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1. Introduction 
 

The above ground dry matter (AGDM) production is directly related to the amount of 

intercepted photosynthetically active radiation (IPAR) by the crop canopy during its life 

cycle (Monteith, 1977). The AGDM per unit of total IPAR is called radiation use efficiency 

(RUE) and is constant for maize (Zea mays L.) in non stressful conditions e.g., water 

(Tsubo et al., 2004).In South Africa (SA), the semi-arid region with annual precipitation of 

approximately 450 mm yr
-1 

accounts for 85% of the 102.8 million hectares (ha) total 

dryland farming area. Soil water is the most important environmental factor and directly 

determines productivity. The significance of in-field rainwater harvesting (IRWH) system 

in improving soil water storage, and hence maize productivity in dryland ecosystems is 

well reported in literature. However, the ecophysiological responses for maize-bean 

intercropping have not yet been comparatively studied under IRWH system. Therefore, 

the aim of this study was to investigate the radiation use efficiency (RUE) of maize-bean 

intercropping under IRWH system.  

2. Study site and experimental design 
 
 

The study was conducted via an on-station field experiment at the University of Free State 

(UFS) (Latitude 29
o
01’S, Longitude 26

o
09’E) near Bloemfontein during growing season 

2018/19. The site has a semi-arid climate with summer maximum and winter minimum 

mean of 30.8
o
C and 16.8

o
C in January and July, respectively. Kenilworth has a mean 

annual rainfall of ±526 mm yr
-1 

and altitude of 1354 m above sea level (Tesfuhuney et al., 

2013).   

The soil at the experimental site is regarded as very suitable for dryland agricultural, 

because it is deep (2000 mm) and drains freely in the top and the upper sub-soil. The soil 

in the A horizon is reddish brown with a fine sandy loam texture (Chimungu, 2009). Two 

cropping systems sole (maize or bean) and maize-bean intercropping were laid out in an 

experiment as a randomized complete block design with three replications.  
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3. Measurements & Data analysis 
 
Above-ground dry matter, leaf area index and 

photosynthetically active radiation measurements were 

determined every 3-14 days from V6 (6 leaf stage) to R3 milk 

stage of maize.  Incident and transmitted photosynthetically 

active radiation (PAR) were measured on all treatments 

using line quantum sensor LI-191SA (LICOR Inc., Lincoln, 

NE, USA).  

The fraction intercepted PAR (fIPAR) by maize in 

intercropping (upper canopy layer) was calculated using 

collected measurements as well as for sole (maize or bean) 

crops (Monteith 1981) as in equation 2. The fIPAR by beans 

and maize in the lower intercropping canopy was estimated 

according to Keating and Carberry, (1993) as in equation 

3&4. 

 

3. Results and discussion 
 
LAI for sole and intercropped maize showed no significant differences, however for 

bean it differed significantly. There were substantial between-cropping system 

variations in the LAI values at different growth stages (Fig 1a). The LAI values in both 

cropping systems increased steadily till 44-73 days after sowing (DAS) and then 

declined.  
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The observed increase in RUE was consistent with observed higher rate of increase in 

above ground dry matter (Figure 1b). The maize RUE increased at each subsequent 

growth stage in both sole and intercropping but were different such that at 73 DAS 

4.6g.MJ
-1 

was observed in sole maize to only 1.6g.MJ
-1 

in intercropping (Table 1).The RUE 

for sole bean was higher than for intercropped bean under IRWH tillage. This was 

inconsistent with study conducted by Tsubo et al., (2014) in conventional tillage where 

intercropped bean had higher RUE compared with sole beans.  

4. Conclusions 
 
 
In dryland farming, the most limiting factor is water availability, however the radiation 

interception primarily provides the energy needed for  evaporation. The RUE has an advantage in 

studying the growth and dry matter accumulation in cereal—legume intercropping  compared to 

sole cropping systems. This study concluded that sole bean had higher RUE than the 

intercropped beans. Intercropping maize with beans had no greater influence on the maize RUE. 

Consequently, further study on organic/living mulch (cover crops) application on basin and 

runoff area for RUE and cereal-legume intercropping are essential to understand the WUE for 

better productivity. 
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Figure 1: (a) Leaf area index; (b) Above ground dry matter at different growth stage for sole and intercropping maize-bean; (c, d, e & f) sole 

and intercrop maize and bean LAI and fIPAR relationships 
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The increase in LAI may be attributed to foliage expansion because of development of 

new leaves and enlargement of existing leaves (Ogindo and walker, 2006).  The graphical 

relationship between LAI and fIPAR are presented in Figures 1c, 1d, 1e & 1f. The LAI and 

fIPAR showed logarithmic relationship with R
2
 values of 0.56 and 0.67 for sole maize and 

beans, and 0.65 and 0.72 for intercropped maize and beans. In both cropping systems, 

fIPAR increased with increase in LAI, initially at higher rate and then at lower rate and 

finally flattening. This could be ascribed to the lower rate of change of fIPAR to higher 

rate of change of LAI after achieving the peaks of fIPAR and LAI, respectively (Thomas 

2013). 

Radiation use efficiency was calculated based on biomass and was different across the 

crop growth stages in sole and maize-bean intercropping (Table 1). 

Table 1: A comparison of intercepted photosynthetic active radiation (IPAR), radiation use efficiency (RUE) and % improvements in RUE 

for sole (maize or bean) and maize-bean intercropping at different growth stages 


