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Abstract 

Intercropping is a common practice in the smallholder sector of Zimbabwe with potential contribution to weed 
management. The proper combination of plant population, composition of the component species and frequency of 
weeding which lead to weed suppression are still unknown and that prompted this investigation. The experiment 
was set up as a factorial experiment in a randomised complete block design with three factors: cropping systems 
(sole maize, sole pumpkins and maize/pumpkin intercrop), weeding regimes (weeding at 3 weeks after planting 
(WAP) and at 3 and 8 WAP) and pumpkin population (16.5% and 33%) of maize population. Results showed no 
significant effect of cropping system, pumpkin population and weeding regime on maize yield, pumpkin yield, 
pumpkin leaf number and weed density. Weed biomass was significantly higher (P=0.000) at weeding regimes of 
3 WAP than at 3 and 8 WAP. Pumpkin population of 16.5% had higher weed biomass compared to 33%. 
Themaize/pumpkin intercrop had significantly (P=0.002) lower weed biomass compared to sole crops. There were 
significant interactions of weeding regime and pumpkin population and cropping system and pumpkin population 
(P=0.035). The results indicate that intercrops with 33% pumpkin population and weeded at 3 and 8 WAP are 
superior in terms of weed biomass suppression. Intercropping done at correct crop combination and weeding at the 
right time therefore shifts crop-weed competition in favour of the crop as it reduces dry matter accumulation of the 
weeds without affecting yield of component crops. Intercropping can therefore be used as a component in 
integrated weed management in the smallholder sector. 
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1. Introduction 

Intercropping is the growing of two or more crops on the same piece of land in the same growing season (Andrews 
& Kassam, 1975). It is the commonest type of cropping system in Africa, Asia and Latin America where more than 
80 % of the farmers practice it (Edge, 1990). The rationale of growing two or more crops together with diverse 
growth habits and/or durations is for efficient exploitation of nutrients and water from different soil layers and 
more efficient light interception compared to a single crop. Increasing the complexity of a cropping system by 
inter-planting species of different growth forms, phenologies and physiologies can create different patterns of 
resource consumption by crops and can present a very different pattern of resource availability to weeds (Liebman, 
1988).  

When crops are grown together, depending on the combinations, they can interact co-operately to the benefit of the 
farmer (Hoyt & Coolman, 1993). In southern Africa, the most common cropping combinations are staple crops 
(maize, sorghum and millets) with cucurbits and legumes (Mariga, 1990). Studies done in India (Rao & Shetty, 
1976; Janiya & Moody, 1984) revealed that intercropping reduces the number of cultivations required for 
acceptable crop yields: a situation which reflects increased competitive domination of weeds by intercrops. In 
intercrops of peas (Pisum sativumL.) and barley (Hodeumvulgare L.), Hauggaard-Nielsen et al. (2001) found that 
therewere/was increased efficiency of utilization of environmental resources for plant growth and a better 
competitive ability towards weeds as compared to sole crops.  

In Zimbabwe, Mashingaidze (2004) reported that manual weeding is the main weed control method used in the 
smallholder sector. Chivinge (1990) described the method as slow, labour intensive, cumbersome and inefficient. 
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This increases the drudgery that is associated with crop production in Zimbabwe’s smallholder sector which does 
not match yields obtained because other factors such as timeliness in weeding are not observed. There is therefore 
need for research to come up with appropriate cropping systems which are weed suppressive of which 
intercropping is a candidate. 

Despite the fact that intercropping is a common practice in Zimbabwe’s smallholder sector, research still needs to 
come up with appropriate population combinations that achieve weed suppression. The response of the minor crop 
in the intercrop is usually ignored in most intercrop studies. This research was designed to answer the following 
questions: does intercropping with different pumpkin population reduce weed germination and resource capture? 
What is the response of pumpkins under shaded conditions of the intercrop?  

