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IRRIGATION AND THE PROTEIN CONTENT
OF WHEAT'

By J. S. lOSES, C. W. CoLH:R. and H. P. FISHBURN

With the development of irrigation projects in intermoutain areas
of the Rocky Mountain states has come an enormous increase in the
amount of wheat produced annually with irrigation. The crop commands
the attention and comideration of millers and grain men generally in inter
mountain sections and will continue to do so because there is in cultivation
at prc5ent a small fraction only of the acreage that can be successfully
fanned with irrigation. The general run of irrigated wheat regardless of
lhe class to which the \Oaricties may belong is plump and relatively heavy.
It is unfortun3tcly at the same time soft and starchy and because of its
relatively low protein content is almost invariably sold on markets that
do not ~tress strength in wheat flour. The irrigation fanner has no par
ticular reason for di~':;3ti<;faction with the money return for his crop;
)'ields are good and the demand for wheat so great that an)' and all grades
are quickly absorbed by home and foreign markets. The United States
Grain Standards Act, however, makes it plain to him that an equal num
ber of bU5heis of hard wheat. or of wheat substantially richer in protein,
would net him yearly a handsome sum o\'er that which he now receive~,
Wheat is so g"enerally fundamental in the human diet. that. economically
speaking, quality of grain for milling purposes is a matter of national im
portance: the richer our wheats in protein the greater their value as food.
and, in times of shorta~e, the ~reater can be the dilufion of flours made
from them in the making of light bread. Perhaps no other food stuff
varies so widely in its content of protein because of favorable or un
favorable conditions of growth for its elaboration. There is unfortunate
h' in the minds of wheat growcr<; and millers ~enerally the notion that
irri!!ation and pronounced starchiness of kernel are inseparably linked.
The unreasonablene.:;s of that view. the ~arcity of evidence in support of
it, and the growing importance of irrigated wheats ill this State Sll~
g"ested as far back as 1908 the present investigation. It now seems cer
tain that there i<; nothing fundamentally incompatible with irrigation, as
it may be practiced in SOlithern Idaho at least, and the notion always held
by a few t~~t wheats of hig"h protein conlent are possible with it, and
under conditIons of ~Towth. too. that make for maximum yields.

Incidentall,Y this inve.:;tiR"ation contributes very substantially to a bet
ter understandlllg" of the factor.:; which control in protein elaboration by
the wheat plant under any conditions of growth.

TJlE 'UTERATDRE REVTf:WED

. The literature is not particularly rich in reports of investigations
which sou~ht to establi.:;h relationships betwcen irrigation practice and
t~e compoSition of plant p.uts. It is much richer in reports of investiga
hons and observatIons which hear somewhat indirectly upon the qllCS-

• The manuscript: for thill publication was prepared during the early
monthll of 19J.11 h.,. J ~,JOMs, then director and chem:st of the Agricul
tural Experiment Station.
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tions involved. Many investigators, for example, have attached great
importance to the influence of certain factors of climate, as rainfall, hum
idity, sunshine, and temperature, upon the elaboration of protein by
the wheat plant 3nd are vcry positive in their conclusions that the environ
ment imposed by climate determines between wheat-growing sections the
relative richness of their wheats in protein. In our judgment a great
deal of the evidence submitted in support of this view is based far 100
largely uJX)n general observations and is for that reason not com·jnting.
The extensive development of semi-arid lands within recent years and
their splendid adaptability under irrigation to the growth of the small
grains make all que~tions relative to quality of grain important economic
ones in thl,: intermoulltain 'itates. \Ve ha,·e assumed that it would serve
hO useful purpose in this connection to review any other than the more
recent investigations.

Widtsoe (14) in 1901 grew a variety of wheat called Kew Zealand
in Cache Valley, Utah, wilh varying amounts of irrigation water ranging
from 4.63 to 40 inches. The soil used is a shallow one, varying in depth
between 9 and 59 inches. It is underlaid with coarse gravel to a depth of
300 f~t. \\'idtsoe noted differences in the protein content of Ihe har.
,·e.sled whl:at kemels ranging" from 26.72 per cent to 15.26 per cent, and,
notwithstanding pronounced irregularities, attributed these differences
to variations in amounts of water applied. \Vith increase of water there
was a decrease in the protein content of the harvested grain.

Humphries (5) cites the fact that the 1903 season in En~lanrl was
one of abnormal rainfall and sunshine and that the season of 19().l. was
much drier with more than the usual amount of sunshine. He states that
the 1903 crop of English wheat was fully as good if not better than that
of 1904 for flour-making purposes. He does not cite any analytical data
in support of his ob.;crva!ions. He rejects the notion that rainfall is the
determining factor where quality in milling wheat is concemed and points
out the fact that the rainfall at S1. Paul, Minnesota, during the growing
months is greater than it is in England, and still the Minnesota-grown
wheat is generally recognized as far superior to the English-grown wheal.

LeClerc (9) reports the growth of Kubanka in 1904 in seven local.
ities with 15 inches or less of rainfall and in six localities with more than
15 inches of rain fall, or with irrigation. He found by analysis a differ
enc~ of .47 per cellt of nitro~en in favor of the wheat grown in the drier
re~om. He notes also a difference of 3.3 per cent in the average pro
telll content of seven samples from irrigated sections when comp.ared with
:evcn samples of the same variety grown in as many differcllt localities
J1~ the .western statcs without irngaticn; the non-irrigated s,.,rnpk.s wcre
Tlcher 111 protein. /\ still ~rcatcr difference was noted by him when irri.
~ate~ and non-irrigated DurUIll wheats grown in Mexico were comparee!.
Agarn LeClerc found that between samples of Kubanka wheat grown in
J~laho and Colorado, with and without irrigation. there was .1.11 avemge
(hffer~ncc of .73 per ccnt of nitrogcn in favor of the dry-farnwd samples.

Shutt (II) cOllcluded from his work with Red Fife and Kharkof
grow." ~t L.t'thbridge, Alberta, in 1908 on dry-farmed and irrigatl'd land
that Irngatlon lowers the protcin content. From this work and earlier
determinations of protein in wheat grown on new and old lands, Shutt
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reached the conclu!>iol1 that soil moisture is a factor of great importance
in determining the protein content of wheat.

In 1908 Jones and :\e1"On (6) of the Idaho Experiment Station
grew on the Caldwell SUbstati<.)11 ill the Sllak~ River "alley ~f wuth~m
Jdaho. Palou'>C B1ucstem and Little Club each III seven plats wIth varymg
dmoullt~ of irrigalion water ranging by differences of 3 inches and
6 inche~ from no inches to 24 inches. The rainfall in lhat s«tioll of the
State i... practicallv negligible for crop-growing purposes. The badly
~hrunken samples "from the plats to which no water had becn given in
all cases but one were highest in protein. The analytical data on all
/Iorllla/h' matured s..1.mple~ hlrni..h inCOllclu ..ive evidencc on the influ
ence ot' irrigation water on the storage of protein in tile wheat kernel.
In no instance did the application of lca~t water produce wheat of the
highest protein content. TIl(" work was repeated in 1909. The high per
centages of protein for the normally matured samples of both varieties
that year are worthy of special commenl as indicative of the possibilities
of high-protein wheat on irrigated lands.

Shaw (10) conducted experiments with six different types of wheat
on the Lniversity Farm at Davis, Califomia, during the season of 1908-9.
For each type, plat A recei"ed no irrigation; plat B received one irriga~

tion just after the plants were out of the boot; and plat C received twO
Irrigations, one as given to plat B and one after the grain was set. The
amount of irrigation water applied is not mentioned, neither i~ the amount
of rainfall which, however, we find from \\'eather Bureau reports to have
b«n 12.36 inches for the time intervening between sowing and harvesting.
A part of each plat was cut early, June 24; lhe other part one week later.
From his tabulated analytical data Shaw concludes that with an in~

crease in irrigation water the protein content of wheat i... lowered. For
the early-eut crop the average percentages of protein for the six types
from plats A, Band C were 14.56. 13.11 and 12.77 per cent re~pectively.

(all presumably reduced to the dry basis). For the late-eut crops the
corresponding f.gures are 14.83 per cent, 14.44 per cent, and 14.(» per
cent.

In very close connection with his work with irrigation, Shaw men
tions the fertilization of wheat plats for several years with sodium nitrate
nnd other fertilizers. From his analytical data he concludes that the ap
l,lication of nitrates or other nitrogen-eontaining fertilizers is without
effect in increasing the protein content of wheat.

Stewart and Hirst (I2).grew ten varieties of wheat on the Greell~
ville farm in Cache Valley, Utah, with the application of 110 inches, 15
inches and 25 inches of irrigation water. The averages for the protein
content of the harvested grain were 15A5, 14.35, and 14.00 per cent
lespectively. Corresponding averages for the flours resulting from the
grinding of the wheat samples were 13.61, 12.92, and 12.63 per cent.

Howard (4) and his coworkers, from work conducted at se,·eral sta
tions in India between 1907 and 1912, at some with irrigation and at
others with normal rainfall only, conclude that irrigation and high quality
of grain may go together when the cultivation is suitable and the amount

of irrigation water regulated.
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The Department of Agriculture, * New South vVales, reports the
exhibition of samples of Bobs, Comeback, and Florence wheats at the
Royal Agricultural Society's show in Sidney during the years 1912. to
1916, inclusive. The samples were grown in the sev~ral whcal-grow~ng
districts of the Slate with rainfall during the grow111g season rangl1lg
from 4.5 to 15.22 inches. The wheats had their percentages of flour de
termined and the flours their percentage content of gll1ten and baking
strength. With the analytical data for any variety arranged for correla
tion with data for rainfall, there does not appear to be for any of the
varieties or for any district a direct connection between gluten content
and rainfall.

Thatcher (13) in a sUlluuary of wheat ilwestigations conducted in
Washington from 1906 to 1912 inclusive correlated the rainfall of eastc~n

Washington between 1905 and 1909 with the average content of protem
in wheat samples secured during the same years. He reached the con
clusion that the protein content of wheat in eastern \Vashington de
creases with increase of rainfall.

Bailey (1) in a similar manner correlated data on the rainfall of
the different wheat-growing sections of i\Iinnesota from April to Sep
tember, 1911, with the average protein content of wheat samples analyzed
by him as representative of the products of the several sections the same
year. llis conclusions are that on the whole increased rainfall in Min·
l1esota is accompanied by relatively lowered protein content in the har
vested grain.

Harris (2) from his investigations of wheat conducted in pots ulider
greenhouse conditions at Cornell states that the kernels from the plants
grown in wet soils were soft and starchy. He found the percentage of
nitrogen in both straw and grain to be highest in plants grown on the
driest soils. With an increase of soil moisture up to 37;4 per cent there
was a gradual decrease in the percentage of nitrogen. Harris is careful
to state that the grain of highest protein content was plump and appar
elltly of normal maturity. He observed that the protein content of both
wheat and straw was influenced by the period of growth at which high or
low soil moisture conditions prevailed. Highest protein content was se
curcd with a low soil moisture content up to the booting stage of the plant
and a high soil moisture content from then on to maturity. Harris fur
ther notes that fertilizers high in nitrogen increased the nitrogen content
of his crops.

Jones and Colver (7) from observations in the field and from an
alytical work performed on samples of dry-farmed and irrigated wheats
collected over a term of three years in representative dry-farmed and
irrigated sections of southern Idaho conclude that some varieties arc more
affected by irrigation than others.

