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AN ECONOMIC ANALYSIS OF HARVESTING SYSTEMS o975
FOR FLUE~CURED TOBACCO SEP l ) 1975

Agriculiurs] F¢

William D. /Givan and Fred C. White*

More types of harvesting systems are used in flue—eured tobacco than.
any other crop produced in. the United States. As recently as the early
l950's most of the crop was harvested entlrely by hand requiring up to 250
hours of labor per acre just for the harvesting operatlon. During the past
20 years; various mechanical’and semi-mechanical harvesting systems have
gained acceptance. Capital and labor requirements differ for each system.b
As a result growers tend to apply the system especially adopted for specifie
size of operation and type and amount of available labor.

This paper is concerned Qith the factors'affecting»the use of lebor for
the harvest of flue-cured tobacco. More specifically, it examines factors
affeeting labor inéuts in harvesting tobacco end uses this information to

develop average cost data for specified harvestihg systems.
HARVESTING SYSTEMS

Although less than 20 percent of flue—cufed tobacco acreage was har-
vested entirely by hand in 1972, most of the remaining acieage wasvhafvested
with non-mechanical methods. Perhaps less than Z,COO mechanical harvesters
are in operation during 1975.e As these harvesters reqﬁire substantial capital
outlay and are Best suited for very large tobacco‘acreeges; they are not’in—

cluded in this analysis.

*Respectively, Agricultural Economist, CED-ERS, USDA stationed at the _
University of Georgia and Assistant Professor Department of Agrlcultural
Economics, University of Georgia, Athens, Georgla.
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Harvestingymethods.differ’prlmarily:by three ractors: -l)'how_the;r
'tobacco'leavesdare pulled from thedstalk,uZ) how and’Where the leaves are“
prepared for curing, and 3\‘the-tv'e,of curiﬁ°ibern'used With all non-
mechanlcal harvestlng methods, the leaves are pulled from the stalk by hand
The ind1v1dual pulllng the leaf elther walks through the fleld and places the
1eaf on a traller, or pulls the leaf whlle r1d1ng a harvestlng (primlng) ald.
:Approx1mately‘35 percent of the tobacco acreage is harvested w1th some type
‘of prlmlng ald [2] | |

If the 1eaves are to be cured in conventlonal barns, they are prepared v
for curlng by tying them to stlcks, e1ther by hand or with a ty1ng machlne., o
‘The tying machine tles the leaves together on the stlck.“ If.bulk‘racks are
used, the-leaves are placed ln the racks by hand, either in the field or ats
the barn. | | | | |

:Traditionally, flue—cured.tobaccofhas been cured in woodenw(conventional)
barns,‘whlch require the leaves to be placed on sticks (a'time’consuming pro-'.
cess). In the l960's the bulk barn, which requlres a larger cap1tal outlay

"but less labor, was 1ntroduced. Metal racks in the bulk barns are used for

<‘hold1ng leaves for curing. Placlng leaves in the racks and thelr removal from :,‘:,

.‘the racks requires lessvlabor than ty1ng the,leaves'on sticks. Consequently,
the use of these barns results ln a.substantialﬁsaving‘ofllabor.‘
- 'labor use'per‘acre'for'harvesting and preparlng leaves'for market Varies
"w1de1y by type of system. On the average, the bulk barn system uses about ‘
FT‘100 hours of harvest labor ‘per acre; the tylngbmachlne system uses about 184
_hours per- acre,‘and the conventional system (all harvest operations done by

vhand)~uses‘240 hours per acre [3].



LABOR PRODUCTIVITY

'As tobacco‘harvesting is a iabor‘intensine oneration.'the relationshin'
“of labor productlylty to 31ze and type of harvest system 1s an 1mportant
‘determlnant of the cost functlon. Since an accurate speciflcatlon of this
relatlonshlp is requlred; the factors affectingdlabor usebfor.each_harvest_
1ing'system'are7ekamined.in detail.b |
Carley suggested that. labor use was 1nverse1y related to mechanlzatlon »l
[1]. However, economles in size may be achieved very quickly as size of
h>ooeration 1ncreases. Also, the number of prlmlngs and the y1e1d per acre
wereiexpected to affect 1abor use; hlgher ylelds would reduce 1labor requ1re~
ments per poundvofbtobacco harvested, while more primings Wouid increase labor,
reduirements,. | | |
‘Reynolds'found‘that»to otfset rising'wage COsts,.nanagers use‘more care-

