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A STUDY OF COLORADO WHEAT

By WM. P. HEADDEN

PART IV

Bulletins Nos. 205, 208, 217 and 219 present the work previously
reported in connection with our study of Colorado wheats. The gen-
eral results in a more popular and less detailed manner have been given
in Dulletin No. 237. In this bulletin we propose to record our further
study of the properties of the wheats and flours produced in the course
of our experiment, together with some flours produced from Colorado
wheats by various mills in the State.

CHARACTER OF GRAIN DEPENDS ON RELATIVE SUPPLY OF
PLANT FOOD

A brief statement of the conclsions reached may be advisable. The
most important one is that, given conditions under which the plant
will reach normal maturity, the character of the grain depends upon
the relative supply of the respective plant foods.

In our case the important ones are nitrogen and potassium. If
the latter predomintes, the character of the wheat will be mealy or
soft, in which case the kernels will be large and plump. If the nitrogen
present as nitrates be sufficient and in the right proportion to the potas-
sium, the kernels will be flinty and of good size. If the nitrogen pres-
ent as nitrates be excessive the plants will grow too rankly, will be
susceptible to rust, will lodge, and will produce small flinty, hard and
shrunken kernels. The crop will be smaller than in cases where less
nitrogen in this form is present.

Organic or other forms of nitrogen than nitrates or ammonia salts
whose nitrogen is easily converted into nitrates, is not sufficiently avail-
able to the wheat plant to affect the quality of the crop though it may
increase the production of both straw and grain.

Phosphorus in our experiments produced no effects upon the
yield or character of the grain that we could interpret as directly due
to the effects of the element. The reason for this is probably that the
phosphorus present in our soil is sufficiently available to procure a
maximum effect and the addition of more phosphorus is at the present
time useless. This condition may change with further cropping.

There is so near an approach to the desirable ratio between the ni-
tric nitrogen and available potassium in our soil that comparatively small
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quantities of nitrates produce a big effect upon the growth of the plant
and the character of the grain. The nitric nitrogen usually present in
our soils is adequate to the production of good crops but not always
adequate to the production of thie hest quality of grain. This is the
reason why the application of sodic nitrate affects the character of the
grain but in our experiments has not increased the yield to any marked
extent; on the contrary, we have in many instances depressed it.

EFFECTS OF IRRIGATION

As irrigation is an indispensable portion of our practice, we have
to determine the water supply necessary to produce the best crop and
the effect of the water upon the character of the grain produced.

Our results show that if the plants be brought to the period of
early head or to the time when they are well advanced in the boot in a
healthy manner and are then irrigated liberally no further irrigation is,
in ordinary seasons, necessary. Subsequent irrigation in our experi-
ments proved to be useless in every respect, i.e.. it neither increased the
crop nor influenced the character of the grain, while the soaking of the
ground exposed the crop to some danger.

The effects of water upon the quality of the grain depends upon
conditions. Fxcessive water applied to the soil does not affect in any
material degree the composition of the grain but if the plants be kept
wet and the weather be dull and warm the crop will suffer greatly, in
fact, will probably be ruined.

The lcaching effects of water upon the soil may in some instance
hz a danger but in our experiments we could not discover any bad
cffecls due to this cause.

As our soils contain a total supply of 2.25 to 2.5 percent of potash
of which, roughly, one-quarter is soluble in dilute hydrochloric acid,
we have an abundant supply of this element for manv years. This
mcans that we have from 22,500 to 25.0c0 pounds of potash in cach
million pounds of soil with from 5,600 to 6,230 pounds soluble in di-
lute acid at the present time. These quantities are so large that it docs
not matter whether we are quite right in tacitly assuming that bHeing
soluble in dilute hvdrochloric acid is the same as being available to the
plant or not. It is evident that the supply is very abundant.

NITROGEN OF PRIMARY IMPORTANCE

We have given the cultural reason for stating that the supply of
phosphorous in this soil is adequate. As a matter of fact it is about
three times as much as is considered adequatz in a soil of similai
cemposition. These analvtical considerations indicate that the plant
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food of primary importance to us is the nitrogen. This is also the con-
clusion to which our experiments lead.

Availability, Not Quantity, Affects Grain.

