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FOREWORD 

Bulk handling of fertilizer is becoming increasingly important in 
Michigan. Though this method of distribution may continue to 
expand, there are certain limitations which should be kept in mind by 

individual business managers who are contemplating the addition of 
a bulk ferti lizer enterprise. These limitations are as follows: 

A. Top dressing is not l'ecommended for crops where placement 

of the fertilizer in relation to the seed is important. * 

B. The quantity sold for top dressing will depend in large part 
upon the amount of forage livestock farming that is in ex­

istence in any particular area. 

C. Often, spreading may be restricted because of the weather. 
In some years thi s may limit the use of specialized delivery 

equipment. 

D. Fertilizer spreading probably will not result in direct cash 
savings to farmers but will increase farm efficiency by elimi­
nating a task which the farmer has hereto performed himself. 

E. Bulk selling of fertilizer, when farmers come to the plant and 
haul it themselves, can result in savings and greater con­
venience to farmers. However, farm storage may be difficult. 

F. Granular fertilizer is better suited to bulk handling than com­
mon pulverized fertilizer. 

G. In many cases, bulk facil ities to handle bulk fertilizer can be 
added with relatively little cost. However, where cost is 
expected to be greater (particularly in cases where considera­
tion is being given to purchasing delivery and spreading equip­

ment), market potential should be carefully evaluated to pro­
vide a basis for estimating the amount that can r easonably be 
invested in facilities, and to determine what delivery charges 
should be . 

• See Extens ion Bulletin 159, "Fertilizer Recommendations for Mic higan Crops ." P repared by 
the Depa rtments of Soil Science and Horticulture , Michigan Sta te University. 
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HANDLING FERTILIZER IN BULK 

A Study of Costs 
Br \,ER~ON L. SORENSO~ an d CARL W. HALL 

INTRODUCTION 

BULK HANDLING has developed along several lines in Michigan. 
Fertilizer is spread directly on farmers' fi elds from large mixing 

plants. One local mixing plant sells bulk fertilizer either on a de­
livered basis or at t he plant to be loaded on farmers' trucks or trailers. 
Retail distributors handle bulk fertilizer which is r eceived from large 
manufacturers . 

Three local retail distributors who handle bulk fertilizer were con­
tacted in making this study. Two of these local handlers provided 
delivery and spreading service, and one did not. Two of the three use 
existing storage facilities with no additional investment, and the 
other stores ferti lizer in newly-constrvcted concrete silos. These 
silos have loading spouts at a height of about 12 feet above the 
ground which permit gravity flow for loading into trucks or trailers 
as long as fertilizer is above that level. Fertilizer in the bottom of 
the silos is elevated by mea ns of continuous bucket elevators and 
dispensed into load-out spouts. 

The primary question investigated in this study is - under what 
circumstances can local businessmen afford to install facilities needed 
to handle fertilizer in bulk? Less labor will be r equired as a result of 
the elimination of bag handling, but this reduction in cost may be 
offset by the additional investment required to provide facilitie s 
needed for bulk handling. If bulk spreading services also are pro­
vided, a substantial investment in a truck and spreading unit will be 
required or these services must be hired from an independent operator. 

One of the important problems facing business managers is to 
estimate the relationship between prices, costs, and volume with 
sufficient accuracy to minimize the risk involved in a new venture. 
Expected volume fo r any individual business serving farmers will 
depend on the kind of farming area, competitive conditions, the ability 
of the manager, and many other factors. Because of the variety of 
conditions under which farm supply businesses operate in Michigan, 
no effort has been made to determine expected volume for any indi­
vidual or groups of local distributors. Some costs, on the other hand, 
may be relatively the same for all plants if operations are sufficiently 
standardized . 
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Probably the most feasible approach for most farm supply busi­
nesses operating in Michigan is to use existing facilities or relativel y 
inexpensive buildings for storage. 

A small farm tractor with bucket attachment can be used for 
handling and loading. Using a small farm tractor appears to be an 
efficient and timesaving method of loading, adaptable to large or small 
loads. The only apparent disadvantage to this method is that the 
exact weight of fertilizer loaded cannot be determined except by 
weighing on a platform scale. With experience, however, very close 
estimates can be made, thus eliminating the need to adjust the load 
after weighing. 

Total investment in facilitie s will not be large unless delivery 
equipment is purchased. Since many operators will want to con­
sider the possibility of providing delivery service, these costs have 
been developed separately . 

Cost s can be classified as either variable or fixed . Variable costs 
are those which change in some fairly direct relationship to the 
volume of product handled. These usually include labor, power, fuel , 
etc. Fixed costs, on the other hand, are those which remain relatively 
constant over fairly wide ranges of volume. These usually include 
depreciation on facilities , insurance, taxes, etc. If a truck is pur­
chased, for example, it can be used extensively or very little during 
the first year, but depreciation will be approximately the same in 
either case. Depreciation, therefore, is a fixed cost of owning the 
t ruck whereas gasoline costs are variable with use. 

The principal variable costs incurred in bulk handling of fertilizer 
are for labor and fuel, tires, and repairs on mechanical equipment. 
Gasoline and other variable costs will not be incurred except as fer­
t ilizer is loaded and delivered or loaded on farmers' trucks and 
wagons. 

