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INTRODUCTION

On the basis of information gathered by FAO, it has been reporicd
that one third of the world's population is either undernourished or mal-
nourished. Especially protein malnutrition is the most serious problem today
in the lesser developed countries {(22). Cereal protein is the most important
protein, because it is most readily available and most economical. Of the
cereals, vheat pro%einrwith rice is most widely produced. Wheat is one of
the world's most important products of agriculture; In some paris of the
world wheat provides 80 percent of the diet.

Considering the nutrients furnished by wheat, it is the mosi
economical of foocds. Although wheat has fai£ guality of protein, it is low
in lysine, particularly. The nutritive guality of protein may be improved
by supplementation with milk or other protein foods, particularly spybean
protein. In a study of food consumption patterné in Latin America, Far
Bastern and Middle Eastern countries, i* has been shown that of all cereals,
vheat alone could meet minimum protein requirements (22).

The protein content of wheat may vary widely depending upon vari-
ety, clasz and environment. In marketing of wheat while class<s are segre-
gated, variety, within a class usually loses its distinction because of
blending. Therefore, within each class, protein content is the most important
quality factor available in wheat marketing. Protein content is the most sig-
nificant single factor influencing the baking behavior of sound flours. Since
protein content is influenced mainly by environment, it is extremely desirable
that the protein of wheat be known before it is marketed. Still better would
be if means were available to accurately predict the protein content of wheat
by arsas before harvest. If such information were available, much more effi-

cient marketing plans could be devised. The buyer of wheat could plan to



purchase wheat from areas of known protein content,

During the last few years much attention has been directed to the
protein of wheat as a measure of baking quality. Since protein-content is the
most significant single factor influencing baking behavior of sound flouré,
it ie used in the evalustiion of wheat both by flour milling and baking indus-
tries. Premiums are paid for high protein content.
| The object of this research was to seek means of predicting pro-
tein content of wheat before harvest and to gain a better understanding of

the effects of variety and environment on wheat quality.
REVIEW OF LITERATURE

The iméortance of environment upon protein content of wheat has
been recognized for years. Like other living organisms, wheat, a living
thing, is affected by a variety of factors. "The main factors which influence
wheat quality are climate, soil and variety. Plants are so sensitive to a
change of the environment that it is difficult to say which of the environ-
mental factors have the greatest influence, They may influence each other.
Sometimes a single factor may be so strong that it minimizes the effects of
others. For instance, lack of moisture at critical periods of growth may
have a stronger influence on quality than varietal characteristics or the
amount of available nutrients in the soil (54).

Climate may be defined as the atmospheric condition which pre-
vailes within a place or region in regard to temperature, rainfzll and pre-—
vailing winds. How these conditions affect growth and quality of wheat is
dependent upon the degree to which they prevail during the growing-period
(20, 61). Soil is the storehouse of the mineral elements necessary for the

plant growth, The importance of soil factors as related to wheat quality is



being recognized more and more. Water in the soil is the chief transporting
medium for nutrients from the soil to the plaﬁt. About 300 pounds of water
must pass from the soil to the plant for every pound of dry material con;
structed (54). Available soil moisture frequently determines the quality
characteristics of wheat. Limiting mo&sture generally increases the protéin
content while decreasing the yield.

Variety is a type of wheat within a larger class. It has been
‘recognized that approximately 80 percent of the variation in quality of Hard
Red Winter wheat grown in Kansas, primarily for breadmaking is accounted for
by protein content alone, while 20 percent of the variation in baking is due
4o variety and other quality factors (31).

The crude protein content of wheat and flour has become increasingly
significant in the merchandising of Hard Spring and Hard Winter wheat crops.
The correlation between protein content of wheat and baking strength and baking
quality of flour has accordingly become of interest to éll branches of trade.
Severul extensive studies of wheat composition to baking quality have been
reported in recent literature. In a majority of instances, a positive corre-
lation has heen detected between percentage of protein and breadmaking value
(5).

