|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




START

e

2 w122
= 12 flag

- | I s

(2
= [l.&

L2 [l e |

e lﬁll2 2 iz H“

= Jl22

lllll-o

=

N
On

Il

MICROCOPY RESOLUTION TESI CHART MICROCORY RESOLUTION 1181 CHART
NATIONAL HURLALD OF STANEARIE, 18901 A NANGNAL BUREAL O STANDARDN - 19034



http:111111.25

e "“":“’. )

ioRyY

o MAr=-n .
'L.z. 5}, DL.,'U.;E

TECHN!CAL AND
FCONOMIC CAUSES
OF PRODUCTIVITY
CHANGES IN U.S.
WHEAT PRODUCTION,
1949-76

-

™,
]

i,

JUL 2 019749
Los Aneales Pablie Liy

= UNITELY STATES TECHMNICAL PREPARED B
DEPARTMEMT (F BLIELLETIN SCIENCE AND
ACRICULTURD NUMBER 159 EDUCATS [oLe]




This publication reports research involving pesticides. It does
not contain vecommendations for their use, nor does it imply that
the uses discussed here have been registered. All uses of pesti-
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ABSTRACT

Bond, 7. J. and D, E. Umberger, 1879. Teclnical and Economie Causes of Pro-
duetivity Clianges in U.8. Wheat Production, 1949-76. U.S. Department of Agri-
culture Technical Bulletin 1598, 109 3])3

Accurate methodology to predict worldwide wheat yields has be-
come mcreasingly important in the T.S. balance of payments and agri-
cultural economy. This publication analyzes sclected technical and
economic factors that hiave caused changes in U.S. wheat production.
during the past quarter century. Ilnowledge of these factors provides
a basig for predicting trends in whent yields and developing yield
models. Technical factors or inputs discussed inelude summer fallow,
soil productivity, irvigation, varietal productivity, wheat class pro-
ductivity, fertilizer, pesticides and eulturzl practices. Economic
factors affecting the production of wheat include the domestic use
and exportation of wheat, Government programs, and changes in
the economics of using diffevent technical nputs.

Keywords: wheat varieties, wheat yields, wheat trends, summer fal-
low, soil productivity, 1rrigation, fertilizer, pesticides, cropping
scquences.
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Washington, D.C, 20402

Stock Number Q01-000-03806-0




PREFACE

The increased importance of wheat exports in the U.8. balance of
payments and the overall agricultural economy has brought to the
forefront the need for accurate methodology to prediet worldwide
whent yiclds.

This publication identifies and analyzes those wheat production in-
puts impacting U.S. wheat yleld crend during the past quarter century.
Knowledge of these production inputs provides a basis for assessing
the present and possible future role of the several production inputs in
wheat yield trend and for developing yield models.

The stimulus for this publication derived from the Large Area Crop
Inventory Experiment (LACIE), a cooperative effort of the U.S. De-
partment of Agriculture {USDA.), the National Oceanic and Atmos-
pheric Administration (NOAA), and the National Aeronautics and
Space Administration (NASA). The purpose of LACLE, which began
in 1974, was to develop, test, and evaluate the utility of satellite, mete-
orological, and climatological data in predicting wheat production in
sclected aveas by combining estimates of wheat are (acres, hectares)
and yield per unit of area in selected regions. This study investigated
the need for utilizing another class of data, that is, information on
changes in technieal and economic factors affecting farming practices
and, consequently, yield and production. Within LACIE, wheat acre-
age is estimated using satellite data, but yicld estimates are derived
from mathematical models using weather observations as inputs.

Present {1977) models use time as & surrogate variable to separate
the cffects of yield trend from weather effects in predicting wheat
vields. However, models incorporating selected trend factors as inde-
pendent variables ave being investigated. Thig study contributes back-
oround material for the investigation.

(i)
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TECHNICAL AND ECONOMIC CAUSES
OF PRODUCTIVITY CHANGES IN U.S.
WHEAT PRODUCTION 1949-76

By 1. T. Bond, 8F.40 soif sefendisi and D, B, Tmberger, BSOS
agriculinral econemist

SUMMARY

In 1949 an alltime high of $3.9 million acres of wheat were planted
m the United States, Wheat acreage during the fifties and sixties gen-
crally declined. reaching a low of 48.7 million planted acres in 1970.
After 1970 wheat acreage inereased vapidly, An estimated §0.2 million
acres of wheat were planted for the 1976 crop. Although wheat aerenge
was slightly lower in 1976 than in 1949. wheat production went from
1 billion bushels in 1949 to 2.1 billion bushels in 1976. That is, average
wheat yield per acre doubled duri ng the 194976 period. This publica-
tion analyzes selected natural, technical, and economic factors causing
wheat produetion changes during this period.

Because factors affecting wheat production differ among regions. the
United States is divided into five major wheat production regions based
on geography and the relative acreagre of different wheat classes, The
five regions, listed in descendling order of their contribution to U.S.
wheat production, are the centrnl andd southern Great Plains States,
the northern Greut Plains States, the Midwest and Eastern Slates,
the Northwest States, and the Southwost States, I these regions were
ranked by yield per acre, in most years their order would be reversed.
Annual changes in acreage, production, and yvield differed somewhat
by region, Wheat yields in the TUnited States and in threo of the fve
regions peaked in 1971, In the central and southern Great Plaing
States region, wheat yields reached a high for the period in 1973, The
Southwest States region (California, Arizona, and Nevada) is the
only region where vields continued their upward trend through 1976.

The technical factors contributing to increased yield after 1949 have
been: (1) Changes in the share of wheat grown on summer fallow. (2)

' Presently stntioned in Sandj Arabina.
{1y
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changes in the share of wheat grown on land with a relatively low soil
productivity base, (3) changes in jrrigated wheat acreage. (4) de-
velopment and farmer adoption of varieties with increased yield po-
gential, (3) changes in wheat market classes grown, (6) changes n
fortilizor usace, (7) changes in pesticides usage. and (8) improved
cultural practices. These factors nve not ranked In any particular order
of importance as the absolute and relative contribution of cach factor
to vield trend vavied with time. Each factor’s contribution alse varied
among (and within) regions as differing natural conditions affected
technical respouse rates and the velative profitability of each factor,

Growing wheat on summer fallow is most often practiced in the
comiarid areas of the (reat Plains States and in the Northwest States
of Washington, Oregon. and Idaho. In the Great Plains the proportion
of wheat grown on sununer fallow and the differences in yield for
wheat grown after fallow and on continnous cropping generally in-
croase from cast to west corresponding to decreases In mean annual
precipitation. The total acreage of summer fallow gradually increased
from 26 million acres in 1949 to a high of 41 million acres in 1969.
By 1974 however. fallow land had decrcased to 28 million acres, Gov-
ernment programs and econoinic conditions play o major role in deter-
mining annual ehanges in the proportion of wheat grown on summer
fallow. Restrictive acreage allotinets conlribuied to inereased summer
2allow in the 10350 and 1960's while high prices caused by high export
demand led farmers to reduce summer fallow acreage after 1978.

Agricultural programs causing declining wheat acreage during the
1030 and 1960's also led farmers to divert their poorer quality Tand
to other uses, As wheat acreage increased in the 1970%. much of the
land with a lower soil productivity was returned to wheat production.
Becanse wheat vield is divectly dependent on z0il productivity, this
changing land use practice affected wheat vields,

Rinee 1949, irrigation has beeome increasingly imporiant in the pro-
duebion of wheat in all regions exeept the Midwest and Eastern Stales.
The Southwest States have the highest proportion of wrrigated wheat
acreage, but irrigated wheal acreage and production are largest m the
central and southern Greal Plains States. In aveas where practiced,
irrigaiion substantially inereases vields. Since 1949, improved wafer
management. higher yielding varief ies. and increased use of fertilizey
on irrigated acreage have combined o raize vields. However, irrigrated
wheat acreage remaing responsive to swaterse pplics and to the relation-
ship of wheat price Lo the priees of other evops and {o production costs.

The adoption by farmers of wheal vaviokies with higher yield po-
tentinl also contribuied to the upward wheat yield trend for each

-t
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region. The semidwarf varieties that are resistant to lodging and more
responsive than traditional varietics to higher levels of water and ap-
plied fertilizer have Leen widely adopted in the Novthwest States. In
the Southwest States and in the contral and southern Great Plains
States the semidwart varieties ave widely grown on irrigated acreage.
In the 3Midwest and Xastorn Slates, Arthur and Arthar 71 have con-
tributed to higher yields, However, in the semiarid Great Plains low
tevels of precipilation continue to Jimit yields of wheat grown on dry-
tand conditions regardiess of potential varictal productivity.

Varictios grown in the United States are often grouped inte fivo
major wheat classes: (1) ITard Red Spring, (2) Hard Red Wiater,
(3) Duram, (4) Soft Red Winter, nnd {3 White. Since 1948, the de-
velopment of varieties with napreved yield potential has altered the
wheat class grown in sevoral regions. Development of more winter-
hardy Taed Red Winter wheat varietics has enconraged their gradual
moveinent info Nouth Dukota and Montana. The development of the
high-vielding White whoats (Galnes) led to their rapid adoption in
the Novthwest States in the 1960%. With the development of Arthur
and Avthur 71 the Midwost and Eastern States have produced increas-
ing amountx of Soft Rod Winter wheat.

The application of commercial ferkilizers to an increasing proportion
of wheat acreage und incroased fortilizer application rates per aere also
contributed to wheat vield trend sinee 1949, particularly after 1954
Major fertilizer nutrients used on wheat are nifrogen and phosphorus,
Potassium is important in the Midwest States and Eastern States, For-
tilizer use varied substantially among and within regions throughout
this period. reflecting the fact that wheat response o {ertilizer depends
on local differences in available water, soil fertility, crapping sequence,
and varieties planted. Factors confributing to increasing fertilizer use
include Jrrigation, adoption of more responsive varieties, nereage
restrichions of government programs, and an improving wheat/fer-
tilizer price ratio.

Cultural practices confributing to higher crop vields since 1949
include farmer adoption of better tillage equipmient, which has
mmproved the efliciency of soil water stornge mn summer fallow areas;
gramm drills allowing improved sceding nethods: and more timely
seeding dates.

An analvsis of experimental data on yield variability under identi-
cal climate conditions indieates that when a production input raises
vield level, the relative vield variabilily is reduced, That 15, the cocf-
ficient of variation of yields declined with inereased use of the soveral
production inputs. These conclusions, however, were based on analysis
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of data of experiments which were limited to the climate conditions of
the 1949-76 period and had limited geographic coverage. A decline in
the relative yicld variability implies that the changing production
input combinations that have raised yicld levels have also redueed the
importance of changes in climate as o source of yield variability.
Nevertheless, wheat yields remain quite responsive to climate condi-
tHons as the analyses indieate the absolute vield variability—as op-
poscd to relative vaviability—inecreases with higher yiclds, Conse-
guently, yield levels have become more dependent on changing c¢o-
nomic and teehnical conditions while remaining respousive to changes
in climatn. Predicting wheat production has become more ditiicult as
the factors influeneing both wheat acreage and the productivity of that
acreage have increased in number and complexity.

Although much of the annual variation in yield was caused by year-
to-year variations in climate, successive years of benevolent climate
do not cxplain the major share of yield incrense with time during
194072 or the leveling of the wheat yield trend after 1971. The up-
ward trend in vields was mainly eaused by farmers adopting dif-
fevent. often new. production techniques and changing production in-
put combinations.

Wheat is o cultivated crop, and the arca planted to wheat is de-
pendent on the decisions of farmers, who work within the constraints
and with the opportunities given them by the natural environment
and society. Although whent yields depend on the arvea’s natural re-
source cndowment, farmers choose which soils and climatic regimes
to use for wheat production. In addition, individual farmers sclect
the farming practices and levels of other inputs such as wheat variety,
fertilizer, pesticides, and irrigation water to apply to the land.

Changing technical conditions, cconomic forces, and agricultural
policies have influenced farmers’ decisions on allocating land and other
inputs to wheat production during 1949-76. With the gradual adoption
of production techniques that depend on the nonfarm sector for sup-
plies of inputs. wheat yields have heeome increasingly dependent on
the agribusiness sector. Although farmers gradually adopted many
vield-inereasing production techniques and increased their usage rates
of nonfarm-supplied inputs that increase vields, they have kept per-
acre usage of many inputs below Jevels necessary for maximum wheat
yiclds per acre. Although it is possible to increase wheat vields with
known techniques, Tuture yield trends will depend on the discovery and
adoption by farmers of new innovations, futuve agricultural palicies,
andl cconomic conditions affecting utilization of land and the avail-

ahility and cost of vicld-enhaneing inputs relative to wheat prices.
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INTRODUCTION

T.S. wheat exports increased abruptly in 1972 and since have re-
mained at & high level, In 1975, 55 percent of the wheat produced in
the United States was exported (105).2

Tror about two decades beginning around 1049, a fairly constant
annual inerease in wheat yield oecurred from a combination of pro-
duction inputs, often collectively termed “technology.” Betwoen 1972
and 1977, however, yield trends for wheat apparently Jeveled off (36).

The purpuse of this report is to identify und to analyze those pro-
duetion inputs impacting U.S. wheat yield trends from 1949 to 1976.
An understanding of the impact of those produetion inputs is a neces-
sary condition for developing improved wheot yield models and assess-
Ing e present and possible future role of the several production
inputs in wheat yield trends. Although weather remains a major de-
terminant ot wheat yieldsin any given year, since 1949 selected produe-
tion inputs have hecome increasingly important in determining .8,
wheat yield. The leveling of the TS, wheat yield trend after 1971
was partially caused by a change in the combination of production
mputs used by farmers. This change reflects farmers’ reaction to al-
tered world economic conditiens.

In this report, data of the Department’s BSCS are used when-
ever possible in discussing the production inputs contributing to wheat

yield over a large avea vather than expertmental plot wheat vields.

WHEAT PRODUCTION TRENDS

Since 1949 the trend in U.S. whent production has been upward,
but large annual fluctuations have occurred in production, acreage, and
yleld. These changes in production, yield, and acreage vary by region.

U.S. Trends

Harvested acres, yield, and production of U.S. wheats during the
past cenlury (1875-1975) ave shown in figure 1 (205). Planted aercages
were {irst reported in 1919, Harvested acreages of wheat reached a peak
shortly after World Wars I and T1. An alltime peak in wheat acreage
ocenrred n 1949—83,905,000 acres planted and 75,910,000 acres har-
vested, The maximum difference between planted and harvested acre-
ages occurred during the drought of the thirtics. During the drought
of the early fifties, an appreeiable amount of abandoned wheat acreage
occurred. For the past two decades, abandoned wheat acreage has

*Italic numbers in parentheses refer to Literature Cited. n. 9.
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Frours 1l.—Harvested acres, yield per harvested acre, and production of U.5.
wheat, 1875-1975. {USDA-EBCS data.}

been rather small and relatively constant due to generally favorable
climatic conditions.

During the first three quarters of the past century (1875-1975),
annual variations in U.S. wheat yield were largely due to weather (fig.
1). Very little upward yleld trend is evident except during the un-
usually favorable weather years of World ‘War IL. However, during
this period the location of wheat growing shifted westward to the
Great Plains from the more humid, north central and northeastern
regions of the United States (99). Conscquently, the upward yield
trend in the older more humid areas was offset by the bringing of drier,
lower yielding acreage into production.

In 1949, when the U.S. wheat acreage reached an alltime high, wheat
yiclds were essentially the same as those 75 years earlier. However,
after 1949 wheat yields per acre started to increase and wheat acreage
started to decrease.

During the fifties and sixties, T.S. wheat acreage was controlled by
a series of acreage allotment and crop diversion programs. With the
removal of acreage restrictions beginning in the early seventies and
strong export demand, wheat acreage in 1976 was again near the 1949

“#
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high with more than 80 million acres planted (706). Xverage T.S.
wheat yiclds approximately doubled from about 15 bushuls per acre in
1949 to near 30 bushels per acre in 1976, Tn 1971 175, wheat yields
were 33.9 bushels pee acre, an alltime high (/06). Tn 1975, for the Arst
time n history, T8, wheat production exceeded 2 billion bushels (fig.
1). Because of significant changes occurring in hoth wheat acreage and
yield since 1949, this publication will concentrnte on those procuction
inputs that have been involved from 1949 (o 1976 and will ehronologi-
cally hegin where o previous publication ended (993,

Regional Trends

Definition of Regions

Because geographic characteristics aften vary significantly within a
State, any regiomu classification iz somewhat a rbitvary. Iowever, the
States have been divided into broad vegional gronps barzed on geo-
graphic. elimatic, and wheat elass dilferences. For the purpose of this
publication. the TUnited States was divided along Stute boundaries into
five major wheat-growing regions (fg. 2). The five regions, hased on
the geographic and elimatic settings and the relative acreage of dif-
fevent elasses of wheat in a State,ave as follows:

Region 1—Central and Nouthern Great Plains States where Hard

Red Winter wheats ave grown.
tegion 2-—-Northern Crreat Plains States where YTard Ted Spring,
Durvun. or Hard Red Winter wheats are grown.
Region 3—2Aidwest and Eastern Stuales whero Soft Red Winter or
White Wheats ave grown.

Rewsion d-~Northwest States where White or Hard Red Winier

wheats are grown.

Region 5-—Southwest Stales wheve ITard Red Spring, White. or

Durunuvwheats are grown.
Flonda. Louisiana. and the Northeast States of Conneetient. Mauine.
Massachusetts. Rhode Tsland, New Hampshire, and Vermont are ex-
chuded from this study heecause annual production data for these
Rtates are inavailable for part ovall of the period.

A major characteristie used in specifving wheat regrions and allocat-
ing individual Stales to a region was the market elass of wheat Lrown
i the State. There are seven recognized elasses of whoat i the Tniled
States (58). Wheat breeders have made Imany erosses beiween wheat
classes In recent years that have fended to obliterate wheat elass dis-
tinctions (700). For practical purposes, only five market wheat elasses
ave of major importance (23). These classes are Ilard Red Winter
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FIoURe 2—Map of the United States showing the houndaries of the five wheat-growing regions.
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(ITRW). TTard Red Spring ([TRS). White (W) ineluding Club
wheat, Soft Red Winter (SEW Y. and Durum (i)Y,

Because several wheat clasges ave adaptable to wido ranges of cli-
matic conditions, they are grown in more than one region,® The wheat
acreages devoted to different wheat classes depend on loeul cropping
practices and marketing conditions, As new varieties ave introduced
or market demands change, significant changes in the amount of acre-
age planted to any market elass ean oceur in o short time ntereal,
making any regional erouping somewhat arbitrary and subject to
change. The grouping in thix publication was based 1a vuely on the most
recent market elass data avaitable. Table 1 shows the percentage of
avreage in cach wheat ela=: by region and State.

Regional Differences

Trends in harvested acreages sinee 1919 for the five wheat-growing
regions are plotted in fige 3, As <hown, all five rectons shared singi-
larly in the aereage decreases that oceurrved in the carly lifties and in-
creazes that aceurred sinee 1970, The greatest iluctuntions in harvestod
aereage ovvnered e Great Plains Regions 1and 2. Aereage fluctuations
1 the Great Piains {partienlarly egion 1) were largely attributable
to weather in that abandonment of scoded wheat may be large during
drought {99).

Figure 4 illastrates how wheat production has heen shared by the
five wheat growing rogions since 19 and how all five contributed to
careying 1783, wheat «»aduetion above the 2-billion-bushel mark in
11735, Iowever. the elimatic uneertainty of Great Plains Regions [ and
2 s more dlearly evident o terins of the pereentage ol TS0 wheai pro-
durtion than in the harvested acrenge.

Wheat yield trends (fign 5) have been upward in all regions, but
vicld devels were guite different butwoen regions. Regions 1 and 2 with
the furgest nereage and production usually hiad the lowest wheat yields
of the five regions, whereax xince 1969 Region 3 usually had the highest
yield per acre.

Table 2 ranks the five regions and States according to their share of
T8, harvested acrenge and production in 1975, The ranking of the
five regions has not ehanged during the 1949-76 period. Iowever, if

*For a more delnited grouping of wheat by adapilation regions, see Wheat in
the United States (#1). Farlier stidies nlso show a somewhat different grouping
as the market demands and adaptability of varictics change over Lime {70, 90).
Within Siates, whent clisses qee slso reported Ly Crop Reporling Dislreict
CCRDOL Winch CRD and its nonmber in eael Siate B given tn iy,
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TabLE 1.—Percentage of acreage in each wheat class by State and wheai-
growing region *

Percentage of acreage in—?

Region and State Year ard Hard Solt
Red Rerd Durum Red White
Winter  Spring Winter

REGION 1: CENTRAL AND SOUTHERN GREAT PLAINS LRW WHEAT REGION

Kansas. o cooo .- 1974 100 o e
Oklahoma. o ____ 1669 100 o e e
T 1969 a1 4 - B oo
Nebraska.. .. _—.___ 1974 100 o e —m e
Colorado. o cee - 1074 100 - o e
New Mexico_ _aoonno 1969 00 e ———
Wyoming . _.___- 1974 92 B e e

Total o oo e 95 1 e |

REGION 2 NORTHERN GREAT TLAINS HRS-D-HRW WIHEAT BEGION

North Dakota_ .. ___ 1074 1 65 34 o e
Montana_ . ..o 1974 53 40 5 J U
South Daketa.. .. 1074 30 63 T e ———e
Wlinnesota. . oo 1874 1 a6 S

Total. o e e 18 G3 19 e

RECICSN 3 MIDWLEST AND EASTERY SRW—-W WIEAT REGION

Ohio e 1074 o e m———— 1wl ...
Ilineis. e 1974 24 I 70 oo
Indiann. - cvacoeao oo 1074 o e am 100 .-
AMissouUrniocee meeen o 1074 18 e eamm 82 -
Michigan. . ... _. 1974 L i mmm e —mm 25 74
Arkansas. ... - 1860 B e ———— 08 -
Kentueky oo - 1069 B e me e 07 e
Pennsylvania____..._ 1080 o et mc e am———— 100 oo
Tennessce. - _o.o- 1869 2 emmmme—a 08 o eo-
North Carolina_..___ L 2 S 100 oo
Virginia_ - _____._ 1974 e e e 100 ...
New Yorko oo 19608 e 2 08
Missisgipplonccn e on 1969 | 99 -
Maryland__ ... 1960 e 100 L.