Qur soils are only moderately well supplied with total nitrogen.
The one on- which our experiments were made carried about 0.145
percint. This is neither poor nor especially rich, still it is sufficiently
available to produce, under ordinaryv tillage, abundant crops of wheat,
30 to 48 bushels, without the application of any kind of fertilizer.
Theso results were obtained with wheat following wheat. The total
amount of nitrogen present is not so abundant or necessarily of such
a character as to assure us of a continued abundant supply of available
nitrogen, and yet for five years in succession we have detected, so far
as the crop indicated, no lack of nitrogen, while the addition of 10 lbs.
of nitrogen in the form of sodic nitrate to a milion pounds of soil has
not failed to change the character of the wheat produced without in-
creasing the crop, except in a few instances and then only slightly.
We can mterpret these facts in only one way and that is that it is not
the amount of total nitrogen but the amount present in an available
form, in this case as nitrates, that is important.  If the crop in our
experiments had been increased and the character not changed the only
inference that we could have drawn would have been that there was
not enough of this form of nitrogen present in the soil to produce the
best crop and its addition for this purpose would be advisable. This
was not the case, but, the reverse, The size of the crop was not fav-
orably affected but the quality of the crop was, which we have in-
terpreted as proof that the supply of nitrogen in this form was suffi-
cient to produce a maximum crop but not sufficient to produce a
maximum quality.

It may be a question in the minds of some whether we have a suffi-
cient basis for making the statement without anv qualifications, that
the results obtained were specifically due to the form in which the
nitrogen was applied. The fact that we obtained this result more than
50 times without any exception when we applied the nitrogen in this
form does not prove that organic nitrogen would not have produced
the same results though it does prove that the results observed are
uniformly the effects produced by nitrogen in the form of nitrates
when present, in sufficient quantities. In our soil the addition of 10
pounds of nitrogen in this form to 1,000,000 pounds of soil is really too
much, for in many instances there was no question about our hziving
done injury. We have experiments in which we added nitrogen in
the form of farmyard mmanure at the rate of at least 120 pounds of
nitrogen to a million pounds of the soil or 12 times the amount added in
the form of nitrates and it produced no effect upon the composition or
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physical properties of the wheat. This establishes the inference drawn
from the uniformity of the results obtained in the use of nitric nitrogen,
i.c., that the results observed were the specific effects of the nitrogen
in th: form of nitrates and not of organic nitrogen. Nitrogen in the
form of ammonia has been shown by Ritthausen and Dr. R. Potts to
produce the same effects that the nitrates do. The nitrogen in the
ammonia salts, when these are applied to the soil, is readily converted
into the nitrate form so their effects are really the effects of nitrates.

HARDNESS OR SOFTNESS DEPENDS ON RELATIVE SUPPLY OF
NITROGEN IN THE FORM OF NITRATES

The question of the properties of our whaets whether they are
hard or soft, flinty or mealy, depends upon the relative supply of nitro-
gen in the form of nitrates. If the supply of these in the soil is in the
right proportion to the supply of potassium our wheat will bz all that
anyone could desire. It will be large-grained, plump and flinty, which
is to say rich in protein.

The amount of nitrogen in our soil is not a fixed quantity but
varies from time to time both in the total amount present and in the
portion of it which may be present in the form of nitrates. FExperi-
mental proof has been adduced in preceding bulletins that in contiguous
areas of 1 square foot the total nitrogen as well as that in the form of
nitrates not only may, hut actually does vary by significant quantities.
Data obtained, both by laboratory experiments and on a larger scale in
imitation of field conditions, establish it as an easily demonstratable
fact that the soil in which we grew our wheats varies in its amount of
total nitrogen from time to time. To establish this we made observa-
tions on 3,000 pounds of soil taken from the field and found that we
had o maximum increase of 62 pounds per million of soil and that while
the total nitrogen varied, it at all times showed an increase over the
amount pre<e1lt at the beginning of the experiment. At the nd of
40 days the total amount of nitrogen present exceeded that present at
the beginning by 36 pounds per million. The nitrogen present as ni-
trates at the end of this experiment exceeded that present in this form
at thz beginning by 1570 pounds per million. The increase in total
nitrogen 1s due to fixation and the increase in the form of nitrates
shows how actively the process of nitrification was going on. The
3,000 pounds of soil made a bed, as we prepaerd it, 6 inches deep
Other and fuller data on the increase of the nitrogen present as
nitrates will be found in Dullctin No. 217, pp. 42 and 43.

The significance in the increase of the total amount of nitrogen is
that it is sufficient to maintain a reasonable supplv and bevond quezstion
is present as living organisms, suscentible of rapid chang s. Tho nitric

A

nitrogen is directly avallzMe o the whent rhnt anl the cuaniiny
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formed during the 40 days of our experiment, 15.79 parts per million,
is one and a half time the amount applied in some of our experiments,
which was safficient to determine the character of the growth of the
plant and the physical and chemical characteristics of the wheat pro-
duced.

