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Abstract: On the Loess Plateau, maize morphological structure and yield performance are restricted by low rainfall and limited
soil nutrient. Resource competition in intercroped cultivation have a postive effect on individual establishment and biomass
allocation of maize cultivars. It was necessary to research root morphology and biomass allocation of maize under the
combined effect of rainfall, planting density and intercropping for exploring effects of intercropping models on grain yield and
water use efficiency (WUE) of maize in the Loess Plateau. To this end, a field experiment was conducted at Changwu
Agri-ecological Station in the Loess Plateau, Chinese Academy of Science which is located in the classic dry farmming region
in the semi-arid region of the Loess Plateau in Northwest China. Two maize cultivars (‘2958 and ‘S16’) were intercroped
under two planting densities (45 000 plants-hm™ and 75 000 plants-hm™®) with 1 : 1 lines ratio. The aboveground and
belowground growth and biomass accumulation were investigated at different growth stages of maize in tow rainfall year types,
2011 with rainfall of 647 mm and 2012 with rainfall 497 mm. The study also measured and analyzed the correlation among biomass
allocation, root distribution, grain yield and WUE. The results showed that: 1) soil water deficiency had a negative effect on root
surface area (SA) of ‘S16° at flowering stage under low intercropped planting density. Also while SA of ‘Z958” decreased by
30.5% under high intercropping density, WUE increased with increasing intercropping density. After two years of experimen-
tation, root length density (RLD) in the 0—20 cm soil layer significantly increased under ‘Z958” and ‘S16’ intercropping. Also
with increasing planting denstiy, rainwater deficiency led to deeper root growth to enhance water uptake. This in turn enhanced
root competition for water and eventually obviously increased RLD in the 30—40 cm soil layer. Root distribution of ‘Z958’
was higher than that of ‘S16’ for the two planting densities. 2) Biomass accumulation under two cultivars intercropping was
genotypically different, with enhanced ‘Z958° growth during vegetative period and enhanced ‘S16° growth during reproductive
period. The individual biomass of two maize cultivars decreased with increasing intercropping density. The increase in dry
weight at reproductive growth period was higher for ‘S16’ than for ‘Z958” in 2011 under low intercropped planting density.
With high density and drought condition, individual biomass accumulation decreased under maize cultivars intercropping after
flowering. 3) There was on average 6.0% increase in harvest index (HI) under high intercropping density and HI increased
with increasing rainfall. Root and shoot growth was normal due to light competition under sufficient precipitation and low
planting density. Soil drought and high intercropping density resulted in significant decrease in root to shoot rate (RSR) of
2958’ as root competition for water increased. 4) In drought year (2011), competitive advantage was fully apparent in the two
cultivars intercropping system, with yield and WUE increases of respectively 10.3% and 21.4%, 28.2% and 42.0% under two
intercropping densities. Furthermore, yield and WUE of intercropped ‘Z958* were 17.6% and 50.0% higher than that of ‘S16’
for the two-year experimental period. Finally, ‘Z958” showed rational biomass distribution and response to soil drought when
intercropped with ‘S16° via reducing redundant root growth and decreasing excessive resouces use. Effective root morphological
adjustment and biomass distribution of ‘Z958” were responsible for the yield and WUE increase.
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Fig. 3 Effect of two maize cultivars intercropping on dry matter accumulation per plant at different maize growth stages in 2011

(A, B) and 2012 (C, D)

A1BI-A1(BI) (A, ¢ 958’; B, ° 16 ) (1, 45000 -hm™) ¢ 958°(¢ 16 )
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B2) (P<0.05) V6:6 ; VI12:
12 ; VT ; R1: ; R3: ; RS: ; Ro: A1B1-A1(B1) represents maize cultivar ‘Z958°(‘S16’) in