South Carolina____._ 1074 e e 100 ...
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Lasre 1.—Percentage of acreage in each wheat class by State and wheal-
growing region '—Continued

Pereentage of acreage in—2
Tiegion and Siate Year Hard Hart Roft

Roet Red Durum Rl White
Winter  Hpring Winter

Alabamag

Georgia

Wiseonsin

Iowa

New Jersey
Delaware

Woest Vieginia. ______

REGION 1 NORTUWEST W-HIw WHEAT REGION

1074
1969
1974,

California__ _
Arvizona
Newvada, . ____ ( 82

13

* Bxcludes Florida, Louistana, and Northenst States. Within regians, States arce
lated in order of theercasing harvested acreage in 1975,

T 1068 data ave from (93). Whenever available, more recent 1974 USDA-ESCS
dataare given. Percentages iy not tatal 100 pereent heeause of all other unidenti-
fiet] classes inot shown). Values loss than 1 pereent are omitted,

8 Less than 0.3 pereont.

ncludes White Cluly wheat,

# Indieated for 1076, Winter wheat assumed Lo be White wheat,

2T6-B2H (3 - T3 - 3
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Fraune 5.—Yield of all wheat by regions, 1040-75, (USDA-ESCE data)}

vield per acre were used to rank the five regions, their order would be
veversed in most years of this period. A discussion of important region-
al characteristics follows.

Region 1, The Central and Southern Great Plains States—In 1975,
this Hard Red Winter wheat region grew 43.8 pereent of the 68.0
million T7.8. harvested acres; but due to yiclds that were below the
U.S. average, the region accounted for only 37.9 pereent of the U.S.
production {table 2). Kansas i the largest wheat-producing State in
this region (and in the Tnited States). Region 1 varies more than any
other region with respect to the percentage of production {fig. 4). This
large year-to-year variation in wheat production is cnused mostly by
year-to-year variations in climate, particularly rainfall, but also is
caused by temperature. Wyoming s included within Region 1 because
92 percent of its HRW wheat is grown in its southeastern counties.
New Mexico was included because most of ifs wheat i§ grown in prox-
imity to the Texas Panhandle.

Region 9, The Northern Great Plains Statss—In 1975, this region
accounted for 30.2 percent of the U.8. harvested wheat acreage. North
Pakota accounts for almost half of all wheat acreage and production
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Tasue 2 —Harvested acreages, yield, and production of U.8. wheat b ¥
wheat-growing region, 1975+

All wheat
Yield

Region and Seate Har- Share per  Share Pro- Share

vested of har- of duetion of

T8 vested 1I.S. U.s.
total acre average average

1,000 1,600
aeres Pereent Dushels Pereent butahels Pereent

REGION 1. CENTRAL AND SOUTHERN GREAT PLAINS HRW WHEAT 3TATES

Kansas.____________ 12, 100 17,4 29. 0 94.48 350, 900 1G. 4
Oklahoma__________ ¢, 700 9.6 24.0 78.18 180, 840 7.5
Texas- oo __.___ 5, 700 8.2 230 7492 131100 6.4
Nebraska_._.___.___ 3, 070 4.4 32.0 104,28 98, 240 4. G
Colorado_ .. ________ 2, 260 3.2 22. 5 73. 26 50, 950 2.4
New Mexico._______ 387 6 26. 0 84, 59 10, 0682 5
Wyoming __._______ 273 L4 24 9 81 11 G, 802 .3

Total._______ 30, 490 43. 8 26. 5 806,32 808, 854 37. 9

REGION 2. NORTHERN GREAT PLAINS LIRS-D-HIW WHEAT STATES

North Dakotn_._____ 190, 213 4. 7 25.9 84. 36 204, 392 12. 8
Montana__.________ 4, 975 71 81.3 10L 95 133, 925 7.3
South Dakota_._____ 2,865 43 211 68, 73 G2, 610 2.9
Minnesota.___._____ 2, 867 4.1 30.8  100. 23 88, 363 4.1

Total_____.__ 21, 20 30.2 27.2 88. 60 5731, 205 26. 8

REGION 3. MIDWEST AND EASTERN SRW-W WHEAT STATES

Ohio_______.___._._ 1770 2.5 42.0 136.81 74, 340 3.5
Winols___._________ 1,730 2.5 30.0 127. 04 87, 470 3.2
Indiana____._______ 1, 500 2.2 43. 0  140. 07 G4, 500 3.0
Missouri _____..____ 1,470 2.2 33.0 107 49 48, 510 2,3
Michigan___________ 1,020 1.5 38.0  123.78 38, 760 18
Arkonsas. . ______ 520 8 30.0 g7. 72 13, GOG .7
Kentweky__________ 352 .8 340 110,75 11,968 ]
Pennsybvania_______ 345 . B 33.0 107495 11, 385 .5
Tennessee . _ oo __.__ 310 4 3L 0 10098 g, 610 .4
North Carolina______ 275 A 3L 0 106 98 8, 525 .4
Virginie . ___________ 292 .4 3.0 10098 9, 052 4
New York . _____.___ 180 .3 35.0 127 .04 7,410 .4
Mississippi_ ... ____ 185 .3 24. 0 78. 80 4, 440 .2
Maryland_ .o _______ 156 .2 4.0 110.75 5, 304 .2
South Caralina_.____ 155 .2 27. 0 87. 95 4, 185 .2
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TanLe 2.——Harvested acreages, yield, and production of U.S. wheat by
wheat-growing vegion, 1975 *—Continued

Al wheat

Yicid
Region and State Har- Share per Share Pro- Share
vested uf hav- of duetion of
T.5 vestod T.3. 1.8,
total aere  average average
1.000 1.000
rcres Perceat Rushels Percent Bushels Percant
Alaboma. oo 135 2 24, 0 78. 18 3, 240 L2
Goorgin. oo 135 .2 27.0 87.85 3, 645 L2
WiseoRSin. .o oo ax 83 .1 30. 3 48 70 2, 820 .1
Towa_ oo aes 100 1 34. 0 110. 75 3, 400 .2
Wew Jorsey. _oaoooo 54 1 36,0 11720 1, 944 .1
Delawart o o cacme - 34 .1 34. 0 1100 75 1, 156 L1
West Virginia. .. __ 17 (%} 32.0 164. 23 b44 ®
Tatal ___ ... 16, 838 15. 6 36. 7 116. 54 397,308 18. 8
REGION 4! NORTHWEST W-HRW WIUEAT STATES

Washingbon_._.___. 3, 060 4. 4 47.4 154 40 145, 140 6. 5
Idaho . aa. 1, 350 1.9 44,5 144, 95 &0, 830 2.8
Oregon we e o= .on 1,216 1.7 47.8 15407 57,480 2.7
Ut o e o e - 282 .4 25, 4 82, 74 7, 164 .8
Totaloo-.._.. & 007 35 45.7 148 86 209, 834 12.6

REGION 5! SOUTHWEST HRS—W-P WHEAT STATES

California_ , . _...-.. 1,001 1.4 62.2 20281 G2, 227 2.4
Arsoni_. - aeo..a-. 320 .5 71.0 23127 22, 726 il
WNeovadn, . ... s 20 {*) 52.8 191.53 1, 175 1

Total___. .... 1,341 1.8 64.2 20912 86, 122 4. G

T8 Total._._ 69, 641 160. & 30.7 1006.00 2,134, 833 106, G

! Bxcludes Florida, Louisiana, and Northeast States. Within reglons, States are
listed in order of decreasing harvested acreage.
? Less than 0.05 pereent.

Source: Crop Produciion (106).
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in this area. Large annual climate varviations also eause considerable
yicld variability in this region. Mard Red Spring wheat accounts for
most of the wheat acreage in this region, but large amounts of Durum
and Hard Red Winter are also grown {table1).

fegion 3, The Midwest and Fustern Staies—In 1975, this region
accounted for 15.6 percent of the U.S. harvested acreage and 18.6 per-
cent of the T.8. production. Ohio, I¥inois. and Indiana were major
producing States in this region. Soft Red Winter was the major class
of wheat in this region, although some Iard Red Winter, Iard Red
Spring, and White wheats were grown. Although Michigan and New
York primarily grow White wheat, these States are included in this
region because of their proximity to the region.

Legion 4, The Northwest States—In 1975, this region had 8.5 per-
cent of the T.S. harvested acreage and 12.6 percent of the TS, wheat
production (table 2}. The dryland wheat-growing areas of this region
are different from most of the other regions in that they receive much
of the annual precipitation during the winter months. Average an-
nual precipitation amounts vary widely within this region. White
wheat, grown primarily in the higher precipitation areas and under
rrigation, accounts for 75 pereent of all wheat acreage (table 1). Hard
Red Winter and Hard Red Spring wheat classes are also grown,
particularly in the drier areas of the region such as the Columbia
PPlatean, the south central and eastern areas of Idaho, and in areas of
{Ttah adjucent to Idaho.

Fegion 5, The Soulhwest States—In 1975, this region had 1.9 per-
cent of the TS, harvested acreage and 4.0 percent of the U.S. produe-
tion (lable 2}. Regional yield was 209 percent of the TS, vield. Most
of the wheat grown in this region is ITard Red Spring, but the import-
ance of wheat class vavies widely by State (table 1). Hard Red Spring
is the major elass grown in California; Dwrum is the major class
grown in Arizona, and White ix the major class grown in Nevada.

TECHNICAL FACTORS AFFECTING
WHEAT PRODUCTION

This section identifies how changes in prodnction practices and
production input combinations have affected wheat vield trend since
1949, discusses regional impnets of each input on yield and production,
and evaluates the influence of the production 1nput on yield stability.

The offoet of praduction inputs on the stability of whoeat yiolds is of interest
in evalunting the sensiti vity of wheat vields to changing woeather pattorns or in
evalaating the feasivility of utitizing historical yield and wenather data for
whent yvield models.
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Production inputs impacting wheat productivity since 1949 include
summer fallow, irrigation, wheat varietal productivity, wheat class
productivity, fertilizer, pesticides, so1l productivity base, and cultural
proctices. Because of limitations of data and space, the discussion of
production inputs is limited to using selected wheat States or arcas as
examples. In cach case, an attemapt is made {where data are known to
exist) to discuss those aveas where the particular production is most
unportant.

The stability of production will be assessed by using the statistics:
Standard deviation (s) and coeflicient of varviation (C'V}. The GV,
which is defined as s divided by mean yield measures of relative magni-
tude of yield variations. A comparison of the standard deviation with
and without the production input gives an indication of the absolute
magnitude of yicld variations (one standard deviation including two-
thirds of the sample) due to theinput.

The importance of the OF as a measure of relative yield variabilify
is shown by the following hypothetical example, Suppose that for o
set of climatic events and a certain set of production inputs (case 1)
the mean vield for a given period of yearsis 15 bushels per acre and the
§ is & bushels per ncre. Now, suppose that for the same sct of climatic
events but a different set of production inputs (case 2) the mean yield
is 30 bushels per acre while the ¢ remains 5 bushels per acre. Incasel
the OV is 0.333; and the doubling of mean yield in case 2 reduces the
CV by onc-half to 0.167. Such a reduction in the ¢ indiecates that
the relative variability of yield with respect to obscrved climatic condli-
tions has declined. Although no change has oceurred in the absolute
variability of yields (s}, the annual variability relative to the mean
yield level has been stabilized by the new set of production inputs.

Because regional yield trends and annual yield variations ave typi-
eally a combination of annual changes in climate and of annual changes
in production input combinations, and climate sequences have not gen-
erally repeated themselves during the 194976 period, area yield series
arc not & very usable basis for measuring changes in yield stability.
Only for the summer fallow section are comparable yield data avail-
able to provide a rough indication of the impact of a change in farming
practice on yield stabiltiy. The eficct of changes in other input com-
binations is implicd from experimental data that compare production
input combinations under the same set of annual elimatic conditions.

Summer Fallow

Summer fallow is defined as: “a farming practice wherein no erep
is grown and all plant growth is con trolied by cultivation on chemicals
during o scason when a crop might normally be grown.” (44, p. 1)
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The total acreage of summer fallow increased from 4 million aeres in
1909 (when summer fallow was first reported) to 26 million acres in
1949, reaching a high of 41 million acres in 1969 (38). Since 1969,
swumer fallow land has decreased to 28 million acres in 1974 (38).

Use for Wheat

Most summer fallowing is practiced in the semiarid dryland areas of
Regions 1, 2, angd 4, which include primarily the Great Plains and the
Northwest States (fig. 2). Tn 1975, these regions accounted for 82 per-
cent of the harvesied acreages of wheat in the Tnited States. Since
inadequate precipitation greatly limits wheat production in these semi-
arid areas, summer fallowing is often used for the primary purpose of
storing water in soil before wheat secding.

dost of the summer fallow in the Western States is used for the
production of wheat (44). Figure 6 shows the acreage of HRW and

=ar 1i8ErGT | SOSFITE
=

veam | 626

ISABIZIT | searz e

205y TFR0GE

23
i
7 537,
| vasz

y &

Frerre 8.—Thonsands of harvested acros of drriand Hard Red Winker and Hard
Red Spring wheat planted on summer fallow and on eontinuons cropping in
selected Great Plaing States, 1974, Top Hgure is on summer £allow, botiom
on continnens. (USDA-BSCOS data.)
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FIRS wheat produced on summer fallow and on continnous cropping
in sclected Great Plains States in 1974, Data are shown only for those
Crop Reporting Districts (CRD's) where both cropping sequences are
reported by USDA-ESCS. Summer fallow is also used extensively for
wheat production in the Northwest States of Washington, Oregon, and
Ydaho (66).

In 1974 summer fallow was used almost exclusively for wheat grow-
ing in Montana and Colorado and was vsed mostly in the drier west-
ern parts of the Great Plains States of North Dakota south to Texas
(fg. 6). Summer fallow was used for both HRW and HRS wheats m
Montana, North Dakota, and South Daketa.

Wheat yiclds following summer fallow and continuous cropping
for 197+ are shown in figure 7. Althongh yield data for only 1 year are
shown. some general relationships arve apparent, In the dricr wesfern
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HARD RED WINTER

Ficvue T.—Bushels per havvested acre of dryland Iard Red Winler and Hard
Red Spring wheat planted on summer faliow and on continuous eoopping in
celected Great Plains States, 1974 Fop figure is on sunnney fallow, Lottom
on continuous. (USDA-BESCS data.)
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arens, yiclds after fallow are much greater than on continnous crop-
ping. In the eastern parts of these States, however, yiclds are not in-
creased as much by summer fallow as they are farther west. In some
instances, yields on summer fallow are no greater than on continuous
cropping. Where HRYW and HRS wheats are extensively grown. as in
Montana and Seuth Dalkota, IIRW wheat yields, both on summer
fallow and continuous cropping, are significantly greater than those
of IRS.

Durum (a spring wheat) vields were =imilar to those of the TIRS
wheat, grown on correspomding summer fallow or conlinuous cropping
conditions, in Nerth Dakota. South Dakota, and Montana (not
shown). The yield incrense for summer fallowing over continuous
cropping decrenases from north to sonth. For example. only a 2- to 4-
bushel-per-acre inerease was measuved in Texas in the southern Great
Plaing; whereas 5- to 10-bushel-per-acre increases were not wncommon
in the northern Great Plains. The smaller yield inerease on summer
failow in the southern Great Plains is due largely to fallow efficiencies
{percentage of precipitation slored in the soil} that deeline from norvth
to south as higher average temperatures increase evaporation (77).

Figures 6 and 7 should be considered simultaneously when yiclds on
summer fallow and continuons cropping are eompared, In those CRD’s
where alinost all of the wheat is produced cither on summer fallow or
continuons cropping. the yields ave not entirely comparable, For exam-
ple, in Montana and Colorade where more than 90 percent of the wheat
is produced on rummer fallow, farmers tend to utilize the more pro-
ductive soils for conlinucus cropping {46).

From its 1949 yeak, wheat acreage declined fo a low in 1970 revers-
ing the 1970%; it reached a level slightly below the 1949 pealc (fig. 1).
Summer fallow acreage during this peried was negatively correlated
with wheat acreage but generally preceded the wheat acreage trend by
2 year. Summer fallow acveages peakced in 1969 at L1 mi lion acres (38).
Much of the increased acreage of wheat sinee 1970 was brought ahout
by the decreased use of summer fallow. Changes that oceurred within
wdividual CRD's in the Great Plains States ave depicted in figure 8.
In most of the CRD's in the Great Plains, the percentage of wheat
produced on summer fallow decreased between 1970 and 174 How-
ever, in the drier western Great Plains sumimer fallow arens, such as in
Montana and most of Colorado. the decrease was not great. The great-
est decteases oceurred in the niove hnmid eastern parts of Novh
Dakota, South Dalkota, and Nebraska.

Except for the drier western CRD, the use of summer fallow for
wheat almost ceased in the southern (ireat Plaing States of Oldahoms
and Texas. Because HRW wheat yields responded more to summer




Freire S—DPereent of harvested dryland Hard Red Winter and ITard Red Spring
wheat Hanted ou stunmer fnllow in woleciedl Urept Dliins Rtates for the 1970
and 197 erops, Tup fimre i= foe 1070 ; hottom for 1074, For Oklabomsy, 1468
data are shown instead of 1970, 1 USDA-ESCH data.y

fallow than did the FIRS wheat yields (fig. 7). in both 1970 and 1974
a greater percentage of YIRW wheat than IIRS wheat was planted
{for example in Montana and South Dakota} on suminer tallow (fig.
§). However, between 1970 and 1974 the use of sumuprer fallow declined
for hoth LRV and IIRS wheats.

The more frequent occurrence of saline seeps was also a significant
factor in decreasing the use of summer fallow between 1970 and 1974
in western North Dakota and in muech of Montana (fig. §). Saline
seeps develop where the deep pereolation of water moves below the root
zone and subsequently maoves horizontally when a permeable Juyer Is
underlaid by a less permeable layer (45). The excess water, together
with the dissolved salts accumulated as the water moves through the
underlying strata, eventually reaches the coil surface at a lower posi-
tion on the landseape and forms a “saline seep.” These largely unpro-
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ductive saline seeps are associated with summner fallow and ocenr much
tess frequently with continuous croppiag.

Long-term records are available on the use of summer fallow for
wheat in the Great Plains States of Kansas, Nebrasks, and North
Dakota (fig. 9). Generally, the proportion of wheat grown on summer
fallow increased from 1949 to the carly 1970°s in all three States. Be-
cause yields after summer fallow are higher than after continuous
cropping, increased use of summer fallow caused a significant part
of the upward trend in yields since 1949. However, the percentage on
summer fellow has decreased particularly since 1973, and this decrease
tended to lower average wheat yields.

Average wheat yields from 1949 to 1975 with continuous wheat and
after summer fallow for Kansas, Nebraska, and North Dakota are
given in table 3. More meaningful yield comparisons can be made
beween cropping sequences than with only the 1974 data (fig. 7). The
vield advantages for summer fallow are greater for CRD's in the drier
western one-third of each State than those for CRD's farther east in
the ceniral and castern parts.
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USDA-ESCS yield data show that wheat yiclds after summer fal-
low are about 7 or 8 bushels (near 50 percent) more than continuous
cropping in the western one-third of the HRTV wheat States of Kansas
and Nebraska. There is a disproportionate acreage of wheat after sum-
mer fallow in these CRD’s (fig. 8). Generally, in CRD’s west of the
100th meridian, continuons cropping represents wheat grown on the
better soils—and on lowland sites. I comparable acreages were used
for both summer fallow and continuons cropping. yields after summer
fallow would show a greater difference. For example, long-term experi-
mental plot data in northwestern Kansas (62}, as well as more recent
research in northwestern Kansas (47), and southwestern Kansas (77},
showed that wheat yields after summer fallow more than deubled the
yields on centinuous cropping.

In the central one-third of the FIRW wheat States of Kansas and
Ncbrasks (table 3}, where there are significant acreages of both con-
tinnous wheat and wheat after summer fallow (fig. 6), wheat yields
after summer fallow are about 3 to 6 bushels greater (14 to 27 per-
cent increase for Iansas and Nebraska, respectively) than on con-
tinuous cropping. Experimental plot data in these regions indicate
yield increases after summer fallow (compared with continuous crop-
ping), ranging from 57 percent (69) to over 300 pereent (702). This s
the “fallow transition zone where an estimated 45 pereent of the arca
is on a fallow-wheat-sorchum sequence (48). A partial cause for the
smaller increases in wheat yields after summer fallow in the central
region is that the approximately 10-month-fallow period between sor-
ghum and wheat as contrasted to the longer 14-month period between
alternating wheat crops further west (42) reduces preseasonal soil
water storage.

Wheat yields ave Tower on both continuons eropping and after sum-
mer fallow in the predominantly RS and 1) wheat State of North
Trakata than in the FIRW wheat States of Iansas and Nebraska {table
3y. Although North Dakota wheat vields after summer fallow were
greater than those after continunus eropping. the response difference
was generally less than in Kansas and Nebraska, The vield increase
with summer fallow was alzo greater in North Dakota’s western and
central CRDs than in the eastern one-third. However, yviclds for both
contintions cropping and wheat after summer fallow were comparable
in the western and central one-thivd of the State. The lack of a pro-
nounced differential response to summer fallow from west to east in
North Dakota {as compared to Kansas and Nebraska) is partly he-
eauee the gradient in rainfall from west to east in North Dakata is
lezs than in Nebraska and Kansas (774).

For the central one-third of North Dakota, long-term (1915-48)
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TaBLE 8.—dverage wheat yield per harvesled acre (1949-75), standard
deviation, and coefficient of variation of all dryland wheat grown on
conlinuous cropping and after summer Jallow in the western, central,
and eastern one-third of 8 Great Plains Siates

Continuous Cropping After failow
State Stand- Coeffi- 3 Stand- Coefh- )
Yield ard cient of  Yield argd cient of Yield
devia-  varein- devia-  varia-  differ-
tion tion tion tion ence
Bushels Busheis Busheis Puzhels Bushely
mr oerd T aere Pereent PEF dere Per oere Pereent DT acre

WESTERN ONE-TUIRD (QRD 1, 4, 7) ¢

Kansas_________ 13. 4 6.6 43 23.0 8.3 1] 7.6

Neobrasrka__.____ 18 8 7.1 38 26. 8 5.4 24 80

North Dakota__. 15,1 5.7 a8 20. 3 6.7 33 5 2
CENTRAL ONE-THIRD (€RD 2, 5, 8)

Ransnz._____.___ 92,1 7.8 34 23. 3 9.5 38 3.2

Nebraska____.__ 214 A 36 27. 9 81 20 6.0

North Dakota. 14 8 5.8 3% 21.5 7.1 33 6. 7
EASTERN ONE-THIRD ? {CRD 3, 8, 9)

Nebraska___ . __ 26,8 81 30 32. 4G 7.5 24 5.7

North Dakota. . 20,0 6. 6 33 24 7 6.7 27 4.7

t Crop Reporting Districts ) and 7 only for Nebraska,
? Continuous cropping and after fallow not reported separately in Kansas,
Source: USDA-ESCS data,

experimental plot yields at Mandan were 14.9 and 20.9 bushels per acre
for continuous wheat and wheat after summer fallow, respectively
(.#5). These experimental plot data compare favorably with the
USDA-ESCS data for the area. In the western part of North Dalkota
at Dickinson, long-term (1908-51) experimental wheat yields were
11.6 and 20.9 bushels per acre for continuons cropping and wheat after
fallow, respectively. (26). This is o 9.3-bushel merease for sommer
fallow.