EFFECT OF FALLOWING ON NITROGEN CONTENT

The bearing of these facts upon the fallowing of our land has
heen pointed out elsewhere, but we will point it out again. e have
repeatedly given analytical data to illustrate this fact. Perhaps as good
an illustration of the effect of fallowing upon the amount of nitrogen
accumulating in the soil as we have, is an experiment made in IQIS.
On 3 August, 1915, we found that land cropped to wheat contained
nitrogen as nitrates equal to 46.9 pounds of sodic nitrate in the top
4 feet of soil, whereas the same land from which the wheat had been
removed as soon as it came up contained nitrogen as nitrates equiv-
alent to 285.5 pounds per acre taken to the same depth. In this case
there is 6 times as much nitrogen present as nitrates in the fallow land
as in the cropped land.

We are by no means compelled to depend upon our analytical re-
sults to establish this fact, though they constitute more direct proof than
the crops grown on ground fallowed the preceding year. In order to
avoid the statement of several analyses I will state that the results of
our experiments show that nitrate applied to wheat increases the nitro-
gen and depresses the phosphorus contained in the grain. With this
explanation the following data will suffice for our present purpose.

A sample of Red Fife grown on land fallowed the preceding year,
1912, contained of nitrogen 3.008 percent and of phosphorus 0.414
percent. The same variety of wheat grown on a check plot which had
been cropped the preceding year, 1912, contained of nitrogen 2.270
and of phosphorus 0.453 percent. The difference in the composition
of these grains grown on plots of land separated by a 16-foot alley
was due to the nitrogen accumulated in the one plot during ite vear
of fallow, whereas the cropped land had been deprived of this ad-
vantage. This is probably the correct explanation for the flintiness
of our dry-land wheats rather than a scanty supply of water. The.
dry-land practice is to cultivate fallow one year to facilitate the stor-
age and conservation of moisture which at the same time increases
the supply of nitrates.

There is another test which we can apply to these dry-land
wheats which will lead us to the same conclusion. We have seen that
the addition of nitrogen to the soil in the form of nitrates produces
flinty berries and that the lack of it produces the condition designated
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as ycllow-berry. Dry land planted to wheat continuously, produces
wheat very badly affected by yellow-berry, which is the same effect
that is produced on irrigated ground.

A TEST OF THE BREAD-MAKING QUALITIES OF VARIOUS WHEATS

These, briefly stated, are the most important conclusion presented
in the previous statements of our work. We have further endeavored
to ascertain wlether the bread-making value of our flours and the
milling qualities of these wheats have been as decidedly affected as
the physical properties and the chemical composition of the kernels
have been. It would have been almost impossible that it should he
otherwise but as the whole subject of the bread-making quality of our
flours has been an open question, concerning which a decided doubt
has prevailed for many vyears, it seemed that to leave this feature of
the study untouched would appear to be an evasion of a duty to avoid
having to confirm the public in its bad opinion of Colorado flours for
bread-making. This is the only weakness in Colorado flours of which
I have ever heard complaint. At the beginning I had a lack of con-
fidence in the representative quality of flour made by grinding small
samiples, especially when the grinding was done by a person who was
not an experienced miller. I still entertain these misgivings and be-
lieve that samples should be ground only by an experienced and skill-
ful miller on a commercial scale in order to determine the actual mili-
ing qualities of a wheat, I am convinced that the quality of the flour
depends to a very large extent upon the judgment and skill of the
miller. 'The college employee has no time to acquire this judgment
and skill and he might at best make but a sorry job of milling. This
was our situation and there has been no intention of establishing a
Section of Cereals and Milling which would justify us in establishing
a larger plant. We had a definite object in view which we have al-
ready stated but it has seemed advisable to extend it to include these
additional features.

We actually had large samples milled on a commercial scale but
we stored these samples in go-pound lard cans without previously
drying them. We had more analytical work to do than our force
could get done in the time at our disposal, so these flour samples were
stored in the sample room. The lard can kept out the mice and in-
sects but the flours became musty and rancid before we could take
up the study of their baking qualities. For these reasons we were
after all compelled to grind small samples in an Allis & Chalmers mill.
These samples answer the purpose of our study very well but the
flours that we made do not represent the commercial flours produced
from our wheats by the mills of the State; they are decidedly inferior.
We, of course, milled the wheat representing the different fertilizers
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as separate samples and used the flour for baking. The flours on the
market are not often made from a single variety of wheat and are
seldom straight flours. Our home-ground samples are hardly com-
parable with the better-brands of flour on the market, but as stated,
they serve our purposes. We milled the wheat with the rolls set tco
close all of the time and practically produced a straight flour.

