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I NTROOO CTI ON 

Historl ~ the sugar ~ industry 

Man has always i ncluded some form of sugar in his die t. Only in the 

past two cent uries has sugar been developed as an i~dividual food. During 

t hat time vast amounts of money and t ime have gone i nto t he development 

and imorovement of sugar. In 17L7, a German ch e-ist by t he name of Andreas 

Marggraf proved that sugar beets contained s ugar. One of his pupils, Franz 

Karl Achard, i n 1799 gave further evidence of t his fact by his experiments. 

(6 ) 

The first beet-sugar factory started operati on in 1803 at Cunern, 

Sile~ia. In 1811, w~en t he French were cut off by the English from their 

1Jes t Indies s ource of sugar, l.iapoleon gave the beet-sugar i ndustry i mpetus 

by decreeing that 10,000 acres of land be plant ed to sugar beets. By 1812 

there were LO factories i n France producing J ,OOO,OOO pounds of beet-su~ r. 

One year after the Battle of '1/aterloo only two sugar factories remained in 

operati on. 

Slowly the manuf acturing processes were improved until 5, instead of 21 

. per cent of sugar could be extr acted from the beets. Sugar beets with 

higher sugar content were developed. These improvements, plus protective 

~ tariffs, gradually broug~t about a restoration of t he i~dustry. 

... Prior to 1855 several at tempts were made in t he ~~ted Stat es to 

process sugar f r om beets, but all e nded i n failure. Nevertheles s, many 

val uable lessons were learned from these f ailures . In 1879 t he f i rst suc

cessful sugar factory was established at Alvarado, Californiao (6) After 

this first successful venture, sugar factorie~ sprang up in various parta 

of the United States. As the industry became nationwide, Congress gave 
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it tariff protection which it has always needed in order to compete with 

sugar produced in the tropical regions. Cost of production in the cane

producing areas is low because of low wage rates, low land values and high 

production per acre. (2) 

A severe blow was given to the domestic beet-sugar industry when 

Congress reduced the tariffs on Philippine supars shortly after the 

Spanish-American War. Another jolt was handed the industry when Philip

pine sugars were placed on the duty-free list in 1916. However, Horld 

\·:ar I came along and the allied demand for sugar was s o great that in

creased production in the United States was almost imperative . The beet

sugar industry was revived and well on its way again. Had not ~orld War I 

intervened many feared that the domestic beet-sugar i ndustry would have 

heen destroyed . (6 ) 

The farm value of sugar beets in the United States reached a peak in 

1920. The retail price of sugar at that t ime was 26.5 cents ·per pound. 

At that price the influx of foreign sugar flooded the domestic market and 

the sugar beet industry in the United States was almost wiped out. This 

led, in 193L, to the establi shment by Congress of sugar quotas for each 

area supplying the United States -- both domestic and foreign. The Sugar 

Act of 19L8 was a means of protecting the domestic sugar industry. By 

this act the Secretary of Agriculture regulates the suoply in order to 

maintain prices in line with the general price level in.the United States. 

Importance of ~ sugar ~ industry 

Since 1935 there has been about a 20 per cent i ncrease in the world 

production of sugar beets. (ll.d Production in the United States during 

the SaJTle period increased only about 8 per cent. Product icn in most of 

the European countries was curtailed during the period of World War II, 
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but has shown a steady increase since that time. The rate of i ncreased 

production in t he United States has not been as great as tha t in Europe. 

While Utah is still one of the 10 l eading sugar producjng states in 

the United States, its production hss been decreasi ng since 1920. (12) 

The contribution of sugar beets to total value of all fa rm crops has also 

decreased i n importance during t hat time. In spite of increased yields 

per acre the total production of sugar beets in Utah has been on the de

cl i ne since 1920. The harvested acreage in 1951 was the lowest since 

1910. (3 ) 

Ut ah County, located in the central oart of the State of Utah, has 

also decreased i n L~portance as a pr oducer of sugar beets. I n 1951 Utah 

Count y produced about half as much sugar as it did in 1910. Aboot 6 per 

cent of t he state total was produced in Utah County in 1951. 

The first successful beet-sugar factory in Utah was built in Lehi 1 

Utah County, in 1891. That year over one million pounds of white SU6ar 

were refined in the new plant. E. H. Dyer came from California to super

vise the construction of the factory~ He had gained much experience of 

th i s type in California. The fac tory at Lehi was dismantled in 1937. 

Another sugar beet factory was built by Dyer at Payson, Utah County, in 

1913 but was dism~ntled in 19LO. The factory at Spanis~ Fork, Utah 

County, built by Dyer i n 1916 wss abandoned in 19L2. A subar beet fac

tory bui lt at Spri ngville, Utah County, in 1918 by Dyer was dismantled 

in 19LO. (6) All sugar beets grown i n Utah County s i nce 1942 have been 

shipped by railroad to '·.'est Jordan in Salt Lake Count y for processing. 

Production of sugar beets in Utah County has not been sufficient 

since 19L2 to warrant the economical operation of a sugar beet factory 

in that area. 



FURPOSE OF STUDY 

Lack of sufficient farm labor during the thinning and harvesting 

seasons is one of the limiting factors in the production of sugar beets 

in Utah County. The advent of mechar.ical thinner.s arxi harvestere will, 

no doubt, have some effect upon the costs of operation and the labor re

quirements in surar beet production. 

Each producer by comparing his costs and labor requirements with the 

average of a group or with his nei&hbors is in a better position to im

prove his management practices and to determine where his costs might be 

reduced. Profits are secured by reducing costs while maintaining or in

creasing yields. The producer who is able to prune costs here arrl there 

in his operations without reducing production is more likely to end up 

with a profit than one who trims too much in one operation. A proper 

balance between costs arrl returns is paramount. 

'!he pr imary objectives of this study, then, are : (a) to detennine 

the average physical and monetary requirements of producing sugar beets 

in Utah County in 1951; (b) to ascertain the extent to which mechanical 

thinning and harvesting of sugar beets may reduce the cost and labor re

quirements of sugar beet production in Utah County; and (c) to determine 

the factors associated with success in sugar beet production in that area. 

This study aims to help the sugar beet producers of Utah County im

prove their management and increase their profits. 



SCOPE OF STUDY 

The data for this study were secured from an area bordering the 

eastern shore of Utah Lake located in the central part of the State of 

Utah. This area extends f rom Lehi, Utah on the north to Payson, Utah 

on the south and from the shores of Utah Lake on t he west to Highway 89 

on the east. The survey did not include sugar beet enterprises f rom in

stitut ional farms, corporate farms, or extremely large farms . 

Records were taken from 51 sugar beet producers wherever they could 

be found and when they had time t o furnish information pertaining to t heir 

sugar beet enterprise. These 51 producers represented about 20 per cent 

of all growers in Utah County in 1951 and were all that could be secured 

by the survey tealTI durine the week f ollowing Christmas 1951. An attempt 

was made t o secure all the monetary costs and physical in-puts required 

to produce a crop of sugar beets for the 1951 season. 

No records were taken on farms where beets were frozen in the ground 

or where the sugar beet enterprise was less than three acres. No at tempt 

was made t o determine the competitive position of the sugar beet enter

prise with other enterprises on the f arm. 
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REVIEVl OF LITERA 'lURE 

Studie~ have been made by various agricultural experiment stations 

to show the labor requirements and costs of the varioos operations con

nected with the production of sugar beets. Studies made in Colorado over 

a period of years indicate a great reduction in man hours of labor re

quired to produce an acre of sugar beets. According to Sitler and fur

dick (10) a total of 120.0 man hours were required to produce an acre 

of sugar beets in Colorado in 1915. I n 1922 the number of man hours was 

reduced to 116.0; in 19301 to 100.3; in 1936 to 93 man hours, and for the 

19L7-LB crop years it took a total of 82.2 man hours when harvested by 

hand and 60.2 when harvested mechanically. l.-'ith the aid of machinery, 

this showed a 50 per cent reduction in labor requirements during the 

37-year period. 

The most important study pertaining to the cost of sugar beet pro

duction in Utah County, Utah was made in 1945 by Morrison. (8) In this 

study an average of llL.O man hours of labor were required to produce an 

acre of sugar beets. I t required 20.5 man hours of labor to prepare the 

seed bed and plant the crop with about half this time being spent marur

ing the land. The growing process, from planting to harvest time, required 

so.? hours of man labor. The major porti on of this time was spent in the 

thinning arrl hoeing operations. Blocking am tninning required 22.6 man 

hours. The harvesting process required L2.8 man hours of labor; 32.2 man 

hours of this time were spent topping and loading the beets . 

A 1Uchigan study (15) made in 1933-.36 showed that approximately 85 

hours of man labor were spent per acre on non-irrigated land producing 
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an average of 10 tons of sugar beets per acre. An average of 26 hours 

of horse labor and 2.5 hours of tractor time per acre were also used. 

At the Michigan Agricultural Experiment Station a study (L) was 

made in 1946 to compare the labor requirements on sugar beet production 

with those of a similar study made in 1933-36. The 1933-36 study showed 

15 hours of operator arrl family labor, two hours of tractor use and 26 

hours of horse work per acre. Comparabl e fieures in 1946 were 11, nine 

and three, respectively. During the period 1936 to 1946, mechanical power 

rapidly t ook the place of horse power as well as reduced the amount of man 

labor necessary to produce an acre of su ear beets. 

An exo eriment conducted at Fort Collins, Colorado,in 1942 (7) showed 

t 1at j ust as hiph yields were secured by complete mechanical thinning as 

by the customary hand block and thin met hod . The mechard cal Met hod re-

quired only 2.45 rna~ hours per acre as c ompared to 27.2 man hours by the 

hand method . Less than one-tenth as much labor was required f or the thin-

ning process by t he mechanical method comoared with the old convent ional 

method . 

Prior to 1942 nine years of study at the Colorado Agricultural Ex

periment Station (7).on the average tlme required for different systems . 

of thinning sugar ·beets resulted as follows: 

Hand block and thin 
Mechanical blocker arrl harrl thin.11ing 
Mechanical blocker followed by long-

handled hoe 
Long- handled hoe, only 
Mechanical thinning, only 

Ma n hours per acre 

23 .34 
15.96 

9. 55 
16 .20 
2.55 

This study showed sliehtly more than one-te:tt h as much labor required in 

the thinning process by mechanical method only as conpared with complete 
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hand thiming. 

A more recent study (10) made at the same station showed that 6.6 

man-hours were required for preparing the eeed bed, all of which was done 

with tractors. Planting and caring far the sugar beet crop to h&l"Veat 

time required 42.8 man-hours, 10 per cent of which was used with tractors. 

Approximately eight ma.n--hours were used in irrigating the crop, and the 

remairrl.ng 71 per cent, or 30.5 man-hours, were used in blocking, thinning, 

hoeing and weeding the 8\lgar beets. This sane study showed that mechanical 

sugar beet harvesters, using about half the labor force, harvested 25 per 

cent more acre•ge per day than an average hand-topping crew. 

Reports from various experiment stations indicate the variability in 

coats of producing sugar beets in different areu am at different perioda 

of time. 

The etudy made in Colorado for the years 1922-33 (1) showed an aver

age cost per acre of $82.57, with an average yield o! 15.17 tons per acre 1 

or a cost of U$.44 per ton. 

The most recent study (10) made at the Ame experiment station stated 

that the cost of harYesting sugar beets by hand-toppi~ and mechanical 

loading was $1.93 per tono The cost by mechanical harvester am loader 

wu $1.03 per ton. There wu a slight variation in cost AlllOng the differ

ent types ot harTestenr. 

'!his sae study disclosed the fact that, at 1947-1948 cost rates, a 

farmer should have 20 acres or more of 13-ton beets in order to justify 

the ownership of a mechanical harvester. This is assuming the average 

life of a harvester to be 10 years. It the average life were reduced to 

five years it would require !ram 25 to 30 acree. The study further con

cludes that the mechanical sugar beet harvester has praTed successful in 
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most cases. As the change f rom hand harvesting to Mechanical harvesting 

is made there will ~cessarily be some changes in crop acreages and pro

duction practices. 

Horrison anc Davis (9) reported i n 1950 that 36 acres of 1.5-ton beets 

would be required t o make mechanical harvesting of sugar beets in Utah as 

ec Jnomical as hand harvesti ng. Tireir calculated cost of ~l. J4 per ton for 

mechanical harvesting compares favorably with the study made in Colorado 

the same year. 

In an earl ier study made by Morrison (8 ) the average cost of produc

ing sugar beets in Utah County in 1945 was $8. 62 per ton. Material costs 

amounted to ~1.09; fixed overhead $1.37; labor $4.79 and power costs $1.37 

per ton. With total receipts averagi ng $12.15 per ton, t his left a net 

return of $3.53 per ton. On an acre basis the total r eceipts were n2o4.83; 

total costs t l45. 28 , with a net return of $59 .~5 per acre. Labor costs 

constituted about 55 per cent of total costs. Net returns averaged ~.530. 00 

per farm. 

The average cost i n 1946 of producing sugar beets in }fichigan (!..t) on 

non-irrigated land was ~.92 . 92 per acre. y.ri th a yield slightly under 10 

tons oer acre the total cost was ~9 .44 per ton. Total receipts averaged 

~167 . 60 per acre, leaving a~~ost ~7.5. 00 an acre as net returns. Harvest

ing oosts were ~18 .55 per acre or about 20 per cent of the total cost. 

Hand labor accounted for over half of the harvesting costs. Getting the 

beets blocked, thinned and hoed, cost an average of t l 9.49 per acre, or 

almost two-thirds of the labor, power and machine costs up to harvest 

time . 