Though labor costs may not always vary directly with volume 
for the business as a whole, it can be considered a variable cost for 
the fertilizer enterprise if a good alternative use for the labor is 
available whenever it is not employed in the bulk fertilizer operation. 
In most Michigan elevator farm supply businesses where fertilizer 
sales represent a relatively small part of the total sales, this seems 
to be a valid assumption. 

Fixed and variable costs have been separated because it is possi­
ble - through time study techniques and by use of engineering 
data - to determine variable costs per ton for bulk and bag handling. 
Once these costs have been determined, they can be used to estimate 
the amount of funds which will be available to cover the cost of the 
additional facilities required for bulk handling and to provide a 
profit. 
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BULK HANDLING AT MANUFACTURING PLANTS 

Two large manufacturers in Michigan were asked about the possi­
ble savings if ferti lizer were distributed from their plants in bulk. 
At one of the plants bagging costs, including loading cars or trucks, 
amount to approximately 99 cents per ton. Ten to eleven men are 
employed in the bagging operation with an average hourly wage 
rate of $1.57 and average production of 25 tons per hour. With a 
similar rate of output, loading labor costs would be reduced to 18 
cents per ton and bag costs eliminated if fertilizer were distributed 
in bulk. 

Labor costs in the other plant would be reduced from 93 cents per 
ton (using identical wage rates) to approximately 23 cents per ton. 
In addition, some savings occur on storage. At the present time, 
most of the bulk fertilizer which leaves these plants is for immediate 
delivery to farms - bypassing the retail level. However, manage­
ment of both of these manufacturing units estimates that savings 
to retailers, if large quantities of bulk fertilizer were distributed 
through them, should amount to $3.50 to $4.00 per ton. 

RETAILING BULK FERTILIZER WITHOUT FARM 
DELIVERY OR SPREADING 

A ton of fertilizer can be loaded on a truck with a small farm 
tractor and a one-third ton scoop in approximately 3 minutes. 
Variable costs amount to approximately 10 cents per ton. Labor costs 
for bag handling amount to about 26.5 cents per ton. This represents 
a savings in variable costs of 16.5 cents per ton. 

This means that for every ton of fertilizer handled in bulk, there 
will be 16.5 cents available to cover fixed costs and to increase earn­
ings from the business . If a small tractor with a scoop costs $1,500 
and is depreciated over a 10-year period, the depreciation charge 
will average $150 per year. The savings in variable cost from the 
sale of 1,000 tons of fertilizer will amount to $165 and is little more 
than enough to cover depreciation costs. If depreciation on storage 
facilit ies is added to this, the reduction in variable costs may be 
inadequate, even to cover depreciation charges. 

It is apparent, therefore, that the principal cost saving in bulk 
distribution will occur at the manufacturing plant. If all of the sav­
ings to manufacturers are passed on to retailers, the total from this 
source and from lower variable handling costs at the retail level will 
amount to about $4.00 per ton . On 1,000 tons this amounts to $4,000. 
These savings can be used to cover the cost of additional facilities, 
for profit, or to reduce the price to farmers. 
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Price reduction to farmers will be governed by competitive con­
ditions, investment required in facilities, wage rates, and other 
factors, all of which may vary between localities. In most cases, 
however, it should be possible to cover all costs, realize a reasonable 
profit, and still pass some savings on to farmers. 

A number of farmers were contacted by mail questionnaires to 
determine what advantages and disadvantages they saw in handling 
their fertilizer in bulk as compared with bag. They indicated that 
the major reasons they would prefer to handle fertilizer in bulk were 
convenience and lower cost. The major disadvantages mentioned were 
that farm storage is not feasible and t hat it is difficult to estimate 
appfication per acre until a ll fertilizer has been used. 

RETAILING BULK FERTILIZER WITH FARM DELIVERY 
AND SPREADING 

DELIVERY EQUIPMENT 

Delivery equipment most commonly used is of the type shown 
in Fig. 1. The truck boxes have one to several compartments. A 
continuous con veyor carries fertilizer to the rear of the truck 
where it is dropped on two rapidly rotating spreader disks and broad­
cast on either side and behind the truck. 

Fig. 1. This type of equipment is commonly used to load and 
spread bulk fertilizer. The spreading width is usually from 20 to 
25 feet. 
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A hood covers the spreading disks and extends to either side of 
the truck. This hood has a metal top and a canvas which reaches 
to the ground. In spite of this protection, one of the complaints 
registered by farmers who have had fertilizer spread is that some 
blowing occurs on windy days. The width of spread on these units 
is equal to the overall length of the hood which may vary on different 
size spreaders but is usually from 20 to 25 feet. 

Unless expensive storage equipment is required, delivery equip­
ment will represent the largest investment required for a complete 
bulk handling and spreading service. Since this is specialized equip­
ment and will not ordinarily be used for other purposes, the amount 
of money which can be invested in it will depend on the volume of 
bulk fertilizer which will be delivered to farmers and spread on fields. 

VARIABLE COSTS 

The variable costs incurred in delivering and spreading bulk 
fertilizer include labor expenses and variable truck expenses. 
These will depend on the size of load delivered, the distance to 
point of delivery, and the rate at which fertilizer is spread on farmers' 
fields. The remainder of this manuscript is devoted to determining 
what these costs will be under different delivery situations. 