The wheats yielded in our different crops varied in their com-
position as is set forth in detail in Bulletin No. 219 but for any given
vear they are clearly and naturally divided into two classes those grown
with and those grown without the application of nitrogen in the form of
sodic nitrate. Any attempt to distinguish any differences between
the wheats grown with the application of phosphorus, potassium and
the check plots would be based upon small and irregular differences
to such an extent as to have no value. This is not true of the physical
properties of these samples; the differences in this respect being
usually very plain, even strikingly so. The wheat grown with the ap-
plication of nitrogen in the form of nitrates on the other hand differed
in an easily recognized manner both physically, in that it was always
flinty and often more or less shrunken, and in its chemical composition
in that it was always higher in protein and lower in starch and phos-
phorus but fully as rich as the other samples in potassium. While the
differences in the amount of starch present may be less than the dif-
ferences in the physical appearance of kernels might lead one to ex-
pect, they are marked and constant enough to justify their mentica
as distinctly characteristic effects, attributable to the nitrate applied.
These differences are shown by the average composition of the gen-
eral samples for the three years, 1913, 1914 and 1015 which follow:
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AVERAGE COMPOSITION OF WHEATS INCLUDING THE THRERE VA-

RIETIES
1913 1914 1915

Without With Without With Without With

Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen

Percent Percent Percent Percent Percent Percent

Protein .... 12.530 14.170 9.416 11.607 8.950 11.500
Starch ..... 62.190 60.930 64.020 61.960 61.350 58.070
Wet Gluten. 25.850 31.240 23.900 30.280 21.340 29.84%0
Dry Gluten. 10.650 12.550 9.910 12.430 8.840 11.870
True Gluten 7.580 9.110 6.910 8.670 5.670 7.870
Phosphorus. 0.453 0.413 0.398 0.368 0.383 0.369

AVERAGE COMPOSITION OF THE INDIVIDUAL VARIETIES GROWN IN

1913+
Detfiance Red Fite Kubanka

Without With Without With Without With

Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen Nitrogen

Percent Percent Percent Percent Percent Percent

Moisture ... 11.338 11.469 10.372 10.200 11.047 11.568
Ash ........ 1.893 1.873 2.047 1.904 1.937 1.771
Fat ........ 1.771 1.685 1.790 1.809 1.908 ° 1.984
Fibre ...... 2.614 2.634 2.588 2.609 2.557 2.550
Nitrogen ... 2.045 2.452 2.392 2.608 2.158 2.401
Protein,Nx5.7 11.G56 13.493 13.632 14.863 12.302 13.719
Starch ..... 62.558 61.179 62.108 60.717 61.961 60.492
Sucrose 1.258 1.166 1.319 1.339 1.438 169
Wet Gluten. 23.790 30.343 27.780 32.780 26.160 30.610
Dry Gluten. 9.770 12,150 11.250 12,980 10.950 12.540
True Gluten 6.863 §.934 8.146 9.465 7.743 8.931
Phosphorus . 0.446 0.423 0.479 0.445 0.432 0.399
Potassium 0.449 0.454 0.452 0.485 0.473 0.455

*Analyses of the wheats grown in 1913, 1914 and 1915 may be found in Bul.
No. 219.
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NOTE.—Succeeding pages, in pairs, give complete results, in-
cluding composition of flour, milling results, and baking tests for the
years 1913, 1914, and 1915. The composition of wheat for 1917 is
given, thus requiring three pages to complete the results for that year.
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DIFFERENCES PERSIST IN PROPERTIES OF FLOURS

The chject in view in this part of our study has been to show by
resuits obtained experimentally that the differences observed in the
composition of the wheats grown with the different fertilizers per-
sist in the properties of the corresponding flours. These may seem
to be self evident facts. T was inclined to consider them such to so
great an extent that T seriously considered the omission of all milling
and baking experiments in connection with this work, but I was ad-
vised that it would be better to present these features in detail and
not to assume a complete parallelism between the composition of the
wheat and flour and a perfect correspondence between the composition
and the baking qualities of the flours.