intercropping system of ‘2958 and ‘S16” with low planting density (1, 45 000 plants-hm™2). A2B2-A2 (B2) represents maize cultivar
7958°(‘S16”) in intercropping systems of ‘Z958” and ‘S16” with high planting density (2, 75 000 plants-hm™). CK-A1(B1) and CK-A2(B2)
indicate monoculture of ‘Z958°(‘S16”) under low (1, 45 000 plants-hm™) and high (2, 75 000 plants-hm™) planting densities, respectively. V6:
6-leaf stage; V12: 12-leaf stage; VT: tasseling stage; R1: pustulation stage; R3: milking stage; R5: dough stage; R6: mature stage. Different
lowercase letters above histograms at the same growth stage indicate significant differences among treatments at 0.05 level.
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Fig. 6 Vertical distribution of root length density (RLD) of maize cultivars in intercropping systems at maize flowering stage in
2011 (A, B) and 2012 (C, D)
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represents maize cultivar ‘Z958°(‘S16) in intercropping system of ‘Z958” and ‘S16” with low planting density (1, 45 000 plants-hm™).
A2B2-A2(B2) represents maize cultivar ‘Z958°(‘S16’) in intercropping system of ‘Z958* and ‘S16’ with high planting density (2, 75 000
plants-hm™). CK-A1(B1) and CK-A2(B2) indicate monocultured ‘Z958’(‘S16°) under low (1, 45 000 plants-hm™) and high (2, 75 000
plants-hm™) planting densities, respectively. Different lowercase letters above histograms for the same soil depth indicate significant differ-
ences among treatments at 0.05 level.

28.8%  42.0%,

¢ 958 WUE ¢ 16 s 5
> 17.6% 50.0%; WUE s
; , 958’
3 i [15-16]

[12]

[13-14]

http://www.ecoagri.ac.cn



384

2018

26

0.06

ab

0.05+
abab

Ho
—
=3

<

0.04

Ho

be

g

=

s}
T

<

=}

[\
T

5 F Root to shoot rate

<

(=

—_
T

0 f f 1 f f f f
Al1B1- CK-Al A1B1- CK-B1 A2B2- CK-A2 A2B2- CK-B2
Al Bl A2 B2
KEFR Treatment

7 2011 550 2012 F W E K@M EMETRE LA T L
Fig. 7 Root to shoot ratio (RSR) of maize cultivars in inter-
cropping systems in 2011 and 2012

AIBI1-A1(B1) (A, 958; B, 16 )
(1, 45000 -hm™) ¢ 958°(¢ 16 )
A2B2-A2(B2) (A, 958; B, 16 )
(2, 75000  -hm™) ‘ 958°(¢ 16 )
CK-Al(Bl, A2, B2)

(P<0.05) AIBI-A1(B1) represents maize cultivar ‘Z958°(‘S16°) in
intercropping system of ‘Z958” and ‘S16’ with low planting density
(1, 45000 plants-hm™). A2B2-A2(B2) represents maize cultivar
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Table 1 Differences in yield, water consumption (ET) and water use efficiency (WUE) between monoculture and intercropping of
two maize cultivars under two planting densities
Yield Water use efficiency (WUE)
Water consumption
Value Increasing Value Increasing (ET) (mm) Value Increasing Value Increasing
Treatment -2 0 -2 0 -2 -1 () -2 -1 0
(thm™) rate (%) (thm™) rate (%) (kg-hm™“-mm™')  rate (%) (kg'hm™“-mm™')  rate (%)
2011 2012 2011 2012 2011 2012

Al1BI 9.13¢ 0.7 13.85¢ 21.4 353.14ab  345.34c  25.84c 1.0 40.10ab 42.0

A2B2 12.92b -2.0 15.42a 10.3 352.87ab  351.01bc  36.62ab -0.2 43.93a 28.8

CK-Al 9.09¢ 11.45d 347.99b  361.49b  26.12c 32.69d

CK-B1 9.11c 12.57¢ 360.06a 373.98ab 25.31c 33.61d

CK-A2 14.13a 14.35b 368.47a  383.10a  38.36a 37.45¢

CK-B2 12.12b 14.99b 345.14b  380.48a  35.11ab 39.39bc

Density (D) ok NS *

Year (Y) *k NS *
DxY * NS *
(P<0.05); (WUE)
(%); * ** P<0.05 P<0.01 ; NS Different letters in the same column mean significant differences between

intercropping system and monoculture at 0.05 level. The increase rate of yield and WUE is increase of intercropping system compared with monocul-
ture in the same year and under the same density. * and ** indicate significant effects at P < 0.05 and P < 0.01; NS indicates non-significant effect.

, (Avena sativa)
[22-23]
(RSR) , ; 2
» RSR ; ;
‘ 16 RSR , (7]
;0 958 RSR ,
13 16 5 , [28]
, 5 (WUE),
958’ , 10.3% 21.4%, WUE 28.2% 42.0%;
¢ 958’ ‘ 16 ° 17.6%
, 50.0%, ¢ 958’
(24], ¢ 958’
’ ’ 4 iR
[25] )
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[2,26] , ;
13 16 9 R
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