Headden (3) in speaking of wheats grown in 1913 and 1914 in
Colorado with one and two acre-feet of irrigation water states that no
results were secured that show conclusively that differences in amounts
of water used made any difference in weights of wheat per bushel and
composition of grain. In 1913 he secured and analyzed a large number

• Private correspondence. ,
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of samples of Dicklow wheat grown in southern lda~o in 19~3 in duty-o.f
water investigations. The amounts of waler used III growmg the gram
irom which Ileadden scrured samples ranged from It) acre-feet to 3.28
acre-feet. The protein in the samples ranged from 7.18 per cent to 9.48
per cent. The sample highest in protein was grown with the next to lIu.'
least amount of irrigation water. The sample next highest in protein.
9.16 per cent, was grown with the maximum application of water. The
samples next highest in protein, 8.97 per cent and 8.9-1- per cent, .were
grown with 1.62 acre~feet and 2.3-1- acre-fect of water respcctl\·elr·
Turkey Red grown the same rear in the same line of investigation with
A7, .89, and .93 acre-feet of water produced grain containing 10.56, 10.57,
and 10.65 per cent of protein respectively.

In 191-1- lIeadden again scrured ~mples of wheat grown in SOllthem
Idaho in duty-of-water im·estigations. This time the ..amples were of
the Marquis variety, grown on 6 one·tenth acre plats with 1,2. and 3 acrc
feet of irrigation water with barnyard manure amoullting to 15.7 load..
per acre, and without manure. The irrigation sca~on for the differcnt plat..
was between June 2 and July 16 for those given I acre· foot, between
)'fay 21 and July 15 for those given 2 acre-feet, and between ~lay II and
July 15 for those given 3 acre-feet of water. Lhe number of irrigalion ..
for the 1,2. and 3 acre· feet applications was 3, 5, and 7 re<;pectiveJy. The
grain ripened July 2-1- and 25. 114 days from the time of planting. With
out exceplion the developmcnt of the grain was good in <;0 far as could
be detennine<1 by weight of kcrnel. Yields of both straw and grain were
increased with the 2 and 3 acre-feet applications and slill funher increased
by the application of manure. The protcin percentagett of the harve"ted
Krain for thc unmanured and the manured plats were 10.42 and 10.55.
10.52 and 10.81, and 10.52 and 11.93 from plals given 1,2, and 3 acre
fcet of water respectively. In summation of his work with irrigation.
Headden concluded that neither the amounts nor the distribution of irri
bration water makes any material difference in the composition of the
grain.

From extcnsive e:qxrimental work and a larj{e number of analyses,
1[cadden is strongl)' of the opinion that the soil's content of available
nitrogen is the detennining factor in the elaboration of protein by the
wheat plant.

Widt.soe and Stewan (15) in extensive experiments conducted 011 the
Greem'ille farm in Cache Valley, Vtah, 10 detennine the effects of \'aria
tions in amounts of irrigation water upon the composition of grains and
forage crops grew wheat with as little as 5 and as much as 50 inches of
irrigation water in addition to the normal rainfall of 15 inches. From
their analytical data thcy conclude that the protein content of wheat i;;
lowered as the amount of irrigation water is increased.

Jones and Colver (8) from work conducted with hard wheats under
irrigation on the Gooding and Aberdeen stations in southern Idaho con
clude that under conditions which make for rapid nitrification of SoOil
organic mattcr rich in nitrogen hard wheats of Ihe vcry highest quality
are possible with irrigatil>n. Some remarkably high percentages of pro
tein are recorded for the years 1914, 1915, and 1916 for Minnesota
BJuestem and Glyndon Fife gTOwn with normal irrigation.
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From this review of the literature it is perfectly apparent that very
diverg"cnt views arc held hy the various investigators i~ ~his field regard·
iog the influence of irrigation water upon the composItion of wheat.

t:XI'EmME~T,\L

The ]ca<;e of a forty-acre Iract of raw sag-tbrush land twO miles soutb
of Gooding' by the Experiment Station in 1909 for the conduct of ex
verimcntal work in the irril,ration of farm crops provided splendid opper·
Illnities and the necessary facilities for the conduct of this particular piece
of work. :\10:;1 fortunatelv. too. the conditions under which the work
was commenced arc cs~ntial1y identical with tho~ which confront the
man who t3kcs til} raw land in the semi-arid regions of the intennountain
states for cnnver"ion into farm land. ~loreover the conditions prevailing
on the t~If)(lillg farm at the c1o",e of our experimental work were precisely
those which prc\'ail after a similar length of time on the average irri
gated fann in southern Idaho who!'\(' owner brings to his task of develol)·
ment a keen apl'n'Ciatioll of the needs of these lands for enrichment with
nitrogen-eol1taining or~anic matter. The investigation is directly applic
able to irrigation practice.

The tract of land on which our experimental work was conducted
was l.."T1own betwccn IQ(Y) and 1917 as the Gooding Substation. It lies
at an dcvation of approximately 3600 feet in the Snake River valley a
little nearer the .... e..u~rn than the ('a..tem border of the State. The sur
face !'>Oil i~ a medium clay loam. Il has a fairly heavy clay subsoil and is
underlaid at a del,th of 10 or 12 feet by the basaltic 13\'a rock that is ch3r·
acteri<.tic of <;outhern Idahl). The farm is fairlr representative of the Snake
Rh-er plains 3rca Oil which \\ heat and other SOlan grains are exten~ively

grown 1110.. tly with irri~tioll. The average annual rainfall between 1910
and 1916 inclu.!>iv..: wa~ 9.2 inches. Front 1911 on, the faml was under the
!>uperintendency of Mr. John S. Wekh to whom credit is due for cordial
cooperation in planning" and executing the field work. The work wa",
commenced ill 1910 and was continued without interruption or seriou<;
mishap thru 1916. The objective points at the beginning of the in\'estiga
tion were: (I) Additional data in support of or against the commonly
held opinioll tll,lt low-protein wheat ill\'ariably results from the practice of
irril{ation, (2) funda'ltcntal reasons for the influence of soil water on
protein formatioH. and (3) the determination of cumulativc effects on
protein contcnt from the application of varying amounts of irrigation
water. As will be noled later, our ideas regarding the fundamental prob
le1\1s involvcd ullderwellt some revision with the prog-ress of the work.
Jts completion pill us ill possession of a somewhat different kind of in·
formation thall we anticipated at the start.

l'lnn of Work.
The plan of work was comparatively simple. It involved (1) the

growing of thrce varieties of wheat side by side in several plats one-fifth
3nd one-tenth acre each in such manner that varying amounts of irriga
tion water could he applied from 110 inches to as much as the soil could
be made to absorb convcniently: (2) the quantitative estimation of soil
nitrates at frequent intervals in the plats of one series to determine be·
sides relative amounts of nitrates their possible concentration under the
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influence of irrigation water in zones beyond the feeding range of tht"
plant rOOts; (3) harvesting and threshing; (4) milling and analytical
work on representative samples from each plat.

Figure 1 illustrates the planting plan in 1910. A similar arrangement
of plats was followed in 1911,1912, and 1913, but in 1913 fallow plats
were introduced in the Bluestem Series adjacent to plats 1. 7, 13 and 19.
In 1914, as will be noted later, the number of plats was reduced.

I i J , J , 7 8 ,
" " /I IJ " " I' 17 " I' " ".

, .

FIG. I. Plan \'If planllng followed In 1910, 1911, 1912, and 1913.

Figure 2 shows the plantiqg plan for 1914. 1915, and 1916. The ori·
ginal seed of the Sonora, grown for the entire seven ~..ears, and of the

I2 8-
l J •,, , 7

" 7F

i J "
~ • /It
• • "

" '"C_frlJI

.&,

FIG. 2. Plan of plantmg followed in 1914, 1915, and 1916.

Palou~e Bluestem and Little Club, grown for the first four years, was
purchased from the Caldwell :\rillin~ & Elevator Company. Seed for the
),linnesota Bluestem and Glyndon Fife, which were substituted for Pa
louse Bluestem and Little Club in 1914 and succeeding years, was sent
from the central station at l\!oscow where those varieties had been grown
for several yea.rs from seed originally secured at University Fann, ~Iin·
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•

ncscta. The seed was sown each year at the ratc of 90 pounds per acre
with a common grain drill. All irrigation water was applied by floodill;.{
between borders and was very carefully measured. For nitrate determ
inations ,soil samples were taken with a King soil tube. The nitrates were
determined calorimetrically in an especially fitted-up laboratory in the
basement of onc of the Gooding public school buildings. At thre~hill~
time samples from each plat were retained for analytical and milling work
as was seed for sowing on a corresponding plat till:: following !>CaSOll,

In the analytical work the greatest emphasis was placed upon protein de·
tcnninations in the wheat and flour and the grcate~t importance is now
attached to those determinations. The total a",h content and the per
centage of phosphorous as P.o. and potassium as K,() were made each
y~r to detennine any possible relationships that might exist between
irrigation and relative amounts ot these const:tucllls of the grain. The
total ash was deternlined on ea.ch flour sample mo,>t1y as a check on the
closeness of the milling operations.

The field observations, analytical data and comments upon the same
follow.

The Crop or 1910_

The crop of 1910 was grown on raw ~brush land well prepared
of cour<"..e for irrigation and planting. 1\itr:ne determinations were not
made but the concentration of that very essential soil component must
have been low, probably not so low, however, as in 1911 and 1912 for
there is on the surface of these semi-arid lands some decayed organic
matter that owes its origin to the very thin growth of native grasses
among the sagebrush. If this organic matter is not covered too deeply
in the operations involved in dearing and leveling, its nitrification during
the f.Tst year of cultivation must be rapid and of distinct benefit to the
first crOp. It is the common experience of fanners on semi-arid lands
that yields of grain decline sharply from the first crop until the soil has
~n enriched with some form of organic matter. The reason unques
lIonally is the depletion of the small amount of a\·ailable nitrogen ori
ginally present. The plats were sown on April 20. The least amount of
water was given in two, and the largest amount in nine applications. The
ripening period for the Sonora ranged from July 20, for the plat on which
no water was applied, to July 29 for the plat on which most water was
applied. The ripening period for the B1uestern and Little Club ranged
from July 24, for plats given no water, to August 2 for plats given the
most water. The analytical data for the 1910 crop are presented in
Table I.

From the increase in weights fler 1000 kernels with increase in
amounts of irrigation water up to at least one foot it would seem that a
normally matured grain in any of the three series was not secured in 1910
with less than one foot of water. If the product of all plats except No.2
Sonora is considered. there was a fairly consistent decrease in protein
with an increase of irrigation water. If the comparison is limited to
'lOrmally matured grain, however, the decrease in protein with increase
in water was relatively small. As nearly as one might reasonably expect
on the basis of crude protein and wet and dry gluten, the flours took the



Tuble 1. FirM tl/lll.ll/lIlyticul D"la 011 Wheal Gild Flour, Crop of 1910

No, Yield WHEAT FLOUR

.OCO 8.07 ,34

.434 20.45 .89

.594 22.65 .86

.SQ7 30.40 1.07
1.09135.00 1,22
1.786 37.63 1.29
3,01043.91 1.45

.(0) IO,m .31
.35220.45 .41
.533 2063 .6.1
.945 23.86 .74

1.100 32.20 1.06
1.601 34.50 I 33
2.355 3500 1.14

JXXl 7.02 .JJ
.533 18.70 .84
.71323.26 .99
.842 30.40 I 29

I 210 333J 120
1.435 JJ.50 I 60
2.486 33.00 1 19

; I '- I] ,~
~ j :{:

I 211 Blucstem'
1 292 Blueslcm
4 293 Bluestem
7 294 B1uestem

10 295 B1uestem
13296 Blueslem
16 297 Bluestem
19 Z98 Bluestem

.. 212 Little Club"
3. 301 Little Club
6 302 Little Club
9303 Little Club

12304 Little Club
1530S Little Club
18 J06 Little Club
21 307 Little Club

"1213" Sonora'2283 Sonon
5284 Sonora.
8 285 Sooora

11 286 Sonor2.
141S7 Sonora
17 288 Sonora
20 289 Sonora
• Original Seed.