The Michigan farmers with an average of 50 acres of sugar beets using 

hand labor for harvest:i,.ng had costs of t 20.25 an acre. Those with an 
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average of SO acres using the mechanical harvester had costs of ~16.46 per 

acre. This was a saving of $3.79 per acre over han:i harvesting. The group 

of farmers with an average of 107 acres using the mechanical harvester had 

costs of $12.85 an acre with a saving of ~7.40 an acre over the hand har

vesting 111eth od. This SBl!1e study showed that han:i harvesting was cheaper 

up to 33 acres. On acreages above 33 it was cheaper to use the mechanical 

harvester. 

while these studies are not comparable on a cost and returns basis 

due to the changing price levels, the physical factors involved indicate 

to some degree the changes taking place due to mechanization -- the 

transition from horse power to tractor power and from ham thinning and 

harvesting to mechanical thinning and harvesting. 

'l'he literature also indicates the variability in the values placed 

on sugar beet tops as well as the yield of tops. In the Western United 

States under irribation sugar beet tops ranee i n green weight from 30 to 

70 per cent of total plant weight. 

Dunn am '~lost of the Minnesota Agricultural Experiment Station (3) 

showed that the yield of beet tops varied closely with yields of roots 

regardless of location, fertilizer treatments, or season. They also 

showed that, on the average, the root made up 58 per cent and the top 42 

per cent of the green weight of a sugar beet plant. This may vary with 

soil and clim2tic conditions, but where vegetative growth is heavy the 

ratio may be 1 to 1. They also showed by data that 11489 pounds of green 

tops yielded 22S pounds of dry tops. Yield of dry tops range from 10 to 

12.7 per cent of root tonnage, with an average of 11.25 per cent. A con

servative estimate would be 10 per cent for most cases of 200 pounds per 

ton. A 17-ton yield of beets would then produce 1.7 tons of dry tops. 
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Their analysi s showed that beet tops were about equal t o alfalf a hay in 

protein and high in mineral matter. They concluded that beet tops were 

equal to alf alfa hay in feedi ng value. 

E. J. Xaynard (.5 ), General Livestock Consultant for Great ·.:estern 

Sugar Company, stated that the 200 pounds of dried tops produced from an 

averar e ton Of sugar beets had B replacement value equal to U6 poundS of 

corn and 1.50 pounds of alfalfa. These feed replscement values for beet 

tops expressed i n terms of grain and hay provide a ready Method for de-

termining the money value of tops based on current prices for t hese other 

feeds. For instance , wit.":! corn prices at ~H.JS per bushel or S2.Ll per 

hu!'ldred oounds and alfalfa hay at t-18. 00 per ton the dried tops produced 

from a ton of supsr beets would be worth f-2.L6. 

The fertiliz jng value of beet tops must also be considered. Their 

value as green manure, however , depends upon the current price of fertil-

izing elements . Tne Minnesota Agricultural r~eriment Station (3) has 

also furnished data on the fertilizinb value of tops plowed under green. 

From a 1.5-ton crop of sugar beets the report showed the following: 

81. 0 pounds of Nitrogen ~ lL.S cents per pound ~11.7.5 
16 • .5 pounds of P20S i:. 0 .S cents per pound 1.40 

210.0 pounds of K2o © 6 .25 cents per pound 1) .13 
t 26.28 

On a lS-ton crop the fertilizine value of toos amounted t o ~ 26 . 28 per 

acre, or "'1. 7.5 per ton of beets. This coMpares favorably with the feed 

value of tops as repor ted by Maynard , which was $2.L6 per ton of beets. 
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METHOD OF PROCEDURE 

The data for this study were secured from 51 farmers in Utah County 

ehortly after the close of the 1951 crop year. Enumerators trained for 

the purpose interviewed the fann operator and obtained detailed informa

tion about the labor requirements and costs on each sugar beet enterprise. 

Whenever possible, the data were taken from farM records, tax notices arrl 

and sugar company statements. ~uestionnaires were used by the enumerators 

to gui.de the interview and to record the information obtained. A sample 

of the questionnaire used aopears in Apperrlix A. 

The !anna represented in t his survey are located ·in an area bordering 

the east shore of Utah Lake. The enumerators made inquiries in the area 

until a producer of sugar beets was found. The enumerator then secured 

t he information desired and asked where other oroducers lived. In this 

manner, 17 records were taken in the North Lake area which extends from 

Provo northward as far as Salt Lake County. Twenty-eight records were 

secured f rom farmers in the South Lake region exterrling west from Spanish 

Fork to Utah Lake and from Payson on the south to Springville on the north. 

The remainder, or six records, were taken in the area west of Provo, or 

the Lakeview area. Twenty per cent of the total beet acreage in Utah 

County was represented in t his survey. 

After the data were collected, the records were checked for accuraqy; 

extensions and SUTII.'!Iaries were made and checked. All the information was 

then transferred from the original records to tabulati on sheets. This 

was to aid in s~arizing and anal~ing the data. The tabulation sheets 

also provided cross-checks to aid in detecting errors. Some of the data 
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were transferred from the original records t o csrds which were sorted 

na~ally to find any association that existed between the vari ous factors . 

In this study all averages were calculated by the si nple average 

method in which each producer 's data were out on a per acre, per ton, or 

per man hour basis. Any group or class average was then detennined by 

adding together the various items in t~e broup and dividing by the num

ber i n the group. 



PRESE:ITATION AND ANALYSIS OF DATA 

The s ubar beet enterprise ~ ~ County 

Most of the suear beets produced in Utah County were grown under irri

gation on f airly good land. The farms produci ng sugar beets were mostly 

of the small size diversified family type. On the 51 farms included in 

this survey, the size of the sugar beet enterprise ranged from three to 32 

acres. The average size of the enterprise was 9.6 acres. Thirty-two, or 

63 per cent , of the operators had SUf Dr beet enterprises below the average. 

Growers produced their beets under contract to the Utah - Idaho Sugar 

Company. In the Sliding Scale Contract a tabl e of payments was developed 

which gave consideration to two factors t ~ugar content of beets am net 

return ~ or sugar sold. The payment schedule showed a definite nrice to 

be paid the grower by the company for each combination of sugar content 

and net return. (2) In this way the grower knew approxiinately how much 

he would receive prior to planting his crop. He was also assured of a 

market for his crop. The sugar company supplied sugar beet seed of a 

suitable variety to the producer at a nominal price. Field representa

tives of the sugar company gave each farmer advice on growing his crop 

and notified him when his crop was ready for harvest. 

General cultural practices 

Land preparat:on ~ planting. The cultural practices generally used 

in the productj on of sugar beets in Utah County were to plow the land in 

the fall of the year. If fall olowing was done , a renovator, field culti

vator, or disc harrow was used in the spring to loosen the soil which be

came compacted during the winter. \;'hen barnyard manure was used as a 

fertilizer it was usually applied in the early spring before tillage began. 
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Tillage consisted of going over the land several ti~es with a land leveler 

or float and a snike tooth harrow. C~ercial fertilizer was, in some 

cases, aoplied at this t~me and worked into the seed bed. Crnnmercial fer

tjlizer was side dressed at the time of nlanting in other cases. The aim 

of tillage was to secure a fine, firm seed bed. 

Planting was done the latter part of Marcn or early April depending 

upon weather conditions and the stage of seed bed preparation. Usually 

three to five pounds of sheared seed, or 10 to 15 pounds of whole seed 

were planted per acre. Sheared seed usually produced single plants within 

the row, thus reducing thinning time. Whole seed is actually a seed ball 

and may produce two or more plants. In the thinning process these are re

duced to a sjngle plant every ei~~t to 16 inches. 

Growi ng of ~ beet s . On land where ~~ere was not sufficient moisture 

for germination of ~he seeds, irrigation water was applied. As soon as the 

plants were up and the rows could be seen cultivat ion was done to check 

weed growth between the rows. \~en four to six main leaves appeared the 

thinning process began. Some thinners used a short handled hoe , blocking 

and t hinning as they proceeded along the row. Others preferred to use a 

long handled hoe , first blocking the row and then thi~~ ing it. ~Vhen 

mechanical thinners were used the stands of beets were reduced to some ex

tent but hand work was necessary to cOMplete the thinning process. Soon 

after the beets were thinned t hey were gone over a second time and in some 

cases a third time to remove any double beets or weeds which had been 

missed. The second and third operat;on was done entirely by hand. 

Irrigat1 on water was applied soon after the beets were thinned, de

pending upon the moisture content of the s oil. The number of irrigations 

Anplied during the growing season depended upon the type of soil, the 



rainfall, temperature, and the amount of water available for irrigation. 

Harvesting of sugar beets . The sugar beets were harvested during the 

month of October and early part of Novemuer. The farmers us:i ng the wind

row t.vpe of harvester loaded the beets either by hand or with a mechanical 

loader. Those using the Harbeet type harvester pulled , topped, and loaded 

the beets all in one operation. The farmers using uo mechanical harvesters 

pulled their beets with a beet plow and a team of horses or tractor. The 

beets were then topped by hand and tbrown into piles or windrows. They 

were then loaded onto trucks by hand or a mechanical loader. Most of the 

beets were hauled to the receiving station D.y trucks. In a few cases, on 

short hauls, tractors and rubber tired wagons were used. From the receiv

ing station the beets were del~vered by railway cars to the processing 

factory at li:est Jordan, Utah. 

Analysis of ~ labor requirements 

Man labor requirements were studied under three main headings: 

(1) requirements for land preparati on and plantine; (2) requirements for 

growing; and (3) requirements for harvesting. In the land preparation 

the operat1ons performed were manurine, plawinr,, discing and harrowing, 

leveling and floati ng, fertilizing, rolling and cultipacking, drilling 

and ditching . The Miscellaneous operati ons consisteq mainly of weeding 

with a renovator or field cultivator. Not all operators performed every 

one of these operations, as shown in Table 1 under "operators reporting 

the practice." The growing operati ons included blocking and thinning, 

cultivatine, hoeing and irrigating. The harvesting operati ons consisted 

of pulling , topping, loading and hauling the beets to a company receiving 

station . Harvesting operations were performed by all producers. The man 

labor requirements for individual enterprises were arrived at fran the 
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growers' estimates of the actual time required to perform the various oper

ations . 

Labor for land preparation and planting. The operations performed in 

preparing the land and planting required an average of 13.5 man hours per 

acre . This was 16.5 per cent of the total labor required to produce an 

acre of sugar beets. Manur ing the land was the operation requiring the 

most labor. An average of ) . 7 man hours per acre or 7. 0 per cent of the 

total tL~e was spent in manuring the land. Forty of the 51 operators per

formed this operation . Other operations re1uired the following amounts of 

time: plowi ng , 1.e man hours per acre; dtscing and harrowing, 2. 0 hours 

per acre; leveling and floating , 0. 7 hours; fertilizing, 0. 9 hours; roll

ing and cultipacking, 0.1 hours; drilling, 1. 0 hour; ditching, 1 . 2 hours; 

and miscellaneous operati ons, 0. 1 man hours per acre (Table 1). 

vlhen ccmpared with the earlier study (8) made in Utah County in 19L5 

the man labor requirements for preparing the seed bed and planting have 

been reduced 7. 0 hours. 

On the 51 farms i n ~~is study 7.3 per cent of the labor used in pre

paring the land and planting was hired labor . This averaged 0. 9 man hours 

oer acre. Twenty-eight of the farms hired the drilling operati on. Most 

of the land preparation was done by the operator with family help. 

Labor for gz:owinr. An average of 43 . 7 man hours per acre was required 

to grow the crop from planting time to harvest time . This was 53.L per 

cent of the total man labor required for all operations . Of the L3.7 ha1rs 

of labor used , 19.8 man hours per acre, or 46. 3 per cent was hired labor. 

Operator and family labor averaged 23. 9 man hours per acre. Thirty- six 

farms used sane hired labor during the growing season, mostly for thinning 

and hoeing. Blocking and thinning by the hand Met.!:od , required 13.6 man 
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hours per acre. The mechanical blocker required OoL man hours per acre. 

I n additi on, 4. 0 man hours were needed to finish t he thinning operation. 

Cultivating required L.7 man hours ; hoeing, 18.1 man hours; irrigating, 

7.4 man hours, and miscellaneous operations, 0.1 man hours per acre . 

Blocking, thinning and hoeing required 75.1 per cent of the man hours dur

i ng the growing season, or 40. 2 per cent of the total man hours required 

to produce an acre of sugar beets. 

The man lebor f or growing the crop was reduced from 50. 7 in 1945 to 

43.7 man hours per acre in 1951, or a 13.8 per cent decrease. With greater 

efficiency in t he use of mechanical thinners, as demonstrated in the Colo

rado study ( 7), hours of the man labor required for thinning and weeding 

might be reduced even more. 

Labor ~ harvesti ng • The harvesting operations required an average 

of 2L. 6 man hours of labor per acre. This was 30.1 per cent of the total 

labor requir ed to produce an acre of sugar beets. Hired labor accounted 

for 48.1 per cent of the 24.6 man hours , or 11.8 man hours per acre. Op

erator and family labor amounted to 12.8 man hours per acre. Pulling the 

beets required 0. 9 man hours per acre. Hand topping required 1.0 man hours; 

hand l oading , 3.1 man hours, making a total of 10.1 man hours to top and 

load by hand o 

1.\1i t h t he t r ail-type harvester , such as the International or Marbeet, 

the topping and l oad ing was done in one operati on ; this operation required 

6. 6 man hours per acre. Hauling the beets to a receiving s t ation required 

5. 7 man hours with the miscellaneous operations, such as dragging and har

rowing, being less than 0.1 man hours per acre. ~ired labor accounted 

f or Ll.l per cent of the total man hours required; operator and family 

labor made up the remaining 58. 9 per cent. 



