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Over the years various diagnostic 
tools have been developed for estimat
ing the nutrient requirem nts of crops. 
Some diagnostic methods are based on 
the investigations of the soil, others are 
based on the plant itself. 

Soil testing is the most popular diag
nostic techn ique used for lime and fer
tilizer recommendations. More than 1.5 
million soil samples are processed an
nually in the Midwestern states alone. 
Soil testing services are inexpensive 
and readily available to farmers, flor
ists, and homeowners. 

Mu ch effort has been devoted to im
prove the reliability of testing methods 
and recommendations. The needs of 
corn and other major crops for nitrogen , 
phosphorus, potassium, and lime can be 
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Use of fertilizer in Minnesota rose from less than 15.000 ions in 1940 to nearly 

615,000 :tons in 1964. This 40-fold increase in fertilizer sales has been accompanied 

by equally dramatic changes in fertilizer distribution and manufacturing ac-

:l:ivilies. 

This article presents recent information regarding the increased number and 

type of fertilizer activities in the state and their geographic dispersion. 1:1: is a 

progress report on one aspect of a study of changing paiierns of fertilizer dis

tribution in Minnesota. 

Consumption Trends 
Prior to Wor ld War II, fertilizer sold 

for consumption in Minnesota averaged 
less than 15,000 tons per year. Since the 
early 1940's, however, growth in fer 
tilizer sales has progressed at an in
c?·easingly rapid rate (see heading). In 
the 1963-64 fertilizer year over 614,000 
tons were sold for use in Minnesota. 
This represented at least $46 million in 
expenditures by the state's farmers . 

This remarkable growth in sales ap
pears to have been due to several factors 
associated with an increased demand 
for fertilizer. The fa?"m mm·ket for fer-

tilizer has expanded from an increased 
recognition by farmers of the economic 
advantages gained from soil tests fol
lowed by recommended applications. 
This is a tribute to industry and public 
educational programs. In addition to the 
expanding farm market, an uTban ma?·
ket for lawn and garden fertilizers has 
become increasingly important as well. 

These increases in the demand for 
fertilizer have been accompanied by a 
surge of distribution and manufacturing 
activity in the state. Most of this has 
occurred within the past 2 years. 

(Continued on page 2) 

are encountered, however, in the use of 
soil tests for diagnostic p urposes with 
frui t trees and quality crops such as 
vegetables, potatoes, and sugar beets. 
Present soil tests for secondary and 
trace elements often are unreliable or 
too time consuming. Thus other diag
nostic methods are employed to supple
ment soil tests. 

Plant analysis is a diagnostic tech
nique that uses the plant as an indi
cator. It involves chemical determina
tions of nutrient elements in plants or 
certain parts of plants. The concentra
tions found within a plant reflect what 
it has obtained from soil up to the 
sampling time. By comparing these con
centrations with those already estab
lished by previous research as adequate 
for specific plant growth and yield, the 
nutrient status of the plant can be 
evaluated. Methods and instruments 
now available tu1·n to page 4 

John Grava is an "ssistant professor in the 
Department of Soil Science. and supen·1sor of 
the University of Minnesota Soil Tes1lng 
Laboratory. 
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Developmen:ts in fertilizer manufacturing . . . from page 1 
Table I. Fertilizer activities in Minnesota, by plants and firms. 1963-64 

Number of plants 
and activ1ties 

Number 
of firms 

Activity Minn. 

99 
83 
20 

O.S. Minn. o.s. 
1-Dry blending to customer formula . 
2-Dry Il_lixing to grade ........ ... ...................... . 
3-Chemlcal formulatwn to grade ............ . 
4-Ingredient manufacture .................................................... . 
5-Liquid grade manufacture ...... .................................... . 

6 
19 

9 
5 

7 
35 
32 
30 
23 

60 
49 
11 

5 
14 
7 
5 

1 
31 
28 
28 
22 

6-Liquid blending to customer request 
7-Specialty grade ...... . ....................... . 

2 
2 

CONCENTRATE CONSUMPTION IN LIVESTOCK 
AND POULTRY 

Richard 0. Hawkins, extension specialist in farm management 

The amount of concentrates consumed by livestock and poultry, 
including feed grains, high protein, and other byproduct feeds, has in
creased almost continuously since 1947. These increases depend mainly 
on increasing numbers of animal units, and increasing feed consumption 
per unit. 

The importance of commercial formula feeds has increased tre
mendously. Use of feeds in this form increased by 45 percent since 1940. 
At present they account for nearly one-third of all concentrates fed. 

The table indicates the increase in grain-consuming animal units. 
There was a sharp decline after World War II but since 1955 they have 
trended upward until 1963. During this period numbers of milk cows 
have been declining by 3 percent per year but these declines have been 
offset by increases in cattle other than dairy, poultry, and hogs. The 
downward turn in numbers of animal units in 1963 was due primarily 
to a drop in hog numbers and a slowing down of growth in beef and 
poultry. 