There were two considerations which inclined me to act on this
advice in addition to my confidence in the advice itself. These were:
First, that I am persuaded that there are other factors than the com-
position of a flour entering into its properties. Second, because no
study of Colorado flours has been made previous to this time. What-
ever the millers may know has not been made public. This feature is.
it is true, only incidental to my main purpose but it seemed that it
would be Dbetter ‘o present it in connection with our work than to
make it the object of a special investigation. This reason appealed
more forcefully when we considered that, aside from the study of
the definite question proposed, this station has no definite policy which
would call for an extended study of the cereals, The principal reason
for any hesitancy has been in the question in regard to the extent of
the experiments, i.e., whether it represents a sufficient number of
samples from the different sections of the State and has been ex-
tended over a sufficient lenght of time.

It would undoubtedly have been better from this standpoint if the
number of general samiples had been increased. ‘On the other hanq,
the data presented in other portions of this account of our work show
clearly that labor spent on a general sample when we know nothing
of the conditions under which it has been produced is largely in vain
because this knowledge is absolutely necessary to a correct interpreta-
tion of the results obtained, and it is very probable that the data ob-
tained by the study of our own samples are of more value than those
which we might have obtained from the study of any number of gen-
eral samples collected over a period twice as long as we have continued
this study.

Another question arises in this connection, ie., Should not a
creater number of varieties have been studied in considerable detail
before the data presented and the inferences drawn from them should
Le accepted as of general applicability? The answer to this is that
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cbservation in the field and analyses of the wheat produced show that
the general inferences drawn are justified and that a study of more
varieties. and especially of general samples, would have a cumulative
value only and in many cases would have no value at all due to the fact
that it would be practically impossible, as we have unfortunately
found to be the case, to obtain reliable information about the con-
ditions under which the samples were produced, without which the
results would have no value for our purpose, in fact would simply be
results with no possible rational interpretation.

While we willingly admit the possible advisability of a more ex-
tended investigation of the features of our study which apply to those
subjects which are incidentally applicable to the general questions
pertaining to the properties of Colorado wheat, we are inclined to be-
lieve that the results presented would be supported even in detail by
a more extended series of exper}ments.

The primary purpose of this study is to ascertain whether our
wheats are soft, and if so to ascertain the causes. These questions
have been answered in so far as they pertain to the plants and grain
in the parts of this study previously published. In this part we have
continued the study, extending it to the milling qualities of the wheat,
also to the composition and baking qualities of the flour.

We found that the prevalent notion that irrigation influenced the
composition and character of the wheat, causing softness or starch-
iness in the grain is not justified by the facts in the case, but that we
can grow very hard, flinty wheat, applying at the same time an ample
supply of water. On this subject we have confined ourselves to the
grain produced and have not undertaken to find out whether there are
any differences in the milling and baking qualities of irrigated wheat
which can be attributed to this cause. We have assumed, and be-
lieve ourselves justified in doing so, that the effect of irrigating the
plants will express itself upon these properties in the same sense and
to a corresponding degree that it affcets the composition of the wheat.

This is not so much an assumption as a conclusion based on the
recults obtained, which show a very close relation between the com-
position of the wheat and the properties of the flour produced.

ONLY DIFFERENCE BETWEEN DRY-LAND AND IRRIGATED
WHEAT IS IN BRAN YIELDED

We have analyzed dry-land wheat, milled it and baked bread from
the flour. The only difference that we have been able to detect D :-
tween it and wheat of the same grade grown under irrigation is in
the amount of bran that it yields. Turkey Red, for instance, grown
with irrigation yields around 25 percent of bran. Grown under dry-
land conditions it vields 4 to § percent more. So far as the composition
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of the wheat or the baking qualities of the flour produced is con-
cerned, we failed to obsel\e any difference. The one is as good as
the other provided they are of the same grade. These statements wil}
of course not apply if a strongly vellow-berried or starchy wheat grown
on dry land be compared with a flinty wheat grown under irrigation
or vise versa. The flinty wheat would in each case be the better
wheat or flour. Dry-land wheat is frequently grown after
fallow cultivation. Sometimes, however, it is not. In this case the
kernels will be small in size with probably a large percentage of mealy
ones, in the former case they will be medium to small in size with but
few or no mealy ones. We interpret the small size of the kernels and
their high vield of bran in milling as characteristic effects of the dry-
land conditions in which there is simply a lack of sufficient water to
complete the proper or normal activities of the plant in filling out the
grain. Otherwise thev do not differ from wheat grown under irri-
gation.