Table 1. Hours of man labor required for various operations, and 
number of oper ators reporting various practices in the 
production of sugar beets on 51 farms in Utah County , 1951 

Hours Per cent Operators Cost 
per of reporting per 

Item acre total practice acre 

19 

(hours) (per cent) (number) {dollars) 

Land preparation and planting 
Manuring 5.7 7.0 40 
Fertilizing 0.9 1.1 45 
Plowing 1.8 2.2 50 
Discing and harrowing 2.0 2.4 51 
Leveling and floating o. 7 0. 9 40 
Rolling and cultipacking 0.1 0.1 9 
Dril lif€ 1.0 1.2 51 
Ditching 1.2 1.5 42 
Miscellaneous 0.1 0.1 12 

Subtotal 13.5 16.5 13.00 

GrO'Ning 
Hand block and t ~1 inning 13.6 16.6 38 
Hechanical blocking 0.4 0.5 13 
Hand thinning after 

mechanical blocking 4.0 5.0 13 
Cultivating 4-7 5-7 51 
Hoeing 14.8 18.1 50 
Irrigating 6.1 7-4 51 
~1is cellaneous 0.1 0.1 5 

Subtotal 43.7 53.4 42.08 

Harvesting 
Pull ing 0.9 1.1 17 
Hand topping 7.0 8.5 17 
Hand loading 3.1 J.e 17 
Mechanical topping 0.9 1.1 5 
f{echanical loading 0.4 0.5 5 
Mechanical harvesting 6.6 8.1 29 
Hauling 5.7 7.0 51 
Miscellaneous * ** 2 

Subtotal 24.6 )0.1 23.68 

Total 81.8 100.0 78.76 

* Less than 0.1 hours 
-r.-* Less than 0.1 per cent 
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The 1945 study made in Utah County (8) reported one mechanical har-

vester, while 34 were reported in this survey. The reduction of 18.2 man 

hours per acre in the harvesting operations was due mainly to the increased 

use of mechanical harvesters and trucks. Sintilar reductions were noted in 

preparine the seed bed and growing the crop. These savings in man hours 

since 1945 came largely through the increased use of trucks and tractors. 

Analysis of cost items 

Cost items were grouped into four main classifications: (1) labor 

cost; (2) power and machinery cost; (3) material cost; and (L) overhead 

cost. Labor cost accounted tor L0.7 per cent of the total cost; power 

and machinery cost, 30.9 per cent; material cost, 11.8 per cent; and over

head cost, 16.6 per cent of the total cost. 

Cost of man labor. Cost of man labor, which was the largest single 

cost item, was studied under the same three neadings as was labor require-

menta. The man labor cost per acre was $13.00 for preparing the land and 

planting, $42.08 f or growing the crop, and ."'23o68 for the harvesting oper

ations, making a total labor cost of $78. 76 per acre (Table 1). 

The operator and family labor cost was ~47.73 per acre, or $2.97 per 

ton. This was 24.7 per cent of total costs (Table 2 ). Hired labor 81Ttounted 

to ~31.03 per acre, or $1.92 per ton which was 16.0 per cent of th~ total 

cost. Together these made a total labor cost of $78.76 per acre, or $L. 89 

per ton. This was 40.7 per cent of the total cost. 1he average wage rate 

for the operator and his family amounted to $0. 99 per hour. 'lhis rate was 

determined by the operator's estimate. of his earning ability in alternative 

employment, or the cost of hiring someone to do t.~e work. The average wage· 

rate for hired labor was So.92 per hour, making an average of $0.96 per hour 

for all labor. Many operators cons~dered thc~selves more efficient than 
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hired labor would have been, and accordingly valued their time higher. 

Whenever the operator gave the interviewer information on a piece rate 

basis this was converted to the hourly rate so that a total could be made 

on an hourly basis. No attempt was made to distinguish differences in 

earnings under these two methods . 

Cost of power ~ machinery• The cost of operating the tractor was 

$LL . JO per acre, or ~2.75 per ton. This was 22.9 per cent of the total 

cost. The tractor was used an average of 16.L hours per acre at an aver

age rate of ~2 .70 per hour. This cost included the use of the tractor

drawn impleme~t or attachment as well as for the gasoline, oil, deprec

iation and repairs associated with the tractor or implement being used. 

However , this did not include the cost of the tractor operator. The rate 

charged per hour was determined by the custOM rate prevailing in the par

ticular vicinity of the operator. The depreciation on equipment, as noted 

under overhead costs, applies only to horse-drawn equipment. Tractor coste 

amounted to 7L.O per cent of the total power and equipment costo 

Truck charges amounted to $12.00 per acre, or eo. 74 per ton. This 

was 6.2 per cent of the total cost. Truck rates and expenses were handled 

in the same manner as were the tractor rates and expenses. Trucks were 

used mainly for hauling the beets from the field to a company receiving 

station, but some were used for hauling manure and commercial fertilizer. 

The charge for trucks was 20.0 per cent of the total power and equipment 

cost. :hey were used an average of 6. 9 hours per acre at an average cost 

of ~1.75 per hour . 

The charge for horse labor was set by the operator on the basis of 

the cost per hour of hiring a team. Horse power was used an average of 

7.9 hours per acre at an average rate of ~O.L5 per hour. This amounted 
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Table 2. Cost of producing sugar beets on 51 farms in Utah County, 1951 

Average :eer acre Cost Per cent 
per of total 

Cost item Unit Amount Rat e Cost ton cost 

(Dollars) (Dollars) (Dollars) 
Labor cost 

Operat or and family (hours) 4R.2 0.99 4?.73 2.97 24.7 
Hired (hours) 33.6 0.92 31.03 lo92 16.0 

Total labor cost (hours) 81.8 0.96 78.76 4. 89 40.7 

Power and machinery cost 
Tractor and attacn-

ment (hours) 16.4 2.70 44.30 2.75 22.9 
Truck (hours) 6.9 1.75 12.00 0.74 6.2 
Horse {hours) 1·9 0.45 3.57 0.22 1.8 

Total power and 
machinery cost 59.87 3. 71 30.9 

Material cost 
Manure (ton) s.a 1.30 7.50 0.47 3.9 
Commercial f erti-

lizer (cwt) 3.4 3.64 12.36 o.n 6o4 
Seed (lbs.) 4.7 0.49 2.30 0.14 1.2 
Machine rental 0.39 0.03 0.2 
Hiscellaneous Ool8 0.01 o.1 

Total material cost 22.73 1.42 11.8 

Overhead cost 
Interest on mon~ 2.71 0.17 1.4 
Interest on capital 17.99 1.12 9o3 
Buildinr- depreciation 0.01 * ** Equipment depreciation 0.77 o.os 0.4 
Land taxes 3.09 0.19 1.6 
Water assessments 4.o6 0.25 2.1 
Fees 0.39 0.02 0.2 
Mis cellaneoU8 3.09 0.19 1.6 

Total overhead cost 32.11 1.99 16.6 

Total cost 193o47 12.01 100.0 

* Less than $0.01 
·** Less than 0.1% 
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to "'3 • .57 per acre, or ~0.22 per ton. This was 6.0 per cent of the t otal 

power and equipment cost. Taken together, the tractor, t rue' , and horse 

power costs a"'lounted to $59. 87 per acre , or ! 3. 71 per ton, which was ) \:. 9 

per cent of the t otal cost of production. The depreciation on r ~I se

drawn equipment is shown under overhead costs (Table 2). 

Cost of material. Material cost L11cludes such i terns as ma~ure , com-

mercial fertilizer, seed, machine rental, and miscellaneous items. C~n-

rnercial fertilizer was the l argest expense i tern in t his gr o\.l p. T:le co~ t 

was ~12.36 per acre, or t O.?? per ton and 6.4 per cent of total cost. 

was aoplied at the rate of 3u0 pounds per acre on 450 acres at an av~rage 

cost of 1·J.64 per huoored pounds. Host of the fertilizer used was of the 

10-20-01 or l G-20-0 f ormula. Ksnure cost artounted to ~·7 . SO per acre. An 

average of _5. 8 tons per acre was apDlied at an average cost of ~1.30 per 

ton. This was i n addition to the commercial fertilizer applied. Manure 

cost was 3.9 per cent of the total cost. In arriving at a charge f or 

manure appl ied, 50 per cent of that applied in 1951; 30 per cent of that 

applied i n 1950; and 20 per cent of that applied in 1949 was charged to 

the sugar beet enterprise. 1he cost of appl ying m~~ure and commercial 

fertilizer was charged t o labor, power and machinery. 

Seed cost averaged ~2.30 per acreo TI1is was 1.2 per cent of the 

total cost. The seed was planted at an average rate of 4.7 pounds per 

acre at an average cost of ~Oo49 per oound. Nost of the sugar beet seed 

~ras of the segmented t ype. 

The machine rental consisted mainly of the charge for the use of the 

sugar company's beet drill and f or some horse-drawn machiner y. The rental 

r ate for the use of the sugar company's drill i n planting t he crop was $1.00 

per acre. Twenty-four operators hired the company drill. 



Miscellaneous items consisted mainly of spray material which cost 

t Ool8 per acre, or t O. Ol per t on of beets. 

Total Material cost was e22.73 per acre, or t l . L2 per ton, which was 

11.8 per cent of the total cost of production. 

Cost of overhead. Overhead costs were those cash and non-cash costs 

which are more or less fixed and would occur regardless of the intensity 

of cultivation or volume of output. These charges include interest on 

fixed capital, depreciation and repairs on buildings used for horse-drawn 

machinery, depreciation and repairs on all horse-drawn machinery, taxes 

on t ne land, water assessments , and miscellaneous which was a 10 per cent 

additional charge to take care of any expenses which might have been over-

looked. 

Interest on capital invested in land and machinery was the largest 

overhead cost. This amounted to Sl ? .OO per acre, or $1.12 per t on, which 

was 9.3 per cent af total costs. Capital investment averaged Z359.SO per 

acre . Interest was charged on t his amount for a full year at 5 per cent. 

~ater assessments were the next highest cost item. Cost of water was 

$L. 06 per acre , or t 0. 25 per ~on, which was 2.1 per cent of all costs. 

Interest on working capital was $2.?1 per acre, or ~0.17 per ton. This 
J 

was l.L per cent of the total cost. The cost of building depreciation 

and repairs was almost negligible . Macninery depreciation and repairs 

came to $0.77 per acre, or $0.05 per ton. As stated previously, this 

cost item pertained only to the horse-drawn equipment. The tractor rates 

were made sufficiently high to cover ttis cost on tractor drawn equipment. 

Land taxes were S3.09 per acre, ar $0.19 per t on, which amounted to 

1.8 per cent of tota1 costs. All overhead costs amounted to 1'32.11 per 

acre, or ~1.99 per ton, and comprised 16.6 per cent of the total cost of 
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projucti~n (~able 2) • 

.Ji !"!cc the charce of ~:1tcrest on i ~vest.'l'le'1t in t!"Jcks , ~.ractors a:1d 

e~ uipmcnt used '"i t h t he''l \-ras included in nowe:::- and e~uipnent costs it was 

not necessary to incluce lliem ) n overhead costs. Fi xed capital invest

ment included only la nd , horse-drawn equipment, and builo i ngs used in 

housi nt~ thi s equipment. Each producer was asked the value of his beet 

land . This was considered his investment in land. Interest was charged 

on this amount at the rate of 5 per cent per annum, which was considered 

to be the average market rate of interest. The average values of horse

drawn equipment ar:rl buildings used to house that equipment were also ob

tained . Interest was charged on t his equipment and buildjnts at the same 

rate as that charged on land and pro-rated to the sugar beet enterprise 

on the basis of use. Interest on horse-drawn equipment and buildings 

used f or t his equipment combined with interest on the land made up the 

total charce for interest on capital. Land investment accounted f or 98 .0 

per cent of the fixed capital investment; horse-drawn equipment, 1.65 per

cent ; and bui ldi ngs , 0.35 per cent. ·~o data were secured on t he invest

ments in trucks , tractors and equipment used with them. 

Interest at a rate of 5 per cent per annum was charged against work .... 

ing capital invested in the crop. This cost was cal culated on all expen

di tures from the time the expense was made until payment was recej.ved. 

The cost items on which interest was charged and the anou."'lt of time for 

which charges were made were: labor for preparing the land and planting, 

seven months; labor for growing the cr op, four months; labor for harves t 

ing the crop, one mont.1 ; mamre for 1951, eight months; manure f or 1950 

and 1949, one year ; commercial fertilizer , seven months; and seed, six 

months . Interest was charged regardless of whether the capital was owned 
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or borrowed, since the use of capital is a cost to t ne enterpri s e regard

l ess of its sou rce. Charges for the use of horse-drawn equipment and 

buildings used to house that ~quipment were calculated from the cost of 

depreciation and repairs and interest on the money so invested. A flat 

rate of 10 per cent of the average i nventory value was ap~lied in calcu

lating depreciation on the equipment, and 5 per cent was used to deprec

iate buildings. Depreciation and cost of repairs were charged against 

the sugar beet enterprise in proportion to the use made of the equipment 

and buildings for the sugar beet enterpri se. 

Taxes on the land were determined from the tax notice on the lam 

producing sugar beets. The sugar beet acreage was assigned a propor

tionate part of the total laoo tax. 

Water assessments were charged in proportion to the amount of water 

used on the sugar beets canpared to the total water used on the farm. 

The item of fees included the deduction of $0.02 per ton for mem

bership in the Utah Sugar Beet Growers• Association. This amounted to 

$0.39 per acre. 

Total cost per acre was 1.·193.u7 1 which consisted of labor cost, 

~78 .76 ; power and machinery cost, ~59 .87; material cost, t 22.73; and 

overhead cost ~32.11. On a per acre basis the total cost was $12.01, 

which was made up of labor cost, $4. 89; power and machinery cost, ~3.71J 

material cost, $1.42; and $1.99 for overhead cost. As a per cent or 

total cost, labor cost was 40.7 per cent; power and equipment, 30.9 

per cent; material cost, 11.8 per cent; and overhead cost, 16. 6 per cent. 