Yield Stability

Standard deviations for yields on continuous cropping and after
summer fallow for different portions of Kansas, Nebraska. and North
Dakota are given in table 3. Even thongh yields are increased by the
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use of summer fallow in all instances as compared with continuous
eropping, there is no apparent change in the standard deviation. This
would indicate that yiclds vary similarly on both cropping sequences
across the range of climatic conditions covered by the period of years
involved. On the other hand, when yields are increased by summer fal-
low, there is generally a decrease in the relative variation in yields as
indicated by the coeflicient of variation.

One point should be kept in mind when evaluating the impacet of
cropping sequence on the wheat yields discussed herein, that is all
ather production inputs involved with dryland wheat are included
over time. In the subsequent sections, several of these other inputs will
bo evaluated separately.

Soil Productivity Base

One factor invelved in wheat yield trends is the productivity of
dilferent tracts of land used for growing wheat. In the more important
wheat-growing regions as wheat acreage Inereases, soils of lower pro-
ductivity are brought into production. Conversely, when wheat acreage
is controlled, as with government programs, soils of higher productiv-
ity ave used for wheat. In areas where the most important crops, such
as wheat, barley, oats, flax, and rye, ave “close-grown’ as in Region 2,
wheat usually is grown on the most productive land because of its gen-
erally higher income per acre.

Tsing North Dakota as an example, in 1049 there were slightly more
than 11 million acres of all wheat seeded in the Siate (fig. 10). The
acreage deelined little until the initiation of acrenge restriclions in the
carly fiffies. By 1957, there were only 6.5 million acres planted to wheat
in North Dalota. Clovernment acreage allotment and other programs
caused planted wheat to remain near this level for the following; dec-
ade—the average acreage planted to wheat during the perviod of 1957
through 1966 was 6.5 million acres. Changes in government programs
allowed the wheat acreage to increase somewhat after 1966 to almost
9 million acres by 1973. USDA-ESCS data for 1976 indicate 11.9
million planted acres of all wheat—greater than the previous high of
1949,

The increase in wheat acreage in North Dakota from 1967 to 10676
came {from three primary sourees: {1) Decreages in the acreage of other
crops, (2) less use of summer fallow preceding wheat (fig. 9). and (3)
the econversion of formerly diverted acres to wheat growing. From
1970 Lo 197+, the combined seeded acreage of oats, flax, and rye in North
Dakota decreased by about 2 million acres and acreage of summer
fatlow decreased by 1.9 million acres (TSDA-ESCS data). Since sum-
mer fallow Is used primarily for subsequent wheat crops to increase




27

105

ACRES (MILLIONS)
o

80 ‘65 it 75
YEARS

g o :§
1950 55

Trerne 10.—Seeded ncres of all wheat and diverted seres nnder Government
favm progeams in North Dakola, 1949-76. (USDA-ESCS and USDA-ABCS
data.)

soil-water storage before seeding, to release available plant nutrients,
and to control weeds, there is little reason to believe that summer fallow
acreages ave less productive than the wheat acreages. However, both
diverled acreages and other crop acreages converted to wheat produc-
tion will likely have o lower average productivity capability than those
acreages in wheat during the decade from 1957 through 1966 (fig. 10).

From 1956 through 1973, various government diversion programs
occupied a significant acreage in North Dalota (fig. 10). These govern-
ment programs included the Conservation Reserve Program, Acreage
Reserve Program, Wheat Program, Cropland Conversion Program,
and Crop Adjustment Program (USDA Agricultural Stabilization
and Conservation Service data). OF the sevoral programs, the acreage
in the Conservation Rescrve Program (Soil Bank) is less likely to
have a productivity greatly different from nondiverted acreage because
in some instances entire farms were placed in the Conservation Reserve
Program. However. in those instances where entive farins were placed

2TB-528 {1 - Fu - g
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in the Conservation Reserve Program, such farms more likely were
located in the drier and less productive western part of North Dalola.

A detailed study of the productivily of the diverted neveage in 1966
concluded that, A fter considering all sources of variation, the produe-
tion of the diverted acreage as a percentage of the acreage in produc-
tion was estimatod at 80 pereent for wheat . . .7 (120, p. 14). If the
assumption were made that of the approximately 5 million additional
acres of wheat in North Dakota between 1966 and 1976, about 3 million
acres came from diveried acreages and acveage of other erops {with
potential productivity of 8 peveent as compared with wheat acreages) .
then caleulalions ean be made on the impact of these acreages on wheat
vield trend.

Considering wheat vield trends in North Dakola. in 1966 wheat
vields were about 25 bushels per acre. Tf diverted acreoges and acreages
in other crops were about 10 percent less produetive, then these acre-
ages would petentially produce about 2.5 bushels per acre less than
thase wheat acreages in 1960, Since the 3 million acres wvolved are
ahout 23 pereent of the 1076 wheal acreage of near 12 milhon acves.
then {based on 1066 wheat yield trends) 1976 wheat vields in North
Dakota should be reduced by 0.6 bushel per acre. Sinee 1966, wheat
yield trends in North Dakota have eontinued to move upwaed becanse
of greater varictal productivity and jnereased use of fertilizer, These
trends. howover. are oflset by the decreased use of summer {allow
{Rg. 9). The O.6-bushel-per-acre value may, therefore. be somewhat
conservafive.

The example for North Dakota poils out {that changes in the =oil
productivity base within a wiven area can have an impact on potent il
wheal vield. Althongh (he caleulated overall deereare in produclivity
i+ not targe for Novth Dakola. an increase in wheat wereage in other
wheat-growing regions of the United Stafes eonld hiave an even greater
impael on potential wheat produetivily and should be considered in
evatuating wheat yield (rends,

Irrigation

Use for Wheat

Trrigation is an important componeit of the wheat aeveage and pro-
duetion in many areas of the Western Taited States. In Northwest
Region 4. nearly 500060 apres are irrigated (91). Trrigation makes the
biggest contribution to whent grown in Region 3. where most af the
wheal grown in Arizona and Nevada and about one-fourth of Cali-
fornin's wheat is irrigaled (90,

Towever. the lapsest irvigated acreage i in the (irent Plains Re-
aions. In 1071 there were 174 million harvested acres of irrigaled
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wheat grown in the cight (Great Plains States (fig. 11). The greatest
avreage of irrigated wheat oecurs in three States of Region 1. Texas,
Kansn= and Oklahoma. In tact, alimost one-halt of all the irtignted
wheat acrenge in the Greal Plains is located in CRI 1-X of the Toexas
Panhandle, In 1974 56 percent of the harvested wheat acreage in
CRID 1-X was ireigated. Terigated wheat is also of major importance
in Texas CRD 12, in Kansas west contral CRD | and =outhwestern
CLI 7L in the Oklahoma Panhandle's CRD 1 and New Mexieo CRT) 3
{lig, 11). '

In-the Great Plains, it waz after World War TT before wheat was
ierigated on 2 major seale. Fop example. fess than 10 percent of the
wheat acreage in Texaz CRDI-N was Ireigated in 19 (fig. 12).
The proportion af irvizated wheat acreage inerensed greatly during
the fifties and peaked in 1963 at about 66 pereent of the havrvested
wheat acreage, Rinee 1963, the proportion of wheat acreage irrigated
has been gradually declining. Tn 1874, however, farmers, regponding
to high wheat prices. increased (he proportion of wrrigated wheat
nereage [o 6 pereent of harvested whoeat acrveage from 36 pereent in
1072,

Trrieated wheat xields have also inereased over timo (fie. 13). In
L0, L. and 1951 irvigated wheat yields in Texas ORD 1-X wore
not mueh greater than those grown on dryland. THowever. 1rrigated
wheat yieli- inerensed greatly during the fifties and exeept for vieid
vartations dae In part (o weaihor ave been fadrly constant for the past
decade. Wheat vields grown on irriganied land are significantly groater.
lowever, than those grown under dryland eanditions. For example, in
Trxax CRD 1-N wheat yields from 1068 through 1975 averaged 36.6
and 13,6 Lushels per harvested nere, respeetively, for irrigafed and
devland eonditions,

Most of the upward trend in wheal vields sinee 1049 in those CRD's
where rrigation i« important (fig. 11} is, therefore. due ta iwo factors:
(1) The inerease in the proportion of wheat grown under irtigation
(fig. 12} and (2) an inerease in irrigated wheat vields over time (fie.
13). I thoxe CRTYs where irvigation js an important factor in wheat
produetion, the potentinl for wheat vield inereases under dryland con-
ditions iz often limited by the amount of svailable wator,

Fhe inereases in irvigated whent yields over time were largely due
Lo improved irvigation witer manaecment. improved varieties. and the
inereasing use of ferfilizers (672, ThoS2081). Tn 1976, irrigation of
wheat in Texas. Oklahoma. and Kansas was still the more “extensive”
type, that 3=, ~upplemental (o rainfall with weather retaining; an im-

portant role, ax contrasted to intensive wrrigation of many other crops
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where plant-water stress is largely eliminuted. As a consequence, irri-
gated wheat yields are still subject to significant yearly variations.
Yield Stability

Comparative data for analyzing the effect of irrigation on wheal
yield stability were availuble for CRD 1-X in Texas and for CRD 4
and 7 in Kansas (table ). The standard devintion of wheat yields for
both dryland cropping sequences and for irrigated wheat iz similar in
these two States. However, corresponding with much lower dryland
yields, in Texas the standard deviation was slightly lower for dryland
wheat than for irrigated wheat, In Kansas the standard deviation of
irrigated wheat yields was lower than the standard deviation of wheat
yields after summer fallow or after continuons cropping. Nevertheless,
these results show that although irrieated wheat remains subject to
annual variations in yield caused lnrgely by annual elimatic variations,
irrigation reduees relative vield variability as shown by coeflicient of
varigtions.

Fii]

i =

PERCEMT

YEARS

FFraere 12 —-Pereeniage of harvested whent nereago irrigated in Crop Reporting
District 1-N of Texny, 1040-73, (TEDA-TROS data.y
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Fieurt 13.—Yield of irrigated wheat and dryland whent in Crop Reporting
District 1-IN of Texas, 1949-75. {Yields are average for Briscoe, Castro,
Deaf Smith, Floyd, ITale, Pamer, and Swisher Counties.} (CSDA-ESCS

data.}
Wheat Varietal Productivity

Variety Improvement
Variety improvement has played a significant role in the increasing

wheat yields that have occurred (fig. 5) in all wheat-growing regions.
To guantify the role of variety improvement, individual field plot
variety trials were used for seven locations in North Dalota 3 and three
sn Missouri ® as examples of a major HRS-D wheat State and o pre-

dominately SRW wheat State, respectively.
The approach developed by Auer” was used to develop varietal pro-

ensen and

s North Dakota veriety performance data were provided by L. A. J
J. F. Carter, Agronomy Department, North Dakota State University, Fargo.

2 aissouri variety performance datn were provided by J. M. Pgehlman and
D. Sechler, Agronomny Department, University of Missouri, Columbia.
T.. IMPACT OF CROP-YIELD TECHINOLOSY ON 1.5. CROU PRODTCTION, Tnpub-

TATER,
D. thesis. Jowa State Umniversily of Science and Technology, Anes

lished Fh.
1963.




TasLe 4.—Average yield per harvested acre, standard deviation, and coefficient of variation of wrrigated and dryland

wheat grown in selected, Crop Reporting Districts of the southern Great Plains

Irrigated

Dryland—after fallow

Dryland—combined !

Dryland—continuous

Crop - Stand-  Coeffi-
report-  Years Yiceld ard de- cient of
ing dis- . viatiolr © varia-

trict tion

State Yield

Bushels . Bushels Bushels
per acre per acre Percent per acre

200 7
27.3 7.6
38.0 6
36.7 6.

1949-75
1949-75
1957-75
1957-75

Texas.... 1-N2
Do___. 1-83
Kansas_ . 4

Do___.'7 23. 2

Stand-
ard de- cient of
. viation

Bushels
per acre

8.6 37

Coefli-
cient of
varia-
tion

Stand-
ard de-
viation

Stand-  Coeffi-
ard de- - cient of
viation varia-

tion

Coefhi-

Yield Yield

viria~
tion

Bushels Bushels
per acre per acre Percent

119 6.0 50
131

Bushels - Bushels

Percent per acre per acre  Percent

16. 9

! Wheat yields on sumimer_ fallow and continuous cropping not
reported separately for all years in Texas.

* Yields for the-period are an average for Briscoe, Castro, Deaf
Smith, Floyd, Hale, Parmer, and Swisher Countjes.

3 Yields for the period are an average for Bailey, Crosby, Lamb,
and Lubbock Counties.

Source: USDA-ESCS data.




34

duetivity indexes with time, With this appreach. an initial check va-
riety was seleeted and for each year the check variety was taken as 100
percent. The performance of other varieties was caleulated each year as
a percentage of the check variety. Since the check variety first selected
wis nob grown in vaviety trinls for all test years, the use of other check
varietios was necessary after 1070 in North Dalkota and after 1966 in
Missonrl. ‘To do this. an overlap period of years was uzed (3 to 12 years
for North Dakota and 5 to 10 years for Missonri) to convert the per-
formance of the second check variety into a percentage of the fivst
check variety and so on for the entive test period. For North Dakota,
‘Phateher was the Arst cheek vaviety and Chris. the second.® For Mis-
souri, Clarkan. Menon. and Arthur were the first, sccond, and third
cheek varieties, respeetively. All varietal performances were ultimately
-alentated as a percentage of the fivst ov original check variety.

Varietal productivity indexes for North Dakota and Missouri were
calenlated for the censns vear—1949, 1954, 1939, 1964, 1869 and 1974
Tor cach census year. an index of varietal performance was caleulated
by averaging 3 years of experimental plot performance data {when
data were available). and using the census year as the midpoint. After
caleulating a relative performance index for each variety, individual
census vear-variety-survey data were used to estimate the varieties’
shave of wheat acreage in the State, TWhere unidentified vareties usu-
ally less than 10 pereent) were shown in the census survey, the share of
cach identified variety was adjusted upward proportionately so that the
identified varieties totaled 100 peveent for the State. For cach census
vear. the perfurmance index for cach variety was muitiplied by its
<have of the wheat acreage in the State. Summing these caleulations
provided a varietal productivity index for the year.

The productivity of North Dalkota in relation to the Thateher variety
(TTRSY and of Missouri wheat to the Clarkan variety (SRIV) isshown
in Rgure 14. For North Dakota. relative varietal productivity inereased
about 10 pereent since 1940 for Missourd it ineveased about 40 pereent
since 1959, The preductivity ot Miscouri wheat below 100 pereent m
1649 and 1934 was primarily due to growing some HRW wheats that
vielded less than the SR Clarkan check variety in these years,

Although data were unavailable for analysis of the whole vegion,
the varietal productivity values for North Dakota may be indicative
of varictal improvement in the deier RS wheat arca of Region 2;
and the varietal productivity values for Missonri may be indicative of
the more humid conditions of SRW wheat Region 3. Much of the
inereased vavietal productivity in the SR wheat States is due to the

S Por Mandan, Waldron wag used as the second cheek variety.
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FIGCURE 14.~—Productivity of North Drakota wheat in relation to the Thatcher
varietr and of Missouri wheat in relution to the Clarkan viariety, census
years 1045-T4, (See text,)

highly productive Arthur {80) and Arthur 71 varicties. They
accounted for about two-thirds of all the wheats grown in 1974 in the
States of Ohio, Illinois, Missouri, and Indiana (CSDA-ESES data).
Although Arthur and Asthur 71 arc hot classified as semidwarf
wheats, they do have strong straw and good disease resistance and
respond well to applied fertilizor (84).

Much has been written (203} about the “Green Revolution” and the
inpact, of the high-yielding wheat varieties (HYV) that occupied over
40 million acres in Asia and North Africa in 1973 (27). As previously
emphasized {94), Norin 10 and other Japanese strains were first used in
the United States in the State of Washington by Vogel and associates
(118) and outside the Tnited States by Borlaug and associates in
Mexico (16). Both of these wheat-breeding programs have had a signi-
ficant impact in the United States on the development of high-yield-
ing semidwarf wheats, for example Gaines, which are resistant to
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lodging and responsive to production inputs such as water (from
eithor rainfail ov irvigation) and applied fertihizer, particulariy
nitrogen {(97).

Table 5 shows the use of semidwart varieties in U3, wheat in 1974
and 1973 in the leading wheat State in each of the five wheuat-growing
regions (fig. 2). For the State of Washington in 1974 and 1975, Gaines
(£16) and Nugaines (719) ovcupied almost one-half of the wheat acre-
age, and i 1975, Paha occupied ahnost one-seventh of the aercage.
‘These semidwart white wheats arve adapted to the more humid parts of
Novthwest Region 4+ and are quite responsive to applied nitrogen
(717). Obviousty, these highly productive semidwart varieties have
hael o grear impaet on the upward trendin No vthwest Rogion 4 (fig. 5).

The most dramatic impact of the high-vielding semidwarf wheats
(Tor the States shown in table 5) has been in the State of California
where virtually all of the wheat grown in 1974 und 1075 were Mexican
varioties ? and, for 19773, wheat vields per harvested acre pxceeded 6O
bushels per acre {table 2).

In the generally dry Great Plaing wheat States of Kansas and North
Dukota. semichwart wheats have not vel had a major impaet (table 5).
1n Kaneas. the cemidwarfs Satanta and Channte oeenpy a minor pes-
eentagre of the total acreage, In North Dakota. the HRS wheat semi-
Awarf varicties Tea. Lark. and Bounty 208 =till oceupy a small pro-
portion of the acreage : whereas the variety Olaf oceupied 11.1 pereent
of the uereage in 1973,

[n somewhat wefter Minnesota. semidwarfs are very hmportant
where, for example. in 1974 Era occupied 62 pereent of the total wheat
avea (USDA-FERCS data). Under Minnesota conditions, Era vields
wore G2 percent greater than the older variety Thatcher over a -k-year
test period (J9).

Although semidwarf wheats have not yet had a major bmpact on
vields nnder the dryland conditions of the {ireat Plaing, semidwart
whent= have contributed to higher irrigated wheat yield levels in the
~outhorn (rreal Plains, In the cavly vears of irrigated wheat produc-
fion n the southern Great Plains. the applieation of ndequate water
audd Jarge ammomnts of nitrogen fertilizer often vaused severe lodging
and wpcinted vield vednctions (60.74. 82). The wheat varieties avail-
able at the time were developed primarily for devland conditions.
However. high-vielding short-stature (semidwarf) vavieties resistant
ta lodeing under inlensive irrigation and high applied nifrogen tevels

*ygrictios relesseil Iy ihe Cooperative Program af the Institute Naetonul de
invesfigaeiones Agricolas (INTAY and the International Maize and Wheat ITm-
provewent Ceater (CIMMYT in Moxico.
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Tanre 5T heat variety surveys for the 1974 and 1975 crops in the
leading wheat States of each wheat-growing region?

_ Pereentage of
Region, State, and variety Markel elass acreage in
- 0
1974 1975

Region 1, Kansas:
Heout. el Hard Red Winter
T s 11

— G

KRN

Centurk__ .. ..
Triumph
Parker .. __. R« [
Batanta: ... coedon.. .
Chanute ? R < T T
Gageoo ... _.. ' I

Region 2, North Dakota:
Wallron ===+« . Hard Red Spring______
Rulette S B 11 (T
Leeds
Wells
ark g
Ward. TR o111 3 1T B
Meat oo . - Hard Red Spring___ . .
Bounty 2082 .
Cheis. | .
Qlafz. . .
World Seeds 1505 2

Region 3, Ohio:
Arthur. 0 Lo Holt Red Winter. . ..
Arthur?r. .. . cementdoo o
Logan____. .. _. P SR ; U S
Mornon__ L. ..
Reedoo_... . _ ___ _

Region 4, Washington:
Gaines and Nugaines®. .. .. White L
Wanser ... ... [Inrd Red Winter .. ..
Pabaz. .__ e White___.__.__. . __. .
Moro. . ... R T T E DU < I+ I
Omar . .. . __ ... N 4 ¥
MeCallle 0 . L -~ Hard Red Winter .
Hyslop: ... . . . . . White. .. .. .

See fovinotes nt end of tabla. '

[ HE e R I S]]
L= BN S e RS

[l ]

R S R N T R
L "] 3 .
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TanLe 5.— W heat varicty surveys for the 197} and 1975 crops in the
leading wheat States of each wheat-growing region’—Continued

) Percentage of
Region, Btate, and variety Market elass acreage in

1974 1975

Region 5, California:

Tnin G6 and 66R 7. _._..__. Hard Red Spring_.__--- 22,9 30.6
ADZA Y e ccrmame——m——— 7 TR 211 40. 7
Pitic 627 e cmmea e 1 1o 16.8 (oo ---
Cajeme oo me 0 T 13. 3 13. 4
Sicte Cerros GO Lo aus White em oo 7.8 s
Blue Bird 2% i -- Hard Red Spring__---—- 4.1 1.3
Ramona 30 oo oo mmaneoa-- White e maamea 2.2 1.9

| Only those varieties are shown that occupy greater than 2 percent of the
total State wheat acreage in cither year.

2 Gemidwarf plant height (91).

@ No survey for 1975.

i For Washington, White wheat includes Club wheat.

Souree: USDA-ESCS data.

have been developed and used by farmers. For example, the Sturdy
variety was the first short-stature Hard Red Winter wheat recom-
mended for Texas. It was released in 1966 (4) and by 1974 was the
leading variety in that State. grown on 13.9 percent of the total acreage
(TSDA-BERCS data). TAM W-101, veleased in 1971 {§3) is also
highly productive under intensive irrigation and fertility manage-
ment. Thus. the potential exists far even higher future irrigated wheat
vield levels in the southern Great Plains.