Cost combinations are calculated for load sizes from 2 to 7 tons for 
selected distances from 3 to 30 miles, and for spreading rates from 
200 to 1,000 pounds per acre. Time study techniques were used to 
determine labor costs, and engineering data were used to obtain 
variable truck costs. 

IN-TRANSIT LABOR COSTS 

Labor costs will be incurred to load, deliver, and unload fertilizer. 
Each of these operations usually requires the time of one man. In­
transit costs per ton will vary with the distance traveled and t he 
number of tons delivered per load (Table 1). 

Table 1 - Sample calculations of in-transit labor costs per ton in dollars 

lz e 0 Miles 
load t on s 3 5 1 0 15 20 25 :lO 

7 .039 .059 .107 .157 .206 .256 .304 
6 .045 .068 .125 .183 .240 .298 .355 
5 .054 .082 .150 .220 .288 .358 .426 
4 .068 .102 .188 .275 .360 .448 .532 
3 .090 .137 .250 .367 .480 .597 .710 
2 .135 .205 .375 .550 .720 I .895 1.06 
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Fig. 2 illustrates total in-transit labor cost for distances from 
2 to 30 miles. Costs per ton can be obtained by dividing total labor 
costs by the size of the load in tons. 1 

The labor cost varies from 3.9 cents per ton where 7 tons are 
delivered 3 miles, to $1.06 per ton where 2 tons are delivered 30 
miles (labor rates at $1.35 per hour). These costs arise with an 
expected travel time of about 20 minutes to travel 6 miles (3 miles 
each way) and 1 hour and 35 minutes to travel 60 miles (30 miles 
each way) . 

1, Th e relationship between dbtance t nl\reled and in-tl'ansi t labor cost was found to apl)t"oach 
linearity vel'y closely and is expl'essed by the formula C == .061 + .069 (D), where C is 
t he total in -transit labor cost and D is the distance t raveled . Labor costs p er ton can be 
ca lcula ted by dividing t he C v alu e fOI" ~lny distance by the size of load hauled. For example , 
s upp ose a 7 -ton load i s transported] 0 miles. T h e cost is calculated as follows: 

.061 + . 069 (10) = .751 = $.107 

The C value or total in-transit labor cost is 75.1 ce nti' . -"Vhen spl'ead over 7 to ns , t hi s 
amounts to 1 0.7 cents per ton . 

Labor cost 
(dollars) 

$2.20 

2.00 

1.80 

1.60 

lAO 

1.20 

1.00 

.80 

.60 

.40 

.20 

0 2 4 6 18 20 22 24 26 28 30 
Distance in miles 

Fig. 2. Total in· transit labor cost related to distance traveled. 
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IN-TRANSIT TRUCK COSTS 

Since variable truck cost will change with the weight being trans­
ported, it is necessary to determine the cost of the outward and r eturn 
trip separately . Out ward costs are calculated on the basis of net 
loads of from 2 to 7 tons plus t ruck weight. Cost per ton mile with 
different load sizes are shown in Fig. 3.2 

The two lower lines show these cost s separately .3 
Total variable truck cost s for selected distances from 3 t o 30 

miles f or the outward and return trips are shown in Table 2.4 

~ A ll truck costs we re calculated fro m e ng ineeri ng data obta ined from the followi n g t h ree pub .. 
l is h ed repo l·ts: W ill et, H oward J r. (1953). H ow long s hou ld you ru n a truck to get the 
lowest combined depreciation and ma inte nance costs . R eprint of l)aper presented at SAE 
International W est Coast Mee ti n g s, Vancou ver B.C., August 17-19; SaIl. Carl (1951) . 
Truck road performance - actual vs. computed. SAE Quar terly Transactions. 5 (1); and 
SaIl, Carl (1951). Gasol in e con s umptio n and t rave l time of trucks. SAE Quarterly Transac­
t ion s, 5 (1). 

3. T h e cost p er to n m ile c urves converge toward t h e left s id e of t h e fi g ure because t h e 
d i ff erence bet ween gross we ig h t on t h e outwar d a nd retu r n trip d imi n is hes as load s izes 
becom e s m a ller. B o t h t hese c urves r ise rapid ly as loa d s ize decrea s es and become infinite 
as load s ize dimini s h es toward zero. T echnical limi tat ion s define their possible range at 
in creas ing load s izes . 

4;. T h ese values and any oth e r s w hic h are des ired can b e obtained by takin g a n y point on the 
total truck cost c u rve a nd multiply ing t h is value by t h e number of miles traveled. Separate 
costs for t he outward and r eturn t rip s can be obtain e d by t h e same procedure. usin g the 
cost lines s h own for eac h. 

Cost per 
ton mi Ie 
(cents) 

7 

6 

5 

4 
Costs on 

outward trip 

/~ -----costs~ --------_____ _ return ;t~~ _____ 

3 

2 

---------
OL-------~------~--------~-------L--------~------~ 

2 3 
Size of lood in tons 

Fig. 3. Variable truck cost per ton-mile with loads from 2 to 7 tons. 
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Table 2 - Sample calcula tions of the total variable truck cost per ton in dollars, 
(load sizes 2 to 7 tons and selected distances 3-30 miles) 

L oad 111 il es 
s ize 3 5 10 15 20 25 30 

7 .074 .123 .247 .370 .494 .617 .740 
6 .080 .133 .267 .400 .534 .667 .799 
5 .093 .101 .310 .465 .620 .775 .930 
4 .108 .117 .360 .540 .720 .900 1.08 
3 .137 .228 .456 .684 .912 1.14 1.37 
2 .192 .320 .640 .960 1.28 1.60 1.92 

Costs on the outward trip range from 5 cents per ton when 7 
tons are delivered 3 miles, to $1.08 per ton when 2 tons are 
delivered 30 miles. Return costs range from 2.4 cents to 84 cents 
per ten. 