APPLICATION OF NITRATES PRODUCES BETTER FLOUR

We present in the tables given in this bulletin the composition
of the flour yielded by the crops of 1913. 1914, 1915 and 1917. The
composition of the crops of 1913, 1914 and 1915 may be found in
Bulletin No. 219, Colorado Experiment Station, while that of the crop
of 1917 is given in this bulletin. These tables, giving the composition
of the crops grown, show that under our soil conditions nitrate, in this
case sodic nitrate, produces hard wheat rich in nitrogen. This is
true in every case without regard to the variety used in the experi
ment. This is not to be understood as stating that one can convert a
soft variety of wheat into a hard one by applying sodic nitrate to the
soil.  We cannot change the variety characteristics, but we can grow
flinty berries of this variety which are richer in nitrogen than berries
grown without it and to this extent we modify the wheat produced,
and the flour obtained from this flinty wheat is better flour than such
as is prepared from mealy berries of the same varietv. This fact ap-
pears in everv one of the tables giving the composition and baking
qualities of the products from the wheats grown on our experimental
plots,

MILLING AND BAKING TESTS MUST BE COMPARABLE

Tn this connection the manner of milling must be considered and
the grades of flour compared must be as nearly alike as is possible to
prepare, also the process of haking must be as nearly alike as is feasible
to apply or the results will not be comparable. These facts are evident,
cspecially to persons who have done anv of this kind of work, but the
necessity of keeping the conditions as nearly uniform as possible in
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order to obtain comparable results may be shown rather forcefully by
the two following baking experiments:

The two flours were made from the same lot of wheat. One
hundred grams of one sample ground in our routine way gave I47
grams of bread measuring 470 c. c. The same sample ground with a
little change in the manner of milling gave for 100 grams of flour 154
grams of bread having a volume of 562 c.c. In this case we obtain
a much larger yield by volume and 7.0 percent more by weight, or 13
one-pound loaves per harrel. We have made a straight flour through-
out. The sccond-grade flour separated was small in quantity and was
poor in quality. Our results do not represent the best flour that could
be made from the wheats used, but we have aimed to make the re-
sults comparable with one another. The baking tests, however, com-
pare fairly well the results obtained with well known brands of com-
mercial flours which we used as standards for comparison. These best
commercial brands represent the highest skill in blending the wheats
and milling them, besides, their color is improved by bleaching. Only
a few of our loaves were decidedly poor in color, the reason for which
was not always clear.

NITRATES PRODUCE HIGHER GLUTEN CONTENT

An examination of the tables presented shows clearly that there
are no great or consistent differences in the composition of the flours
produced from the check, potash or phosphorus wheats. These are in
every group nearly the same, but there is regularly a difference in
favor of the nitrate wheat in gluten content which may be taken as the
determinative feature.” This advantage in favor of the nitrate wheat
persists throughout all of our tests and {inally appears in the volume
of the baked loaf.

The figures of the table express only those differences which are
shown by the balance, or the measuring cvlinder, but there are other
differences. The gluten is softer and darker, the texture of the loaf

1s better but T cannot sav that I could detect any difference in the flavor
of the loaves.

The flour made from the flintv samples of the respective va-
rieties of wheat, the ones grown with the application of the nitrate.
‘were really the best flours.

RESULTS ARE INDEPENDENT OF WEATHER

No one denies that the climate may have an influence upon the
wheat produced in different countries or in the same locality in dif-
ferent years but the cause of hardness and softness is the supply of
nitrate available to the plants or rather its ratio to the potassium. This
has been insisted on in previous bulletins, particularly in Bulletin No.
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219 of this station and we here have it expressing itself in the baking
qualities of the flour.

These results are independent of the weather conditions. In 1014
we had an abundant crop of low quality of wheat, the cause of which
was probably a spell of wet weather late in July which induced an
abundant development of rust. I say probably because I cannot def-
initely assert that this was the cause. DBut all other conditions were
so favorable throughout the season that the low quality of the wheat
and, as we now see, of the flour too, is a matter of surprise. This wet
spell, followed by the rusting of the plants, is the only untoward con-
dition that we have to offer in explanation. In 1915 we can state with
full confidence that much rainy weather and a very severe attack of
rust practically ruined some of our plots and injured all of them.
These are climatic effects that are evident but they are fortunate events
instead of regrettable ones from the standpoint of our study, for while
thev injured our crops, this injury was concurrent with the develop-
ment of the rust, as is shown in Bulletin No. 217, in which we discuss
the development of the crop for 1915. They scarcely obscured the
specific effects of the soil factors, i.e., those of the nitrate and potas-
sium in any degree. The flintiness produced by the nitrate was char-
acteristic in the one case and the mealiness in the other though some
of the nitrate wheat was badly shrunken and most of the samples in a
less degree. The flours made from these crops also show quite as
pronouncedly as the better crops of 1913 and 1917 the effects of the
nitrate upon the baking quality of the flour. This statement relative
to the flour is true even in the case of the Defiance wheat grown with
the application of nitrates, which was so shrunken that T could not sell
it for milling purposes, but only as chicken feed.