The dizcussion on semidwarf wheats does not infer that significant
improvements have been confined to these varieties. Certainly increased
varietal productivity has been pa rtly responsible for the upward yield
trend in all wheat-growing regions (fig. 3). Most of the wheats grown
in the Tnited States are located in the semiarid Great Plains; hence,
weather plays n major role in holding down yields regardless of po-
tential productivity.

Much of the effort in wheat hreeding in the Great Plains is directed
toward resistance to pests, such as plant diseases and insects. Forexam-
ple, varictal resistance to leal rust in wheat i5 highly transitory, and
a conlinuing hreeding effort iz reguired to maintain varieties with re-
sistance to new physiologic forms of this disease (100} . Most wheat-
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brevding programs strive to reduce plant height and obtain greater
Araw steength to inerease lodging vesistanen, Even with conventional
varieties, developing moderately short wheats with good lodging re-
sistanee for semiarid deyland condifions has been possible (700).

Yield Stability

Wheat variety performance data for North Dakota were wsed o
assess the napact of higher yielding variotios on yield stabilily {table
6). For Hard Red Sprivng wheats the newer Selkirk variely increaged
avernge yields by 2.6 bushels per acve over the older Thateher variety
for the ~0 loeation years analyzed. For Duran wheats. the newer Wells
variely nerensed average yields by 8.2 bushels per acre over the older
Mindim vaviety for 96 Toeation vears. In both eases the siandard
deviation of yields tended to inerease with the new Ingher yielding
vatielivs, but the coeflicient of variation declined indienting grreater
yield stability. However, additional analyses for other varieties under
farm conditions are needed beLore concluding that the higher vielding
varieties have reduced rvelative yield varabitity over time.

Wheat Class Productivity

Closely associated with wheat varictal produetivily is the subjoel of
wheat class productivity, Tlowever, wherens wheat vavietios rellect
genetic factovs, wheat class vefleets market Laclors such us protein con-
tent, elaten content. haking time, and other factors affeeting milling
and baking use. Different wheat elassos contuin varictios with varying
yield potentials. ITowever. changes in market conditions or the devel-
opment of a new variety with different yield potential can alter farm-
ers’ preferences for o wheal class,

The growing of Hard Red Winter wheat has been moving northward
in the Great Plains for many years primacity due {o the development
of more highly productive and winter-hardy IR varicties. Spring
wheats were widely grown in Kansas up o 1880, and spring wheat
predominated in Nebraska until after 1900 (29). A good iliustration
of the northward movement of JIRW swheat into South Dakota and
Montana is shown in figure L3, Since 1930 harvested acreages of ITRW
wheat have inereased from about 14 to 30 percent of the total harvested
acreage in South Dakota and from ahout one-fourth to nearly onc-half
of Montana. Since HRW wheat has a higher average yield per aere
than HRS wheat. the impact on production over time has been even
greater, During the S-vear period 1970-74, HRW wheat contributed
aboul one-third and two-thirds of the production in South Dakota and
Montana, respectively.




PAnLE 6.—Y7eld, standard deviation, and coefficient of variation of £ Hard Red Spring and 2 Durum varieties
released at different times and tested i North Dakola

Hard Red Spring
) Thatcher ! Selkirk 2
~ Station . Years 1 i e e £

Standard Coeffi- Standard Coeffi-

Yield deviation cient of Yield deviation cient of
variation variation

nas s Dumr - Dumds T
per.acre Peracre Pereent per acre LT acre Percent
TANEAON e e 1954-08 37.0 12. 0 32 44. 0 10. 0 22
MOt e e v i i e 1053-067 31.0 13.0 42 33. 4 0.4 28
Carringlon_ioco o lmotoaimie s 1962-69 27.0 8.0 29 3.1 7.4 24
MANAAN . o e e e e m e 1953-68 27,2 12, 0 43 31.0 1.3 36
D i CKITISON A £ o o ok i e e e = 1953-69 22.4 10, 2 46 22. 8 9.8 43
WALSEON . s o ecm e e e 1953-70 22,4 7.1 32 23.0 9.0 38
89 27. 6 1.5 42 30, 2 ilL. 8 39

Combined location-years ... ... «w-uo:

0¥




Burum

Mindum 3 Wells ¢
Standard Coefli- Standard  Coefli-
Yield - deviation cient of Yiceld deviation  cient of
variation variation

Bushdls Bushels Dushels Bushels
JHT acre T acre Prereent 1¢r acre mr acre Percent

Fargo, Lo 2000 . - : 1957-73 20. 0 12,3 42 47. 0 9.3 20
Langdon.... .. ... 1957-71 43.0 12: 8 30 53. 13.5 25
Minoto...oo L e e e 1958~70 35. 3 12. 3 35 40. 12.5 31
Carringlon. .. .o o 1962-70 24. 0 12,1 51 37. 1.0 30
Mandan. ... ool 1958-69 26. 2 13. 0 49 32. 15.5 49
Diekinson_ o - o .o o . 1958-69 24.6 0.6 39 27, 10. 4 38
Williston 1958-75 22,0 7.3 33 23. 91 39

+

Combired location-years._. ... ... .. 96 . 4 13.1 45 37.6 15. 3 ; 41

tThateher was released in- 1034 and, for census years, repched a peak in 1939 as 41.6 pereent of the total North
Dakota wheat acreage (25).

? Relkirk was released in 10533 and, for censns years, reached a peak in 1850 as 57.1 percent of the total North Dakota
wheat acreage (43), ) ‘

¥ Mindunm was released in 1917 and, Tor census years, reached apealk in 1034 as 12,9 pereent, of the total North Dakota
wheat acereage (92).

+ Weils was released in 1960 and, for consus yoears; reached a peak in 1964 as 26.3 pereent of the total North Dakota
wheat wereage (43).
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The trend from RS to ITRW wheat also has an impact on cropping
sequences. The short tlme interval between harvest and wheat seeding
(for =oil water storage) in these northern Great Plains States of
South Dakota and Monlana necessitates that summer fallow precede
HRW wheat. As o consequence, in these Crop Reporting Districts of
Sonth Dakota where large nereages of TIRW wheat are grown, that iz,
the six woestern CRI's (fig, 6), more than three-fourths of the HRW
wheat was grown on fallow as late as 1974 (fig. 8) after acreage restric-
tions were largely climinated. In contrast, significant shifts occurred
between 1970 and 1974 in the percentage of RS wheat planted on
cummer fatiow and continuous evopping (fig. 8). In easlern and central
South Dakota, usually less than one-fourth of the FIRW wheat was
grown on snmmer fallow by 1074, Tarther west in Mantana where
raintall 3 less than in South Dakota. both FIRW and IIRS were grown
primarily on summer fallow in 1074 (fig. 8Y. These changes in wheat
elass productivily and crepping sequences and {heir eflects on yields
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would indicate that monitering with time is necessury 1€ aveurnte wheat
production extimates frow o given geographical region are to he made.

Lven when two wheal elasses have the sume arowing season, sueh as
IHard Red Spring and Durum wheats. which are spring-seeded. (lwre
may be significant hifts depending., among other factars, on the price
and market demand for each wheat class, A gnod example of the
change oecurring betwoeen {wo spring classes Ix shown in figare 16.
During the Iatter fifties and varly sixties. the proportions of Durum
wheat in North Dakota inereased from about 10 te 33 pereent 1 g {top-
ward the propertion in Durum remained relatively high to 1975, Dur-
mg the sixties, Durum wheat neeountald for o greater pereentage of
the production than of the harvested acrveages tlies 16). This ditfereneo
was doe to the relense of auperior Durum varieties tprimariy the
Wells variety), whieh vielded wore than TITIS wheat varietios t£). By
the early seventivs harvesfed acrenge and production of Durum wheat
were agaie nearly equal as mere produetive ITRS vaciclios weve
adopled.

50

FRODUCTION
4

HARVESTED
ACRES

PERCENT

YEARS

Vrot e 16 -Dmran wheat fanevested gepes g pEiliietion as a peceentingze of gll
wheat harvested weves and prodaction in Norl Trtkoda, 141070 v 17S1A-
2208 datn.
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Another example of shifts between wheat elasses occurred in the
QRW wheat States of Illinois and Miseouri. In the midsixties, SRW
wheat occupied about 40 percent of acrcage in these States: by 1974
SIW wheat ovetpied about S0 pereent (USDA-RR0S data ). In addi-
tion to the strong export demand for SRV wheat. a significant factor
causing this shift was undoubtedly the development of higher yielding
SRW wheat varivtis, such as Arthur and Arthur 71 which by 1974
occupied over 60 pereent of the acreages in Illinois and Missourl
(TEDA-ESCS data).

Fertilizer

Use on Wheat

Figure 17 shows the proportion of wheat acreage receiving nitro-
gen (N} and phosphorus {17) fertilizer since 1939 for the 1875 lead-
ing wheat States—Eansas; North Dakota. Ohio, Washington—in four
of the Sve wheat-growing regions. Figure In shows the rate of applied
N and I per acre receiving fertilizor for these samne States. A dala
sorics showing fertilizer usage on wheat was not available for the
Southwest Region. To construet o trend with time. with one excep-
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tion, consus data were used for 1954 {109) and 1959 {57) and annual
USDA-ESCS survey data weve used for 1GE-T5 (206, 107, 105, 112)
The exception was in 1964, where wheat receiving the N and P rate
per acre for the State of Washington was obtained from the census
data (55) rather than {he annual survey data {707). Simce the per-
centage of wheat acreages receiving N and P were not reported sep-
arately in 1954 (709), the time series for these data begins with 1959
(Ag. 17).

Virtuelly =il of the SR wheat grown in Ohio received both N
and P eaclt year since 1939 (fiz. 17). In addition, almost al} wheat in
the other importunt SRW wheat States of INinois, Indiang, and
Missouri (table 1) veceived N and P onch vear. N use on wheat in
Washington State inereased from about one-half of the wheat receiv-
ing N fertitizer in 1959 to nearly 90 percent for the past 9 vears (fig,
17). Conversely. very little of the whoat grown in Washington receives
P. N and P use on wheat in Oregon is similar to that in Washington.

The proportion of wheat receiving N in Kansas and North Dakota is
comparable and, since 1939, has increased from about one-third to two-
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thirds of the acreage (fig. 17}, P use. howoever, is much greater in North
Dalota, than in Kansas. In North Dalota, wheat acreage fertilized
usnally reecived hoth N and P, whereas in Kansas, about 25 pereent
move of the wheat acreage veecived N than received T Other important
wheat States also recorded significant increases n the proportion of
wheat acreage receiving fertilizer. For example, only 6 pereent of the
wheat acreage in both South Dakota and Montana received N as
revently ax 196+ Since 1971, about one-third received N, IIRS wheat
i more humid Minnesofa 1x fertilized mare frequent]y than in ad-
jacent North and South Dakota. In Minnesota about 83 to 90 percent
of the wheat acreage received both N and P cach vear since 1962,

The rate of ¥ and P per acre Tor those nerenges receiving fertilizer
has inereased with tine in those States shown in figure 18, The N rate
per acre was greatest n Washington. Comparable N rates were also
nsed for wheat in Qregon. N rates per acre fortilized were comparable
‘1 Kansas zud Ohio. ineveasing from about 20 pounds N per acre in
the Bfties up to almost 50 pounds in 1975 For those States shown in
firure 18, vates pev acre fertilizod were lowest in North Dalkota with
less than 25 pounds N per acre applied in 1975. Comparable N rates
were u=edd in South Daltota : whereas in Minnesota where precipitation
ix normally higher. N rvates fertilizer excecded 50 pounds per acre from
1672 through 1973, Some of the highest N rates on wheat were re-
corded in Texax: more than 100G pounds of N por acre fortilizer were
reported in 1971 and 1973, In Texas, N fertilizer is applied to wheat fo
inerease vegerative production for grazing, partieularly uader nriga-
fion (5Y and to increase grain production,

The tate of applied P per acre in Kansas, Ohio, North Dakota. and
Tashington is similar and bas changed 1ittle during the past 15 years
(Gg. 18). However. I rate in the SRW wheat State of Ohilo was some-
what greater than for the other three States.

Potassimn (K) fertilizer is applied to wheat primarily in the SRW
wheat States of Region 3. About 85 percent of the wheat acreages in
these Stafes received K at an average rate of 43 pounds K per acre in
1974 (108) and in 1975 (712). In the (3reat Plains and Northwest
wheat States. K is normally applied to less than 10 percent of the
wheat acreages.

There are many factors involved in the response of wheat to applhed
fertilizer. Beeause of complicated infervelation hips of these factors.
the re=pouse of wheat te applied fertilizer will be discussed by wheat-
growing regions. Within a given wheat-growing region. some of the
more important factors ave chimate {including irrigation). soils, crop-
ping sequences, and variefies. In diseussing the use of fertilizer in the
several wheat-growing regions, several basic principles applicable to
all regions can he enwnerated.
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First, any time the available water supply for wheat is sufficiently
great (either from rainfsll or Irrigation) for a high potential yield
level, the likelihood of obtaining a fertilizer response is greater.

Second, wheat is best adapted to medium- to fine-textured soils (70).
Wheat, however, is often successtully grown on coarse-textured soils.
When grown on coarse-textured soils, the likelihood of a nutrient de-
ficiency is greater than on medium- or fine-textured soils.

Third, ecropping sequence plays a major role in response of wheat fo
fertilizer. Where summer fallow precedes wheat, organic nitrogen is
mineralized to plant available nitrate nitrogen. As a consequence, for
a given soil, wheat following summer fallow is much less likely to
respond to applied N than after continuous cropping. When wheat fol-
lows a crop that produces a large quantity of carbonaceous top and root
growth (such as sorghum), wheat is much more likely to respond to
applied N,

TFourth, applied N and P behave differently when applied to soils.
If suflicient water is available for adequate growth, moderate rates of
applied N normally are used by the plant during the vear of applica-
tion. Only a small portion of the applied P, on the other hand, is
available for plant growth each year and, after application. may be
utilized over a period of several years. Quantitatively, the phosphorus
requirements for wheat are not great in relation to other crops such as
legumes. As a consequence, ¥ is often conceptually regarded as being
cither adequate or inadequate in contrast to applied N where rates ot
application of X are often important. There is often an interaction
between applied N and P. For example, when either X or P is applied
alone, the yield response may be small: when applied together, the
response may be great. At lower vield Jevels {as with no applied N
or with small amounts of applied N), there may be no response to
applied P. Only after yield levels are increased by higher rates of
applied N, will wheat respond to applied P.

In addition to the aforementioned tactors, which are not necessarily
time related, at least two major time-related factors can be enumerated
that contvel the response of wheal to applied fertilizer. First, there is a
tendency for soil fertility to decrease with time as z result of the
normal decrease in organic matter assacinted with the breaking of pe-
rennial grassland sod and the initiation of eultivated agriculture as
well as nutrient losses assoeiatod with water and wingd crosion, Second,
wheat yicld potential inereases with time due to suelt things as higher
yielding varieties, better weed confrol, and increased water conserva-
tion. Consequently, as soil fertility decreases and wheat yvield potential
increases with time, the need for and response to applied fertilizer are
greater,
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Region 1, the Central and Southern Great Plains States.—In Region
1, spatial and annual variations in climate, particularly rainfall, but
also temperature, complicate the prediction of wheat response {0 ferti-
lizer. Tinder dryland conditions in the western part of Region 1, where
wheat is most often grown after summer fallow {fig. 8) on medinm-
{o fine-textured soils, wheat very seldom responds to applied fertilizer.
For example. at Bushland, Tex., (CRD 1-X) dryland wheat did not
respond to applied N nor to I’ after summey fallow or on continuous
wheat on a silty ¢lay loam soil (30). At Colby in northwestern Kan-
«ag, applied N had no cffect on wheat vields either on wheat after sum-
mer fallow or on continuons wheat on a silt loam =o0il (47). In eastern
Colorado on a loam soil. vields of wheat were increased somewhat by
applied N on continuous wheat but were deercased by the application
of X after summer fallow (18).

Ot 7 Nebraska field trials conducted in the fifties, where X was ap-
plied to wheat after summer fallow, the average increase with 20 to
40 pounds of applicd N per acre was about 2 bushels (77). However,
cither no rosponse or 4 negative response was ohtained in 48 of the 77
trials. Fertilizer trials conducted in the generally wetter sixties showed
40 pounds of applied N per acre increased vields 5 to 7 bushels in west
south central and western Nebraska (29). Very often, wheat re-
sponse to applied XN in the prodominately summer fallow avea of the
western part of Region 1 is confined to those fields where wheat is
grown on coarse-textured soils. At Alliance in northwestern Nebraska,
20 to 40 pounds of X per acre after summer fallow on a very fine
sandy loam soll increased wheat yields 2 to 4 bushels per acre (343.
Very fow instances ave vitable where wheat responds significantly to
applied P in the western paris of Region 1.

However, wheat grown under irrigation in the western part of Re-
gion 1 has an entirely diffevent response to fertilizer. With the wheat
varicties used in the Afties and early sixties, irrigated wheat on a clay
loam soil recciving 30 to 60 pounds of N per acre at Garden City, Kans,,
yielded only 6 bushels per acre more than soil without applied N (74).
‘At Bushland, Tex.,, (CRD 1-N) on a silty clay loam =oil, irrigated
wheat yields in the fifties were increased an average of 17 bushels per
acre with 80 to 190 pounds of applied N(60). In Texas (CRD 1-N)
during the period from 1957 through 1961, 45 fertilizer trials ou ivri-
gated wheat produced average wheat viclds on cluy loam soils of about
34 hushels per acre without applied N and 47 bushels with 80 pounds
of apptied N (82). On fine sandy loam folls, hoth applied N and P were
vequired: as compared with no applied N or P, 40 pounds N per acre
and 35 pounds of applied P per acre combined increased average yields
oy 23 hushels per acre {82).
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In the fifties and early sixties, irrigated wheat almost always lodged
when high rates of N were applied {60, 74). Maximuia: irrigated wheat
yields usually ranged from 40 to 80 bushels per acre. Since the sixties,
however, short-stature wheats vesistant to lodging when subjected to
high levels of applied N {often in combination with applied P} and
frrigation water have been developed. Consequently, irvigated wheat
yields ranging from 80 to 90 bushels per acre were reported in 1973 in
the western part of Region 1 (84).

In the central and eastern parts of Region 1 where irrigated wheat
is not important (fig. 11), the likelihood of a vesponse to applied ferti-
lizer under the generally wetter dryland conditions becomes greater.
However, weather is sti)l a major factor in determining fertilizer re-
sponse. For example, in the 53 western Qklahoma experiments where
P was applied. wheat yields on soils low in available P were inereased
by 3 to 4 bushels per acre (37). Fowever, combining measurements of
soll moisture at seeding. date of seeding, and =oil P test from 44 of the
experiments failed to produce a satisfactory regression equation to
predict yield response {37},

An analysis of N response in western Oklahoma from 104 feld
fertilizer experiments showed 10 pounds of applied N per acre in-
creased wheat yields about + hushels {323, Fowever. little success was
obtamed in relating N response to measured soil moisture or weather
variables (32). In Kansas (777). applied X was sigmificantly related
to vield: but applied X eontributed less to predictive equations than
did measurement« of s0il moisture at seeding. precipitation. variety,
and seeding rate. Even though it is difficult to statistically relate
weather to fertilizer response. weather still plavs an imporiant role.
For example, during the drought vears of 1950-57, at Woodward,
Olkia.. applied N did not affect whent vields (68). During the wet
years of 193863, however. 40 pounds of applied N cach vear increased
wheat yields by about 5 bushels (£8).

In the central and eastern parts of Region 1. wheat more likely re-
spands to both applied N and 17 on coarse-textured soils than on fine-
textured soils, At Chillicothe. Tex., in CRD 2. S-vear average wheat
vields on & fine sandy loam soil weve increased by 8 bushel: per acre
with the combination of 30 pounds of applied N per acre and 13
pounds of applied P per acre (77). In the more humid part of Toexas,
wheat responds to fertilizer also on fine-textured =oils. For example. on
a clay ol at Denton. Tex., in CRD 4, viclds of continnous wheat weve
mereased fron: 23 bushels without fertilizer to 36 bushels with 40
pounds of X per acve and 17 pounds of P per acre combined {95,
Without fertilizer. wheat vields after grain sorghum were only 16
hushels per acre whereas with 40 pounds N and 17 pounds P wheat
yields after grain sorghum were 30 bushels per acre (95},
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In Region 1. where precipitation increases from west to east, more
wheat is grown on continuous cropping than after summer fallow in
castern sectinns of the States (fig. 8). There is. therefore. a greater
lilelihood of respense to applied N. In the east. because more vitinfall
increases potential wheat yields and in some Instances inherent soil
fertility may be lower than farther west. there iv more likeliliood of a
vesponse to applied P. partiedarly if adequate nitrogen is available
either originally in the seilorasapphed X.

Over the past quarter eentury, research workers in Nebraska have
conducted some of the more extensive field trinls with fertilizer on
wheat in Region 1 (29, 77. 78). A 1969 publication (29) summarizes
fertilizer trials with applied N and T conducted in central and eastern
Nebeaska on wheat during the sixties. The results are as follows:

Number Yield tncrease
of Cropping Cheei: -
Area frials sequence yield JON JON-LIOP

Bushels per acre

Central. cre oo v - 11 After summer 30 2 1
fadlow.