bfulbuorker selectlon, better tralnlng, better 1ncent1ve systems, better super-~ e
vv1saon, some capltal—labor substltutlon,-and efforts to reduce waste of
supplles and materlals [4 pp. 111—113] |
- d: Given 1dent1ca1 equlpment worklng methods and superv1s1on,:the productlve
) potent1a1 of labor can vary by category of workers, dependlng on phys1ca1
strength on motivation and on education and tralnlng [4, p. 50] Tobacco

hfarmworkers can be grouoed 1nto.three broad categorles. famlly workers,

yregular hlred.workers and seasonalbhlred workers, whlch can exhlblt varylng
_ levels of product1v1ty. leed workers in tobacco productlon are employed on
avhighly:seasonalbbasis and are not overly compensated,'indicating that they'

are likely to bevpoorly,motivatedv[h,‘5].



bfLahorvﬁata and'ﬂethodologybf

: 'l~ An on—farm survey of nearly 1 100 tobacco producers was conducted in
:the fall of 1972 to measure labor 1nputs for the varlous types of tobacco
“harvestlng systems‘and determlne the organlzatlon of tobacco productlon unlts.d'
Survey results 1nd1cate that the amount of labor used for harvestlng and pre~f
j‘paring leaves for market varies by‘harvesting system, and that.much»variationjbl
taégists vithin each‘of.these systems [2]; | L

| To explaln‘thls varlablllty, the effects of various factors on labor
Qtaproduct1v1ty were quantlfled 1n a reére331on analysis 1n‘wh1ch the dependent

f\variable was speclfled as- hours .of labor used to harvest 1,000 pounds of

' f}ftobacco. Whlle one Would not expect labor needs of some JObS assoc1ated with

::'tobacco harvest to‘vary by size of operation, 1t nas suspected that an ana1y81s f"'
';o;of labor use. based on 1nd1v1dual observations 1n a regres31on rather than
“average data would measure some varlables affectlng 1abor use that have not o
3 been apparent 1nbthe past.- Data for farms Wlthbone‘acre or less of tobacco Were
v'i}excluded The mean and standard dev1at10n of the 1ndependent varlables are shown
:‘f in Table 1. S ‘
ﬂ};; Factors affectlng 1abor use were obtalned for those harvest.systems usingA
_diwalklng prlmers and those u31ng riding pr1mers.‘ Whlle it is reallzed that
d-bulk barns have caused a‘substantlal reductlon of labor use, the small number
Jsof bulk barns prohlblted a solercla581f1cat10n of bulk barns.f'As a'resultf
- the present c1a551f1catlon was used to. determlne 1f these‘systems and the
:accompanying technlques reallze avdlfferent harvest labor use. The effect ;
'of bulk barns and other seml-mechanlzation neans are accounted for in the

- regression coefficients.,



'pTable 1. Mean and Standard Deviation of.Variables in'Regressionéfvw.

Standardbfv

Variable .. ..~ . Unit = - " Mean ' Deviation
" Wage rate -~ - . § per hour = S 127 0 .325
~ Tobacco acreage . . acres harvested .. 9.390° © 9.078
Number of primings ~ = . = o 5.992 .. 1.167
. Tobacco yield .. .. ..1,000 lbs. per acre - 1.888 -  .409
~ . Machine tie = . . - proportion of production .358 L443
" Bulk barns o proportion of production - .038: S .190
. Family labor as a percentage o A S FRREE o
" of total labor for harvesting percentage .. - . 34.422 . 26.975
- Region 16 . S 201 k0L
- ~Region 17 o263 kb0
“Region 18 302,389

EJ’Based!on 1972 survey data
fAyerage'Productivitylh.’
h'TheﬁanalysiS‘indicates>that‘lahorvneedsbfor'harvesting'Systens‘with‘ralkingi:

