
Profit-Maximizing Plans for 

Soil-Conserving Farming in the 

Spring Valley Creek Watershed 

in Southwest Iowa 
by Jay C. Andersen, Earl 0. Heady and W . D. Shrader 

Department of Agronomy 

Department of Economics and Sociology 

United States Department of Agriculture 

cooperating 

AGRICULTURAL AND HOME ECONOMICS EXPERIMENT STATION 

IOWA STATE UNIVERSITY of Science and Technology 

RESEARCH BULLETIN 519 JULY 1963 

IOWA ST A TE TRA YEUNG LIBRARY 
DES MOINES, lO:WA 

AMES, IOWA 



CONTENTS 

Summary ----·------------------------------------ -- --------- --- --------- ---------------- -- ----------- -- ____________ _____ __ 943 

Introduction ____ ________ _ 945 

,Va t ershed programs ______ _______ ________ _ 945 

Obj ectives of the study ---- ---- ·------- ·--------------- 94-6 

Description of area and soils -------------------- ·------------------- --- --- -- -------------- ---- ------ 946 

Method of analysis __ _ _ 947 

Prices, p lanning alternatives and r esource availibility 948 

Planning framework --- -------- ---- -----·----- ----- -- --- -- ---- -- ------ ---- ------ 951_ 

Analysis of results and pr ofit-maximizing plans 952 

Comparison of income and capital use 952 

P resent and optimum use of land __ ___ _ 954 

Comparison of livestock systems 959 

Labor use ----- -------- -------------- - 959 

Implications in policy ______ ____ ___ _____ ______ __ ---------------- ------- -- --- ------- ---- --- ____ _________ 961 

..t\._pp endix ---------------------- --------- -------- ---- ------- ·- --- ---- ------ -- -------- ---- ------ ------ ___ ---------------- 963 



SUMMARY 

The purpose of thi s study is t·o det cl'mine wh ether 
fa rmers in th e Spr ing Va ll ey Creek --watershed in 
Mi ll s County, l O\n t. ean p l'o-fitably conserve their 
soil to an in cl'eased extent . 1'hesc fa l'mers p1·csent]y 
fa ll far short of consel'vation goals of publi c agen­
cies. Although the conservation goal · are stated in 
terms of preventin g loss of t opsoil , elosely r elat ed 
problems of gullying, floodin g and chrmnel si ltation 
are impol'tant. Solu tion of th ese interrelated prob­
lems is stressed by the activiti es of vai·ious govern­
mental agen cies. 'l'h c n eed fo 1: conti-ol of th e head­
wat ers nnd tributa1·y streams was r ecognized in 
Public Lail' 566- th c Small ·watershed Act . The 
lim it ed funds mad e available und er th is act ar e 
used in building structures and in encouraging local 
pa l'ticipa tion in p1·oj ccts fo 1· controlling so il and 
water erosion. 

1' h is study is part of an investigation of alterna­
tive water-control measures in a particular ·water ­
shed. In th e watershed studi ed , no concerted action 
has been taken by the group of fa rmers to organize 
under Public La w 566. H ence, the r esearch is ex­
pected to be useful in direct ing actions of fa rme1·s 
in this watcr,Shed, and similar watersheds, for decid­
ing whether or not to participat e in th e Small ""\Vatee­
shed Program. 'l'he questions to ward which this 
r esearch is directed are : Can farmers in the Sprin g 
Vall ey Creek ""Watershed in southwest Iowa , where 
soil is easi ly eroded, prnfitably adjust their fanning 
operations to conserve their soil at r ecommended 
levels ~ Or, does a lack of possibility to improve 
fa l'm income und er conservat ion farming methods 
r equire participation in , and subsidy from , public 
watershed programs ~ 

Th e present farmi ng 01·gani zat ion of 28 farmers 
of Spring Valley Cr eek ·w atershed is compared with 
plans devised by lin ear programming for maximum 
income obta in ab le from the r csom:ccs of th e farms 
subj ect to r igid soi l-erosion r estri ct ions. Va1·ious 
met hods of meeting th e soil-conscrv11t ion goa l are 
possible. 1'hese rnngc from extensive use of forag e 
crops to the most intensiv e l'OW croppin g which, 
when used with t errncing and contoue-listing, meet 
th e watersh ed-conservation goal. Livestock ent er­
prises are in cluded because of the interaction be­
tw een the crops and livestock in det ermining op­
timum use of farm r esources. 

Tlie comparisons between the p1·esent and optimum 
so il-conserv in g plans provide the foll owing general­
izat ions: 

l. Net profit coul d be in cl'eased by an estimated 
, l ,744 per farm by changin g from pl'csent fa rmin g 
systems to economically plann ed soi l-conserving sys­
t ems of farming. 

2. Incr eased use of cap ita l would give high r e­
turns on most farms. It is estimated that added 

<: apital would 1·ctu m up to 50 percent on investments 
on some farms in t i~ study. To obta in this level of 
1·eturn. capita l must be irwes tcd in th e proper enter­
prises, and farm e1·s must be ab le t o obtain avera ge 
I eve Is of cf-Ei<: ien<:y in use of r esources. 

3. Ro11· c1·opping can be in creased on fal'ms of 
the wate1·shed , a nd the Soil Consel'Vation Ser vice 
goals for diminishing soil loss can st ill be attained. 
Row crnps are p 1·e ently 0·1·own on 48 percent of 
th e cropland , but the optimum soil -conse1.T in g plans 
a ll ow 71 percent of the cl'opland to be i.n ro w crops. 
Optima ll y, fo l'age sl1 ould be g l'own rnainly on st eeper 
slopes 01· areas oth er wise unsuited fol' cultivation. 
0 min pl'oduction should be increased by ne,irly 40 
pe1·cent to meet the chan gin g livestock needs and t o 
provide cash-grain sales. The additional row crops 
al'e permissibl e bernuse of th e profitability of com­
plete t enacing and contouring to a l'r cst erosion 
while allowing more intensive croppin g. Gl'ain pro­
duction in the optimum phrns woul d be incl'eased by 
use of improved cultural pr actices and by in creased 
acreage of grain on the bett e1· land . 

4. F ertilizer is estimated to be used at only 
about J 5 percent of th e optimum level. However , 
successive years of clrouth just befo re initiation of 
th e study probably cut -fertilizer use to less than it 
would otherwise have bee n. Optimum plans in clude 
a. higher r ate of fertilizer appli cation than currently 
used on all of the farms programmed. 

5. Liv esto ck production should be more spccia 1-
izcd than at present. Fe wer forage-consuming and 
more grain-consuming types of livestock wer e in the 
optimum plans of most fa l' ms. 

This study shows that a soil-conser ving f arming 
system cou ld be pl'ofitably adopt ed on all f a rms of 
t he Sp l'in g Valley Cl'eek ""\V at ershcd. Also, treatment 
fo r soil e1·osion has benefi cial effects on othe r condi­
tions. Since soil erosion , floodin g and gully develop­
ment a l'e all caused by excessive water movement, 
tl'eatment for one of these conditions has concurrent 
advantageous effects on th e oth ers. By r educin g 
soil erosion on individual farms, at least partial 
achievement of wnt ershed obj ectiv es for cont rol of 
gulli es and flooding wou ld be attain ed. It i. · esti­
rnnted thnt conttol of soil erosion in Sptin g V alley 
Cl'cek Watershed by the methods given in this study 
would be effective in attain in g wat ershed goa ls. 
H ence, it appears that additional public subsidies 
11·ould not be r equired if fa rmers 11·ould adopt con­
servation plans t hat are mol'c profitable than p l'esent 
farmin g syst ems. The pl'o-Eit a bility of individual 
farm conservation plans makes evident the needs to 
use education for bringin g about pr ivat e action fol' 
control of soil and water. A program to t each farm­
ers the adva nta ges of over-all economic fa rm plan -
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ning for conservation seems particularly appropriate 
because of the complementarity of public and pri­
vate goals. 

Many farmers do not now beli eve that conserva­
tion practices can be integrated into a profitable 
farm organization. Wider acceptance of conserva­
tion farming can be ga ined by showin g farmers the 
advantages of farm plans that consider the unique 
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set of problems of each farm. Capital, type and 
amount of land, buildin gs, labor, farmer abili ty and 
prefer ences must all be integrat ed into ideal con­
servation plans . • Better attainment of conservation 
goals on individual farms would then free th e 
Limited public funds allocated to conservation activi ­
ties to be used in critical areas where private action 
is not feasible. 



Prof it-Maximizing Plans for 

in the Spring Valley 

Soil- Conserving Farming 

Creek Watershed 

in Southwest Iowa 1 

by Ja y C. An dersen, Ea rl 0 . Hea d y an d W . D. Shra der 2 

One of the major problems in ngri cultun1! pro­
duction is to neh ieve the proper 01· desired allocation 
of resources ovc l' time. 'l'his a lso is th e c01·e of the 
consc1·vation prnbl em both fo l' th e indi vidun l p1·odu c­
er and fo l' soc iety. Many of the r esoure,·s needed 
for produetiou are of a stock natur e : what is not 
used is conser ved, and vice versa . vVh en th e deeision 
is made to use somr of this t ype r esource, the deci­
sion is a lso made not to conse1·ve that same amo un t 
for future use. Ot hel' resources p1 ·ovide a flow of 
se l' vices over tim e in such a 11·ay that the flow can 
be mainta in ed without cornpetition for r esource use 
among time per iods. Soi l r csoul'ces have cha racteris­
tics of both th ese r esource types. By proper manage­
ment, so il r esources can be used to g ive off a desired 
flow of services at prese nt and still se rve th e same 
purpose in th e futur t' . 

Gullyin g, floodin g aucl silt ation from exeessive 
nrnoff arc c: losely rel11 tcd to soil consel'Vation. Con­
tro l of t hese prob lems is important in a so ils and 
climatic l'eg iou such as the Corn 11elt . H ence, soil 
conservat ion in its usu a I interp1·et ation has meaning 
beyond th e sense of all ocat ion of l'esources over t ime. 
, Vate1· management is closely r elat ed. vVit hou t ade­
quate control of run off in the watersheds, gulli es 
develop as water accumul at es whil e seeking; its way 
to str eams and r ivr 1·s. As t he excessive 1·unoff 
develops furth er , t he chann els overflow caus in g 
damagin g flood s to fa rmlnnds, towns and citi es. 

Watershed Progra ms 

'rhe need for empha sis on control of erosion and 
runoff in t ri butary and major watersh eds has been 
r ecognized in public leg islat ion. Special funds em­
ph asizin g flood eontrol in small watersheds have 
been provided under Public Law 566. Each project 
und er this law is a loca l undertak ing -with feele r al 
help . Funds fo l' t hese purposes are limited, so not 
all watersheds can be developed at once. Th er e is 
need for an alysis of w11tersheds in different locations 
and under di ffe rent cli matic conditions to inslne 

1 P ro jec t 11 35. I owa Agric u l tu ra l a n d H o 111 e E co n o n1ics Ex­
pe riment Stati o n. 

2 J ay C. A n de r sen, c urrently w ith th e Farm E co n on1 ics R e­
sea r c h Se1·\· ice of th e USDA. was a. r esea 1·ch assoc ia t e a t 
l owa State lJni vers i t y ,vhen t hi s study was n1 a.cle. 

optimal use of pub li c funds. Eeonomic a11 alysis can 
he usE!d to det ermine whether the clegl'ee of control 
of erosion and runoff des i1·ccl by societ y is profitable 
to in dividual farm operators. Government invest­
ment in wate1·sh ecl development should be allocated 
to those situa tions where most ben efits can be ob­
tained from erosion and runoff control. The public, 
through gove rnment action, should have pt·iority 
wher e individual fa rm operators cannot profit ably 
contro l e rosion. lf it is found that erosion and run­
off control ar e prof itable to individual farm opera­
tors, no speei11 ! publi c subsidies or controls may be 
necessary. In watersh eds 11·h ere t l1 e level of erosion 
and water contro l desired by th e public is not prof­
itable to indi vidual farmers, special compensation 
and r eg ul atory act ion may br necessary to bring 
about sat isfacto ry wat ersh ed management. Publi c 
subsidi es beeome r eleva nt when erosion control and 
wat e ,· management p 1·ove unprofitabl e to the in­
dividual but a rc profit abl e to society. 

Damages from soil erosion and water r un off 
usually ext end beyond the boundaries of a giv en 
fa rm. These damages often harm nonfarm in divid­
uals and groups, as well as othe r fa rms. Th e small 
wate rshed program under Pu blic Law 566 is de­
signed to provide an aggregation of par ticipating 
farmets and governmental units so that the inter­
farm and off-farm ben efits from multipurpose con­
se 1·vation a ctivities can be realized within the or ­
ganized group . One of the purposes of t he watershed 
group organizat ion is t o encourage particip ation of 
farme l's who ot her wise do no t use conservation prac­
tices. A hi gh level of participation by individuals 
is required in act ivities such as terracing where con­
servation measures ar e suitabl e for individual action . 
,¥ here indi viduals cannot adopt soil-conservin g 
p lans because of lack of capital, unfa vorable tenure 
anangements or lo wered profits from erosion con­
tr·ol, progrnms and institutions to overcome these 
obstaelcs a re needed to attain watershed objectives . 
If all farms can be reorgani zed profitably, while at 
t he sau, c t im e attain objectives fo r the ,vatershed as 
a whole, t h en efficient means of attain ing watershGcl 
goals will in valve mainly education and technical 
assist an cc. 

'l' he study r eported hei ·e is part of an invest igation 
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of water management alternatives in a tributary 
watershed. It is concerned with the time-usa ge as­
pects of conservation and r elated problems of water 
control. 'l'he problem is to determin e whether soil 
conservation at currently recommended l evels is 
profitable to individual fa.rm operators in the Spring 
Valley Creek ,V a.tershed in Mills County , Iowa.. 
While it is assumed that control of soil erosion will 
have beneficial effects on water runoff, a hydrologic 
analysis is not included in this part of the study. 
An investigation of the runoff and gully develop­
ment associated with various levels of soil conserva­
tion in Spring Valley Creek VIT atershed was reported 
by Landgren. 3 For the study as a whole, the question 
asked is whether farms making up a watershed 
should or must be organized into a l egal, civil gov­
ernment unit to control soil erosion and water runoff 
at publicly desired levels. Linear programming 
methods were used in this pa.rt of the study to derive 
profit-milximizing fa.rm l)lans under the r estraint of 
erosion control. This study indicates the ext ent to 
,vhich the goal of erosion control is consistent with 
increased profits on the farms that make up the 
watershed. 

Objectives of the Study 

The general obj ective of this study is to compare 
the profitability of present fatming systems and 
practices in the Spring Valley Creek vVatershecl 
with plans that control erosion. The specified level 
of erosion control is: The rate of soil loss must not 
exceed the maximum allowable annual soil-loss rate 
currently used in planning by the Soil Conservation 
Service. 

Specifically , the obj ectives of the study a.re as 
follows: 

l. To compare the income attainable and the 
resources r equired for the current cropping and 
fa.rm organization with those in an optimum soil­
conserving cropping system on farms in the Spring 
Valley Creek vV a.tershed of Mills County, Iowa.. 

2. To determine the fa.rm organization changes 
necessary to attain soil-conserving optimum farm 
plans. 

3. 'l'o provide profit-maximizing conservation 
plans for the farmers who operate within Spring 
Valley Creek vVatershed. 

4. To compare the conflict or consistency of 
public goals in soil conservation in a particular 
watershed aga inst income attainable on individual 
farms. 