oj".
~ ~ !J
;; i ,~:
;;.~ l!<>- 0

..
'g
l 
Ji-O:

IV,;.h' Crud, ~. - protein _~ ...
~ !! Nx6 '" ~ e -g

§E ~ !!~," ~ : ~ i ,;~ ;E
-01 j i "t'~ ",'" .~ ...__I. I. •• .; n, o.'," '0 MJ" ~ ~'" "'1e.. /l,,:::O: ". <:lo :.:
JSJO .... 8.39 1[81 1 . - i.S4 .90'.63
22.62 51}1 9.00 1J.<lI14.37 1.90 .98.60
2S,145ZY, 9.2512.1113.342.1)4 ...... ,
27.14 SJy, 10.25 12.07 13.452.ll3 1.05 .62
31 1855 10.45 11.80 13.18 2.00 .
3574 57 10.35 1109 12.37 1.94 .w .57
35.84 S6Y, 1O.l> 10.83 12.07 1.99 .
3640 57 9.85 10.4411.581.941.02.59

.. . 13.03 14.40 1.50 .921.63
19.74 S3 10.20 12.94 14.41 2.Zl .
21.7454 10.20 12.59 14021.161.06.67
Zl.oo sa 10.40 12.40 13.84 2.07 1.03 .58
28.46 57 IO.JO 12.02 13.40 2.02 .......
30.44 sa0 10.35 11.09 12.37 1.95 1.03 .60
31.02 59 10.90 10.5311.82 1.97 .......
31.5658 11.0511.0912.471.941.00.59

3794 .... 8.SO 10.24 11.191.8) .96.50
27.1258 900 9.4010.431157 .95.52
28.00 590 9.30 11.40 12.5711.82 ..
31.7860Yl 9.4511.1412.30 1.94 .95.50
3214 600 10.20 11.40 12.70 1.00 .
35.5260 9.11) 11.32 12.55 1.88 .96.48
34 28 58 9 10144 11.59 1.87 .......
35.20 61 905 1065 11.71 1.98 1.00 .SO

Gluten

;: ~~ ~! 't - ~ ..• .. 2 lL .."" ~. ~. ..
~ .. ,,-·~lt

,;~:u~.: .
,;:~~!z."t'
.... -<: v ::: ::l

10.07 .57 1108 43.54 1373
10.11 .55 10.64 40.42 13.27
9.94 .59 9.84 3759 11.95

10.17 .SO 985 38..41 12.56
9.00 ... 9.1635.101124
9.98 .52 8.80 33 75 10.80
9.86.54 9.alJI.54 10,02

8.68 .64111.32471715.22
8.6257 11.28 4257 14.25
8.90 .54 10.92 43.f() 14.42
8.84 .SSIlO.4H 40.18 1250
8.91 .531 ,.62136.76111.40
8.94 52 9.56 36.49 11.77
8.96 .52 9.36 34.13 1100

9.11 .52 1004 34.43 10.86
9.17.54 9.72351811.21
ass .57 9.84 35.73 11.67
8.68 .49 9.24 33 07 10.68
8.81 49 9.64 JJ SA 11.22
8.91 .561 81<1/30.79/10.88
872 5987230601032

""Ci
~...
o
G

>
'"o...
"'"."
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!'!
z
8z...
'"Z...
o
~
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Table 2. XO.. i1l parts per ",illion 011 dry soil, :911.