East Sonth Centeal L. 20 Contimous___ 22 4 7

Routheasto oo oon o vaem= 13 ... duo_ ... 32 7 i)

In cast south central and southeastern Nebraska. a goad response was
pbtained on continuons cropping with apphied N and ¥ combined. In
the conteal part of the State. factors other than xoil fertility appeared
to be limiting vields (.27). In thix area {argely CRD 5 of Nebrazia).
vesponse (o applivd N is closely correlatedd with the amounnt of wo1l
water at seeding (87) and loug-term sfudies have shown that wheat
vesponds =ignificantly to apphed X on continuons cropping but not
whlor summer fallow {(/62). Even with applied N. continuons wheat
vields were only about one-thwrd as great as after summer fallow
1102},

Regine 2. the Northern Great Plains States—~-In this ITlard Red
Spring, Durum, and Hard Red Winter wheat-growing region. wheal
wsualy vexponds to applied T’ regardless of eropping sequences ov
solis and fram the drier western part to the wetter eastern part of
Region 2. In some instances, however. wheat may not vespond to ap-
plied P under very dry vonditions s at Fluntley. Mont.. in CRD 8
where an S-vear study with ITRS wheat and a 3-vear study with
IOV wheat showed little or no responee to apphied N, .oor NP
combined (.27}, In other instnnees. nx at Brookings, S Dak. in C N4,
application of both X and T was neeessary to phtain o wheat yield
response {877,
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In Montana. which is the genevally drier western part of Region o
and where nost of the IIRW and TIRX wheats are grown after sum-
mer fallow tlie. 550 both IIRS and IRW wheats u=ually respond to
applied P In the fifties. northeastern Montana (CRD 33 TIRS wheat
over 8 periad of | years at o total of 13 experimental sites vickded an
average of 2 bushels more with the application of 7 peunds of 1° per
acre than withent applied P 1853, The respon-e to applied I was in
flueneed by available =oil . the amount of soil moksture ot seeding.
aned ~eazonal precipitation 156, In northeastorn Montana n the good
wheat vear of 1065 TTRN wheat vield» inercased From 30 bushel: per
aeve with no applied 1 (o 3> bushels with 20 pounds- of applied P per
acve (L2) The beneficial efects of applivd fortilizer wore expres-ed
throngh adventitions roots per plant. titlers per plant. and head-pro-
ducing tillers (7.2},

Sinee HRW swheat in Montana ( g 7Y usually vields more. has a
better root sy<tem, and has a longer growing period than IIRS (79).
HRW wheat appearz more responsive to applied fertilizer than the
TIRS wheat. The soil oraanic matter content in Montana has decreased
to the point that re~ponses to applied N are now Leing obtained after
sumner fallow 2%, Under the more faverable climatie conditions
near Bozeman, Mont.. 60 pounds of apphed X (blanket application of
15 paund- of applied P per arve) incrensed TIRW wheat vields from
21 buslieds per aere with no applied N to 46 bushels with 03 pounds of
applied N 120y an increase of 29 hushels per aecre, However, JIRTW
wheat yield inerenses with applied fortilizer are not guite o great,
over a range of elinatie conditions and =ites. For example, experinments
in ITrand 1971 at a total of 18 sites thronghout Montana showed that
B0 pound- of applied X and 1 ponnd- of applied P per acre increased
avernge HEW wheat vields by + bushels per acre a= com pared with no
applicd fertilizer s /o0y In northea-tern Mont ana ORI where TR
wheat i= more widely grown rhan is ITRW wheat {fir. 6. ITIRK wheat
after sunmer fallow responds to applied X in addition to applied P
t12y.

Further east in North Dakota and Sonth Daketa whore IIRS wheat
predominates, both continuous wheat and wheat after sunimer fallow
ave impoertant (fig. S). In these States, wheat responds Lo applied P,
both on rvontinuons eropping and after summer fallow (3. 0. 23}.
Result=< from 115 trials in North Dakotn on ITRS wheat after cummer
Tallow <howed that 135 to 18 pennds of applied P per acre inerensed
wheat vields ahnost 3 bushels per acre {8}, A For sunimor fallow ap-
plied N wereased TTRS wheat vields by niore than 1 bushel per aere in
ouly 20 of 115 teinds (&), When yvields were inereased. 10 poands of
applied N peraere were peually adequate, (8).

On the other hand. applied N iz needed for maximum whent yvields
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on continuous cropping in North Dalkota (10). Tn fact where water is
adequate, applied N on continnous wheat ean largely climinate the
yield advantage of summer fallow (48). With continuous wheat, how-
aver, the magnitude of the response {0 applied N i closely correlated
with the total water supply {both soil water at seeding and seasonal
precipitation). Data from 81 ITRR wheat continuous cropping sites in
Novth Dakota over a 3-year period show that growing season precipita-
tion and stored soil wator af seeding accounted for 0.3 percent of the
yield vesponse to applied X (1.

Continuous FIRS wheat may exhibit diffevences with respeet to the
responses to applied N between years, depending upon the amount and
Jdstribution of the water supply during the growing season, In an
experiment with continuous ITRS wheat in contral North Dakota {15}
over 4 conseeutive years on the same site, 0. 30, 60. and 120 pounds of
applied N per arre (uniform application of 20 pounds of appliecd P
per acre) produced vield changes as follows: Tirvst yoar. slight yield
responze to N at lower application rates, none with 120 pounds: zecond
vear. slight pesitive lincav vield response with all N rates: thivd year.
Qoerease in viekd with all N rates proportional Lo the yate of applied N
and fourth year, marked positive vield response to all N rates propor-
tional to the vate of applied N.

TWhen properly fertilized. JIRS wheat grown conlinnousiy and after
cammoer fallow responded from the drier western part to the wetter
eastern part of North Dukota as follows (4)

Yield, bushels per acre

Aren Continuous wheal After suntmer fallow

Check Feriilized Check Fertilized

OB o mem e e et i6 19 24 30
West-eonttalo ol o aeeam e 18 22 24 a3
Fasteeonhrdle o cmmeee e o e - 22 29 28 38
Red River Valtey___.. e e 28 as 29 41

Tertilized continuous wheat yiclds were increased from 3 to 10 bushels
per acre from west to east across the State, Fertilized wheat on suminer
fallow comparably inereased from § to 19 hushels per acre across the
State, Tn the Red River Valley. yields on continuous cropping were
almost as great as those after summer tallow. The lack of a Jarge yield
response Lo summer fallow in castern North Dakota is largely TOSPONSi-
ble for the marked decrease in the use of summer [ailow between 1970
and 1974 (fig. 8).

Semidwarf TIRS whents subjected to high rates of applied N and
irrigation have not heen superior to the so-called ctandard wheat vart-
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eties under North Dakota conditions. Under irrigated conditions at
Carrington, N. Dak., rates of up to 200 pounds of N per acre applied
to four semidwarf varieties and Waldron {standard varicty) showed
that the semidwarfs did not outperform the standard aariety (7). Near
maximum yields on both irrigation and dryland were obtained with
only 50 pounds of applied N per acre (7).

Under Minnesota dryland conditions, the semidwarf variety Era
responded well to applied N. LDuring the period from 1971 through
1975, 40 to 50 pounds of applied N per acre for 3 years at Crookston,
1 year at Staples, and + years at Waseen resulted in average Lra wheat
yields 12 Dbushels per acre greater than without applied N0 In
some instances Bra responded well to even higher rates of applied X.

Lileglon 3. the Midirest und Easiern Ntales—Almost all of the Soft
Red Winter and White wheats grown in Region 3 receives applied N,
P, and X fertilizer (772). Because Region 3 receives more rainfall
than other wheat avens further west in the Tnited States, there is lile-
liood of a greater wheat yield response, Rainfall is also less variable
from year to year than in the drier arcas further west (41). The re-
sponse of wheat to fertilizer is also complicated by erop rotations, that
s, wheat often ufilizes the residual fertilizer applied to other crops
in the rotation (99).

Of the wheat varieties grown in the ffties and early sixvties. wheat
yield responses commonly ranged from 5 to 20 bushels per acre with
40 to 50 pounds of applied N per acre {727). The Arthur and Arthur
11 variedes. now widely grown in Region 3 (table 5} with stiffer straw
than the carlier popular varietics, are less likely to lodge with high
fertility levels. With high rates of applied N (67), however, varletics
with even stiffer straw are needed to deercase lodging. Apparently, ap-
plied feetilizer in Region 3 has contributed significantly to the up-
ward trend in vields with time {fig. 5).

Legion j, the Novthwest States—TWhoeat vields in this White (in-
chudes White Club) and ITard Red Winter wheat-growing region ave
the highiest of any region in the Tnited States {fig. 5). except for South-
western States where irrigation exerts a major influence on yields. In
castern Washington of Region 4. where average annual precipitation
ranges from 18 to 23 inches per year. wheat vields of 100 bushels per
acre on dryland are not uncommon (7). Tn this aroa. research has
showa that 2.7 pounds of N are required for each bushel of wheat when
maximum yields ave attained (100 bushels=270 pounds=). Sinee the

M Minuesols datn woere provided hy W, K. Fensier, Arrieulinral Extensinn
Serviee, Miiveesity of Minnesot, Sri. Paul, and were obtained by Braneh Station
personnel of the Minneseln Aecienlineal Experiment Station,
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so0il provides 120 to 140 pounds of X per acre for a erop 1n a 2-year
fallow cvele. 130 to 130 pounds of X per acre must be added as ferti-
Hzer (79Y. Consequently, the vate ol fortilizer N applicd per acre in
tho State of YWashingion is among the highest of any wheat State in
the United States (fig. 18).

The unusualiy high wheat yields in the wetter castern part of Wazh-
ington are due largely to the widespread uze of the semidwark white
wintor wheats (Gaines and Nugaines, which have o Lieh vield poten-
tial and do not lodee with high feetility levels (Z17). Precipitation in
mueh of the Noerthwest occurs primarily duving the winter months
and is efliciently stoved in the soil during » period of low evaporation
(66). Consequently. the Northwest 1s nmong the more eflicient wheat
arcas in the United Stales in terms of bushels of wheat per inch of
preeipitatic n.

Tn western Oregon with 37 inches of average annual precipitation.
125 posmds of applied N per acre on Nugaines wheat yielded more
than 100 bushels per aere (45). Tuder the appropriate elimatic eondi-
tions, nsing Gaines and Nugaines varietics. yield inereasges due to ap-
piied X of mowr than 30 bushels per acve are common {am.

ot all of the Northwest iz fortunate enough to receive 20 inches or
more of annnal precipitation primarily duving the winter monthe {as
in castern YWashington and northwestern Idehe) and to produee 100
bushels of wheat with appropriate vavicties and fertilization, Further
wost. the Colnmbia Platean receives from 9 to 18 inches of annual
preeipitation primarily during the winter months. Research in the
Columbia Plateau has shown that wheat yields may be limiled by mois-
ture supply or nutrients supply. or both {65). Cropping sequences are
also rloscly related to the preeipitation received. Generally. wheat after
swumer fallow is used with less than 13 inches of annual precipitation:
with 13 to 16 inches, the avea is transitional: and with over 16 1inches.
annual cropping of wheat or wheat after pens predominates (64). In
the drier parts of the Columbia Plateau, FITVW wheat is grown more
often (03 than the Wwheat. Fven undlor these drier conditions, how-
ovor, wheat responds to applied N. with the recommended rate of ap-
plicd ¥ increasing from west to east ag precipitation increases (67).

Tven with the high wheat yiclds that are often obtained in the
Northwest Wheat Region &, applied P is usually not needled. Often
responges to applied P are obtained only on croded hilltops and ridges
{79). On the other hand, suifur fertilizer is csometimes needled for
maximnm wheat vields. A wheat yicld vesponse to applied sulfur is
more likely to oceur with spring wheat than with winter wheat and
wore likely with continnous cropping than with wheat after summer
fallow (66). Once applied, residual sulfur may be uzed by several con-
secutive wheat crops (88).
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ficuion 3, Soutlovest Stafes—The wheat-growing changes that have
occurred in this Hard Red Spring, White, and Durum wheat region
are ¥o recent that a large volume of fortilizer researeh data ave not vet
available. In Region 3, irrigated wheat ig quite important, semidwarf
wheats predominate (table 5}, and vield lovels are the highest of all
wheat-growing regions in the United Stotes (fig. 5. Iligh rates of
apphied X are necessary for maximum yields of irrignted wheat in the
region, In Arizona. the application of 100 pounds of applied N per
acre to semidwarf ITRS wheat inereased vields from 17 to 31 bushels
ber aere {compaved with no applied N in three different experiments
and produced an average yield of 100 bushels per acre {(47).

Yield Stability

To assess the impact of applied fertilizer on the stability of wheat
yields, several multiple-site experiments were used 1o compute stand-
ard deviations and coeffivient of variation (fable T}. Even though
within o given year. data for several siteg were often averaged and not
reported separately. enough data were available in most ms=tanees for
sample size (#) to be greater than 10, In all instances paived data were
wed to contpute the standard deviation and cocflicient of variation.
Ience. even though climate varied between sites and yvears, all com-
pared treatments were subjected to the saine conditions.

Fora given report, the applicaiion of etther applied N and N-P
combined usually had velatively little uupact on the standard deviation
ttable 7). In Oregon, where the largest yield inereases of about 20 to
3u bu-hel= per acre were obtained. there was a tendency for the stand-
are deviation to inerease with increasing vates of applied N, Simjlarly.
in the greater than 15-inch rainfall area of eastorn Washington on
eontinuous cropping, there was an increasge in the standard deviation
with o vield increase of 18.5 bushels per acre, For instanees other than
Orezon and Washington, the standard deviations were quite similar
over a wide array of conditions and most were Lairy clos=e to 10 bushels.
However, in those ins{anees where (he standard devinGons wore near 10
bushels. vield increaser with applied fertilizer generally ranged from
3 to G bushels per nere.

These results indicate that the small vield inereases often ohtained
with the application of forfilizer to wheat have no measurable impact
on the absolute yield vaviations using the standnrd deviation as a
measure. On the other hand, when large vield ineregsos with applied
fertilizer of 15 bushels or more are oblained, then there is a tendeney
for yields to vary more than with the small vield ineveases, Whether or
net wheat yields were inereased by N, P, or N2 combined, apparently
had no impact on the standard deviation. The relative variaftion of




Tanue 7.—Yield, standard deviation, and coefficient of variation of wlwal as influenced by different fertilizer treatments n
selected multzpln site (erm Tments oj the Western Um[(’d Slal(’s‘

e e e e i T e = T - -,

Num- Fertilizer Aver- Stand- Coefli-
State and cropping her.of - Year(s) Type of data treatment age ard  cientof Source
conditions yoars e i yield dovia- o varia-
N P tion tion

Pounds Pounds Bushely Bushels

North Dakota: per ncre - peracre. . per gere - per pere Percent
0 15 26. 3 1.0 42
Dryland, continuous.. 1 1958~ 24 sites (n=24). _-___} 20 15 30. 4 11. 6 38 1(9, table 1).
40 15 3L 8 1.8 37
4] 0] 26. 9 10. 8 40
Dryland, after fallow.. 6 1953-G0 129 sites (n== ]2{))__-] 0 79 50.6 11.0 36 }(8 2A through 2F)
0 15-18 32.0 11. 8 37
Nebraska:
) 0 0 21. 7 10.2 47
Dryland; as found ...+ 57 1046-52 93 sites (n=27)-...- } 40 0 26. 3 11. 8 45 }(78 table 4).
. 40 13 28.0 12.0 43
Dryland, continuous 8. 1961-68 33 sites (n=16)... - 0 0 27. 3 9.6 35
(Southeast and East 10 o a9 100 3% qtﬂblc(:ls 2 12 16,
South Central), 40 10 35. 8 10. 7 30 y QX '~))
Dryland, after fallow 8 1960-68 - 58 sites (n=24) . . -.- 0 0 20. 1 9.0 31
{Central, West South : } 40 0 33. 4 9, 4 28 }
Central, and Western).
Montana:
Dryland, as found 2 1970-71 18 sites (n=30)_-._- 0 0 34. 4 10. 0 29
(usually affer ) } 60 40 38 4 0.2 o4 }(101, table 1).

fallow).

9¢



, Drylnn:,], after fallow..

Washington:

Dryland, after fallow
(less than 10-inch
rainfall area),

Dryland, after fallow
(10 to 15-inch rain-
fall aren);

Dryland, after fallow
(more than 15-inch
rainfall area).

Liyland, continuous
(more than 15-inch
rainfall area),

. Oregon: ,
Dryland, as found

195357

1953-57

1953-56

1967-69

13 sites (n=13)~..__.}

24 sites (n==24)
28 sites (n=228)
14 sites (n=14)
29 sites (n==29)
Gainesand Nugaines

virieties 19 sites
(n=19).

Druchamp variety
11 sites (n=11)

8 0 0 10 (86, table 3)
36 | (67, tables 2, 4,
25 [ 6, 10)

30
Dao.
6 0

0

.4 41
75100 . 25 (96, table 8.)
125-150 : 24
44 ]

c
75-100 3, ] 38
125-150 . 37




TasLe 7.-—Yield, standard deviation and coefficient of variation o wheat as influenced by different fertilizer treatments
) )} ‘ ¥ .
in selected multiple site experiments of the Western United States '—Continued

s e e s bt S et i O -

Num- Fertilizer Aver-  Stand-  Coefli-
State and cropping ber of  Year(s) Type of datn treatment nge ard  cient of Source
conditions years e e yicld - devin- o varia-

N P tion tion

Pounds Pounds Bushcls Bushels
per acre per acre per acrd 7T BCTE Pereenl

Texas: - 0 ®) 34. 6 10. 0 29 2 ¢
) : 1 and
Trrigated wcaemooneannaan 4-5 1057-61 45 trials (n=9)...._. 40 () 50.2 12. 0 24 (82’) ables q.n

80 ) 55. 0 12.1 22

1'Some publications included fertilizer rates higher than shown or treatments that resulted inasmall yield response. In this table only
those treatments were used that (for the first increment) gave an average positive response of at least 2 bushels over the check treatment
and (for additional increments) at least 1 bushel over £he previous increment of fertilizer. :

2 Range of fertilizer application rates.

3 Fertilizer applied but held constant across the variable application of the other fertilizer element.

Wt
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wheat yields, using the coeflicient of variation as a measure, decreased
m all instances when fortilizer inereased ylelds (table 7).

Fertilizer Data Limitations

Because of the many factors allecting the response of wheat to ap-
plied fertilizer, v of State-dovel fertilizer data for predicting whent
yields is Himited. Approaches have been developed for extimating aver-
age crop yvield re~ponse to fertilizer over Ia ree geographical aveas (56).
Where ~oils aned cHinate vary wilely. vegressing a st raight average of
fertilizer upplicd per arre against ave e State wheat yields is likely
to give biased regression roofliciente, Within a given State, move de-
tailed data arve needed. For example, within North Dakota g 1971 su-
vey =howed that the rate of N apphed by farmers was about twiee ax
greal on continuol- cropping as after summer fallow {473, The rate of
applied N inereased from west to cast as precipitation inereased, and
i the vastern part of the State application rates were ar least three
times ag great os in the wesk § Sy,

In Texas. where hieh rates of applied N ave used on wheat. most of
the fertilizer I~ need cither in the eastern ~ubbiunyid part or in the semi-
arid western part under irvigation, Mot of the wheat grown ander
seriarkd deyland conditions in the State dovs not vespond areatly to
apiied N,

Information now available on fertilizer applied to wheat in each
St has some valoe, However, stirvey dita by subregions within a
Srate el for ireigaiion or dedtamd, and continuon~ wheat or after
sanaver Falow wonkd fierease the yield predictive usefulness of the
data by severalfohl.

Pesticides
U'se on Wheat

OF the pesticides, only Dherbivides and inseeticido are nsed to any
geewt extent e wheat srowing (iable ~ 1. Frigieides, nenuttovides, and
ather pestivides are vaed on wore intensively enltivared erops than
whent 20 Fo 1971, 4] pereent of the whoeat aeveages in the [nifed
States were troated with herhjehdes. Herbictdos were vsed on about
two-third- of the swheat nereages in the Mountain Region, the Lake
Statesoand the Pacifie State<: about one-half in (e Norihern Plains;
antl almost waoie In the Sonthern Plaine and Corn Belt ifable &Y. Tn-
eetieides were weed on T percenr of the wheat aeronges  the Tnited
States with most heing ued in {he Sotithern Plaine fiable 83,

Herbieides arc the naost extensively used for continnonps cropping,
In 1971 €2y, only 2 percent of the sunumnorp fallow acreages preparatory
to wheat seeding were treated with herhicides. The necessity for hovhi-
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TasLE 8.—'se of herbicides and insecticides on wheal in selecled farm
production regions and the United Stales in 1971

Wheat ncres

Wheat receiving——
Region and Siate acres
Herbi- Insecti-
cides cides
Thouwsands Pereend Pereent
Southern Plains: Cklahoma, Texas o . _...- 8, 502 3 3D
Worthern Plains: North Dakota, South Dao-

kota, Nebraska, Kansas .o .. _..o... 23, 840 48 1
Mountain: Montann, Idaho, Wyoming, Ne-

vada, TUtah, Colorado, Arizona, New

A ORI I e o e e 8, 454 G8 1
Carn Belt: Ohio, Ilineis, Indiana, Missouri,

O e e o o e e mmm—m e maeau 3,688 (% _.oo.__-
Lake Stafes: Minnesota, Wisconsin, Michigan. 2, 146 Tl o an
Pacific: Washington, Oregon, California. . .. 3, B35 67 7
United Stales. oo e 53, B10 4] 7

! Less than 0.5 percent.

Source: Farmers' Use of Pesticides in 107 f—Exzxtent of Crop Use (2).

cide treatment within the growing wheat crop may also be influenced
by winter ov spring wheat growth lldblL

In the Central and Southern Great Plains HIRT wheat (Region1),
often weeds can be controlled mechanieally by tillage before seeding.
In addition, the once well-established FIRW wheat is 0 good compets-
tor with weeds.

On the other hand, in the Northern Great Plains States, particu-
larly where ITRS and Duram wheats are grown in continuous eropping
rotations, there arve limited possibilities for mechanical weed control
because the soil is either too dry or cold for significant weed growth
during the noncropped period. Tndisturbed standing stubble is left
from harvest to freezeup. In the spring, wheat is sceded at or im-
mediately after seedbed preparation, Because of their shorter grow-
ing season and less extensive root system, the RS and Durum wheat
rrcnemll_} are not as cormpetitive with weeds as the IR wheat. In the
Northern Plains of the Tnited States and in Canada, the competitive
efficiency of spring wheat with weeds was less than that for barley or
rye but greater than for outs or flax (87). Consequently, some of the
most extensive use of herbicides on wheat within the United States
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has been recorded in Region 2. County surveys conducted in the mid-
sixties primarily in the eastern two-thirds of North Dalkata, northern
South Dalkota, and in the Red River Valley of Minnesota showed that
'3 percent and 86 percent of the wheat acreages were treated with
herbicides in 1964 and 1966. respeet ively (28).

The uze of herbicides for weed control in growing wheat is mainly
for the control of broudleat annuals, Noxious weeds, wsnally localized,
reduce wheat yields as they would any other crop. (irassy weeds
alvo reduce wheat yields in certain areas: for exampte, downy brome
(Bromus tectorum) in western Nebraska (22) and Washington, Qre-
gon, and Idaho (48 and wild oat (leena fatua) in the Dakotas (17).
Totally successful herbicides for grassy weed control are still under
developient.

In 1971 11 to 17 percent of the farmers in the eastern third of North
Dalrota used herbicides for wild oat control {(50). The broadleaf an-
nuals in growing wheat are controlled on an extensive scale primarily
by use of 24-D and MCPA (76). OF the two. 24D is by far the most
widely used on wheat (28). MCPA. is used more on oats and flax and to
a lesver extent on wheat (29).

