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This paper is a brief outline of the role of the soil in plant nutrition and 
hence in crop yield. The use of soil tests  for  diagnosing the nutrient 
status of soils and the need for fertilizers is discussed. 

Maximum profit from farming depends upon good yields. A high yield is 
the result of the maximum growth of each plant in the crop stand. Lesser  
yields result whenever (1) the growth of the individual plant is restricted 
o r  (2 )  when the number of plants is reduced. We will begin by examining 
the factors that affect the growth of individual plants. 

There a r e  at  least s ix factors that influence the growth of plants. 

GROWTH FACTORS 

I. Water -- supplied by rain or  irrigation 
P 

2. Air -- supplies carbon dioxide and oxygen - 

3 .  Temperature -- affects germination and emergence, growth of plants, 
nutrient supply, etc. 

4. Nut~ ien ts  -- supplied by soil or from fertilizers 

5. ~ ~ ~ ~ p - ~  Depth~-~:~~'nnfIIueenncee~s~mm~isStt~reeandddnutr~ient s ~ t o r a g e , ~ ~ ~ e t c  . D e p t h  may 
be limited by soil, restrictive layers within the soil, o r  by high water 
tables. 

6. Injurious Factors -- salinity, diseases,pests,  wind, etc. All of these 
factors a r e  important contributors to crop yield both a s  they may affect 
the growth of individual plants and a s  they determine stand. Low temp- 
eratures and the several injurious factors often cause poor germination 
and emergence which results in a poor stand and hence a poor yield. Of 
all factors, the water and nutrient supply a r e  usually the chief limiting 
factors in yield. The water supply can be provided through proper ir- 
rigation practices. These practices should be designed to maintain an 
adequate supply of water at  all times yet avoid excess irrigation. Over- 
i r~ iga t ion  leads to losses of nutrients through leaching and contributes to 
high water tables. The highest production of crops occurs when both 
water and fertilizer a r e  used efficiently. 

The nutrient elements essential for plant growth are  obtained from the 
a i r ,  water and from the soil. 



ESSENTIAL NUTRIENT ELEMENTS FOR PLANTS ----- 
From Air and Water 

Carbon, hydrogen and oxygen 

From the Soil 
P 

, . -. ,. . - .. . . -- . . - - .- . .. - . . -- -- . . .- -- --- - -. .- - .--- - - . . . .- - .- 
N::rcger. - - . - . . - - ?hcsphcrus Pctassium Zinc Baron .--- 

Sulfur Chlorine Magnesium Calcium Iron 

l\/lang%nese Copper Molybdenum Cobalt 

Of the 97  essential elements, only those in the box a re  likely to be limit- 
ing for plant growth in the Columbia Basin. Nitrogen wi l l  be required for 
maximum yleld of all crops except legumes. The need for the other four 
is widespread but not universal. Their pattern of deficiency is highly 
erra t ic ,  both by district and for a reas  within a given field. Shortages will 
occur chiefly on leveled areas  o r  severely-eroded areas.  

Plants absorb their nutrients from the soil a s  positive or  negative ions. 
The positive ions (ammonium, potassium, calcium, etc. 1 a re  adsorbed 
on the negatively-charged soil particles and do not move appreciably in 
the soil, i. e.  they a re  non-mobile. Plants obtain non-mobile nutrients 
only from the immediate vicinity of roots. The uptake of a non-mobile 
nutrient depends upon the concentration of the nutrient in the soil in con- 
tact with a root and the number of roots capable of absorbing it. Since 
the absorbing roots are  in contact with but a small fraction of the soil 
within the volume that encloses the plant's root system, the amount of 
nutrient actually removed by the crop is a small fraction of the ~~ total a -  
vailable in the soil. The result is that the concentrations of non-mobile 
nutrients (soil test level) shows little change during the course of a year. 
Tests  a r e  usualEy made on soil samples taken from the plow layer because 
this layer contains the greatest. densityof roots and the highest eoncent- 
ration of nutrients; the nutrient supply in the subsoil is usually a minor 
factor. This makes it possible to take soil samples for use in testing for 
the availabflfty of non-mobile nutrients at  any time of the year. 

The negative nutrient. ions sueh a s  nitrate and sulfate a r e  not absorbed by 
the soil particles but exist chiefly in solution. These ions move with the 
water, i. e .  they a r e  mobile. As water moves through the soil o r  t o  the 
roots, it carr ies  nitrates lo the roots. As a result,  the plantmay obtain 
mobile nutrients from the entire volume of soil that encloses the root 
system and even beyond. Further, the concentration of mobile nutrients 
such a s  nitrate may be reduced to zero. Soil tests for mobile nutrients 
a r e  difficult to interpret because the concentrations vary from day to day 
and throughout the root zone depending upon the amount and type of i r r i -  
gation, Information on the supply of a mobile nutrient, sueh a s  nitrate, 



applies only to the time of sampling and its extension over appreciable 
periods of time is seldom justified. Sampling should include both the plow 
layer and the subsoil. The presence of nitrate usually indicates that the 
crop has an adequate supply at  the time of sampling. A negative test is 
not equally good evidence that the crop is  short of nitrogen since it is  en- 
tirely possible for the crop to absorb nitrate a s  fast a s  it is formed and 
to be adequately supplied. Concurrent tests  on the plant itself a r e  neces- 
sary  for the proper interpretation of negative soil tests for nitrate. 

It should be noted that plants absorb phosphorus a s  a negative ion yet the 
phosphate behaves a s  if it were non-mobile. 

The concept of mobility is  useful in understanding the consequences of 
leaching (over-irrigation). The non-mobile nutrients (ammonium, 
potassium, phosphate) a r e  not subject to appreciable loss through leach- 
ing. The mobile nutrients (nitrate, sulfate) move readily with the water. 
Movements of nitrate to furrow ridges (that may dry out) o r  entirely out 
of the root zone a r e  common. Severe losses of nitrate may accompany 
over-irrigation, especially when sprinklers a r e  used. 

Soil tests for non-mobile nutrients prov~des  a sound means of determining 
the adequacy of the supply of nutrients for optimum plant growth. Where 
the soil test level is  low, fertilizers can be applied. With proper pre- 
cautions about sampling, the effect of added fertilizer on the nutrient 
level can be measured by soil tests.  Soil tests for mobile nutrients such 
a s  nitrate and sulfate a r e  possible but difficult to interpret and impracti- 
cal  because of the need for multiple samples taken to the full depth of the 
root zone and for special attention to the isolation of nitrates in dry fur- 
row ridges. 




