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Ecophysiological Characterization of Different Maize (Zea mays

L.) Genotypes under Mono- or Inter-cropping Conditions

LI Chao-Hai, SU Xianong* » SUN Dun-Li (College of Agronomy, Henan Agricultural University,
Zhengzhou 450002, China). Acta Ecologica Sinica,2002,22(12):2096~2103.

Abstract : Reduced genetic variability of crop cultivars, which is indicated by similar genetic bases among
leading varieties, has resulted in fragile recovery mechanisms, increased presence and severity of plant
disease and pest damage, and increased lodging. especially in maize. Variation in climatic conditions
between years in China, which cause drought or water logging depending on the year, can result in very
variable yields per unit area. Therefore, we propose increased maize genetic diversity is important to
consistently produce the highest possible yield over a large area.

This experiment was conducted at the Institute of Wenxian Agricultural Science and the Institute of
Changge Agricultural Science in Henan Province in 1998 and 1999, respectively. The experiment at both
locations was a complete randomized block design with three replications. There were six and fourteen
treatments . respectively. Maize hybrids with different architecture and level of resistance to pests were
planted in mono- and inter-cropping systems. For the intercropping, the ratio of the two hybrids involved
was 1: 1ina 72~48 cm of paired row spacing. The total area per plot was 50. 4m”. The experiment was
planted on June 10 and harvested on September 22 in both years. Cultivation and management of the test
plots were the same as those of local fields throughout the experiment.

For both locations, the test cultivars were chosen according to differences in their morphological and.
physiological characteristics (e. g. plant type, resistance, etc). Among them, Danyul3 (denoted as
DY13) is a panar variety; Denghail (DH1) is a compact variety; YuYu22 (YY22) showed good disease
resistance but poor pest and lodging resistance; YuYu20 (YY20) had both poor disease and poor pest
resistance but good lodging resistance; Denghail (DH1) exhibited poor disease and pest resistance but good
lodging resistance; YuYu2l (YY21) had good disease and pest resistance but poor lodging resistance;
Yedan2 (YD2) had low yield potential but better drought resistance; and Yedan22 (YD22) showed high

yield potential but less resistance to drought.

“ 7 (960201019
* ( ,450003)
:2001-02-28; :2001-11-20
(1956~), s s o o



12 : 2097

Appropriate planting densities were used based on those recommended by local practices for each of
the maize varieties tested: 52500 plants /hm?* for DY13, 67500 plants /hm?* for DH1 and YY21, 45000
plants /hm?®for YY22, and 60000 plants / hm® for YY20, YD2, and YD22. In 1998 six treatments were as
follows : Danyul3 &. Denghail (denoted as DY 13 || DH1, where “ || ” represents inter-cropping) and their
monoculture (DY13, DH1), YY22 | YY20 and their monoculture (YY22, YY20). An additional 8
treatments with or without irrigation were tested in 1999: DHI1 || YY21 and their monoculture (DHI,
YY21), YD2 || YD22 and their monoculture (YD2, YD22).

Disease and pest resistance were investigated during the late growing stages. The resistance of air-
spread disease of the compound colony was calculated as the method described by Wolfe (1985) &. Cao
Keqiang et al (1994). The incidence of lodging was recorded at the late stages. Leaf area was measured
and leaf-area-duration (LAD) was calculated at the stages of elongation, 12 fully expanded leaf, silking,
15 and 30 days after silking, and maturity. Chlorophyll content was determined on the 12th leaf at 15 days
after silking using by an acetone-extraction method. Photosynthetic rate was measured on the 12th leaf
using the portable photosynthesis measurement instrument CI-301 (CID Co. L.td, USA) between 1030~
1200 on sunny days in 1999. The middle four rows of each plot were harvested for grain yield and the land
equivalent ratio (LER) calculation.

This study showed that reasonable inter-cropping of maize cultivars with genetic diversity could
enhance the resistance to pests at the late stages. The crop’s ability to resist air-spread diseases enhanced
significantly with inter-cropping. For systemic infectious diseases. the crop’s ability of resistance was
maintained , and the ability of disease resistance was increased by 50% if calculated on an area basis. The
crop’s pest and lodging resistance also increased. The improved under inter-cropping conditions was
associated with the increased LAD after silking . especially from 30 days after silking to maturity., which
resulted in higher chlorophyll content and photosynthetic rate. The yield was increased with reasonable
inter-cropping involving hybrids with diverse genotype background. Planar | compact (DY13 || DH1)
treatment enhanced yield significantly compared with monoculture of the planar type (average 21.4% in
two years). The LER also increased. Under the conditions of severe plant diseases and pests inter \ |
cropping crops of different resistance (YY22 || YY20) had higher yield than those of the mean value of two
monoculture colony (13.7%),and than two monoculture crops (>YY22 7.3%, >YY20 13.3%, 1998).
In drought years, inter-cropping of different drought resistant varieties such as YD2 || YD22 expressed the
dominance of the high yield variety (YD22) and had higher yield than the drought resistant variety (>=>YD2
14.4%) under irrigation; the drought resistant variety (YD2) and had higher yield than the high yield
variety (> YD22 7.9%) under no irrigation. Therefore, Inter-cropping could increase yield under
different levels of water stress. This study indicated that intercropping crops with different phenotypes
could provide a consistently steady yield under adverse circumstances.
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Table 1 Effects of compound colony on diseases and pests’ resistance in maize intercropping with different genotypes

