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IRRIGATION AND THE PROTEIN CONTENT
OF WHEAT"

By J. S. Joxes, C. W. CoLviR, 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 consideration of millers and grain men generally in inter-
mountain sections and will continue to do so because there is in cultivation
at present a small fraction only of the acreage that can be successfully
farmed with irrigation. The general run of irrigated wheat regardless of
the class to which the varieties may belong is plump and relatively heavy.
1t is unfortunately at the same time soft and starchy and because of its
relatively low protein content is almost invariably sold on markets that
do not stress strength in wheat flour. The irrigation farmer has no par-
ticular reason for dissatisfaction with the money return for his crop;
yields are good and the demand for wheat so great that any 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 bushels of hard wheat, or of wheat substantially richer in protein,
would net him yearly a handsome sum over that which he now receives.
Wheat is so generally 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 shortage, the greater 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-
ly in the minds of wheat growers and millers generally the notion that
irrigation and pronounced starchiness of kernel are inseparably linked.
The unreasonableness of that view, the scarcity of evidence in support of
it, and the growing importance of irrigated wheats in this State sug-
gested as far back as 1908 the present investigation. It now seems cer-
tain that there is nothing fundamentally incompatible with irrigation, as
it may be practiced in southern Idaho at least, and the notion always held
by a few that wheats of high protein content are possible with it, and
under conditions of growth, too, that make for maximum yields.

Incidentally this investigation contributes very substantially to a bet-
ter understanding of the factors which control in protein elaboration by
the wheat plant under any conditions of growth.

THE LITERATURE REVIEWED

_ The literature is not particularly rich in reports of investigations
which sought to establish relationships between irrigation practice and
the composition of plant parts. It is much richer in reports of investiga-
tions and observations which bear somewhat indirectly upon the ques-

* The manusecript for this publication was presared during the earl

months of 1918 by J. 8. Jones, then director and chemist 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 and are very 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 too
largely upon general observations and is for that reason not convincing.
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 questions relative to quality of grain important economic
ones in the intermountain states. We have assumed that it would serve
no useful purpose in this connection to review any other than the more
recent investigations.

Widtsoe (14) in 1901 grew a variety of wheat called New Zealand
in Cache Valley, Utah, with 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. Tt is underlaid with coarse gravel to a depth of
300 feet. Widtsoe noted differences in the protein content of the har-
vested wheat kernels 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. With 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 England was
one of abnormal rainfall and sunshine and that the season of 1904 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 observations. He rejects the notion that rainfall is the
determining factor where quality in milling wheat is concerned and points
out the fact that the rainfall at St. 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 wheat.

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-
ence of .47 per cent of nitrogen in favor of the wheat grown in the drier
regions. He notes also a difference of 3.3 per cent in the average pro-
temn content of seven samples from irrigated sections when compared with
seven samples of the same variety grown in as many different localities
in the western states without irrigation ; the non-irrigated samples were
richer in protein. A still greater difference was noted by him when irri-
gated and non-irrigated Durum wheats grown in Mexico were compared.
Again LeClerc found that between samples of Kubanka wheat grown in
Idaho and Colorado, with and without irrigation, there was an average
difference of .73 per cent of nitrogen in favor of the dry-farmed samples.

Shutt (11) concluded from his work with Red Fife and Kharkof

grown at Lethbridge, Alberta, in 1908 on dry-farmed and irrigated land
that irrigation lowers the protein content. From this work and earlier
determinations of protein in wheat grown on new and old lands, Shutt
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reached the conclusion that soil moisture is a factor of great importance
in determining the protein content of wheat.

In 1908 Jones and Nelson (6) of the Idaho Experiment Station
grew on the Caldwell Substation in the Snake River valley of southern
Idaho, Palouse Bluestem and Little Club each in seven plats with varying
amounts of irrigation water ranging by differences of 3 inches and
6 inches from no inches to 24 inches. The rainfall in that section of the
State is practically negligible for crop-growing purposes. The badly
shrunken samples from the plats to which no water had been given in
all cases but one were highest in protein. The analytical data on all
normally matured samples furnish inconclusive evidence on the influ-
ence of irrigation water on the storage of protein in the wheat kernel.
In no instance did the application of least water produce wheat of the
highest protein content. The 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 comment as indicative of the possibilities
of high-protein wheat on irrigated lands.

Shaw (10) conducted experiments with six different types of wheat
on the University Farm at Davis, California, during the season of 1908-9.

For each type, plat A received 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 is the amount
of rainfall which, however, we find from Weather Bureau reports to have
been 12.36 inches for the time intervening between sowing and harvesting.
A part of each plat was cut early, June 24; the 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 is lowered. For
the early-cut crop the average percentages of protein for the six types
from plats A, B and C were 14.56, 13.11 and 12.77 per cent respectively,
(all presumably reduced to the dry basis). For the late-cut crops the

corresponding figures are 14.83 per cent, 14.44 per cent, and 14.04 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
and other fertilizers. From his analytical data he concludes that the ap-
plication of nitrates or other nitrogen-containing fertilizers is without
effect in increasing the protein content of wheat.

Stewart and Hirst (12) grew ten varieties of wheat on the Green-
ville farm in Cache Valley, Utah, with the application of no inches, 15
inches and 25 inches of irrigation water, The averages for the protein
content of the harvested grain were 1545, 14.35, and 14.00 per cent
tespectively. Corresponding averages for the flours resulting from the
grinding of the wheat samples were 13.62, 12.92, and 12.63 per cent.

Howard (4) and his coworkers, from work conducted at several 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 Wales, 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 several wheat-growing
districts of the State with rainfall during the growing season ranging
from 4.5 to 15.22 inches. The wheats had their percentages of flour de-
termined and the flours their percentage content of gluten 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 summary of wheat investigations conducted in
Washington from 1906 to 1912 inclusive correlated the rainfall of eastern
Washington between 1905 and 1909 with the average content of protein
in wheat samples secured during the same years. He reached the con-
clusion that the protein content of wheat in eastern Washington de-
creases with increase of rainfall.