Sinee the dizcovery of 2.1 in 1944, its use has inereased rapidly
for the control of broadleaf weeds in the growing wheat fields. such
asin Region 2 where hroadleafs in spring wheat may be a serious prob-
lem both from the standpoint of reducing wheat vield and lowering
grain quality 74y, Novth Dakota data indicate how the use of 24-D
on Hard Red Spring and Durum swheat has changed with time
(fig. 10},

The original data  for figure 19 were in terms of all acreages treated
with herbicides in North Dakota for the various vears indicated. Cer-
fain asswnptions were. therefore. made in caleulating the data for
figure 149, which. although not entirely correct, do provide an idea on
the e of 2.4-I on wheat with time. First. since 63, 72, and 84 percent
of all herbicide-treated aerenges in 1960, 1972, and 1974, respectively,
were treatesd with 24D, an average of 6% percent was used to caleulate
acreage treated with 2.4-1D. Seeond, since 93, 19, and 93 percent of all
24-D freated acres was for small grain (wheat, oate, and barley) in
1069, 1072, and 1974, respectively, an average of 94 pereent ywas used
to cadeulate the acreages of wheat treated with 2.4-D. :

The nse of 24-1) on wheat in North Dakota (fie, 19) inereased rap-
idly during the fiftics. For the past 10 vears, at least one-half of all

TMITICH, L. W, SUMMARY OF TIIE CHEMICAL WEED CONTRAOL STRVEY. Summaries
Loe the 1DGO, 1072, and 1974 surveys, Mimeo. in 1970, 7078, and 1075, respeclively,
North Dakota Agricultural Extension Service, Fargo, {Fizure 19 is adapted from
Lhese data.)
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SEEDED ACRES RECEIVING TREATMENT {PERCENT}

1950 ‘55 60 65 i
YEARS

Floure 18.—Caleulated use of 2.4-D for broadieaf weed control on wheat In
North Dakota, 1948-T4. {See footnote 11.)

the wheat acrenges in that State received 2,4-D for hroadleaf weed con-
trol in the growing crops. The data in figure 19 are conservative be-
cause a greater percentage of wheat than barley or oats receives 2,4-D
(28). Most: of the wheat acreages in North Dakota in need of 24-D
for broadleaf weed control were treated at least for the past decade.
Annual variations in treatment occurred because of the character of the
growing season. For example, during a late season, weeds may be effec-
tively controlled by tillage before seeding or good growing conditions
may establish a wheat crop that will offectively compete with the
weeds, In addition to 2,4-D, several other herbicides were used to con-
trol weeds in wheat in North Dakota.’®

To obtain an idea of the impact of weeds on wheat yields (using
Hard Red Spring wheat as an example}, one can compare wheat yields
from plots with natural, uncontrolled weed populations to wheat yields
from plots where weeds are completely climinated (as with hand

12 gop footnote 11,
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weeding). Availability of data is limited from IIRS wheat Region 2
ol the United States, but some excellent data are available from ad-
jaeent Manitoba, Canada. In Manitoba. with a total of 69 field trinls
on wheat over a 3-vear period (1856-38). «pring wheat yields were
reduced from 13 to 19 percent (average of 15.6 pereent) with nalural
weed populations as compared with hand-weeded plots (22}, Com-
pared with hand-weeded plots, naturaliy weedy wheat plots vielded an
avernge of L3 bushels less (29,

AdL weeds are not usually controlled with herhicides. Even though
the use of 2.4-D may effeetively control broadleaf annual weerly, 2.4-D
will not control grassy annuals. Congequently, long-term use of 2.4-D
as in the IIRS wheat-growing avea will bring about a change
m the weed population whereby grassy annuale. such as green fox-
tall (Nefaria eiridis). will inerease and become a major competitor of
TIRS wheat, Consequently. herhicides must also be used to control
green foxtail (24).

To quantify the overall tmpact of a herbicide program, such as 2,4-D
i Novth Dalota. on wheat vields is very difficult. However, simul-
taneously considering the Manitaba resylts (39) where weed-
free wheat yielded about 17 percent more than weedy wheat, and the
long-terin tendeney for grassy weeds to incvease with the use of 24-D,
suggests that the intensive lerbieide prooram of the past decade
may have inereased TTRM wheat yvields in North Dakota about 10 por-
eent. Within the State. of course, the effectivenocss of horbicides in in-
creazing wheat vields would be related to sucl things as cropping se-
fquences {more weeds on continuous wheat than after sqm mer fallow).
climate {more weeds in the wotter eastern part of the State). and ather
production inpnts sach as fertilizer and vavietios. Applied fortilizer
wsually reduees the wheat yield loss assncinted with woeds (17, 75).

Yield Stability

To abtain a concept of the influcnee of weed control on the stability
of wheat vield-. selected data are summarized in tahle 9 where weedy
and weed-free swheat yields are comparacl. By nsing the standard devia-
tion as a measitre of absolnte variations, the data suggost that, except
where weed eontrol hrings about a rather Jarge yield increase (as in the
Washington data where yields were increased over 20 bushels hy weed
control), weed canfrol has a minaor impact on absolute yield variations.
Relative variations in vields, nsing the coeflicient of variation as a
meazure, were decreased in all instances with the higher vielding weed-
free treatments as compared with those of the weedy treatments,
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Tague 0.— Yield, stendard deviation, and coefficient of variation of wheat as inflrenced
by weed control al selecied locations in the United Stales and Cancde

Aver- Swand- Coel-

Lycalion Number Plots and wge  ard de- cient Srurce
of years treatments yvield visticn varis-
ton
Bushels Bushels

per per er-
acre acre cend

North Dakole_ . ... 3 {18800 2 locations
n=1H1:
Weedy ... o0 G 9.5 46
Weed fret. ... T }””' wable 1.
Washington. . ... o ien 3 (1063-85)..... Glodations
{n=12):
Weedy deao... 2B M2 B3 N
Weed-leee t.... 1.3 4 5 }(95" table 2.
Manitobs, Canada. ... 2 (1957581 ..... 23 locations
{n=233):
Weedy 5....... 5.1 &8 39 -
Woeddroo .. 284 @7 B }”0’ + Lables 3 and 2.
Deno o ereeneneenns 110580 ... 6 locations
m=12}5:
wWepdy S ... 3%9 4.9 30
Worddreot.... 38.5 S5 @ }‘”)' tabla 2.
D0 oo A (OG0 L. Grazicties (n=111:
Weedy 4o...oo. 20 6.9 2 1., "
Weedfreot.... 30.8 0.8 = }(**” wble 2.

t T'sing Lotht fertsized sod nenferittized plot data.
¥ Csing treslmend of 30 wild oal plants per square yord {except 80 per square yard for the oot localion
tested i LD,
1 DPlois contained {rom 5 e W0 downy bromo planis per souare yard for AifTerent loeations and years.
t Haond weedvd.
s wainral weed populatiens os found.

Cultural Practices

Cultural practices for wheat may be categorized in terms of: (1)
Ficld operations performed between crops (tillage for seed control
and scedbed preparation), and (2) field operations which relate to
seeding (method and date of seeding). Little quantitative dats are
available in cither category with respect to cultural practices with time
as they relate to wheat yield mnereases. However, selected examples of
data obtained in the Central and Southern Great Plains Region 1 and
the Northern Great Plains Region 2 will be diseussed.

Between wheat crops tillage is performed to control weeds (thus
storing soil water, decomposing plant resictues, and mineralizing nu-
trients to the plant available form) and to prepared seedbed. The time
peried for tillage between crops j¢, of course, dictated by the cropping
sequence. With the HRW wheat in Region 1, depending on Iatitude,
the time period between harvest and sceding of continuous wheat is
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about 2 to £ months: between a summer-growing crop, such as sorghum
or corn and wheat, about 1 year: and between alternate wheat and sum-
mer fallow, about 14 to 16 months. With HRS and Durum wheats, in
Region 2, the time period botween continuous spring wheat crops is
about 9 months and with alternating summer fallow, about 21 months.
The efliciency of soll water storage between crops {the percentage of
tha precipitation accounted for as stored soil water) is inversely related
to the length of the noncropped period (77). However. hecause of the
longer period for storage, the quantity of water stored after summer
fallow is almost always greater than after continuous ecopping {71).

Same experimental data in the predominately summer fallow IR
wheat area of the Central Great Plains (Region 1) suggest that the
effiviency of storing soll water on summer fallow has increased with
time 421 For the last quarter contury, results from Akron. Colo..
suggest about a 2-inch increase in stoved water in summer fallow and
for North Platte. Nebr., about 4 inches. The increase in 2oil ywater
storage with time was attributed to the development of better tiliage
pquipment (rodweeders and sweep machines) and fall weed control
between wheat harvest and freezeup (42). Assuming a 3-inch average
Incressc in x0il water storage on summer fallow over the last quarter
century and a eonservative estimate of 3 hushels of wheat per inch of
<otl water at seeding (47, 162). the inerease in soil water storage would
nerease wheat yields 9 bushels per acre.

Inthe vevtral and ea~tern parces of Region 1. improvements in tillage
over the fast quarter century probably have not contributed greatly
to inereazed wheat yields due to the short time inferval between con-
tinnous IIRW wleat crops. With continuous ITRVW wheat. farmers
are very aware of the need to begin tillage soon after harvest to pre-
pare for the following crop. Imiproved and more timely use of tillage
wpipinent las probably been a signifieant factor in better seed con-
frol and inerensed soil water ~torage.

The wethod of seeding wheat may be an important factor in wheat
vield-. Single- and double-disk drilis have beou wsed for seeding in
the move humid pacts of Rewions 1 and 2 over the last ynarter century.
However. the development of hoe deills. which can move asicde several
inclies of diy soil and reach moist =il for timoly establishment of
TIRW wheat, was a signifieant factor in improved seeding n the drier
parts of Regions 1 and 2 (52, 85).

Even though early researel work jndieated that IR wheat could
be seeded over u period of T month without a significant change in
vietas (273 mare recent researeh has resulled in refinenient in the ree-
ombueided seeding datos Tor TERW swheat, The date of seeding is often
eritical in those dry azeas where establizhing good wheat stands is the
most diflicult. If wheat is sown too early, excess vegetative growth
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may extract oo nuteh stored coil water before winter weather slows
grow . Early planted wheat 1< subjeet to eesian My injury ¢22) and.
when planted yery carly for grazing as in Reeion 1, ix more suzeeptible
to infestation by wheat cur] mite which i= the vector for wheat streak
virust Tf sown too lute. the wheat may not develop an adequate oot
~vatemn aud often i winterkilled. To minimize root and crown rot on
IIRW whent in western Nebraska, frony o -H000- foot base clevation.
enel; 1ou-Tfoot difference in elevation mean- al day difference in the
corormmended seeding date 01, As elevation deereases, later planting
b= advized.

The date of seeiding the springsown TIRS and Durnm wheats in
Region 2 i~ al=o very huportant. For highest vields, spring wheats
Shoudd 1after u certain carliest date that 1= often considered to be near
April 1 be seeded as varly ax field vonditions permit (991, In Mon-
(. veding Jnter than My 10 decreied vields iy 13 to 4> pereent as
pumpared with enrly seeding 187, .\ Minot. N. Dak.. gpring wheat
wondlecd on June 1yvielded B0 pereent Tess than early seeded whent and
at Willi=ton. N, Dak.. whoen seeded 3 to b weeks past the early recding
date. vields were reduced 13 pereent (59).

Over the periad of 1950-75. favmers In North Dakota did not
deetense  the fime vequired to serd the spring sown wheats (fig. 200
Fxeept for one year (1003}, about one (o (wo weeks were required to
condd the middle 30 pereent of the erop (fig. 20). There has heen a
tendeney over time for spring wheat in North Dakota to be seeded
progressively Jater {fig. 203, The date when 50 percent seeded s
highly erratic mainly beeanuse of spring weather conditions. In addi-
tion. Frmers have delayed seeding over the past deende or so In order
to perform tillage for wild oal control prior to seeding. ITowever,
sinee {he spring wheat i usually 50 pereent gseeded by day-135 (mid-
April). enrly enough to maintain yields. the appavent trend toward
Jater seeding probably has had ne measurable finpaet on yields.

ECONOMIC FORCES AFFECTING U.S.
WHEAT PRODUCTION

The structure and organization of agriculture at o given tine ig
targely a Funetion of the values of favmers and the general publie, the
stage of economic development. the natural resouree base. and tech-
nology. ‘These fovees underiying the straeture are highly interrelated.
making it impoessible to analyze one apart from another. For examplie.

" porier, K. B, Texas Apricultnral LGxperiment Station, Ronthwestern Creat
Plaing IResparvelh Conter, Thughland, Tex. Lersonal carcespondence.
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Fiorre 20.—Number of days hetween 25 angd 75 percent seeded for spring wheat
in North Dakotn, 1950-77. {USDA-ESCS data.)
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FrouRe 21.—Day of the year when 5 percent of the spring wheat in North
Deakota was seeded, 1050-75, {USDA-ESCS data.)




638

the technology of agriculture at a given time 1= a reflection of past
resource (or input) demand and supply condit {ons. Resource demand
and the consequent organization of agriculture are speeified largely
by the velative prices ol resourees, teehnologival coefficients, and
gouls and values. Changes ju any of those arveas olten induee changes
in the strocture and organization of farning,

This report has examined national and regional changes in wheat
production. acreage. aud vields during 1948-7
factars contributing to these changes. The following ﬁ;;;f,}il!!_—"v.'x:uninu
further the forees leading faviers to substifitde vagpuitx far Jand and to
clange land use practices, Sipen 1eaeiie developuent proeess in the
wheat seetar has bren trnand inevensing indust rinlization of the farm
coctor, As wheat farmers haye inereased their use of nonfand mputs.
they have beeome tnervasingly dependent on the agribusiness seetor
that supplies these Inputs,

Wheat Disappearance

Farnwrs prow wheat primarily for monetary gain, Mouetary gain
Jepemids direetly on the number of bushel: harvested and ~old tines
the average prices reeelved Pinelmding govermment paynendsy pet
brshed minns production costs Pntferences et woen prices received and
production costz play 2 nujor role in furer decisions on wieat plant-
mgs and production mput comnbinations, rior to examining the rela-
pion=hips between wheat aind Tupnt use cates. it i- helpful (o oversiew
the forees affecting wheat prices received by Tarmers !

I o Tree nmvlied, woend l-i'irr— wre deternrine ] by ~nppls shenitind roe-
farion-hips, Uithoateive wheat - vabie in terns of #- utility for
et fiout o of huas destres Cogsumnpl 01, 1 veonomie feriis, mrans
e destrnetion of wility, Wheat copsupiption crefes additional de-
e les vhersas prothetion ereates additionsd spppiies, Without con-
s gition there wenihd -oon be litth detnared for additional produetion,
wheat price- would ploaiset. ad o pea jor e ive sneowraging facie-
e to Presduee whewd wothi be elininated, Thns, the Torees alfveting
{75 wient demand play @ omgor role i dureet ine U3, production
tretel-.

Wheat erain i genernly nor consuned diveet v by huans but i
proees=erd e breads enkee, coolivs, rerval-, smd other produets, It s
alen e e ol fee il s seed o grow nexd vear's erop, Much of
(=, wient production 1= exported, Beeaise whent grain and many of
the proe el prodnet s are pelatively nonperi-hable, finad consmmpt ion

JEE——————

@ P goor] Fefereties ol the veonaiies of agricnitaril prafuetiog ol resoures

uxe s 1 N

i

¢ and the tm_'_}rr.;;};e&;ﬁff’ H .
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often lags production by months= or even years, making conswnption
rates diflicult or impossible Lo estimate, Instead, USDA estimates dis-
appearance of wheat grain during a marketing year. For domestic use
wheat is considered to disappear when it arrives at a place {miller,
processor) where it changes form, that is, where it is to be processed
into (lour or other products, is fed, or is used for seed, In the case of
exports, wheat disappears when it lenves the United States.

Domestic Use

Food.—Nost domestic use of wheat is for food (table 10). Seed and
feed use are the other components of domestic disappearance. During
the 1849~76 period domestic food use has been the most stable compo-
nent of disappearance. Food use deelined from 492 million bushels in
the 1949/50 marketing year to a low of 481 million bushels in 1955/56
and 1956/57. From these lows, domestic food use gradually increased to
559 million bushels in 1975/76 (table 10). However, food use as a share
of total disappearance has deelined from over one-half of total dis-
appearance in 1949,/50 to less than one-third in 1976/77.

Secd —Wheat acreage planted for the next crop year largely deter-
mines seed use in the current year. Consequently, seed use declined with
planted acreage in the fifties and sixties and inereased during the
seventies. Seed vse ranged from 56 million bushels in 1961/62 and
1082/70 to 99 million bushels in 1975/76 (tuble 10). Seed use in the
Tniv :d States usually averages 1.1 to 1.9 bushels per planted aere; but
the amount used varies vegionally From about 4 bushel to 2 bushels
per acre depending on expected vield, local climate, seedbed conditions,
irrigation practices, and other factors (01

Feed —Although normally accounting for a small share of totnl
dixappearance, feed uze showed laree variability during the period.
Feed use vanged from 19 million bushels in 1962/63 to 266 million
bushels in 1971/72. Teed use is mostly confined to the Sonthern Plains
and Western States where it competes primarily with grain sorghum
in feeder cattle rations (773, 1073}, Feed demand depends on the priee
differential hetween wheat and grain sorghum as well as the number
of eattle on feed. With the downward adjustment in the national wheat
Joan rate (table 11) wheat became more competitive during the
1964/65-T2/73 perjod and feed use increased from the low levels of
the 1954/i5-63/6+ period, declining again when large export demands
pushed wheat prices up after 1972/73 (tables 10 and 11).

Exports
During the period. exports were one of the more important and, also,
the most variable component in the disappearance of T0.8. wheat, Ex-
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TasLE 10.—Wheat: Production and disappearance, United Stales, 1949-77

Disappearance

Domestic Use Lxports of wheat,

Produe- - Shareof flour, and products?
tion produe- - e
tion ) Tnder
exparted Food ! Feed Seed Total govern- Total
ment
programs

Milliont Million Aillion Million Miltion Million

bushels Pereent bushels bueshels tneshels bushels Percent bwskels
1, 098 28 402 107 81 680 75 303
1, 019 30 403 103 88 690 85 366
088 48 407 103 &8 659 47 475
1, 306 24 488 84 §4 6061 33 318
1,173 18 488 77 69 (34 9 217
a84 28 486 GO ) 65 G611 - 46 274
037 37 481 54 68 604 58 346
L. 005 55 451 49 58 589 70 549
956 42 487 42 63 B1 A 68 402
1, 437 30 448 47 64 609 61 443
1,118 40 497 37 63 A7 68 510
1,355 49 4497 42 G4 603 74 662
1, 232 a8 H02 a0 56 608 (9 719
1, 002 59 500 19 61 A80 68 644
1, 147 75 503 2() 65 588 76 856
1, 283 57 B GY 66 644 59 725
1, 316 66 315 1H4 61 732 78 867
1, 305 57 a02 04 77 (74 50 744

Total
disap-
pearance

Million
bushels

q83
1, 056
1, 164

978

851

886

950
1,138

004
1, 051
1,107
1, 265
1, 327
1, 224
1, 444
1,369
1, 599
1,417

Txports:
Share
of total
disap-

pearance?

Percent

31
35
41
33
25

36
48
40
42
46
52
54
53
A9
53
54
53

0L




50 519 43 71 633 63 . 761 1, 394
1, 557 35 520 155 61 735 56 544 1, 280
1,443 42 521 195 56 772 54 606 1,378
1, 352 55 520 187 62 768 46 738 1, 506
1,618 39 5208 266 63 855 50 632 1,487
1, 545 77 528 190 67 785 16 1, 186 1,971
1,711 64 530 139 84 754 6 1,217 1, 970
1,782 57 521 59 92 672 12 1,018 1,690
2,122 55 550 63 99 721 11 1,173 1, 895
9,142 44 552 103 92 748 O] 950 1,698

- 4L - G BEO-8L7

t Includes shipments to U.S. territories and wheat for military food use at home and abroad.
* Includes exports of flour and semolina and macaroni products in terms of wheat. Include bulgur

3 Adjusted for transshipments of U.S. wheat through Canada,
* Not available.

Source: Agricultural Statisiies (106).

and rolled wheat in terms of wheat.
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Panre 11.—Wheat: Price-support operations, United Slates, 194877

Put under support.?

Season Support price

average

price per Per . Percent- - Quantity

bushel 1. bushel® parity 3

‘ Miltion
Dollars Dollary Percent tushels
1. 88 1. 93 90 380
2,00 1,499 00 197
2,11 2,18 90 213
S 2,09 220 90 460

2, 04 2,21 91 Hh3
2,12 2,24 20 430
1. 98 2. 08 82 318
1.97 2. 00 83 252
1,93 2. 00 80 256
1,75 1. 82 75 609
1.76 1. 81 77 317
174 178 75 424
1. 83 1,79 76 271
2,04 2. 00 83 300
1.85 2,03 81 172
137 1. 78 71 200
1.-356 1.72 67 173
1. 63 1. 90 74 133
1. 39 1. 85 71 282

Pereent-
age of
produt-
tion

Percent
35
19
22
35
47
44
34
25
27
42
28
31
22
27
15
16
13
10
19

Acquired
by CCC
under
support
program 3

Million
bushels

248
42
i3

308

486

302

277

148

194

511

182

261

120

245
74
85
87
11
12

U.8. Stocks

Controlled by CCC Total .~  Propor-
{ion
Under Cceo owned
Owned loan or plus by CCC
reseal 8 - private)
Million Mitlinn Million
bushels bushels bushels - Percent
227 16 307 79
328 34 425 85
196 11 400 52
143 12 2506 60
470 23 606 81
775 75 034 91
976 14 1, 036 96
951 29 1, 034 95
824 13 909 92
835 18 881 97
I, 147 96 1,295 96
1,195 02 1,313 98
1, 243 125 1,411 97
1,.097 95 1, 322 90
1, 083 97 1,195 99
824 63 901 99
608 75 817 83
2062 78 535 064
124 78 424 48




1068 . . . .24 : 453 102 227 339
069 . .25 . 408 : 163 450 817
1070 o o133 234 ‘ 301 436 885
971, . i L34 . 438 ST 370 200 732
wee o 176 143 ' 367 347 863
1973 . . 05 . 60 N 144 67 438
wrd .o 4, (09 2, 16 A 19 U] 247
1976, ... .56 ? 48 e 1 340
1976, 0 . 273 o 408 , 435

! Obtained by weighting State prices by quiantity sold. Tneludes allowanee for unredeemed loans and purchases by the Government
valued at the average loan and purchase rate, by States.