5: prlmers could be reduced, on- the average, 21 hours per 1, 000 pounds of tobacco -v

vu;by us1ng a tylng machlne or 61 hours w1th a bulk barn (Table 2) The large .,th,"bl

l'ftreduction assoc1ated Wlth bulk barns results from not tylng ‘the 1eaves on
7gﬁst1cks.h The coeff1c1ent for yield was negatlve 1nd1cat1ng that.less 1abor per -
':-;1 000 pounds of tobacco is requlred on hlgh yieldlng tobacco acreage.1 The‘a
:hage rate was also negatlvely related ‘to labor needs, each 10¢ increase. in hour— ;d
l.':ly uage ‘was assoc1ated w1th a reductlon of l 5 hours used to harvest 1 000 ~h
"lpounds of tobacco 'other thlngs equal .The 31gn1f1cant’regression coefficient
- for the 1nverse of tobacco . acreage 1nd1cates some degree of economlesdlnvpro-:
'ductiv1ty‘accru1ng fronhlncreases 1nbslze oflproductlon-unit,at relatlvely‘low ;
: acreage (10 acreslorvlesS). 7Theichangevinvvaluedof:lahorvisssuall'uhen compared
.'to,total haruest.costs.i | o - - | »
e The productlvity of labor is also analyzed for the various tobacco produc-‘

“linglreglons., Much of the flue—cured tobacco is produced in four economlc



f_ TeblegZ. 'Regreseion EquetiOné Exoiaining»Hon:s?of Labor;Requifed‘to'HaéneEt7i;OOOVfonnds of Tobaoco |

R

Variable ‘x"of" Gl  ;}: Unit'jfﬂjnn?"

Regression Coefficient by Harvest Syste

a/

Walklng
primer

" Riding
 primer

Mixed

. system-

Constant R S
Wage rate B SR ' $§ per hoﬁr?fna 
Inverse of tobacco acres .~ acres . -

~ Number of primings

‘ -,Tobaeco_yield;,V.;-_nf-;"'“_>; : 1;000‘bonnds per acre i

" Family labor as a pefoentége, v LR W
- of total harvest labor = . -~ ' percent -

" Region 16
© Region 17

Region 18 -~ I R

v R2~'7

e

o -15.61
SR CTT TS [
48 7L
(7.56)
Tovel
’”.(1-24)'Qf
S =h2,65 -
; . » Sl ofttobacco‘harvested1;;;g 2o (3050)
‘Machine tie. ..~ ~ . 7 . proportion of production -

- (3.28)

Bulk barn . '; ."? ‘ . 7 n§;_proportionJof*ﬁrodnefion.ﬁf:*11961.30f S

29,43

(5T
oo-13,100 0
L =34,31 ¢

TeB0 e

108.09

S -13.80

(5.38)

58,64
- (10.84)

9.89

.14y
L =36.33
Ceal.95

(5.73)

-3
-~ (.06)

15001

S5

196,25

196.50
.- (60.35)

(2.44)

-31.84

(10.85)

32,00
- (1.70)

S -19.87

(9.65)

Y

a/ Standard deviation is shown in parenthesis below coefficient

‘ b/ Based on 1972 wage rate }[ﬁ;




bsub;;egions: Georgia’(Region 29), NbrthFCafdliﬁa—South Cardlina-Pee—Deé
’LumbervRivef'area:(Région 16),'North Caroliﬁa Coastal Plain (Region 17), and
»Virginié-Nérth Céfoliﬁa'Piedmont (Region 18). Thévequations éfe sfruéturéd
to méaéurevlabor uée in Georgia with the differehcés in labor usé for the
other‘;egionélbéing detérmined by'thé coefficiénts of the dummy'variables
fof.each regipn; bRegioné 16, 17, and 18 hafvest’a iérger probortion of
their tobaééd'by'walking primers than in_Geofgia ahdvhave becomé relatively
efficient in thesé harvesting,mgthods,‘thus explaining the ﬁégatiﬁévcoéffi;
x‘cién£ for these areas. | |

 ‘.ihe :eéréséion eﬁﬁatiﬁnvexplaining'labor néeds for riding primefs re—

g véaié that ﬁége‘fate, tobacco1y1e1d; and bul#zbarns'aré'ali,negafively relatéd‘
to labo# requirements.b Region;l}.éppearéd to Be'lgéét efficient.reiétive to
‘othef‘fégioﬁs in its‘use of riding primgrs, which ma§ indi¢a£e'wﬁyié smélier

- percentage of the tobacco in this fegidn is harvested by‘riding'primers.v
,:‘HARVESTING COSTS -