Zinn (61) found a positive coefficient of correlation between
loaf volume and crude protein content. Similar findings were reported by
Mangles and Sanderson (38), Blish and Sandstedt (8) and Grewe (25) for three
crops of North Dakota wheat.,

Reporting on series of Kansas grown wheat varieties of the 1938
crop, Larmour et al. (35) demonstrated that within a given season the poten-—
tial strength of the principal Hard Red Winter varieties is related to pro-

tein content in linear fashion, and is very highly correlated with it. Bell



and Simmonds {7) found that there was a general tendency for baking quality

t0 rise with increasing total nitrogen in 26 Australian flours. A positive

but less highly significant correlation also was observed between the formic
acid soluble nitrogen and the baking score.

Many organizations have made elaborate and thorough surveys of
the quality of the wheat in various states for years. This has permitted
the classifying of wheat for quality characteristics according to locality.
These surveys have been performed after the wheat has been harvested. Some-
times the wheat has been marketed and mixed in central terminals before full
advantage can be taken of the survey information (31). 1If the survey infor-
mation could be made available, the variation in the breadmaking'quality of
the wheat could be established and millions of dollars can be saved by the
proceésor.

The composition of wheat is not to ahy great extent, hereditary.
Protein, ash, size of berry and weight per bushel are found.dependent upon
climatic conditions, prevailing during growing period of plant. BSeed of
Kansas wheat having 20 percent protein and seed of California wheat having
13 percent protein when grown side by side in South Dakota, yielded crops of
identical composition and physical appearance (37).

It is known that environmental factors play a big role in influ-
éncing vheat quality. Protein content of wheat is subject to great fariation.
It varies in the various world wheal growing regions, in différent sections of
the same region, in adjacent countries and farms. It varies from season to
" season (54, 34).

Climate: The term climate includes many factors, such as, precipitation,
temperature, barométric pressure, humidity, wind velocity and hours of sun-

shine.



The greater importance of climate than variety or soil on deter-
mining protein content was emphasized by well-=known Tri-Local experiments
conducted by LeClerc and Leavitt (36). Soil was transferred from siate to
state in such.a way that in each state, there was soil from each of the two
other states along side the local soil. Soil was dug up in 3" layers and
then put down in original order. This was also done with each local soil
so that all would have the same effect of physical handling. Wheat from
the same variety was grown in all three states. In this way, factors of soil
and variety were eliminated and climate was the main variable. Kansas wvas
in each of three sets of experiments conducted over a series of years. Part
of the resulis are presented in Table 1. I% is apparent from these figures
that protein contént was influenced both by climaie and soil. It was the
highest in Kansas and lowest in Maryland due to climate. While rainfall
figures were not available, it might be assumed that rainfall was probably
the greatest climatic factor influencing protein content. Within each state
the goil caused a variation of 1.1 in Maryland, 2.2 in Kansas and 3.5 in
California.

From these experiments, it was concluded that wheat of any one
variety from any one source and absolutely alike in physical and chemical
characteristics, when grown in different localities having different climatic
conditions, yields crops of very widely different appearance and very differ—
ent in chemical composition (37). From latter studies made by LeClerc and
Yoder (37), they concluded that the environmment rather than heredity was
the major factor influencing the protein conteﬁt of wheat. The soils siudied
exerted little influence compared to climate. .
Harris, et al, (26) studied 56 long-patent flours of Hard Red

Spring wheat grown in North Dakota and found that very significant variations



Table 1., Protein Content of Wheat Grown on Uniform Soil in Three States

(1909-1912)
Grown in Calif, Grown in Kansas Grown in Maryland
on soil from on soil from on soil from

Calif.  Ks. _ Md. Celif. Ks. _ Md. Calif. Ks.,  Nd.
Protein %  13.2  11.3 14.8  17.5 19.3 19.7 11.8 12.5 12.9

Variation in
each state (3.5) (2.2) (1.1)
due to soil

in flour protein content, absorption, loaf volume and mixing properties
existed between varieties and enviromment, with environment exerting the
major influence. Significant differences in loaf volume were also shown at
uniform protein level, indicating difference in protein quality, due to both
varietal and station influences. MNixograms secured at uniform protein level
showed significani variations between varieties and enviromment for dough
development stages, range of dough stability, curve height and width.
Sandstedt and Fortmann (44), showed that large differences iﬁ'
test weight, protein content, absorption, loaf volume and mixing properties
existed in Nebraska Hard Red Winter wheats grown in different locations. In
some instances, these differences were larger than those due to variety.
Thatcher (55), pointed out that three factors of climate, of
iﬁportance as related to wheat quality were 1) rainfall, 2) length of growing
season and 3) temperature during growing season. It was assumed that wheat
quality is primarily affected by protein content.
Length of growing season: Climate exerts important influence upon composi-
tion of crop by lengthening or shortening the growing period, particularly

