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Abstract 

Biomass accumulation by crops depends on both light interception by leaves and 
on the efficiency with which the intercepted light is used to produce dry matter. 
Our aim was to identify which of these processes were affected for summer 
maize field crops grown under different planting patterns. In this paper, the 
effects of different planting patterns on the radiation-use efficiency (RUE) was 
investigated. The experimental work was carried out in 2005 in the field located 
in Shandong province, north China. Three planting patterns have been applied in 
2005: flat planting, bed planting and furrow planting. Above-ground biomass 
accumulation and grain yield of bed and furrow planting patterns were higher 
than that of flat planting patterns. The lower biomass production and yield in flat 
planting patterns was accounted for by the reduced amount of photosyntheticlly 
active radiation (PAR) absorbed by the canopy, which was itself the 
consequence of the reduced leaf area index. These results obtained in field crop 
conditions strengthen the idea that planting patterns greatly affect radiation-use 
efficiency, biomass accumulation and yield of summer maize in north China. 

1 Introduction 

In field crop studies, the approach developed by Monteith [1] makes it possible 
to analyse biomass production as the consequence of two major processes: (i) the 
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interception by leaves of the incoming photosynthetically active radiation and 
(ii) the ability of plants to transform the intercepted radiation into biomass. 
Environmental factors, which limit crop growth, may act through a reduction of 
one of these two processes, or sometimes through a combination of both. The 
fraction of the incoming photosynthetically active radiation that is absorbed by 
the canopy mainly depends on the leaf area index and crop geometry. The crop's 
capacity to transform the absorbed photosynthetically active radiation into 
biomass is called the radiation-use efficiency (RUE). It is generally estimated by 
the slop of the linear relationship between the above-ground biomass produced 
and the cumulated PAR. The physiological processes underlying the RUE have 
been reviewed by Kiniry et al [2], Russell et al [3], Sinclair and Muchow [4]. 
Sinclair and Horie [5] have calculated that increasing the leaf photosynthesis rate 
increases the RUE non-linearly, with the RUE reaching a maximum value at 
high photosynthesis rate. Other analysis has indicated that stresses that reduce 
the leaf photosynthetic rate should result in lower RUE. Such as the case for 
nitrogen, which was shown to affect the RUE of maize [6]. 
     The current economic milieu of developing countries and its effects on the 
agricultural sector, particularly in the search for sustainable agricultural systems, 
has changed cultivation patterns as well as agricultural practices aimed at 
increasing productivity and improving the use of natural resources [7, 8]. 
Farmers in China, like their counterparts throughout the developing world, face 
new conditions brought about by such changes in sectoral policy as the lowering 
of trade barriers, limits on guaranteed prices, and reduced subsides on inputs 
such as seed, fertilizer, and irrigation water [9]. The need to conserve the natural 
resource base for agriculture is also becoming more acute. To respond effectively 
to these new conditions, farmers require technological options that maintain or 
increase productivity, reduce costs, and maintain production systems in a 
sustainable manner. Technological innovations must be monitored continuously 
to ensure that they meet these criteria. This article examines the role of a 
particular crop management innovation—planting summer maize on beds or 
furrows—in enabling farmers to meet the challenges of a changing 
socioeconomic and agroecological environment. 
     In this study, three planting patterns under rain-fed conditions in north China 
were used to investigate the effects of planting patterns on radiation-use 
efficiency, biomass accumulation and yield of summer maize.  

2 Materials and methods 

2.1 Site and crops management 

The trial was conducted at agricultural experimental station of Shandong 
agricultural university in north China in 2005. The soil of the station is classified 
as clay. In 2005, three planting patterns were conducted, which were flat planting 
(D), bed planting (B) and furrow planting (F). For bed and furrow planting 
patterns, the distance between beds turned out to be 20 cm, the height of the beds 
was 15 cm. The width of the furrow between two beds was 20 cm. For bed 
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planting patterns, one row of summer maize was seeded on beds; for furrow 
planting patterns, one row of summer maize was seeded in furrows. The summer 
maize cultivar was “nongda 108”, which was very popular in north China. The 
maize was sown on 7 June 2005, plant densities was 6.6×104 plants﹒hm-2. 
Weeds were controlled before emergence by application of Bentazon (480g l-1). 
Nitrogen and potassium fertilization were supplied so as to be non-limiting. 