2 A loan Tevel of $1.82°in 1963, §1.30 in 1064, and $1.95 from 1963 to 1973, plus the average marketing certificate payment per
bushel paid to program participanis, Loan level protection for 1074 and 1975 15 $1.37, and for 1976 is $1.50 on entire production. For
1974 1o 1976, the target level is a price guarantee on allotment produetion at levels indieated under support price,

! Pereentage of parity price at heginning of miarketing year,

* Represents loans made, purchases, and purchase agreements entered into,

© Acquisitions through loan eancellations and purchases (under agreement aind dircet) only from crop harvested in the year indieated,

# Under loan on July 1 from year earlier erop and under reseal from previous crops,

7 Less than 0.5 million boshels,

Source: Agricultural Statistics (105).

~I
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ports of wheat. flour, and products ranged from 217 million bushels
equivalent in 1053/54 to a record of 1,217 million bushels in 1973, 74
{table 10). Increases in wheat exports have been the major factor
contributing to the upward trend in wheat disappearance during the
period. The relative importance of exports in total wheat disappear-
aaee hus inereased with time, accounting for o fow of 25 pereent of
total dizappearance in the 1953,54 marketing year to o high of 62 per-
cont in the 1975 76 marketing year (table 10}, Tixeept for four years,
100% 60-71 72, wheat exports have exceeded domestic use sinee
190061,

Thus, export levels pry & major role in determining T0.5. wheat
prives, T8, wheat frade is diveetly influenced by the level of world
production. The vxport market for TS, wheat iz alzo affected by the
seonomiv conditions and poliey considerations of trading countrics.
cuch as trade barviers, inlernal alloeation policies. and bilateral trade
agreoments, T8, wheat prices under free market condiiions arve ex-
fremely vulnerable to changes in conditions over which TW5. farmers
have little control.

Government Programs

Sinee 1940, except for a period of high export demand during 1973 -
76, sovermment programs have plaved a major vole in the prodisetion
and marketing of wheat. Because of “over production” and resulting
low Tarm prices for wheat and other grains during most of thix period.
farm oreanizations have actively sought government belp to improve
farm prives and farm neoie.

Agricultural Adjustment

[ neler Tegislation passed by Congress and madifivd to meet changing
oo conditions, the T8, Depactment of Agriculiure initiated
many programs intemled to support the price of farm products and
cncoage farmers to adjust produet ion to demand §57). Most T8,
Government programs involving wheaf production sinee World War
T centered on supply adjustiment and producer ineome proteclion.
These programs attenipted Lo adjust farm production to domestic and
export needs, The provi<ions of {he whea{ programs varied from year
to year.

Tneome maintenance was largely acenmplished theaugh government
Aapport of wheat prives yeceived by farmers, Prices weire cupported by
eovernment loans on wiheat at varving rates during the period {table
113, In the carly years of the period, suppotl prices were maintained
at u relatively high level but were eradually reduerd with {ime, The
Commaodity Ceedil Corporation (CCC) was an imporiant tool in gov-
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ernment price support activities. YWhen prices fell below the support
price. the farmer could turn the grain over to the CCC in puyment of
the Joan. During the fiftics and sixties the COC acquired large amounts
of wheat through these programs (table 11).

Farmers, of eonrse. desire a ligh support price. ITigh support prices,
however, eneourage production. discourage conswumption. and increase
government eosts. To keep government eosts swithin =acceptable” Tevels,
elfective =appert prices were gradually Towoered during the period. and
ways were sought fo keep production within expected domestic and
export needs. Inecme maintenance programs gradually heeame less
tdependent on direct price support activities {through loan rates) and
more dependent on dirvect fneome payment= (o farners, Most programs
provided various incentives to reduce acreage planted to a national
allotment level expoeted to produce enough wheat to meet domestic and
export needs, Producers were required to stay within individual acre-
age allotments to he eligible for wheat loan rates and oiher progran

payanenls,

During 1950-63, wheat marketing quotas based on produrers’ his-
torieal aereage allotments and projected vields were approved by
annual veferenda. During the Korean War {1951-53), allotments and
uotas were xuspended and Joan rates were maintained at relatively
high levels to assure =uflicient food and fiber to mect any evenfuality.

After the Korean War the CCC aceumulated sizable carryover stocks
{lable 11). and acreage allohnents weve instituted. Participating
farmers had to divert wheat aereage from thoir historie hase allot.
ments and stay within their allotted acreage i auulify for price sup-
pott loans and avoid penalties. Same wheat could he Srown In response
to mavket prire expeetations: nonparticipating produecers gencrally
conll plant up to 15 acres of wheat and not bho subject Lo penalties.
Nevertheless, government programs Played a major role in deter-
mining the amount of wheat acreare planted during tlis period.
The period from 1963-72 saw additional changes in wheat and feed
grain programs. In the fall of 1663, with the failure of the mavket-
ing quofa referendum. the wheat program roveried to carlier legizla-
Lion thut speeified sharply rednced loan rates (£1.23 per bushel) with
no penalties ov quotas. Producers who did not participate in the Toan
prograng were free to plant unres(ricted acreages. However. g policy
deeision was made (6 maintain grose income for “participating wheat
producers through direct payments via a voluntary aercage-control-
ling program™ (54 p. 33}, Alotments were low. being hased on esti-
materl domestie needs. Diveet pavments for diverting acreage from
wheat prodietion were based on the allntied acreage. During the fol-
lowing years, on allotted acreage the effective support level, including
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program payments, was set at 85 to 90 percent of parity. In 1964 and
1065 participating farmers also received marketing cortificates. During
much of the period, provisions allowing substitution of feed grain
and wheat for producers participating in both the feed grain and
wheat programs after mandatory diversions were met resulted in ad-
ditional wheat ncreage (53).

These programs continued without major change until 1973. How-
ever, the Agricultaral Act of 1970 discontinued the use of acreage
allotments and marketing quotas (or wheat, apland cotton. and feed
grains. To qualify for price supports the farmer was required to “set
aside” to conserving practices a specific percentage of his cropland.
These farmers became cligible for their share of domestic marketing
cortifientes. The value of the certificates was to be the difference be-
tween the wheat pavity price and the average price received by farmers
during the fivst 3 months of the marketing year.

The Agricultural and Consumer Protection Act of 1973 simplified
the provisions of previous programs and allowed farmers greater
decisionmaking flexibility (53). Under the act, a target price was set
and if the average weighted T.S, price received by farmers fell below
the target price during the first 5 months of the marketing year. direct
payments were made to make up the difference on indlividual allot-
ments. The Food and Agvienlture Act of 1977 extended the target
price and loan rate system of providing price and income support pro-
tection to participating farmers.

The various programs have supported wheat and other hasic com-
modity prices during most of the period after 1940, The acreagoe al-
lotments and either mandatory or voluntary acreage diversion and
the set-aside features of the programs have played a major role n
farmers decisions on how much wheat acreage to plant. Flowever, the
acreage reductions were partially scif-defeating. TWhere possible,
farmers diverted or set aside their Jowest quality land, increasing the
average productivity of the remaining land. Aereage restrictions pro-
visions aleo encouraged summer fallow. The yield benelits of swnmer
fallowing have alveady been noted.

Tn addition, farm programs encouraged the adoption of vield in-
creasing practices during the fifties and sixties. Acreage reductions
and price supports for production on allotted acreage provided
farmers with incentives to find land substitutes capable of increasing
the vield on allotted acreage. In a sense, acreage restrictions ereated
an artificial shortage of wheat land; and price supports inereased the
valur of any cultural practices and production inputs that could con-
tribute to higher praductivity on allotted acreage. Of course, farmers
will he encouraged to increase production hy adding fertilizer, pesti-
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cides, and other inputs if the expected refurn, discountad for risk.
from these inputs is greater than the expected cost of the Jast unit of
the input. Price supports help to reduce farmers’ visk by recueing the
possibility of unexpected downward price adjustinents for the
supported commodity.

Export Programs

In addition to infhiencing wheat production, government actions
have Leen an important factor in U.S. wheat export levels. Bxcept
for 1931 32 througl 1954,755. 1966/67, 1970-7L, and the 4 years from
1972/73 to 1976/77 over half of the wheat and producis that were
exported during the marketing year received government assistance
primarily under Public Law 480 authorization {table 10}. Types of
assistance included sales for forcign currency. long-term dollar and
convertible foreign currency eredit sales, government to government
donations for dizaster relicf and economije development, donations
through voluntary relief agencies, and barter for strategic materials
{the latter ending in 1966),

Government assistance programs directly or indireetly helped to
dizpose of CCC acquired grain stocks, reducing storage costs. Between
1949 and 1978 the CCC controlled a major share of U.S. old crop
wheat stocks, ranging from not less than £8 pereent (July 1, 1967) to
not more than 99.0 pereent (July 1, 1963 and 1984) of old crop stocks
{table 11). After 1973, high export demand and a change jn T.S.
agricultnral policy allowed CCC to cispose of all but a small fraction
of its stocks by July 1, 1975, Nevertheless, during most of this period
the CCC played a significant vole in marketing T8, wheat. In addition,
the T"SDA has promated marlet development efforts in many import-
g countries,

Changes in Input Economics

During 1949-76, U.S. agriculture became mereasingly industrialized
and dependent on the nonfarm sector of the economy for many of its
production inputs. Inereases in farmer usage of fertilizer, more respon-
sive wheat varieties, pesticides, energy, and irrigation contributed to
increasing wheat vield trend. These inputs are largely developed and
supplied by the nonfarm (private and public) sector. Consequently,
nonfarm teehnical developments aflecting the availahility and cost of
these inputs to farmers have had an important role in wheat yield
changes,

Many farmers, when malking deeisions on which inpuis and how
much of an input to use. analyze the expeeted contribution of that
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input to net farm income. Input costs. availability, expeeted yield/
input response rates, and crop prices ave important clements in a deei-
sion. Changes in input cost or availability will induce many farmers to
alter the amount nged. Changes in the amount used will in turn change
wheat vields. Flowever, because variation in climate and other natural
conditions can also change wheat yields. the contribution of an input
{o increased production in any vear is uncertain, Wheat prices can also
change between the time a crop is planted and harvested (or mat-
keted). An unexpected drop in wheat price oran wnexpeeted drought,
which reduces the yield vespouse of wheat to a produetion input such
as fertilizer, may eauge the actual returns from a production input to
fall helow the expeeted returns. I the reduction in wheat price or yield
pesponse is large enough 8o that refurns do not cover input costs, the
sarlicr decision to apply the input will appear unwise by the time the
wheat is havvested or sold.

Beeause the process of decisionmalking under uncertainty involves
individual psychology as well as economies. new production practices
are ndopted by different farmers at different rates. The role of uncer-
tninty in production decisions has long heen recognized (48). Not all
potential vield-inercasing practices ave readily adopted by farmers.
I fact. increases in vields per acre are primarily a secondary goal o
most Farmers who adopt only those practices expeeted to increase net
farm earnings. Different favrmers will discount expected earning
inereasee at different rates. Many prodaction input decisions can be
altered from one year to the next as expected conditions change, This
fact pactly explaing why many inputs show a gradual change in use
over thne.

Technical Complements

Many production techmques require a “complement” of vesources to
be economically fully effective in imereasing yields per acve. Because
bigh-vielding varieties. fertilizer. and irrigation factors ave technicul
complements pyer some range of the crop response function, they are
aleo economic complements. Factors are technical complements when
the marginal productivity of each is inereased when used in combina-
tion with the other factor or factors (18). Tor example, many of the
high-yiclding varicties are Nittle if any more productive than tradi-
tional varicties at low levels of soil fortility and soil moisture. How-
gver, in areas where precipitation is relatively high or under
irrigation, these varictics are more responsive to {ertilizer. Thus, the
optimum rate of fertilizex application is increased by irrigation and by
more responsive vavieties. The highest vields per acre often result from
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combining several production inputs, and the use of one production
input often encourages the use of another.

Fertilizer

Nitrogen fertilizer, the major nutrient applied on wheat, has been
known for decades to increase wheat yields in nitrogen-deficient soils.
Nevertheless, the widespread use of nitrogen fertilizer on wheat re-
quired a reduction in its cost, The technology to cheaply produce nitro-
gen fertilizer was discovered in the 1930°s; and the need for nitrogen
in explosives during World War 11 led to the construction of fertilizer
production facilifies using this new nitrogen-producing technique,
After the end of World War I, a surplus of manufacturing capacity
eventually led to cheaper nitrogen fertilizer, High wheat prices and re-
strietive acreage allotments afer the war increased farmers’ incentives
to use move fertilizer on wheat.

As a result of the move efficient fertilizer production technology
developed in the 1930% and continued investment in plant capacity
after World War II, fertilizer prices incrensed less than 10 pereent
from 1950 to 1972 (table 12) much less than the prices of many other
inputs, For example, farmland increased 330 percent during the same
period (table 12). The relative price stability of fertilizer dnring the
fifties and sixties encouraged commercial fertilizer salos with nitrogen
ingredients alone rising from 1 million tons in 1950 to over 9 million
tons in 1970 (£77). The amount of phosphorus and potassium increased
at a similar rate. Flowever, fertilizer prices more than doubled from
1972 to 1975 (table 12). Increased world wide fertilizer demand as
farmers increased crop acreages in many countries and higher encrgy
costs contributed to price rises during these years,

However, it is not so much the absolute fertilizer price that deter-
mines the use of fertilizer but the response of wheat to the applied
fertilizer and the relationship of fertilizer prices to other input costs
and fo wheat prices, A Kansas example for 1964-76 shows that tho
wheat/fertilizer price ratio reached a peak in 1973 and has since leveled
off (table 13).

A regression analysis of Kansas data for 1064 to 1976 {table 13)
shows a pusitive but weak relationship between the wheat/fertilizer
priee ratio and pounds of nitrogen fertilizer applied per acre. The re-
sults of the regression analysis are:

(1) ¥,.=929.20 + 0.26X, + 1.797, and
+(114)  (4.96)

(2) Fn=1049 + 024X, = 1.9107,
+(155)  (8.91)
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YWhere:
¥ ,,=the pounds of nitrogen per acre receiving in (1).
",»=the pounds of nitrogen per acre harvested in (2},
X7, =the wheat /fertilizer price ratio from table 18, and
7,=a surrogate time variable, Tipas==1, 70052 and ete.

TasLe 12—Index numbers of fertilizer and farm real estate prices,

Incex
Year Fertilizer ! Farm real estate

(1950=100) (1947=100)2 (1930= 100} (1967=100) 2

1850 . o ce e 100 - 100 40
193] e e mem o= 106 - 115 46
1982 i 108 - 128 al
1988 e o 109 - 130 52
1984 . oo e 110 e 128 ol
R 1T YU 108 - 132 HE)
1986 . e s o e W00 e 138 3D
1087 m e AN R —— 145 58
1058 e - - 106 e 152 61
1959 . s e e - 106 - 165 6
1960 o mar e e e o 106 o 170 68
1961 e me e 107 e 172 69
1962 oo 106 oo e 182 73
1968 e e 106 o mmae- 192 7
1964 . e 108 e 205 82
1963 - e 106 103 215 86
1966 e 106 102 232 53
1067 i s 103 100 250 106
1668 . e 133 94 268 107
1969 e mmae 19 87 282 113
1070 e 1.3 88 292 117
b1 Ir 10t a1 305 122
BRI 110 94 330 132
1873 e 122 102 375 150
1074 e emmmmm e mm s 167 467 187
1078 e e = 217 535 214
10706 e m Y181 - 610 4244

! A consistent price index for the 1850-75 period is not available for fertilizer.
? Tnclex values for 1965-73 were revised using 1971-73 weights.

* Calenlated from the 1950 basc index.

i Preliminary.

Soutce: For 1850 index source is Wheni Situation, (118, 1974). 1074, For 1967
index source is Handbook of Agricultural Chorts (111, 1977, p. 457).
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The Stadent =2 values for each equation coeflicient are shown in pa-
ventheses. The coeflicients for Ay ave not different from zerg at the
0.05 level of significance. althongh the 7 coeflicionts are nonzero ot
the =000 level, Fop equation (1), £22=7% and for equation (2,
L2 =-0102,

However, the wheat - ferctilizer price ratio does not appear to Le the
major cause of annual changes in fertilizer u=e, Other factors hesides
the wheat fertilizer price ratio affect fortilizer use. Farmers have heen
mereasing fertilizer use with rime. Genevally, farmers slowly adopt.
practices requiring large sums of money or having highly variable or
uncertain returns. In areas such as Nan=as where variable rainfall (31)
cavzes wheat yiekls to vary over a wide range from year to year. farn-
ers may have difficulty determining whether vield respanses are from
fertilizer application or from elimate, In much of the Great Plains Po-
tential yvield incveases ave small under normal drvland conditione,
Yield rexponses to fortilizer ave related to soil moisture supply. Because

TanrLe 13.—TInder of wheat prices received, inder of fertilizer prices paid,
percentage of wheal acreage receiving n itrogen. fertilizer, witrogen
applicd per aere receiving, and u trogen per harvested acre by Kansas
Jarmers, 106476

1967 =100 Nitrugen fertilizer

Inelex Tndex Wheat;  Perceat-  Pounds Paunds
Year uf of for- fertilizer age of per per
wheat tilizer price acres aere acre

Fl

prices riceg 2 ritio receivin receiving  harvested
I 4 b

e 101 109 93 30 26, 1 0. 2

1965 .. . 102 107 H 40 26. 0 1. 8
14966 132 i 127 al 3L G 17.

1430 100 100 51 306. 0 18.

1068 58 a0 a8 a4 42,1 24,

1969 ___.__ H6 52 105 a0 40, 9 25,

Wi _____. 34 50 118 al 46. 2 23

05 &5 112 48 486. 22,

127 86 145 60 bl 30.

328 101 323 66 83 35.

293 207 142 68 48, 33.

281 236 114 68 46, 31

08 182 114 73 ol § 37.

:—:’M‘QPP-“JUIGSOWP:'-W

! Wheat price index is ealeulated from the averape of August and September
prices received by Iansas farmers,
? Fertilizer price it for ammonium nitrate,

Bources: (104, 108).




82

of the large annual climate yariations farmers’ experiences with yield/
fertilizer response relationships ave highly unteertain. Under these con-
ditions, farmers may require considerable fime to acquire evidence of
favorable returns to fertilizer and ave likely to only slowly increase
fortilizer use. Farmers would be expected to apply fertilizer only as
they become convineed of the divect benefits and the opportunities for
more profitable investments declined.

Pesticides

A different procluction response relationship for pesticides makes the
cconomics behind the increased use of pesticides on wheat somewhat
difterent from fertilizer cconomics. Effective weed or insect control
requires a certain minimum amount of the pesticide. Once threshold
amount is applied, additional amounts have Little benefit. The cost of
the chemical itself is often less than its cost of application.

Hence, the farmer's major economic decision is concerned with how
many acres or what proportion of the acreage to treat with pesticides.
Onece this decision is reached, the rate of application per acre is mostly
a technical one. A comparison of estimated total treatment (pesticide
plus application) costs per acre with the estimated value of the In-
creased production per acre provides & useful decision rule for deter-
mining the number of acres treated. For a given level of cffectiveness
{increased yiclds) as pesticide costs decline or wheat prices increasc.
farmer's demand and usage of pesticides on wheat will rise. The extent
of weed, insect, or other pest problems in a particular year is often a
major factor determining the number of acres treated.

Long-terrn annual statistical series on costs and pesticide use on
wheat are searce. owever, the trend in both nse and per acre pesticide
costs appears to be upward. Based on special farm surveys (13, 14)
the proportion of acres treated rose in the United States from 30 per-
cent in 1966 to 47 percent 1a 1971 (table 14). Approximately one half
of the acreage vwas custom treated (85). The average cost inereased
from $0.56 per aere in 1964 to $0.79 per acre treated in 1971 (table 14}.
The prices paid by farmers rose rapidly after 1972, increasing by 4 to
35 percent from 1973 to 1974 depending on the pesticide product, by an
average of 25 pereent from 1974 to 1075, and by an average of 3 pereent
from 1975 to 1976 {3). The demaund for pesticides on wheat was esti-
mated to have increased by 3 pereent from 1975 to 1970, primarily as
a resitlt of inereased wheatl acreage.

Tlorbicides ave by far the most important of the pesticides used on
wheat (table 14). Merbicides are most often used on the growing
wheat crop where mechanical eultivation is not pessible. Wheat
producers began to use phenoxy herbicides in the 1940’ with the
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Favre I4—Aeres treated and costs e acre for sclected pesticides used
o wheat in the United Staies, soleefed years

Al pesticides ! llerbicides Insecticides

Aores Cont por Aeres Cust per Acres Cost per
treated uLre treated nere treated ucre
Fereond Drotiar Fareent Liothar Pereent Dotlar
25 0. 36 ! (% G} =
.01 35 0. 59 2 .78
17 LT 41 .6y 7 1,17
LOF all pestickles, mostly herbicides and meeticides are used on wheat,
2 Not available,
Sanrce: Seleeue] tables from Farmers' Ese af Peslicides in 1971 {13) and Farm-
ers’ Poslicide Expendilares in Lingg (L.

discovery of 24-I. Becanse the phenoxy herbicides were shown to
provide seleetive control of broadieaf weeds and to be cast effective,
by 1068 wheat growers were treating 26 pereent of the total wheat
acreage. and by 1971, 41 pereent {table 1), In 1971, about one-half
of all the wheat acres treated with herbicides woere in the Northern
Plainx and over 9 pereent in the combined Northern Plains, Moun-

tain and Pacific Regions (table 8) .1

Environmental issues are often associaied with use of pesticides.
The USDA studied the economic consequenees of removing phenoxy
hierbieide-, primarily 2,4-D and 2:5,5-T, from the market because of
it= concern about the potentially adverse effeets of climinating the
wie of these chemienls on crop production {+7). For 1966 conditions
awd prices, it was estimated that 1.8, farmers® total direct proditction
cost> would Tnerease ghout #2090 million, The net reduction in furm
ineome From wheat was estimated at 851 millien. This estimate con-
=itered the potential weed control of known substitute herbicides at
that thme.

For 1966, the rescarchers estimatod that on about onc-half of the
wheat acrenge there would be a loss of 30 pereent in vield if these
herbieiles were withdrawn (7). TF substifute herbieides were with-
drawn, losses would be greater. Bosides confrolling weeds by additional
cultivations, maintaining production would require the planting

® Regional data in direrainre ritattong .23, (433, and (15y are reported by
Farm Produwetion Regions (talle 8) and do not corcespond with the regional
boundarios used in tiis repoct.
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of 3.3 million acres more wheat. Additional costs from adding
gereages would increase variable costs by $40 million and machinery
investment and depreeiation by §3 miltion {1066-dolars). Asilitional

labor would be required, and additional fallowing to control certain
weeds wounld increase costs.