that portion during which kernel is developing. Thatcher (55), was of the



opinion that it is not the iength of total growing period but only that
portion of it during which kernels are formed‘which influences the final
composition of grain, particularly the protein-carbohydrate ratio. Similar
observations were made by Shutt and Hamilton (49), supporting Thatcher's
view. The effect of temperature during the maturing period was studied by
Finney and Fryer (30). They found that subnormal loaf volumes were consis-
tently associated with high temperatures (above 90°F. ) duringrthe last 15
days before harvest. In the absence of high temperatures during the last
two weeks before harvest, other environmentai factors such as rainfall and
the chemical aﬁd physical composition of the soil appear to have relatively
minor effects on protein qualiiy. Protein content accounted for about 95
percent of the variations in loaf volume if temperature during the fruiting
period was not a limiting factor.,

Thatcher ((55), concluded from experimental evidence that high
temperatures during ripening may produce high protein and that the percent-—
age of nitrogen in kernel varies inversely with thé length of this period.
High temperature and absence of excessive moisture during the latter stage of
kernel development shorten this period, hasten ripening, resulting in a high
protein wheat. On the other hand, cool and wet weather in the latter part
of the season prolong the development period, retard ripening and result in
a starchy grain (49). | |

Thatcher's (55) conclusion that length of ripening period deter-
ﬁines carbohydrate—protein ratioc is based on the following explanation,

+ Proteins of wheat aré largely elaborated early in the plant growth and par—
ticﬁlarly cease to increase in amount afier plant blooms, while manufacture
of starch continues as long as any part of plant remains green, therefore,

lengthening the period after blooming, by any climatic condition increases



the elaboration of starch, resulting in starchy grain, low in protein.

Analysis of samples of wheat at different stages of maturity by
several investigators (10, 13, 15, 16, 28), showed a higher protein content
in immature kernels which decreased as maturity progressed. Changes in
physical and baking characteristics of wheat protein, in relation to the
development of wheat kernel during maturation, were studied by Scott et al.
-(46) in Kansas from 1948-1954, using hard winter wheat varieties. Protein
quality, as measured by baking and physical dough properties, strongly indi-~
cated that the wheat plant is physiologically ripe with optimum Quality
characteristics aboul one or two weeks before it is suitable for combining.

According to Swanson (53), a cliéate having dry winters, cool
gprings with moderéte rainfall and hot, fairly dry summers usually produces
a hard, strong wheat characterized by a high protein content. A winter
climate relatively warm, with a high rainfall in spring and summer, produces
a soft wheat with relatively high starch content.

The temperature prgvailing at the time of ripening with moisture
éupply at that time apparently are two of the most important factors which
affect both yield of grain and quality of protein. In England, and io a
large extent in northwestern Europe, the ripening takes place when the general
air temperatures are decreasing. There alsc is an ample amount of rainfall
at this time. The wheat in these areas is preveilingly soft with low protein
and large yield. In western Canada, the ripening takes place when the tem-
perature has passed its peak, but the climate conditions as a whole are much
drier than in England and western FEurope. In the southern plains area of
the United States, the wheat usually ripens before the peak of the heat
period. The fact that hard wheats are produced both in western Canada and

in the plains area of the United States indicate that the moisture supply is



a predominant factor (53). .

Shutt and Hamilton (49) presented data from wheat grown in tﬁo
western and two maritime Canadian provinces. The comparison extending from
1912-1932, showed western stations to have a July and August temperature of
8°F. above the maritime, but with a precipitation of approximately one-
half that of the maritime provinces. With these differences, the vestern
wheat had an average protein content of 17.4 percent versus 13.3 percent for
the maritime province wheats.

From a study by Waldron et al. (57) of high prevailing temper-—
atures for the 10-day pre-heading period with spring wheats, it was shown
that only high maximum temperatures were associated with high protein content
of the mature wheat. High-day temperalures from 10 days before heading until
about the middle of July were found to be conducive to high protein while
night temperatures did not modify the amount of protein. Also, the temper-
atures during the last two weeks of maturity had a very minor influence upon
the protein content of the resulting crop.

