
Appendix A.5 

Slight shortages below the saturation amount will raise the moisture ten
_4 sion slightly and temporarily, with almost no effects on crop yield. As 

shortages become more substantial, however, the moisture tension will be 
raised more and for longer periods and the effect on the crop, it seems 
plausible, will be more than in proportion to the shortfall. Eventually, if 
the water supply is only a small fraction of the saturation amount, the crop 
will fail entirely.  

The simplest yield function that possesses these qualitative properties is 
the quadratic curve. Thus we propose the following water-yield relation

si: y = M [1 -b(S x)21I(1 

where y =yield in maunds per acre, 
M =yield at the saturation point, 
S =saturation depth of irrigation, in inches, 
x =actual depth of irrigation, 
b = a constant to be determined empirically.  

It should be remarked that although the grounds for this formula are 
flimsy it conforms to much of the observed data about the relation of water 
to plant growth (except for the implied symmetry of behavior around the 
saturation point, which is not important). Except for its emphasis on 
saturation, this formula is similar to the Mitscherlich formula(4 ). which 
appears to be favored by many agronomists.  

Equation (1) is a three parameter formula. One parameter, S, can be 
obtained, as was said above, from evapotranspiration estimates. A second 
parameter, b, can be derived from the amount of water at which the crop 
just fails, i.e., the value of x for which equation (1) falls to zero. Inspec
tion of a number of water -supply vs. yield graphs for experimental plots 
in the arid sections of the United States( 5 ) indicates that quite generally 
yields fall to zero when total water supply is between 10 percent and 15 
percent of the saturation amount. Fortunately, the main results of the 
analysis are not very sensitive to the failure value selected. Ten percent 

M4E. 0. Heady and J. L. Dillon, Agricultural Production Functions, (Ames: 
Iowa State Univ. Press, 1961), p. 11.  

(5)For a wealth of experimental results see Samuel Fortier and Arthur 
A. Young, "Irrigation Requirements of the Arid and Semiarid Lands of the 
Southwest," U.S. Department of Agriculture, Technical Bulletin No. 185 
(Washington, 1930).  
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