5. To investigate the adequacy of linear pro­
gramming for specifying optimum plans for con­
servation farming. 

3 No rm a..n E . L a ndg re n. Tn c o me a ncl hy clrolog ic e ffec t of a l te r­
n a ti Ye farm p l a.n s in a w a t er sh ed. U npubli sh ed Ph.D. thes i s. 
I o-w a Sta te Uni ve rs it~, Libra r~v. 19 62. 
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Description of Area and Soils 

'l'he Spring Valley Creek VIT atershed is located in 
the southern part of Mills County, Iowa. It lies 10 
to 15 miles east of the Missouri River and is approxi­
mately 25 miles north of the southern boundary of 
Iowa. The Spring Valley Creek originates in Section 
10 of Rawles 'l'ownship and flows south easterly for 
abou t 7 miles, emptying into the West Nishnabotna 
River. This watershed, containing 5,234 acres, lies 
in the Marshall-Monona transition soils zone on the 
western edge of the Marshall soil association. Broad, 
gently sloping ridge tops of Marshall soil divide the 
drainage systems in the Marshall-Monona transition 
area and thus form the boundary for Spring Valley 
Creek W atersl1 eel as well as for other watersheds 
and subwatersheds. The most prevalent soil ser ies 
in the watershed is the Monona. series. Others found 
a.re Marshall and small amounts of Ida silt loam, 
Dow silt loam, and several waterway, valley bottom 
and floodplain soils. 

A detailed soils map and description of soils was 
prepared by the Soil Conservation Service and the 
Department of Agronomy, Iowa State University. 
For fa.rm planning, each farm was segmented into 
from 3 to 10 soil categories according to soil series, 
slopes, state of antecedent erosion and previous in­
stallation of terraces. A total of 17 soil classifica.­
ions was used in the fa.rm planning work. Yield 
estimates, cropping capabilities in compliance with 
the erosion r estriction, optimal fertilizer rates and 
estimates of th e annual soil loss rates for the various 
crop and land treatment alternatives were prepared 
for ea.ch of the soi l classifications. 

The soils of the 28 farms that were analyzed are 
described in table 1. The first column of table 1 is 
an aggregation of the soil types into four cropping 
intensity classes, depending on their susceptibility 
to erosion. The "Very critical upland soils" average 
about 15 percent slope and will meet the conserva­
tion objective with about 25 p ercent frequen cy of 
row crops if terracing and contouring a.re practiced. 
Simnarly the types called "Critical upland soils" 
average 11 p ercent slope and will support about 50 
percent frequency of row crops if terracing and con­
touring are used. '' Good upland soils' ' a.re soils 
where slopes average 3 or 7 percent on which con­
tinous row cropping may be practiced if terracing 
and contouring are used to meet the soil-loss restric­
tion. "vVaterwa.y, valley bottom and floodplain" 
soils have no restrictions as to crops or practices as 
far as erosion is concerned. The second column lists 
the commonly used mapping symbol which gives the 
same information as columns 3, 4 and 5. The series 
name, slope and erosion f actor found in columns 3, 
4 and 5 are those used in soil mapping; they are 
explained in the table footnotes. 'l'he erosion factor 
r epresents the degree to which erosion has already 
t aken place. Column 6 indi cates whether t he land, 
as classified hy the previous charact eristics, is now 



Table 1 . A rable so ils of 28 fa rms wholly or pa rtly within th e Spri ng Vall ey Creek Watershed.• 

Grou p 

Very c ritical 
upl a nd soil s 

Subtotal 

C ritical upl a n d 
so ils 

S ubto ta l 

Good upland 
so i l s 

S ubto t a l 

W a te rway, vall ey 
botto m ,encl f lood ­
plain so il s 

S ubtota l 

T o t a l 

lVIap ping 
syn1b o l 

1 0-1 5-3 
10-15-3T 

10-11-2 
10-ll-2T 
1 0-11-3 
1 0-ll- 3T 

1-11- 2 
1-ll - 2T 

9- 3-1 
9- 3-lT 

10- 7- 2 
1 0- 7-2T 

11- 3-0 
21 2- 1- + 

87 - 1- + 
13 4- 1- + 
220 - 1- 0 

Average 
Soil p e rcent 

se ri es s lop e" 

l\1o n on a 1 5 
l\1on on a. 1 5 

:::\l o n o n a 11 
M on on a 11 
Mono n a 11 
J\Ionon a 11 
Ida 11 
J.da 11 

Ma,rshall 3 
M a rs hal l 3 
Mon on a 7 
l\{on on a 7 

1\1a pier 3 
J(e nn e bec 1 
Colo 1 
Z oo k 1 
Nodaway 1 

E r osion Presently T otal Percent of 
f ac to r e te rraced ac res to t a l area 

3 No 94 1.9 
3 Y es 8 0.2 

10 2 2.1 

l No 1,41 5 28 .8 
2 Y es 359 7.3 
3 No 1 25 2.5 
3 Y es 60 1. 2 
2 No 28 0.6 
2 Yes 1 5 0.3 

2,002 40 . 7 

1 No 434 8.8 
1 Yes 718 14 .6 
2 No 414 8.4 
2 Yes 22.l 4.5 

1,7 88 36.3 

0 No 505 1 0.2 
+ l'\J"o 227 4.6 
+ No 1 31 2. 7 
+ No 90 1.8 

0 No 78 1.6 

1,031 20 .9 

4,923cl 100.0 

a These 1 7 c lass ification s a r e a n aggr eg,ctio n from 56 orig ina l so il mapping units . Th e 17 c lass ifica ti o n s a r e name d f o r th e m ost 
p r evalent unit in each c l assificati on . 

" S lope g r o u ps : A ve,.ag e 1) e1'cent slave Rcin_q e ( % ) i_ __________ _______ 0- 1.9 
3- _________________ 2.0 - 4 .9 
7 --- --------------- 5.0- 8.9 

11 __ ___ __ __ _________ 9.0-13.9 
1 5 __ -------- ---- ____ 14, 0-1 7 .9 

c E ros ion f ac to ,· : Olas:s D e,q,·ee of erosion 
+------------------------12 inc hes or m o r e o f recent ove n vas h o ________________________ N on e 

l ____ ____ __ __ __ __ ______ __ S lig ht 
2 ________________________ M oderat e 
3 __ __ ____________________ s eve re 
4 _____ _____ _ ______ ____ __ __ Ve r y sever e , di ssec te d, n on arable 

ct Th ese 28 farm s a lso conta ine d 609 acres o f nona r a ble la nd, rnaJ,in g a t o tal of 5,532 acr es in the 28 farm s . Thi s ac reage is 
g reate r th a n th e t o t a l a c r eage of th e wate r sh e d, s ince ma.ny of these f a rm s wer e locate d pa rtl y o uts ide of the wat e r s h ed. Som e 
la nd in th e wat e r shed is not includ e d in the 28 farm s, s ince d a t a r equired for planning phases of thi s s tud y co uld n o t b e o bta ine d 
f r o m a ll farm ope ra to r s who h ave la nd in th e wat ersh e d. About three-fourth s of th e la nd in the wat e r s h e d is inc lud ed in the 28 
f a rm s f or wh i c h th i s table ·was rn a cl e. 

terraced. A cr eages of each of the soil classifications 
and the percentages they r epresent of the total are 
found in columns 7 and 8. 

Crops peesently grown in the Spring Vnlley area 
are corn, oats, hay, pasture, soybeans and wheat plus 
some minor acreages of other crops. Milo and sor­
ghum crops have gained in importance during r e­
cent yea r s. Rawles Township, in which most of the 
watershed li es, was planted to about 40 percent 
corn and lO percent oats in the period 1940-56. Corn 
is considered to be the most profitable crop in the 
ar ea. Th e extent of row cropping permissible on the 
steeper slopes is limited und er fa.rm pl ans designed 
to r e3 teict soil loss. Because of steep slopes and some 
areas of permanent pasture on hilly land, forage 
suppljes generally are plentiful. H ence, small dairy 
herds and beef cattle are k ept on most farms to use 
the forag e. Hogs and chickens are n lso raised on 
most farms . with hogs being the most important 
source of livestock income. 

METHOD OF ANALYSIS 

It was expected that profit-maximizing farm plans 
would be computed using linea,· pro gramming meth­
ods for ench fa rm in the watershecl . Ho11·ever, a few 

farm operatol'S could not be interviewed to obtain 
the information necessary to plan their farms. Two 
sets of fa rm plans were computed for each of the 28 
farms where sufficient information was available. 
The two sets of plans ,,vere : (a) those where the 
optimum livest ock system was computed to comple­
ment cropping practices and land treatment meas­
ures presently being used; and (b ) those where 
both crop and livestock enterprises were allowed to 
change in any mann er that would meet the soil­
conservation r estriction in prescribing the most 
profitable plan for the limited r esources on each 
farm. 

'rhis procedure was used to obtain a comparison 
of present croppin g practices with optimum crop­
ping practices in soil-conserving farm plans. This 
method gave optimum livestock systems with each 
of the cropping systems. In the optimum plans 
where crops were allowed to vary, activities were 
limited by the quantities of land of the 17 classifica­
tions, the labor avnila ble in five parts of the year, 
capital obtainable nnd existin g building facilities on 
each farm . In addition, erosion control was en­
forced. The erosion-control restraint was the goal 
used by the Soil Conservation Service for this area ; 
i. e. , annna 1 soil loss must be no more than 5 tons per 
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acre per year on any so il type. Within th e limi ta­
tions of these restr·aints, the profit-maximizing plans 
wer e computed on th e basis of average histori cal 
pri ce r elationships amon g th e it ems purchnsed and 
sold by farmers in thi s a rea. Input-output coeffi­
cients ·were charact erti sti c of fanning pra cti c:rs cur­
r ent ly used on farms in the wat ersh ed . 

'l'he fa rm survey, wh ich included an inven tory 
of r esources, conservation practices and crop and 
livestock syst ems. was completed before p lanning· 
work. From th is su1·vey, th e current croppin g p lans 
and farm organization we 1·e obtain ed. 'l'hese re­
sourer availabi l iti es and farm practices data a lso 
provide the basic data fo 1· determining: farm orga n­
iza tion , 1·eso1ucc 1·equircmcnts and farm in come fo 1· 
th e opt imum plans comput ed hy linear peogl'arnming 
methods. 

Th er e are four main e lements in li nrar p l'ogl'a.m­
ming models used fo r deriving profit-maximizing 
farm plans. '!'h ere are: (1) alt ernative farm enter­
prises. such as Cl'Opping and livestock ent erp 1·iscs: 
(2) p 1·i ces of outputs sold and r esour ces bought fo r 
de terminin g net r evenu e fo r each activity; (3) in ­
put-output coeff ic ients "·hich show th e amount of 
each r esource used and the quantity of output pro­
duced p er unit of activit y; and ( 4) r estri ctions on 
quantities of avai lab le resources. 'l'he gener al nature 
of the linear p l'ogramrn in g procedure is to derive 
th e combination of activities or ent erprises that 
maximizes fa rm n et r rvenue subj ect to th e r esource 
limitat ions. 

Prices, Planning Alternatives and Resource Availability 

Th e basil\ data of prices, input-output r elnt ion­
ships for crop and livestock enterprises and resomce 
restrictions used in thiR study ar e described in the 
fo llowin g sections. 

Prices Used 

Pri ces used in comput ing optimum p l'og rarn s for 
indi v idual farms were adj usted to a com price of 
$1.20 per bushel. Other pri ces were adjust ed to th e 
same r elationship to corn pri ce as ha s prevail ed in 
past yea r s. Thi s adjustment 1rns done by using th r 
formula: 

co 1T1n10Ll ity averag·e p ri c e 
commod ity a djus ted price X $1. 20. 

co rn a Ye r age p ri ce 

Three diffe1·ent time p er iods wei-e used fo r dete r­
mining average histo1·ical prices. The p eriod 1953-57 
was used for- crop , milk , egg and la mb p 1·ices. 
Longer periods wer e used for ho g p1·ices (1947-57) 
and for catt le prices (1935-57) to in clud e eycli c:al 
price movements. 

Although pri ce l eve l is impodant in a farm pl:1 11 -
ning study, a pr-opol'tional chan ge in all pri ces of 
the study would n ot eha ngc the pl,rn s. Only in co me 
would chan ge . 'l'hus, if all prices were adjust ed to a 
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Table 2 . Price data for study of farms of Spring Valley Creek 
Watershed . 

lte rn • U nit 

C.-ops : 
Corn ___________________ bus h e l 
Oats ___________________ bus he l 
) I ;J o ___________________ c w t . 
Soybe,rn s _______________ bush e l 
Whea t _________________ bus he l 
Hay ____________________ ton 

Li ves t ock a n d l i ves t ock prod u c t s : 
B utte rfa t ______________ _ 
G r ade A n1ilk _________ _ 
Lan1bs _______________ _ 
E ggs ------------------­
H ogs 

220- 24 0 poun d s (Se p t .) 
220- 24 0 po un<.l s (Marc h ) 
300-po und sow s ( June) 
4 00-poun cl sow s (Dec.) 

Cattl e 
4 50-po uncl c h o ice c a lves 

(Oc t. ) 
650-po un cl c ho ice yea l'I in gs 

(Nov. ) -------------650- poun cl rn ediurn yea r-
lin gs (Nov.) 

1, 000-pound c h o ice stee r s 
(Dec.) -------------

950-pound c h o ice s tee r s 
(Nov.) -------------1,1 20- pou n cl c ho ice s tee r s 
(No v. ) -------- ----

1.070-po un cl c ho ice s t ee r s 
( Se pt.) -------- ----

937 -po u ntl good s tee r s 
(May ) -------------

F e rtili z e ,·: 
N itrogen ---------------P h os phoru s -------------

pou nd 
c wt. 
pound 
doze n 

c wt. 
c wt. 
cwt. 
c wt. 

c wt. 

c wt. 

c wt. 

c wt. 

c w t. 

c wt. 

cwt. 

C \\· t. 

po un d 
p ound 

S e lling 
p ri ce 

$ 1. 20 
0.64 
1.85 
i.i6 
1.84 

11.00 

0.60 
3.40 

17.97 
0.30 

1 7.61 
16 .50 
1 5.37 
13. 34 

23 . 77 

23.98 

24.06 

23 .47 

1 9.59 

Buy ing 
p ri ce 

$ 1. 30 

16. 50 

20 .10 

1 9.5 8 

15.13 

0.13 
0.09 

corn prit"e of $1 0l' $0 .80 or an y other level, th e farm 
incomes, but not th e farm ent erprises, would have 
been differ ent from those that were obtained. Th e 
set of prices used in th is analysis is shown in table 2. 
Buying pl'ices of some items which coul d be eithel' 
bought or sold a re h ig her than sellin g pri ces to ae­
count fo r handli ng costs . 

Description of Enterprises and Input-Output Data 

Crop and livestock ent erprises used in th is a nal y­
sis are those c:o mm only found in the watersh ed area. 
Radi cally differ ent t ypes of crops or li vestock ope l'­
ations would not likely be readily adopted. Crop­
ping systems, fert ilize r levels. conservation prac­
tices and livestock enterpi-ises used as alt e rnatiYeS 
in farm planning arc th ose descr ibed . 

As a basis :for soi l-conservin g cropp ing plans, 
choi ce among five rotations 1,rns allowed. Th ese 1·0-
tations were: contim.10uR corn ; cmn, soybeans; corn , 
corn , oats with n eatch crop of sw eetclov er ; corn, 
corn, oats, meadow ; and co1·11 , oats, meadow, men­
dow. 