In areas with hot summers and scanty rainfall, protein content
tends to be high in wheat. Alsberg's (3) explanation for this is that it
may be due in part to the fact that hot weather favors nitrification and
accumalation of an abundant sﬁpply of nitrates in the earlier growth stages.
Hot weather, by evaporation at the surface of the soil, tends to draw soluble
goil constituents to the surface by capilarity. Also, high-air temperatures
increase transpiration and thus may favor absorption of nutrients from the
soil (3).

Rainfall: Rainfall is the most important factor that determines soil moisture
content and supply of available plant food. That the amount of moisture in

the soil has an influence on the protein content has been observed frequently.



Rainfall during the growing season is important, but benefits
with respect to growth and maturity depend on how and when it is received.
Distribution of rainfall during ithe growing period is important. Limited
rainfall in a semi-—arid region may produce a high protein content crop if it
comes at a time when the plant can use it.

Moderate precipitation during major growth periods atl fréquent
intervals usually results in a lower protein percentage than the same amount
of precipitation in a few heavy rains. This may be due to the fact that the
moderate rains provide more moisture for plant growth and that some of the
nitrates may be leached out of the upper layers of the soil by heavy rains.
Light rainfall and heavy evaporation which concentrate the nitrates in the
upper portion of the soil, where they may be readily obtained by the plant,
seem to favor the formation of hard glutinous wheat (37, 56). Under these
con&itions, vield of wheat is reduced but high prbtein content results.

Soule and Vanatter (51) found that the protein éontent was high-
est when rainfall was less than normsl during the ripening period. Less
rainfall resulted in a short, guick ripening period which retarded the
elaboration znd translocation of carbohydrates from stem to the grain and
therefore produced a higher percentage of protein content.

Hopkins (27) found a slightly negative correlation between the
amount of rainfall during the growing season and the nitrogen content of
vheat. BEarly rainfall stimulates tillering and vegetative devélopment gener—
ally. The production of carbohydrates was simultaneously increased by high
' raipfall, resulting in a relatively lower protein content in mature wheat.
An inverse relationship between protein content and precipitation during the
growing season also was reported by Eva and Birchard (12).

Soil: Soil is the medium through which the climate affects the plant since

YR
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this is its home during growth and ripening. Type of soil is of primary
importance from the point of view that soils véry iﬁ their capacity to retain
water and they therefore caen be said to govern the availability of rainfall
for crop growth. Weather conditions at the time of formation and ripening
are more important in their effect on quality than at other periods. At

the time of head and seed formation, the physiological activities are at the
maximum; partieularly, in the transfer of material from soil, leaves and stem
to the forming seeds. Water is the chief fransporting medium and about 300
pounds must pzss from the soil up through the plant for every pound of dry
_material constructed. Hence, the supply of moisture in the soil must be
ample and the movement in the soil to the roois must be sufficiently rapid

to supply needs. ﬁaie of movement of moisture is affected mostly by soil
texfure; water moves more rapidly in light than in heavy soils. Because

of different water movement, wheat grown on the different textured soils
varies in quality because of the variation in amount of moisture which comes
to the roots.

With continuous use of soil, fertility may be depleted, partic-
ularly in nitrogen and_organic matter. The loss of organic matter lessens
the water-holding capacity of soil and a decrease in nitrogen means lower
protein content of the crop (43, 54).

It is not only the mmount of moisture which is the determining
factor of protein in wheat, but moisture in conjunction with nitrate supply,
length of growing period and general temperature level, particularly at the
time of head formation. An abundance of moisture, together with other
favorable growth factors, results in large yields. Yields with high or low
protein content are determined mostly by the amount of available nitrates

at the time of head formation. If nitrates are abundant, together with
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other favorable growth factors, then a fairly high protein wheat with a
large yield will be the result (54). |