The table also indicates the changes which have occurred in con
sumption of concentrates per animal unit. Again there is an almost 
continuous upward trend. Acceptance of newly available feeding tech
nologies, favorable feed-livestock price relationships, increased produc
tion per unit, and increased confinement feeding have contributed to 
these increases. The slight decline in consumption per unit in 1963 was 
largely due to declining livestock prices in relation to feed prices. 

Prospects for the 1964-65 feeding year appear to be very similar to 
the 1963-64 year. The somewhat higher livestock prices projected for 
the year ahead should tend to reverse the decline in numbers of animal 
units that occurred in 1963. The price of feed in relation to livestock 
prices will largely determine the consumption per unit. 

In the longer run the future of the livestock industry looks favor
able, with an ever-increasing population and higher per capita incomes 
demanding more livestock products. As numbers of animal units increase 
to meet these needs the total need for concentrates will continue to grow. 
The demand for high-protein feeds will continue to expand and com
mercial formula feeds will probably continue to increase more rapidly 
than the total concentrates fed. 

Grain-consuming animal units, consumption per animal unit, and 
total concentrates fed: United States-for selected years 

Year 
(beg. Oct. 1) 

1940 
1945 ......................... . 
1950 
1955 
1960 
1961 ....... .. 
1962 .......... . 

Grain-consuming 
animal units 

1963 ...... ..... .. ................... .. 

million 
155.7 
167.3 
168.1 
165.3 
167.6 
169.0 
172.5 
172.2 

Source: U.S. Department of Agriculture. 

Concentrates fed 
per animal unit 

ton 
0.68 
0.78 
0.72 
0.74 
0.90 
0.90 
0.88 
0.88 

Total concen
trates fed 

million tons 
106.7 
130.2 
121.7 
121.9 
150.3 
152.9 
152.0 
151.5 

2 
2 
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Figure I (left) shows fertilizer manufac 
2 (right) shows 1964-65 increase in fer 

Manufacturing Ac:tivi:ties 

Table 1 provides a listing of seven 
types of fertilizer manufacturing ac
tivity carried on by Minnesota firms 
and out-of-state (OS) firms selling fer
tilizer in the state in 1963-64. Most 
firms and plants engage in more than 
one type of manufacturing activity. 
Thus, most of the 83 plants engaged in 
dry mixing to grade also dry blend to 
customer formula (they are included 
in the 99 figure). 

Although a listing of numbers and 
types of manufacturing activities re
veals nothing about volume of business,' 
the direction and nature of industry 
growth is suggested by comparison of 
these figures with new fertilizer manu
facturing activities that have been reg
istered from July 1, 1964, to April 1, 
1965 (see table 2). 

Just during this 9-month period 40 
new d1·y blending operations have 
started in Minnesota, 46 new dry mix
ing activities, and 40 other new activi
ties. In addition, 36 new manufacturing 
activities were registered by firms not 
located in Minnesota but selling fer
tilizer in the state. 

This increase in manufacturing ac
tivity in the first 9 months of the 1964-
65 fertilizer year has meant 29 new fer
tilizer firms for Minnesota and an in
crease of 42 newly constructed plants. 

Increased activity has also come 
about by the expansion of existing 
firms ; some 20 old Minnesota firms ex
panded by adding plants, while 19 add
ed new activities to old plants. 
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1ity in Minnesota during 1963-64. Figure 
Jfacturing. Key applies to both figures . 

Geographic Distribution 

The geographic significance of these 
increases in fertilizer industry growth 
is revealed by a study of the growth 
geographically across the state. Figure 
1 represents a map of fertilizer manu
facturing activity for Minnesota in 
1963-64. Figure 2 shows the 1964-65 
increase in fertilizer activities as they 
were dispersed across the state. 

Unlike a good deal of industrial 
growth in Minnesota, much new ferti
lizer plant location and expansion has 
occurred in smaller rural communities. 
These communities are in an area from 
the Red River Valley to the central and 
southern parts of the state. 