Receipts ~ ~ returns 

Receipts from the sugar beet enterprise were obtained from three 

sources: the value of the beet roots delivered to the sugar canpany; · 
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the apnraised value of the tops as livestock feed or as green manure; and 

the government benefit payment. The sugar company payments are usually 

made in two or more payments ard l-tas established by the sugar company at 

h ll .~2 per ton for the 1951 crop year. The exact amount to be paid the 

producer was not known until the sugar for that crop was sold. The value 

of the beet tops as estimated by the various producers averaged ~0.92 per 

ton of all beets sold. The government benefit payment was t- 2.33 per ton 

for the 1951 crop year (Table 3). 

Total receipts per ton varied from $lh.33 to t l6.29, with an average 

of Cl4.67 per ton. Since the sugar company payment, and the government 

benefit payments were the same for all producers the variation in total 

receipts was due entirely to the producers ' valuation of the tops. This 

valuation ranged fran no value in five cases to ~1.96 per t on of beets in 

one case. The average was $0.92 per ton of beets . Since total receipts 

are variable the net returns per ton an:i net returns per acre will also 

vary. This should be kept in mind throughout the remainder of this study. 

All calculations were made by using the average of ~14.67 as receipts per 

ton from which is deducted $12.01 as total cost per ton. This leaves 

~2.66 as averace net returns per ton. Net returns ranged from minus 

~13.83 to plus .' 7.45 per ton. 

After allowing a return to the operator and f8l'11ily for their labor 

and a return to the capital invested in land and machinery and to the 

money going for expenses there was a return which should go to the oper

ator for efficient management. Net returns, then, was the reward for 

efficient management (Table 3). 
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Table 3. Gross receipts and net returns from the sugar beet enterprise 
on 51 farms in Utah County, 1951 

Receipts Receipts Receipts 
Item per per per 

enterprise acre ton 

Gross receipts 
Beets $2,002.00 ~20L . 32 ~ll.h2 
Beet tops 61.00 6.19 0. 92 
Government payment 38~.00 39.67 2.33 

Total receipts 2,h52.00 250.18 14.67 

Total costs 1,811.00 19J.L7 12.01 

Net retur~ 638.00 56.71 2.66 

On a per acre basis the total receipts amounted to ! 250.18, which 

consisted of $20h .32 for the beets; 86.19 for the beet topSJ and $39.67 

a.s a goverment benefit payment. vJhen the total cost of $19J.h7 was de

ducted there was a net return of $56.71 per acre. Net returns per acre 

ranged from minus $119. 53 to plus $186.25 per acre. 

When calculated on a per enterprise basis the total receipts were 

~2 ,L52. ob; total costs, ~1,814.00; and net returns, ~638 .00. The net 

returns per enterprise ranged from minus $719.00 to plus t 3,799.00. 

Analysis £! factors associated ~ success ~ the sugar ~ enterprise 

In anal~ing the relationships which exist between the various fac-

tors studied, tile tabular method was used. This method compares tile var-

iation in one factor with the variation in another factor. It involves 

the classification or sorting of data into groups according to one factor 

and the calculation of averages of a second factor f or these same groups . 

In this way it can be shown whether the average of one factor increases 

as the average of another factor increases or decreases . A relationship 
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exists when the averages show either a consistent increase or a consist

ent decrease . It is frequentl y just as important to know that no rela

t ionship exists among certain factors as it is to kn~1 that relati onships 

do exist anong others. 

The relationships observed in the tabular met hod were checked arrl 

substantiated by means of the "regression11 technique (Appendix B) , which 

is one of the more conunon methods of statistical analysis used to 'measure 

relationship betwee~ two variables. 

Regression coefficients also were computed to determine the rate of 

change in the dependent variable with a unit change in the independent 

variable. The regression coefficient, or rate of change, is herein sig

nified by the letter "b. 11 The starrlard error of t he regression coefficient 

is signified by "~·" From these, along with the "t" table, the fiduc.ial 

limits may be set. (11) 

The regression line (Figure 1) was deter:nined by the rebTession equ~ 

tion Y • a + bX. Computations are shol-m in Apper:rlix B. Tile standard 

error of estimate, or the standard deviation from this regression line 

was also determined ar:rl signified by "Syx." 

The coeffi cient of determination, symbolized by r 2, which i s a per

centage of t he portion of one variable that is associated with another, 

was also determined . 

Jn order to determine the factors which may affect the success of 

the sugar beet enterprise certain information from each enterprise was 

tabulated on a separate card. These cards were then sorted and grouped 

on the basis of some factor. Among t he various factors studied were: 

size of e nterprise , yield per acre, use of man-labor, use of mechanical 

blockers and harvesters, cost of power and machinery and net returns. 
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Size ££ enterprise. 
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Size of enterprise often results in more efficient 

use of labor, power and machinery, and in reduction of overhead coste per 

unit. In order to note the relationship between size of enterprise and 

various factors, the records were sorted on the basis of the number of 

acres of sugar beets grown . Net returns per ton were used as the primary 

measure of success. The .relationship between size of enterprise and 

yields , man hours per acre , power and machinery costs, and total costs 

per ton were also noted (Table L). 
The records were divided i nto four groups on the basis of size of 

enterprise , t hose with acreages between 3.0 and 6.9 acres, those with 

1. 0 to 10.9 acres, those between 11.0 and 20. 9 acres, and a group with 

21.0 acres or more. There were 21 farms in the first group with an aver

age of L.6 acres in sugar beets. The second group consisted of 18 farms 

with an average of 8.7 acres. In the third group were seven farms with 

an average of lL.O acres. There were five farms in the fourth group with 

an average of 27.2 acres. The average for all 51 farm~ was 9.6 acres. 

A total of h88.6 acres were included in this study with the si~e of 

enterprises ranging from three to .32 acres. Of the 51 farms in the sur

vey 321 or 6.3 per cent, were below the average in. size. 

An examination of Table L revealed a relationshi p between size of 

enterprise a~d net returns oer ton. Other relationships were also noted, 

but when checked by the regression technique, it was f ound that the re

lationship between size of enterprise and net returns per ton was the only 

one that showed statistical eienificance. It can be safely stated that 

there was a sibnificant correlation between size of enterprise and net 

returns per t on since the correlation coefficient, r • o.Lll, was high 

enough to t ake it ou t of a chance category. Any correlation between size 



Table 4. Relationship of size of enterprise to net returns and other factors on 51 eugar beet 
enterprises in Utah County, 1951 

Power and Net Net 
Range in Acres of Number Yield Man-hours machinery Total ret urns returns 
acres per sugar of per per cost cost per per 
enterprise beets farms acr e acre eer t on Eer ton acre ton 

dollars) (dollars ) (dollars) (dollars J 

.3 . 0 - 6. 9 4. 6 21 l ) o7 82. 1 4. 03 13 .42 37 . 50 1 . 09 

7. 0 - 10. 9 8. 7 18 18. 1 83. 0 3 . 63 11. 20 63 . 69 3. 38 

11. 0 - 20. 9 11.0 7 17. 4 79.2 3. 42 10.75 70.60 3. 88 

21.0 and over 27. 2 5 18. 1 75.4 3. 01 10. 01 91. 00 4 . 88 

All farms 9. 6 51 17. 1 81. 8 3. 72 12. 01 56.71 2.66 

' • 

"-" 
N 



33 

of enterprise and any of the other variables may have been due to chance. 

The test -of t his significance was determined by the coefficient of 

correlation, r, and the table of correlation coefficients at the 5 per 

cent and 1 per cent levels of significance as determined by Professor 

R. A. Fisher. (11) The degrees of freedom in this case were 49, or N- 2. 

One degree of freedom was lost in calculating the averages; another in de

termining the line of regression. 

The coefficient of determination, r 2, explains that about 17 per cent 

of the variation in net returns per ton was accounted for by the size of 

enterprise. Assuming constant yield, size of enterprise plays an import

ar.t part in reducing costs and increasing net returns. Table L does show, 

however, that man hours per acre and power and machinery costs per ton de

creased as the best acreage became larger, indicating that efficient use 

of labor and machinery is associated with larger enterprises. 

Yields per ~· Hhen the records were sorted into three groups on 

the basis of yield per acre, those hDving yields below 15 tons per acre 

or an average of 12.5 tons per acre, showed no net returns. The return 

per ton for this group was minus $O.LS per ton. The intermediate group 

from 1.5 to 18.9 tons per acre, with an average of 16. 9, showed a return 

of $2.87 per ton. The group with the highest yields of 19 tons and over, 

which averaged 21.1 tons per acre s howed net returns of SS.ll per ton 

(Table .5) . 

A sort was made to determine the association between yields and cost 

per ton and net returns. The association between yields and size of enter

prise, man hours preparing the seed bed and planting, total man hours, 

and per cent stand were also noted. 

The relationship between yield and net returns , per ton (Figure 2), 
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and per acre {Figure 3), proved to be highly significant when the correla

tion coeffi cients were checked by R. A. Fisher ' s table of correlation co

efficients. (11) 

The coefficient of determination, r 2, {Figure 2) infers t hat 48 per 

cent of the variation in net returns per ton wae due to yields. Simi

larly, about 71 per cent of the variation in net returns per acre 

(Figure 3) were accounted for by yield. 

The regression coefficient, b, (Figure 3) i ndicates an increase of 

t l3.23 in net returns per acre for each additional ton per acre. High 

yields are very important for a successful sugar beet enterprise. 

Another factor of high significance was the relationship between 

yield and cost per ton. Qy the coefficient of determination, r 2, (Fig

ure 4) 53 per cent of the variation in cost per ton was associated with 

yield. Since this is an inverse relationship cost per ton decreased 

~0.75 for each ton increase in yield. This is shown by the regression 

coefficient , b. By increasi ng yields the fixed costs were spread over 

more units, thereby reduci ng the unit cost. 

According to Table 5 there was a positive relationship between per 

cent stand of sugar beets and yield . That is, when per cent stand was 

increased there was likewise an increase i n yield. This relationship 

proved to be statistically significant at the 5 per cent level. Per 

cent stand in this study was determined by the farmer ' s estimate of his 

per cent stand based on the number of s ingle beets after thinning to be 

found in each hundred feet of beet row. Per cent stand was quite import

ant in producing high yields. 

There seemed to be very little relationship between yield and t he 

amount of l abor applied per acre, at least the relationship was not close 



Table 5. Relationship of yields oer acre to net r etur ns and other factors on 51 sugar beet 
enterprises in Utah County, 1951 

Total Man Porrer arxi Per Cost Net 
Yield per acre Number Acres man hours machinery cent per returns 

of of hours p & P* cost stand ton per 
Range /1verace farms beets per per per acre 

acre acre acr e 

(tons) (no.) (acres) (hours) (hours) (dollars) (per cent) (d ol . ) (dol .) 

1L .9 & 
less 12. 5 16 7. 9 7Bo0 12 .4 56.17 73 15.16 -1. 95 

l S.O -
18. 9 16. G 16 10. 3 82.4 13 . 8 61 . 64 86 11. 80 50.13 

19. 0 &. 
over 21 .1 19 l O. L 84. 5 14. 0 61.48 90 9. 52 108. 59 

Al1 farms 17 .1 51 9. 6 8l . S 13. 4 5'9 . 134 84 12. 01 56. 71 

-:< Prepar ing the seed bed arrl planting 

Net 
returns 

per 
ton 

(dollars ) 

- 0.45 

2. 87 

5. 11 

2o66 

'-" V1. 
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enough to be statistically significant at the 5 per cent level. Possibly 

more labor was expended on SO':le of the enterprises tha:~ ~as necessary to 

secure the yields attained. Previous cro~ping practices l"lay affect yields. 

L~proper preparstion of the seed bed may also affect yields . 

There was very little relationship between yield and the Bife of 

enterprise. 

Labor efficiency . In order to determine the esociation between the 

amount of labor used on the sugar beet enterprise and :~t returns and 

other factors the records were sorted lnto three gr oups on the basis of 

total hours of man-labor per acre (Table 6)o 

Labor efficiency is ger.erally referred to as the a~ount of productive 

work accomplished per man. In t his study the labor of children was eon-
1 

verted to man equivalents and then considered as regular man labor. 

Since labor costs constitute the major cost item in the production 

of sugar beets, efficient and economical use of labor had ar. imoortant 

effect upon net returns. Suc<n· beet enterprises with high labor effie-

iency, as measured in mar. hours per ~ere, were the ~ost successful enter-

prises. }fa:l hours per sere was used as the measure of labor efficiency. 

Cost of labor per acre avera£ed about -1.00 per hot~ . 

Table 6 ah~·~ that those farmers who used 57.1 man hours per acre 

had yie l ds as hi rh as t.."lose usi 'lg 111.0 man hours. By this standard they 

eccomplished the same results wi~1 less labor . 

~ince mat erial costs and overhead costs were about the same for each 

acre of land, ~"le variation in total cost is a result of power and machinery 

1. Ct:ildren 1 s l hbor was cor>verted to ma., hours or. the following scale: 
l .; years and over e"'ual to 1 na 111 15 - 16 eq_ual t o 7/81 11 - 15 equal 
to 3/L, 13 - lh equ~l to 5/ 8, 12 - 13 e-.{ual to 1/2, ll - 12 equal to 
1/L. 