L...,

l .§
,

Pt'riod~ fo' which nitrate data an'raged-n \\ ere

-• •
~

• .>• •
~] l\1:-.y June Jul),; .3

~~~• " I, . -,
-~

..- .. -=e 16-31 1-15 16-30 1-15 16-31 1·16-, -. ~ ~:l~- .-. • b c d • f". I . . . . . . . . I

1'1
t.9 !.. , i .b .!,O -I."ij

.. · . . . . . . . I . . . . . . . . 2 ." ,-,. 2R 18

I
1.3 •• Ilo .000 J 5.5 2. 2' I' 2.1

· . . . . . . . I· . . . . . . . • .3 I' ',4 Z2 I.... · • • • I • • • • • . • . , 5.3 2.1 I 27 l' 21• L7 17 2.1 18 2.3

........ .... ' ... I J.7 I.. IR 17 1.3...... -, ........ ·....... 2 JI 15 I. 10 8
4 ,479 J 5.0 2R 2' 1.3 2.1........ ........ '" . • '.8 3.1 J2 2.' J.8........ ........ ... , 65 J.• 47 4S 47........ .. • ••• 5.8 '.1 5.7 '.7

1 J.O 1R 14 2.J 17
2 4S 12 LJ 1.1 1.1

7 J 1.285 J ••• 2.7 2J 2,1 2.i• 8,J 4,5 J 1 J. J.7........ ... ..... ....... . 5 • .2 4,8 J.1 7.2 J7........ · ....... .. ...... • 12.1 5,4 '.0 132 2.1

·...... ........ .. -, .... 1 25 2.J 17 Z4 • .2·....... ....... . .... .... 2 18 1.5 21 0.' 14
10 , 1.516 J 7J 4.5 2.2 18 21·....... .... .... · . . . . . . . I • 5.6 '.8 2.5 2.5 J 1.... ... .... .... · . . . . . . . I 5 •• 8.J 47 27 J'-... .. .. • 113 '.J 5.2 " JR

....... .. .. "'1 I JO 1,5 LJ I. I 1.5
2 JO 1.2 1.2 17 O.

1J • 1.737 J 5,9 17 LJ LJ LJ

'\::::::f:::::::
4 8,1 24 2.8

.\~ J
2.

5 .7 .J 4. 2.9·....... ........ 6 6. j 'R '.1 2. 5.5

. \ ........ 1 2,6 I.J I.J 2,1 5.5.......... 2 JO 1.1 12 0.' IS
I. 7 2.558 J 7,J 2.0 14 12 I......... .. • 74 J.8 2' I.J 2.6....... 5 5.• '.3 2.2 3.1 2,•....... ........ 6 6.6 7.2 3.0 '0 3J

....... ........ 1 z.z 1,4 1,4 17 '.0
2 " 12 1.1 O. "I. 10 2.8Z0 J 2.1 10 10 18 0,4

..... ... ........ • 2.J 0.8 10 IS 0.'........ ........ , 2.' 14
l.ll i 2" 08

. . . . . I. . . . . . . . ........ • 1R " 20 J' I 10

• Samples were taken for the determination of their nitrate COntelU on the
following dates: June I. J. 6. 9. 12, 15,20,22.26, and 28; lui)" 6.10.12. 17.~. 24,
and 27; ;lnd August 1.8, alld 15.



IRR1GATIO~ AND Till! PROTl!l~ CO>:TE\;T OF WHE \T 1J

same relative position as the wheats from which they were r:rowlI. \
maximunl yield was possibly not obtained for Ihe Little Club.

Tbe Crol' of 1911.
The crop of 1911 was grown all land that h:ld ocell cleared of sa:.,:c

bru~h in 1909 and used for b:1rley and oat plats in 1910. 1t was plowed
in the fall of 1910 and prepared for the wheat pial.; ill the spring" of IlII I
by thoro disking-. :\11 plats were sown on ::\larch 25. The fir:-t irrigation
was given June I, the last July 27. The number of irrigalillns ranged
from one to tell. There was a range of four days in the dates of ripcnin~.
Xitrates were determillcd in foot cores to a depth of six feet in all Blue·
~tell1 pl..ts: the data avera~ed for arbitrarily chosen periods of 15 and It1
days appear in Table 2.

It will be noted that the ~uppl)' of nitrates was low even at the I~·
~inning of the l'CaWll. So low indeed wa'i Ihe supply that it is doublful
if the plant" at any time had an adequate amount for maximum gTowth.
The barley and oat crop of Ihe JlrC'C('(lin~ year of cour">C drew heavily on
the s01::lIl !'tock of nitrDg"en ori~inally prel'cnt. The field and analytical
data are gi,'en in Table 3.

\\'itll Ihe exception of 3 plat.;, Xo. 19 in the B1uestem Sf'rie... an,t
Xos. 2 and 20 in the Sonora series. the product of each plat in 1911 wa
lower in prolem than the ~ced from which it was grown. A 10\\ r yiel,1
of both and grain and ~traw was also noticeable on IllI)SI of the plat.•

Tbf'> rrep of 1912-
The crop of 1912 wa;; growll on the !\3ll1e lanll that grew th crop

of 1911. The g"round was plowed in the spring, disked, harrowed. and
floated in preparation for plallling and irrigation. The borders of each
plat were idelllical with those of the corTCl'pondin~ one of the precedint:"
,;cason. The sowing was made April I. The first irrigation wa!; ginn
June 3. the last July 25. .\s in 1911 the lIumber of irrigation.. ran~cd
from 1 to 10 and again there was a rangc of 4 days in the dates of ripcn·
mg. The nitrate data arc presellted by periods in Table 4.

The concentration of nitrates was again very low.
The field and analytical data are given in Table $.
The yield of grain 011 most of the plats was heavier than on cor·

re!>ponding l)lats of the preceding ~asOll, but as a general rule the yield
of straw was lighter. For the major portion of the plats the yields of
both grain anel "Iraw were lower. however. in 1912 than in 1910. \Vitll
the exception of plat oJ in the U1uestem series and plats 3 and 6 of the
LillIe Club series. the product of each plat appeared to be normall)'
developed. Tn general there was a still further decline in the protcin
content of the grain from each plat, but variations in the protein conlent
of the grain were not strictly in keeping with variations in the amoullt.;
of irigoatioll water used.

For reasons that will become perfectly obvious in the discussion of
1913 and succceding years' work, the field and analytical dala for 1910.
191 t, and 1912 have been summarized for presellta!ioll in Table 6.

In studying this table it is well to remember that thus far the !\Oil",
on which these wheats were grown had undcrgone no treatment looking
toward their enrichment wilh organic matter over their original vcr)' low



•
rable]. Field alld Qllulylica/ dolo on teI/lt'ol alld flour samples, crop of

19 I1

~

j
oz

~

">
'"o
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'"O!
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Gluten

FLOUR

Crude

WHEAT

WCIll:_ht
prOlein Ii:. "" -t .. j Nx6 • ,,'~.= ;; ·z ~ 1 5 ~"" c _ - -. _ II .. ~ II e'- .. ..

g:;' . o.i" " ~.l!l i; .. ,,;:; .. ;; ... " .. ""!. t ...
~ .,;; ii ~ II II ~ ~ to.:, ll= ll~ ~ II ~ .. :i.. .~ .... ~~ .' .....:: .. .: ~" . .
.E 1l _ ~ ~!. ~ 6.~1~1~&~~~~ ;, ,j;r,1 ~ ~
3246 56>! I I 41 12S3 C99r"l'110 30 43 9.2733.03 12.5930.38 53 968 1096 12.14 201 ... lO48 AS 9.5928.&3 11.22
35.1057j.S 900109612.052021.06 57 1051.409.5930.5811.88
34.82 57y'> 9.1410531159199 .... .. 1035 .40 8.5730.6712.97
32.96 58~ 872 1035 1134 198 106.57 9.99.40 8.29130.91 12.65
33.8057 87710271126205 ...... 1073458.0529.5111.79
34.8658 87311.231230200106 59 10.24 46 9.2235.8714.04

Yield

" " ._·1'] "
~§ .~; ~,
!-o - ::s '. ,jj <:

0.000 ISl<7f'O0479 18.47 .78
1.285 22.05 1.00
1.51622.85 .92
1.737 26.08 1.00
2.558 24.54 1.16
2.8..?Q 17.03 .58

;, i
.~,

~<,
.i
~

No.

T
tl!1
1 462 Bluestem

4 46J Bluestem
7 464 Bluestem

1046S Bluestem
13466 BJUtSlcm
16 467 B1uestem
19468 Bluestem

I I
3 4711Little Club 0.000 17.721 .72 23.38 57 8.88 J1.23 12.33 1.99 1.07 .59 10.10 .51 8.98 28.24 10.23
6472 Little Club .41721.42.76 25.9658 8.1410.8811.842.02 IO.~.SO 8.6627.0210.27
9473 Linle Club 1.148 28.49 1,05 29.40 570 8.81 10.62 11.65 1.96 \.02 .61 10.34.46 8.66 25.69 9.95

12474 Little Club 1.451 JO.SS 1.05 28.98 57~ 8.43 10.35 11.30 2.()9 •.. 10.31 .47 8.82 25.52 10.02
15475 Little Club 1.84226.06 .95 29.1858 9.32 10.09 11.132.04 1.06 .58 10.34.50 8.64 26.46 10.37
18476 Little Club 2.161 18.99.64 28.lXl570 9.48 10.18 11.25 2.10 .... ... 10.35.48 8.82 26.29 9.79
21477 LiltlcClub 2.834 16.14.56 29.72 58 9.2710.96 12.08 2.071.09.56 9.98.45 8.80 29.9211.50

I I
2 4SJISonora 0.(0) 16.22.58 32.00 61 8.55 10.69 11.69 1.89 1.05 .52 10.99.36 8.59 28.31 11.91
5 454 Sonora .379 J8.26 .57 31.40 ro 8.45 10.35 11.3311.95 .... .. 11.33.38 8.11 27.98 10.82
8455 Sonora 1.lS4 19.89.78 34.88 59 904510.1811.2411.97 1.03 .52 10.69 046 8.11 27.71 10.52

11 456 Sonora 1.37423.15.96 35.50 60 9.12 10.44 11.49 1.96 .... . .. 10.49.50 8.31 27.18 10.50
141457 Sonora 1.861 18.86.79 34.50 59j.S 9.27 10.18 11.22 2.03 1.06 .55 10.42 049 8.15 27.91 11.16
"1458 Sonora 2.85322.51 .92 34.50 60 9.38 9.92 10.95 1.97 .... ... 10.59.46 7.87 26.82 10.29
20 459 Sonora 3.156113.29 .53 34.28 60 9.20 11.76 12.95 2.09 1.12 .55 10.18 047 9.16 26.30 10043



IRRIGATION AND THE PROTEIN CONTENT OF WIIEAT IS

Tab/e 4. NO. in parIs per mil/ion on dr)' soil, 1912.

7 3 1244

2,5
.7
.9

2.2
32
4.0

1.5
.6
.4
.5

1.5
2.9

1.3

••••3.1
4.5
,.I

II
.7
.6
4
.7

1.8

22.,
.8
.9

2.1
2.3

1.4
.2
.3
.4
.4
5

I3
4
.5
II
7.6
28

I3
2
.2
.5
.9

1,0 \

I3
.8
6

12
1.7
'.0
141
7
.5

I3
2.9
31

I3,
;.

12
L5
4.0

LSI
.3
2
5

2.
51

16
.7
.6

1.4
2.3
21

16
.6
.8

15
30
5.5

16,
9
~

12
2~

12
.5
6

II
I3
25

1.5
7
.7

1.2
I~

4.7

II
.4
.4
7

II
LS

July August

1-15 I 16-31 T1-12-
dIe f
Ii 1.0 f 1.5-
.6 .5 .4-
.9 I.J .8

26 1.6 .9
Z6 1.8 I.J
4.9 2.8 Z.()

2.6
Z.O
1.5
1.8
2.4
2.8

27
2.1
2.9
33
5.9
94

30
2.0 I
1.7
2.0
2.5
3.61
16
I.,
17
1.4
2.3
'I

24
1.8
1.6
1.6
19
2.7

2.7
17
1.5
17
2.7
3.2

June

3.1
1.8
I.,
2.3
6.4
6.7

2.5
12
3.1
44
6.3
6.5

26
2.0
22
22
2.Q
47 J
J2
I.R
20
20
25
40

4.8
2.3
26
2.7
36
4.0

3,1
1.8
2.3
2.3
21
31

I.~S C~,x) r
2:4 - 2.7
1.9 1.8
3.1 1.8
3.8 2.0
5.9 37 I
5.3 46

Period for which nitrate data "er~
___averaged·

./

I
2
3
4
5
6

1
2
3
4
;
6

1
2

I
2
3
4
5
6

I
2,
4
5
6

.589

.000

2.638

1.806 .1

I.::,:::: 1
I.... 6 ..

........ , 1 I
2 ..

2381 J , ..
4 I ..
5 I .
6 I .

1 I. .
21 ·
3 ..
4 '
5 1. ..
6 r. ..

o

4 1.175

6

,

-.• •lae '0:;• •z-

4

IJ

•z

10

16

••

., .. i9" 10

........... ,

• Samplc! wcre taken for the determin:ltion of their nitrate content on the
following dale~: jUl"'e 3. 6. 10, 14, 2'0, 24, 26, antI 29; July 2. 5, 9, II, IS, 18.23.26,
and JO; and. \uguSt 5 and 12.
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Table 5. Field GIld Allalytical data 011 '1.i.'hcal alld flollr samples, crop of 1912

13.49 .44 7.68 24.00 8.43
13.64 .527.60 25.57 8.66
13.32 .50 7.84 28.35 9.34
13.49 .507.44 25.63 8.36
13.19 .538.00 28.21 9.10
13.03 .66 8.48\29.18 9.18
13.22 .597.68 27.49 8.38

~

c
x
~

""

,....
oz

:::
"%...
~

'",.
,Gluten

~

Yield WHEAT FLOUR

Weight I Cru·d.e j '. _
~ .. protelll~·;;c ~=i:

,:, .. ........ Nx61{ <= ".- <= .;; ..
.~~ .. .,. E == f----'o-'-' :"'_ tl l,;,:'! tl ; l:;
::..;: t· lUl 'i! l! . ';;: ~ l,g E .. <= ~ .. ;: .;;: .. t ~ ~ ..
.. ""2 0 ;:;;.. " ~.. W "K'W" <= .. !:: tl l!!."':: l(
_. <= ",- -01 .:>:;" t'to .., .... "._" i ~.,;.:.
"e .~. '" >-_ .. _ .. "'..= .....W" ..=,,"" ...
~.g &< .~< !:.~ t. jl!!. J: <=.~ ~ ~l!.S~ ~K <u z ~ Q
~ 18J3 .54 34.7U! y,. 10.41 1 lO.28 1.9:. .93.54 13.19.44 7.36 26.82 8.86

.589'18.40 6.l. 3L3O['56 9.81 9,1210.11191 ... , ... 13.14.437.1224.47 8.16
1.244 25.51.99 37.90 56 9.13 9,82 10.81 1.97 I.OJ.56 13.16.497.9229.23 9.55
1.27525.42.99 37.80 58Y.i 9.66 9,48 10.49 1.91 .... ... 13,00 .497.44 26.68 8.78
1.806 24.07 .91 38.56 58 10,55 10.18 11.38 1.91 101 .57 13.13.56 8.40 30.20 10.11
2.38127.54 1.00 381659 10,4910.1811.37192. ... ... 13.05.50 8.16 30.0519.95
2.638 33.71 1.18 41.14 .... 10.11 9.82 10.93 1.94 1.02 ,58 13.20 .51 7.7628.12 9.37

.(X)Q 17.37.50 25.90 55}1 9.60 9.04 10.00 1.88 .93.56 13.37.48 7.04 22.60 7.45

.481 18.71.60 28.88 57 9.00 9.21 10.12 1.96 .... ... 13.21.457.36 27.53 8.95
1.27323.46.75 31.26 58 9.83 9.7410.80 1,99 1.01.60 13.70 .53 7.&4 31.34 10.51
1.272124. 1 81 31.40 580 lO.oo 9.48 10.53 2.02 .... .. 13.9:1 .51 7.5230.00 10.58
1.815i26.48 .92 32.30 580 9.6710.1811.27201 1.01 .61 13.55.578.1634.04 11.40
2.146 25.60 .92 31.60 580 9.36 9.65 10.65 2.00 .... ... 13.44.48 7.68 30.34 9.98
2.436 30.761.08 31.98 57}1 9.2410.09 1Ll2 2.07 1.04 .61 13.48 .51 7.60 31.20 10.18

.000 15.21.41 33.94 58 10.04 8.86 9.851.78 .94 .50

.34320.12 .55 34.44 58 9.73 9.1210.10 1.87 .
1.100 20.13.56 36.84 60 9.04 9.56 lO.51 1.92 1.03 .54
1.17929.59.64 37.1660 9.31 9.39 10.35 1.96 .
2.12524.73.82 37.44 61 9.81 9.92 11.00 1.95 1.03 .54
2.21629.51 1.()5 38.20 60 10.15 9.82 10.93 1.93 .
2.798 29.67 1.00 37.04 60 9.51 9.65 10.66 1.94 1.00.54

f I "-Iit£.:l ~
1 498 Bluestem
4 499 B1uestem
7 500 B1uestem

10 SOl Bluestcm
13502 Bluestcm
16 50J Bluestcln
19504 Bluestem

I I
3512 Little Club
6513 Little Club
9514 Little Club

12 SIS Little Club
15516 Little Club
18517 lillie Club
21 S181Little Club

I I
21505 Sonora
5 5()S Sonora
8507 Sonora

11 508 Sonora
14509 Sonora
17510 Sonora
20 511 Sonora

No.



Table 6. At"cragr! for l;;r1l/ alld OIlOly/icol riMa Ol~ 7.uluot a"d flour SOli/pits. ero!,s of 1910,
19/1, allli 19U.

Xo,

~ ..
.. j .~
£ J ~
..--211~Bluestcm
I Blue8tcm
4 B1uestem
7 luestern

10 BJuestem
13 Bluestem
16 Blueslem
19 Blueslem

.. 212 Little Club
3 Little Club
6 Little Club

12 Little Club
9 Lillie Club

15 Little C1uo
18 Little Club
21 Little Club

.. 213 Sonora
2 Sonora
5 Sonora
8 Sonora

11 Sonora
14 Sonora
17 Sonora
20 Sonora

Yield

I;-1
""" •. • i. j -

;;0 ". •".g '2~ t)".... ~'''I ':.COO 1J.67 .52
.SJJ IR52 .75

1.(~1 2.1.61 .99
1211 26.23 1.07
1.585 27.R3 1.04
2.1242l:lo.SJ 1.25
2.648 27.91 S6

,em 1439 .52
.444 20 19 .75

1.005 24.86 .89
1.210 28.47 .98
1,583 29.181.03
2.031 27.41 .95
2760 30,20 I.OJ

.COO 1J.8.f .43

.358 19.61 .51

.969 lOZ2 .66
1.166 25.53 .78
1.695 25.26 .~
2.223 28.84 1.10
2.769 25~ .89

\\'(.i~h!. -

WHEAT FLOUR

" i '"'""~...
o
">
%
o
:!

'"'0
'"!'l
'"%
8
Yo...
g;
..;
o
'"
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~
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contl11t. Cnder conditions of growth similar to these it wOdld seem that
there are between rather wide limits no outstanding relationships between
amounts of water used and the protein content of the harvested grain or
of the Rour milh:'d from it. rigure 3 was drawn from the averages for
irrig-ation and wheat protein given in Table 6.

The (Ntl. of 1913.

The lanel on which the 1913 crop was grown was cleared of sage
bnJ~h and leveled in 1909. In the spring of 1910 it was sown to alfalfa
ior the conduct of experiments in seed production and rate--of4 sccding
te<;t... It wal; plowed in the fall of 1912, at which time the third growth
of alfalfa was turned under. The ground was left in the rough during
the winter. replowed in the spring of 1913 and prepared in the usual way
for irrigation and sowing. The plats were sown April 28. The first
irrig<ltion was given June 3. the last July 28. The number of irrigations
ranged from 1 to 9. The dates of ripening ranged from August 19 to
Au;,;ust 25 for the nJuestem and Sonora series and from August 11 to
AUg'llst 24 ior the Little Club series. The spring plowing caused the