TOTAL LOADING AND IN-TRANSIT COSTS 

The separate costs which have been presented can be combined to 
obtain the total in-transit variable truck and labor costs incurred 
in delivering ferti lizer to farmers' fields. In addition, a cost of 
approximately 10 cents per ton is incurred in loading. These repre­
sent all of the variable and allocable costs incurred up to the time 
spreading begins. These costs for different load sizes and distances 
are shown in Table 3. 

Table 3 - Total variable truck cost, labor cost, and loading cost per ton in dollars 
(load s izes 2-7 tons and selected distances 3-30 miles) 

L oad Miles 
s ize 3 5 10 15 20 25 30 

7 .213 .282 .454 .627 .800 .970 1.14 
6 .226 .301 .492 .683 .870 1.07 1.26 
5 .247 .337 .560 .785 1.00 1.23 1.46 
4 .278 .382 .648 .910 1.18 1.45 1.71 
3 .326 .465 .806 1.15 1.49 1.84 2.18 
2 .427 .625 1.11 1.61 2.10 2.60 3.08 

SPREADING COSTS 

The labor and variable truck cost incurred per ton in spreading 
fertilizer will depend largely on the spreading rate. Both the time re­
quired and distance traveled to spread a ton of fertilizer increase 
as the rate of application decreases. With a spreading rate of 200 
pounds per acre, spreading a ton of fertilizer requires approximately 
1 hour and 40 minutes and the distance traveled slightly more than 
4 miles. If spreading rate is increased to 1,000 pounds per acre, the 
time required to spread 1 ton will be reduced to about 10 minutes ; 
distance traveled will be reduced to .83 miles. These differences are 
marked and cannot be overlooked in determining expected costs. 
Variable truck and labor costs based on an average field travel speed 
of 5 miles per hour and a wage rate of $1.35 per hour are shown in 
Fig. 4. 
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Cost per ton 
(Dollars) 

5.00 

4.50 

4.00 

3.50 

3.00 

1.50 

1.00 

.50 

-----Total 
- - Truck cost per ton 

- ---- Labor cost per ton 

°1'=O-=O---=--=-=----=--'::-::----'---'--......I-.--1----L---L---.J 
600 700 800 900 1000 

Pounds spread per acre 

Fig. 4. Variable truck cost and labor cost per ton of fertilizer 
spread at a rate of 100 to 1,000 pounds per acre. 

Variable truck costs range from $2.76 per ton when spread at 
a rate of 100 pounds per acre to 28 cents per ton when spread at a 
rate of 1,000 pounds per acre. Labor costs range from $2.24 per 
ton at 100 pounds per acre to 22 cents per ton at 1,000 pounds per 
acre. The total of these costs ranges from 50 cents to $5.00 per ton. 
Costs change rapidly at lower spreading rates and less rapidly at 
higher spreading rates. 
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TOTAL VA RI ABLE COSTS 

The next step in developing variable cost relationships is to com­
bine the three factors which affect variable truck and labor costs to 
obtain total variable costs as related to (1) distance traveled, (2) 
size of load, and (3) spreading rate. This has been done in Table 4. 
The ranges which have been developed are spr eading rates fro m 100 
to 1,000 pounds per acre, load sizes from 2 to 7 tons, and selected 
distances from 3 to 30 mil es. 

Table 4 should be used as follows. Load size and distance are 
shown a long t he bottom line, load size being the uppermost number in 
each cell. Spreading rate is sh own in the left hand column of each 
table section. If average load size is expected to be 6 tons and average 
travel distance is expected to be 5 miles, find t he cell a long t he 
bottom line which has the numbers 6T and 5M. 

Table 4 - Labor cost, variabl e truck cost a nd loadin g- cost per ton related to 
load s ize, distance tra veled, and spreadin g- rate 

Sp read· Spread· 
ing ing 
rate costs 
(Ibs. ($ Total va riable cos t in dollars 
pe r per 

acre) ton) 

100 5 .00 5 .21 5.26 5.2 ,1 5.2 7 5. 3 2 5 .42 5 .2 8 5 .30 5.3 ~ 5 .38 
200 2 .50 2 .71 2.72 2. 74 2. 77 2 .82 2 .92 2 .7 8 2.80 2.8 :3 2.88 
3 00 1.67 1. 8 8 1. 8 9 1.91 1.94 l. 99 2 .09 .1.85 1.9 7 2.00 2.05 
400 1.25 1.46 1.11 7 1.49 1.52 1.57 1.67 1.5 3 1.55 1.5 8 1.6:1 
500 1. 00 1. 2 1 1. 22 1.24 1.27 1. :l 2 1.42 1.2 8 1. 30 1.3:3 1. 38 
600 .8 3 1.04 1.0 5 1. 07 1.10 1.15 1.25 1.11 1.13 1. 16 1.21 
700 .71 .92 .n .95 .98 1.03 1. I ~l .9 9 1.01 1. 04 1.09 
8 00 .63 .8 4 .8 5 .8 7 .90 .95 1.0 5 .9 1 .93 .96 1.01 
900 .56 .77 .7 8 .80 .8 3 .88 .98 .84 .86 .8 9 .94 