Bailey (1) in a similar manner correlated data on the rainfall of
the different wheat-growing sections of Minnesota 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
vear. His conclusions are that on the whole increased rainfall in Min-
nesota is accompanied by relatively lowered protein content in the har-
vested grain.

Harris (2) from his investigations of wheat conducted in pots under
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 372 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-
ently 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-
cured 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 are 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, LA

b
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of samples of Dicklow wheat grown in southern Idaho in 1913 in duty-of-
water investigations. The amounts of water used in growing the grain
srom which Headden secured samples ranged from .66 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 the
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 8.94 per cent, were
grown with 1.62 acre-feet and 2.34 acre-feet of water respectively.
Turkey Red grown the same year in the same line of investigation with
47. 89, and 93 acre-feet of water produced grain containing 10.56, 10.57,
and 10.65 per cent of protein respectively.

In 1914 Headden again secured samples of wheat grown in southern
Idaho in duty-of-water investigations. This time the samples were of
the Marquis variety, grown on 6 one-tenth acre plats with 1, 2, and 3 acre-
feet of irrigation water with barnyard manure amounting to 15.7 loads
per acre, and without manure. The irrigation season for the different plats
was between June 2 and July 16 for those given 1 acre-foot, between
May 21 and July 15 for those given 2 acre-feet, and between May 11 and
July 15 for those given 3 acre-feet of water. The number of irrigations
for the 1, 2, and 3 acre-feet applications was 3, 5, and 7 respectively. The
grain ripened July 24 and 25, 114 days from the time of planting. With-
out exception the development of the grain was good in so far as could
be determined by weight of kernel. Yields of both straw and grain were
increased with the 2 and 3 acre-feet applications and still further increased
by the application of manure. The protein percentages of the harvested
grain for the unmanured and the manured plats were 10.42 and 10.55,
10.52 and 10.81, and 10.52 and 11.93 from plats given 1, 2, and 3 acre-
feet of water respectively. In summation of his work with irrigation,
Headden concluded that neither the amounts nor the distribution of irri-
gation water makes any material difference in the composition of the
grain. ;

From extensive experimental work and a large number of analyses,
Headden is strongly of the opinion that the soil's content of available
nitrogen is the determining factor in the elaboration of protein by the
wheat plant.

Widtsoe and Stewart (15) in extensive experiments conducted on the
Greenville farm in Cache Valley, Utah, to determine the-effects of varia-
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 30 inches of
irrigation water in addition to the normal rainfall of 15 inches. From
their analytical data they conclude that the protein content of wheat is
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 soil
organic matter rich in nitrogen hard wheats of the very highest quality
are possible with irrigation. Some remarkably high percentages of pro-
tein are recorded for the years 1914, 1915, and 1916 for Minnesota
Bluestem and Glyndon Fife grown with normal irrigation.

£ Sl




ARl 00 Tl 5,}"‘?"1_‘4': i -';-'J:_:l:.‘-gl—‘fl . --""i‘.-' 2ok
e S b
j 0

AP T o

TR R S BT

IDAHO EXPERIMENT STATION

From this review of the literature it is perfectly apparent that very
divergent views are held by the various investigators in this field regard-
 ing the influence of irrigation water upon the composition of wheat.

=4 EXPERIMENTAL
e The lease of a forty-acre tract of raw sagebrush land two miles south
. of Gooding by the Experiment Station in 1909 for. the condu::t of ex-
. perimental work in the irrigation of farm crops provided splendid oppor-
" tunities and the necessary facilities for the conduct of this particular piece
 of work. Most fortunately, too, the conditions under which the work
 was commenced are essentially identical with those which confront the
man who takes up raw land in the semi-arid regions of the intermountain
| states for conversion into farm land. Moreover the conditions prevailing
" on the Gooding farm at the close of our experimental work were precisely
" those which prevail after a similar length of time on the average irri-
. gated farm in southern Idaho whose owner brings to his task of develop-
"~ ent a keen appreciation of the needs of these lands for enrichment with
L nitrogen-containing organic matter. The investigation is directly applic-
- able to irrigation practice.
The tract of land on which our experimental work was conducted
"~ was known between 1909 and 1917 as the Gooding Substation. It lies
at an elevation of approximately 3600 feet in the Snake River valley a
little nearer the western than the eastern border of the State. The sur-
® face soil is 2 medium clay loam. It has a fairly heavy clay subsoil and is
" underlaid at a depth of 10 or 12 feet by the basaltic lava rock that is char-
—' acteristic of southern Idaho. The farm is fairly representative of the Snake
River piains area on which wheat and other small grains are extensively
. grown mostly with irrigation. The average annual rainfall between 1910
.~ and 1916 inclusive was 9.2 inches. From 1911 on, the farm was under the
superintendency of Mr. John S. Welch to whom credit is due for cordial
cooperation in planning and executing the field work. The work was
-~ commenced in 1910 and was continued without interruption or serious
" nishap thru 1916. The objective points at the beginning of the investiga-
3 tion were: (1) Additional data in support of or against the commonly
- held opinion that low-protein wheat invariably results from the practice of
* irrigation, (2) fundamental reasons for the influence of soil water on
 protein formation, and (3) the determination of cumulative effects on
| protein content from the application of varying amounts of irrigation
. water. As will be noted later, our ideas regarding the fundamental prob-
~ lems involved underwent some revision with the progress of the work.
Its completion put us in possession of a somewhat different kind of in-
~ formation than we anticipated at the start.

7 Plan of Work.
i The plan of work was comparatively simple. It involved (1) the
. growing of three varicties of wheat side by side in several plats one-fifth
~ and one-tenth acre each in such manner that varying amounts of irriga-
- tion water could be applied from no inches to as much as the soil could
" be made to absorb canveniently; (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 the
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.