loe:." of c:.o much of the e:.tored precipitation that the plants on all three
pb.t .. which rcreived no water made no growth after the booting stage
and of cour"e were 1I0t harvested. In all of the plats some alfalfa per
sisted in spite of the double plowing given in preparation of the ground
for sowing'. Tn the belief that some definite information could be secured
from them re({arding nitrif:cation processes. fallow plats were provided
adiacent to :\oe:.. t. 7. 13. and 19 of the B1ue~tem series. As regard ..
irrig-ation. the treatment of the.<;c plats wae:. in all ways identical with that
g-inn the corrc..ponding cropped plat~. The nitrate data by periods for
the year are given in Table 7.

:\ remarkable increase in nitrates in the wheat plats over the two
preceding years is at once e\'ident from the most casual examination of
thi~ table. There was noticeable, too, a remarkable accumulation of
ni!r;l!Cs in the fOllr fallow plats especially during the early part of the
,growing- season. The field and analytical data for the year are given in
Tablr 8.

For the first time in the g'rowlh of the~e wheats ther had whatever
ad\'antag'e there i~ in a ~eed bed enriched with nitrogen-containing or
~nic matter. Tn Cipite of the unfavorable season there was on plats given
the larger amounts of water a fairly sharp increase in yields of grain and
$lraw. With each \'ariety the highest yields were ~ured with maximum
irrigation. There was, however, a marked tendency toward a lighter
weight of kernel. The outstanding fact in the data for the year, how
ever, is the \'ery high protein content of the grain from each plat. In
two out of the three series the highest protein wheats came from plals
given the least waler. In each of the three series the ,grain lowest in pro
tein came irom the plat R'i\'en the most water. On plats given less than
one foot oi water, no defiinite relationship developed betw~n amounts of
water applied and the protein content of the grain. For the rather 5harp
increase in water O\'er one foot, however. there wac; for each series a cor
respondingly sharp decline in the protein content of the han'ested grain.
These facts are shown graphically in Figure 4.

In Fignrc 5 the protein content of the harvested grain from the
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Table i. NO. in paris per milliOIl OIl dry soil, 191':' .
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0.0
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TABLE NO. 7-(Concluded)

.§ ~;:: Periods for which nitra1e {iala II\'rc <InTall"c,!

i ' ,- . • • • :\fay 1• • :~]
.~ June Jul}- Augu~t• ..,
~ 1! ~z .. i - , ----

il'~ •• _::: a 16-31 1-15 16-30 I-IS 16-31 1-::: ' . 'E :il ~i.l::z- " a b c d • r
1 65.5 6:!':f '.1 :..~ I.", 40.5 S3.3 3.' .., 1.3

16 5 1.182 3 6.:! 1.5 1:1.0 :;.5 2.6• Ui 0.3 0.0 0.0 .,, 1.2 0.0 0.0 0.0 0.0, o,r; 0.0 0.0 0.0 0.0

I 69.3 12.4 I.' 1.• U
•> 39.7 :,6.:1 2.1 0.' 1.'

" • 1.863 3 Hi.:; 27.0 :l4,.i 17.0 26.0• :l.7 00 1:;.;) ., 7.:1
5 I.' 0.0 0.' 1.' 0.', I., 0.0 :l.0 O.1i 0.0

1 Hi.:I 33.:; i.!l 1:l.4 ~-2, ;120 il.O i.O U S.2
19-F , 1.863 3 11i.1I 60.7 16.:; 18.2 19.0

• .. - 7.' :l2.7 29.9 27,0.•..,, 1.:1 0.0 I :II ..; I.' '.0, 1 2 00 2::;.0 16.3 -to.O
• Samples were taken for the determin:ltioll .f their nitrate cont<:llt 0" the

followlnf datI's: June J 7, 10, ]4, 17,24, and 30; )111)' 7, II. 16. 21, anJ 28. aod
Allgu~t .

Bluest~m plats given normal irrigation in 1911. 1912. ami IQ\3 and Ih
a\'eraR"e roil nitrate content by periods to a (lcpth of three feet are ,.ho\\ II

for case of correlation.

The nitrate data used in the graph'\ were '\ccure<1 by averaging the
nitrate data for the first 3 feet of soil for periods of 15 and 16 days elur
ing June and July and for all determinations malle in .\t1gust. Plat 7
was taken a!> representatiYe of nonnal irril.!atiOIl in 1911 aud IQI1. Plat 13
was taken for nonnal irrigation in 1913 during which ~asou all plats were
~i\'en le~s water than in preceding year... In Fi~ure,.; 6 arc ~hown the
corre$ponding data for plats of B1uc~telll ~i\'en m:rxilllulll irri/{ation the
same years. A very substantial difference between the soil\ c\)Utent oi
nitrates in June. 1911 and 1912. and that of June. 1913. Call1ll1t escape
notice. To us it sugg-ests very stron~ly a definite relationship bctwe('11
available soil nitrogen during" the early ~rowillg- period and the ability
and readincss of the wheat plant to elaborate it into protein for <,tora~e

later in the seed. The relativc amounts of soil nitrates to the !'ame depth
of soil and for the same periods in plats !'{iven no irrigation and tho...e
given minimum irrigation in 1911.1912. and 1913 mig-ht han' been shown
graphically with e\'en more striking effeel. Great activity on the part of
nitrifying organisms durin~ the early part of the growiTlR" <;ea~oll in 1913
is belie\'ed to be very clearly shown from the nitrate data of the fallow
plats shown in Table 7.



Table 8. Field lwd IIllI/lyNcol till III all tl'ltr(l/ {lml ROffr .mll/plcs, crop of
1913.

No. I I I Yield WIII~AT FLOUR

I:l

q
'E'-<

Gluten

F. .~ ~ 5 F.
II e.... II"I" "'. '.i! r; !t .. ..., 15... -....

j l "i ~~.t ~... ... '-" ~ .::.

i 1.9il.5~·i~:i'i 6i:,i iO:64
1179 .50 14.10 61.05 20,82
lIWl .50 13.66 59.73 19,52
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11.41 ,53'14.28602521147

:~.~~ :~~i~~::~I~~:~~ 15.47
11.84 .S816.(w6Z.15 1.1~1
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122<) ,5914.45 57.(J9 2101
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12.32 .58 15.Q1 60,00 22,62
1251 .5411.9846.17158)

<
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7571 llluc\tel11
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19:575lHhle;Il"11I 1
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6584 Lillie Club
9585 lillie Club

12586 Little Club
15 587 Linle Club'
18 S88 Lillie Cillb
21 598 Littlc CIlib

I
2 ... Sonora
5577 Sonora
8578 Sonora

11 579 Sonora
14580 Sonor;l
17581 Sonora
20 582 Sonora

" " .!,; lI. g
" -_. 0:: )

~.! &< ~<
.(XX)' lost·/ ....
.299 17.16 ,57
.51525.96 1.05
.541 27.68 140
978 28.40 1.38

I 182 25.85 1,55
I.86JAI.08 2.07

.000 1051

.251:122.31 71
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.930 22.01 1.14

1.09742.23 219
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,(0) 1051
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.475 30.65 .92
,691 37.71 1.58

1 185 31.31 1.02
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31.3258).{
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34120 59~
29 61 59j.1
3400 6OV,

8.73 17.32 18,~ 1.00 1.02 .52
8.71 16,24 17.79 1.83 .98.49
8.451578 17.24 1.87 1.00.49
8.41 17.05 18.62 1.98 U19.50
8.52 16.59 18.14 213 ..
8.83 13.03 1429 194 1,{x).54

I\.69
11.85
11.67
1141
11.00
1217

.56 12.92 49.1817.26
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.57 12.3545.35 15,33
.62 1426 51.87 1738
.63 13.5251.2317,37
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data were averaged-

July August
I--

I-Hi 16-31 1-19
d • t
13.0 9.6 7.5
L2 8.8 O.
'.0 3.7 12

" '.1 1.1
26 3.6 0.6

5;~ I
62

1

1.9

5<1.1 48.5.., ILl '.0
12.0 11.6 10.7
11.3 9.7 7.S.- 6.2 2.8_.,

0.9 7.6 :!.4
33 I 3.2 I 3.6
1.1 3.7 204
3.1 12.3 21.2
6.5 6.' ...
5.4 5.8 1.6U! 6.5

1
2.6

65.9 38.0 19.7
16.4 19.9 •••9.7 17.0 :U
13.8 18.9 3.1
13.3 18.7 2.6
11.9 12.2 3.3

'.1 I '.8 I -.,.-
'.6 6.2 61.6

3704 89 31.1
2104 7.7 I 3.'
10.5 3.1 l.l
6.3 3.7 U

20.2 229. 10. t
20.5 21.3 12.S
15.9 27.4 15.6
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0.3 1.6 0.'
0< 0.' 2.S.., 5.7 3.8
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T OF WHEAT 25IRRIGATION A~D THE PROTEIN CONTE~

Table 9. NO. il~ arts her ",illion o,~ dr'\l
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-.e, , 0 , ~k:l bz- .. • ,
... . ... . ·... 1 · ... 12.7 18.0
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1 0 .00<l 3 .... n.l 704
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·... ... . .... 6 I

.... i.8 4.7
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... . .... ·.-. , .... 11.4 6.5
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... . ·... ·... • .... 13.5 6.5
... . I ... . ... . 5 .. , . 5.6 7.7
... . ·... ....

I
6 -... 4.2 5.'

I I I I·... ·... ·... 1 .... 5.6 11.1
·... ... . .... , · ... 3.7 ...
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.. .. -... ....
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· ... .... ... . 6 .... 10.2 ,.,
I I
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.... ... . ... .

I • .... 16.5 16,4
·... I ... . ·... 5 . ... 15.3 16.5
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I
1 9.'
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The Croll of 191'1.

In 191-l :\Iinnesota Bluestem, :\Iinnesota, ':\0. 169, and Glyndon
Fife, Minnesota, Ko. 163, were substituted for Palouse B1uestem and
Little Club. The seed, as stated before, was sent from the central sta
tion where it had been grown from seed originally secured from Uni
versity Farm, Minnesota. We wished to ascertain the behavior of these
hard spring wheats under irrigation. It was considered unnecessary to
continue the use of so large a number of plats. The planting and irriga·
tion scheme for 191-1. and "ubsequent years called for plats of no irriga·
tion, plats of minimum irrigation. plats of nonnal irrigation and plats
of maximum irri~ation for each variety and for fallow plats adjacent to
each one in the Blustem serieo;;. Fi~ure 2 shows a typical arrangement of
the plats during 191-1, 1915, and 1916.

The crop hiqory of the land on wnich me 191-l crop was grown up to
the fall of 1912 was identical with that of the land used for the crop of
1913. In 1913 it was planted to potatoes and produced a heavy crop.
It was spring-plowed in 191-1. and prepared as usual for sowing and irri·
gation. .\ cultivated crop thus inten'ened between one which makes de·
cidedl)' for soil enrichment and the growing of this wheat crop. The plat~

were "own .\.priI3. The first irigation was given June 6. the last. July 29.
The number of irrigation" ranged from 1 to II. There was a range in
dates of ripening of 10 days. the last to ripen being the plats given maxi
mum irrig'llion, han'ested .\ugust 14.

Xitrate data for all Bluestem plats and corresponding fallow plato;.
are gi"en in Table 9.

Ag-ain from the concentration of nitrates in the fallow plats. it would
~1l1 that there wa" great activity on the part of nitrifying organi"mc;.
The concentration of nitrates in the wheat plats of course for correspond·
ing periods was much lower. The rather low initial content of the Bhle
stem plat given maximum irrigation and the sharp drop from that for the
next two periods is noticeable.

The field and analytical data appear in Table 10.
Plats 1 and 2 were unfortunately too close to the supply ditches and

recei"ed SOllle water br seepage that was not intended for them. The
yields on them were unquestionably higher than olle could reasonably
expect in that section frOIll 110 irrigation. The Sonora plat given max
imulll irrigation rusted badly and for that reason was low in yield. The
yield of Plat 11 was cut to S0111e extent by the presence of an adobe spot.
There wa" an uI111lio;;takabic tendency toward lightness in weight. All
samples of grain and nom were high in protein-those from plats ~iven

normal irrigation and leo;;s, extremely so. A close study of the data, how
ever. gives no ground for assigning- high protein content to lightness of
kernel for. the !leavy-weig-ht kernels were in the high-protein class. A
close relatl011sl11P between the supply of available nitrogen in the soil
during the early period of growth and the protein content of the harvested
grain again sug-gests itself. Plats given most water in each of the three
series produced wheat of lowest protein content but again there was no
gradu{/l decreases of protein with increase of water in :lny series.

The Crop of 191;0.



Table fO. Field oml aI/oly/ira/ d"ta 011 1ulH'ot GIld flour samples, crop of
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dOll Fiit.l, Minn. No. 163 ,(XX) 26.33 US
ilIon Fife, ~lil1n. No. 16.1 .4fJ6 35.01 1.9l
111011 Fife. Minn. No. 16.1 1.006 30.01 1.74
,don Fife, ~lilll1. No. 163 2.544 32.902.47
)TOI ,(xx) 1[10 .H6
)r<l .420 23.0.1 1.5f\
)T:l ,870 2078 I,SO
or:> 441512352.09

WHEAT I FLOl'R

~ht . 'I 'C"'~, '~ • ~I""nI'Totem ". .: l: - ..

i s ~ _Nx6',\. ~ ~2 £ 'B ~ ~ t
~= i g~ £ ~~ I ,=~.;~ g~ I :~ I i
"" ~'" "~." ~ 9 I .!, " ]" f~,,;I~l{=::I~;~l1.~ ~l{~,-,~~:
25,10\5) '9,39[17.75 119S91 1,92 1.05157 fIJJ..in113.5H44f()i445
25.!Xl 55 10.59 17 ~,19.10 1.9-4 LOR .58 132R.54 14.02 50.20 16.27
32'.30 57 1017117.67119.64/1.93109 .51 1i.36 .5814.4549.50 15.03
Zl6R 570 9.~ 1403 15,59 194 1.(Jl ,54 12.82 .5511.58 38.2512.02
24,99 57 9.3S/18.<Xi 19,921.78 .95.54 12(1 .57 13M 5250 16.65
Z6,26 57 9951736 192M .1,02 1.et! ,55 IZ.4{) .5313.84 51.10 16,65
'29.l0 58 940 17.91 19.77 2~ 1.1453 1267 5114.4752.4016.93
:1(1.1657 9,66131114,511%1.09,6.) 12,59.5010.8835,0011.52
27J~ S9V. 9.92 17..12 192.11.93 Ull.48 12',2'4 .57 14.26 49.35 1678
2Ul655 10.50 16.00 17.MB 1.96 IOJ ,52 12,74.43 10,58 32.~ 12,62
2021 SS I077154417JOUl!'I 1.114 .59 1241 .5612.~42.90 16.26
1744 55 lOW} 11 III 12 15 2.20 110 .65 12fl4.4.1 10.74 34.45 12.00
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Table Jr. NO. i,t parts per mil/jOlt on drv soil, 19rj.

262.0
45.0
26.3
13.0...
3.'

14.7

•••2.1
2.1

130.0
35.0
18.6

•••3.'
3.7

'.3
2.9
2.6
2.2
1.7
I.'

5402
52.4
31.2
13.9
10.9
'.7

•••3.1
2.2
2.7
2.'

11.4

10.3
38.7
49.1
43.0

'.7
'-'
U
0.5

..,
2.2
2.2•••

56.5
14.4
U.5
9A

48..0
45.2
52,5
23.8

••••••

157.0
31.5
13.2
6.2

2.1
1.1
1.6
'.3
1.2
2.4

33.4
29.7
21.2
9.'
~.~----_.

,.•
3_3
2.'
'.1

;; I
2.'
2,4
1.5

77.0
59.0
H.9
'.7
••••••
3.2
1.8
2.3
'.4
2.'
'.8

19~.0

36.0
14.8

•••

119.3
36.8
11.7
3.3

41.2
46.6
58.3
36.6

•

10.7
5.4
2.6

•••
- \
';2.0
27.3
H.9

6.7

;; \
4.2
1.'•••

73.0
30.3
16.8
5.5

••••••..,
2.t
4.5
2.8
'.3,.•

84.3
45.3
23.8/
24.7

"'

1~~:~ I
23.0
14.6
5:;

June

27.2
17.5.-.
'.9'_3
3.• 1
7.5
5.6
0.'