5

3

6)

Treatments 1998 1999 7 1998 ) 1999 1998 1999 1999
9% CZP) 7] © (CZP) 73] 9% 7P

YY22] YY20 17. 0Bb R 14.4Bb R 15.2Bb R 20. 7Aa 2. 8Aa 2. 6Aa 36. 3Ab
YY22 10. 0Bc HR  1.0Cc IM 8. 7Bc R 20. 1Aa 0. 6Aa 1. 0Aa 40. 3Aa
YY20 40. 6Aa MS  26.2Aa MR 26.3Aa MR 15.5Ab 1. 2Aa 7. 4Aa 0Bc
YY22* 10.0 HR 8.3 HR 11.9 R 24.0 — 1.8 33.9
YY20* 27.7 MR  20.5 R 20. 8 R 18.1 — 3.3 38.1
DHI | YY21 10.7Bb  HR 9.7Aa 13.7Aa 16. 2Bb
DH1 27.4Aa MR 8. 0Aa 17. 3Aa 31.9Aa
YY21 0Cc M 8.9Aa 3. 2Ab 7.3Cc
DHI1* 16. 4 R 6.2 21.1 23.6
YY21* 5.2 HR 13.1 6.3 10. 0

* ;IM, ;HR, ;R MR, ;MS, ; ) 1%(5%) s

s

;(DDisease index of leaf blight,@Disease index of leaf rust.®Incidence of grey leaf

spot disease , @) Incidence of bacterial wilt,& Incidence of aphid,® Resistance; * , Itercropping; IM, Immune;HR,High

resistant ; R, Resistant; MR, Moderate resistant; MS, Moderate susceptible; Figures with the same capital or small letter

are not different at 1% or 5% level, respectively, the same below

YY20 ,YY22 | YY20

YY22

27.9% . 1999

) .
YY21 16. 2%,
s Woflel'!,
( )

1999

’

YY20

DHI1

]

YY20
50. 0% (
31.9%,
2

138.8%  73.0%,
46.6%
(
) . 1999
., DHI1 |

96.9%,.YY22 [ YY20

Table 2 Effects of compound colony on density and

barrier of diseases in maize intercropping with different

genotypes
1998 1999
Treatments .
Leaf blight Leaf rust Leaf blight
YY22 | YY20 0.5262" 0.4217 0. 4558
1998 DHI1 || YY21 0.6112*