Two conserva ti on alt ern atives wer e pai red with 
each croppin g seq uence. 'l'hese t wo altern ativ es we re 
a system with co nse n ,at ion pl'a ctices, including level 
te rrn ces and contourin g, and a system with no me­
chanical conservat ion prndices. Th e use of eonser­
vation practices brnught many of th e cr opping se­
qu en ces w ithin t he a ll o"·a hl e rate of soil loss so that 
more cr oppin g act iv it ies wer e made fc nsibl c. 'l'hc 



conservatio n r equir ement could be met either by 
heavy use of non -row crops where slopes were not 
too steep 01· by terracin g and contouring. 'rwo levels 
of fe rtili ze1· treatment were u sed in combin ation 
with each of t he allowable rotat ions. 'l'her efore, 
t he re were i nit ia ll y f ive c ropping, two fertilizer 
and two conservat ion alt e1·nat ives, making a total 
of 20 possible act ivities fo r each t ype of soil. 

Man y of the most int ensive l'Otations wer e exclud­
ed from use on low er cropping capabilit y soil types. 
I n oth er cases, rotations we re a ll owed only in con­
nection -wit h mecha nical conservation practices. 
'rhus, ma ny ad iviti es wei·e eliminnted fo r particular 
soi ls beca use t hey would r esu lt in loss of more than 
5 tons of topsoil per yea !'. On some of the s t eep 
slop es wher e non-1·o w c.: rops a re n ecessa l'y in addition 
t o t erracing to meet t he conservation r estriction, it 
may be n ece~sa l'Y to place so me t errace ba ckslopes 
in p erman ent meadow because of diffi culties i n oper­
ation of ma chinery on t hese steep slopes. The rota­
tions allowed on t hesr steep slopes a ll ha ve suff icient 
meadow fo r cove rin g baekslopes, but any possible 
differ ences in cost s or income from p el'man ent seed­
ing wer e not considered. 

Cl'opping sequences having less than 50 p er cent 
eo1·n we l'e el imin at ed from level , bot tomland soils 
wher e it was supposed t hat fa rmers woul d insist on 
a h igh int ensity of corn. Activiti es that included 
ten acing -were not used on th e bottomland soils. 
P hysi cal input-output data for all crop act iviti es 
that wer e used in the prn g l'arnm in g models fo r each 
of the 17 s oil t ypes ar e found in the Appendix. 
l ,a bor and operating capital r equi rements for each 
crnp a re given in t able 3. vVhil e th ese production 
dat a do n ot reflect most differences amon g farms , 
diffe r ences do arise because of the di ffer ent mix 
of soil types, and hence yields diff e1· on the d iffe r ­

·ent farms . 
Twelve separnte livestock cnt el'p ri ses wer e al­

low ed to compet e for t he r esources of the farms fo r 

Tabl e 3 . Ca p ita l expenses and labor requi re ments f or various crops .a 

Co rn 

Cap ita l cost s : 
"Con s t a nt" cost ( d oll a r s pe r acre) c __ 17 .08 
" Va ri a b le" cost (do ll a r s pe r b u s he l 

0 1· t on ) d _____ __________________ 0.08 e 

L a bo r ( h o u l'S per ac re ) :;; 
D ec.-Ja n.-F'eb. ___ _______________ ___ 0.52 
M a rc h- Ap r il _______ ___ ____ _________ 1.1 8 
May-June ----------- - --- - -- - - - ---- 3.51 
.Ju ly -A u g. ___ ___________________ ___ 1.0 7 
Sep t .-Oc t.-Nov. ___ ____________ _____ 3.72 

Oat s 

13.11 

0.05e 

1. 26 

3.76 

which p lans wer e made. 'rhesc includ ed: two ho g­
raisin g enterprises, three dairy syst ems, two calf­
feeding ent erprises, tw o year lin g-feeding enterprises, 
a pou lt ry (hen ) e_g_terprise, a farm flock of sheep 
and a beef-b reedin g herd. A brief desc r iption of each 
I ivest ock enterprise follows. 

Spring hog l it t ers. P igs arn farrow ed in April. 
An average of 6.8 pigs is " ·eanrd . A tota l quantity 
of 1,524 pounds of pork is marketed includin g t he 
sow. On e gilt is k ept fo r 1·eplacement . 

S pring-fall 71 0g litters. In this system, two litters 
of hogs are market ed a year from a sow . Sprin g 
litters are fa rro wed in Apr il, nnd fall lit ters are far ­
rowed in September. One gilt frmn the fall litter 
is k ept for r eplacement. A total of 3,052 pounds of 
pork, including t he sow, is market ed annually . 

D (l'iry cows for bn tterfa,t pi·od1iction. Production 
from this enterprise includes 216 pounds of butter­
fat and .J-17 pounds of meat from calves and cull cows 
per one-cow unit per year. The prnductive Jife of 
each cow is 5 yea rs. Replacemen t stock are included 
for a on e-cow unit. 

Dairy cows prodncing Gmde A m ilk. Production 
pe1· cow includes 7,650 pounds of fluid milk and 437 
pounds of meat from ca lves and cull cow:;. Productive 
life is 5 yea rs, and the cow un it s include r eplace­
ment stock. 

Dairy cows prodilcing Grade A ini lk- f eecl p·iir­
chased. This acti,· ity i:; the :;am e as the p receeding 
one, except t hat feed is bough t on a monthl~r basis as 
returns fro m milk are forthcom ing. 

Choice stee·r calves def e1Ted-f ed. Choice calves 
weighing 450 pounds are pu r chased in October. 
'l'h ey a r e w in t er ed over , grazed abou t 90 days on 
pastm·e th en full-fed unt il sold at 1,000 pounds in 
December. 

Firs t-y e a r rneadow h Second-year n1eacl ow 

Soy bean s P asture Baled P astu re B a led 

17.06 7.6 6 18.70 5.1 5 16.19 

0.05e 2.7 5[ 2.7 5' 

0.59 
2.33 6. 22 6. 22 
0.67 5.30 5.30 
2.41 4.48 4.4g 

a Th ese a r e fi g ures f o r owne r-opera.to rs. A p propria te ad ju s tn1e nts w e re made f o r vario us tena ncy a 1Ta n gem en ts. Sou rce : Gera ld 
w. Dean, e t a l. Econo n1ic op t iln a in so il conservat io n f a r n1 in g a nd fe rtili ze r use fo r fa rms in th e Ida-M onona so il a riea of west­
e rn I owa. Iowa Ag r. a nd J-lo m e E con. Exp. S ta . R es. B ui. 455. 1 958 . 

b Cost s a n cl Ja bo t' f o r pla nti n g meadow a re in c luded in oa t s nu rse c rop . 
c " Con s ta nt" cost s r e fe r to ope ra ting cost s th a t a r e inde pe ndent of y ie ld , s uc h as seed cost . 
d "Vari a b le" cost s in c lud e operat ing cost s , s uc h as h a u li n g a n d elevating, th a t va r y w ith y ie lds. 
e Pe r bus h e l. 
r Pe r to n . 

~ F o r fe 1·t ili2a t ion w ith comme rc ia l f e rti l iz e r a dd th is la bo r: Co rn = 0.2 h o u r pe r acre in l\'[ay -June ; Oats 
in Marc h -A pri l ; Soybea ns = 0.2 h o u r per ac re in M ay-Ju n e . 

0.3 h o ur pe r ac r e 

9 49 



Choice steer calves dr ylot-fed. Choice calves 
weighing 450 pounds are pm·chased rn October. 
After wintering over , they are placed m drylot and 
full-fed until sold at 950 pounds in October. 

Choice y earling steei·s def erred- f ed. Choice, 650-
pound yearlin g steers arc purchased in Novemb er. 
'l'hese steers, too, are winter ed then grazed on 
pasture for 90 days. After a period of full f eeding, 
they are sold 111 NoYember at 1,120 pounds. 

Mediiim y earling steers drylot-f ed . Medium-grade 
feeders are purchased at 650 pounds in November. 
They are put 111 drylot until sold at 937 pounds m 
April. 

B eef cows- sell ccilves. A beef breeding herd 1 
maintained. 'l'h e 90-percent calf crop is sold as 
choice feeder calves at 450 pounds in Octobe1·. 

Ewe and lcimb. Ewes saYc a 125-perccnt Jamb crop. 
Lambing is done in lat e winter so that the 90-pound 
lambs may be sold on the early summer market. 

II ens . The laying flock averages 15 dozen eggs per 
hen per year. It is assumed that the h ens do not 
compet e for r egular farm labor but use only the 
labor of the wife or other family members. 

The expense, income and labor coefficients for 
livest ock activities al.'e shown 111 table 4. Prices 
used for this table ar e shown in table 2. 'l'hese 
livestock alt ernatives wer e used in computing profit­
maximizing farming systems for both (a ) cropping 
pr ograms held fixed a they were found on the 
farms and (b ) cropprng systems revised to meet 
erosion-control r estraints. 

Transaction activities were used to allow r eal isti c 
business operations in th e farm programs. 'l'hese 
activities included buyin g and selling of grain and 
hay. Selling of feed was allowed only wher e live­
stock did not provide a better market . The water­
shed 1s fairly near the Omaha stockyards, o a hay 
market is well establ ished. Th e programming model 
allowed feed to be pul'chased only if livestock enter­
prises allowed a profitable transformation. A capi­
t al-selling activity ·was also incorporated into the 
programming models. ·without a capital-sellin g activ­
ity, farm enterprises would have been introduced 
until the marginal productivity of capital was driven 
to zero since variable capital programmin g was used 
in this study. 4 It was believed that the farm oper a­
tors would prefer an investment that offers more 
certainty than farming en terprises if expected r e­
turns from capital in their fa rm business ·was less 
than 5 p ercent. 'l'her efore, the capital-selling activity 
was introduced to use all capital that would not 
return more than 5 percent in the farm business. 

4 F o r a m or e com pl e te cl eseri pti on of var i able r esource pro­
g r a mming, see : E. O. I-leacly a n cl \ V . V . Cancl l er , Linear p 1·0-
gram ming methocl s. I owa S t a t e Uni\·ersity P r ess, A m es, I ow a. 
195 8. C h. 7. The prog 1·a rnrn ing solution s w er e ob t a in ed by u sing 
an el ec tron ic com pute r . Th e d et a ils o f t h e m eth od u secl can b e 
f ound in: D. D . Grosv en or a n cl H . O. H artl ey . I BM 650 p r ogram 
f or lin ea r p r-ogra m min g. Sta t i st ical L ab ora t ory , I owa St at e 
U ni v er sity, Ames, Iowa . 1960. ( l\ [i m eo. ) 
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Resource Restriction s 

Resources arnilab lc on any giYen fa l'm are li mited 
in the short run. On e of the most limiting production 
r esources on fal'ms is capital. Results of this and 
previous studies indicate that additional capital on 
some farms could 1·eturn as much as 50 per cent per 
year if pl'operly used. 

All farms are also limited in th e amount and type 
of land available in a r elatively short pl a nning 
period. 'fhe acreage of each soil t ype found on each 
farm was used as a r estriction in th e programs. From 
the total of 17 so il types in the watershed, an 
av era ge of six differ ent soil typ es was found on each 
farm and ,1·as used as a prog ramming rest ri ct ion. 
A di ffer ent set of input-output coefficients was used 
for each soil type as explained in connection with 
the discussion on cropping activiti es. This procedul'e 
allowed diffe rentiation of productivity of soils with­
in, as well as between, farms. Th e use of each of 
t he soil types was restrict ed t o cropping and con­
servation combin ations that would Limit soil loss to 
less than 5 tons per ac1·e pe1· year. Thus, the t ype 
of use as well as the quantity of land was r est 1·ict ed. 

The quan t ity of labor presently aYailable on the 
farms was used as the 1·estriction on optimum plans 
for most of the farms. For five of the larger farms, 
wher e subst antial labor-hiring h ad been pr acti ced. 
the pro gr amming mod els allowed labo1·-hiring t o the 
extent that it was profitable. Labor 1·es trictions wer e 
specified fo r five seasons which cover th e whole 
year . Thus, labor could be limiting in some se 11 sons 
and not in others, dependin g on the seasonal labor 
availability and th e combination of ent erprises in 
the plan. 

Livest ock enterprises ar e limit ed by speci11l feed 
and building rest rictions in additi on to the gener al 
labor and ca pital r estr ictions. All feeds wer e placed 
into categories of either hay equivalents or corn 
equivalents. Livestock enterprises were allowed to 
enter optimum plans only if suffi cien t feed wa · 
available, but both hay and grain could be furnished 
either by the croppin g rotations or by purchase. 
F eed produced on the farms and not fed to livestock 
was automatically sold in the planning mod els. 
Buildings for livest ock were limit ed to the spa ce 
presently available on t he farms. From a farm 
management Yie,vpoint, a more useful lon g-run plan 
might h ave been t o allow building construction fol' 
addit ional livestock space . However , since the focus 
of this study was conse l'vation plannin g, buildin g 
space avail ability was h eld constant to better meas­
ure the effects of soil-conserving· cropping pl ans on 
farm profits. 

Planning Framework 

The two impo1-tant problems o-E fa rmers or oth c l' 
producer are: (1) what quantities of each p l'oduct 
should be produced ; and (2) h ow much can be pa id 

fo r addihonal l'CS0U l'Ces. Lin ear programmin g an­
swers both of these question s. 'l' he production 
qua nt it ies are given by the level of th e various 
activiti es in th e programming solut ion. 1arginal 
valuations or ma l' g~inal value products of r esources 
a1·e g iven by th e Zi-Ci values of the r esource-disposal 
activiti es. A Zi-Ci value on a disposal activity is the 
a mount by whieh profit would be r educed by dis­
posin g of one unit of a r esource presently available. 
Since it is a margin al valuation, this value can also 
be interpreted as the amount by which profit would 
be increased by acquiring an additional unit of the 
r esource. But, sin ce these are mar ginal valu es, they 
a re str ictly valid onl y at on e particular set of r e­
source availabi lities and at on e production plan. 
However , some infer en ces can be drawn about t he 
prof it ability of acqu iring addition al r esources . 

The variable r esou l'ce method of linear prngram­
ming ,ras used in generating optimum farm plans. 
As mention ed pre1·iously, capi tal was the J'Csource 
rnriecl in this study. The method of variable capital 
progl'amming has inter estin g economic implications. 
Activities are brought into the farm plan in sequen ce 
accol'd i11 g to their ma1·gina l r eturns with r espect t o 
ca pital. Tho::c activiti es having highest mar ginal 
productiYity ar e introduced fi r st. Activiti es th at ar e 
successively less profitable ,1·it h 1·cspect to capital 
are introduced onl y as the capital restriction is 
r elaxed. J-\. change in activ it ies (the fa rm plan ) 
1·esults at each leYcl o-E capit al wher e the ma1·ginal 
produeti1·ity of ea pit al cha nges. Since the ]ine11r 
progrnrnming proceclm·e assumes const11nt r eturns 
to scale and perfec t divisibi lity of r esom·ces 11 nd 
activities, exa ct farm plans can be obtained for 
quantiti es of capit al between those points whe1·e 
capital produc:tiYi ty changes. 'L'hus, th e va ri able 
capital procedure giYes optimum farm plans at all 
levels of capital. Although plans ,1·er e computed fo1· 
the enti1:e r ange of possible capital levels, two parti­
cula1: levels wer e selected fo1· special examination. 
These ,1·e1·e : (1) the average amount of capital that 
had heen used in the farm business in the years 
1953 t o 1957 and (2) the amount of capital tha t 
droYe ma1·ginal r eturns t o capita l to 5 percen t. 