Conclusions 

The overall importance of the figures 
presented here cannot be fully assessed 
until additional information has been 
collected. Some tentative conclusions 
are these: 
• The upward trend in fertilizer usage 
suggests a further dramatic increase in 
consumption in the years ahead. 
• The sizable increase in fertilizer 
manufacturing activities in the state 
suggests that more new plants will be 
developed, especially in the next few 
months and years. 
• Given the patterns of plant and ac
tivity location, small rural communities 
may reasonably expect industrial 
growth from new fertilizer business 
development. 
• The fertilizer business complex in 
Minnesota will be an important growth 
industry in the years ahead. 
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Table 2. New fertilizer activities in Minnesota, July L 1964 to April L 1965 

Amount due 
to new plants Amount due 

Total Amount due Amount due from previ- to expansion 
1964-65 to new to new plants ously existing of existing 

increases firms of new firms firms plants 
Activity* Minn. O.S. Minn. o.s. Minn. o.s. Minn. o.s. Minn. o.s. 
1 ....................................... 40 4 21 1 26 0 12 0 2 
2 ....................................... 46 1 18 1 24 1 15 0 7 
3 ....................................... 7 2 0 2 0 1 2 0 5 
4 ··························· ··· 1 4 0 3 0 2 1 1 0 
5 .................................... 13 2 2 0 10 0 0 1 3 
6 ···································· 12 2 3 0 11 0 0 1 1 
7 7 21 4 4 4 4 0 0 3 

• See previous ta ble for activity specifications. 

Nutrient Requirements of Swine r~~~~~~s£i:a~J:: 
A new revision of the popular booklet, ' Nut1·ient Requi7·ements of 

Swine," was published in late 1964 by the National Academy of Sciences
National Research Council. This is the fifth revision of this convenient and 
useful publication first published in 1944 under the title "Recommended 
Nutrient Allowances for Swine.." 

The new revision includes modifications in estimates of requirements, 
based on data published since the previous revision in 1959. Considerable 
new data have been published relative to protein requirements, nutrient 
needs of baby pigs, amino acid requirements, and requirements for certain 
trace minerals. Item-by-item comparison of the 1959 and 1964 editions re
veals the following major differences: 

1. The 1964 edition is more complete, including comments on energy 
and energy measurements, calcium and phosphorus, and vitamins A and 
D not found in the older edition. The new edition also includes in
teresting discussion of average daily feed intake, daily live weight gains 
of market pigs, and ages at which pigs reach specific weights. An ex
cellent chart is also included which shows the variability between pigs 
actually found in Canadian and U. S. studies. Most swine producers 
are aware that there is variability, but some may be surprised at its 
size. The new edition also includes tables of partial composition of feeds 
commonly used in swine rations, to facilitate computation and checking 
of rations. 
2. Estimates of protein requirements of pigs from 25 to 175 pounds 
have been increased somewhat. Calcium requirement for baby pigs 
was increased from 0.7 to 0.8 percent. 
3. Estimated carotene requirements of growing pigs were increased 
and the value of carotene relative to vitamin A was reduced from 533 
I.U. vitamin A per mg. carotene to 500 I.U. per mg. 
4. In the new tables it is assumed that niacin in all cereals and cereal 
byproducts is totally unavailable to swine. However, the estimated 
requirement per pound of feed was not changed. This, in the opinion 
of the writer is in error because many of the previous estimates of 
requirements were based on microbiological assays of total rations. 
These assays measured total niacin, not available niacin . Thus, these 
assays overestimated the actual niacin requirement of a growing pig. 
5. Selenium is included among required trace minerals at a level of 
0.1 p.p.m. The table also includes the respective levels at which copper, 
iron, manganese, zinc, and selenium produce toxic symptoms in pigs. 
6. Estimates of feed needed by breeding females per day has been 
reduced by 1 pound for sows and 0.5 pound for gilts. This is a conserva
tive change, as many producers are feeding less than the new recom
mendations, and with success. The new estimates for breeding females 
show a slight increase in percent of protein in the ration, but at the 
lower levels of feeding this results in a slight decrease in protein per 
animal per day. Estimates of mineral and vitamin needs of breeding 
stock were not changed. 
Overall, the subcommittee on swine nutrition that prepared this booklet 

has done a fine job and the booklet is a bargain at $1.50. Copies may be 
obtained by writing to National Academy of Sciences-National Research 
Council, 2101 Constitution Ave., Washington, D. C. 20418. Ask for Publica
tion 1192, and be sure to include $1.50 for each copy requested. 
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pLant anaLysis make the use of plant 
analysis as a diagnostic tool feasible. 

The use of plant analysis is wide
spread in agricultural research. Soil 
scientists often use it in plant nutrient 
surveys, studies of nutrient availability 
in fertilizers, and in soil test calibra
tions. MacGregor and Bezdicek (1963) 
used plant analysis in a survey of zinc 
deficiencies in corn on various Minne
sota soils. Deficiency symptoms began 
to appear when the zinc concentration 
in corn leaf fell below 15 to 17 parts 
per million. This value is near the mini
mum critical level reported also by 
other investigators. Results of this study 
have been helpful in the establishment 
of general soil areas where zinc de
ficiencies in corn may be encountered. 
Anderson et al. (1961) utilized leaf anal
ysis in a survey of nutritional problems 
in Minnesota apple orchards. 

The value of information on chemical 
composition of plants in the interpreta
tion of soil tests is illustrated in table 1. 
The two soils reported here represent 
two extremes in potassium availability 
f ound in Minnesota. 