/ 2 3 ¢\ s\6|7 8|2 |m|w|re|\w|mw|i|re|r7| 18| 12|20 |82

Fic. 1. Plan of planting followed in 1910, 1911, 1912, and 1913.

Figure 2 shows the planting plan for 1914, 1915, and 1916. The ori-
ginal seed of the Sonora, grown for the entire seven years, and of the
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Fic. 2. Plan of planting followed in 1914, 1915, and 1916,

Palouse Bluestem and Little Club, grown for the first four years, was
purchased from the Caldwell Milling & Elevator Company. Seed for the
Minnesota 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 Moscow where those varieties had been grown
for several years from seed originally secured at University Farm, Min-
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nesota. The seed was sown each year at the rate of 90 pounds per acre
with a common grain drill. All irrigation water was applied by flooding
between borders and was very carefully measured. For nitrate determ-
inations ,soil samples were taken with a King soil tube. The nitrates were
determined colorimetrically in an especially fitted-up laboratory in the
basement of one of the Gooding public school buildings. At threshing
time samples from each plat were retained for analytical and milling work
as was seed for sowing on a corresponding plat the following season
In the analytical work the greatest emphasis was placed upon protein de-
terminations in the wheat and flour and the greatest importance is now
attached to those determinations. The total ash content and the per-
centage of phosphorous as PsO: and potassium as K:O were made each
vear to determine any possible relationships that might exist between
irrigation and relative amounts of these constituenis of the grain. The
total ash was determined on each flour sample mostly as a check on the
closeness of the milling operations,

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

The Crop of 1910.

The crop of 1910 was grown on raw sagebrush land well prepared
of course for irrigation and planting. Nitrate 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 clearing and leveling, its nitrification during
the first year of cultivation must be rapid and of distinct benefit to the
first crop. It is the common experience of farmers on semi-arid lands
that yields of grain decline sharply from the first crop until the soil has
been enriched with some form of organic matter. The reason unques-
tionally is the depletion of the small amount of available 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 Bluestem and Little Club ranged
from July 24, for plats given no water, to August 2 for plats given the
q‘!o;lt \lvater. The analytical data for the 1910 crop are presented in

‘able 1.

From the increase in weights per 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
normally 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
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Table 1. Field and Analytical Data on Wheat and Flour, Crop of roto.
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7|294|Bluestem 713|23.26| .99 27.14/5314110.25/12.07|13.45|2.08/11.05{.62 | 9.94| 59| 9.84/37.59/11.95
10|295| Bluestem 842/30.40/1.29 31,18(55 [10.45/11.80/13.18/2.00|....|... | 10.17] 50| 9.85/38.41/|12.56
131296 Bluestem 1.210(33.33(1.20 35.74|57 [10,35/11.09/12.37{1.94| .99|.57 | 9.90{...| 9.16/35.10/11.24
16/297| Bluestem 1.435(33.50{1.60 35.84/5614110.30/10.83|12.07{1.99|....|... | 9.98]|.52] 880|33.75/10.80
19|298| Bluestem 2.486/33.00(1.19 36.40(57 | 9.85/10.4411.58/1.94/1.02[.59 | 9.86| .54| 9.20|31.5410.02
L2121 Eittle Club¥ et s vy R e 13.03[16.4011:50] "92063 | viis o] wiailivnia]s onnal sidtsise
3/301 |Little Club .000| 8.07| .34 19.74/53 |10.20{12.94{14.41{227|....|... | B.68|.64|11,32(47.17|15.22
6/302| Little Club 434/20.45| 89 21.74|54 110.20|112.59|14.02|2.16/1.06|.67 | 8.62| .57|11.28|42.57|14.25
9/303| Little Club .594/22.65| 86 27.90(58 [10.40(12.40/13.84/2.07|11.03/.58 | 8.90|.54|10.92|43.80|14,42
12|304|Little Club 907)30.40(1.07 28.46(57 110.30(12.02{13.40/2.02|....|. 8.84|.55/10.48/40.18/12.50
15/305|Little Club 1.091(35.001,22 30.44|584(10.35/11.0912.37{1.95{1.03|.60 | B.91|.53| 9.62|36.76|11.40
18306 Little Club 1.786137.63(1.29 31.02(59 [10.90(10.53|11.82{1.97].. .. 8.94| 52| 9.56)36.49(11.77
21|307 Little Ciub 3.010143.91|1.45 31.56/58 |11.05]11.09|12.47|1.94{1.00.59 | 8.96|.52| 9.36/34.13|11.00
w2131 Sonora%, (0 Lol 37.94|....| 850/10.24/11.19/1.80| .96|.50 (
2|283|Sonora 000110.08] .31 | 27.12|58 | 9.90| 9.40/10.43[1.57] .95/.52 | 9.11].52]10.04/34.43/10.86
5/284|Sonora 352120.45| 41 28.00(5914| 9.30(11.40(12.57|1.82|....|... | 9.17|.54] 9.72(35.18/11.21
81285/Sonora .533|20.63| .63 31.78/6015| 9.45/11.14/12.30/1.94| 95,50 | B8.55|.57| 9.84/35.73111.67
11|286|Soncra 945123.86| .74 32,14|6014110.20/11.40/12.70{1.90}....|... | 8.68| 49| 9.24/33.07/10.68
14/287|Sonora 1.100/32.20/1.06 35.52/60 | 9.80/11.32{12.55/1.88] .96/.48 | 881|.49| 9.64 33.5811.22
17|288|Sonora 1.601/34.50(1.33 34.28(58 | 9.90(10]44]11.59(1.87]....}... | 891 .56/ 8.80]/30.79/10.88
201289|Sonora 2.355/3500'1.14 35.20/61 | 9.05]10.65111.71/1.98/1.001.50 | 8.72| .59/ 8.72|30.60(10.32

(FL0¥d dHL ANV NOILVOIYYl
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* Original Seed.