Irrigation

Tnder conditions where wheat is suffering from plant water stress,
applying additional water by irrigation can greatly increase vields. In
most major wheat-producing arcas, stress cnused by a lack of available
soil water limits yields. Irrigation also increases yield response to other
inputs such as applied ferfilizer and higher yielding varieties,

Tor all ifs potential to inerease Jand productivity, however, there are
<ovoral obstacles that the farmer must overcome when adopting irriga-
tion. The best utilization of irrigation equipment and water often
requires changes 1n farm enterprise combinations, mnput combinations,
and cropping praetices all requiring increased technical knowledge
and managerial skills on the part of {he farmer. Morcover, irrigation
development generally Tequires substantial capital investments. An
officient irrigation system may be designed te irvigate in 160-acve or
larger units making capital requircments quite Jarge even when a water
cortree 1= rendity available, Many farers ave unable to obtain the large
amounts of capital required. Given the added managerial vequirements.
others are unwilling to commit the capital.

The lack of o ready supply of water often prohibits the farmer from
adopting irvigation, Suflicient cround waler supplies may not be avail-
able or may be uneconomical. When cround water is available. papital
requirements for developing new wells ave often substantial. Trriga-
tion using stored surface water genevally reguires an Investment in
~orage facilities and inowater transportation Tacilities to move the
water from the stream ov rource of runofl to the Tarmer's field, Beeause
of the considerable coxt of facilities for slorage and tranxportation.
economical development of many surface water sourees for irrigation
has often required large-seale delivery systoms anel, congequently,
public funding.

The eronomies of allorating irrigation water ave similar to the ceo-
nomies of allorating other resources in the production process.’ Farm-
ers will desire {o allocate (heir water to evops that will give them the
highest expeeted returi. Tiistorically, budgets caleulating expected

— -

®unelh n statement poartiaily avoids the legal-instifutional coneerns ahout
water “rights” and spepdg” which play a very important role in many Western
states tn determining the atlocation of water {o irrigation and other uses aond
also determines who can aequire water-use “rights™,
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returns from such crops as hay. pasture, and small grains often indi-
cate 4 questionable ability to repay investments in irrigation facili-
ties. In the past, profitable irrigation development in many arcas often
depended on the economic feasibility of high-value crops. such as
fruils and vegetabl-s (722). A high rate of return per acre was re-
quired to repay the high capital costs.

Nevertheless, once ivrigation facilities are in place many factors
determine which combiration of crops is grown. An important com-
ponent of system costx is the water delivery capacity of the svstem.
The peak water needs of a evop are one of the facters determining how
many acres can be irrigated by a system. These peak needs often arise
during the summer months with warm seazon crops. The fact that
wheat requires water primartly in the spring when needs of other cTODS
ave minimal is mportant in explaining irrigated winter wheat produe-
tion 1n some arcas of the United States. This production i+ mainly
exvlisively in the southern Great Plains and in the Western States,
In most of these areas irrigated wheat is normally not the most pro-
fitable crop. but it can be a profitable one. Irrivated wheat is thus
often a colapanion erop fitting into many rotations and not compet-
g for water needed by more responsive and higher valne crop=. How-
ever, wheat prices are a factor in determining the role of wheat in
irrigated erop rotations. High wheat prices encouraged farmers to
metease irrigated wheat acreage for the 1074 crop {fig. 12),

Projected irrigation budgrts for the Texas Panhandle (CRD 1-N)
for 1975 indicated that with average yields of 37 bushels per acre and
& wheat price of $3.25 per bushel estimated net returns are a minus
31 {843, However, when fixed costs were exeluded. the estimated in-
come above varviable costs would be 842 per acre; and since Axed costa
are incurred anyway, irrigated wheat is economically justified.

In the southern Great Plains, the use of irrigated winfer wheat for
both grazing and grain production is also a common practice. The
extent of this practice varies with the relative prices of cattle and
wheat (8;). Grazing heyond a cerfain date in the ¢pring reduces the
vield of grain. Iowever. with Iow wheat prices and high becf prices
farmers sometimes find that grazing their irrigated wheat is more
profitable than harvesting it.

The availability of water for irrigation is an important factor in
determining use on wheat. Declining ground water tables are becoming
a problem in some areas. for example in the southern Great Plains ares
underlain by the Ogallala aquifer. As ground water levels deeline, in-
creased energy requivements to pump water from greater depths and
energy-price rises may make irrigation in much of the area noneco-
nomical sometime in the future. Once the variable costs of pumping
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water become greater than the additional returns from irrigation,
farmers will idle or sell their equipment.

How long irrigated wheat will retain an important position in wheat
production in the southern Great Plains will depend on many factors
among which are the relative price of wheat and other crops that can
be irrigated, the use of irrigated wheat for livestock pasture, and the
price of wheat relative to irrigation costs that are increasing as energy
costs rise and underground water levels for tubewell irrigation decline.

The increasing competition for nonagricultural uses of water, such
as energy development, may reduce irrigation or limit its further de-
velopment in many Western States.

Wheat Classes

Besides having different yield potentials, wheat varieties differ in
their protein and other haking qualities. ¥Wheat compogition and qual-
ity are the results of the internction of variety eharacteristics with en-
vironment and soil.

The processing and multiplicity of products produced from wheat
ereate demands for specific quality characteristics. The milling and
baling industry separate wheat into different classes ot products based
on characteristirs that make ench class uniquely or better suited for
use in different bakery items. Although substitution oceurs, cach wheat
class partly enters different markets. The price reeeived for each class
reflects world demands and world supplies of cach class. Individual
farmers can have little. if any. offoct on these prices, but their combined
actions will influence the prices they receive.

Because prices and yield potentials often differ by wheat class,
farmers consider each wheat class or variety as a crop alternative. They
respond to priee changes for various wheat classes. The importance of
relative prices is illustrated by analyzing recent changes in the market
prices received by North Dakota wheat farmers for Durum and Hard
Red Spring wheats and the responses of farmers to these changes.

For North Dalota, where Durum wheat varieties are readily adapta-
ble, yield differences between HRS wheat and Durum wheats are small.
SCS crop budgets for 1070 (72) and 1975 (713) indicate Durum
costs slightly more to produce, largely because of higher secd costs, Tho
ratio of Durum prices received by North Dakota farmers to other
spring wheat (HRS) prices received in the months before planting
(March and April) gradually increased from 0.95 in 1971 to 1.44 In
1975 but declined in 1976 (table 15). Although Durum plantings werc
subject to uncertainties about the continuance of the favorable price,
increased managerial difficulties, and possible lower yields outside the
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area most adaptable to Durnm, the increase in the price of DNurum
relative to TIRN caused farmers to inerease the ratio of Durum to other
spring wheat acreage planted from 1,35 in 1971 (o 067 in 1075 (table
15}, By 1976 relative prices had become more favorable to the produe-
tion of HR= wheat. and the propottion of acreage planted to Durum
dechned in 1976,

Cropping Sequences

Changes in econonic conditions also affect the cropping sequences of
an area. For example. a eombination of higher wheat prices and less
restrictive govermment programs cauvsed furmers to reduce the propor-
tion of wheat planted on summer fallow in certain areas during the
early 1970%, In the driest wheat-producing areas, where vield differ-
ences are the largest, however, little change oceurred. The econaomics of
the situation is illustrated by analyzing costs and returns of two alter-
native cropping ~equences (rotations) for a complete production eycle,

A wheat-fallow rotation requires a 2-year production cycle. For
analytic stmplicity. the total 2-year costs and returns of wheat after
summer fallow are compared with 2-vear eosts and returns of a wheat-
wheat rotation. The ceonomie principles do not change with other rota-
tions (cropping sequences). The total or 2-year costs of producing
continuous wheat are greater than the 2-veur cost of a wheat-fallow
rotation. In 1970, estimated costs wore SH06 (22,08 annually) per
planted acre more to produce wheat-wheat than wheat-fallow in the
central North Dakota Duram wheat region (72). Fertilizer. labor, pes-
tieldes, and harvesting eosts were greater for the two wheat erops than
for wheat-Tallow.

The following tabular example shows the minimum (hreakeven)
vielbinerease needed during a 2-year rotation period to ceonomically
justify switching from a wheat-fallow to a wheat-wheat rotation under
four price and cost difference assumptions. If during the 2-year rota-
tion peried the average farm price received ¥ iz as given in column
(1) and the additional costs of continuous cropping are either $4.06 or
$8.12, to break even 2-year yields on continuous cropping must be larger
than on wheat-fallow by the amount shown in columns (2} and (3)
regpectively,

¥ The prices shown are for illustrative purpsses only. If ingome {prices re-
ceived times yield) per aere is not expected to e¢xceed variable costs per acre,
farmers are unlikely to plant any wheat.




Costs are—

Farm price
reccived 54,06 greater $8.12 greater

(1 (2) (3

Per bushel Rushcls per ncre
§1. G0
2. 00
3.00
4, 00

At a given price level, when expecte " yield differences for continuous
wheat are larger than those shown, economic considerations indicate
that the farmer should switch from a saummer fallow rotation to a
continuons crop rotation. As the price level increases, the 2-year yield
difference needed on continuous cropping declines. That is, higher
wheat prices encourage farmers to switch from a wheat-f~How rotation
to a continuous cropping rotation while higher production costs reverse
the incentive. Absolute yield levels do not directly aficct the rotation
decision and are not shown. However, in dry areas where the proba-
bility of a crop failure under continuous cropping is large compared
with wheat after summer fallow, farmers may discount the expected
average vield from a continuous cropping rotation. In addition, a
certain minimum yield is required before a farmer recovers his pro-
duction costs regardless of cropping sequence.

Regardless of the prices being paid for wheat, before a farmer will
switeh from wheat-fallow to wheat-wheat, the 2-year production from
wheat-wheat must be greater than the 2-year production from wheat-
£allow. The reason for this is that the 2-year production costs of a
wheat-wheat rotation are greater than thatof 2 wheat-fallow rotation.
In much of the central and eastern areas of the Great Plains States,
from North Dakota south to Texas, in parts of Montana, and in paris
of the Northwest, such a situation exists. Thus, changes in cropping
sequences are likely to occur as prices and costs change. As illustrated,
increases in production costs, such as higher prices for fertilizer and
seed, will have the reverse eflect of higher wheat prices on cropping
sequence. Wheat yield levels which are so low that they do not cover
o farmer's variable costs at existing wheat prices will cause him te
idle the Jand or switch to more profitable crops.




89

Thus, an analysis of the economic conditions of production indicates
that the greatest shifts in cropping sequences should oceur in areas
where the annual yield increases {rom summer fallow are the smallest,
In avens of little or no annual yield increase, summer fallow is unlikely
to be used unless government acreage control (aliotment) programs

TABLE 15.—Prices received annually and in March and April by North
Dakofa farmers and acreage planted of all wheat, other spring wheaf,
and Durum, 1971-76

Other Ratlo of
Year All wheat spring ! Durem  Durum to
other spring

PRICES RECEIVED

$1. 38 31, 33
147 140
1 44 140
i 53 1. 35
1.33 1 3¢9
133 1. 39
2. 88 3. 98
1. 03 211
201 2,17
4. 08 6. 33
4. 95 6. 99
4. 03 a. 61
4. 03 5.18
3. 97 5. 24
4, 03 2. 81
2. 867 2.47
3. 04 4. 10
3. 78 3. 87

&1.
1.
1.
1.8
1.
I
3.
1
2.
53
4 7
4.
4.
4.
2,
4.

ACREAGE PLANTED
{Thousands)

A5 S 8, 762 2, 592
5, 221 2, 333
g, 270 2, 590
8, 770 3, 600
6, 130 4,080
8, 030 3,710

" Hard Red 8pring (HRS) wheat.
Reurce: (106, 110, 711,
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are involved. As expected, the large shifts to continuous cropping
occurred in the eastern parts of the Northern Plains States and eastern
parts of Kansas, Okiahoma, and Texas (fig. 8) as wheat prices in-
creased from 1972 to 1974. Without acreage allotments or set-aside 1n-
centives, much of this avea is likely to rema in in a continueus cropping
sequence unless wheat prices decline substantially.

Farther woest, however, where the rainfall declines and the annual
vield inerease for wheat after summer fallow is larger, the propor-
tion of wheat grown on fallow becomes inereasingly dependent on
farmers’ expected wheat prices. In the central areas of these States,
that is, the fallow transitional areas, the proportion of wheat acreage
switched from one rotation to another is expected to be sensitive to
changes in wheat prices, particularly in arcas where annual wheab
viclds after fallow are several bushels greater than these for con-
tinuous cropping. However, In areas where wheat yields after fallow
are almost twice the yields for continuous cropping, only extremely
high wheat prices will affect cropping sequence. Thus, in important
wheat-fallow aveas the decline in yiclds will be Jarge for acreages
switching cropping s¢yHences; but. as annual yield differcnces in-
crease, the proportion of the acreage being switched by farmers wiil
decline.

The example presented above is a great oversimplification of
reality in many of the wheat-producing aveas. For example, In many
areas, the wheat-sorghum-fallow zone in the central one-third of
Kansas and Nebraska, conditions are favorable for cropping sequ-
ences that include other crops in a rotation. In these cases, the
economic analysis becomes more complicated but the principles ot
analysis remain the same. Yields, crop prices, and production costs for
each of the alternative votations are analyzed, and the one expected to
give the highest returns above costs for the relevant votation period
gelected.

Prices of alternative crops can be an important factor determining
the acreage of wheat grown In an avea. Relative prices change from
vears to yvear (table 16) in response to changes in supply and demand
conditions, In 1973, wheat prices increased substantially move than
prices for other major grains (crop/wheat price ratios declined). In
1074, favmers veacted to the higher 1973 prices and planted velatively
more acreages of wheat thereby increasing wheat supply. Prices of
these other prains then tended to “catch up,” bringing abont o more
“pormal” relotion among crop prices. Often, farmers can readily
adjust hetween crops Jike wheat and barley where machinery and
management requirements are similar.
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TanLe 16.—Ratio of season average price per bushel received by U.S.
Jarmers for selected grains, 1959-76 1

Barley Oats Sorghum Corn

Marketing year ®
Wheat Wheat Wheot Wheat

0. 37 0. 49 0. 60
. 34 .57
.35 - B0
.30 .83
.34 . 60
. 46 .85
. 46 . 86
. 41 .76
.47 .74
.48 - 87
.46 .93
. 47 .00

Vorl-T2 o __ . .45 i
.41 . 89

.30 . 83

.38 .73

.41 .71

.44 .77

e RS BN I = BN RN S TR T RS TR
e R B - R

[+1]
W 0

.

. GG
.67
.71

! Exclurles government paymonts.

* The marketing venr for wheat and barley is from July 1 through June 30.
Beginning in 1973/74 the markeling year was revised to June 1 through May 31,
The marketing year for corn and sorghum runs from October 1 through Septem-
ber 30,

? Preliminary.

Source: Caleulated from prices in {104).

CONCLUSIONS AND IMPLICATIONS

Since 1949, the acreage, yield. and production of 178, wheat have
shown considerable anngal variability. Tn 1949 an alltime high §3.9
million acres of wheat were planted in the T nifed States, Purving the
filtics and sixties wheat acreage. controlled by a sevies of government
farm programs, declined to reach a low of 48.7 mitlion acres in 1970,
Aftte the large wheat export sales of 1972, plited acveage grcatly
inereased, reaching 8.2 million ncres in 1976—almost as high as the
I8 level, AN wheat-growing regions of the Tnited States have shared
m the wheat acreage inereases that have ovearred sinee 1972,
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The large increase in U.S. wheat production sinee 194 is aceounted
for by a doubling of harvested ylelds pet acre, from about 15 bushels in
1949 to 30 bushels in 1976, During the 1949-76 peried, T.3. wheat
yields trended upward from 1949, peaking in 1971, Since 1972 the yield
trend has been level or declining. Explanation of yield trends and yield
variability duving the 1949-76 period requires analysis of technieal,
cconomic, and elimatic developments.

Sinee 1949, the agribusiness and public sectors have made substantial
qvestments directed at discovery. reduction in coxts, and gpeeding the
adoption of innovations. This study has fecused on those inno -ations
and production input changes that have increased wheat yields per
acre. 1.8, wheat farming became more industrialized and consequently
more dependent on the rest of the economy Quring the 1949-76 period.
Although farmers made the decistons to adjnst produetion input com-
binations, they were strongly influenced by changing technical and
cconomic conditions occurring vutside of agriculture, During this pe-
riod. the inevensing availability of fertilizer. pesticides, improved
whoat varieties, and irrization facilities at prices that were increasing
lesx rapidly than land prices encouraged the substitution of these in-
puts for land. Farm programs enconraged the substitution af non farm
inpats for land and the adoption of land use practices that eontributed
to an increasing trend in yields.

Aluch of the change in trend in T8, wheat vields is explained by
farmer arljustments in production input combinations. Input adjust-
ments contributing to wheat yield changes have included changes in
(1) summer fallow. (2) soil productivity base. (3) irrigation, ()
wheat varieties. (5) wheat market elusses, (6) fertilizer, (7} pesticides.
and (8) cultural practices. A decline in the rate of wheat yield
fnerenses in the seventies compared to the rate af the fiftiex and sixties
i« pariially a result of changes in Tand wee practices, The farge wheat
export =ales in 1972 caused an inerease in land planted to wheat with
Jess wheat grown on sunmmer follow aereage and more on lower pro-
duekivity soils.

The amount of irrigated wheat has somoewhat stabilized in recent
years, Continned irrigativn on wheat will depend on econamic faclors
and. in zome areas. on how long undergronnd water supplies fov frriga-
tion last,

Varicty improvement {hoth within and hetween wheat classes) have
contributed to inereased wheat yields during the past quarter century.
Tfowever. new physiologiead forms of plant discases covkd within n
short period of time influence the vield advantage of newer varietics.

Tnereased wse of fertilizer in combination with wheat varieties more
posistant to lodging and rexponsive to fortilizer. hag contributed to
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inereased wheat yields. However, the high response rates to fertilizer
abtained in the generally favorable climatic conditions of the sixties
may he greatly influenced with the return of drought, especially for
wheat grown in semiarid regions. Because wheat is not one of the field
crops mere responsive to applied fertilizer, continued use of fertilizer
13 dependent upon the relationship between fertilizer costs and wheat
prices,

Pesticides, particulatly herbicides. are important inputs to wheat
vields. However, environmental concerns and aszociated regulations on
use of pesticides could have a significant impact on future pesticide
use.

As wheat yields have been greatly increased since 1949 hy increased
use of, or improvements in, these inputs or production practices, main-
taining and increasing wheat yields in the future depend on continued
use of presently known production inputs and the acquiring of new
knowledge through research. The potential yield less associated with
the reinoval of ene or several inputs increases as yields are increased.
Conseguently, the continuonus monitoring of produetion inputs is a
necessary prerequisite to wheat yield prediction.

Continued high yield levels that require high rates of input use by
Tarmers will also depend on favorable input/wheat price ratios. Tuture
shortages of energy or other resources that supply the raw materials
for fertilizer, pesticides. irrigation, and mechanical tillage could ad-
versely alter the economic conditions conducive to high yield levels.

Many of the large year-to-vear changes in T.8. wheat vields were
caused by year-to-yvear variations in climate. For example, unfavorabie
climatie eonditions in the Tnited States contvibuted to lower yields
after 1972, particularly in 1974 Climatic eficets and technology effects
are often confounded. however, making it extremely diflicult to pre-
eizely measure the relative importance of climatic variations and of
changes in production input rombinations in a particular year. Lack
of precise information on changes in production inputs contributes to
this measurement problem. Many wheat experiments are not specifi-
cally desizmed to analyze the impact of annual climate variability of
wheat /input response relationships. In many cases where experimental
data could provide information on crop responses to production inpuots
over a range of climatic conditions, the original data needed 1o osti-
mate stundard deviations and coefMcients of variation were not pub-
hehed and often are no longer available.

ITowever, some data were available to caleulate the mean vield,
standard deviation of yield, and the cocflicient of variatinn {1mean
viell divided by the standard deviation} for hoth an “improved"
production input or practiee and for a controlled situation where both
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were stbjected to the same loeal climate variations. The results show
that when a production input increased, the mean yicld absolute yield
variability (standard deviation) usually increased bub occasionally
declined. Where yiclds were increased over the contrelled situation,
the relative yield variability (coefllicient of variation) associated with
annual climate variations declined.

These results imply that as farmers adopted produclion practices
that increase wheat yields, those yields became relatively less depend-
ent on year-to-year variations in climate. Flowever, this conclusion is
Timited to the 194976 period of study. More conclugive evidence re-
quires additional data for a wider range of climate, soil, and produc-
tion input combinations. Wheat vields appear onl¥ velatively loss re-
sponsive to climate variations; the large standard devinlions and co-
officients of vaviation ranging from 20 to 30 percent for “improved”
production practices show yields remained quite responsive to annual
climate changes. Nor does the application of the technology which
has raised 1.8, yield levels guarantee crop failure will not he caused
by changes in climate or other natural conditions.

Novertheless, it appears that since 1949 U.S. wheat production has
hecome relatively less dependent on sthormal” climatic variations and
more dependent on changes in the T1.8. and world cconomic condi-
tions, particularly changes in product demand and input supply
relationships. The doubling of T0.8. wheat production since 1849 has
been achieved by doubling land productivity. Tnereased vields re-
sulted from the adoption of certain production practices and
increased usage of inputs supplied hy industry. U.8. wheat favming
has become mare industrialized and consequently more dependent on
Hhe rost of the cconomy but less dependent on domestic variations in
climate,

As a rosult of the increased industrialization of agriculture, Us.
wheat yield levels have hecome more dependent on the capability of
the industrial sectors of the U.S. economy to respond to changing
natural, cconomic, and sooinl conditions. At the same time, the in-
creased dependency of the LS. wheat market on export demands has
made 1.8, wheat prices more vilnerable to varations in the climatic,
sconomie, and political conditions of foreign countries. An implica-
tion of this increased export dependency is a greater need for in-
formation on foreign production to raake tationnl wheat praduction
and marketing decisions. Future 17.8. yield increases or even main-
tenance of current yield levels will depend on a continuation of
offorts to discover, reduce the costs, and speed the adoption of
inmevations. The agricultural resenrch system must be ready to mect
new challenges.
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