Continuous growing of a crop exhausts the soil of nitrogen con-
fent and organic matter, hence it is necessary to use fertilizers to replen—
ish the depleted stock of essential elements. Nitrogen is absorbed from scil
in the form of nitrates. The amount of nitrates is_one of the most potent
factors in influencing both yield and protein content. Thus, the amount of
nitrate in soil at the time when most needed is the principal factor in
determining the total amount of protein in wheat crops. Concentration of
go0il solution in available nitrogen and the amount of this solution are the
1wo most important factors which determine yield and protein percentage. The
climate owes its importance to the fact that it influences the soil solution,
Swanson (54) stated thatAthe greatest deﬁand for nitrates from the soil is
at the time of kérnel formation., Davidson and Leclerc (11) studied the effect
of nitrates on yield and protein content. Sodium nitrate was applied at three
different stages of growth: 1) when the crop was two inches high, 2) at the
time of heading and 3) in the milk stage. Results show that sodium nitrate,
added during early stages of growth, stimulated vegetlative growth and conse-
quently produced a greater yield. Addition at the time of heading gave better
quality grain protein, but the yield was not affected. Addition at milk
stage neither affected yield not protein content. Sitriking increases in crude
protein content (4.4%) by single spraying with urea at the time of flowering,
and a nunber of sprayings throughout the fruiting period were reported by
Finney et al. (21).- The increase in protein content declined as the wheat
kernel developed; the quality also deteriorated with increased concentration
and number of sprayings. Subnormal loaf volumes, indicating a large increase

in the water-soluble proteins, were assoclated with an incomplete gluten-



13

protein synthesis.

One of the most complete experiments on the effects of avail~
able nitrogen in the soil on the protein content of wheat was reported by
Neidig and Snyder (41). They found that cumulative additions of sodium
nitrate throughout the growing period gave a greater yield as well as increased
protein content over that obtained when the addition of nitrate was made at
the time of planting. When there was a sufficient amount of nitrogen in the
soil to insure a maximum plant growth during the early period, high yield
was obtained.

Assuming that the growth factors in connection with soil and
climate are favorable, the effects of moisture and nitrates may be summar-
ized as follows:

l, When neither moisture nor nitrates are the limiting factors,
both yield and protein percentage will be high.

2. When moisture is the limiting factor, but nét the nitrates,
the yield will be low, but the protein content higher than under 1.

3. When the supply of nitrates is the limiting factor but not
the moisture, especizlly during kernel formation, the yield will be high but
the protein content low.

4. When moisture and nitrates are both limiting factoré, both
the yield and the protein content will be low.

Snyder {50) showed that by proper application of fertilizer,
the quality of wheat could be improved and thus increase the protein content
by at least one percent. Protein content of wheat was the highest when
nitrogen fertilizer was used and the lowest when phosphate fertilizer was used.

Fernandez and Laird (15) reporied the influence of availéble soil

moisture and nitrogen fertilization on percentage protein and yield.
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Applibation of smaller amounts of nitrogen/acre under wetter soil moisture
regimes, reduced the protein percentage, whereas larger applications of
nitrogen fertilizer produced a larger yield as well as increases in protéin
content in all moisture treatmenits. The lowervpfotein content of grain from
wheat fertilized with small quantities of fertilizer probabl& was due 1o a
greatly increased vegetative growth and a relatively émall increase in the
amount of niirogen available for grain.

Fajerson (14) made a very extensive survey on the effect of
nitrogen fertilization on wheat quality for five years (1949-1953) in
Sweden. He reported that late application of nitrogen resulted in higher
protein content than early application. Ni%rogen fertilization at the time
of heading had the most favorable effect on the protein content. Increasing
fertilization had a more favorable effect on the glutin content than flour
and grain protein content, and the waler absorption and loaf volume increase
were greater when fertilized with nitrogen in split application than with
the application in one heavy dosage.

Supplying vater b& irrigatior has an advantage that the supply
can be controlled as to time and amount. Different quantities of irrigation
water were supplied by Widstoe (58), to various plots. The proﬁéin percent-
age and yield varied inversely, indicating that the nitrate supply was the
limiting factor in building protein. When the amount of water was too great
so as to decrease yield, there also was an increase in percesntage protein.
As a rule, the practice of dry farming causes wheat to have a higher protein
content than wheat which is irrigated. Irrigation increases the yield com-—
pared to dry farming and decreases the amount of nitrogen or protein content.
The low protein content of wheat grown on irrigated land often is due to the

fact that these soils are low in organic matter, containing 1little available
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nitrogen. Leclerc (37) stated that the protein content of wheat grown on
arid land was higher than that grown on irrigated land. The protein content
was 17.7 percent in dry land end 11.1 percent in irrigated land.