SHRUNKEN GRAIN YIELDED AS MUCH FLOUR AS OTHER SAMPLES

Qur experience with this excessively shrunken grain was a sur-
prise to us in that it yielded as much flour as the other samples of the
same variety per 100 pounds. In the second place, this flour showed
the characteristic effects of the nitrate as markedly as other samples
of nitrate flour and this was also true of its baking qualities. This
flour gave a better loaf than that prepared from the check plot or from
the one dressed with phosphorus but inferior to the one prepared from
the plot receiving potassium. This is the only instance in which the
nitrate flour did not yield the best loaf in every respect, but even in
this worst case the climatic conditions, including the rust, did not con-
ceal and scarcely modified in any degree the effects of the nitrate ap-
nlied to the soil.

SERIES OF FACTS ESTABLISHED

1We have established a seties of facts pertaining to the effects of

the soil conditions upon the composition of the plants and upon the
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grain produced, further we have shown that irrigation produces no
effect upon the composition of the grain; further that when the plants
are kept continuously wet the percentage of nitrogen in the plant is
depressed, but we were not able to follow this effect upon the com-
position of the grain because of the development of rust, which ap-
parently stops the transference of the material for the filling of the
grain and causes shrinkage. In this connection we have shown that
ripe grain is susceptible to the leaching action of water, giving up both
nitrogen and potassium. We have not determined whether the com-
position and baking properties of the flour are affected by such wash-
ing or leaching or whether this effect is confined to the outer portions
of the berry, or the bran. We have not considered any other portion
of the berry than the flour produced and we find that the soil con-
ditions produce distinctive characteristics of composition and proper-
ties in the flour similar to those produced in the grain, which express
themselves in the baking qualities of the flour and the characteristics
of the loaf.

MUCH DEPENDS ON THE MILLING OF WHEAT

While our climate is undoubtedly favorable to the production of
good wheat, as has been repeatedly pointed out by writers on this sub-
ject, the quality of our wheat is after all determined by our soil con-
ditions, especially by the relative supply of nitric nitrogen and potas-
sium. The reputation of our flour has probably been earned by the
general use of an inferior bread-making variety and the practice, es-
pecially in the past, of planting wheat after wheat till the crop was all
vellow or mealy. This reputation is no longer deserved. With our
climate and proper soil conditions we can produce first quality wheat
as well as big crops. The question of producing good flour from such
wheat is one of milling and it is difficult to lay too much stress on this
process.

Through the courtesy of the Colorado Milling and Elevator Com-
pany and especially of Mr. G. B. Irwin, the manager of its mill at this
place, we are able to present the baking results obtained with flours
produced by different mills which we may take as representative of
our wheats and the flours produced from them. These results are
presented in the table under the caption of “Baking Tests of Flours
from Some Colorado Mills”. Some of these are straight flours, others
are various grades of patent flours from 50 to 70 percent and grading
into straight flours. The results of such tests can be considered as
the basis of just comparisons only when they have been made under the
same conditions throughout. It would be wholly inadmissible to com-
pare haking results obtained by myself with those obtained by a skil-
ful baker even though he used the same brand of flour. This prix-
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ciple is still more imperative when it concerns milling products as an
expert miller might use my appliances and malke an excellient flour but
he certainly would be able to produce a much better flour in his own
plant. TFor such reasons I have presented a separate table entitled
“Baking Tests with Check Flours™ which represents the best hrands
on our market in order to compare the results obtained with our Colo-
rado flours. These check flours are, of course, high-grade patent
flours, while the samples from the mills of this State are of various
grades made from a variety of different wheats in some cases blended
by chance mixing in the bins, in others with a definite purpose and
wisely, and in others not blended at all. These facts should all be
borne in mind in making any comparisons of the results.