Table 6. Helat5onship of man-hours of l abor oer acre to costs , net retur ns , and oth~r factors on 
51 farms in Utah County, 1951 

-
Power and Total Total Net Ne t 

t•an-nours of rl.unber Acres Yield macrliner y cost cost returns r eturns 
l <.bor per acre of in per cost per per per per 
nange J..verage fams beet s Dcre per ton acre ton acre 

.acre 
- ---

(hours) (no.) (acreo) (tons) (dollars ) (dollars ) (dollars ) (dollars) (dollars ) 

69. 9 & 
less 55.8 17 10.5 17. 3 511 .62 9. 90 168.8h 4. 77 85.14 

70. 0 -
89 .? 79 . 8 17 10. 9 17 . 0 _5C o65 11.89 192.92 ?.79 55. 27 

90. 0 R •• 

over 109.7 17 7.4 17 .o 61. 32 14 . 23 218.64 0. 1!3 29 .72 

All farms 81. 11 51 9.6 17 .1 55 .84 12.01 193.1!7 2. 66 5G. 71 

J::'"" 
0 



and labor costs . And since there was no significant difference in the 

power and machinery cost per acre on farms with low labor efficiency and 

t hose ld th high labor efficiency the real cause of variat i on in t otal 

cost was due to labor costs. 

Farmers with high labor efficiency are usually more successful than 

others because they accomplish more work oer man, or they accomplish the 

ssme results with less labor . 'Ihe labor cost per unit is reduced with 

high labor efficiency . Any reduction in labor cost should result in a 

substantial decrease in the total cost of producti on per u~it . 

From Table 6 it can be noted that there ) s a consistent positive re~ 

lationship between man hours of labor oer acre and co st per acre and per 

ton. As man hours per acre increase costs also increase. A consistent 

negative relationship exists 1·et'1-1een man hours per acre arrl net returns . 

These observations can be checked readily by correlation S"l<~ regre8-

sion techniques. Lhe correlstjon coefficient , (r • .608) indicates a re-

lat)onship that is highly significant (Figure 5) . The coefficient of de

termination, r 2, indicates that approximately 37 per cent of the variation 

in cost per acre can be attributed to man hours per acre. 

The regression coefficient, b • . 826, indicates that for each addi-

tional hour of labor per acre the cost per acre would increase ~0. 83 with 

a standard error, ~~ of ~O.lS. ~he regression line , determined by the 

regression equation Y • a + bX , has a standard error, SY.x' of t 27.30. 

Tne relationship between man hours per acre a nd cost oer ton (Figure 6) 

was similar to that of cost per acre, except that the correlatjon coeffic-

ient was sigl).ificant at the 5 per cent level. The coefficient of determi.n-

t . 2 a ~on, r , in this case accounted for 11 per cent of the variation in cost 

per t on. 



240 

220 

200 

180 

16o 

140 

120 

100 

80 

60 

40 

20 

Cost per 
acre 

(dollars) 

I 

.. 

-~-~-; 

i 
L-.:·----

f __ :. 
I ' 

I 
' I 

. t----
1 : 

I ------· ·--- --
! I ' 
: ~ 

., __ .... 
I 
I 

I i 
-~---

--.- : -1 . I 
' I 

---
1 . . 

• 

. . I 

' . . 
: ! 

. ----1----7 -
I 

1· 

I . I I 
,--+-· :--;, 
~ - ; __ ~ . ,. 

t ·- ... 
- --!--,.··· --: -:·-. -! 

~ .Flo · : - 1 . : 

--~·:._c. ! - ~t- --+--~=:-! . 

- -· .. 

20 40 

' . - ~-. r-- . 
. ' 

60 

. : . ! . ' 
' I 

- ·- · ·~- - .._ ____ . 
'j 
j--·-I ' • • 

I ' 

l _:_.J ___ -r' ____ :_-_ . ...,......-:--·+--~ 
I o 

. i · .; I , 
·-··· ..__._-- .... -·· -T . --- .. ( . i 

I I 

------L- -! ---
t ! . ·- t - --:. -i 

! 
---+ . -: --_,. --. l . . 

I • t ' . I . . . . I . -- .. 1---.. -- -· :· .. --:-~] ·- --;-- : --7' I 

80 100 120 140 160 180 

Man-hours per acre (hours) 

Figure S. Relationship of man-hours to cost per acre in the 
production of sup;ar beets in Utah County, 1951 

42 



43 

• ·:;: · -· -r ~:ft· ·r- · · r.:!::!·Jr:· ~=I!l .... tmrJ- "*~· , ... H~ · ct"-· -t~-. ~ IT- .-~- m :·::r:. :~:t:~"! • --·- : .. rl::c~-
- r T-- ~T. <f" rr-_. • ...,. 1, ~ +• m ..o .-~ .. -' • ...... • • ~ • -i ~ 

:t- -~ -ii-'ic t-t A'hJ:fl ""'i··· ···:!· ........... - ... ! ··~ • 
::_ t'-;=:~ ~-~ ~~rt-~ . · ~.'. ···~ ··~ :::: ' .... :· :·.;; - :,-~;~~ 

Cost per ...... · .. · · •· ··· ·· ·!·-· · ·•· -- · · :L·u· 

t.,..... bf-t=t~~;-:: •. : ··- :;> . ;:: !::; i~w'7: ~ ~::::-t: :i =: J~ ..... - . .. L ....... ... ... , ... -~ .... 'L 
( 11 ) "':i · .--~ ':"' ·:·:r--r-: · ···- · .. ·· · · · .. r,r.:::-do ar11 '+ ~-"+· · ~ •• i ...:, ... :: 1-:·:~ ::·· :.::. :..._: . . ;·:: :·t: 

>-H·-.-~.:::; · .1.· - · •• ··· ·· ·l ·· · · -- ... , - - · ·· '"l ... 

20 40 60 80 100 120 140 180 

Man-hours per acre (hours) 

Figure 6. Relationship of aan-houre to eost per ton in tbe 
production of eugar beet. in Utah County, 1951. 



When man hours per acre was correlated with net returns per ton 

(Figure 7) the correlation coefficient, r, was significant at the 5 per 

cent level. The amount of variation in net returns per ton accounted for 

by man hours per acre was about 12 per cent. The regression coefficient, 

b, in this case shows a decrease in net returns per ton as more labor was 

applied per acre. 

The regression of net returns per acre on man hours per acre also 

shows a downward trerrl. Net returns decreased as more labor was applied. 

As noted previously under size of enterprise there was very little 

correlation between man hours per acre and size of enterprise. About 

as much labor per acre was applied to small enterprises as was applied 

to large enterprises. 

Likewise, the correlation between man hours per acre and yield was 

not high enough to be significant at the S per cent level. From this it 

can be assumed that applicati on of more labor per acre had no effect upon 

yield. 

Efficiency of power and machine~. In order to get some idea of the 

efficiency of power and machinery used on the farms of this study the 

records were sorted into three groups on the basis of power and machinery 

cost per acre. Power and machinery cost was composed of the cost of horse 

power, trucks, and tractors with their attached machinery. The associa

tion of power and machinery cost per acre and net returns, and other fac

tors were noted (Table 7). Net returns per acre increased to a point with 

additional increments of power and machinery, but beyond that point net 

returns seemed to decrease. The indications are that the point of marginal 

net returns had been reached shortly after power and machinery costs had 

reached U7 .oo per acre. This can also be explained by the fact that 
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Table 7. Relationship of power and machinery cost per acre to net returns and other factors on 51 
farms in Utah County, 1951 

Power and NUl!lber Acres p & P* Harvest- Total Yield Man- Degree Net Net 
machinery cost of of cost i ng cost cost per hours of returns returns 
per _acre farms beets per per acre per acre per me chan- per per 
Range Average acre acre acre iution ton acre 

(dollars) (no.) {acres) (dol .) (dollars) (dol.) (tons) (hours) (per 
cent) 

(dollars) (dollars) 

25 .00 -
49 . 99 40.15 17 10.4 27.35 47.67 165.36 15.6 83o4 88 3.47 63.14 

so.oo -
66.99 60.90 18 9.2 35.67 55.78 199.46 19.1 78. 6 88 3. 77 78.(J7 

67.00-
105. 00 79. 65 16 9.2 41.17 59 .16 216. 63 16.5 83 .6 9.3 0. 55 25 .86 

All fanns 59.87 51 9.6 34.62 54.11 193.47 17.1 81.8 90 2.66 56.71 

* Preparing t he seed bed and planting 

t::-
0.. 
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added units of power, as well as labor, increased the yield up to a certain 

point. As costs of power and labor increased with no additional increase 

in yield, net returns decreased sharply as noted in the third group of 

Table 7. 

'I'ne regression beb1een power and machinery cost per acre and net 

returns per acre (Figure 8) -shows that there was a significant relation

ship. The correlation coefficient, r, was not quite high enough to be 

significant at ~~e 1 per cent level. About 12 per cent of the variation 

i n net returns oer acre was as~ociated \vith power and machinery cost oer 

acre. 

The regression coefficient , b, indicates a decrease in net returns 

per acre of $1. 19 for each dollar of increase in power and machinery 

cost per acre . 

The relationship between power and machinery cost per acre and net 

returns per ton (Fi gure 9) proved to be highly signiiicant . The coef

ficient of determination, r 2, i ndicates that 15 per cent of the variation 

in net returns per wn was due to power and machinery cost. 

The relationship between power and machinery cost per acre and total 

cost per acre (Figure 10) was also highly significant when tested by the 

correlation coefficient standards . (11) As power and machinery cost in

creased ~1.00 per acre, total cost increased ~1 . 31 per acre. The cost of 

labor to operate the tractor would add to total cost. Forty-eight per 

cent of the variation in total cost per acre was due to power and machinery 

cost. 

The relat;onship between power and machinery cost and the cost per 

acre to orepare the seed bed and to plant the beets was significant , as 

was the cost per acre to harve5to 
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Pmrer and machinery may be substituted f or labor as long as the cost 

per uni t is no greater. The lowest cost for accomplishing th e task is 

the criteria for substi tution. If labor is high :n price relative to 

machines, costs may be lessened by substituti~ machi nery for labor. If 

ma~~inery orices are high relative to labor, costs may be lessened by us

inG more labor and less machinery. 

Efficiency and low cost of operation depends upon full use of p~er 

and machinery. Overhead costs, such as depr eciation , i nsurance and interest 

are about the same for t he year regardless of the amount of use. As a re

s~lt, the cost ?er hour of operation or per uP~t of work accomplished for 

power and machinery declines with increased utilization. 

Since 1910 the tractor has gradually taken the place of horses as a 

source of farm power. This study showed that 31 of the Sl fa~s still 

used s ome horse oower , while 20 used tractors exclusively as a source of 

power on their sugar beet enterprise. 

The degree of mechanizati on, which was determi ned by a ratio of 

truck and tractor cost to total power and machinery cost, showed no sig

nificant difference in the three groups (Table 7). There was no signifi

cant relati onshi p between power and machinery cost per acre and t he degree 

of mechanization. 

Likewise, there was no relati onship between power and machinery cost 

and man hours of labor or the size of enterprise. 

An examination of Table 7 showed that yields increased with addi t ional 

i ncrements of power and machinery , as measured by cost, until the point of 

Marginal net returns was reached at about 19 tons per acre . Shortly there

after yields began to decline. Increased use of power and machinery would 

would not cause yields to decrease, but it would have an effect upon 
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increasing costs and decreasing net returns. However, such factors as 

soil am climate may affect yields. 

Use of mechanical blockers. There were 39 operators who thinned their 

beets by the hand-hoe method. Eleven operators used a mechanical blocker 

which reduced the stand of beets to blocks at regular intervals. This 

method required some hand work to reduce the blocks to single beets. One 

operator used both methods. It was not known how many acres were thinned 

by each method, hence his record was not included in this sort. The 

mechanical blocker required an operator and a tractor with an attachment 

to chop out beets between the blocks. 

It was desired to know whether there was any saving in man hours of 

labor or cost of thinning by using a mechanical blocker. The records were 

divided into two groups for this determination, those using all hand laoor 

for thinning and those using a mechanical blocker. 

It was found (Table 8) that the mechanical method used 1.8 man-hours 

per acre in reducing the stand to blocks of beets with the aid of the 

tractor and its attachment. An additional 16.6 man-hours of labor per 

acre was required to reduce· the blocks to single beets. A total of 18.4 

man-hours per acre were required to thin the beets by the mechanical block-

ing method. By the ham-hoe method the same results were obtained with 

17 .h man-hours of labor. When these averages were tested by the "t" test 

(11) there vas found to be no significant difference, at the S per cent 

level. For all practical purposes, it could be said that one method re-

quired as much labor as the other. 

'!he cost of labor to operate the mechanical blocker (Table 9) wa.:s 

$1.77 per acre, or approximately $1.00 per hour. The cost of the hand 

labor to finish the thinning operation amounted to $14.48 per acre, or 



Table 8. Comparison of labor requirements by different methods of t hinning sugar beets on 51 farms 
in Utah County, 1951 

Method of No. of Acres Yield Thinning Operation Total man- Net Returns 
thinning fanns per per Man-hours per acre hours per Per ton Per acre 

farm acre Meehan. Thin ftarid- acre 
blocking after hoe 

block 

(no .) (acres) (tons) (hours) (hours ) (hrs . ) (hours) (dol l ars) {dollars) 

Hand-hoe 39 9.5 17 ·'4 --
Mechanical 

blocker 11 10. 2 1:'. 8 1.8 

All farms 51 9. 6 17.1 

-- 17.4 8) .4 

16. 6 -- 7L . 2 

81.8 

2.98 

l.L8 

2. 66 

62 .72 

35.49 

56.71 

"' w 
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about $0.91 per hour. 1he total cost of man labor for mechanical blocking 

and t hinning was $16.25 per acre. 

In addition to the hand labor cost there was a power cost of $2.83 

per acre for the use of the tractor and blocking attachment charged to the 

mechanical method . This amounted to $1.76 per hour. The total thinning 

cost was $19.08 when the mechanical blocker was used as against $15.79 by 

the hand method. 

v.'hen the cost of man labor was compared between the two methods of 

thinning it was found that there was no significant difference at the 5 per 

cent level. But when the total cost of thizming by the two methods was com

pared there was a significant difference at the 5 per cent level. The addi-

tional cost of the mechanical machinery was enough to make a substantial 

difference in the total cost of thinning. 