81




IDAHO EXPERIMENT STATION

4, ZOL L

S0

Table 2. NO-=in parts per million on dry

o el L S

PO ot s O 00

' O 090 OV

— 0 N

o s

L b el =

M= OO AN IRNT CHMOOO

NN NSt
e

-

a |w _uo.l.Jﬁ.JJ, Mo =L

uuub .l..f._..lla;_l?.?— — et

3] kaltll
—_ I NR0G Py aind.
36). P, N o i S e N
b

5 -

= _

) SO iy~ O —~

v N 0

NI 050000
L in Kot ot B Ve

Pl o o 00 ON e vt = O 2P0

&c

m Lo

=) = =— e

w» rogwnmmts N SR IGo OO
B NewvginN mernvngd vidgoond
e -
-t

MR ogenen ANNINTMO] oo onemny

Periods for which nitrate data were averaged*

saadag o

nos  Lqg

=N WO =N YTWO

— NS N O

1932000 |+ ) 2 S SfN kAL SR : ) ) M) i ¥ SOk - Sy
‘uopuiy __::,_l”“m..”“ S SN oy ..“M. { r R WA m 3l
i e e | SR S : S s R S N Tt
E%iE;_“u””” i B Al e il : SR e e ey :

Jo sequny T - TR o : R s e Y - .

_. . .. * s . . . . . o o - .

RTrE T e . : e . ;

; _ Ch ool S Ty A e SRR s ‘2 T [y AL HM s o

i B B T e e Ty Bl e 5 e B T e T 2disit T

" L] « = » LY . = . . . L . . . [ . . - v . P .

etermination of their nitrate content on the

.d6.1?. 12, 15, 20, 22, 26, and 28; July 6, 10, 12, 17, 20, 24,
5

June 1, 3
and 27 ; and August 1, 8 an

* Samples were taken for the

following dates:



IRRIGATION AND THE PROTEIN CONTENT OF WHEAT

same relative position as the wheats from which they were grown. Al
maximum yield was possibly not obtained for the Little Club.

The Crop of 1911,

The crop of 1911 was grown on land that had been cleared of sage-
brush in 1909 and used for barley and oat plats in 1910. It was plowed
in the fall of 1910 and prepared for the wheat plats in the spring of 1911
by thoro disking. All plats were sown on March 25. The first irrigation
was given June 1, the last July 27. The number of irrigations ranged
from one to ten. There was a range of four days in the dates of ripening.
Nitrates were determined in foot cores to a depth of six feet in all Blue-
stem plats; the data averaged for arbitrarily chosen periods of 15 and 16
days appear in Table 2.

It will be noted that the supply of nitrates was low even at the be-
ginning of the season. So low indeed was the supply that it is doubtful
if the plants at any time had an adequate amount for maximum growth.
The barley and oat crop of the preceding year of course drew heavily on
the small stock of nitrogen originally present. The field and analytical
data are given in Table 3.

With the exception of 3 plats, No. 19 in the Bluestem series and
Nos. 2 and 20 in the Sonora series, the product of each plat in 1911 was
lower in protein than the seed from which it was grown. A lower yield
of both and grain and straw was also noticeable on most of the plats.

The Crop of 1912,

The crop of 1912 was grown on the same land that grew the crop
of 1911. The ground was plowed in the spring, disked, harrowed, and
floated in preparation for planting and irrigation. The borders of each
plat were identical with those of the corresponding one of the preceding
season. The sowing was made April 1. The first irrigation was given
June 3, the last July 25. As in 1911 the number of irrigations ranged
from 1 to 10 and again there was a range of 4 days in the dates of ripen-
ing. The nitrate data are presented by periods in Table 4.

The concentration of nitrates was again very low.

The field and analytical data are given in Table 5.

The yield of grain on most of the plats was heavier than on cor-
responding plats of the preceding season, but as a general rule the yield
of straw was lighter. For the major portion of the plats the yields of
both grain and straw were lower, however, in 1912 than in 1910. With
the exception of plat 4 in the Bluestem series and plats 3 and 6 of the
Little Club series, the product of each plat appeared to be normally
developed. In general there was a still further decline in the protein
content of the grain from each plat, but variations in the protein content
of the grain were not strictly in keeping with variations in the amounts
of irigation water used.

For reasons that will become perfectly obvious in the discussion of
1913 and succeeding years' work, the field and analytical data for 1910,
1911, and 1912 have been summarized for presentation in Table 6.

In studying this table it is well to remember that thus far the soils
on which these wheats were grown had undergone no treatment looking
toward their enrichment with organic matter over their original very low
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Table 3. Ficld and analytical data on wheat and flour samples, crop of