~~~~ \
15.9

••••••
;;; I
;:/•••1.2

"·'121.0

~: I1.9
2.8

'.3...,..
2.4•.,
•••

101.9
70.3
24.9
3.8
2.,Il

Period for which nitrate data were averaged.

I July IAugust

-'lc_"13,rt~1~'-'3"'~' l-1:i 16·31 I 1·10
bed e f
13.8 11.8 13.4 13.2 23.1-

7.4 3.8 6.1 8.1 7.0
5.0 4.8 3.8 2.4 1%.7
0.0 5.5 1.0 0.7 3.8
0.0 2.6
2.01,

InO I

May

16-:.a

•

3

•3
•
1,
3

•3
•
1,
3

,

1,

3

•,
•
1,
3

•5
•
1
2
3

•,

•,
•
1

~:::

"~£
.:l].!!
-i:i
:!* :I

J,
3

•3•

.729

.~06

.729 I

1.I76

1.176

2.185

2.185

,

•

7

•

7

-._. j....

o

•

1

J-F

7

'-F

10

lO-F
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Table T:!. Field alld Qllol)'tiral data o,~ ~I'hcal lIIld flour sOli/pIn, a0t' of
1915.

£J

"

:=

'"~..,

"8
"..,'""..,o
~

""Ci,...,
<3
",.
"o...
'"..
"~

o,
•t

I
•,i
-

FLOUR

GluulI_

.5.1, 13·h"9I'~,05 16.11
.5.1 1.132 49.85 1679
.,'i11116372513,19
5.1 1l1.~2 .11(K) 11.5.J

.50 132247 R5 16,(X)

.54 13,31:147.75 16,23

.45 1176.15,30 12.69

.46 11.24 31.65 11.83

48 12.34.lASO 14.93
.45 12,36 36.60 13.~
,4(> 10.86 36,00 14.2R
.42 R76~.'i ~ 10.:.0

"e
IIH, ... "
'" .. vi
~ "!::.
- 0

'''''1.115
1281
12,&1

nil)
12,79
12.1:\4
1271

1041 17.95 2n~ I.Ab .%.56
10,72 16,1\1 IR!l3 Ul2 .98.56
II 77 1405 15,92 1.R4 1.04 .51
11.,Ja 12,7H 1442 1.!:l5 104 .SO

121R 1721 19.60 1.761 ,94 .53
IJ.M:14S<!16.15IW ,95.4M

1O.46/I.1.Q9' I5C>t 1.9511 ,1)4 .48
IOS5 lOQ51IZ24'17n'l 0151

2.1.721 56
2-17955
3422 5R
:U,77!55

256.3157
.1191155
.\I{.72!"
37 R2 (il

WIIE.\T

\\i~!~~t Crude I . .
.' protem".
J I ~ ",6". it!
~ ~ ''; ~ -' ' ''.. <; .. c' ,; c I
"" ,,~f. J:; JtI ~I!!~s~ ....
-::l ~ "I'; I'; to .. "'I" .. " .."" ,h , ,l.; ~,,;I;,
~" Il. :::t~1 ~ 04; =.;5.,lKj~~
2b72151Y~ IO.lJll'17 (,'1: IIHO 114211.03;.55 11~1

26,%'51 97RI 1740 1929 2m, 105160 IJ.l0
36m 5R 1025 14MjllJ54 I.HXII (XU.l 1.115
3,'iJ,'i155', lO.x.lll.110 141(1 I.M7 1/.10:.52 J.lIH

Yield

17.1124.021147
.77336.161.71

I 400 42'.RS .?23
2,2221593612.53

No.

,Ql
~ "E" ..... ~_ » _ -( t,. l!. 0.. _ b _

.. " -' c )I

~~ ~5 ;~.~<;..[
~ o..l .... !-< l.:l or.

1&)3 :-'liI1l1, Blll(~telll. Minn. ~o. 1691 -.206 19&21' J.I
4804 :\linn. B1u('~\(:m, ~linl1. ;\u. 169 .729 29.10 LRl
7 &l6 '.linn. B1uc~t('m. :\linn. Nn. 169 1176 57,OR 249

lOMS ;"linll, Bllle~lem, Minn. :-;'u 1(,9 21R5 5l lj6 J5·1
I I

21:«)7 Glyndon Fife, ),Iinn, No. 163.. ,164 22.10 1.56
5 8()3 Glyndon Fife, ~1i1111. No. 163.. .6753970 1.67
8 RIO Glyndon Fife, "'liUIl, No. 16.1.. 141364.8.1171(

II 809 Glyndon Fife. :'Ilinll. No. 163.. 2.660 56.20 3.42
I I'j""ISOllora .... . .6812 Sonora .

9 R14 SOllora . .
12 R131Sonora .

~
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as follows: It wac; cleared of sagebrush in 1909, given over to the growth
of harley in 1910 and to wheat in 1911 and 1912. In 1913 it was sown to
red dO\"cr with barley as a nurse crop. Two crops were cut for hay in
191-1. .\ heavy late growth was turned under with the plow in the fall.
This land was prepared with the disk and harrow in the spring of 1915
for the wheat plats. This procedure again gave a soil considerably en
riched o\"er its nati\-c condition with nitrogen-containing organic matter.

The plats were !;Own April 5. The very dry spring necessitated the
irrigation (If all plats 10 days later to insure a stand. The sc\"cnth and last
irigatioll \Va" gi\'cn July 26. There was a total range of 12 days in dales
of ripening altho lIlost plats were harvested within a range of 9 days. The
nitrate data for the year will be found in Table Il.

There wa" perhaps a lower concentration of nitrates during the earlr·
growing period than one might with good reason have anticipated. An
exceptionally great acti\·it)· on the part of nitrilying organisms during
the entire season, however, is indicated by the nitrate data for the fallow
plats. A fair conclu~ion is that even tho the nitrate concentration in the
soil of the wheat plat~ was low, nitrification processes were going on with
sufficient rapiditr to !Oupply the maximum requirements of the wheat
plants.

The~ wa" a !'harp increase in yields of grain and straw with in
crease of irrij:folti<)11 water. A plump, heavy kernel was produced with
both normal and maximum irrigation. In each series the protein of the
wheat for the f.r~t time ~radually and consistently declined with the in
crease of irri~tion watcr. With the exception of Sonora from Plat 12.
howe,-cr. the protein of the wheat from each plat was high.