2. Materials and Methods 

2.1 Research Site 

The trial was conducted at the University of Zimbabwe Farm in natural region IIa (altitude and latitude) on the red 
fersialitic clay soils. Average summer temperature is 25oC and the average rainfall for the site is 730 mm. The pH 
of the soils was 5.7 and clay content is 30%. 

2.2 Experimental Design 

The trial was set up as a factorial experiment in a randomised complete block design with three replications. The 
three factors tested in the experiment were cropping system, weeding regimes and pumpkin population. Cropping 
systems were sole maize, maize pumpkin intercrop and sole pumpkin. Weeding regime had two levels: weeding at 
three weeks after planting (WAP) and weeding at three and eight WAP. Planting population had two levels: 12400 
plants/ha and 6200 plants/ha. The gross plots were 6m*8.1m and for maize, the net plots were 6m*3.6m. 

2.3 Agronomic Practices 

The land was disc-ploughed and harrowed to fine tilth. Maizefert (8% N: 14% P2O5: 7% K2O: 8.5% S) was applied 
at 300 kg/ha as a basal dressing. Ammonium nitrate (35 % N) was applied as top dressing at 8 WAP at 200 kg/ha. 
The short season maize variety PAN 87 was inter-row inter-planted with commercial pumpkin variety Flat White 
Boer. Pumpkins were established at a spacing of 1.8m*0.45 m and half the plots were thinned to a spacing of 
1.8*0.9m at 4 WAP either as a sole crop or intra-row inter-planted with maize to give a pumpkin population of 
12400 plants/ha which is equivalent to 33% of the maize population. In half the plots, pumpkin population was 
reduced to 6200 plants/ha, which is 16.5% of the maize density at 8 WAP. Maize was planted at 0.9*0.3m to give 
a density of 37037 plants per hectare. Two seeds were planted at each planting stations and plants were thinned to 
one plant per station at one week after emergence. 

2.4 Data Collection and Analysis 

Pumpkin leaf number, vine length and branch number were measured on the main vine on three plants per plot. 
Vine length was measured using a tape measure. Branch number was found by counting the number of branches on 
the main vine on three plants per plot at 12 WAP. Weed density and biomass were determined when a 1 m*1 m 
quadrant was randomly thrown into each net plot and weeds were counted by species at 15 WAP. The weeds were 
cut at ground level; oven dried at 70oC for 72 hours and weighed using a sensitive balance. Maize grain yield was 
measured at physiological maturity at 25 WAP at 12.5 % moisture content. Pumpkin yield was determined from 
the gross plot and fruits were weighed and counted. Weed density data was square root transformed before 
analysis. Data was analysed using Genstat version 6 and where there were significant differences, the means were 
separated using the least significant difference (LSD) at 0.05 probability level. 

3. Results 

3.1 Weed Density and Biomass 

Weed density was not significantly (P>0.05) affected by weeding regime, cropping system and pumpkin density 
(Table 1). A significantly higher weed biomass (P<0.05) was recorded at lower pumpkin population (16.5%) than 
the higher density of 33% of the maize density. The increase in weeding intensity from weeding at 3 WAP to 
weeding at 3 and 8 WAP significantly (P<0.05) reduced weed biomass (Table 1) at the pumpkin population of 
12400 plants per hectare. Intercrop had the significantly lower (p=0.002) weed biomass compared to sole maize 
and sole pumpkins (Table 1). 
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Table 1. Effect of cropping system, pumpkin population and weeding regime on weed density and biomass 

Weeding regime Weed biomass (g) Weed density(plants/m2) 

3 WAP 131.38b 7.74 

3 & 8 WAP 22.12a 6.4 

P-value 0.000 0.074 

Pumpkin population   

16.5 % 101.62b 6.4 

33 % 51.88a 7.74 

LSD 26.99 NS 

P-value 0.017 0.341 

Cropping system   

Sole maize 87.33b 7.23 

Sole pumpkins 111.07b 7.66 

Intercrop 42.42a 6.48 

LSD 36.6 NS 

P-value 0.002 0.27 

NS: Not Significant. Means followed by different letters in a column under a subheading are significantly 
different.  