Shutt and Hamilton (49) studied wheat from irrigated and non-
irrigated areas extending from 1916 to 1931. Considering averages, irrigated
wheaf was four percent lower in protein, had a higher test weight and a grow-
ing period 12 days longer than dry land wheat.

Variety: Schnelle (45), in research relating to quaiity of wheat as depen-—
dent on variety and enviromment, was able to determine that the relative
difference between varieties remains constant even though grown under differ-
ent environmental conditions. According to Gericke (23), varieties differ
in: specific soil nutrient requirements, absorbing capacity for the soil
nutrients at various growth stages of the crop, and the index of segregation
of the total production of varieties into that of different parts; i.e.,
grain, leaves and straw roots. These three factors probably account for
differences in yield and composition of different varieties of wheat.

Climate is generaliy regarded as more important than variety
in determining protein content. While this is true, there also may be a
correlation between wheat variety and quality. It may be possible to develop
varieties that will give relatively high protein content wheats in regions
where the vheat commonly grown is soft and weak (35). The superiority of one
variety, as compared to another, is principally in adaptation to a certain
environment so as to produce high yields of good quality wheat.

Kansas has long been a2 leading bread-wheat production state.
Varieties of wheat not only affect the quantity of wheat produced in Kansas,
but also affect the quality. The varieties of wheat respond differently to

the milling and bread-making processes. The number and extent of varieties
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grown eand their response to the growth environment are the chief contributing
factors governing the quality of Kansas wheat as a whole (32).

The quality of Kansas wheat, besides being dependent vpon the
varieties gfown and their response to environment, also was affected by the
extent of varietal distribution. The acreage distribution of varieties
changes from one year to the next, depending upon the availability of new
and improved varieties (33). R

One of the projects of the Kansas Agricultural Experiment
Station is to grow all standard wheat varieties each year at various experi-
ment stations and experiment fields in the state, and to compare these with
the new crosses that are being studied. Thus, it is possible to evaluate
accurately the response of the different wheat varieties to growing conditions
at each station.

Shellenberger et al. (47) studied the importance of variety
upon the Kanszs wheat quality. From the three (1950, 1951, 1952) quality
comparisons of Kiowa and Ponca (two newest varieties) with Turkey and Coman-
che, it was evident that the new varieties tended to have higher protein
content and lower mineral content than the older varieties. Kiowa and Ponce,
when growm beside Comanche, Turkey or any of the other older varieties,
represent improevement both agronomically and in ability to produce satis-—
factory bread.

Variety plays an important role in influencing the bread-making
characteristics; i.e., absorption, mixiné and loal volume. As the protein
content increases, so does the absorption. However, some varieties consis-
ten%ly have greater absorption capacity than others when compared at com-
parable protein levels., Varieties have inherent properties that produce

different mixing curves. Some varieties mix to the point of minimum
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mobility (peak of curve) in a relatively short time, while others require
a longer mixing period. Loafl volume alsco is affected by variety. Somé
varieties consistently give greater loaf volume than others for any given
protein content (35, 40). |

Johnson et al. (32) studied the effect of environment and varieties
on Kansas wheat guality from 1958 to 1962. The resulis were subjected to
.analysis of variance. They concluded that wheat va&iety had a significant
effect on the quality of Kansas wheat. It was evident also that variety of
wheat caused a significant effect on the protein content of the flour, and
variety of wheat had a grealer effect on the dough-mixing time than environ-
ment., Although enviromment played a dominan{ role, ﬁariety effect on both
loaf volume and quélity score was highly significant. They stated that the
response of different varieties to locations of growth, as measured by quality,
might be expected to be aliered some, depending upon condiiions prevailing
during maturation. However, the response of all varieties to the condition
of growth was generally very similar.

The va.rietieé of 'w;hea.'t grown in Kansas are changing constantly
because of changes in relative popularity of the established varieties.

These changes are a sign of progress in wheat development work which has
resulted in making better wheat varieties available to the growers in the
state.

The changes in the composition of the wheat kernel during matur—
ation have been studied recently (42, 46, 49). Previous study of the relation—
ship of protein content of mature wheat to the immature plant has shown that
the protein content of mature wheat can be estimated from the nitrogen con-
tent of the immature plant, bdbut that the correlation is too low for accurate

and practical prediction (29). Therefore, this research was conducted to