The Orop of 191&.
The cl'Ol) historv of the land which 1{rew the crop of 1916 is prac

tically identical with "that u"Cd for the 1915 crop up to the spring of 1915.
Wheat instead of barley was grown in 1910 and the red clover was sown
in 1913 with oats as a nurse crop. A heavy late growth of red c!o'"er
was turned under in the fall of 1914 and potatoes were planted on it in
Ihe spring of 1915, for duty-of-water work. A cultivated crop, therefore,
agoain inten'cncd betwecn one which makes for soil enrichment with nitro.
gen-contaillill~org-anic matter 3Jld the grain crop. Immediately following
the harvesting of thc potato crop the ground was plowed and left in the
rough o\'er wintcr. In the spring it was worked down with a disk and
harrowed in preparation for planting' and irrigation.

The J;ecd was .SOWIl April 24. The first irrigation was givcn Junc 7
and thc last Jllly :?~. The minimum 3mount of watcr was givcn in one
irrig-atioll; thc maximum amoullt in eight irrigations. Thc plats ripened
betwcen i\u~llst:? :lml August 15. Soil sampling for nitratc detcrmina.
tions hegan approximatel)' two wecks earlier than in all)' preceding year.
The nitrate data for thc ycar arc given in Table 13.

A substantial nitratc concentration during the early periods of growth
i~ noticeable for all of thc wheat plats. The concentration of nitrates in
the fallow plats was far less than for corresponding periods in 1915 but
it was sufficient to indicate grcat activity on the part of the nitrifying or
ganisms. The \,.heat plants had whatever advantage there is in an
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Tobit> 13. NO. ill tarts per millioll 011 dry .roil. f9/6.

.~ ~~ Period" fOT which nitr~le d~1:1 WCTC ~\CT;lgcd·

i '.
!AUgust-. •• ~E 10"

.~]
)lay June July, -., s]-¥z • i- . - , -;; e 16-31 1·15 \ 16~30 1-15 16-31 1-8.- .-. o ,

-~ ~ ~t2• ~.- a b , • r
I 31.2 3·4.4

,
11.2 14.7 25.r. :n4, Ii.O SA ~5.5

,,- 13.6 12.9__.1

0 .000 3 96 20.1 33.1 13.5 8.8 28.3

• 19.4 23.8 19.8 12.;; 8.2 13.3

5 11.4 16.2 19.8 13.7 7.;; 11.1

• 5.9 .- 11.& 5.7 3.9
j

•.8_..
1 49.0 ;'5.1 38.8 6•.1 57.3 26.0, 18.1 1M 30.2 68.2 27.5 19.7

1-F 0 .... 8 30.1 19.• 38.• 73.4 19.6 17.7

• 26.0 24.3 26.1 29.0 21.6 8.1, 20.2 23.5 18.f1 23.1 13.1 10.3

• 0.0 8.8 1•.7 5.3 ••• '.8

1 47.1> 29.5 28.9 '.3 15.1 20.0, 25.6 53.4 80.& 21.4 15.0 15.0

• .355 3 38.8 8U 58.2 27.6 32.7 •••• '.0 24.0 27.3 11.1 8.7 :!.2

5 5.' 19.9 23.9 .~ 10.1 •••• 00 3.1 '.9 U 8.5 ,.,
I 38.2 46.5 21.3 :i(l.! 29.5 I!U, 23.9 24.2 29.5 51. I 12.3 11.4

'-F .3r.;; 3 26.9 40.5 50.3 32.7 22.9 13.3

• 19.3 28.9 33.3 3li.6 2;;.9 25.6

5 8.3 9.8 29.8 3li.0 16.3 11.4

• 3.5 8.9 IS.5 18.7 12.2 •••
I 46.9 8.5 ••• 10.2 ... 6.:\, 8.1 20.1 14.2 6.8 ••• 4.3

7 3 .900 3 11.8 19.4 39.9 28.5 10.9 6.:'

• 20.2 17.9 24.8 34.6 12.9 11.4

5 9.8 15.8 17.5 18.6 13.6 •••• S'::I 9.7 11.2 13.8
.1

8.1 •.8

I 47.9 58.9 I 21.4 I 49.7 33.3 26.8, 13.3 :14.7 aL8 I 33.8 1 17.9 15.9

7-F 3 .900 3 12.3 25.9 40.1 I 329/ 37.1 19.9

• U 36.3 • H.' I 22.6 24.7 15.4
5 3.6 15.4 I 30.5 23.3 \ 29.6 12.8
6 7.1 11.0 I 12.9 I 22.;::' 14.1 ,..,

21.91 II 30.0 189 I 8.0 3.0 •••, 6.' 9.3 I 14.0 I 8.1 I 4.' 2.3

lO 8 1.879 3 10.1 14.5 I 16.1 I 10.7 I 5.5 '.7
,.. '"

, u: Q I ?IUI 7.1 2.3



Table 14. Field lIlId OIw/ytiro/ dllill 011 1,'I,,'a/ (Iud flOl/f, crop of 19 16.

'l

I W_elght 1 - cru(!u
' IlrOlem-=

I I .; I .;I" N.6" i ; "
I ~ K~ ~,; ~i' "J -; ~F. -;Tj!J"," .. :~!t.~

'" , I; '" A l; I ~ -t '":! ;; -'''.~--'/ i t~ -
~~ ~5 ~.¥I.~<£";Y~J:..oKt~ .. I"'9:~';;i
'~+.i.~=;;-=C;;;;;;;:-'T.;;;;;"J;; . _.-- - cJ~ - '" ll, 0; ... ll, I :..:IJ. 930 !I inn. BluesleOi. Mum. No. 169 ,OC(I 22,60 LOJ Z8 91 54 998 17 b4 19CA) 1IV I 00 52

~
931 Minn. Bluestem, Minn. :'\0. 169 .355215731.61 295155 R78 IR72l0SZ 196 I l~ 54

7932 )Iinn. Bluestein, :\linn. :'\0. 169 SOO 35.92192 .370760 R&l16AAIIH53 1% 105 4fl
0933 )linn. Bluestem, Minn. :'\0. 169 1.87933.021.97 36.39'56 9.92141915.761.891.03.49

1 ~34 blyndOn Fife. Minn. 1\0. 163.. ,000 28.10 1.12 279355 9.7918.213119 UU .93 ,SO
935 Glyndon Fife, i\linn. 1\0. 163.. .33931.00 1.55 26,715S 10.04 IRRJ 20.903 l,Ot 1.08 .52
:9J6Gllndon Fife, Minn. No.I6J...94344,8li2,12 347.160 IIlooI74719431.97I.0848
'9037 CI)'ndon Fife. MinLl. No. 163. 1.65942,30 2.20 .16.7757 10,731471 16,48 1.99105 A7
I I
926 Sonora .0:::0 24.72.82 2ft-21 S8~~ 1023 1621 1806 1.R2 .92.SO
9Zl Sonora...................... .354 3392jU7 29,0515S!-1 9.36 1563 17Z4 199 .9R.54
928 Sonora .887 48.57148 .l!'I64 61 9.96 14.9.116,58 175 .9747
9Z9 Sonora _. . . 1567 4425 147 .39 Q4 6011 .1000 12 1406 I 94 100 .51

No. Yield WIIEAT rLOUR

" 'iI',GI"-i'"-t ~.. ... t
i~"£~lt
"'" ! .. '~, 11 ....,,;.It -4 ~~ ~ Q"". ,.-: '" .:'<'mi,ci'
1169~ f4.46 . 17.i7
12.{)l) .64 15.3953.05 16.86
12.1? .64 12~ 44.25 13.46
12.~ .5911.5040.0516.98

11.73 ,51 154955.05 17.35
12.26 .5215,6961.1518.80
1209 .56 14.1652.1015.83
1I,79 A9 12.38 45.10 14.10

11.07 .4912.7148.1516.31
11,47 .54 12.7!J 50.65 17,27
12,02 .54 12,30 46.!Xl16.05
11.69 .51 10.26 SJ25 11.20
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'"'"'0'"":::::
'""..j
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Table 15. Averages for field lIllIlllIIO/JJicof l[ala, crops of 19'4, 19[5, alia 1916.

12,561
1289,
12,61
12,76

12.23
12.62
12,52
12.40

12 IS,
12.33
12.42
1241

No.

f
l

"" .
.. I .8 ';:
~ .3 .;

1 .. 1)1 1m. Bluestem, Minn. ~o. 169
..... M nn. Bluestem, Minn. ~o. 1691
7 :\1 1111. Bluestem, Mmn. ~o. 169

10 ~1 1111. B1uestem, Minn. No. 169
I I

2 Glyndon Fife, Minn. No. 163..
5 Glyndon Fife, "Iilm. No. 163..
8 Glyndon Fife, Minn. No. 163 ..

J I Glyndon Fife, Minn. No. 16.1 ..

3 .. '[Sonora6 Sonora
12 Sonora
9 Sonora

Yield

~]
~~ IKj K!
_." II ~
:I" ,~ , e'
~~ ]< ;;....:

.206 2100 1 19

.534 27.43 1.67
1.0lQ 41,74 210
2,13539.82 2,73

.164 25,51 1,14

.49335.24 1.71
1.121 46,57221
2.m 43.00 2,69

17319.95105
.51631.04 US

1.052 37.40 1.74
2.7.15.18.65 203

WHEAT

Wehcht ~ru~eprotem "., I" Nx6 C -. .S'
.. ~ .• lj :;. :!

• w .. t: ....

g- .I' ~f ;; ,Dt: i .=51,,£_ . ;'" t: l:''' ",'_U
~ ,,~ .. , "",~. :::"1·"

J:~ ~ ~~i E 6'! ~ 2!,:J t
26.9153.8 IO.Ii' 17,69;19.69fC87LOJ .55
27.46 53.7 972 17,73 19.641~.9711.01 .57
35.15 StU 9]616.4618.241.921,05,53
33.4756.3 10.2413.81 15.3811.9011.04 .52

25,55 .56,0 9.85 18.07 20.05 l.SZ .95 .53
25.92 55.7 10.23 17.67 19.68 1.95 1.05 .54
32,68 58.7 10.42 16,48 18.37 1.\.6 105 .51
3J,5756.3 10.5913.53 15.14 1.93 1.06 .53

26.Cf1 S83 10.7816.91 1896 1.84 .98.SO
2ll6155.3 9.91 15.39 17.091.88 .98 .51
3252577 10.39 14 78 16.50 1.93 1.02.51
31 73 58.5 10.48 11,49 12.82 1.95 1,(H .56

FLOUR
-"-,-, GI~

~ .~ ~ 'ij-- g
.. ii .. £ ll. t "0
~!I ll. ... ,,:

l-o 'P.' ";; -0:;,.0;.0;:; Q

.57 13.97 49.85 15.91

.57 1424 51.OJ 16.64

.57 12.84 43,66 13.R9

.56 11.20 36,76 13.51

.5314.1951.80 16.69

.53 14JO 53.33 17.23

.51 13.4646.60 15.15

.48 1I.SO 37.25 12.48

.51 13.10 45.3316,01
47 11.91 40.05 14.62
.52 11.754223 IS.53
4599231,231145

§
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~
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protein content fell off very sharply. The protein content of all samplu
grown with normal amounts of irrigation water and less, was remark
ably high. That of samples from the plats given maximum irrigation
was sufficient to give them unquestioned standing among high-protein
wheats.

In Table 15 arc presented the averaged field and analytical data for
the years 1914, 1915, and 1916.

In connection with the study of this table. the conditions of growth
for the three-year period should be dearly in mind. The soils which grew
these crops. like that which grew the crop of 1913. had been substantially
enriched with nitrogen-containing organic mailer and Ibm the activity of
nitrifying organi"ms soil nitrogen had been put in available foml in sub
stantial amount~ for the wheat plants.