1,000 .50 .71 .72 .74 .77 .8 2 .92 .78 .8 0 . 8~ .88 -----
L oad ing , 
in -tn\ n s it 
labor , a nd 
truck costs .21 3 .22 G .247 .276 .326 .427 .2 8 2 .301 .3 3 7 .38 2 

Load s ize a nd 
di s tance 7T 61' 5 '1' 4T 31' 21' 71' 6'1' 51' 41' 
t ra ve le d :~ M 3 M 3 M 3 M 3 M 3 M 5 M 5 M 5M 5M 
T == to ns 
M == miles 

100 5.00 5.46 5.(;2 5 .45 5.49 5.5 6 5 .64 5.80 6.11 5.62 5 .68 
200 2.50 2.96 3 .12 2.95 2.99 3 .06 3 .14 3.30 3.61 3 .12 3 .1 8 
3 00 1.67 2. 13 2 .29 2.12 2. 16 2.2 3 2 .3 1 2.47 2 .7 g 2.29 2. 3 5 
400 1.25 1.71 1. 8 7 1.70 1. 7 4 1. 8 1 1. 8 9 2.05 2.36 1.87 1.9 3 
500 1.00 1.46 .1.62 1.4 5 1.49 1.4 5 1.64 1.80 2 .11 1. 62 1.6 8 
600 .83 1.29 1.45 1.2 8 1.:12 1. 39 1.47 1. 63 1. 94 1.45 1.51 
700 .71 1.17 1.:15 l.16 1.20 1.27 1. 3 5 1.51 1.8 2 1. 33 1.3 9 

00 .63 1.09 1.25 1.0 8 1..12 1.19 1.27 1.4 3 1.74 1.25 1. 3 1 
900 .56 1.02 1.1 8 1.01 1.05 .1.12 1.20 1.36 1.67 1.1 8 1.24 

1.0 00 .50 .96 1.12 .9 5 .99 1.06 1.1.4 1.30 1.61 1.1 2 1.1 8 

Load in g, 

I I 
in- t l'an s it 
labu l' . a nd 
t ruck costs .465 .62 5 .454 .492 .560 .64 .S 06 1.11 .6 27 .683 

~-Load s ize an d 
d is tance 3 T 2'1' IT 61' 51' 41' ~ 21' 71' 61' 
tJ'a ve led 5 M 5M 10M 10 M 10M 1 0 M 10M 10M 15M 15M 
T == to ns 
M == mil e J:; 

I 



14 

Table 4, Con't 

100 5 .00 5.78 5.91 6.15 6 .61 5 .80 5.87 6.00 6.18 6.49 7.10 
200 2.50 3 .2 8 3.41 3.65 4.11 3 .30 3.37 3.50 3.68 3.99 4.60 
300 1.67 2.45 2.58 2 .82 3.28 2.47 2.54 2.67 2.85 3.16 3 .7 7 
400 1.25 2.03 2.16 2.40 2.8 6 2.05 2.12 2.25 2.43 2.74 3.35 
500 1.00 1.78 1.91 2.15 2.61 1.80 1.87 2.00 2.1 8 2.49 3.10 
600 .83 1.61 1.74 1.98 2.44 1.63 1. 70 1.83 2.01 2.32 2.93 
700 .71 1.49 1.62 1.86 2 .32 1.51 1.58 1. 71 1.89 2.20 2.81 
800 .63 1.41 1.54 1.7 8 2.24 1.43 1.50 1.63 1.81 2.12 2 .73 
900 .56 1.34 1.47 1. 71 2.17 1. 36 1.43 1.56 1.74 2.05 2.66 

1,000 .50 1.28 1.41 1.65 2.11 1.30 1.37 1.50 1.68 1.99 2.60 
---

Loading, 
in -trans i t 
labor. and 
truck costs .785 .9 10 1.15 1.61 .80 .87 1.00 1.18 1.49 2.10 

Load size and 
di stance 5T 4T 3T 2T 7T 6T ~ 4'1' 3T 2'1' 
trave led 15M 15M 15M 15M 20M 20M 20M 20M 20M 20M 
T = to ns 
M == miles 

Spread· Spread· 
ing ing 

rate costs 
(Ibs. ($ Total variable cost in dol lars 
per per 

acre) ton) 