IQII.
No. | Yield WHEAT FLOUR
i _ Weight Crude 1 _ Gluten
i 0 ) protein g . e i o
&g 5w @ Nx6y | & |§ |E £ e8| 8 £
S £ * e | 2 (a3 T e o T IS 8% 5o o
5 S< |Bal 22 lgf | legl g |28 lasl®eoe]| €8] 5] & =
2l 2 |gg |22 22 | £|28| 8 [zg|e|c¥egEE K s ) 2 S
w2 ad |[EL | Brl s | olB8] 5 slsleslosldgl 252 | &
gfdl = e 5" || &% | £|2%] & [SE|Z(ZHIHSK|E |55 2| & 5
1/462| Bluestem 0.000[15.87[ .70 | 3246|56:| 8.00]11.41|12.53|1.99/1.08].57 | 10.30] 43| 9.27|33.03112.59
4|463| Bluestern 479|1847| 78 | 30.38/53 | 9.68(10.96/12.14/2.01....|... | 10.48| .45| 9.50128.83(11.22 g
71464| Bluestem 1.285|22.05/11.00 | 35.10/57%| 9.00(10.96/12.05|2.02/1.06/.57 | 10.51| .40| 9.59/30.58/11.88 &
10(465| Bluestem 1516(22.85| .92 | 34.82|5714| 9.14/10.53]11.59/1.99....|... | 10.35| 40| 857/|30.67]12.97 =1
13(466/| Bluestem 1.737126.08{1.00 | 32.96/58Y%| 8.72{10.35]11.34(1.98/1.06/.57 | 9.99| 40| 8.29130.91|12.65 o
16/467| Bluestem 2.558|24.54/1.16 33.80|57 | 877|10.27|11.26(2.05|....|... | 10.73] 45| 8.05/29.51|11.79 =
19I 468|Bluestem 2.820{17.03| .58 | 34.86/58 | 8.7311.23/12.3012.00(1.06/.59 | 10.24] 46| 9.22|35.87|14.04 %
3[471|Little Club |  0,000[17.72| .72 | - 23.38/57 | 8.88(11.23/12.33[1.99/1.07/.59 | 10.10] .51 8.98/28.24/10.23 =
6/472|Little Club 41712142 76 | 259658 | 8.14{10.88|11.84{2.02|....|... | 10.08] .50| 8.66/27.02|10.27 9
9/473|Little Club | 1.148/28.49/1.05 29.40(57v4| 8.81/10.62(11.65/1.96|1.02/.61 | 10.34| .46 8.6625.69] 9.95 >
12|474|Little Club |  1.451{30.55{1.05 | 28.98(5714| 843(10.35/11.30/2.09....|... | 10.31| .47| 882(25.52|10.02 &
15/475|Little Club | 1.842126.06| .95 | 29.18/58 | 9.32|10.09/11.13/2.04/1.06/.58 | 10.34| 50| 8.64/26.46/10.37 5
18/476|Little Club | 2.161{18.99| 64 | 2890|5714 9.48/10.18/11.25(2.10(.. ..|".. | 1035 .48| 8:82|26.29| 979 >
211 477|Little Club | 2834{16.14| .56 | 2072|538 | 9.27/10.96/12.08/2.07/11.00.56 | ©0.08| .45| 8.8020.92{11.50
2|453|Sonora 0.000{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 37911826 .57 | 31.40]60 | 845/10.35/11.331.95)....| ... | 11.33] .38| 8.11|27.98/10.82
8/455(Sonora 1.184/19.80| 78 | 34.88(59 | 9.45(10.18/11.24/1.97|1.03|.52 | 10.69| .46| 811(27.71/10.52
11{456| Sonora 1.374/23.15| 96 | 35.50{60 | 9.12|10.44/11.491.96!....|... | 10.49| .50| 8.31|27.18!10.50
14/457|Sonora 1.861(18.86| .79 | 34.50{5914| 9.27]10.18]11.22|2.03/1.06].55 | 10.42| 49| 8.15|27.91|11.16
17/458|Sonora 2853|22.51| 92 | 3450{60 | 9.38] 9.92(10.95(1.97|....|... | 10.59| 46| 7.87|26.82|10.29
20/459|Sonora 3.156/13.29| .53 | 34.28|60 | 9.20/11.76/12.95|2.09/1.12].55 | 10.18] .47| 9.16]26.30]10.43
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Table 5. Field and Analytical data on wheat and flowr samples, erop of 1012.
No. | = Yield WHEAT ‘ FLOUR
\Vmg’ht Crude I T . G[uten
2 - | protein = I o ‘E‘. = 1
g E<l8as |82 |88 | |8l 2 (288 |5 |28l s8|s|ay £ g

£ B et o2 Mo =i S N I R O et - - 1 e 8 s iy e -
st 28184 B | d |5 |2g| 5 (285 (8o 2|3 £ 8 S
S e 3 Be (Y |a< | A | & |28 & 54|32 D28 5&]|2]5% B | S =
1498 Bluestem 000/18.13| .54 | 3470(367%(10.41| 9.21[10.28[1.90[ .93[.54 | 13.19] .44|7.36/26.82| 8.86 =
41499| Bluestem 589/1840| 63 .| 3130136 | 981| 9.12(10.11[101]....|... | 13.14|.43(7.12|24.47| 8.16 =
7|300| Bluestem 1.244/25.51| 99 | 37.90(56 | 9.13| 9.82/10.81|1.97/1.03].56 | 13.16].49]7.92/29.23 9.55 “
10{501|Bluestem 1.275|2542| .99 37.80|5814| 9.66| 9.48/1049/1.91|....|... | 13.00|.49|7.44/26.68| 8.78 r?:
13(502| Bluestem 1.806/124.07| 91 | 3836/58 [10.55(10.18/11.38(1.01(1.01|.57 | 13.13(.56|8.40/30.20|10.11 =
16/503| Bluestem 2.381/27.54{1.00 38.16/59 [10.4910.18{11.37;1.92{....]... | 13.05].50/8.16{30.05| 9.95 E
19/504|Bluestem | 2.638/3371{1.18 | 41.14/....]10.11] 9.82/10.93|1.94/1.02/.58 | 1320.51|7.76/28.12| 9.37 =
3I 512I Little Club]  .000[17.37] .50 | 25.90|5514] 9.60] 9.04/10.00|1.88] .93/.56 | 13.37|.48(7.04(22.60| 7.45 5
6/513|Little Club A481/18.71] .60 28.88[57 | 9.00( 9.21/10.12/1.96]....]... | 13.21].45|7.36|27.53| 8.95 ”
9|514|Little Club| 1.273[23.46] 75 | 31.26/58 | 9.83| 9.74/10.801.99/1.01/.60 | 13.70|.53(7.84/31.34|10.51 -
12/515/Little Club| 1.272]|24.46| 81 31.40(5814(10.00| 9.4810.53(2.02|....]... | 13.90.51|7.52|30.90|10.58 =
15/516|Little Club| 1815/2648| 92 | 3230[58%4| 9.67|10.18{11.27(2.01|1.01|.61 | 13.55.57/8.16/34.04|11.40 =
181517\ Little Club] 2.146]25.60] .92 -| 31.60/3814| 9.36| 9.65|10.65/2.00]....]... | 13.44| 48|7.68/30.34| 9.98 Q
21/518{Little Club| 2.436|30.76{1.08 3198|5714 9.24[{10.09{11.12{2,07]1.04].61 | 13.48|.51|7.60/31.20{10.18 “

