




























1 

Soybean Yield Formation: What Controls  
It and How It Can Be Improved 

James E. Board and Charanjit S. Kahlon 
School of Plant, Environmental, and Soil Sciences  

Louisiana State University Agricultural Center  
US 

1. Introduction 

Soybean [Glycine max (L.) Merr.; family leguminosae, sub family Papilionoideae; tribe 
Phaseoleae] is the most important oilseed crop grow n in the world (56% of world oil seed 
production) (US Soybean Export Council, 2008). Major producers are the US (33% of 
world production), followed closely by Brazil (28%) and Argentina (21%). Remaining 
producers are China, India, and a few other countries. Currently, soybean is grown on 
about 90.5 million hectares throughout the world with total production of nearly 220 
million metric tons (US Soybean Export Counci l, 2008). At current prices, total value of 
the world’s soybean crop is about $100 billion. Soybean is used as human food in East 
Asia, but is predominately crushed into meal and oil in the US, Argentina, and Brazil; and 
then used for human food (as cooking oil, margarine, etc.) or livestock feed (Wilcox, 2004). 
These uses are derived from the crop’s high oil (18%) and protein (38%) content. Soybean 
meal is a preferred livestock feed because of its high protein content (50%) and low fiber 
content. Soybean oil is mainly used by food processors in baked and fried food products 
or bottled into cooking oil. Other uses are biodiesel products and industrial uses. Global 
demand for soybean has been increasing over the last several years because of rapid 
economic growth in the developing world and depreciation of the US dollar (US Soybean 
Export Council, 2008).  
In response to this demand, world production has been increasing through a combination of 
increased production area and greater yield. Among major producers, most of this increase 
in Argentina and Brazil has come from increased production ar ea, whereas in the US it has 
come from increased yield (US Soybean Export Council, 2008). However, over the last 10 
years US soybean yields have been increasing by only 66 kg ha-1 yr -1 compared to 396 kg ha-1 
yr -1 for corn (USDA, 2007). An even greater problem is the disparity in yield between the 
three main producing countries [US,  Argentina, and Brazil (2,800 kg ha-1)] and that in the 
remainder of the world (1,510 kg ha-1) (US Soybean Export Council, 2008). Because of the 
limited potential for increasing production area, it is very important that yield be 
accelerated in order to meet increasing global demand. Our objective is to describe the basic 
processes affecting yield formation in soybean and to apply this information to development 
of management and genetic strategies for increasing soybean yield. First, we will outline 
potential yield gains possible with manageme nt modifications in soybean. Secondly, the 
main abiotic and biotic stresses will be detailed describing their modes of action on yield. 
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1. Introduction  

Soybean cyst nematode (SCN) (Heterodera glycines Ichinohe) is the most serious nematode 
pest on soybean in the world, infests most of the soybean producing countries of the world 
with the exception of west European countries and Oceania countries and causes up to 1.5 
billions US$ economical loss according to some estimates (Wrather et al., 2001). The cyst 
nematode is also an international quarantined pest.  Although it was first discovered and 
described in Japan in 1952, it is now widely believed originated in China as its host soybean 
was. In America, since the first report in North Carolina, USA in 1955, it has spread to 26 out 
of 28 soybean producing states, to the province of Ontario, Canada, and to the soybean 
producing countries of South America. Race of the nematode was recognized in 1954, and a 
total of 14 races were reported and widely distributed, especially in the USA, which has 
created a series of problems for developing resistant cultivars.  As the climate change 
intensifies, it is likely that this nematode pest is going to spread to new soybean producing 
areas. Many resistant cultivars have been developed, especially in USA where resistant 
cultivars were developed using resistant parent s selected from resistant plant introductions 
(PI) of the exotic accessions in the USDA soybean germplasm collection.  These resistant PIs 
were collected from the oriental countries.  Since the 80s, international seed companies like 
Pioneer, and Monsanto  have been the driving force for the resistant cultivar development 
and marketing.  SCN resistant cultivars alone used to be the solution for the control of the 
nematode pest for soybean production in USA.  Because of the new emerging races and the 
shifting between existing races, resistant cultivars in many cases lose their usefulness 
dramatically.  With the new realization that the agriculture biodiversity plays an essential 
role for pest management, new control methods have been developed and tested such as 
rotating with nonhost crops, planting multiline cultivars mixtures, using biological control 
agents, and applying green manure.  There are a lot of literatures related with SCN, one 
book by Schmitt et al, 2004, and a review by Noel 1993 nevertheless are the excellent sources 
of information.  A few non scientific aspects ar e also used for the synthesis of this paper. 
China, where the nematode is believed originated, becomes economically integrated into the 
world system at a pace never seen before.  Soybeans there as a crop are shifting from 
vegetable to pulse, and to oil seeds.   Soybean seeds are increasingly produced, controlled 
and marketed by a few international companies, as the result, fewer cultivars (more 
monocultures) are planted at a given year compared with the time when farmers used to get 
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