There was no significant interaction of the treatment factors to weed density. A significant interaction (P=0.039) of 
pumpkin population and weeding regimes revealed a higher biomass where there is only one weeding with 16.5% 
pumpkin population (Figure 1).  

 
Figure 1. Plant population and weeding regime effects on weed biomass 

A significant interaction (P=0.035) of cropping system and pumpkin population on weed biomass revealed that 
sole pumpkins and pumpkin population of 6200 plants resulted in higher weed biomass (Figure 2). 

 
Figure 2. Interaction effects of cropping system and pumpkin population on weed biomass 
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3.2 Pumpkin Branching, Vine Length and Leaf Number 

Pumpkin vine length and leaf numbers were not significantly affected by all treatment factors (Table 2). There 
were no significant interactions between and among treatment factors. However pumpkin branch number was 
significantly higher (P=0.000) in the monocrop compared to the intercrop (Table 2). 

 

Table 2. Effect of weeding regime, plant population and cropping system on pumpkins 

Treatments Vine length (m) Leaf number Branch number 
Weeding regime    
3 WAP 2.5 18.71 6 
3 & 8 WAP 2.37 18.44 5.58 
LSD (0.05) NS NS NS 
Pumpkin population    
16.5 % 2.47 18.34 5.58 
33 % 2.39 18.8 6 
LSD (0.05) NS NS NS 
Cropping system    
Sole Pumpkin 2.44 18.92 8.41a 
Intercrop 2.43 18.23 3.17b 
LSD (0.05) NS NS 0.918 
CV (%) 24 34 29 
    

Means followed by different letters in the same row are significantly different 

 

3.3 Maize Grain Yield and Pumpkin Fruit Yield 

Maize and pumpkin yield was not affected by all treatment factors (Table 3). There was no significant interaction 
between and among treatment factors. However pumpkin yield was generally low because there was a lot of 
rainfall and the pumpkins were severely affected by powdery mildews. 

 

Table 3. Effect of cropping system, plant population and weeding regime on maize yield and pumpkin fruit yield 

Treatments Maize yield (tons/ha) Pumpkin yield (tons/ha) 
Weeding regime   
Weeding at 3 WAP 3.7 0.788 
Weeding at 3 &8 WAP 3.78 0.737 
LSD (0.05) NS NS 
Pumpkin Population   
16.5 % 3.7 0.726 
33 % 3.28 0.799 
LSD (0.05) NS NS 
Cropping System   
Sole maize 4.029  
Sole pumpkins  0.794 
Intercrop 3.5 0.73 
LSD (0.05) NS NS 
 

4. Discussion 

Weed numbers were not significantly affected by two weeding regimes, pumpkin population and cropping system. 
This indicates that neither monocrop nor intercrop had an inherent mechanism of controlling weed germination. 
This is so because cultivation effects during land preparation and during weeding brings weed seeds to the surface, 
influences gaseous state of the soil and exposes weed seeds to light. This is in agreement to with Suer and Styerik 
(1964) who found that weeds receiving as little as 0.5 seconds of direct sunlight during cultivation might be 
induced to germinate. Weed density was not affected by weeding regimes because every form of soil disturbance 
stimulates germination from the seed bank. This is supported by Harper, (1990) who reported that by weeding the 
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buried seeds are brought from deeper soil layers to the surface hence every weeding is followed by a flush of 
germinating weeds. Cropping systems (sole crops or intercrop) have no inherent mechanism of controlling weed 
germination as they can not completely shut out light from reaching the ground. 