No 11 t tempt wa s macl e to f ind the most prof itable 
level of conser vation fo r each farm. However , on e 
fa rm was used to determine the r ate of oil loss 
at ,1·hieh p l'ofit was maximi zed . For this pa l'ticular 
fa l'rn , ,1· ith its uniqu e set of re om·ces and opera tor 
planning hol'i zon , it wa s found that an ave1·age of 6 
tons pc1· a c1·e per year soil loss was associated with 
maximum fa rm pl'ofit at present level of capital 
use. Some of the soil types had higher soil loss 
rat es. They 1·an gcd up t o n early 10 tons per acre 
per year . In thi s stu dy, however, the concern was 
mainly the eomparison of present cropping systems 
w ith an optimum set of practices that would meet 
the public goal. not th e p r ivate optimum 1·ate of 
conscn·ation. 
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ANALYSIS OF RES UL TS 

AND PROFIT-MAXIMIZING PLANS 

Thi s sect ion contai ns comparisons of present farm­
ing systems -with charnct e1·istics of t he optimum 
plans for farms of the wat ershed. Th e rnrious in­
come, production a nd r esou rce relationships are 
tab ulated by farm t ypes rather than by indiv idua l­
farm operatin g unit s. This procechn e is US('d because 
of th e large amount of data needed fo r p rese nt at ion 
had r esults for each farm bee n tabulated sep a 1·ately. 
Each farmer includ ed in th e study and th e county 
ex tension dir ector were given a summary of plans 
prepared for th e indi vidual fa rms. Oenen1l conclu­
sions of the study remain un changed, and the r esults 
a re more e;;isily understood wh en the mat eri al is 
presented by fa rm-size and tenure g roups. 

Five situations were studied and tabulated, wher e 
appropriat e, for each farm type : (a ) prese nt crop 
a nd livestock ent erprises; (b ) present crops w ith 
optimum livestock wh ere operating capital is limit ed 
to cu n·ent use; (c) p resent crops and opt imum live­
stock with suff icient opera tin g capita l to reduce 
marginal returns to 5 p er cent ; ( d ) optimum crop­
ping and livestock plan with soi l loss r estricted 
wher e operating capital is limit ed to cu rr ent use; 
a nd (e) optimum cropping and li vestock plan wher e 
soil loss is restt-ict ed , but with suffi cient operating 
capita l to drive marginal r eturns to 5 p ercent . 
Chara cteristics of the p lans havin g present c1·opping 
syst ems and optimum livestock provid e the bench­
mark for det erminin g the feasibility of p la ns whi ch 
indude optimum soil-conser ving croppin g systems. 
The characteristics of th e present farm organization, 
as well as those of th e ben chmark plans, are based 
on th e same pri ces and input-output coeffi cients as 
used in th e derivat ion of optimum soi l-conservin g 
farm plans. Producer estimat es of crop yields, feed 
fed a nd livestock output wer e used only to classify 
each crop 01· livestock ent erprise into cat egori es 
which could be evaluat ed in terms of the dat11 used 
in deriving optimum plans. 'l'his pro cedure was 
used to enable comparisons of the various plans. 

Comparison of Income and Capital Use 

In come varied widely among farms for each 
plann ing situation . Sma LI farms (those with fewer 
than 175 acres of cropland ) had mu ch lowel' net 
1·evenue than large farms for every situ ation pl'o­
grntnmecl. (Fixed costs must be deduct ed from net 
revenue, in t able 5, to obtain n et income.) Even 
though fixed costs for small farms are low er, net 
incomes a re still, in general, much less for sma ll 
farms. Fixed costs wer e not estimated for all farms 
in this study, since t hese costs have no bearing on 
the optimum combination of enterprises. Capital use 
is much higher on large farms than on sm all farms in 
t hi s watershed and cou ld be profitably in crea sed on 
most fa rms. 
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Tab le 5 . Average net re venue and capital use by type of farm . 

T ype of farm • Type of p l a n 

Owner-overa,lecl jarrn:,; 
SJT1a.ll f a rn1 s Ben c ln11 a 1·k-Prcsent cap i tala 

Ben chma 1·k-B.i g·h cap i t a l h 
Op t i rn urn-P r esent capita.I •· 
Opti 111 un1-Hi gh cap ita ld 

Large fa r ms B en c hn1ark-Pr esent cap ita l 
Bcnchrna l'k-Hig h cap i ta l 
Opt iinurn-P r esent cap i t a l 
Optirnu!l1 -Hig h capita l 

Crov-share l easecl fcl,'nns 
Sn1a ll fa rm s Bench n1aJ'l<.-Present ca,pita l 

Bench n1 a rk -High ca.p ita\ 
O pt i mum-Presen t cap i tal 
Opti mum-Hig h capita l 

Large fa 1·111s B en c hmark-Pr esent capita l 
B ench m a r k-Hi g h ca.p ita.I 
Op ti111u111-P r esent cfl p ita l 
Optin1un1-T-Tig h cap i t a.I 

f Avestock- sh n1· e l ea:s ed 
fa,rnis 

Ben c hn1al'k-Pr esent ca pita l 
Ben c hn1a rk-Hi g h cap i ta l 
Opt i111un1-Present ca p ita l 
O ptimum-Hi g h capita l 

A_ll t'.l}pes of fn1"1ns 
(a vei-n.ye) 

Ben c hn1ark-P1·esent cap ita l 
Ben c hma rk-Hi gh cap ita l 
O pti mum -Present capita l 
Opti mum-H i g h cap i ta l 

Net 
reven ue 

$ 4,449 
5, 406 
5,72 4 
6.4 53 
7,7 1 5 
9,0 80 

11,00 2 
1 2,368 

1,7 1 9 
2,793 
2,7 46 
3,937 
3,752 
4,548 
5,300 
5.971 

1. 743 
1 ,907 
i, 480 
2,757 

4. 254 
5,260 
5,99 8 
6,97 8 

Operatin g 
capita l 
used or 
r equired 

$10,723 
16,771 
10,7 23 
14 ,2 19 
32,988 
43,550 
3 2. 9 8 8 
37,864 

6,296 
13 ,962 

6,296 
14 ,700 
14,057 
25,249 
14,0 57 
23.389 

7,2 81 
8,453 
7,28 1 
9,492 

15,730 
23,707 
1 5. 7 ~ 0 
21.619 

a Present c 1·op s a r e fixed and opt iin un1 li vest ock enter pr i ses 
a r e p l a nn ed a t p 1·osent ope rating·-capita l l eve l s. P r esent c r ops 
a 1·e defined as thos(! u sed in the p eri od 1 953 - 57 . 

h Present c r ops a r e fixed a nd opti n1u 111 li vest ock enterpri ses 
are p l a nned ,,·ith o pe r at in g·- ca p i tal avail abi li ty inc r eased t o th e 
ex t ent th a t n1a r g i n a l r e turn t o oper a tin g cap ita l is Uri \' en t o 
5 pe 1·cent. 

('. Optim u m c 1·op a n d li ves t ock ente r p ri ses a r e p l a nned s i n1ul-
t a n eo u sl ~·. sub iect to the con se r vation r est r i c ti on. Operatin g-
ca p i ta l i s fi xecl at the present l eve l o f u se. 

d O pt i mum c rop a n d 1 i vest ock enterpri ses a r e p l a nn ed simul­
t a n eou sl y, subjec t t o th e con sen ·a t i on r es tl'i c ti on; ope r a ting­
cap i t a l avai l a bi l itr i s inc r eased t o th e e xtent tha t n1 a r g·in a l 
r e turn t o oper a ting capita l i s d ri ven t o 5 percen t. 

Profitability of Soil-Conserving Farm Plans 

A reor gan ization of c ropping pra ct ices could in­
erease farm incom e by a large amount. Owner­
op erat ors c:o ulcl gain most by changing t o optimum 
napping patt ern s. However , tenant fa rm ers could 
also ga in substa ntiall y by usin g the cropping prac­
ti ces r ecomm end ed in thi s study. P1·oposed changes 
in t h e ·cropping- syst em involve nearly complete ter­
racin g, heav ier row cropping as all owed by the 
conser va tion restri ct ion a nd appli cat ion of commer­
cia l fe rtili ze 1· to nearly all crops. Th ese changes will 
he discussed in detai l lat er. 

Table 5 gives av e1·age n et revenue and operating 
c·apita l needs fo r each planning sit uation foe the 
five t ypes of farms . Th ese five farm types aee used 
rath e r· than individual farms fo r con venience in 
presentin g data and to show effects of size of fa rm 
and t enure aer angements. vVhero a farm er both 
owned and r ent ed part of his farm, his farm was 
placed into th e category of the dominant t enure 
ari-angement . Landlords ' shares of net revenue an d 
opera t ing cap it al are not in cluded in this ana lysis. 

Several comparisons ca n be made from table 5. 
'l'h e di ffe rence between n et revenue from (a ) plans 
with presen t c1·ops and optimum livestock: and (b ) 
pl ans wit h optimum crops and livest ock is the 



estimated incr ease in profit possible from shi fting 
to an optimum soil-conserving cropping plan. This 
in c rease varies among th e farm types and accordin g 
to capital ava ilability. 'l'h ese i nc i- eases for each type 
of farm at present level of capital availability arc 
shown in t ab le 6. 'l'hese in c reases in rev enue are 
tb e gains att r ibut ed to the croppin g system that 
contro ls erosion as compar-ed with the present crop­
ping patt ern . Fertilizer use and other improved 
cropping pra ctices are included in the optimum 
cropping syst em so that part of the in creased n et 
revenue is not att1·ibuta blc to consen-ation practice!:i 
alone. lt is claimed on ly that whole-farm planning 
that in clud es a soil-conservation r estriction wou ld be 
more profitable than present fa rmin g systems. 

Table 6. Estimated net revenue increase which could be attained 
by changing to the optimum soil-conserving cropping 
plan by type of farm . 

E s tima te d n e t r e venue inc r e a se 
f o r c h a n g·jng t o o ptirnun1 

T y pe o f fa rn1 c r o ppi n g sys t e rn 

S m a ll o w n e r -o pe r aJecl farm s $1,27 5 
La 1·ge o w n e 1·-o pe 1·ated fa r m s 3, 620 
Snu1ll Cl'Op-sharc l eased f a nns 1,027 
L a 1·g-c c r o p-sh a r e leased fa r m s 1 ,54 8 
Li ve s tock- s h a re leased fa rms 7 37 

.A , ·e r-a g·e !'o r a ll far rn s $1,744 

Use of present livestock enterprises in the com­
parison , rather than use of t he optimum livestock 
orga ni zation for present cr ops, would make the 
,,·hole-farm planning app1·oach appeai· even more 
p i-ofitab le by comparison. A more direct comparison 
of the r evenu e from crops alone might be desirable, 
but opt imum farm pl ans cannot be derived in t erms 
of crops alone. 'L'o be mcnningful, optim um farm 
pl a ns must cons ider all th e r elevant r esource r e­
strictions and p1·oduction alt ernatives. Use of t he 
optimum livestock syst ems with each cropping plan 
appears to be a satisfa ct ory method fo 1· comparing 
th e two alt ernatives. 

Capital Utilization 

Capi t al shortage is fr equently tit cd as a det errent 
to conservation . 'l' erracing and other mechanical 
practices or li vestock to make use of fora ge bo th 
require considerable operating capital. Short age of 
capi tal causes farm oper-a'tor s t o make short-run 
investments ·which they believ e more profitabl e than 
conservation activities. The data of t ables 5 and 6 
show t hat by p roper fa r m planning, it is possible 
to obta in higher profit when scarce capital is im·ested 
in conservation measures than when p r esent er osion­
producing farming methods arc used. Any loss of 
profit result in g from use of capital in t erraces and 
oth er erosion-cont rol measures can easily be offset 
by good fa rm organi zation. 

Rationing of operating capital greatly reduces 
farm in com es in pl ans fo 1· f arms in th e Sp rin g Vall ey 

Creek 'Wat ershed. Many of the farm operators had 
onl y sma 11 amounts of capita l in use. A fe,v were 
cropping their farms with as li tt le expense as pos­
sible, while keepiag almo!:i t no Jiyestock. However, 
some fa rms, especially large-sized, owner-operated 
fa 1·ms, typicall y had beef-feeding enterpri ses with 
large r equirements for operatin g capital. The 
amo un ts of op erating capit al in present use and th e 
amount n ecessary to drive marginal returns to 5 
percent are shown for each type of plan by typ e of 
farm in table 5. On the av erage, $7,977 more operat­
in g capita l than presently used would be r equired on 
each fa rm to drive ma r gina l returns to 5 percent 
where crops are held f ixed. But, only $5,889 would 
be required if both crops and livestock were opti­
ma lly planned. ·wit h plans of the latt er type, aver­
age r etu rn to additional capital is nearly 17 percent 
in th e range from present amount of capit al used 
up to t he amount that would drive marginal r eturn 
to 5 percent . As an average, the farmers in Spring 
Vall ey Cr eek Wat ersh ed could use approximately 
50 p er cent mor e operating capital before marginal 
r eturns ·would be driven to 5 p ercent. Small crop­
share leased farms could use over twice as much as 
is used at present. Considering uncertainty and 
dislik e fo r using borrow ed funds , many of th e farm­
ers would likely r esti- ict capita l use even if the 
opt imum p lans were adopted. 

'l'he meth od of lin ea r programming used in this 
study provides ma r gina l value products or shadow 
prices as Zi-Ci values for each of the resources. 5 

These latter va lues may be int erpr et ed as the mar­
ginal return of an additi ona l unit of r esource. R e­
member tha t the Zi-Ci values are marginal Yalues 
and cau tion must be used not to ext rapola te beyond 
their valid ran ge . Neverth eless, t hese marginal val­
ues indi cat e the feasibili ty of acquiring additional 
i-esources. Optimum farm organization would pro­
v ide a r etur n as high as 45 p er cent on added capital 
fo r many farms . On farms which are not optimally 
organized , investments could earn somewhat greater 
t han 45 p er cent if th e best alternative was chosen. 
This very high r eturn would be possibl e because non­
opti mal farm organizat ions often do not utili ze some 
of the most pi-of it able investment alternativ es. A 
farmer presently usin g ve1·y small amounts of capital 
may not be ab le to r ealize as much as 45 percent 
r eturn on an in crement of added investment because 
of poorer t han aver age managerial ability . H owev er, 
if management help was given , very substantial re­
turn s are attainable fo r farmers who could and 
woul d in cr ease capita l use from very low levels. 

Th e av erages of the marginal r eturns to capita l a t 
present levels of use for farms in each of th e fiv e­
types in the two p lannin g situat ions are given in 
table 7. Added investm ents in the plans wher e 

r, See : Ear l 0 . H e a d y a nd W il fo r d V . Candle r , Line a r 
p 1·ogr a n1ming m e th od s. I o w a Sta te U ni Yer sity Press. A.n1 e s, I owa. 
19 58. C h . 3. 
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Table 7 . Averag e valu e of an additional dollar of operating 
capital by typ e of plan and typ e of fa rm at th e present 
leve l of capital use . 