2.2 Plant samples and measurements 

Plant samples were taken approximately every 10 days from emergence to 
maturity. Leaf measurements and calculations to obtain the green leaf area index 
(LAI) were used by SunScan. Above-ground dry matter was determined by 
sampling small plots consisting of 4 consecutive plants from the central rows. 
The sampling areas were spaced to avoid the effects of previous samplings. The 
4 sampled plants were weighted (fresh weight). Dry matter was determined after 
drying at 80℃ for 72 h. Grain yield and yield components were measured at 
maturity on an area of 8 m2 corresponding to the two central rows of each plot. 
The number of maize ears per hm2 and the number of rows per ear were 
measured. The weight of 1000 grains was estimated by counting and weighting 
100 grains on 3 replicates per plot. The harvest index (HI) was calculated by 
dividing the dry weight of grains by the aerial dry biomass at harvest. 

2.3 Canopy light interception and radiation-use efficiency 

In the later growing seasons of summer maize, the amount of solar radiation 
reaching the ground surface beneath the canopy was measured at three separate 
positions within each plot using SunScan every 1 h. At the same time, incoming 
solar radiation above the crop canopy was also monitored. The difference 
between the above canopy and soil surface mounted by SunScan allowed for the 
determination of solar radiation intercepted by the canopy. 
     Radiation-use efficiency in the growing season of summer maize was 
calculated by [10] 

E%=
S

HW
∑
⋅∆

×100% 

In the above formula, △W is dry matter weight at maturity; H=17.782KJ/g, is 
energy conversion coefficient; ∑S is global incoming radiation in the growing 
season of summer maize, which was recorded at the meteorological station of 
Tai'an located about 0.5 km of the experimental site. 

2.4 Statistical analysis 

The treatments were run as an analysis of variance (ANOVA). The ANOVA was 
performed at α=0.05 level of significance to determine if significant differences 
existed among treatments means. The multiple comparisons were done for 
significant effects with the LSD test at α=0.05. 
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3 Results 

3.1 Leaf area index, light interception and radiation-use efficiency 

Mean seasonal change in leaf area index is presented in Figure 1. Leaf area index 
was similar for all treatments before anthesis. After anthesis, leaf-area index of 
bed and furrow planting patterns were higher than that of flat planting pattern, 
and post-anthesis green-area duration was longer under bed and furrow planting 
patterns. But little difference in leaf-area index between the bed and furrow 
planting patterns.  
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Figure 1: Seasoning change of leaf area index. 

     The proportion of the incident radiation intercepted by crop increased with 
leaf-area index, the amount of light intercepted by canopy of bed and furrow 
planting crops exceeded light interception by the canopy of the flat crop (Figure 
2). Max light capture occurred in the bed and furrow treatment in the latter part 
of the season, but in the flat planting pattern, most incident light was transmitted 
to the soil surface. By contrast, the more even canopy of the bed and furrow 
planting crops captured more light and prevented its transmission to the soil 
surface. The impact of this may have been a reduction in heating of the soil 
surface in the bed and furrow planting crops, reducing the potential for loss of 
soil water via evaporation from the soil surface in this treatment.  
     Table 1 shows the radiation-use efficiency in the whole growing season of the 
three planting patterns, the calculated radiation-use efficiency corresponding to 
the furrow planting pattern did not appear to be significantly lower than that 
corresponding to the bed planting pattern, but the calculated radiation-use 
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efficiency to the flat planting pattern did appear to be lower than those 
corresponding to the bed and furrow planting pattern. The substantial decrease in 
leaf area index during the whole growing seasons of the summer maize in flat 
planting pattern maybe cause a large reduction of the amount of PAR absorbed 
by the crop, therefore radiation-use efficiency in the whole growing season was 
significantly lower than those of bed and furrow planting patterns. 
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Figure 2: PAR capture ration in the daytime. The data was the mean value 
measured by SunScan on 19 Aug, 20 Aug and 22 Aug in 2005 
(sunny day). 

Table 1:  Radiation-use efficiency in the whole growing season of flat, bed 
and furrow planting patterns. 