s - Lo. 05

level, the same below

* 4 19,05 Significant
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2.2
1999 7 29 s 3
s 3 7 31 s DY13 || >
DH1 5.8%( 1 y,DY13 19.3% (1 Table 3 Effects on compound colony’s percentage of
y, 70.0%5YY22 || YY20 lodging and its effects of density and barrier in maize
. YY292 7.9%( 1 ):DHI intercropping with different genotypes
l YY21 10.9%C1 ), YY21 »
Percentage of Effects of density
39.0% (M ), 72.1%, Treatments lodging (%) Rate and barrier
DY13 || DH1 5.6 I 0.6923"
( ), DH1I DYI13 YY21,YY20 DY13 18.3 I
YY22 R y DH1 2.8 I
YY22 | YY20 0 0.8130*
' YY22 7.9 I
‘ YY20 0
2.3 DH1 || YY21 10.9 I 0.7234~
(LAI-D) YY21 39. 8 I
. LAI-D . s
LAI-D o 4 s LAI-D s
o LAI-D LAI-D
s LAI-D o 1998 DY13 | DH1 ~ 15d. 15~
30d 30d~ 3 LAI-D DY13 13.1%.14.7%.36. 2%, DH1
10.0%,12. 1% ,14. 3% ; YY22 || YY20 3 YY22 10. 0%
10.1%. 22.2%, YY20 ~ 15d. 15~30d 19.1%  13.0%,
30d~ YY22 1 YY20 YY20 15. 4% 51999 . ,
LAI-D . 1999 DY13 || DH1 ~ A ~ ~
LAI-D DY13 25.0%.9.5%.9.7%,YY22 | YY20 3 LAI-D
4 LAI-D
Table 4 Effects of compound colony on LAI-D in maize intercropping with different genotypes
~ ~ ~ ~ 15~ 30d~
Treatments o @ 3 15d® 30d® © @
DY13 || DH1 2.61 15. 68 46. 41 67.26 60. 3 35.56Bb 227.82Bb
1DY13 2.07 14.63 41.93 59. 48 52.58 26.10Cc 196. 79Cc
9 DH1 2.7 20.16 53. 69 74.7 68.63 41.49Aa 261.37Aa
9YY22 | YY20 2.25 14.07 40. 81 59.55 54.75 44.23Aa 215. 66Bb
8YY22 1.53 13. 44 36.19 54.15 49.73 36. 20Bb 191. 24Bc
YY20 3.24 19.67 52.85 73.58 62.93 38. 34Bb 250.51Aa
DY13 || DH1 3.15 21.12 45.71 61.8 56.03 27.70Aa 215.51Bb
1DY13 2.52 19. 28 41. 65 55.73 52.8 22.30Bb 194. 29Bc
9 DH1 2.97 22.48 49. 28 65.48 58. 05 33.36Aa 231.62Aa
9YY22 [ YY20 2.43 19. 28 45. 36 63.15 59.95 52.54Aa 242.71Aa
9YY22 1.62 14. 24 35.35 51.23 48. 88 59. 73Aa 211. 05Bb
YY20 2.79 20. 56 47.74 64. 05 56.1 27.76Bb 219. 00Bb

(DSeedling ~Enlongation . @) Enlongation~12th leaf stage.(®12th leaf stage~ Silking . @ Silking~15d after silking.

(5)15d after silking~30d after silking,©30d after silking~maturity,(@ Total bearing period
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YY22 50.0%.35.4%.28.3%,  LAI-D .
. 30d~ LAI-D, .
1998 DY13 | DHI  (DY13+DH1)/2 5.2%,YY22 || YY20 (YY22+YY20)/2 18.7% 5
1999 YY22] YY20 (YY22+YY20)/2 20.2% .
LAI-D . LAI-D .
2.4
1~2 . .
DHI  YY20 (DH1 | DY13 DHI  YY22 YY20
YY20) . , . . YY20
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Fig. 2 Comparison of photosynthetic rate of maize in

1

Fig. 1 Comparison of chlorophyll content of maize in

intercropping and monoculture intercropping and monoculture

2.5 (LER)
C 5. DY13 || DH1 DY13
35.4%  7.4%; N YY22 [ YY20  YY22.YY20 12.5%
14.9%(1998),  YY20 13.3%(1999),DH1 || YY21  DHI1 11. 8% (1999)
YD2 || YD22 . . YD2 14. 4%,
. YD22 7.9%(1999). “1I+1>27 ,1998  YY22 |
YY20 (YY224+YY20)/2 13.7% 51999 . ,
, , 1998  DY13 || DHI( [ ) DY13¢(
) 35.4%, DHI 16.8%;YD2 || YD22( ) . YD2
14.4%, YD22 3.7%, . YD22 7.9%, YD2
. (LER) )
) . . LER ,
3
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5

(LER)
Table 5 Effects of compound colony on yield and land
equivalent ratio (LER) in maize intercropping with

different genotypes

, . 1998 1998 1999 1999
’ ’ ’ Treatments (kg/hm?) (kg/hm?)
bl Yield LER Yield LER
, DY13 || DH1 11499.0Bb 1.01 8047.8Aa 1.04
Lisl , DY13 8490. 0Cc 7492. 5Bb
) (LAL-D) . DH1 13812. 0Aa 7973. 0Aa
20 YY22 | YY20 12154.5Aa 1.05 8783.1Aa 1.06
’ YY22 10809. OBb 8777. 8Aa
’ YY20 10576. 5Bb 7754. 6Bb
, s DHI1 || YY21 8917.2Aa  1.04
, 3 DH1 7973. 0Bb
3.2 ) YY21 9140. 1Aa
YD2 | YYD22 9458.8Aa  1.07
’ YD2 8264. 4Bb
. DY13 | DHI; YD22 9826. 6Aa
(LER) s s YD2 || YYD22(ND) 8742.0Aa  1.05
YD2 || YD22 ; s YD2(ND 8670. 6Aa
( YDz YD22(ND 8100. 9Bb
H YD22) R NI, . NI, No irrigation.
1) H ]
s . YY22] YY20 DH1 | YY21,
051,
’ ’
s , , DHI|YY21,
’ ’ ’
’ ’
b o
3.3 b, ,
(18]
. .’ b
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