An examination of these tables shows that with the check four the
lowest vield of bread from 100 grams or tlour was 143 grams and that
two other trials with this flour gave 144 grams. The smallest volume
yielded by 100 grams of any of these samples was 475 c.c., other samples
of the same brand yielded 478,493 and 503 c.c., showing fairly uniform
results in this respect. The largest yield of bread from 100 grams of
tlour was 151 grams, and the largest volume was 541 c.c. All of these
samples are supposed to have been made from hard wheats. We know
that this is not the case with the samples {rom the Colorado mills. In
a few instances we know of what wheats the flours were made. For
instance, flour No. 4 was made from a mixture of Defiance wheat* and
a soft Idaho wheat, probably Dicklow Spring wheat, also, No. 13 was
made from a mixture which was very rich in Defiance, again, No. 23
“Silver Bell” brand was a 7o-percent patent made from soft wheat.
We {ind that the flour from the Defiance wheat requires the least
water and yields the smallest weight of bread, and is always deficient
in volume. Sample No. 13, which required only 53 percent of water to
make a dough was flour from Defiance wheat. We see that the water
required by these samples varies from 57 to 72 percent. The maximum
that I have found required by a sample of Colorado flour was one of
Mr. Hoffman’s which required 88 percent. This sample is not given
in the tables. The range in the water required by these samples is
mostly from 57 to 62 percent, which is fully an average water require-
ment. The water content of these flours themselves, as we have shown
in a separate table, is mostly a little less than 12.0 percent and the crude
protein about 10.0 percent, except for flour made from distinctly soft
wheats, in which it may fall materially below 10.0 percent.

The yield of bread per 100 lbs. of flour is from 144 to 154 lbs.
or from 282 to 305 one-pound loaves per barrel of 196 pounds, except

*Defiance wheat is not to be confused with “Defiance” flour which is
ground from blended wheats.
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for the soft wheat flours, which fall below this yvield. The minimum
yield that we have found is 272 loaves. This result is in harmony with
the statements often made relative to our flours, but it no longer repre-
sents the facts. The check flours that we used as criteria of excellence
vielded from 280 to 296 loaves per barrel.

In volume, our flours yielded from 100 grams of flour, from 455
to 511 c.c. mostly, however, from 470 to 500 c.c. The samples pre-
pared from soft wheats show their deficiency in this as well as in other
respects. Our check samples ranged from 475 to 514 c.c. for each
100 grams of flour used. It is evident that our flours compare favor-
ably with the best on the market and can be produced of uniform qual-
ity if the desire to do so is strong enough. This might be different in
the case of small mills receiving all kinds of wheat, varying from good,
hard wheat, either spring or winter wheat, to very soft, indiffereut
wheat.

We have given the results on such samples as we could obtain.
They represent different localities, the products of different mills and
the skill of different millers. These results are in harmony with the
conclusions that we have elsewhere drawn based wholly upon analytical
results, i.e., that our wheats are not inferior in composition or in bread-
making qualities to the same varieties grown elsewhere, but that on
the contrary our conditions produce excellent wheats when the <oil is
properly cultivated and advisedly fertilized.

SUMMARY

The character of the grain produced depends upon the relative
supply of the respective plant foods.

The impettant factor in our conditions is the ratio of the nitric
nitrogen to the available potassium.

Organic nitrogen, as in farmyard manure, is not nitrified rapidly
enough to affect the composition and physical properties of wheat.

Phosphorus does not produce in our soils the effects usually as-
cribed to it.

Potassium in excessive ratio to nitric nitrogen produces meally
wheat.

Excessive irrigation does not produce meally or soft wheat.

Frequent rainfall, accompanied by heavy dews, reduces the ash
and nitrogen content of the plant.
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Rainfall and dews sufficient to keep the plants wet, together with
poor ventilation, are accompanied by a development of rust which se-
riously interferes with the maturation of the plant.

Fallowing the land has the effect of increasing the nitrates, and
under normal conditions will produce hard wheat.

There is a close relation between the physical quantities of the
wheat and its composition.

The milling qualities of the wheat are closely related to the phy-
sical and chemical qualities.

The baking qualities of the flour are related to the hardness or
softness of the wheat.

The process of milling is of very great importance in determining
the quality of the flour produced.

Colorado wheat is mostly hard enough to produce good bread-
making flour.

Flour produced in ‘Colorado from Colorado wheat is usually good
flour.

Some of the better grades of Colorado flours compare favorably
with the best commercial flours.

Flour made from dry-land wheat is identical in quality with flour
made from the same kind and quality of wheat grown with irrigation.

Dry-land wheat yields more bran than irrigated wheat,
Shrunken wheat yields more bran than plump wheat.

Flour made from shrunken wheat is not poorer in quality than
that made from plump wheat. The quality of such flour depends
upon the cause of the shrunkenness; if it be caused by the presence
of nitrates the quality will be high, it may be higher than that of flour
made from plump grain of the same variety.
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