T ype of f a rm T ype of p l a n 

Margina l value 
produc t for op­
er a ting capita l 

Owner- ov m·atecl farms 
Small f a rms Benchmark-Present capita l $0.2 3 

Optimum-Presen t cap ita l 0.27 
Large farms B en chmark-Present capital 0.11 

Optimum-Present capital 0. 15 

Crop -share leased fc,nns 
Sm a ll farms Benchmark-Present cap i t a l 0.17 

Optimum-Present capital 0.22 
Large f a rms B enchma rk-Present capita l 0.12 

Optimum-P r esent capita l 0. 1 2 

Livestock-shm·e lecisecl farms 
B enchma rk-Present capita l 0.11 
Optimum-Presen t capital 0. 13 

All farms ( avercige) 
Ben chmark -Pr esent capital 0.16 
Optimum-Present capital 0.19 

croppin g practices 01·e fixed do not yield 1·eturns ns 
high as where cr ops and practices ar e va1·i able. Some 
of the most profit able ea pitnl uses are for fe rtilizin ~ 
and other improved practices, as well as for more 
intensiYe cropping. Ma rgin al r eturns to cap ital 
would be about the same fo r own er-operators as for 
tenants, even though owner-operators use more 
capital. Ho,vever, opera tors of smaller farms could 
realize higher returns on additional investment than 
operators of large farms . Operators of these small 
farms could profitably invest in fertilizer , more 
intensive rotations wher e conservation r estrictions 
·would allow and livestock enterprises. Since mar­
gin al r eturns to capital are higher than interest 
rates at present lnels of capital use, ca pital should 
be borrowed fro m a strictly profit-maximizing point 
of view, if not from the sta nclpoin t of societa l in­
t er est in conservation . 

Present and Optimum Use of Land 

Present cropping and land-treatment systems are 
quite different from th e cropping and mechanical 
practices associated with the optimum soil-conserv­
ing plans. Crops grown, terracing practices and 
fertilizer use were studi ed to determine whether 
changes from current practices would be profit able . 

Cropp ing Sequences 

Conservation of soils subject to erosion may be 
achieved by using cropping sequences that include 
extensive forage crops or mechanical erosion-control 
practices, such as terracing and contouring, or a 
combination of these. These alternative methods 
were used competitively in tl1is stud y for finding the 
most profitable means of reducing erosion losses. 
However, only continuous meadow would r educe 
annual soil losses below 5 ton s per acre per _vear on 
land ,,·i th avernge slopes of 1 ] pc1·cent 01· mo1·e if 
terraces and contonl'in g tii·e not used . H en ce, for the 
43 p ercent of the tillabk land area in the plann ed 
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farms which has slopes of 11 per cent or more, it 
was necessary to include terracing and co ntouring 
on all cropping sequences used. Prngram solutions 
left some of this type of land idle and unterraced. 
As a practical matter , some k ind of cover crop would 
be used to meet the conservation requirements and 
also, in many cases, to provide useful pastur e. 

A summary of present and optimum crop acr eages 
is shown in table 8. 'fotal acreages are given for 
each major crop for each type of farm and for all 
farms. The per centa ges of the cropland in row crops 
are shown in table 9. The progamming solutions 
spec ify a substantial incr ease in row crops. Hay 
and pasture acreages are decreased. Conservation 
objectives are n evertheless met in the optimum farm 
plans by careful placement of heavy row-crop con­
centrations on soi Is that are not subject to severe 
erosion losses. 'f en·acing slopes also allows h eavier 
row cropping. Th e increase in idle crnpland am.·es 
brought about by planning is clue to relative enter­
prise profits which cause scarce r esources to be used 
for activities other t han cropping steep and low­
producing soils. 

At present, far too little distinction is mad e be­
tween t he steep upland soils and the m01·e l evel up­
land soils or the bottomland and waterway soils. 
By comparison with the optimum cropping system, 
farmers of Spring Valley Creek W atershed plant 
too many row crops on the steep land and too few 
row crops on the level areas. 

It was fo und that crop-sharing tenants haYe 
nearly 20 p ercent more of their cropland in row 
crops than do owner-operators. Acco1·ding to the 
optimum farm plans, however, row-crop intensity 
should be lower on leased land than on owner-oper­
ated land. The reason for this relationship is as 
follows: A larger proportion of the steep land was 
programmed to remain idle (in actual practice to 
be p laced in p ermanent pasture) on leased land, 
t han on owner-opera t ed land. It is more profitable 
for tenarits to use their limited resources on some 
livestock enterprises than to apply these 1·esom·ces 
to cropping their poorer land wh ere they must pay 
the landlord a shar e of the crop. 

It ,ms also found that row-crop intensity is 
gr eater for small farms than for large farms in 
both crop-sharing and o,vner-operating situations. 
The plans show that there should be little differ­
ence in row-cropping intensity between l a1·ge and 
small farms operated by owners. Small crnp-share 
leased farms should have more intensive row crop­
ping t han large crop-share leased farms if profits 
are to be maximized. Large farms of the type studied 
have a sho1-tage of nonland r esources which cau sed 
the progr ams to specify a rather lar ge amount of 
idle land as p ermanent pasture for the poorer soils. 

No large diffe1·en ·es in optimum row-cropping 
intensity can apparently be ascribed to availability 
of capital, except in the case of small crop-share 



Table 8. Crops grown, by type of farm , at present and fo r optimum conse rvat ion plans ( total acres fo r e ach group of farms). 

Type of farm Type of plan Corn 

Owne r- op e r a t e d farms 
Small f a rn, s Present organizat ion 456 

Optimum-Present capital 594 
Optimum-High capita l 640 

L a rge farms Presen t organ iza tion 459 
Optimum-Present cap ita.I 727 
Opti rnu1n-I-Ii g h capital 901 

Crop- s h a r e leased f a rin s 
Small farn1 s Present organiza tio n 594 

Optimum-Present capita l 566 
Optimum-High capita l 531 

L a r ge farms P r esent organiza tion 557 
Optimum-Present capi ta l 57 5 
Optimum-High capita l 577 

Lives tock- s h a r e Present o r g aniza ti o n 1 51 
leased farn,s Optimum-Prese nt ca,p ita l 1 26 

Optimum-Hig h capita l 160 

T otal of a ll t y pes Present organiza tion 2,2 17 
of f a rms Optimum-Present capita l 2,588 

Optimum-High capita l 2.809 

• Inc lud es a s m a ll a mount of w h eat in present c r ops. 
b H ay a nd p asture, o nly tillab le la nd i s inc luded. 
c Mil o for grain o r sorghum c r ops fo r s il age. 

Oa t s• 

14 5 
152 
161 

1 32 
131 
14 2 

77 
60 

109 

19 2 
11 5 
11 3 

59 
27 
46 

605 
4 85 
57 1 

ct Idle la nd in optimum pla n s would be in pe rma n e nt pasture . 

Soil T otal 
M eadow" Soybean s S o r g hun, c ba nk Idl ed c ropl a nd 

489 7 34 29 0 1,160 
1 56 221 0 0 37 1,16 0 
164 161 0 0 3'l 1 ,16 0 

60 5 25 51 43 0 1 ,3 1 5 
14 6 262 0 0 49 1,3 15 
16 7 92 0 0 13 1,31 5 

277 21 1 8 21 1 1,009 
60 2~:l 0 0 101 1,009 

1 70 111 0 0 88 1,009 

260 15 16 2 2 1.044 
10 5 10 9 0 0 140 1.04 4 
10 1 28 0 0 118 1,04 4 

98 0 57 30 0 395 
48 78 0 0 116 395 
43 45 0 0 99 395 

1,729 68 1 76 1 25 3 4,923 
515 892 0 0 443 4.923 
654 537 0 0 352 4,923 

Table 9 . A verage percentages of four types of cropland in row crop s by type of farm . 

T ype of farrn T ype of p la n 

Owner-operat e d farn,s 
Small farn1s Presen t 

Optin1un1-Present capita l 
Optimum-Hig h cap ita l 

Large far n,s P resent 
Optimum-Present capital 
Optimum-High capi t al 

Crop-share ]eased far m s 
Sma ll f a rn1s P resent 

Optimum-Present capita l 
Optimum-H ig h capital 

Large far n1s Present 
Optim um-Present capita l 
Optim um-Hig h capita l 

Liv•estock-share P r esent 
leased farms Optimum-Presen t capital 

All 

Optimum-Hig h capita l 

types of farn1s Present 
(aver age) Optimum-Present capita l 

O ptimurn-I-Ii gh cap ita l 

• Average s lope 1 5 p e r cent. 
• Ave r age s lope 11 pe rcent. 
c Average s lopes a r e 3 a n d 7 p e r cent. 
d No e r oding h azar d . 
e No n e of thi s type soi l. 

Prop ortion 
of very 
cr itical 
u pla n d 
so·,ls h1 

r o,v cr opsa 

18 
0 

20 

e 

e 

8 
0 
0 

33 
0 
0 

e 
e 

32 
0 
7 

leased farms. In this case, the relaxation of the 
capital restriction allows livestock activities to drive 
some of the least profitable nop a ·ti Yities ou t of 
the farm plans. 

Terraci ng Practices 

Terracing and c:ontouring have great advantage 
in optimum organizations of farms for conservation 
farming. ~~s shown in table 10, a lar ge gap exists 
between the present ext ent of terracing on the farms 
studied and the amount of terracing specified in t he 
optimum plans. H ere again , there is a large dif­
ference between farm types. .All but 4 of the 28 
farms had some terr aces . Owner-operators agam 

P r oportio n 
Prop orti o n P roportion of vall ey 
of critical o f good up- bo tto m a n d rroportion 

llJ)l a lld land soil s fl oodpl a i n o f a ll 
soils i n i n I'O\V so il s in crn pl a nd in 

ro,v crops" c ropsc ro,v c ,·opscl J' O\V crnp s 

37 4 3 53 41 
49 100 100 73 
47 100 96 69 

32 42 3'l 37 
50 1 00 100 79 
50 100 100 79 

42 62 76 64 
:l3 100 94 80 
28 64 96 63 

46 62 50 52 
24 100 78 55 
26 9 7 81 G~ 
H 54 42 ~9 
1 0 100 100 5.J 
20 85 10 0 5 ·1 

40 5~ 61 48 
37 100 94 71 
39 9 1 91 66 

show a higher perference for conserv ation fa1·ming 
by having greater prop01tions of their farms put into 
tel'I'UCCS. 

Present ly, the flat , upland soils are t erraced to a 
greater ext ent than the steeper hillsides. Physical 
and economic factots make this advisable. First, 
it is likely that the present value of the net r eturns 
expected from terracing is greater on the gently slop­
ing upl and soils th an it is on the steeper soils. Th e 
possible productivity loss from erosion may not b e 
very great on the already eroded steep soils, whereas 
terraces protect the good level soils so that very in­
tensive cropping pra ctices can be used. Second, the 
steep soils make it difficult to farm backslopes on 
terraces. Farmers obj ect to sodding clown back-
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Ta ble l 0 . Averag e percentag es of fou r typ es of cropland terraced by types of fa rms in th e base situation a nd fo r optimum cropping 
pract ices . 

Pe rcen tage 
o f ve l'Y 
c riti cal 
upl a nd 

P e r centage 
or c ri tieal 

upl a n d o f 

r e r ccn t age 
Percentag-e o f a l l 
good upl a nd c r o p l a n d 

T y pe o f (a rm T y pe o f pl a n so i l s t en-aced soi l s t erraced soil s te rraced t erraced 

Own er -o pe rated l and;• 
S111a.ll f a l' n1 s P r esen t orga niza ti on 

Optimum-Presen t capita l 
Optimum-Hi g h cap i t a l 

Ci-op- sha 1·e l ea sed l a n d 

Pl'esent o r ganiza ti on 
Optimu n1- P r esent cap i t a l 
Optimum- H i g h cap i t a l 

S rna ll fa.rm s Present o r·gan i zati on 
Optirnunl-Pl'esen t capi t a l 
Opt i mum- H i g h capital 

La 1·ge f a rm s Presen t organiza t ion 
Optim u m -Present cap i t a l 
Opt i mum-H ig h capita l 

Livest ock- s hare 
l eased l a n d 

Ave r age of l a nd 
fron1 a.l I farn, 
t y pes 

P r esent o r ganiza tion 
Optimum-Present capita l 
Opti m u m - H ig h ca pita l 

Pl'esent o rg·a n ization 
Optimum-Presen.t cap i t a l 
Optin1un1-Hig h capita l 

0.0 
0.0 

80.0 

0.0 
0.0 
0.0 

37 .2 
0.0 
0.0 

:n.4 
0.0 

29 .7 

38.6 
10 0.0 

95.9 

36 .3 
100.0 
100.0 

10.3 
83 .2 

9.3 

1 8.4 
63.4 
76 .9 

1 8.6 
31.7 
4 3.4 

26.6 
81. 7 
87 .9 

68. 7 4 9.6 
1 00 .0 97 .7 
1 00 .0 96.6 

71.~ 55 .7 
1 00 .0 100.0 
1 00.0 1 00 .0 

1 9.9 16.3 
1 00.0 91.8 
1 00.0 91. 3 

58 .0 35.1 
1 00 .0 75 .0 

97 .9 82 .1 

62.6 36 .7 
100 .0 59 .6 
1 00 .0 66. 5 

55 .6 40. 8 
100. 0 98.2 

99 .6 91.7 

Ln thi s t abl e a p a r ce l o f so i l w as p l aced in t h e t en u i-e cat egor y uncle ,· wh ic h i t w as ac tua l l y o pe r a t ed. F o r in sta n ce, i f a n 
ow n e 1·-oper a t o 1· re n t s a n extra. 10 ac r es, t h e 1 0 ac,·es wou ld app ear i n th e r ented ca t ego r y. 

h No l and o f th i s type. 

slopes, si nce there is inconveniem·e ,,·ith some Cl'ops 
a nd Cl'0p yields a l'e less. Thil'd, it is not adv isab le 
to leave the flat , b road , r idg-<' tops u nterraced , and 
then to p roceed to te l'race fa r the l' down on t he slopes. 
'l'erra ces would tend to wash out- a sel' ious prob lem 
fo r the level te l'races used in th e ar ea. A lso, wet 
areas may develop below lev el terraces on low el' 
slopes . S ide hill s must be done last. if only pa rt of 
th e terracing is done at on e time. 

In the progi-amming of fa rms, it was estimat ed 
th at all c rop land shou ld be sched uled fo r t erracin g. 
except crop land that is most prof itably left id le 0I" 
a permanent pastu re . On tena nt-operat ed fa l'mS, 
the cost of te ri-aces was depreciated over 4 yea I'S 
as contl'asted to the 20-year dep1·ecia ti on p e1·iod for 
own e l'-0per ato rs. Even with th e incr eased annua l 
costs of terra cing fo l' t enants , because of the shorte l' 
tenure expectan cy. it wo uld be more profitable to 
use t en acing· and int ensive crops th an to depend on 
hi g- h-fo rage l'Ota t ions to achi eve conservat ion . This 
re lation held t rne even for gent ly sloping Ma r shall 
so ils where el'os ion losses cou ld be adequat ely cu l'bed 
by moderat e use of forage cr ops. 

Fertilizer Use 

In vestment rn fe rtil izer is an efficient method fo1· 
inc rea sing- farm profi t s. The fa l'm progr amm ing 
done in con nect ion with this study showed that fe r­
tilizer application was one of the most p rofitable 
uses of resourc-es . 

'!'ab le 11 compares p l'esent fel't i lize r use with opti­
mu m rates of use. An ext remely wide diffe l'ence, 
particularly in the case of crop-sharing- tenants, 
exists between t he p r ese nt pract ices and th ose whi ch 
are recommended. Tlw present fe1·t ili zer use was 
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diff icult to estimat e. A lthough th e measure is not 
prec ise, in cl .icat ion is g iven of the 1·elat ive position 
of e::ich type of fa r m. Th e ov er-a ll average l evel 
of fertilizer use is a bout 15 percent of t he 1·ecom­
m cncled leve l of use. 