21I505 Sonora .000{15.21] 41 33.94{58 [10.04| 8.86| 9.85/1.78] .94/.50 | 13.49|.44|7.68/24.00| 8.43

5/506|Sonora .343120.12 .55 3444158 | 9.73] 9.12{10.10|1.87]....]... | 13.64].52|7.60|25.57| 8.66

8|507|Sonora . 1.190{20.13| .56 3684160 | 9.04] 9.56/10.51/1.9211.03|.54 | 13.32|.50|7.84|28.35| 9.34

11{508|Sonora 1179|2059 64 | 37.16/60 | 9.31| 9.39(10.35(1.96|....|... | 13.49].50|7.44|25.63| 8.36

14{509{Sonora 2.125124.73| 82 37.44/61 981| 9.92/11.00/1.95/1.03|.54 | 13.19].53|8.00[28.21| 9.10

17{510{Sonora 2.216/29.51/1.06 38.20{60 [10.15]| 9.82(10.93]1.93|....]... | 13.03].66 8.48|]29.18 9.18

20{511{Sonora 2.798|29.67|1.00 37.04/60 | 9.51| 9.65/10.66/1.9411.00|.54 | 13.22] 59]|7.68|27.49| 8.38




Table 6. Awverages for fiield and analytical data on wheat and flour samples, crops of 1910,
rori, and 19r2.

No. | : Yield WHEAT FLOUR 3
¥ = _ Weight Crude _Gluten -
o ; rotein o s 1l 1 A
' 82 TR Nxoi |5 |5 |4 g |58 % | ¢ £
3 S lug L uglel [Tlesls 125] s [osl®el exl L|2E ¢ |2 <
gl f A la™ ] 8 ® gx Elg¥) 8 po| 2 28afEE areet &7 'k S
il % 58 |84 | EJ| g% 28|y 1255 [Sslesl iyl g |B8| 8 | 5 i
aldl 8 68 (89 [ 54| B8 | SEl 8 |sd(3 22383k 3 E‘A |k 2
C.[211|Bluestem | ..... 38.30L.. . [ B39[11.81(12.89[1.54] 4163 | .oval voil il o
1f...[Bluestem .00013.67| .52 29.93154.8 | 9.44/11.23(12.39/11.93]1.00\.57 | 11.19] 48| 9.24|34.46/11.73
4. ..|Bluestem .533/18.52| .75 2894/53.8 | 9.58/10.73(11.86/1.99(....|... | 1124| .48| 9.12!31.24/10.88 - g
7). Bluestem | 1081123611 99 | 33.38/55.7 | 9.4610.9512.10/202]1.05] 58 | 1120] '49] 0.13/32.46/11 13 &
10|...|Bluestem 1.211/26.23(1.07 34.60/57.0 | 9.75/10.60/11,751.97|. . .. 11.17] 46| 8.62(31.92/11.44
13{...|Bluestem 1.58527.831.04 3575|578 | 9.8710.54/11.69/1.94{1.02|.57 | 11.01| 48| 8.62/32.07/11.33 3
16]. . . |Bluestem 2.124|28.53{1.25 35.03(57.5 | 9.85/10.43/11.57|1.99|....]. 11.25| 49| 8.34/31.10{10.85 o
19]...|Bluestem 26482791 98 ' 37.50i57.5 9.56/10.49|11.60/1.96/1.03|.59 | 11.10{ .50| 8.73|31.84/11.14 E
..1212 Eittle Clubbon sl vl 2l ‘ 2844(....| 9.50(13.0314.40(1.50 .92(.63 | .....] ... 4
3|...|Little Club .000{14.39| .52 2301155.2 | 9.56/11.07|12.25/2.05{1.00/.57 | 10.72| .54| 9.11|32.67(10.90 )
6|...|Little Club 44412019 75 25.53/56.3 | 9.11/10.89/11.99/2.05|....]... | 10.64| .51| 9.10/32.37|11.16 Q
12{...|Little Club] 1,005/24.86( .89 20.52/57.8 | 9.68/10.92/12.10/12.01(1.02.60 | 10.98| .51| 9.14|33.61|11.63 “
9[...|Little Club| 1.210/2847| .98 2061(57.7 | 9.57(10,62(11.74/12.04....|... | 11.02| 51| 8.94/32.20/11.03 =
15...|Little Club| 1.583]29.18/1.03 30.64/58.3 | 9.78110.78/11.59{2,00(1.03/.60 | 10.93| .51| 8.81(32.42/11.06 g
18|...|Little Club| 2.031|27.41| .95 30.51(58.3 | 9.91]10.12(11.24|12.02|. . .. 1091| 49| R69(31.04/10,51
21l : ..ILittlt: Clubl  2.,760[30.20{1.03 31.09(57.8 | 9.85/10.71/11.89/2.03|11.04/.59 | 10.81| 49| 8.59/31.75/10.89 o
=
i2i3ioonora. I el 37.94(....| 850/10.24{11.19{180| .96[.50 | ..... s Ahei Nwaaw] snia
2|...|Sonora L000{13.83| 43 31,02{59. | 9.49| 9.65[10.66(1.75| .98[.51 | 11.19| .44| 8.77(28.91(10.40 §
5|...|Sonora .358{19.61| .51 31.28/59.2 | 9.16/10.29/11.33{1.88].. 11.38 48f 8.47|29.58(10.23
8|...|Sonora .969(20.22] .66 34.50/598 | 9.31/10.29/11.35/1.94/1.00].52 | 10.85| .51| 8.59/30.59]10.51 E
11{...|Sonora 1.166|25.53| .78 34.93|60.2 | 9.54/10.41|11.51/1.94]. . 10.88| 49| 8.33|28.63| 9.85 e |
14{...|Sonora 1.695/25.26| .89 35.82/60.2 | 9.63110.47|11.59]1.95/1.02/.52 | 10.81| .51| 8.59/29.90(10.49
17|...|Senora 2,223|28.84(1.10 35.6659.3 | 9.81]10.06 }l 16{1.92|. 10.84| .56/ 8.38(28.93(10,12
20| . :|Sonora 2760|2598 89 | 3550/60.3 | 9.25(10.68]117712.00]10453 | 10.71] .55| 8:52[28.13) 9.71
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IRRIGATION AND THE PROTEIN CONTENT OF WHEAT 19

