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 Early root trait indicators for phosphorus uptake efficiency of soybean 

varieties in soils with low phosphorus availability 
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Legume crops such as soybean have a major potential to improve the livelihoods of smallholder 

farmers in Sub-Sahara Africa by increasing the soil fertility status in low-input cropping systems 

through their nitrogen (N) fixing capacity. By rotating soybean with other crops, farmers can break 

the spiral of ever-decreasing soil fertility. However, soybean depends largely on the amount of 

available phosphorus (P) in the soil, since the process of biological N fixation needs substantial 

amounts of P. Poor P nutrition associated with low P availability in P-fixing soils undermines the 

positive influence of soybean incorporation in cropping systems. Relatively large amounts of P 

fertilizers are required to increase production levels, which is neither within reach of resource-poor 

farmers nor sustainable in the long-term. However, there is potential in exploring the genetic 

variability between species and plants in their capacity to grow under low P conditions. Plants can 

adapt to P-limiting environments by developing strategies to enhance their P-uptake capacity, which 

is generally associated with specific root characteristics, such as root architecture, root length and 

diameter, root hair morphology, mycorrhizal symbiosis, P uptake kinetics, and rhizosphere 

processes like rhizosphere acidification, phosphatase activity and exudation of organic acids 

(described in detail by Gahoonia and Nielsen (2004).  

Direct screening of large sets of varieties for P uptake efficiency under field conditions is costly and 

time-consuming. Therefore we set up an experiment to test whether certain root traits determined in 

early stages of growth correlate with P efficiency under field conditions. P was adsorbed on 

aluminum oxides at different P concentrations, whereafter the oxides were mixed with sand. Two-

dimensional mini-rhizotrons were filled with the sand-alumina-P medium and used to grow 5 

soybean varieties under different levels of phosphorus availability. After 2 weeks, the mini-

rhizotrons were scanned to determine basal root angles. Roots were washed out and root length, 

root diameter and root hair length and density were determined using root analysis software. A field 

trial with the same varieties and 3 P fertilizer rates was installed on 20 locations in Kenya to test for 

P efficiency under field conditions across a wide range of soils. The relationship between early root 

traits determined with this quick screening method and phosphorus efficiency of soybean varieties 

under field conditions is presented in this work. 
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