100 5. 00 5.97 6.07 6. 23 6.45 6.84 7.60 6. 14 6 .26 6.46 6 .71 7.18 8.08 
200 2.50 3.47 3.57 3.73 3.95 4.34 5. 10 3.64 3.76 3.96 4.21 4.68 5.58 
300 1.67 2.64 2 .74 2.90 3. 12 3.5 1 4.27 2 .81 2.93 3 . 13 3 .38 3.85 4.75 
400 1.25 2.22 2.32 2.48 2. 70 3.09 3.85 2.39 2.51 2.71 2.96 3 .43 4.33 
500 1.00 1. 97 2.07 l.23 2.45 2 .8 4 3.60 2.14 2.26 2.46 2.71 3. 1 8 4.08 
600 .83 1.80 1.90 2.06 2.28 2.67 3.43 1.97 2.0 9 2.29 2 .54 3 .0 1 3.91 
700 .71 1.6 8 1.78 1.94 2 . 16 2.55 3.31 1.85 1.97 2.17 2.42 2.89 3.79 
800 .63 1.60 1. 70 1.86 2.08 2.47 3.23 1. 77 1.89 2.09 2.34 2 .8 1 3.71 
900 .56 1.53 1.63 1.79 2.01 2.40 3.16 1.70 1.82 2.02 2.27 2.74 3.64 

1,000 .50 1.47 1.57 1.73 1.95 2.34 3 .10 1.64 1.76 1.96 2.21 2 .6 8 3.58 

Loading, 

~~ 
in-transit 
labor, and 
truck costs .97 1.07 1.23 1. 45 1.84 2.60 1.14 2.18 3.08 

- - ---
Load size and 
distance 7'1' 6T 5'1' 4'1' 3'1' 2T f 6T 5 '1' 4T 3 '1' 2'1' 
tt"aveled 25M 25M 25M 25 M 25M 25M 30M 30M 30 M 30M 30 M 30 M 
T = ton s 
M = mil es 

With this load size and distance, if spreading rate is expected to 
be 400 pounds per acre, look upward in t his column to t he cost figure 
opposite 400 in t he pounds per acre column. The value found there 
is $l.55. This is the total variable cost per ton for a 6-ton load of 
fertilizer delivered 5 miles and spread at the rate of 400 pounds 
per acre, where labor is charged at $l.35 per hour, and gasoline at 
30 cents per gallon. 

The charge per ton for delivering t his load of fertilizer would have 
to be greater than $l.55 to cover non-variable costs such as deprecia­
tion, insurance, license, etc., on loading and delivery equipment, and 
to obtain a return on t he investment in this equipment. 

Whenever variable costs exceed the delivery charge, t here will be 
no return to cover fixed expenses and profit; outlays for labor and 
truck expense will be greater than the delivery charge. 
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PRICE, COST, AND VOLUME RELATIONSHIPS 

These cost figures provide the basis for estimating the amount of 
investment that can be made in facilities. Once variable costs have 
been determined, they can be related to any combinations of charges 
and total volume. In this case the charge will be on a per ton basis; 
volume will be the tons of fertilizer delivered in a year. Annual volume 
is used since this is the standard business accounting period; a per 
ton charge is used since costs were obtained on a per ton basis. 

The amount left over as a return on investment is determined after 
variable costs and fixed costs have been deducted from total revenue. 
The amount left to pay for facilities and to provide a profit is the 
amount left after variable costs have been deducted. If $2.00 is 
charged to deliver a ton of fertilizer and the variable cost of delivery 
is $1.00, the remainder of $1.00 is available to cover fixed costs and 
to provide a profit. If 1,000 tons are delivered, total charges will be 
$2.00 x 1,000 or $2,000, and total variable cost will be $1,000. 

The amount left to cover fixed costs (overhead) and to provide a 
profit is $1,000. If the charge is $3.00 and variable cost is $1.00, the 
amou nt left per ton is $2.00; the total amount that will be available for 
fixed costs and profit from 1,000 tons is $2,000. 

It can be seen that if the delivery charge per ton, variable cost per 
ton, and total tonnage are known, the amount of money left to cover 
overhead (including depreciation, taxes, etc.) and to provide a return 
on investment can be easily calculated. 

Assume that a charge of $4.00 per ton is planned to deliver and 
spread fertilizer, and that annual volume is expected to be 2,000 
tons. Assume also that average load size is expected to be 6 tons, 
expected average travel distance is 5 miles, and expected average 
spreading rate is 400 pounds per acre. Referring to Table 4, variable 
costs per ton are $1.55. To obtain the amount left to cover overhead, 
multiply the expected tonnage by the difference between the charge 
and variable cost per ton, - in this case: 2,000 (4.00 - 1.55) = 2,000 
x 2.45 or $4,900. The total amount available will be $4,900. With this 
price and assuming identical costs, the sale of 500 tons will provide 
$1,255 to cover overhead and provide a profit. 

It becomes apparent, therefore, that the amount which can be 
invested in facilities with any set of price cost relationships is directly 
related to volume. Using Table 4, this calculation can be made for 
many combinations of prices and expected volumes. Some sample 
calculations, using charges of $4.00 per ton and $6.00 per ton, have 
been made and are shown in Tables 5 and 6. Each of these calcula­
t ions was made by using a variable cost taken from Table 4 and 
relating it to delivery charge and expected volume in the above 
manner. 