Soi ls al'e se ldom seheduled to be cl'oppcd " ·ithout 
fe 1·t ili ze r in t he programming phases of this study. 
'J'h c d ifference between the optimum fer tili zer use 
indexes and 100, the r ecomm ended u se rate, a l'i ses 
where some land should be left idle because of more 

Tabl e 11 . Average ferti lizer use index i n two plans and in the 
base situation . 

T y JJe of f a n11 

Owne ,·- o p e l'a t ecl Ja n el" 
Small fa r-111 s 

L a r ge far m s 

C r o p-s h a r e l eased Ja nel ;• 
Sn1all fa r n, s 

L a r ge fa r 111 s 

L i vestoc k - sh a r e leased 
l ancl 11 

Ave r age o f la nd fro m 
a ll fal'111 t y p es 

T y pe o f p l a n 

P resen t o rga.niza ti o n 
Opt i n1u rn-P r esent c a pita l 
O pti111um-Hi g-h cap i t a l 

P r esen t o r gan iza ti on 
Optimum-Present ca p i t a l 
O pt i mum-Hig h capita I 

Presen t Ol'g'an i zat i on 
O p t im u 111-P l'csent capita l 
O pt i m u m-H i g·h cap i ta l 

Present 0 1·ga n iza t i on 
O pt i n1 u n1-r r esen t c..-1,pita l 
Op t i mum-H ig h ca p i t a l 

P r esen t o i-ga.n iz a t io n 
O pti n1u111-P l'esen t c ..-1.pita l 
Op ti111um-Hi g h ca pita l 

P r esen t o r ganiza tion 
Opti111un1-P r esen t ca.p i ta ! 
O pt i mum-.1:-1 i g h cap i t a l 

F ert i l i ze r­
u se inde x 

R eco 111111en ded 
l'a t e = 

10 0" 
( pc J'cent ) 

14.l 
1 00.0 

97 .1 

25 .7 
U9.5 
99. 5 

6.9 
U 0.5 
90.9 

5.5 
80.6 

8.6 

16. 5 
4 9.8 
53.0 

13.6 
89. 8 
89.2 

l n th i s tabl e a pa r cel o f so il w as p l aced in the t enure 
category und er w hich i t was ac tua ll y oper a t ed. F or i n s t a n ce, 
i f a n owne r- o p erato r r ents a n ext r a 10 ac r es. th e 10 acr es 
would a ppea r in the r en t ed catego r y in th i s t a b l e. 

h R eco 111111encled 1·ate i s a con1pos i t e o f t h e r eco n1111 end ed 
l e v e l s of fe rt il ize r· a p p l ica t i on wh ic h \\' e r e g i ven for each c r op­
pin g sequen ce on each so il t ype. 



profitabl e alt ernnti ves than croppin g and ferti lizin g 
of poore r soil s on farms with li mited resources. 

Limi t ed capita l is usually given as the reason for 
limited use of fert ili zer. Table 1l shows that , on 
the av ernge , ferti li zer should be used to the same 
ext ent in th e limited capitn l s ituntions as in th e 
high cnpital situations. A gen eral rule can be made: 
Crops and f e1·tili zer should be a part of t he farm 
plan even at very low cap it al levels because th ey 
g ive high est r eturn on l imit ed capita l. Then , for 
high er amounts of capit al, livestock enterprises be­
com e p rof itable. Balan ced f e rtili zer programs t hat 
maintain fertility at a high level are profitable on 
a ll fa rm s st udied. 

Forage Product ion a nd Use 

.Acreage of hay and meadow is much lower in the 
opt inmm p lans than in turi-ent ly used plnns (tab le 
12) . 'l'hi s d rop in forag e acreage , whi le still all ow­
ing attainment of th e soi l cm1scrvat ion objective, r e­
su Its from use of mechanica I practices and a carefu l 
p lacement of ci-ops with regard to soil slopes. The r e­
duced forage p roduction is a lso a tt ributa ble to a 
d ee1·ease in needs for forage. Th e d ecr ease in high 
fornge-consuming enterprises , such as dairy cows, 
beef cows and ewes, mak es less hay necessary. For 
the opt imum progrnms with present level of capital 
use, forag e consumption would be about 500 tons 
greater than production for th e farms as a group. 
It would be possib le to offset this forage d eficit by 
p lacin g the poorer so il s, whi ch should be lef t idle 
acco rding to the optimum plans, into long-t erm 
111 eadows. 

Wh en la rge,· amounts of capital a re used in the 
plans, th e forage deficit becomes large. However, 
th is deficit could be met by additi onal use of corn 
sil age, 01·, in most yeal'S, by pu rchases of hay from 
some of the nea rby hil ly soil areas. In summary, 
th e aggrega tive probl ems of fornge supplies and 
needs fo1 · t he progrnmm ed p lans seem to be rath e r 
easily sol ved . 

Grain Production and Use 

It would be pr-ofitablc to in c rease grai n product ion 
sub ·tantiHl ly on farms of Spring Va lley Cr eek Wa­
te rshed. It was estimat ed that th er e is less grain 
grown at present than is n eeded for t he liv estock 
produced. 'l' able 13 shows present and planned pro­
duction and livestock feed-g rain n eeds, as wel l as 
the surplus or deficit of grains. Under present organ i­
za tion , it was estimated that grain use present ly 
ex ceeds tota l grain produ ction ( in cluding landlord's 
sh ar e) by 12,500 bush els for the group of 28 farms 
studi ed. If these farms adopted the optimum farm 
pl ans, th er e would be a surplus of about 58,000 bu­
shels of grain. In this case, th ere would be more 
gra in p roduced , but less wou ld be fed. E ven at high 
rapital levels, where mor e li vestock are inc lud ed in 

Tabl e 12 . A verage quantity (tons) of hay and pasture produced 
and used by ty pe of farm . 

H ay H ay Su rp l u s o r 
T y pe o f f a rn1 Type o f p la n grown f ed defi c it!! 

Owner-op erat ed farms 
Small fann s Present organiza ti on 120 117 3 

B enc h m a r k-P r esent cap ital 120 83 37 
B ench m a rk-H ig h capita l 120 140 _20 
Optimu m-PPesent cap i t a l 49 6,1 _15 
Optim u 111-1-ligh capita l 44 107 _63 

L a r ge f a rm s Present 0 1·ga niza ti on 263 28 3 _20 
B en c hma rk-P resent capita l 263 223 40 
B en c hma rk-H ig h capita l 263 346 _83 
Optimum-P r esent capita l 105 164 . 59 
Opti mum-Hi g h capita l 114 338 _224 

Grop-shm·e l eased far m s 
Small f a rn1 s Present 01 ·g·an iza ti on 78 55 23 

Benc h111ark-Present capita l 78 48 _30 
B enc hma rk-High cap i t a l 78 99 _21 
Opt i mum-Present cap ita l 29 27 2 
Opti mum-Hig h capita l 79 101 _ 22 

L a r ge fa rn, s P r esen t organiza tion 97 98 _l 
B enc hma rk-Present capita l 97 1 03 . 6 
B enc h mark-Hig h cap ita l 97 155 _58 
Optimum-Present cap ita l 98 93 5 
Opt i m um-Hig h cap i t a l 102 17 8 _76 

Lives tock -sha.re P1·esent o rganiza tion 48 46 2 
l ea.sed farm s B en c hma r k-Present ca pita l 48 64 _16 

B en c hma rk-Hi g h ca p ita l 48 65 _17 
Optimum-P r esent capita l 62 62 0 
Optimum-Hig h capita l 73 94 _21 

All fcir m s Present organiza tion 138 136 2 
(civercige) B en c hma rk-P1·esent capita l 13 8 11 2 26 

B enc hma rk-Hig h ca pita l 138 180 _4 2 
Optimum-P r esent cap i t a l 67 85 _18 
Optirnu111-l'lig h capita l 83 17 7 _ 9-1 

All fcir m s Present o rganiza tion 3, 858 3,817 ,11 
(totcil ) B en c hmark -Present 

capita l 3,8 58 3.14 3 71 5 
B en chma rk-Hig h capita l 3,858 5, 044 1.186 
Opt i mum-P r esent cap ita l 1,8 78 2,38 4 _506" 
Optimum-H i g h cap i ta l 2,329 4,9 56 _2,6 27• 

" Surplu s i s positi ve, def ic it n egati ve. 
" 433.1 a cr es of Ja n el p rogr a mmed t o r em a i n idle i s ava il a b l e 

for per m a n ent m ead ow. Tf thi s \\" e r e u sed as imprnvecl past ure, 
it could yield about 1.7 t on s pe r ac r e. Th i s w o u l d g i ve 736 tons 
of hay, m o r e tha n en ou g h t o m a k e up the d e f ic i t . 

0 342.4 acr es o f l and progr a mmed t o r em a in idle co u l d pro­
duce 58 2 t on s o f h ay e qu i va l ent a t 1.7 t on s per acr e t o m a k e up 
p a rt o f th e d efic it. 

plans, th e production approximately equals the use 
of grain. 

Two aspects of t he optimum pians contr ibut e to 
hi gher grain produ ction: .A cr eage of grain is great­
er in total , even though 1·ow c ropping on steep land 
is limited. Use of fe rtilizer and other yield -increas­
in g practices also contribut es to greater grain pro­
duct ion . 

Production of grain on crop-sh a re leased fa rm s 
appea rs less per f arm than on own er-oper ated farms 
since only the tenant's share of production is shown. 
D ef icits in grain avai labili t y are more preval ent on 
tenant farms than on own er-operat ed farms. JJiv e­
stock-share leased farms p resently have some grain 
surp lus, but in th e optimum plans , product ion and 
use would be about equal. 

Value of Additional Land 

The shadow pri ces generated in th e prng ramming­
solutions provide indicat ions of th e value (p er yea r ) 
of additional land for each fa rm . Table 14 shows 
th ese values for th r four land -use intensity classes 
by type of fa rm. As might he expect ed, an Hddi­
tional amount of the bett e r la nd is estimat ed to be 
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Table 13 . Grain produced and used (bu shels) by type of farm . 

Type of f a rm 

Otvner-ov eratecl fanns 
S111all farn, s 

Lal'ge f a l'rns 

Crov -shc,.re leased. farms 
Small farms 

L a rge fa rm s 

Lives to c lc-shnre lecisecl fc,rms 

A ll fcirms ( nven,ge) 

Al l farrns ( totCil) 

Type o f plan 

Present or gani zation 
B en chmark-Present capita l 
B en chmark-High capita l 
Opti m um-Present capi ta l 
Optimun1-High capita l 

Present o rganiza ti on 
Ben chmark-P r esent capita l 
B en chm a rk-High capi tal 
Optimum-Present capital 
Optimum-Hig h capita l 

P r esent o rganiza tion 
B en ch m a r k-P r esent capita l 
Benchma rk-Hig h capita l 
Optimum-Pr esent capita l 
Optimum-Hig h cap i t a l 

Present organiza ti on 
B en chmark-Present capita l 
Ben c hm a rk-H ig h capi ta l 
Optimum-Present cap ita l 
Optimum-Hig h cap i t a l 

Present o r gani za ti on 
B en c h111a rk-P r esent cap i tal 
B en ch 111ark-H ig h capita l 
Optimu111-Presen t cap i t a l 
O pti111u111-Hig h capita l 

Present organiza tion 
Ben ch111 a rk-P r esent cap i tal 
Ben ch111 ark-Hig h cap i tal 
Optimu111-P r esent cap i t a l 
Optimum-High capita l 

Present or ganization 
B enchmark-Present cap i tal 
Ben ch 111ark-Hig h capita l 
Opt imu111-Present capita l 
O ptimu111-High capita l 

Table 14. Average marginal valu e I per year! of an additional 
acre of land by type of land and type of farm ( dollars 
per acre) . 

T ype 
o f 

far n1 T ype of pl a n 

Otvn er - overc•ted lnnd 
Sm all Optimu,n-Prescnt capita l 

farn1 s Opti111um-H ig h capita l 

L a rge Optimum-Presen t capita l 
farn, s Opti mu111-Hig h capita l 

Crnv- shc,re lecisecl land 
Small Opti111um-Prcsent ca pita l 

f a rn1 s Opti111u111-Hig h capita l 

L a r ge Opti111u111-Present cap ita l 
farn,s Optimum-H ig h cap i t a l 

Livestock- Opt i111um-Pr esent cap i tal 
sha,1·e 
l ea-secl lcmd 

Optirnum-Hig h ca pita l 

A.ll l and Opti rnum-P r esent capita l 
(averlig @) Opti111u111-Hig h capita l 

a 1'\Jo o bservations . 

V el'y 
c riti c - C ri t ic ­
a l up- a l up­
la nd l and 
so il s so i l s 

" 9.32 
8 .9 8 1 2.43 

" 13 .65 
17.29 

0 0.60 
0 2.1 5 

0 0.4 2 
0 0.79 

" 0 
0 

0 7.1 0 
3.99 9.61 

Good 
u p­
l a n <l 
so il s 

28 .82 
27 .90 

3 0.21 
33 .00 

8.34 
7 . 28 

6.9 8 
5.93 

9.03 
7.68 

18 .1 2 
18.6 9 

Bot­
t om­
l a nd 

d ra in­
age­
w ay 
so ils 

32 .63 
33.97 

37 .49 
4 4.9 4 

12.90 
1 2.4 5 

1 0.62 
7.40 

10 .1 8 
8 .97 

20.58 
21.99 

,,·orth far more than addition al am.·eage of poor, steep 
land. At the present level of capital u se, an addi­
ti onal acr e of st eep eroded cropland actually would 
be worthless to any farm. At high ca pital levels, 
added amounts of this type of cropland would have 
some va lue. It has a fa irly hi gh forage-produ ·ing 
ability in supplying the liv estock which accompany 
the programs for hi gher capital use. 
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T o t a l bush el s 
Surpl u s purchasabl e 

G rain C ra in o r fron1 crop-sh ar e 
g 1·ow n . fcrl cl ef ici t l an d lo r ds 

3.103 3,870 -767 
3. 1 03 3,998 -895 
3.103 5. 5fil - 2,4 58 
4,680 :l,252 1,428 
4. 87 4. 948 - 70 

3,91 2 7. 255 -3.343 
3,912 6, 16 9 - 2,257 
3,9 1 2 9. 972 -6 ,0 60 
7,6 1 0 6, 088 1. 522 
9.38 1 10.9 21 -1. 54 0 

1,973 2,52 1 - 54 8 
1.973 1. 928 45 
1,973 4.33 3 - 2.360 
2,64 3 2.25 7 386 
2,653 4,617 - 1,964 

3.529 5.2 n -1 ,7 63 
3,529 4,612 -1,08 3 
3.529 6. 977 - 3,4 4 8 
4, 929 4. 94 5 -16 
5,023 6. 86 7 -1 ,8 44 

2,289 1,359 930 
2,28 9 1,71 0 57 9 
2,289 2.235 54 
2,102 2,01 8 84 
2, 652 2.652 0 

3.000 4,390 -1.390 
3.000 3.90 1 -901 
3.000 6,320 -3 .320 
4,723 3. 876 847 
5,3 17 6.5•10 -1. 223 

83, 990 122 .9311 -3 8,949 26 ,4 50 
83 ,990 109,235 -25,24 5 26,450 
83,990 1 76,967 -9 2.977 26,4 5 0 

1 32.~45 108,535 2 3. 710 34.3 55 
14 8,885 1 83, 1 27 -34 .242 34 , 64 

Marginal value of a unit of land for small farms 
was about th e snme as t he marginal value of the 
same type of land for larger farms. Since the large 
farms were much more profita b l c, it seemed that 
smaller farms could more profitably use additional 
land. How ever , the value of nn additional amount 
of land depends on the entire bundle of r esources 
avail able on the farm. Therefo1·e, capital and hog 
farrow ing space, which are limiting on most small 
farms , and other r esource r est-rictions, whi ch arc 
limiting in the program solut ions, ca use additional 
land to be no more valua blc to small farms than to 
large farms when both are optimally organized. 