Intercropping resulted in less harvestable dry matter compared to monocropping. This is in agreement with the 
findings of Mugabe et al., (1980); Fleck et al., (1984) and Bridgemohan (1989), who found that weed weight in 
crop mixtures were less than the respective component crop species. Cropping mixture alters light quality and 
quantity and that reduces the photosynthetic capacity. Shading results in a decrease in incident light which lower 
photosynthetic rate and decreases the activity of ribulosebiphosphate carboxylase or phosphoenol pyruvate 
carboxylase and chlorophyll content.Harzel (1973) also found that intercropping suppress weed tillering and so it 
reduces weed biomass accumulation and seed production capacity. Mugabe et al. (1980) concluded that 
intercropping is effective in suppressing the growth of already existing weeds which is consistent with the results 
of this study. 

Weeding at 3 WAP had greater weed biomass compared to weeding at 3 and 8 WAP. This illustrates that the 
increases in number of weeding regimes decreases weed competitiveness.A higher weed biomass in plots with 
16.5% pumpkin population compared to 33% further supports the effect of leaf density on weed competitiveness. 
Mugabe et al. (1980) pointed out that crop species, variety and plant population are some aspects of management 
that have a strong bearing in the shifting of crop/weed balance in favour of the crop. In this study weeding once in 
sole maize resulted in higher weed biomass compared to weeding once in intercrops. In the intercrop there were no 
significant differences in weeding at 3 WAP and weeding at 3 and 8 WAP. This implies that the second weeding 
can be replaced by intercropping. 

Interaction of cropping systems and pumpkin population on weed biomass reveals that weed biomass was higher 
in sole pumpkins compared to the intercrop. This indicates the superiority of intercropping in weed suppression 
compared to sole cropping. These results concur with the findings by Mashingaidze (2004) who reported that 
intercrops are superior to mono crops when it comes to weed suppression. 

Weeding regime significantly affected weed biomass with weeding at 3 WAP having a greater weed biomass 
compared to weeds weeded at 3 and 8 WAP. This illustrates that the increases in weeding intensity decreases the 
competitiveness of weeds as the crop will have established and hence outcompetes weeds. A higher weed biomass 
within plots with 16.5% pumpkin population compared to 33% further supports the effect of leaf density and the 
shading effect. Mugabe et al. (1980) pointed out that crop species; variety and plant population are some aspects of 
management that have a strong bearing in the shifting of crop weed balance in favour of the crops. The significant 
interactions of weeding regime and pumpkin population on weed biomass suggest that intercropping can reduces 
the frequency of weeding. 

Pumpkin sole crop had significantly more branches compared to the intercrop. This is in agreement with the 
findings of Bello et al. (1995) who reported that at 76% artificial shading branching is reduced. This is because the 
plant tends to invest more assimilates in leaf area in order to harness the limited incident light (Johnston and 
Onuweme, 1998). Vine length and leaf number were not affected by all treatment factors. These results are 
consistent with the findings of Johnston and Onueme (1998) who reported that assimilate does not build new 
leaves but are used to make more chlorophyll in existing leaves to increase light harvesting.The lack of difference 
in vine length and leaf number confirms the studies by Soussana et al. (1995) which showed that radiation use 
efficiency was significantly higher in shaded plant than the dominant crop. Thomlison et al. (1998) showed that the 
efficiency of biomass production per mole of photons captured by the crop was greater under shade than in full 
sunlight. 

The economic yield of both pumpkins and maize was not significantly affected by all treatment factors and neither 
was there a significant interaction of the factors. Pumpkins in this study were affected by downy mildew which led 
to premature damage to foliage. Weeding regime had no effect on maize yield. This could have been caused of the 
fact that maize was weeded in all plots during the critical period. Li (1960) as quoted in Altieri and Liebman 
(1988), reported that if weeding is done during the critical period yield may not be affected much by lack of 
subsequent weeding. 

5. Conclusion  

Intercropping shifted weed/crop competition in favour of the crop as demonstrated by reduction in weed biomass 
accumulation. Weeding twice at a higher pumpkin population reduces weed competitiveness as measured by 
reduced dry mater accumulation. Although weed density was not affected by treatment factors intercropping 
succeeded in reducing weed competitiveness. Intercropping can therefore be used as a weed control tool and as a 
tool in the broader integrated weed management program without affecting yields of the component crops. 
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