" Use of mechanical harvesters. . It is generally thought that the use of 

mechanical equipnent saves time and reduces costs. In order to determine 

the effect of mechanical harvesters on man-labor 'requirements and costs 

the records were sorted into four groups on the basis of how the sugar 

beets were harvested (Table 10). In one group of 13 records all the beets 

vere harvested by the hand-topping l!lethod, and loaded by hand. In another 

group of 29 records the harvesting was done by mechanical harvesters that 

pull, top and load the beets into a hopper or directly into a truck. This 

method, which completes the harvesting process in one operation, was desig-

mated as the combine harvester. In a third group were five records using 

mechanical harvesters but in two operations the beets were first pulled, 
.. 

topped mechanically and windrowed by a mechanica·l harvester. Later, when 

trucks were available the beets were loaded by a mechanical loader. The 

fourth group of four records started the harvesting operation with mechanical 



Table 9. Comparison of cost per acre by different methods of thinning sur:er beets on 51 farms in 
Utah County, 1951 

Method of 
thinning 

Hand-hoe 

Mechanical 
blocker 

All farms 

No . of 
farMS 

Acres 
per 

farm 

Yield Cost of labor per acre 
per Meehan- T'nin . Hand-

acre ical after hoe 
blocker block 

Thinning costs per acre 
Labor P ~ M Total 
cost cost 

rno;J-\acresJ {tons) {dol.) u [<foi.7 {aoT.-;---rd-oi.T- {dol. J {dol. ) 
-

39 9. 5 17.4 -- -- 15.79 . 15.79 -- 15.79 

11 10.2 15.8 1.77 1]~ . 48 - 16. 25 2.33 19.08 

51 9.6 17 .1 15.89 16.51 

Net returns 
Per t on Per Acre 

{dol.) {dol. ) 

2.98 62.72 

1.48 35.49 

2.66 56.71 

~ 



Tabl e 10. Relationship of labor requirements f or harvesting sup,ar beets by various methods and net 
r eturns on 51 farms in Utah County, 1951 

Tons Acres 
No. harvested harvested Yield 

Method of of per per per Man-hours per acre Net returns 
harvesting farms farm farm acre HarVesting Total Per ton Per acre 

(No .) (tons) (acres ) (tons) (hours) (hours) (dollars) (dollars) 

Hand 
harvesting 

Combine 
harvesting 

Mechanical 
harvester 
and loader 

Harrl and 
mechanical 
harvester 

All farms 

13 

29 

5 

4 

51 

123.5 6. 8 

175. 0 9.8 

242.0 ].4.3 

156.0 11.2 

167.0 9.6 

l R.? 44.2 101.1 3.71 7R.23 

16.6 15.2 n. 7 2.46 52.63 

17.5 14.3 71.8 4.30 75.o6 

14.5 42.8 104.6 -1.38 -6o58 

17.1 24.6 81.8 2o66 56.71 

\1\ 
~ 
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harvesters but due to bad weather, breakdown of machines, and other reasons, 

resorted to the hand method to finish harvesting. This group has been 

designated as the hand and Mechanical method of harvesting ( Table 10). 

In analyzing the results of this sort it was found that hand harvest

ing required Lh.2 man-hours per acre while the combine harvesters required 

15.2 man-hours per acre. The group using the mechanical harvester and 

mechanical loader used 11.3 man-hours of labor per acre. Due to adTerle 

conditions the group using both mechanical harve8ters and hand labor had 

high labor requirements, L2.8 man-hours per acre. The average for all 

farms was 2L.6 man hours per acre. On the basis of total man-hours per 

acre the operators using a mechanical harvester saved about 30 man-hours 

per acre over t hose using the hand harvesting method. 

The test of significance for the four different met~ods of harvesting 

was accomplished by the Analysis of Variance technique. (11) The differ

ence between groups was highly significant. By inspection of Table 10 it 

is apparent that there was a significant difference between the mechanical 

methods and those using any hand labor. There was no significant differ

ence between the two mechanical methods or between the two methods using 

hand labor. !'hese observations were checked by the "t" test. 

When considering total cost per acre for harvesting there was no sig

nificant difference between the four groups ( Table 11). The group using 

the hand harvesting method had a cost of $58 .)2 per acre. The group using 

the combine harvester had a cost of tS1.98 per acre. The group using both 

mechanical harvester and loader had a cost of ~5J.6L per acre arrl the group 

using both the hand arrl mechanical method had a cost of $56. 70 per acre. 

The average for all farms was S54oll per acre. Even though the labor costs 

were higher for those using hl!fld harvesting the higher cost of power and 



Table 11. Relationship of costs for harvesting sugar beets by various methods and net returns on 51 
farms in Utah County, 1951 

Tons Acres 
Noo harvested harvested 

Method of of per per 
harvesting fams farm fam 

{No.) (~ons) (acres) 

Hand 
harvesting 13 123o5 6.8 

Combine 
harvesting 29 175.0 9.8 

Mechanical 
harvester 
and loader 5 242.0 14.3 

Hand and 
mechanical 
harvester 4 156.0 11.2 

All farms 51 167.0 9.6 

Yield Harvest-
per ing cost 

acre per acre 
{tons} (dollars} 

18.7 58.32 

16.6 51.98 

17.5 53.64 

14.5 56.70 

17.1 54.11 

Pmrer and 
machinery 
cost per Total cost Net returns 

acre Per ton :Per acre :Per ~on 'Per acre 
{dollars} (dollars)(dollars) (dollars)(dollars) 

48.28 10.94 195.87 

66.27 12.19 190.49 

59.78 10.66 186.15 

51.17 15.85 216.42 

59.84 12.01 193.47 

3. 71 

2.46 

4.30 

-1.38 

2.66 

78o23 

52. 63 

75.06 

-6.58 

56.71 

\J\ 
():) 
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machinery used in mechanical harvesting tended to equalize the cos t of har

vesting. 

h'hile there i s no significant dif ference in the cost of harvesting by 

the various methods , the advantage of the mechanical harvester lies in 

being able to harvest the crop in a shorter period of time, allowing for 

a longer growine peri od, and the elimination of difficulties in securing 

hann labor. As less expensive and more adaptable harvesters come on the 

market these advantages will increase. 

Combined effect ~ efficiency factors ~ net returne. Net returns fran 

the sugar beet enterprise depends on reasonable efficiency in all factore 

which can be controlled by the operator, rather than unusual superi ority 

in one factor. Total returns are limited by low performance in any one 

of the production factors. A large size enterprise is useless in provid

i ng high net returns if it is not accompanied by high yields and relatively 

high efficiency in the use of labor and machinery. 

High efficiency in one factor of production is no assurance of high 

net returns, but as the number of factors above average increases, higher 

net returns may be expectedo 

In order to note the relaM.onshi p of balance i n the vari ous in-put 

factors to net returns the records were sorted on the basis of the number 

of factors better than average (Table 12 ). The factors considered were 

size of enterprise, yield per acre, man-hours of labor per acre, pmrer and 

machinery cost per acre. After grouping the records in thi s way. it was pos

sible to note tbe association between the number of factors better than 

average and net returns. 

There was a positive relationship betvreen the number of factore better 

than average and net returns. Net r eturns increased as the number of 



Table 12. 

Number of 
factors 

better than 
average 

0 

1 

2 

3 

4 

5 

All fa.nns 

Relationship of number of factors better than average and net returns and other factors 
on 51 farms in Utah Count y , 1951 

Man- Power and 
No. Acres Yi eld hours machinery 
of of per per cost per Total cost Net returns 

farms beets acre acre acre Per ton Per acre I'er ton Per acre 
(No.) (acres) (t ons) (hours} (dollars) (dollars) (dollars) (dollars) {dollars) 

3 5.7 12.4 94.8 89.54 20.93 242.40 -6.22 -61.72 

10 6. 0 13.5 96.0 64 .87 16.47 216o01 -1.70 -17.24 

6 8.3 17.6 76.8 69 .90 ll.51 198.11 2. 99 56.55 

17 8. 0 17.9 85.2 49. 94 lO.o6 176.51 4.64 86.72 

10 15.8 19.6 70.1 62.52 9.82 192.27 4.91 95.15 

5 13.4 18o7 63.4 52.04 9.35 173.52 5.10 96.97 

51 9.6 17.1 8lo8 59. 87 12.01 193.47 2o66 56.71 

a-. 
0 
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!actors better than average increased. Size or enterorise arrl yield showed 

a positive relationship. Power and machinery cost ani man-hours ot labor 

showed a negative or inverse relationship to the number of factors better 

than werage. Proper balance of efficiency factors was important in se

curing high net returns. 

Comparison .£! ~ profitable ~ least pro!i table enterprises. In 

order to compare the most profitable enterprises with the least profitable 

enterprisea the records were sorted into two equal groups on the basis of 

net returns per ton, which was used as the measure of pro!i tablenesa 

(Table lJ). The average of the most profitable group was canpared with 

the average ror the least profitable group u well u with the average• 

of all enterprises included in this study. 

A significant difference was noted in net returns between the moat 

profitable and the least profitable group. Except for the harvesting 

operation the most profitable group showed greater efficiency in t.he use 

of man labor. The most profitable group showed greater efficiency in the 

use of power and machinery as measured by cost per acre. The size of 

enterprise was larger ar:rl the yields were higher on the most profitable 

enterprises. These observations substantiate the findings ot the prev

ious section relative to the number of factors better than average. 
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Table 13. Comparison of the most profitable third, least profitable 
third, and averages of all sugar beet enterprises on 51 
farms in Utah County, 1951 

Averape of Aver- age or 
most least 

profi t able pro.fi table 
one-third one-third Average 

of of of all 
Item Unit enterprises enterprises enterprises 

Receipts per ton dol. 14.71 14.71 14.67 
Cost per ton dol. 8.96 16.36 12.01 
Net returns per ton dol. 5.75 -1.65 2.66 

Receipts per acre dol. 287.80 199.08 250.18 
Cost per acre dol. 174.40 213.34 193.47 
Net retums per acre dol. ll3.40 -14.26 56.71 

Receipts per enterprise dol. 3136.00 1615.00 2452.00 
Cost per enterprise dol. 1903.00 1650.00 1814.00 
Net returns per enterprise dol. 1233.00 -35.00 638.00 

Hours of man labor per acre 
Preparation and planting hours llo7 14.9 13.5 
Growing of crop hours 37. 9 49.2 43.7 
Harvesting of crop hours 25.3 25.9 24.6 

l'otal hours 74.9 90.0 81.8 

Hours of man labor per ton hours 3.8 7.0 5.1 
Acres in beets acres 11.1 7.9 9.6 
Yield per acre tons 19.0 13.9 17.1 

Power and machi ner y cost 
per acre* 
Tractor cost per acre dol. 35.00 51.00 43.00 
Truck cost per acre dol. 12.00 12.00 12.00 
Horse cos t per acre dol. 4.'10 4.00 4.00 

Total dol. 51.00 67.00 59.00 

Labor cost per acre dol. 71.00 P. 7 .oo 79.00 
P and N cost per acre* dol. 51.00 67.00 59.00 
Material cost per acre dol. 21.00 27.00 23.00 / 

Overhead cost per acre dol. 32.00 32.00 )2.00 
Total dol. 175.00 213.00 19).00 

* Power and machinery 
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SU11M.ARY 

1. This study included 51 farms producing sugar beets in Utah County 

for the crop year 1951. The acreage of sugar beets on these farms ranged 

frOM three to 32 acres with an average of 9.6 acres. Of the total sugar 

beet acreage in Utah County in 1951, 488.6 acres or about 20 per cent wae 

represented in this study. 

2. The l abor required to produce an acre of sugar beets averaged 

81.8 man-hours. The labor required to prepare the seed bed and plant the 

beets was 13.5 man-hours per acre, or 16.5 per cent of the total labor re

quirements at a cost of $13.00 per acre. Growing the crop from planting 

time to harvest time required 43.7 man-hours per acre, or 53.4 per cent of 

the total labor at a cost of ~·1!2.09 per acre. Harvesting operations re

~uired 24.6 man-hours per acre, or 30.1 per cent of the total man-hours at 

a cost of $23.66 per acre. 

3· The average cost of producing sugar beets was $193.47 per acre, or 

$12.01 per t on • . Labor cost averaged $78.76 per acre, or $4.89 per ton 

whi ch was 40.7 per cent of total costs. Power ar:rl machinery costs were 

$59.87 per acre, t-3.71 per ton, or 30.9 per cent of total costs. Material 

costs amounted to f 22.73 per acre, or $1.42 per ton, which was 11.8 per 

cent of total costs. Overhead costs were $32.11 per acre, ~1. 99 per ton 

and 16.6 per cent of total costs. 

4. Receipts from sugar beets sold b y contract were t.ll. L2 per ton. 

The tops were valued at &0.92 per ton of beets and the government benefit 

payment amounted to ~2.33 per ton, making the gross receipts $11.67 per 

ton of beets produced. 
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5. Net returns averaged $56.71 per acre, or '$2o66 per to n. Net re

turns varied from minus $1).83 to plus $7.L5 per ton. Forty-two enter

prises had positive net returns, and nine had negative net returns. Thi 

Thirty-five had net returns per ton above the average. 

6. Size of enterprise measured in acres of beets was closely assoc

iated with net returns. On a per ton basis net returns increased and 

costs decreased as size of enterprise increased. There was a tendenc.y 

for man-hours and power and machinery coste to decrease as the size of 

enterprise i ncreased but the difference was not statistically significant. 

1. The average yield of the 51 farms was 17.1 tons per acre. Yield 

per acre was closely associated with cost of production and net returns. 