As would be expect ed, an additional unit of own­
er-operated land would have much higher value than 
does a unit of lea sed land . It cannot be concluded 
directly, however , that it would always pay a tenant 
to buy land or an owner-operntor to buy more land 
rath er than to r ent if he wishes to expand. Nor do 
these values indicate that it would be profitable for 
farmer s to acquir e more land by eith er renting or 
buyin g. 'fhe fixed costs of land ownership must be 
cons idered, along with the allocation of capital over 
the whole farm organization. However, some esti­
mates oE the possihle gain ca n be made from these 
margi nal coefficients with respect t o the advisabili ty 
of acquiring additi onal land. If acquisition costs, 
deprec iated to a yea rly basis, plus oth er fixed costs 
of land own ership. nre less than th e marginal values 
(sl1 adow p1·ic:es ) g ive n in tnblc 14, purch ase of ad-



ditional land ,1·ould be profitabl e if suff icient capital 
is available. Again , caution should be exercised. 
Th ese qu:mtities r efer only to pa rt of the range of 
the da ta . Also these marginal values are based on 
optimum farm organizations, whereas actual land 
acquis ition would need to be based on expect ed p er­
fo l'l11 ance for each individual. 

Comparison of Livestock Systems 

At present , the farmers in Spring Valley Cr eek 
\Vat ershed have far more diversified livestock sys­
t ems than this study shows to be profitable. Farm­
e l's have tended to have a few of several kinds of 
l i vesto c: k. The plans computed for this study sug­
g'est more specialized liv estock en t erprises, except 
wh en plans are limi t ed by particular resource r e­
st l' ictions. Farmers should develop the most profit­
able livestock enterprise until housing, labor or other 
1·estri ctions cut off further production ; then move to 
th e next most profitable type of livestock that fits 
in with th e over-all plan. 

Some advanced types of livestock production , such 
as multipl e-farrowing hog enterprises do not appear 
in this study. The farms w er e a.11 planned on the as­
sumption of an avera ge level of mana gemen t. It 
was believed that average managers would not be 
able to adequately manage the multiple-farrowing 
systems. For the same reason, h eavy, sho1-t-fed , 
beef-feed ing operations were not included. Some 
oper ators seem to be capable of higher level manage­
ment than r efl ect ed in this study, but differ ences in 
managerial ability are very difficult to evaluate ob­
j ect iY ely . H ence, management at an average level 
was used for all operators in this study. Assumpt ion 
of above-average management would hav e caused 
fa rm 1·eorganizations to comply with plans including 
conservation to be even more r elatively profitabl e. 

Present and Optimum Livestock Enterprises 

A summary of livestock enterprises in the present 
Ol'g-anization and for the optimum plans is presented 
in table 15. Dairying· enterprises are not in the opti­
mum plans. However, grade A milk production 
could be profitable ·wher e facilities are avai lable 
and new investment would not be r equired. Grade 
A milk production was not profitable at production 
levels being attained among dairy herds of the area. 
To t est the level of production required to make 
da iryin g profitable, a progr amming model u sing the 
p1·eviously discussed set of prices, which varied t he 
level of milk yield p er cow, was computed fo l' one 
of th e farms with grade A milk production facilities. 
The model indicated that , even with effi cient labor 
use fo r conventional stan chion barns on hand, a level 
of approximately 9,000 pounds of milk p e1· co,1· ,ms 
necessar y for dairying' to be a profitable altem ative 
in comparison with the oth er :farm actiYities com­
pet in g fo 1· the avail able 1·esourees. Of course, a 

suffic ien t rise in th e milk price would make dairy­
in g more profitab le at current levels of production 
p er cow. 

Th e Zi-Ci va lues, th e net i-eturns over fixed costs, 
from the general programmin g models (the shadow 
prices ) show that cows producing only butterfat 
were extremely unprof itable for all farms in the 
study. It was estimated that the marginal loss from 
introducin g one butterfat-producing cow into the 
plans approa ched $100, as compared with other uses 
of r esources in devisin g a profit-maximizing fa rm 
organization . 

'l'h e cattl e-feed in g program specified by the linear 
programming r esults 1·evolved mainly around a spec­
iali zed deferred-fed calf program. The optimum 
plans for the current level of ca pital showed t hat 
the number of cattle currently fed on farms usually 
is the most profitabl e number. The plans showed 
some farmers decr easing numbers of cattle and others 
incr easin g, however. Beef-cow h erds are gen erally 
much less profitable than beef-feeding. How ever , 
some of the larger farms had extended cattle feeding 
to a point wher e marginal return on investment was 
small. Under these circumstances, small beef-cow 
h erds were profitable as a supplementary enterprise. 

In general, spring hog litters are the most profit­
able livestock enterprise included in the pro grams. 
Next in ord er of profit from all scarce r esources ar 
deferred-fed calves. For a few farms , ewe flocks , 
layin g h ens and beef cows in limited quantities 
pro ved to be profitabl e in t he order ment ioned. 

Farm Build ing Costs and Marginal Value Products 

\-\7ith the exception of hog-farrowing facilities, 
fa rm buildings seldom limited the plans. Most live­
stock fac ilities are adequate in quantity fo r the 
a mount of capital and labor on the farms of the 
wat ershed . While some fa1mers of the Spring Vall ey 
Cr eek Watershed could profitably invest in hog fa­
ciliti es, because building space limits profits, this 
investment would not be profitable for the majority. 

Marginal value productivities of the annual ser­
vices of va rious types of li vestock buildings are 
shown in table 16. These valu es, in gen eral and as 
an average for all fm·m situations, are about equal 
to th e annual costs per unit of adding to building 
facilities for hogs. Th e zero marginal value produc­
tiYities arise in table 16 where buildings are alread.v 
in excess of needs. 

Labor Use 

u abor use would dec rea se on all the fa rms stud ied , 
if all farms were opt ima ll y organized under present 
resource availabiliti es. La bo1· r equirements would 
decrease by about 10 p er cent in the h eavy cropping 
sea~on from May to ~ovemb er and would decrease 
hy about 40 pen·ent in th e winter months . Labor 
would be in surplus r elative to r equirements for 
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Tabl e 15. Average number of livestock by type of farm . 

T ype of f a rm T ype o f p l a n 

Owne1·-oven, teci fc,nns 
Sn1a l I f a rn1 s Present org·a ni za tion 

Ben chma rk-Present capita l 
Ben chma rk-Hig h capita l 
Optin1un1-Pr esent capita l 
Optimum-Hig h ca p ita l 

L a r ge f a rms P r esent o r gani za ti on 
B enchma rk-Present capita l 
Ben chma rk-Hig h capital 
Optimum-P r esent cap ita l 
Optimum-Hig h capita l 

Orop-shcii·e l eased. fanns 
Small farm s Present organiza t ion 

B enchma rk-P r esent cap i t a l 
B enchma rk-Hig h capita l 
Optimum-Present cap i t a l 
Optimum-Hig h capita l 

L a rg·e fa rn1 s P resent organizati on 
B e nc hn1a rk- P resent ca pita l 
B enchma rk-Hig h ca pita l 
Opti mum-Presen t capita l 
Optimum-Hig·h cap ita l 

Li vestock-sharn farms Present org·aniza t i6n 
B enchma rk-Present capital 
Ben chma rk-Hig h capita l 
Optimum-P r esent capita l 
Optimum-Hig h ca pita l 

All farms (ci-ve1"Ci.9e) Present o rg·aniza tion 
Benchmark -P resent cap ita l 
Ben c hma rk-Hi g h capita l 
Optimum-P r esent ca p ita l 
Optimum-Hi g·h ca pita l 

.4 !1 farms ( total) P resent org·aniza,t ion 
B enchma rk-Pr esent ca pit11! 
Benchma rk-Hig h capita l 
Optimum-Presen t capita l 
Optin1um-H-ig h ca pita l 

Spring F a ll 
h og h og 

litter s litter s 

10 6 
17 
20 
16 
19 

7 4 
19 
20 
18 
18 

lG 3 
6 

17 
16 
22 --
23 12 
17 --
24 
24 --
24 

8 4 
1 

13 
13 
13 --
13 6 
13 
19 
17 --
20 

361 155 
369 
532 - -
•I 88 
553 

Pur-
Crea m G r ade A C ho ice 'l' ea l'!- c hased 

p r od uc ing d a iry f eed er ling Bee f f eeder 
m ilk CO \\" S co w s ca lves f eeder s Ewes H en s co w s h ogs 

1 22 5 21 43 3 
-- 32 6 

59 3 
-- 24 l 8 
-- 45 -- 64 

2 9 5 l 05 16 98 19 27 
5 67 lG 5 

-- 172 5 
l 73 25 

-- 163 - - 35 

3 -- -- 34 5 
'.!2 
42 

-- -- 8 
-- 41 

-- 17 13 l 94 10 
4G 
80 

-- 38 
81 

- - :l 5 1 
-- 64 

54 
45 

- - 68 

2 2 10 32 9 62 11 7 
l 44 6 1 

88 1 3 
-- 30 9 

- - 76 -- 27 

47 52 270 910 265 1,74 5 310 189 
32 1. 235 163 39 

2,4 57 36 73 
-- 6 83 1 242 
-- 2. 126 74 4 



Table 16. Annual value of an additional unit of specified farm buildings by type of farm . 

Type o f f a rm T y pe of pl a n 

Ow n er- ov er atecl farms 
S m a ll farm s Bench rn ark-P r esent capita l 

Benchmark-Hig h capita l 
O ptimum-P r esent cap i b:l l 
O ptimum-Hig h cap ita l 

L a l'ge f a rrn s Ben chmark-P r esent capita l 
Ben c hrna rk-High capita l 
O ptirnum-Pl'esent capita l 
Optirnum-High capita l 

Crop -share l ecisecl farms 
Srn a ll f a rrn s Benchma rk-P r esent capita l 

B n chmark-High capita l 
Optimum-P r esent capita l 
Optimum-Hi g h cap ita l 

L a r ge farm s Ben chma rk-P r esent capita l 
Ben chmark-High capita l 
Optirnum-P r esent capita l 
Optimun1-Hig h capita l 

Livestoc lc-share l eased farms Ben chmark-P r esen t cap i tal 
Ben c hm ark-Hi gh capita l 
Opt imum-P r esent capita l 
Optimum-Hi g h cap ita l 

All fcinns (average) Ben chmark-Presen t capita l 
Benc hmark-Hig h cap ita l 
Optimum-P r esent ca pita l 
Optirnum-Hig h capita l 

every class of farm durin g t he winter season. 'l'he 
decline in win ter labor r equirements would be due 
primarily to a decrease in dairy h erds, ewe flocks 
and fall-farrowed hogs. 1\ll farms , except large 
owner-operated units, would profitably use less 
than one man 's labor in t he winter months. 

A summary of labor use for each farm group and 
each planning situ a tion is included in t able 17. The 
changes in labor requ ir ements for the differ ent plan-

Table 17. Average monthly labor use for summer and winter 
montns by type of farm (hours) . 

T y pe o f f a rm T ype o f p l a n 

l\Iay t o 
Nov. ave. 
m onthly 

l a bo r use 

Owne,·-01,ercited fanns 
S m a ll fa rms Present 0 1·gani zat ion 250 

B en chma rk-P r esent cap i t a l 23 1 
B enc hma l'k-Hi g·h cap ita l 28 1 
Optimum-P r esent capita l 225 
O ptimum-Hig h capita l 265 

Lar ge f a r n1s P r esen t 01·gani zati o n 461 
Ben chma rk-P r esent capital 443 
Ben chm,uk-Hig h capita l 543 
Optimum-Present capita l 416 
Optimum-High capita l 559 

Crop-share l ecis ed fcir,ns 
248 Small farm s Present o r ganiza tion 

B enc hma rk-P r esent capital 213 
B en c hma rk-Hi g·h capita l 273 
Optimum-Present cap ita l 196 
Optimum-Hig h capita l 273 

L a r ge f a rn,s P r esen t or gani za ti o n 351 
Ben c hma rk-P r esent capital 341 
Ben chma rk-High cap ita l 411 
Optimum-P r esent cap ita l 37 1 
Optimum-Hig h capita l 4 31 

IAvestoclc-share Presen t o r gani zati o n 28 1 
leased farms B en chma rk-Present capital 277 

B en chma rk-Hig h cap i t a l 300 
O ptimum-Present cap ita l 270 
Optimum-High capita l 320 

All far ms Present organ izati o n 323 
(average) B en chmark-Pr esent cap i t a l 303 

B en chma rk-Hig h ca.p ita ! 370 
Optimum-Present capita l 293 
Optimum-Hig h capita l 375 

Dec. t o 
Apr. ave. 

m onthly 
l a bo r u se 

145 
111 
141 
1 00 
13 2 

334 
19 8 
263 
150 
272 

14 0 
77 

1 28 
84 

1 27 

214 
1 52 
210 
158 
1 89 

13 3 
105 
136 
11 ?. 
139 

203 
1 30 
180 
118 
177 

Grad e A 
H og 

fa 1-ro, v ing L a mbin g 
d a iry b a rn Cow b a rn Hen ho use ($ / li tter shed 
($/cow) ($/cow)• ($/hen ) spring pigs) ($/ewe) 

0 0 6. 18 
0 0 5.02 
0 0 1 5.83 
0 0.56 1 2.74 

0 0 0 9. 26 0 
0 0 0 8.88 0 
0 0 0.04 11.58 0 
0 0 0 .04 7.33 0 

0 0 11.58 
0 0 1 2.35 
0 0 10.81 
0 0 9.65 

0 0 6.56 
0 0 9.26 
0 0 3.4 7 
0 0 6.1 8 

0 
1.1 6 

11.58 
7.33 

0 0 0 7 .72 0 
0 0 0 8.11 0 
0 0 0.04 11 .58 0 
0 0 0.24 9.65 0 

ning situations are very ·imilar for all of the typ es 
of farms . In general, smaller farms would use 
slightly l ess th an one man's labor in the optimum 
plans while the larger farms need somewhat more 
t han one man's lnbor in t he summer months. 

Programming r esults indi ca t ed, as exp ected, t hat 
the marginal value of an addit ional unit of labor 
was hi gher for large farms than for small farm s. 
Programming alt ernatives for some large farms in­
clud ed labor purchase. Acco rdingly, the marginal 
va lu e of labor was lower than if the labor supply 
had been limited to that suppli ed by the operator 
and family (the procedme used for small farms ) . 
Mal'gin al value products for labor are shown in 
table 18 for each type of farm. The marginal valu e 
productivity of labor in cr eases with increased capi­
tal availability to the farms. Abundance of labor 
l'elnti ve to kWailab ility causes small farms to have 
zero marginal va lu e productivities of labor in the 
December-April period. 

Implications in Policy 

In this stu dy, a gro up of farms locat ed in th e 
Spring Valley Cr eek Watershed in Mills County, 
Iowa, were examined to det ermin e the profitability 
of conser vation to individual farm operators. No 
attempt was made to determine the exact level of 
conservation that would be most profitable for each 
fa rm. Th e present farm organization was com­
pared with a system that would control erosion. 'l'he 
primary objective was to determine whether indi­
vidual farmers, without government help beyond the 
present cost-sharing on terraces and other mechani­
cal practices, could reorganize their farms to meet 
conservation goals specified by the Soil Conserva-
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Tabl e 18 . Ave rag e valu e of a n add itional hour of labor by typ e of farm ( dollars per hour ) . 