Large increases of water over nonnal amounts incrca.:>ed the a\'crage
yield of straw in each serie,; but not the average yield of grain. In the
increased yield of Sonora for this period O\'er the first three years with
correspondinj:r 3mOUlIl ... of water. there is substantial additional proof for
lhe claim made ebcwhere by Supcrintendent \\'ekh that the duty of water
is increased substantially with an increase in the soil's content of or{."dnic
maUer. The maximum weight of grain was reached in each "cries with

/0

/s

20

f- l- e- 0

f-_

-
f-

-

, 81ue.tt~m 16.1 FIfe 16J Sonora ,,

~
,

,
, - ,

20

PJ6./-,¥,. 1 4- 7 I" 2 S 8 /I " 6 jJ J£
FIG. 7. CrUlle prOlein {'If wheats grown for three ~·ear. whh \'arring amOUnlS

of irrig;lIiOIl wattr. Drawn from dala presented ill Table 15.
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abundance of availablc soil nitrogen. The field and analytical data follow
in Table 14.

Maximum production in 1916 was reached in each series with the
application of the normal irrigation. The kernels attained exceptional
weight with the larger amounts of water. "'ith increase in amounts
of irrigation water over the minimum, there was a decrease in the per
centage of prOlein in the wheat and flour. With maximum irrigation the
nonnal irrigation. In each of the three series grain of remarkably hi"h
protein content was produced with normal applications of water and Ic!"!".
Protcin in the wain fr0111 each series fell off sharply with an increa"'C in
irrigation water over the normal, but with the possible exception of Sonora
not to an extent suffieient to nile the samples grown with maximum irriga
tion out of lhe Itig-h-protein clas!". With the pos::ible exception of ~ nora
gTo\\'n with maximum irrigation, the high protein and gluten content of
the flours would in..urc for them a high place in the e::timation of bakers
who are accu-.tomcd to the handling of strong wheat flours. The mineral
requirement .. of the wheat plants in so far as the grain is concerned «cern
to have been ..ath.fied with tlte minimum application of water.

Figure 7 pre~ents I{raphically the correlation of irrigation and pro
tein data for the!"e three years.

In Figures 8 and 9 the nitrate data averaged for the first three feet
from detenninatiOIlS made during 15 and l6-day periods in )Olay, June.
July and in .\ugu«t and the protein data for the plats gi\'Cll normal and
maximum irrigation are shown for correlation.

TIfE 8EVE~ 1'Et\RS' WORK I~ REHEW

The outstanding facts in the field and analytical data co\'ereo by the
entire time of this inve!;tigatioll may now be summarized for correlation
wherever ~"ihle.

Climate, of course, imposed certain uncontrollable conditions of
g-rowth thruollt the investigation. The more outstanding ones were a low
humidity. high percentage of sunshine and comparati\'ely low tempera
tures during the growing seasons. These conditions, however, were so
nearly unifonn year after year as to merit no further consideration in this
conne(:tioll. The controllable conditions of growth were those of the
wi!. The conditions imposed during the 6rH three years' work wen~

those of a soil rich in the essential mincral clemcnts of plant food but low
in nitrogen and varicd between rather wide limits in its content of mois
ture.

Fl'om seed fairly high in protein at the beginning of the work in
1910, the harvested g-rain from all plats ill each series reached a very low
level of protein in the crop of 1912. Substantial variations in amOunt.s
of irrigation watcr werc without markcd cffect in producing variations
in the protein content of thc harvested grain and flour ground from it.
The irrigation data for 1911 and 1912, averag-ed from dcterminations
made durin" 15 and l&-day periods in June and July and from those made
in early August, graphically prcsented in Figure 10. lend little support to
the notion that there was a concentration of nitrates in zones beyond the
feeding range of the wheat plants. The only tenable cxplanation of the
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FIG. 10. ;-':0. i" parts per million 011 dry soil ;ave-raged for l)Criod~ of 15 :lind 16
days ill ~unC'. )ul,- lind _\ugu~t for the: fir~t three feet .lIId the: ~l1d Ihr« feet of
plats I, I. IJ. and 19. )'c:an 1911 and 1912.

low level of protein reached lies. we believe. in the inadeqnacy of the
soil's con lent of available nitrogen to permit of maximuT11 yields and max
inulin elaboration and storag-e of protein.

In 1913 the soil conditions for growth were Illodif.-cd. The condi
tions that )'car made for a superabundance of available nitrate in the
wheat plats and the wheal profited accordingly, as shown by the cnorl1lOU~
increase ill proteill ;n the product of each plat that year. In each scrie'i
thc plat given maximulI1 irrigation produced grain lowest in protein. For
an explanation of thi~ occurrence one might with reason look for a lell
sened activity 011 the p."ul of nitrifying organisms in the prcscnce of a
l;reater alllOlllll of soil moisture or in the leaching effect of the largoer
applic:ltions of water operating to remove the nitrates beyond the feeding
range of the 1)lalll rOOh. An examination of the nitrate data for that
year, however. Icnds lIO support whatever to the first hypothesis and very
little. if an)'. to the second. ft lllay be that the explanation lies in a de.
creased transpiration of the wheat plants because of excessive amounts of
soil moisture. The sllb~talltially greater amounts of protein in the grain
of all plats ovcr that of the original seed and over that grown from cor-
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,-ponding plats uf the prctl.:l\ing p.:ar all;,wcr in the negativc the qucs·
n rai"ed at the beginning of the work relative to cumulative and perm
ent effects of large amount-; of water 011 the protein content of wheat.
is perfectly apparcnt Ihat however low wheat may go in its content of
otein 1x'causc of adverse tl)lHlitioll~ of growth or because of conditions
hich do not favor the elaboration of protein, it responds immediately to
vorable conditions of growth by the elaboration and storage of max
urn quantities of protein when givell acce~s to substantial amounts of
ailable soil nitrogen.

In 1914 Minnesota Blue;,tem 3nd Glyndon Fife were sub;,tituted for
alouse B1uestem and Little Club. For that )'e3r and the next two years,
we mar judge from the nitrate data for those rears. conditions of
owtl1 were ~t1ch a... to in"ure for the growing wheat plants a liberal sup
y of available ~il nitrob'Cn. at lea... t during the early growing J>eriod~.

'ith nonnal irrigation and less, remarkably high percentages of protein
the har....ested grain were shown each year. In each series maximum
igation produced grain of lowest protein content but always grain suf
iently rich in protein to in'iure for it a high standing. In a final attempt
establish a definite and fundamental reason for this dedine in protein
m the applicati0n of the maximum amounts of water in soils rich in
rate nitrogen, the nitrate data for the three rears were very critcally

.J.mined. The data for 1914 and 1916 ~upport, to some extent, the no
n that heavy applications of water tend to remove nitrate nitrogen from

feeding range of plant root... Figure II is based upon the nitrate
ta for these two years a\'eraged for the first three and the second three
t for whatever detemlinations were made in 15 and 16-day periods in
y. June. July and in early ,\ugust. L"mnistakable proof, however, of
leaching efreet of the irrig-ation water upon the nitrates in the surface

t of soil to the detriment of the growing plant is not in our judgment
hlrent. A fundamental reason for the falling away of protein when ex·
sive applications of water are given under the conditions noted has not

been established.
At the end of "even years of R"rowth with an average annual applica
of irrigation water ex:cee<!illg 2~ acre-feet, the Sonora was decidedly

ler in protein than the original seed. Minnesota Bluestem and Glyn-
I Fife with normal irrigation <levcloped greater weight and at the same
e substantially greater amounts of protein than were contained in the
ina I Minnesota-grown seed. J\toreovcr, the maximum irrigation given

-e ('1'0 varieties failed to lower the protein content below that of
original seed and to reduce the average protein for the three years

lW the average for the sallle varieties grown the same years at Ulli.
sity Farm, 1\linnesota.•

Bulletin No. 103, Idaho Experiment Station.
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CONCLUSIOSS

Since this investigation was conducted under field conditions that are
idcnlical with those which confront lhe settler on the raw lands of our
irrigation projects on the Snake Ri\'er plains, the results secured and our
field observations in connection with them warrant several "ery definite
conclusions regarding the possibility of growing a better quality of wheat
for milling purposes with irrigation,

1. The general run of wheat grown with irrigation in that part of
lhe intermountain section represented by the snake Ri\·er plains is soft
and starchy and unquestionably low in protein, therefore, of relatively low
value for flour-making purposes.

2. Growers and millers are not right, however, in as;:lIming that
low-protein wheat necessarily results from the practice of irrigation. Ac;
a maller of fact irrigation is not the controlling factor in determining
what shall be the protein content of the harvested grain.

3, In the course of their development irrigation projects produce
and market large amounts of wheat from practically raw sagebrush soils
soils whose content of available nitrogen is always low. Regardless of
the 3mount of irrigation walcr used, wheats from soils of that kind are
invariably low in protein.

4. A much better quality of grain is possible as soon as g-rain is
brought into rotation with alfalfa or red clover. The sod of the!\C legume<;
tllmed under and the activity of nitrifying organisms pro\'ide for the
R"fowing wheat plants a substantitally greater supply of available nitrogen.
Protein elaboration is stimulated somewhat in proportion. Careles;:ness
in the use of irrigation water ma)' offset to some ex.tent, 11Owe,'er. the ad
vantage of otherwise favorable "Oil conditions for max.imum protein
elaboration. The climate of the irrigated sections is favorable. The es~

c;ential soil conditions for high protein wheat are easily within the con~

trol of the irrigation famler. Fortunately soil conditions which favor
maximum protein elaboration arc abo those which favor maximum pro
duction.

5~ However. "deteriorated" in quality a really ~ood variety of mill·
ing wheat may be irom growth with irrigation on roils depleted of avai1~

able nitrogen. seed from it will respond with the production of maximum
amounts of protein for the variety if gi\'en the favorable conditions oi
growth indicated in the preceding p<uag-raph. There i .. nothing to be
gained by the irrigation farmer hy importing seed of thal varietv from
di"tanl localities. .

6. There is much 10 be g-aine(1. however, by irrig-aliol1 farmers from
the 1119re rigid selection of varieties on the basis of weB recognized milling
value. The notion thal low-prolein wheat and irrigation practice are in
separably linked is largely respon"ible for the carc\essrle,>s so frC(lllently
shown by irrigation fanner.. in the selection of varieties. Bushel for bushel
the hard red spring wheats at their be:o.l c01llmand a ;;lllllcwhat hi~hcr
price, and when used properly. can be ll1:uJc to go much iurthcr than the
soft starchy \'aric:ties in feeding a hunKl)' world, In till: lil.:"lll ,)f thi ... inH:'-
tigation we would not question the ability uf the careful irri~ati()l1 fanner
10 grow the highe~t quality of til(.' hard red spring wheat,-, Itt lite ah ....ellCC
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of positive proof that the hard red spring varieties will hold their own from
the standpoint of production in comparison with the better classes of
white wheats, always popular with the irrigation fanner, we do not wish
at this time to urge their introduction and growth except for trial. Tn this
connection it is well to emphasize the fact that the white wheats will also
respond to favorable conditions for protein elaboration. White wheats
rich in protein. we venture, will command a premium among millers in
the intennountain state~ if grown in sufficiently large quantities to com·
llIand their attention.

7. L'nquestionably there arc large amounts of high-protein wheats
being grown 1I0W 011 the older irrigation projects under conditions we
ha\'e outlined above. It is doubtful if the growers realize 011 them as they
should because they :l.re lo!>t in the larger amounts of low-protein wheaL..
trrown on soils not yet brought into rotation with alfalfa, red clover, or
other leg-ume~. \Yhen the requirements for high-protein wheats arc more
generally 1II1der~lood. and the irrigation projects reach that point in their
deYelopment where there is no more raw sagebrush land given over to)
wheat production, and undesirable milling varieties have been eliminated.
this matter will right itself. In the meantime growers on any project who
really de~ire to grow high1>rotein wheat might with profit to themseh'cs
foml an organization that would force the attention of millers to their
product.
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