content. Under conditions of growth similar to these it woald 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 flour milled from it. Figure 3 was drawn from the averages for
irrigation and wheat protein given in Table 6.

The Crop of 1913,

The land on which the 1913 crop was grown was cleared of sage-
brush and leveled in 1909. In the spring of 1910 it was sown to alfalfa
for the conduct of experiments in seed production and rate-of-seeding
tests. It was 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
irrigation 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
August 25 for the Bluestem and Sonora series and from August 11 to
August 24 for the Little Club series. The spring plowing caused the
loss of so much of the stored precipitation that the plants on all three
plats which received no water made no growth after the booting stage
and of course were not harvested. In all of the plats some alfalfa per-
sisted in spite of the double plowing given in preparation of the ground
for sowing. In the belief that some definite information could be secured

from them regarding nitrification processes, fallow plats were provided
adjacent to Nos. 1, 7. 13, and 19 of the Bluestem series. As regards

irrigation, the treatment of these plats was in all ways identical with that

given the corresponding cropped plats. The nitrate data by periods for

the year are given in Table 7.

A remarkable increase in nitrates in the wheat plats over the two

preceding years is at once evident from the most casual examination of
this table. There was noticeable, too, a remarkable accumulation of
nitrates in the four fallow plats especially during the early part of the
%‘n‘;}\!\'i%ﬁ season. The field and analytical data for the year are given in
able 8.
For the first time in the growth of these wheats they had whatever
advantage there is in a seed bed enriched with nitrogen-containing or-

ganic matter. In spite of the unfavorable season there was on plats given

the larger amounts of water a fairly sharp increase in yields of grain and
straw. With each variety the highest yields were secured 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 very high protein content of the grain from each plat. In
two out of the three series the highest protein wheats came from plats
given the least water. In each of the three series the grain lowest in pro-
tein came irom the plat given the most water. On plats given less than
one foot of water, no defiinite relationship developed between amounts of
water applied and the protein content of the grain. For the rather sharp
increase in water over one foot, however, there was for each series a cor-
respondingly sharp decline in the protein content of the harvested grain.
These facts are shown graphically in Figure 4.

In Figure 5 the protein content of the harvested grain from the

.

i
1
|
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Table 7. NO:s in parts per million on dry soil, 1913,

g g::ax Periods for which nitrate data were averaged*
3 T '
e K £ = .| May June July | August
-§' E S T - :
g% ’ g§ $EE 1631 | 1-15 ]' 16-30 | 1-15 | 16-31 ; o
20 R I e O e Wi Weni =4S i )
1 TL7 | 841 470 753 | 64.0
2 25.0 | 120 ! 2.9 8.0 4.8
000 3 3.2 12 0.0 1.6 0.0
g 08| 02| 00| 00 00
5 0.4 00| 00| 00 0.0
[ 0.0 00| 00| oo 0.0
o 2 S 1198 - 4ea | 790 1033 | 950
2 178 | 153 63| n3l| 120
000 3 ity 21 1.2 1.6 0.9 0.0
4 06| 0.0 0.0 0.0 0.0
5 5 0.5 0.6 0.0 0.0 0.0
i 6 YA 0.0 0.0 0.0 0.0 0.0
s 1 = 872 | 273 | 160 260/ 220
2 A5 610 | 450| 210| 313 200
299 3 81| 126 [ 44| 158 87
S | | 1.3 1.8 0.5 5.1 0.0
J 5 AL 0.5 l 13| 14| o0 0.0
6 2es 0.0 I 0.6 0.0 | 00! 00
A 1 ot 615 | 503 | 210 202 ' 20.0
glop et 202 | 210 210! 49| 80
515 3 will 51| 40 07| 28 0.0
4 1.5 20| 00 0.6 0.0
i 5 - 0.9 0.9 0.0 0.4 0.0
6 1.0 0.0 0.0 0.0 0.0
¥e 1 g 90.0 | 713 970| 260| 240
0y 2 S 53.0 | 553 | 29.0| 35.0 6.9
515 3 g 95| 196 118 65| 11.0
4 1.7 0.9 2.8 1.2 0.0
.. 5 P 1.4 0.9 2.4 0.0 0.0
i 6 , 15| 03 0.0 0.0 0.0
1 e 54.0 | 38.1 27 35 3.9
2 P, 27.0 | 145 1.5 1.7 0.0
541 3 ol 4.7 5.2 0.0 0.0 i
4 A 1.8 0.3 0.0 0.0 0.0
5 0.7 0.7 0.0 0.0 0.0
S (3 A 0.0 0.3 0.0 0.0 0.0
1 38.5 6.1 2.6 3.0 2.4
2 305 | 147 0.3 0.5 1.6
978 3 e 5.0 6.6 1.8 0.0 41
4 1.9 1.0 2.0 0.0 0.0
Yo 5 \BAL 1.1 0.3 08 0.0 0.0
6 0.4 0.0 0.0 0.0 0.0
s 1 el 533 | 65.0| 129 233 | 230
2 258 | 506 | 275 224 | 180
478 3 by 5.5 2.4 2.3 4.2 1.7
4 0.6 0.4 0.0 0.3 0.0
5 1.1 0.0 00 0.0 0.0
6§ 07! ool 00 00| 00
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TABLE NO. 7—(Concluded)

g g-.-é Periods for which nitrate data were averaged®
8 &
e | B s 2 '