Type of farm 

Owner-op erated farms 
Smal l farms 

L a r ge farm s 

Crop -share leased farms 
Small f a rms 

L a r ge fa r m s 

IA·vest ock-shcire l easer/ farms 

All farms (avercige) 

T ype o f p l a n 

B e nc hma rk-P resen t ca pita l 
Benc hma rk-Hi g h capital 
Opti mum-Present ca p ita l 
Optimum-Hig h c;;.pital 

B enchmark-P1 ·esent ca pita l 
Benc hma rk-Hig h ca pita l 
Optin1um-Presen t capi ta l 
Optim un1-Hig h ca p it a l 

B en ch m a rk-Present cap ita l 
Ben c h mark-High c::i pit~ I 
Optimum- P r esent capital 
Optimum-High cap ita l 

B enchn1al'k-Presen t capi ta l 
Bench ma rk-Hig h ca pita l 
Optimum-P r esent capita l 
Optimum-Hig h cap i t a l 

Be nc hma rk-P resent capita l 
B en c hma rk-H igh cap i ta l 
Op timc1m-Present capita l 
Optimum-Hi g h cap ita l 

B en chma rk-Present cap ita l 
B enc hmark-H i g h ca p i t a l 
Optimum-Present cap i t a l 
Opti mum-Hi g h capita l 

tion Service and still maintain or increase fa l'm 
profits. 

It was found that th e farms in this study could 
profitably adopt farm plans that would provide fo r 
conservation of topsoil. 'l' hcse profitnbl e adjust­
ments required substantial r eorganization of the 
farms. How ever, with the set o:f: r esources p1·escnt ly 
m:ed, these r eorga nizations could be made profitably 
on all farms studied. The procedure o:f: planning 
farms with r espect to phys ica l considerations alon e 
is inndequate. For examp le, some farms with limited 
land , livestock facilities and opei-ating capital coul d 
not provide adequate family living levels i:f: too hi gh 
a percentage o:f: croplnnd is devot ed to forage pro­
duction as the means of attaining er osion cont rol. 
w ·hol e-farm planning, usin g r esource limitations, r ele­
vant pi·oduction alt ernatives a nd a lternative methods 
of attain ing conservation goals is desirable for deri v­
in g prof itable farm plans that achieve conser vat ion. 
Some o:f: th e fa rmers presently foll owing co nscrv n­
tion pl ans most closely could increase prof it most 
by usin g the farm plans developed in this study. 
Ot her fa rmers have not adopted sin gle conserYatio n 
pra ctices because o:f: in creased costs and decreased 
in come as:.:ociated with th em. However, these sa me 
farmers could profitab ly adopt over-all farm plnns 
that include atta inment o:f: minimum levels of con­
servation. 'rhus, linear pl'ogr amming is an approp-
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D ec.-Ja n.- i\Ia1· .-Ap1·. ?l[ay -Junc 
F eb. l a bo1· l a bor l a bo r 

July-Aug . Sept.-Oc t . 
la bor No,·. la bo 1· 

0.00 0.00 0.00 0. 57 0.00 
0.00 0.00 0.36 0.96 2.33 
0.0 0 0.00 0.29 0.00 0.52 
0.00 0.00 1. 24 0.00 2.4 3 

0.09 0.21 0.41 0.39 1.0 2 
0.21 0.15 0.25 0.75 1. 58 
0.02 0.1 0 0.80 0.19 0.84 
0.23 0.2,1 0.75 0. 56 1. 53 

0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.20 0.00 2.05 
0.00 0.00 0.17 0.00 0.00 
0.00 0.00 0.40 0.00 1.77 

0.00 0.00 0.00 0.00 0.66 
0.00 0 .00 0.0 0 0.0 0 2.56 
0.00 0.00 1. 23 0.00 0.69 
0. 18 0.00 1. 38 0.00 l. 74 

0.00 0.00 0.6 6 0.50 0.51 
0.00 0.00 0.66 0.50 1.3 8 
0.00 0.00 0.23 0.0 0 0.55 
0.00 0.00 0.66 0.07 1.19 

0.03 0.07 0.19 0.32 0.43 
0.06 0.0 5 0. 34 0.55 1. 97 
0.01 0.03 0.52 0.0 8 0.52 
0.0 8 0.06 0.90 0.15 1.88 

1·iate tool for specifyi ng optimum soil-conserving 
farm plans, since resource limitations and produc­
t ion possibilities of many kinds can be considered. 

Adopt ion of the prof itable soil-conservin g farm 
p lans derived in this study would r equire substa n­
tial farm organizn tion changes. How ever, once 
th ese changes were made, all farms studied would 
hav e greater profit and would attain a level of con­
servation that -would r esult in better wnter control 
for th e watershed as a whole. In the case of out· 
study, profits could be improved with current a­
mounts o:f: capitnl and ex isting conditions of owner­
ship and t enancy . 

For t he particular watershed, there appear s to 
be no conflict betwee n (a ) publi c goals fo r con trol 
o:f: soil erosion and water runoff and (b ) profits of 
individual farmers. C:reate1· amou nts o:f: both can be 
attn ined i_:f: far ms are i-eo1·ganized t o in crease income 
while nieeting the r estraints in erosion. Because of 
the appar ent compl ementarity between publi c and 
private goals, an important 1·ole of public agencies 
is to ca rry education to fa n ners. The role of t he 
government would be to facilitate reor ganizat ion 
of farms to attain conservation. Public funds for 
pra ctice subsid ies then ca n be allocated to water­
sheds where the level o:f: conservation r equ ired for 
meet in g society's int er est in erosion and runoff con­
t rnl is not profitable to individual farmers. 



APPENDIX 

Ta ble A-1 . Crop yie lds by soil types, crop sequ e nces, conse rvat ion practice s and fert ility leve ls used in prog ramming, Spring Valley Creek 
Watershed 0

• 

Fertilize r lm·e l 

Ro t a ti o n 

:Ma rs ha ll s ilt loam, 2 
COl\lM 

CCOM 

CCO,c 

CSB 

C 

C ro p 

to 5 pe rcent 
CO l'n 
oats 
meadow 1 
n1eaclow:! 
co 1·n1 
C0 1'11:! 
oat s 
meadow 
co rn 1 
corn:: 
oats 
CO l'l1 
soy bea ns 
corn 

Yie lcl • 
without 

conser vation 
practi ces 

s lo pe. e l'os ion 
65 
35 

2.0 
1. 

-- e 

Y iel cl w ith 
conservation 

prac tices 

fac t o r of 1 
68 
35 

2.0 
1.8 

68 
58 
35 

2.0 
58 
53 
30 
51 
21 
25 

Jlfo n on a a nd 
COMM 

Marshall s ilt loam, 
corn 

5 t o 9 pe rcent s lope, eros io n 
56 

CCOl\I 

CCO,c 

CSB 

C 
COM .\[ 

CCOM 

Mo n on a s ilt loa n1. 9 
COMM 

CCOM 

M o n on a silt loam, 14 
COMM 

oats 
n1eacl ow1 
meaclow 2 
co rn 1 
corn.~ 
oa t s · 
meaclo,v 
CO l 'l1 1 
CO l'l1 2 
oa t s 
CO l'TT 
soybeans 
corn 
corn 
oats 
111 eaclow1 
n1eaclow:! 
C O T'll 1 
co rn:: 
oa ts 
n1eadow 

t o 1 4 pe rcent 
co rn 
oats 
1neaclow1 
n1 eaclo,v2 
corn1 
corn:: 
oats 
n,eaclow 

t o 1 8 pe rcent 
CO l'l1 
oats 
m caclO \V1 
n1eacl o w 2 

s lope, eros io n 

s lope, erosion 

38 
2.2 
2.2 

55 
45 
3 

2.2 
5 0 
4 0 
30 
35 
20 
30 
50 
25 

2. 2 
2.2 

48 
37 
25 

2.2 

fac t o r of 
45 
20 

2.2 
2.2 

45 
35 
20 

2.2 

fac tor of 
40 
20 

2.2 
2.2 

3. 

3. 

o r 

Fe,ti l izer 
r a te 

i.'f-P- T~d 

2. 
1 0-25- 0 
1 0- 65 - 0 

0 
0 

20- 25 -0 
60- 25 - 0 
30- 45-0 

0 
50-25-0 
80- 25 - 0 
3 0- 25-0 
80-2 5-0 

0-10-0 
80 - 25-0 

YieJcl c 
without 

conser vation 
prac ti ces 

67 
40 

2.8 
3.0 

-- e 

facto r of 1 , 2, o r 3. 
10- 25 - 0 
20-6 5-0 

0 
0 

20- 25 - 0 
60- 25 -0 
30-4 5- 0 

0 
50-2 5- 0 
80- 25-0 
30- 25 - 0 
80-2 5-0 

0-10-0 
80- 25 -0 
10- 25 -0 
20-6 5-0 

0 
0 

20- 25 -0 
60-25-0 
30-4 5-0 

0 

1 5- 30-0 
20-90-0 

0 
0 

25- 30-0 
70-30-0 
30-60- 0 

0 

30-30-0 
20-90-0 

0 
0 

hla a nd Dow s ilt loam, 9 t o 14 per cent s lo pe , e ro s ion fact o ,· of 2 or 
20 

3. 
20-30 -0 
20-90-0 

0 

COMJ\l co rn 
oat s 
meaclo"'1 
nleaclow:.! 

CCOM co rn, 
corn :.! 
oats 
n1 ead ow 

1 5 
0.5 
0.5 

20 
1 5 
1 5 

0. 5 

0 
30-30-0 
80- 30-0 
20-60-0 

0 

Y ie lcl with 
consCl'va tion 

prac ti ces 

70 
40 

2.8 
3.0 

70 
68 
40 

2.8 
65 
63 
40 
65 
26 
64 

65 
40 

2.8 
2.8 

65 
60 
40 

2.8 
62 
57 
40 
60 
25 
58 
58 
36 

2.8 
2.8 

5 
55 
36 

2.8 

55 
35 

2.8 
2.8 

55 
50 
35 

2.8 

50 
35 

2.8 
2.8 

50 
32 

2.4 
2.4 

50 
48 
32 

2.4 

Jud so n s ilt loam a nd 
COll fl\I 

up la nd d ra in age 
CO l'll 

complex, 
70 

1 to 3 pe rccn t s lop e, e ros ion 
0-20-0 
5-40- 0 

fac tor of +, 0, o r 1. 
7 2 

CCOl\I 

CCO,c 

CSB 

C 

r<: nne bec 
CCOM 

CCO,c 

CSB 

C 

s ilt loam, 0 

oats 
m eadow1 
n1eaclow2 
CO l 'l1 1 
CO l'J1 2 
oats 
n1eaclo,v 
corn1 
corn ::i 
oat s 
corn 
soyb eans 
co rn 

t o 2 pe rcent 
corn 1 
corn:i 
oat s 
meaclo"· 
corn1 
CO l'J1 2 
oat s 
co rn 
soybeans 
corn 

s lope, 

40 
2.5 
2.5 

65 
55 
38 

2.5 
60 
50 
30 
45 
23 
40 

erosion 
68 
60 
32 

2.5 
62 
57 
32 
55 
24 
45 

fac tor of + o r 1. 

0 
0 

10-20-0 
4 0- 20-0 

5-3 0-0 
0 

30- 20-0 
60-20- 0 

5- 20-0 
80- 20-0 

0-10- 0 
80-20-0 

5- 20- 0 
30-20-0 
10- 25 -0 

0 
20- 20-0 
4 0-20-0 
10-15-0 
60- 20-0 

0-0-0 
60-20- 0 

45 
2.8 
2.8 

70 
67 
45 

2.8 
70 
67 
45 
67 
26 
67 

75 
70 
50 

3.0 
73 
68 
50 
73 
28 
70 

IOWA STATE TRAVELING LIBRARY 
DE.S MOINE~ lOWA 

_Ave r a ge year·Jy per ac l'e 
so il loss in ton s 

·without 
conserv a ti on 

prac ti ces 

10 

1 4 

14 

1 5 

26 

39 

39 

1 5 

37 

22 

53 

37 

23 

57 

0 

0 

0 

0 

0 

0 

0 

0 

0 

With 
conse rvati on 

prac ti ces 

1 

2 

3 

3 

1 

2 

4 

5 

5 

2 

2 

5 

5 

2 

5 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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Table A-1 (continued) 

Rota t io n C r op 

Colo s ilty c lay loam, 0 to 2 percent 
CCOM corn1 

corn 2 
oats 
m·eaclo w 

cco corn1 
corn2 
oat s 

CSE co rn 
soybeans 

C corn 

Zook s il ty clay loan1, 0 to 2 pe rce nt 
CCOM corn1 

COI' ll z 
oats 
n1 eaclo,v 

CCOsc co rn1 
CO I'll z 
oa t s 

CSE corn 
soy bean s 

C co rn 

Y ie lcl c 
w itho ut 

conservati on 
p r ac ti ces 

slope, er osion 
68 
60 
42 

2.8 
6:3 
60 
40 
55 
26 
45 

s lope, erosion 
,15 
40 
27 

2.2 
45 
40 
27 
38 
22 
36 

Fertili ze r 

Y ie ld with 
con servat ion 

prac tices 

factor of +. 

factor of +. 

F e rtilize r 
rate 

N-P-Kd 

5- 20-0 
30-20-0 
1 0-25-0 

0 
20 - 20-0 
40-20- 0 
10-1 5- 0 
60-20-0 

0- 0- 0 
60-20-0 

10- 20- 0 
40-20- 0 
1 0-25-0 

0 
30-20-0 
60-20- 0 
10-15-0 
70-20 - 0 

0- 0-0 
70- 20- 0 

Noda,vay s il t loam , 0 to 2 pe rce nt s lope, erosion f actor of + or 0. 
CCOM corn, 68 10-20-0 

corn2 60 4 0- 20-0 
oats 42 10-25-0 
n1eado,v 2.6 0 

CCO,c corn1 62 30 - 20 - 0 
corn2 57 60-20 - 0 
oat s 42 10-15- 0 

CSE corn 50 80-20 - 0 
soybeans 27 0- 0- 0 

C corn 40 80 - 20- 0 

F1h 
Y ie ld c 

,vithout 
conservati on 

p rac ti ces 

70 
67 
52 

3.0 
68 
65 
50 
68 
29 
66 

48 
45 
35 

2.4 
47 
45 
35 
47 
24 
46 

75 
70 
55 

3.2 
73 
68 
55 
73 
30 
70 

Y ield with 
co nservation 

practices 

Average yearly per ac re 
so il loss in ton s 

vVith out vVith 
conservat io n conservation 

practices practices 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C r op y ie ld es timates a nd fert ili zer r-ecomme ndations were based on information conta ined in: vV. D . Shrade r, et a l. Esti­
mated crop y ields on Iowa so il s. Iowa Agr. a n d Home Econ . Exp. Sta. and Coop. Ext. Serv. Spec. Report 25. 1960. 

F 0 assumes app licat ion of li t tl e o r n o commercial f ert ili zer. F 1 represents recommend ed ferti li z ing rates. 

Corn a nd oat s y ield in b us he ls pe r ac re; h ay y ie ld in tons per acr e. 

d F erti li zer r a te in pou nds of avail able nutrients per acre. 

e No y ie lds wer e es tima ted wh e re soil loss \Yas a bove a ll owable rate . 
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