16 

Table 5 - Gross amounts ava ilable to cover fixed costs and profit with specific 
variable costs and selected annual volumes from 200 to 10,000 tons 

(delivery charge = $4.00 per ton) 

An nual 
volume 
(tons) 

10,0 0 0 
4,5 0 0 
3,500 
2,500 
1,800 
1,400 
1 .000 

600 
200 

, 11 ,60 0 
5,220 
4,060 
2 ,900 
2.088 
1,624 
1,160 

696 
232 

var iabl.e F..83 7 cost / ton 

Remainde r 
aftel' 
v ariabl e 
cost 
($ / to n) 1.16 

S30,:100 
13,635 
10,605 

7 .575 
5,454 
4,242 
0,03 0 
1, 8 1 8 

G06 

.9 67 

3 ,0 3 

Ret urns in excess of 

$1O,'JOO $29,100 
4 ,6 80 13,095 
:1,640 1 0,1 85 
2,600 7 ,275 
1 ,8 72 5,238 
1,456 4 ,074 
1, 040 2,910 

624 1,746 
208 582 

2.965 1.095 

1.04 2.91 

variabl e cos ts - d o llars 

87,200 $25,900 $3,500 ~22 , 200 
3 ,240 11,655 1 ,575 9,990 
2,520 9,0 65 1,225 7,770 
1,800 6.475 8 75 5 .5 50 
1,296 4 ,6 62 6:10 3,996 
1, 00 S 3, (;26 490 3,108 

720 2.590 350 2 ,2 20 
432 1 ,554 210 1 ,332 
144 51 8 70 44 4 

3 .2 85 1.42 3.65 1.78 

.72 2 .58 .35 2.22 

Table 6 - Gross amounts available to cover fixed costs and profit with specific 
variable costs and selected annual volumes from 200 to 10,000 tons 

(delivery cha rge = $6,00 per ton) 

Annual 
volume Heturns in excess of val' iable costs - dollars 
(tons) 

10.000 831,600 $50 ,300 $30.400 $ 49 , 100 $27.200 ,45 ,900 $23,500 $42,200 
4,500 14 ,220 22.635 1 3,680 22,095 12,240 20 ,655 10 ,575 1 8,990 
3,500 1 1,060 17 ,605 10,640 17 ,1 8 5 9 , 52 0 16,065 8,225 14 ,770 
2,500 7,900 12,575 7,600 12 ,275 6,800 11 ,475 5,875 10,550 
1.800 5,688 9,054 5,47 :2 8,838 4,896 8,262 4,230 7,596 
1,400 4 ,424 7,042 4,256 6,874 3 .,808 6.426 3,290 5,90 8 
1,000 3,160 5,0:10 8,040 4,910 2,720 4,590 2,350 4,220 

600 1.896 3,0 I ~ 1,824 2.946 1.632 2,754 1,410 2 ,532 
200 632 1 ,060 608 9 8 2 544 918 470 844 

Var iable 
cost / ton 2 .84 .97 2,97 1.10 3 .29 1.41 3 .65 1. 78 

Remaindel" 
afte l" 
vaTiab le 
cost 
($ / ton) 3.16 5 ,0 3 2 ,03 3 .90 2.71 4.59 2, 35 4.22 

DECIDING ON INVESTMENT 

To illustrate the simplest case possible, the assumption can be 
made that fertilizer will be priced so that markup on the combined 
volume of bag and bulk material will cover such non-direct costs as 
management, accounting expense, and other general overhead which 
must be allocated arbitrarily to the various departments of the busi­
ness. Delivery charges, then, must be adequate to cover variable 
delivery and handling costs, to pay for the investment in specialized 
handling and storage facilities, and to provide a return on the 
investment, The required volume will depend on the amount that 
must be invested in facilities . 
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A sample calculation will illustrate th e met hod of estimating the 
relationship between delivery charge, costs, and volume. If, as shown 
in the previous calcula tion, $2.45 is left from every ton to cover 
fixed costs, total annual fixed cost s of $1,120 divided by $2.45 will give 
t h e number of tons that must be ha ndled to cover fixed costs. 

Faciliti es l'equ i ,"ed 

Truck ...... . ............ .............. . 
Box and spl'eadin g equipm ent ..... . . 
Tractor and scoop ............ ..... ... . 
Storage ........................................... . 
Building and truck ins urance 
License, etc . ... 

Total 

Purch ase pl"ice 

$2,000 
1,800 
1.500 
4,000 

$9,300 

Fixed cost 
(depreciation . etc.) 

$ 400 
200 
150 
120 

250 
$1,120 

The amount required is 457 tons. If variable cost per ton is $3 .29 
(as is shown in Table 4 where load size is 5 tons, distance is 15 miles, 
and sp reading rate is 200 pounds per acr e), the amount available from 
each ton to cover fixed costs is $.71 where $4.00 per ton is charged 
for delivery. The volume required to cover annual fixed charges of 
$1,120 in t his case is 1,120 -c- .71 or 1,578 tons . 

Most businessmen will not adopt a new enterprise unless some 
r eturn above cost s is anticipated. Many rule of thumb procedures 
are followed. Some businessmen r equire that new facilities pay for 
themselves in one-third or one-half of their expected life. Others 
stipulate certain expected annual returns as a percent of investment. 
The level of expected returns usually will vary with the risk involved, 
including risk of obsolescence and other uncertainties which must 
be taken into account. Because of the many practical difficu lties, t he 
present value of expected future income from the asset being acquired 
is a lmost never used . 

Experience indicates that a return of about 20 percent of t he 
average investment in fixed facilities is reasonable in the operation 
of small businesses serving farmers. The value of facilities purchased 
in the above example was $9,300 . The average investment will approxi­
mate one-half of this amount or $4,650. An annual return of 20 per­
cent on t his average value is $930. 

