2+18.9 ¢ 133.5+16.1 be
- FS 16.40+0.8 be  4.36+0.2de  436.7+11.6 bed 268.5+15.0 bed 388.2+15.4 ¢ 131.0+16.4 be
NS 16.85+1.1abc 4.54+0.1 bc  456.0+15.0 ab 283.4+12.2 ab 438.2+20.4 b 146.0+15.4 ab
- FS 17.30+0.6 ab  4.57+0.1 ab  452.8+15.6 abe 281.1+14.7 abe 435.9+£24.9b 143.8+18.3 ab
NS 18.20+0.7 a 4.72+0.1 a 469.8+£20.1 a 292.3+6.5a 492.5+14.8 a 159.8+14.0 a
357K F Mulching 0.0001 0.0001 0.0001 0.0004 0.0001 0.0019
p FAMRALPE Separation  0.1155 0.0024 0.0109 0.0456 0.0001 0.0046
26 7 R
aKF x AL 0.9767 0.9165 0.5691 0.9673 0.7118 0.9534

Mulching x Separation

T R R 35 = ARtz . SIS ARG FEORTE 0.05 KP E2ER B (P <0.05),

Note: Values are means + SD. Small letters in the same column indicate significant difference (P <0.05).
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Fig.3  The relationship of green leaf area per plant, chlorophyll content, root bleeding sap, photosynthetic rate and the yield
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