‘Costvbaté and Methédplégy

vw 1 Reliable‘cdst functions may be determiﬁed b§‘budgéting ffom feievahtv
\producﬁibn and price data, or by observing éost and ?olﬁme data froﬁvé éample -
of“qperafiﬁg firms. Budgeted daté aré acceptabie,if the‘coefficiehté_are_i
accufate, and oEééfQéd”costband volumé daté’are:aéceﬁtaﬁlé if #héy éré based
.on acéﬁratevaatavfroﬁ'a‘répreséntative saﬁple of firms in the”industry:ﬁﬁder
study.7 Both survey»and budgéting techniques wére used in’this étudy!to esti—.v 
‘mate average céstbbf harvésting tobaécqvwith various harvestihgbéystems. This .
analysis:assumes,thatvall costs are incurredlwith-tﬁé choice of a pértiéular

system; for exampie any existing barns are fully'depreciatéd.‘



‘Labor reqoirements'for various hafvesting systeﬁs ahd selected acreages d

were geﬁerated‘from thedregression equations on labor produetiVityt‘ For
‘each hafvestiné:system, the regression'equation Was’solpedvfor'abgiven aoreage
osing averagehvaiues for other independent variables; then tha.acreagefwas.'
incremented 1.uﬁit ftombi to 30 acres with a solutionvobtained for eaoh aéreage.
The’average wage rate was then mult1p11ed by the 1abor requdrement to determlne .
' the 1abor cost for harvestlng 1,000 pounds of tobacco. | |

| The tobacco 1abor costs were comblned with hudget databtovcompute the
:averaée costs for harvestlng varlousbacreages of - tobacco.v Annual flxed and
’:vardable costs‘were”calculated for each item of equlpment‘used in the vatrious
harvestlng SYstems (Table‘3) “ The operatlng.capltal'and'1abortdata'were usedn
in a budget cost 51mulator to compute the average cost perbl.OOO pounds of

tobacco for 1 to 30 acres.

dbost»Analysis-'

In this analysis the harvesting costs for farms with small tobacco acreages

td anS»high.for'aii‘syStems:(Tahie 4). ?Systems uSing Qarious means of:semiei )
Amechanlzatlon had espec1a11y hlgh costs at 1ow acreages.' Costs‘petbacre for
‘ ‘walklng prlmers dropped rapldly up to 4 6 acres and thereafter tended to "level

dqu"i For systemsnuslng ridlng’prlmers,.the»costs per acre decteased rapldlyj
op\to 16 acres.bv | | S |

In general,.systems u31ng r1d1ng primers had 1ower per unit costs at

,1evels greater»than>10 acresvthanidid systems using walkipg'prlmers.v Also at
high‘acteages;.bulk barns, in most instances'wete more efficientvthan were coné
ventional,harns, Whenoriding primers_were ﬁsed; the 10Wer costs obtained.witht~
the‘hahd tie systembcompated with the‘machineptie sjstem can lihely be accodnted‘

| »for‘hy‘the relative efficiency of riding systems in Region 29 (Georgia).



Table 3. Fixed and Variable Costs Used in'Analysiséj

 Fixed Costs 2  : : . . Years of
: - Purchase cost Capac1ty life

- (dollars) - (acres) <(years)

Bulk barm . = e L 71,3000 0 7.0 12
- Conventiomal barm = . Lo 73,2000 0 0 &S 0725
. Tying machine IR Ll U e S 2,200 oo =30 10
Priming aid; self propelled o R AR R S T
(used with conventional barn) =~ = ..o 05,5000 o030 10

"Prlmlng aid; tractor drawn, bulk rack U oo 03150 0 o0 030 ”2I:_10.;‘f'“:

Tobacco wagons . S ‘, ) 700 ;t . . 30,,. . . 10 i

" Tobacco bulk trailers S e e e e 102300 30 o

" Insurance and taxes = 3 percent of average value LR e = .
Interest on machlnery 9 percent fj

R ' Variasble Costs

' 'Fuel for bulk barn fla’ o 'ffﬂeizi".v1i,fve‘__l ']fﬂfiq;fffeifi6 55¢ per pouﬁd,>;vvb"lZ

Fuel for conventional barmn -jg‘7£fq:j RR Lo 007.38¢ per pound.