The Zimmerman loamy sand, with a 
test value of 70, is considered to be 
extremely deficient in potassium. Al
falfa grown on this soil in greenhouse 
pots without a potassium treatment 
showed deficiency symptoms and con
tained 0.8 percent of K. The addition 
of various potassium rates to this soil 
eliminated deficiency symptoms and in
creased the yield and the K content of 
plants . The highest treatment raised the 
potassium content of alfalfa to 2.4 per
cent and increased the yield by 30 
percent ab ove the check. 

Fargo clay loam, on the other hand, 
is well sup plied with potassium, as in
dicated by the test value of 530 pounds 
per acre of exchangeable potassium. 
The soil potassium actually was avail
able to alfalfa as shown by the K con
tent of 2.4 percent in plants grown 
without added potassium. While the K 
concentration in alfalfa was increased 
slightly by potassium applications on 
the Fargo soil, there was no increase 
in the yield. 

The use of plant analysis in agricul
tural research most likely will be in
tensified in the future . Some elements 
can be determined with the equipment 
available at the Department of Soil 
Science on the St. Paul Campus. The 
analytical services for nonprofit institu
tions of the Ohio Agricultural Experi
ment Station at Wooster also are avail
able for processing research samples. 

Advances in instrumentation and the 
occurrence of secondary and trace ele
ment deficiencies have stimulated in-
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Table l. Alfalfa responses to fertilization on two soils with 
d ifferent potassium test levels 

Zimmerman loamy sand, 
soil test: 70 

Alfalfa 

Far~o clay loam, 
s01l test: 530 

Alfalfa 

K Treatment 
Content 

ofK 
Relative yield, 

without K = 100 
Content 

ofK 
Relative yield. 

without K = 100 

lb./acre 
0 ········································· 0.8 

··· ······· ···· ·········ioo 
33 ······· ·· ···························· ... 1.3 
66 ...... ................... ............... 1.8 

132 .......................................... 2.4 

109 
113 
130 

terest in the practical application of 
plant analysis. The establishment of a 
plant analysis service, however, may be 
premature at the present time. There 
are four main reasons for this: 

1. Samplin g of corn and other field 
crops must be done a t such a late stage 
that even though analyses indicate a 
nutrient deficiency it is impossible to 
make corrective treatments the same 
season. Consequently, adjustments in 
fertilizer practices can be made only in 
following years. Even this may be diffi
cult when different crops are grown in 
a rotation. 

2. Proper sampling procedures must 
be developed and standardized. Nu
trient concentrations vary depending 
on what part of the plant is analyzed 
and at what development stage samples 
are collected. Data in table 2 show how 
nitrogen content decreases in corn leaf 
w ith the maturity of plants. Most in
formation on corn refers to the chemical 
composition of sixth leaf at silking time. 
However, some research workers have 
taken exception to this rule. Several 
other factors also can cause the compo
sition of plants to vary: cultural prac
tices, varieties or hybrids, environ
mental conditions, and the different 
amounts of nutrients available in the 
soil. So it is not always a simple job 
to interpret the results and to make 
proper recommendations. 

Agricullural Extension Service 
Institute of Agricu lture 
University of Minneso ta 

St. Pa ul, Minneso ta 55 101 
Lu ther J . Pick re l, Director 

Coopera tive Extension Work 
Acts of Ma y 8 and J une 30, 1914 

OFFI C IAL BUSINESS 

5-65 1,350 

C. H. Bailey 

.... percent 
2.4 
2.4 
2.7 
2.8 

100 
105 

94 
102 

3. Information on the suffic iency lev
els of nutr ien t elements in various farm 
crops is either spotty or the suggested 
ranges are too wide. This is particularly 
true of secondary and trace elements. 

4. There are organizational problems 
involved in the estab lishm ent and 
maintenance of a plan t analysis ser vice. 
Who will do the testing, what type of 
instruments to use, and how such a 
service will be financed are just a few 
of the questions that must be answered 
first. 

Plant analysis is a valuable tool for 
diagnosing nutrient deficiencies in 
crops, and it can be made more valuable 
than it is at the present time. Its use 
in agricultural research work needs to 
be expanded. With the elimination of 
certain gaps in the information on sam
pling procedures and in the interpreta
tion of results, its use by advisory serv
ices would follow. Plant analysis, sup
plemented by soil tests, then would 
eliminate much of the guesswork in 
crop fertilization. 
T ab le 2. Nitrogen conten t of third corn 

lea f at different stages of dev elopment. 
F r om Ellis et al. (1956) K ansas 

Stages of corn 
development 

1-foot height 
3-foot height 
At tasseling 
In early ear 

Nitrogen 

percent 
4.10 
3.00 
2.70 
2.20 
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