Treatments Radiation-use efficiency (%) 
D 2.41b 
B 2.49a 
F 2.47a 

Note: Within lines, means followed by the same letter are not significantly 
different (P < 0.05). The same below. 

3.2 Above-ground biomass production 

Figure 3 shows the dry matter production after sowing for the three planting 
patterns. In the whole growing season, the above-ground biomass produced was 
very close between the bed and furrow planting patterns, no statistically 
significant differences were found. At maturity, dry matter was between 298 and 
293 g/plant for both planting patterns. In the flat planting pattern, the above-
ground biomass production was reduced in the whole growing season, 
differences with the bed planting pattern were statistically significant (P=0.05) 
from the 5-visible leaf stage and onwards. At flowering, the biomass produced in 
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flat planting pattern was 15.7% lower than that in bed planting pattern. At 
maturity, the above-ground biomass produced in the flat planting pattern was 
significantly lower than that in bed planting pattern. These were coincident with 
radiation-use efficiency, this means that the lower biomass produced in the flat 
planting pattern is mainly attributable to the lower amount of PAR absorbed by 
summer maize. 
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Figure 3: Changes in mean above-ground dry matter over the season. 

Table 2:  Maize yield and yield components of flat, bed and furrow planting 
patterns. 

Treatment D B F 

Number of rows per ear 15.20a 15.60a 15.50a 

Weight 1000 grains (g) 287.63a 327.46a 332.23a 

Number of maize ears 
per hectare 

65790a 65955a 65895a 

Number of grains per 
row 

35.43b 39.13a 38.83a 

Harvest index 0.472b 0.514a 0.508a 

Yield (kg hm-2) 9877.37b 11703.82a 11421.13a 

3.3 Grain yield and yield components 

Table 2 gives the grain yields and yield components for the three planting 
patterns. Yield and yield components differed very little between the bed and 
furrow planting patterns. The average grain yield was only 2.5% higher in bed 
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planting pattern than in furrow planting pattern. Conversely, grain yield was 
significantly (P=0.05) lower in flat planting pattern, the yield reduction was 
15.6% and 13.5% of bed and furrow planting patterns. The number of grains per 
row was significantly lower in flat planting patterns than in bed and furrow 
planting patterns. The weight of 1000 grains, the number of maize ears per 
hectare and the number of rows per ear were not significantly different between 
any planting patterns. The harvest index was not different between bed and 
furrow planting patterns, but flat planting pattern was not, which suggest that 
planting patterns reduced grain production to the same extent as it reduced 
above-ground biomass production (Figure 3). 

4 Discussion 

In recent time, farmers have experimented with bed and furrow planting patterns 
not only in north China [11] but also throughout the world [12–14,16]. A major 
interest in these patterns is increasing water use efficiency in the growing season 
of crops [13,17,18]. In this article, the findings presented here show that bed and 
furrow planting patterns increase PAR capture ration in the whole growing 
season of summer maize, so decreased the evaporative loss of soil moisture from 
the ground surface, as a result, more soil moisture will be available for 
transpiration by the summer maize. This effect was ascribed to be mainly due to 
decreased penetration of incident radiation to the soil surface in the bed and 
furrow planting patterns. 
     Bed planting offers many advantages in irrigated wheat production systems 
[11,14], and the authors are just beginning to determine how useful maize bed 
planting pattern may be for rain-fed areas, so did furrow planting pattern. We are 
confident that it can play an important role in environments characterized by 
prolonged waterlogging as a result of excessive rainfall.  
     As this paper has attempted to demonstrate, the potential for achieving 
sustainable increase in crops yield in China is still considerable, especially in 
north China, where population is very large, land and water resource are very 
short. Food security will depend not only on our ability to improve yield growth, 
but also on our ability to improve this yield growth in such a way that natural 
resource base remains unharmed. Agronomy and crop management research hold 
some of the most exciting opportunities for sustainably improving maize system 
productivity in areas such as north China. This paper has given some examples 
of planting patterns, whose adoption may make the difference between food 
security and resource scarcity in the years to come. 
     Providing farmers with viable management alternatives is the primary role of 
agricultural scientists. Bed and furrow planting patterns for summer maize go a 
long way towards achieving those goals. 
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