. Electricity for bulk barn = S0 - 33,72 per acre

Sticks and twine for- conventlonal barn' e < “j:,.*e ;_,[  22;00 per acre  'iv;u
Tractors (2) . -~ . e 0 4,13 per hour L
 Priming aid; bulk baxrm ~  ~.° . oo 550 per acre
Priming a2id; conventional barn;,aij’ e a0 710485 per acre o
Tobacco wagon. . - . o0 1,40 per acre
Bulk trailer = =~ .0 o oot 2,65 per acre S
Tying machine REE T e 1,80 per acre o

—

'f §ff§ased on 1975 prieese 



Table 4, Harvesting Cost per 1;000 Pounds of ToBécco by Harvesting System and Selécted Acreageséj

A

Walking Primers

Riding Primers

Hand

Hand Machine Bulk . ~ Machine Bulk
Acres tie Rank tie Rank  barn Rank tie otde Rank barn Rank
Dol. Dol Dol. Dol. Dol. Dol.
1 775.96 1 1017.63 % 2 1238.16 4  1176.56 1408.95 5 1415.60 6
P '548.34 1 654.06 2 731.66 4 687.69_;=. 804,23 6 = 785.09 5
3 472,47 1 532,87 3 562.82 4 523,93 602,66 6  574.92 5
4 434,53 1 TR 8415 442,35 501.87 6 469.84 3
5 418.36 3 462,50 5 421,76 4 389.99 446,99 6 406,79 2
6 413.07 4 4285 6 393.99 3 37473 2 41505 5 36475 1
8 406.47 5 41022 6 367.04 3 344.42 oA 4 s 1
10 402.50 6 . 399.45 5 363.07 4 326,23 2 35119 3 31172 1
15 39721 -6 385.10 5 357.79 4 310.98 319.25 3 293.83 1
20 394,57 6 37793 5 35514 4  289.8 2 303.29 3 28688 1
25 392,98 6 373.62° 5 353.56 4 282,56 293,71 3 27951 1
0 39193 6 37075 5 & 27773 3 1

352,50

| 287.32

275.94

- 2/ Based on 197

farms

5 input prices except labor p?ice WHich is average,labor wége reported in 1972 survey of tobacco

ot
Q
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‘The 1ea$tscost haryesting system depends ou‘several factors, with two
‘ of‘the most important factors being wage rate anu size of operation., Using»
ecosts and 1abnr re ‘ireucnts.for the average producer, systems.using walking
‘primers were 1east—costfsystemsfoh1y‘atwless-tﬁan‘ﬁyacreS'with a»1ow vage
rate (Flgure 1) 'With'higher wage rates but less than 6 acres, the least;
cost system was a riding primer w1th hand tylng and convent10na1 barn. Rld—
 ing primers -and bulk barns were most effic1ent above 6 acres at all Wage
.rates.. | X
Y‘CONCLUS‘IQNSY L . - ;_

The_decliﬁiug-avaiiability-of‘farﬁ:iabor'andtrising uageiratesﬁhavec:
‘forced mauy tobaccouproducerS.to examiue theifeasipility of increasedvharyestif
mecﬁanization; For theiproducers‘to more accurately eyaluate'tﬁeseuaiterna—”
L tlves, the present study estxmated labor requlrements and harvesting costs
for various harvesting systems;‘ A regre351on model was used.to account for
incividual farm situations rather than using‘average 1aborvuse.' The modelv

indicated that economies of labor resulting from size occur primarily at low

.. acreages. Increases in wage rates reduce labor use, as do tying machines = =~ -

-panditulk Barns;‘ Decreased‘labor use per pound‘aiso occurs with an increase
' lin ylelds. % | | | |
“In selectlng the. appropriate system, each producerﬂcan use thlS 1nforma—::
tion, while taking 1nto account hlS own 31tuat10n regardlng labor efficlency
t.and supply of labor. The budget analysis indicated that tobacco.harvested by:
‘ualkiug primersvand cured in‘conventionalnharns is least—cost only at less |
‘tthan'3—4'acres. Bulkobarnsland priming.aids-contribute to 1east?cost_harvesti

systems at higher acreages. Present investment in machinery and barns may be



Wage rate
(dollars)

13,00
2,60
2.20

1.80

1.40

"Hand Tying

Walking Primer

Conventional'Barh':

N

© Riding Primer . = -

' Bulk Barn =

Ridihg Primer
Hand Tying.

 Conventional Barn " ff ‘j1

o 1.00

iv.lvFigure 1, 'Least-Cost_Héfvesﬁ_SYStem by Wage Rate'andbAéréé.Toﬁaccé'j}

10

" Acres tobacco .

15

: 20
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a deterrent to the purchase of new equipment, however the cost data presented

here can be compared to total as well as out of pocket costs of a system pre~

b

. . s .
sently being used to aid in decision making



[2]
3]

[4]

5]
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