Net returns per ton and per acre increased as yield increased but at a 

faster rate, indicating t hat high yields are associated with high net 

returns. Total cost per ton decreased as yield increased. There was no 

relati onshi p between yield and man labor. Small enterprises had yields 

as high as large enterprises. The relati onship between yield and the size 

of enterpri se was not statistically significant at the 5 per cent level. 

B. Efficient use of labor was important i n achieving low cost pro

duction and high net returns. Those farms usi ng less than t he average 

amount of man labor showed the highest returns. The average amount of 

labor required to produce an acre of sugar beets was 81.8 man-hours. 

The small enterprises were as ef ficient in the use of man labor as were 

the large enterprises. The relationship between labor efficiency and 

yield was not statistically significant at the 5 per cent level. 

9. Power and machinery cost averaged $59187 per acre. The relation

shi p between power and machinery cost and net returns was statistically 

s ignif icant at t he 1 per cent level. There was also a close relat i onship 
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between power and machinery cost and total costs. There was no signifi

cant relatjonship between power and machinery cost and yield, man-hours 

of labor and size of enterprise. 

10. It required 17.4 man-hours per acre to thin the beets by the 

hand-hoe method. \.Jhen a mechar.ical blocker was used followed by hand thin

ning 18oL man-hours were required. The total cost of thinning when mechan

ical blockers were used was $19o08 per acre as compared with $15.79 by the 

hand method . The average hourly rate by the hand method was $0.96 while 

$1.08 was the hourly rate for the mechanical method. 

ll. Those farms using mechanical harvesters used less t han tile aver

age amount of man labor but their power and machinery costaper acre were 

higher. The farms using mechanical harvesters averaged about 30 man-hours 

less per acre than did those using hand labor for harvesting. Costs, how

ever, were about the same. Labor costs for more labor in harvesting by 

hand were about equal to ryover and machinery costs where mechanical har

vesters were used. 

12. The farms having less than two factors better than average 

showed expenses in excess of receipts. The operators who were able to 

attain efficiency better than average in a number of factors received 

high net returnso Net returns increased from minus $6.22 to plus $5.10 

per ton as the number of factors better than average increased. 

13. The most profitable third of the enterprises had the higher 

yields and the larger enterprises. They also had lower costs and higher 

net returns. The least profitable third compared favorably with the 

most profitable third in horse costs per acre, truck costs, labor re

quirements for harvesting, and general overhead costs. The most profitable 

third han lower power and machinery costs and used less man labor per acre 

than the least profitable third. 
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CONCLUSIOOS 

From the data assembled in this. study it is concluded that sugar 

beets can be profitably produced in Utah County. When attention was 

given to the various efficiency factors high net returns were the result. 

The average amount of time spent i n producing an acre of sugar beets 

compared favorably with. other reports. Hours of man labor to produce an 

acre of sugar beets have been reduced in the past few years. vlith the 

development and improvement of mechanical machinery further reductions 

may be expected. 

The total cost of producing sugar beets in Utah County has increased 

since the 1945 study was made. Costs in general increased during the same 

period. The greatest increase in cost was that of power and machinery. 

More extensive use of mechanical machinery resulted in higher power and 

machinery cost. This, no doubt, accounted for some of the reduction in 

labor requirements. 

By trimming costs, a little here and a little there, net returns can 

be increased . This probably would be the most effective way for most pro

ducers to increase their net returns. It would not be feasible to cut 

out any one operation to reduce costs but it would be judicious to trim 

costs as a tree is trimmed. More attention on th~ part of most operators 

to costs and their effect on net returns would aid them in achieving a 

successful enterprise. 

The data reveal no saving in man-hours by the use of mechanical 

blockers . In fact , it required more labor per acre with the mechanical 

blocker than without. Since mechanical blockers were in the experimental 
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stage in Utah County, soil conditions and other f actors may have hampered 

their most efficient use. As more ef ficie nt t hinning equipment comes on 

the market, labor requirements should decrease. Because of the added 

labor cost, along with the cost of the mechanical machint>ry, thinning 

costs were higher wit h mechan1cal machinery than by the hand-hoe method. 

The evidence was not conclusive on thi s point; therefore, further study 

needs to be done in the area of mechanical thinners. 

More reliable conclusions can be made relative to mechanical har

vesters, mainly because they have been in use longer than mechanical 

thinners. Mechanical harvesters were responsible for large decreases in 

man power during the harvest. This is sign:i.ficant in an area where the 

labor supply for sugar beet harvesting is limited. Since t he saving in 

labor cost was cancelled by the increased power and machinery costs, 

harvesting costs by mechanical harvesters were about the sane as when 

harvested by hand. The fact that t he harvesting operation can be ccm

pleted j n less time at no additional cost above hand harvesting should 

encoura£e farmers to expand their acreage and reap the benefits of en

larged e nterprises. 

The permanency of the sugar beet industry in Utah County will depend 

upon the ability of the farmers t o make ad justments to various conditions, 

which are within their control. Among these conditions are the feasibility 

of enlarging the sugar beet enterprise per farm, combining capital reeourees 

with neighbors in the ownershio of mechanical harvesters and thi~ners and 

:im.proving the fertility of their soil. 

The data of t~lis study showed that the nine farms wit h negative net 

returns were all below the average in si~e or acres in sugar beets. On 

the other hand, 16 farms showed net returns above the average as the size 



of enterprise increased above average. Indications are that large net 

returns were closely associated with the large enterprises. 
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Another important condition or factor to consider is yield . It was 

found that yields were more closely associated with net returns than any 

other factor. Those farmers who showed high yields also showed high net 

returns. Attention to those factors responsible for high yields should 

be given f irst consideration. 

Zfficient use of labor i~ another factor of great importance. Man~ 

hours per acre was highly significant when correlated with totel cost 

per acre. Getting the most out of labor for each unit of in-put helps 

to reduce the cost per unit. This is especially true under conditions 

where labor coste are high or where labor is scarce at thinning or har

vest time. Efficient use of labor is the most effective way to reduce 

costs. 

Low power arrl machinery costs per acre was nighly correlated with 

low costs per acre. Similarly , low power aad machinery costs per acre 

were closely associated with high net returns. The operator thus has 

another means of lowering cost and increasing net returns. 

At least four methods are available for increasing net returns on 

sugar beet e nterprises, providing other factors remain the same. These 

factors are all wi. t hin the control of the operator. It is up to hil"'l to 

apply the in-put factors in such a manner as to maximize his net returns. 

This is the essence of efficient management and a successful sugar beet 

enterprise. 

,. 
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APPENDIX A 

Sugar Beet Survey 



SUGAR BEET SURVEY 
UTAH STATE AGRICULTURAL COLLEGE EX P. STATION 

DEPARTMENT OF AGRICULTURAL ECONOMICS 

(Crop Year) 
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Record No. 

Operator Town -------------------------- --------------------------
Count,y Post Office ----------------- --------------------

Acres in sugar beets_ VaJ.ue per acre ___ Total value------

What is the assessed value of this land Mill levy ----- -------------
Machinery and Buildings 

Charged to beets 
Beg. Re- De- gnd Avg. Per Re-

Kind Age value pairs prec. value valoo cent Value pairs Depree. 

~eet drill 

~ultivator 

~ller 

!Harvester 

Topper 

Spreader 

Plow 

Harrow 

Disc 

.uevel 

!l_itcher 

All others 

Total 

Machine shed 

-Other bldgs. 

Total 



OPERATIONS PERFOR~ BY OPF~TOR AND OPERATOR'S FAMILY 
Labor and Power Record 

No. fKind and size 
X of equipment Han Tractor Tr uck Horse 

!operations over used Hrs Am't Hrs Am 't Hrs Am 't Hrs Am 1t 

~anuring 

Fertilizing 

Plowing 

Harrowing 

Drilling 

Ditching 

Sub-total: 

Thinning 

. Cultivatin€ 

Hoeing 

Irrigating 

Sub-total: 

Loading 

Hauling 

Sub-tot al 

Total 

72 

Am•t 

Convert children's l abor to man-hours on the followinp, scale : 16 and 
over equals 1 man, 15-16 equals 7/8, 14-15 equals 3/ 4, 13-14 equals 5/8, 
12-13 equals 1/2, 11-12 equals 1/4. If because of the type of operation 
a boy under 16 ''ears is just as productive in performing all of the re
quir ements of that oper ation, the r ate may be ad justed accordingly. 



Operations 

Manuring 

Fertilizin£ 

Plowing 

Harrowin2' 

Dr_illin~ 

Ditchimt 

Sub-total: 

Thinnin2 

Cul tivatinsz 

Hoeing 

Irrigat ing 

Sub-total: 

Load in~ 

.Hauling 

Sub-total: 

Total hired 

OPERATI ONS PERFO RMED BY Hl RhD LABOR 
Labor and Power Record 

No. Kind and size 
X of eoui pm.ent Man Tractor 

over used Hrs Am•t Hrs Am 't 

Total operatpr 
& op. f amilJ 

Grand total 
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Truck Horse Total 
Hrs IAm•t Hrs Am't Am't 



Sugar Beet Income, Expenses, and Summary of Operations 74 

EXPENSE I NTERFBT ON MONEY I N CROP 

Item Time Quant. Price Cost Item Am't Time Int. 
Labor: 

Fertilizers Prepo & Planting 

Growing 

Harvesting 

Seed Fertilizers: 

Other Seed 

Fees Other 

Total Material Tot al 
Cost 

Fixed overhead charges assigned to 
sugar beet enterprise: Sununa.ry 

~nterest on money in crop Material costs 

~nterest on capital investment Overhead costs 

[Building upkeep Oper ator's family labor costs 

:Bui lding depreciat ion Hired labor costs 

Equipment repairs Total Costs 

Taxes: Land Net receipts 

Drainage NET RETURNS FRm ENTERPRISE 

Water Return to operator and family 

Overhead charges - misc. Number of acres 

TOTAL FIXED COOTS Number of tons 

Income from sugar beet enterprise Total man-hours 

Product Amount Price Receipts Net r et urns _per acre 

Beets f Net r eturns per ton 

Total cost ner acre 

Tops Total man-hours per acre 

Oov•t pa.YJ11ent Total man-hours per ton 

'!'_OTAL RECEIPTS 
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1. Plant diseases or insects infested sugar beets this year (badly ), 
(slightly ), (not at all ). Did you spray or dust ? ----. 
What insect or disease was troublesome? • 

2. Crops grown and fertilizer applied to land in sugar beets this year 
and during the past four years. 

Item 1951 1950 l94q 1948 1947 

Crop grown 

!Manure 
Total amount 

Quality 

Lbs. of commercial 
fertilizer 

Notes: 

How far apart do you plant rows of sugar beets? -----
How far apart do you like to leave beets in the row when thinning? ---
What percentage stand of beets did you attain this year? -----

Enumerator Date Checked by 
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APPENDIX B 

Computation of Various Statistical Values 



SX .. 4P·8.6 
X 12 9.6 

sx2= 70)6.46 
(sx)2/N2• 4680.98 

Sx "' 2355.48 

SY '"' 135.62 
y a 2.66 

SY2= 1192.34 
(SY )2/N

2
c .360.64 

Sy .. 831.70 

qyx .. ~ - 575.49 • 0.2443 
sx2 2355.48 

bxy = ~ a 575.49 • 0.6919 
S¥ 831.70 

r 2 = (byx) (bxy) = (0.2443)(0.6919) .. 0.1690 

r ~0.1690 = 0.4111 
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N c 51 
SXY ... 1874.78 

(SX)(SY)/N • 1299.29 
SXy .. 575o49 

Where~ 
Sdy•x = Stun of s quares of deviati ons f rom regression 

Sy•x2 = Variance from regressi on, or averape deviation from regression 

Sy•X = Standard error of estimate or Standard deviation from regression 

sb = Standard error of byx. 

Then: 
~ 2 2 · Sdy•x2 .. Sy - (Sxy)2/sx = f 31.7 - 240.6 = 591.1 

Sy•x2 • Sdy•x2/ N-2 = 591.1/49 = 12.0633 

Sy•x ~rBg•x2 =Ji2. 0633 = 3.47 

sb2 • Sy•x2/s.x2 • 12.06/2355.48 • 0.00512137 

sb ... (sbr. VO.oo5121J1 • o.07156 

b 0.2443 
t •95 • o.b7156 • ).39 Significant at 1% level with 49 degrees of freedom 

t.o5 (49 d.f.) • 2.009 

toOl (49 dofo) • 2.7895 

Figure 1. Computation of regr essi on between size of enterprise (X) 
and net r o;turns per ton (Y) 
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SI .. 8?1.0 
X a 17.1 

sx2• 15694. 
( sx)2/N • 14875. 

sx2.. 819. 

SY .,. 132.26 
y • 2.66 

gy2. U62. 
(SY )2/N • 343. 

sy2• 819o 

N a 51 
SIY .. 2824. 

(SX)(SY)/N • 2259. 

byx • ~ • 565 - .690 
Sx 819 

Wcy ca ~ • S65 a .690 
Sy 819 

2 
r • (byx)(bxy) • (.690)(.690) • .4?61 

r • .689 Significant at 1 percent level 

aD y- ox a 2.66- (.690)(1?.1) = 2.66- 1l.AO ~ -9.14 

~ • a+ b(x) • -9.14 + (.69)(17.1) • 2.66 

Sdy•x2 • Sy2 - (Sxy)2/sx2 • 819o0 - 319225 • 429 
Pl9 

Sy•x2 • Sdy•x2 /n-2 ... ~ • 8. 7714 • Variance 

Sy•x •v'Sy·x2 • J§.7714 ~ 2.96 Standard error of estimate 

Sb2 a Sy•x2 jsx2 • 8. 7714 •• 01071 
819 

Sb .. ~ v'o.Ol071 a .104 Standard error of byx 

b .690 t • - ... - = 6.6346 
Sb .104 

t.05 • 2.009 with 49 d.f. 
t.Ol • ? .?895 with 49 dofe 

Significant at 1% level 

Sxy • 565. 