Adding this to fixed costs of $1,120, the total annual revenue in 
excess of variable costs should be $2,050. Where $2.45 per ton 
is available for fixed costs and profits, this means that 837 tons must 
be sold . Where $.71 is available from each ton, 2,888 tons must be 
sold . This emphasizes the importance of the relationship between 
unit charges, costs, and volume. Even modest increases in costs 
r equire substantial increases in volume if earnings are to be main­
ta ined without increasing charges. 
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SUMMARY AND CONCLUSIONS 
Bulk fertilizer can be handled at local country points on two bases: 

(1) By making it available to farmers who come to the plant and 
pick it up; and (2) by providing the added service of delivery and 
spreading. 

Most local businesses can probably provide bulk ferti lizer un­
delivered without making a large investment in faci lities. 

If spreading equipment is to be purchased, the investment in new 
facilities will be substantial. For this reason, a fairly large volume 
or a high delivery charge will be required for a profit. Since top 
dressing is recommended f or only a limited number of crops (primar­
ily grass and forage crops ), careful analysis of potential volume 
should be made before deciding to purchase spreading equipment . 
Where only limited spreading services are requested by farmers, con­
sideration should be given to custom hiring of the services rather 
than purchasing equipment. 

APPENDIX 
A method which businessmen can use to analyze a new enterprise 

is illu strated by Appendix Fig. l. 
This figure illustrates t hree cases which were developed in t he text 

of the study with tota l quanti ty var ying from 0 to 10,000 tons. These 
cases are as follows : 

Av. load Av. travel Spreading Delivery Variable c os t 
size (tons) distance rate charge (per ton) 

(mile s) (per acre) (per ton) 

7 3 1,000 $4.00 $ .500 
4 10 400 4.00 1.898 
2 30 200 4.00 5.580 

The amount available for profit and fixed costs is determined by 
t he r elationship between price (p), representing the amount available 
to cover fixed charges and profit, and variable cost (v) and quantity 
(q). The value on the vertical scale, for any given volume is equal 
to q (p-v). This is a residual value in the sense t hat it is computed 
from other values which have been determined empirically or are 
assumed for purposes of making the calculations. 

For more complete analysis of the probable net revenue avai lable 
from bulk fertilizer distribution, any of the situations covered in Table 
4 can be accumulated. Suppose the situation confronting the business­
man is the following . There are a number of farmers who use fertilizer 
quite heavily and others who use it lightly, all within an average range 
of 10 miles. Additional volume can be obtained only by going to greater 
distances where t here are more fa rmers who use fertilizer quite 
heavily along with others who are light users. 

It is estimated that heavy users will ordinarily call for large 
loads averaging 6 tons and spread at, say, 600 pounds per acre. The 
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of variable cost 
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40 
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Variable cost = $ .50 per ton t 

tVariable cost = $1.90 per ton 

o~::::::::== -10, 

Variable cost = $5.58 per ton J -20 
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Appendix Fig. I. Revenue in excess of variable cost for three 

delivery situations. Delivery charge = $4.00 per ton. 

remammg farmers will ask for 3-ton loads on the average, to be 
spread at 200 pounds per acre. The volumes and distances traveled 
might be as shown below and will be associated with variable costs as 
shown. As would be expected, the greatest return is available from the 
heavy users nearby. The next most profitable source of business 
is from heavy users located at greater distances with the nearby 
light users representing the final source of profitable business. Vari­
able costs are not covered by a charge of $4.00 per ton when delivering 
to light users at greater distances. 

Graphically, this situation can be represented as shown in ap­
pendix Fig. II. This procedure can be used to determine what approach 
should be taken in expanding volume or what adjustments should be 
made in delivery charges. As long as a situation is found where the 
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net return line rises (Appendix Fig. II), variab le costs will be more 
than covered, and it will pay to increase th e use of avai lable fixed 
facilities. 'Whenever the net return line turns downward, revenues 
are less than variable costs . 

Total returns above 
variable costs 

(Dollars) 
3,000 

2,500 

2,000 

1,500 

1,000 

500 

o 500 1,000 1,500 2,000 
Volume in tons 

Appendix Fig. II. Illustration of gross returns curve with diff-

erent variable costs. 

To heavy users In 

normal t rade t erritor y --- ------- --- ----- --
To light use rs In 

normal trade territory ._ ...... . _----------
To heavy user s outs ide 
llormal trade territory ----------_._---------
To light user s outside 
llormal trade territory ------_.-_._._ .... -. 

Expected 
vo l u m e 
(to n s) 

500 

400 

450 

200 

Aventge 
d i stan l' c 
( miles) 

10 

10 

25 

25 

Variable cost 
pe '- to n fl' o m 

'fa hi e 5 

La2 

3.30 

1.90 

4.34 

Return above 
va," ja ble cost 

(do ll a,·s) 

1,339 

276 

945 

- 68 

Any combination of situations can be added in thi s manner to 
approach t he point where the additional r evenu e from new business 
just equals the additional cost of obtaining it. Given a complete 
ordering of possible delivery situations in t erms of distance, load 
size, and spreading rate, and with costs calculated as continuous r e­
lationships, this point could be defined exactly. 


