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Early growth competition between grain Sorghum and three subtropical weedy species along a water gradient
In a green house experiment the interaction of a crop with three weeds during early growth were investigated along a water gradient in two nutrient levels. Results showed that weeds and crop were affected by each others presence resulting in significant differences in total biomass and morphologic characters. Weeds showed a significant inter species specific differences in competitive ability and response in which competitive response was sensitive to the different water and nutrient regimes.
Weeds, defined as species that have an apparent negative ecological and/or economic effect on agriculture and natural systems (Booth et al. 2003), have influenced human agriculture activities more than other crop pests (Akobundu 1987). The outcome of weed-crop competition, defined as a negative interaction where individuals make simultaneous demands that exceed limited resources (Booth et al. 2003), for environmental resources depends upon the relative abilities of weed and crop to obtain the resources and to tolerate a deficit of the resources (Patterson 1995).
The aim of this study was to investigate the interaction of grain Sorghum (Sorghum bicolor (L.) Moench) with each of the weeds Parthenium hysterophorus L., Tagetes minuta L. and Verbesina encelioides Cav., annual weeds all belonging to Asteraceae, along a water gradient representing different levels of moisture stress. I aimed to answer the following questions (i) is Sorghum/the weedy species affected by the presence of the weedy species/Sorghum? (ii) is there inter weedy species variation in its competition effect/response? (iii) can differences in phenotypic plasticity explain the inter weedy species variation in competitive ability/response? Phenotypic plasticity was considered the tendency of plants to vary in different morphologic ratios in response to competition and different nutrient and water regimes. To enable inter species variation comparisons, differences in morphologic characters in Sorghum and the weedy species were analysed using ratios: 
Shoot length/number of nodes (mm/number of nodes)

Shoot weight/shoot length (g/mm)

Root weight/root length (g/mm)

Shoot weight/leaf area (leaf length*leaf width) (g/mm2)

Root weight/shoot weight (g)
The differences in morphologic ratios between (i) species, (ii) moisture levels and (iii) nutrient levels were calculated, resulting in ratios of phenotypic plasticity revealing difference between the morphologic ratios with and without competition and the size of eventual differences. Total biomass (g) was calculated from each water and nutrient level with and without competition. The ratios of phenotypic plasticity and total biomass data were subjected to analysis of variance (ANOVA).

Results showed that the presence of weedy species significantly affected Sorghum total biomass (F (2, 30) =11.55, p=0.00019). Inter weedy species specific competitive effect differed significantly in which Tagetes was the strongest and Parthenium the weakest competitor. However inter weedy species specific competition effect was independent of watering and nutrient, thus it appears to be an inherent characteristic and is not dependent on weedy species showing different amount of phenotypic plasticity. This is somewhat surprising, as Tamado (2001) from field experiments showed that Sorghum increases its competitiveness with increased rate of fertilizer application and that imposed water stress had a significant effect on Sorghum dry weight. 
Weedy species total biomass differed significantly when subjected to competition from Sorghum (F (2, 60) =13.686, p=0.00001), indicating the existence of competition for growth resources between the species. Inter weedy species specific competitive response differed significantly in which Tagetes and Verbesina was most affected and Parthenium least affected by Sorghums presence. For Parthenium these results are similar to those reported by Joshi (1991) where dry weight and plant height reduced when suppressed by Cassia uniflora. Inter weedy species specific differences in total biomass differed significantly with nutrient (F (2, 60) =9.5226, p=0.00026), and water (F (8, 60) =5.5697, p=0.00003) availability treatments, thus weedy species competitive response appears to be dependent on weedy species showing different amount of phenotypic plasticity. Al-Farraj (1990) showed evidence that shoot and root dry weight in Verbesina seedlings decreased when subjected to moisture stress. 
The results of ratios of phenotypic plasticity for the weedy species showed that there were significant differences between competition with Sorghum and no competition in all morphologic ratios. In two ratios of phenotypic plasticity: root weight/shoot weight (F (8, 30) =3.1950, p=0.00962) and shoot weight/leaf area (F (8, 30) =2.4176, p=0.03802) the effect of different water and nutrient regimes differed significantly between species.
Improved knowledge about weed ecology is important for the understanding and management of the problem weeds constitute to crop production, knowledge that can result in more effective control strategies of weeds. 
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