/ 

Figure 2. Computations of re~ressi on between yield (X) and net 
returns per ton (Y) 
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SY = 2P92. 
y = 56.71 N = 51 

sx a:: 871.0 
i:: 17.1 

sx2= 15694. 
(sx)2JN2= 14894. 

sr2= 36191~ . 
(SY)2/N = 164000. 

sy2= 197918. 

SXY = 60042o 
(SX) (SY )/N = 49460. 

Sx = 800. 

Sxy 10582 ~ byx "' ~ = -- = l3oc::3 
Sx 800 

Sxy 10582 
bxy = 5Y2 = 197918 = .0535 

r 2 • (byx)(bxy) = (13.23)(.0535) = .7073 

r = ~ /.7073 = .841 Highly Significant 

a= y- bi 0 56.71 - (13.23)(17.1) = 56.71 - 226o23 ~ 

a "' -169.53 
/\ 

Y =a+ bX = -169.53 + (13.23)(17.1) = 56.71 

Sdy•X2 • Sy2 - (Sxy)2/sx2 = 197910 - 10582o = 197905. 800 

Sy•x2 = Sdy•x2/n-2 = 197905 = 4038.868 • Variance 
49 

Sy•x • vSy·x2 .. /40JP ofl6B = 63.55 Standard error estimate 

sb2 = syx2jsx2 = 4038.868 = 5•05 
800 

Sb = /Sb2 :: vf-05 ,.: 2o25 Standard error of byx 

t = ~ .. 1~:~g = 5.P8 Significant at 1% level 

Sxy = 10582 . 

Figure 3o Computations of regressi on between yield (X) and net 
returns per acre (Y) · 



sx • 871. 
~. 17.1 N • 51 

sx2- 156~4. 
< sx)2/N • 148940 

S~• BOO. 

SY • 612.4 
y. 12.0 

sY2• A20B. 
(SY) 2/N • 7355o 

Sy2• 853. 

SXY • ~869. 
(S~)(Y}/N • 10472. 

b~. ~~ • ~. -0.7545 

~ -~03. 
b:xy • '5? • 853 • _(). 7CY76 

r 2 • (byx) (b:xy} • (-().7545)(-0.7076) • 0.5339 

r • !;.2:: lo. 5339 • -o. 73 

a •y- bx • 12.01- (-0.7545)(17.1) • 12.01- <-12.90} • 
a • 24.91 

~ 

Y • a+ bX • 24.91 + l-0.7545)(17.1) • 12.01 

Sdy.x2 • Sy2- (S:xy) 2/sx2 • 853- f-603) 2/800 • x 455.26 

Syx2 • Sdy·~/n-2 • 455.26/49 • ~.29 Variance 

Syx • h.vx2 :h. 29 -. 3.05 Standard error of estimate 

Sb2 • Syx2
jsx

2 
• 9.~/800. • .011615 

Sb • ~ /."011615 • .108 Standard error of byx 

t • ~ • -:±5:5 • -6.986 Significant at 1% level 

t.os • 2.00~ with ~~ df. 

t. 01 • 2. 789 5 vi th 49 df ~ 

Sxy '" -603. 

Figure 4. Computations of regression between yield (X) and cost per 
ton (Y) 
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SJ • if,l70.8 SY • ~,Rfi7. 

x• 81 0 8 y • Hl3. 47 N • 51 
sx2. 

(SX) 2/N • 
372,5~4. sy2. 

( SY) 2 /N • 
1,~6f',967. SXY • R32,92fi. 

sx2· 
341 ,o~o . 

Sy2• 
1,~08,974. (SJ)(SY)/N • 806,927. 

31' 47 <1. 

bvx • ss~ • 25,99~ ••• 826 
31,47 4. 

bxy • ~y3; • 25 r 9~~ •• 4483 
57,M3 

57' 993. 

r2 • (byx)(bxy) • ( .826)(.4483) • .370 

r • /r2 • v'. 370296 • • 6 08 

SJ\Y' • 

a • y- bx • 193.47- (.826)(81.8) • 193.47- 67.57 • 125.90 

Y • a+ bx • 125.90 + ( .826){81.8) • 193.47 

Sdy·x2 • Sy2 - (Sxy)2/Sx2 • 57,993 - (25,999) 2/31474 • 
- 57,993- 21,476 • 36,517 

Syx2 • Sdy•x2/n-2 • 3f',517/4~ • 745.25 Variance 

Syx • ~ • /745.2;- • 27.30 Standard error of estimate 

Sb2 • Syx2/Sx
2 

• 745.25/31,474. • .023678 

Sb • ~ !.023678 • .1538 Standard error of byx 

t • b • • 826 • 5 37 Significant at 1% level 'Sb ~8 • 

t.05 • 2.009 with 4~ df. 

t.01 • 2.7895 with 49 df. 

25,999., 

Figure 5. Computation of regression between man-hours per acre (X) and 
total cost per acre (Y) 
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sx = 4,170.8 
y = 81.8 

2
sx2: 372,564.1 

(SX) /N = 341,089.6 
Sx2: 31,474.5 

SY = 612.40 
y= 12.01 

sY2== 8207.10 
( SY)

2 /N~~ 7353.60 
S,.-= f\54.10 

~ 1,736.96 ~~2 
byx = ~ = 31,474.5 = 0 • 0~~ 

hY--~- 1736.96 - 2 0))7 
~AJ - SyL - 854.10 - • 

r 2 = 'byx)(bxy) = (0.0552)(2.0337) = 0.11226 

r = 1;2; !0.1126 = o. 335 
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N ::: 51 
SXY = 51, ~19.27 

(SI)(SY)/N = 50 ,002.31 
Sxy = 1, 736.96 

a= y- bi = 12.01- (0.0552)( 91.1) = 12.01- 4.52 = 7.49 
...... 
Y =a+ b(x) = 7.49 + (0.0552)( 1l. R) = 7.49 + 4.52 = 12.01 

Where: 
Sy·x = Standard deviation from regression, or 

Standard error of estilftate. 

Sy.x = v'Sy-x2 

Sy•x2 = Sdy•x2/(n-2) = the variance from regression or average deviation 
from regression 

Sdy•x2 = Sy2 - (Sxy)2/sx
2 

=Sum of squares of deviations from regression 

Sdy•x2 = 854.1- (3,017,169)/31,474.5 = 854.1- 95. 86 = 758.14 

Sy•x2 = 758.14/49 = 15.47 

Sy•x ::vfSy•x2 = (15.47 = 3.933 

3.933 = Standard error of estimate. 

Sb2 = sy-x2/sx2 = 15.47/31,474.5 = 0.0004915 

Sb2 = 0.0004915 

Sb = ~= /o.ooo4915 = o.o2217 

0.02217 = Standard error of byx 
b 0.0552 

t = mi' = o.o2217 = 2.489 Signif icant at 5% level with 49 degrees of freedom 

t.os = d.f. 49 = 2.009 Significant 
t.01 = d.f. 49 = 2.7895 

F'igure 6. Computations of regression between man-hours per acre (I) and 
cost per tqn (Y) 
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SY = 135.62 sx = 4,170.8 
xi: 91.8 

2sx - 372,5'64.10 
(SX) / N = 341.089.60 

sx2= 31.474.50 

y2= 2.66 
2SY = 1192.34 

(SY) IN = )60.64 
s,-2= 831.10 

N = 51 
SXY = 9348.1$ 

(SX)(SY)/N = 11091.06 
Sxy =-1742.91 

~ -1,742.91 
byx = sxr = 31,4?h.50 = -o.o55375 

11 -1742.91 
bzy = = R31.70 = -2.0956 

r 2 = (byx)(bxy) = (0.055375)(-2.0956) = 0.116096 

r = 1r2 = v0.116096 = 0.3407 

a= y- bi = 2.66 - (-0.0554)(81.8) = 2.66 - (-4.53) 
/\. 

a= 7.19 Y =a+ b(X) = 7.19 + (-0.0554)( 81.8) = 2.66 

Sdy•x2 = sy2 = (Sxy)2/sx2 = 831.7 - 96.51 = 735.2 

Sy·x2 = Sdy•x2/ n-2 = 735.2/49 = 15.00 

Sy· x = /sy· x2 = /15.00 = 3. 873 = Standard error of estimate 

Sb2 = Sy•x2/sx2 = 15.00/31,474.5 = 0.00047658 

Sb = /Sb2 = fo.0004765R = 0.021f1 = Starxiard error of byx 

t = ~ = g:g~~~ = 2.541 Significant at 5% level with 49 d.f. 

Figure 7. Computation of regression between man-hours per acre ( X) and 
net returns per ton (Y) 
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N = 51 
SXY = 153,824. 

(SX)(SY)/N = 173,158. 

~ -19,33h. 25 byx = SiZ • 16,214 = -1.19 

bxy = sy; = -19,334 = _0 0977 s 197 , 878 • 

r 2 = (byx)(bxy) = ( -1.1925)(-0.0977 ) = .1165 

r =v-;2 = V.1165 = • 3413 

S:xy = -19 ,3.34. 

a= y- bi = 56.71 -(-1.1925)(59. 84) = 56. 71- (-71.36) =a= 129.07 
A A 
y = a + bx = 12Q.07 + (-1.1925)(100) = 128.07 - 119.25 = y = 8.82 

Sdy·x2 = Sy2 - (Sxy)
2/Sx2 = 197,878~ - (-19334)2/16,214. = 197,878. - 23,055. = 174,823. 

sy.x2 = Sdy·x2/n-2 = 174,823/49 = 3567.814 

Syx = ~ = ~ = 59.73 Standard error of estimate 

sb2 = Syx1sx2 - 3567.814/16214 • . a .220 

Sb = ~= (.220 = .469 Standard error of by:x 

b -1.1925 
t = so= .469 = -2.5426 Significant at 5% level 

t.o5 = 2.009 with 49 d.f. 

Figure 8. Computation of regression between power and machinery cost 
per acre (X) and net r eturns per acre (Y) 
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sx =- 3, 053.19 
x

2
= 59.84 

2sx = 198,999. 
(SX) /N = 182,785. 

sx2= 16,214. 

SY = 135.62 
y = 2. 66 

SY2= 1192.34 
(SY) 2/N = 360.64 

sy2= 831.70 

N = 51 
SXY = 6627. 

(SX)(SY)/ N = 8071. 
Sxy =-1444. 

Sxy -1444. 
byx = §i2 = 16,214. = -0. 08906 

~ -1414 
bxy = Sy£ = 831.7 = -1.7362 

r2 = (byx)(bxy) = (- 0. 08906) (-1.7362) = .1546 

r = I r2 = /.1546 = • 393 Significant at 1% level 

a = Y- bx = 2.66 - ( - O.Oq906)(50.84) = 2. 66 - (-5.33) =a= 7. 99 
--"' 
Y =a+ bx = 7.99 + {-0 .0~906 ) ( 100) = 7.99 + (- 8.91) = -0. 92 

Sdy•x2 = Sy
2 

- (Sxy)
2/ sx2 = ~31 . 7 - (-1444)2/16214 = 703.1 

syx
2 = Sdy·x2/n-2 = 703.1/49 = 14.35 Variance 

. Syx = ~ ~= ). 787 Standard error of estimate 

Sb2 = Syx
2 /Sx2 = 1.4.35/16214. = 0.000885 

Sb = /sb2 = l""o.oooS85 = 0.0297 Stan dard error of byx 

t - b - - 0•089°6 - 2 998 Significant at U level - ~ - 0.0297 - • 

t.05 = 2.009 with 49 d.f. 

t.Ol = 2.7895 with 49 d.rQ 

Figure 9. Computat ions of r egr E>ssion between power and machine cost 
per acre (X) and rE t returns per ton ( Y) 
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sx = 3,053.19 SY = 9 .~67. 
x = 59. 84 

2sx2= 19~ , 0~9 • . 
(SX) f't = 182 , 785. 

YZ: 193.47 N = 51 

Sx2: 16,214. 
2s~- 1,966, 967. 

( SY ) fr. = 1 , 108 , 97 4. 
sy2= 57, 993. 

~ 21,290 
byx = ~ = 16,214 = 1.313 

Sxy 21,290 
bxy = syz = 57,Q9J = .3671 

r 2 = (byx)(bxy) = (1.313)(.3671) = .4820 

r = v;2 = ~4820 = .693 Significant at 1% level 

SXY = 611, 944. 
(SX )(SY)/N = 590,704. 

Sxy = 21,2oo. 

a= j - bi = 193.47 - (1.313 ) (59. 84) = 193.47 - 78.57 = a = 114.90 
-" .-
y =a+ bX = 114.90 + (1.313)(100) = 11L.90 + 131.30 = Y = 246.20 

Sdy·x2 = Sy2 - (Sxy) 2/sx2 = 57993. - (21,290)2/16,214 = 
= 57 ,993. - 279.54 = 57 ,71).46 

Syx2 = Sdy•x
2 / '!-2 = 57713.46/49 = 1177.8 Variance 

Syx = v$;x2 = til77.825 = 34.32 Standard error of estimate 

sb2 = Sy·x2/ sx2 = 1177 . ~25/16,214. = . 0726 

Sb = /"Sb2 = I. 0726 = • 269 Standard error of byx 

b 1.313 
t =SO=~= 4. 381 Significant at 1% levei 

t.Ol = 2. ·1395 with 49 d.!. 

Fi~'lll"e 10. Computation or regression between power :md machine cost 
per acre (X) and total cost per acre (Y) 


	Cost and Efficiency in Producing Sugar Beets in Utah County, Utah, 1951
	Recommended Citation

	tmp.1413319798.pdf.B2UR6

