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CHAPTER 13. PRIMARY PRODUCTION AND FORAGE FOR WILD RUMINANTS 

Plant material synthesized as a result of photosynthesis is called 
primary production. The primary production available to wild ruminants is 
their food base, referred to as forage. 

Primary production varies through the year, with the time period 
between killing frosts referred to as the growing season. Some primary 
production occurs in natural habitats before and after the killing frosts, 
but the major portion of plant growth occurs during the warmer weather 
between them. 

Primary production has been given considerable attention by plant 
physiologists and ecologists. It has an upper limit due to water and solar 
energy limitations. Water may be in short supply. Solar energy is 
plentiful enough, but its distribution becomes limited by the plant 
material; canopies develop and shade the ground surface, limiting primary 
production there. 

Primary production at the ground surface and up to heights of two to 
three meters becomes the forage base for wild ruminants. Forage production 
is very much dependent on canopy characteristics. Well-developed canopies 
do not allow much light to penetrate to the ground and primary production is 
low. 

Forage is also subject to seasonal variations in quanti ty produced, 
quali ty of the nutrients contained, and availability to wild ruminants. 
Seasonal variations in forage characteristics and digestibilities were 
discussed in CHAPTER 11. Seasonal variations in forage consumption were 
discussed in CHAPTER 12. Horizontal and vertical distributions of primary 
production and forage are discussed in this CHAPTER 13. Uses of information 
on the spatial distribution of forage are made in CHAPTER 17 as part of 
range appraisals and again in CHAPTER 20 in calculations of carrying 
capacity. 

Sunshine, water and carbon dioxide are the ingredients necessary for 
plants to produce new forms of organic matter. The total amount of organic 
matter synthesized as a result of phototsynthesis is called the gross 
primary productivity. Plants respire, breaking their own organic products 
of photosynthesis down and distributing and assimilating the components into 
plant tissues having specialized functions, such as anchorage, support, 
absorption, reproduction, photosynthesis, and other functions. The gross 
primary productivity less the amount used by plants for their own 
respiration is the net primary productivity. 

Primary production is the basis for all life. There is an upper limit 
to primary production because there is an upper limit to the amount of solar 
energy that reaches the biosphere, and to the amount that can be absorbed by 
plants. Primary production is also limited by the availability of nutrients 
and water. Interactions between these inputs--solar energy, nutrients, and 
water--determine the characteristics of .the growing seasons. In temperate 
regions, annually occurring growing seasons show marked increases in primary 
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production early in the growing season, a leveling off later in the season, 
and no production during the dormant season. 

The quantity or biomass of plant material present at a point in time 
is called the standing crop. The standing crop or biomass of annual plants 
at the end of a growing season can be no greater than the cumulative net 
primary productivity throughout the growing season, and it is usually less 
as early leaves wither and die and seeds are dispersed. 

The standing crop of perennial plants is greater than the net annual 
primary productivity as biomass accumulates over the years. This biomass ~s 
generally of little or no value to wild ruminants as it becomes lignified 
and is quite indigestible. 

Nutrients stored during the growing season--in bulbs, corms, roots, 
buds, and other storage organs--are used for growth and the production of 
photosynthetic tissue at the beginning of the next growing season when 
primary production begins again. After dormancy, leaf development progesses 
and primary production increases. Some of this primary production results 
in additional photosynthetic leaf tissue; a positive feedback loop reSUlting 
in accelerated production. Leaf area is an important part of this feedback 
mechanism, and it is sometimes used as an important parameter in the 
prediction of photosynthesis. The ratio of leaf area to ground surface area 
is called "leaf area index" and, in general, the higher the leaf area index, 
the higher the photosynthesis expected. Differences· in leaf area indexes 
(LArX) in different plant communities and changes in LArX over time are 
important factors in the analyses of primary production in different 
habitats occupied. 

Primary production may be expressed as mass per unit area and 
quantities for different kinds of plant communities compared. The standing 
crop on an area of land is the total biomass present at a point in time. 
The standing crop or biomass of perennial plants exceeds that of annual 
plants because some of the plant tissue, such as tree trunks, persists from 
one year to the next. Neither the standing crop nor the entire primary 
production are available to wild ruminants of course; only the net annual 
primary production within reach of the animals is part of the food resource 
base, and not all of that can be consumed without reducing the vigor. 
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PLCO plant community 

tund tundra 
frst forest 
defo deciduous forest 
gras grassland 
many more than one type 
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