4 5 T 4 i May June July

& Xg | 25223

- Ex | 8= |g5E | 1631 | 1-15 | 16-30 | 1-15 | 16-81

E %~ S8 E %3 a b ! e

1 ci-. | 656 | 623 4.1 54 |

2 cooal| 405| 533 ‘!61 16 |

16 5 | 1182 3 i 6.2 1.5 | 150 5.5

4 1.5 0.3 0.0 0.0

5 e 1.2 0.0 0.0 0.0

/| e [ 8 6 T 0.5 0.0 0.0 0.0

1 cisen|l B98N 134 1.6 1.4

2 = 30.7| 563 21 0.8

19 9 | 1.863 38 | i..| 158{ 290( 15| 170

-l IR | QU] 255 2.7 09 15.5 9.6
s Sy A Y 18] 00| o8 14 |

i 8 Ll e 0.0 2.0 0.6 |

e || G e 1 ....F 463 | 335 79| 124

g D 2 || ..o )Ysz0) me]l %o 43
19-F 9 | 1.863 8 | .oo| 168)| el 165 182 : -.
e ) il s 4 3.5 7.8 | 227 | 209 | 270NN
l o 5 1.3 0.0 315 4.8 0.0, G
6 1.2 00| 250! 163

. *Samples were taken for the determination of their nitrate content on
‘f{ollbwmg dates: Jume 3 7, 10, 14, 17, 24, and 30; July 7, 11, 16, 21, and ﬁ,
ugust

Bluestem plats given normal irrigation in 1911, 1912, and 1913 and
average soil nitrate content by periods to a depth of three feet are sh
for ease of correlation.

The nitrate data used in the graphs were secured by averaging the
nitrate data for the first 3 feet of soil for periods of 15 and 16 days dur-
ing June and July and for all determinations made in August. Plat 7 i
was taken as representative of normal irrigation in 1911 and 1912, Plat 13
was taken for normal irrigation in 1913 during which season all plats we;a s

given less water than in preceding years. In Figures 6 are shown tﬂé
correspondmi data for plats of Bluestem given maximum irrigation tl
same years. A very substantial difference between the soil’s content of
nitrates in June, 1911 and 1912, and that of June, 1913, cannot escape
notice. To us it suggests very strong!y a definite relatlonshlp between
available soil nitrogen during the early growing period and the abili
and readiness of the wheat plant to elaborate it into protein for storagi
later in the seed. The relative amounts of soil nitrates to the same depth
of soil and for the same periods in plats given no irrigation and those
given minimum irrigation in 1911, 1912, and 1913 might have been sh >
graphically with even more striking effect. Great activity on the part
nitrifying organisms during the early part of the growing season in |
is believed to be very clearly shown from the nitrate data of the fa
plats shown in Table 7.



~ Table 8. Field and analytical data on wheat and flour samples, erop of

No.

Eo
tonnn. |
ST (Laboratory

16{574
19/575

6/584

15(587
21|59
577

578
579

Variety

.| Bluestem

Bluestem
Bluestem
Bluestem
Bluestem
Bluestem
Bluestem

|
.|Little Club

Little Club
Little Club
Little Club

Little Club

Little Club
Little Club

..|Sonora

Sonora
Sonora
Sonora
Sonora

ora

582

Sonora

.255(31.47

Yield FLOUR
| Weight ‘ _ _ Gluten

- < H 2 £ g |8 E g

3 tw | -‘E = - E g aulgﬂl » § :Es‘- i
Bz %8 | 85 | ;|¢8| ¢ ﬂﬁ;ssgeesb’-%i g

gal2s | Sy |2 (2210 Loul SlsBo g2 8 ak] o
Ef__g% | 8% |F 22| F |sgl 3 IRESLZE|F|E2|8 | B
s DO R | Lt sivntarrilrisdastin | ol e d o
17.16| 57 | 3058|57 182 11.96| 51 61.73(20.6
25961105 | 26.99|55% { 1.97/1. 11.79] 50 61.05 zu.g?z
2768140 | 26.40/55 210! 11.80| .50 50.73(19.52
2840(138 | 3636 sa/z 3(1.97 11.70| . 5391(17.62
25851155 | 32965 214|. 11.41] . 60.25(20.47
41081207 | 3134 56!-/1 192 1224 . 49.18(15.47
lost |+ ..
2231 . 2319|355 | 812 62.15/23.60
32.02/1. 219956 | 884 58.94(20.01
22.96 2396|5614 8.10 57.00(21.01
22.01/1. 29.08 59% 86 60.40(22.31
4223)2. 21.98/36" | 8.36 60.90(22.62
50.03(2. 2874/58 | 9.07 46.17{15.80
lostl...
1848| 33 | 26.22|60 1.90 49.18/17.26
30,65/ . 31.32|5814 1.83 51.61/17.42
691|37.7111. 31.02/59 1.87 45.35/15.33
1185/31.31]1. 34]20/59% 1.98 51.87/17.38
20.61|59%% 213 51.23(17.37
198/60.52/1. 34.90/601% 1.94 42.05/13.64
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1011, 1912, and 1913 and the average amounts of soil nitrates in the same plats to a
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Table 9. NOsin parts per million on dry soil, 1914.

[ - _E-; Period for which nitrate data were averaged®
s | g May June July August
% | N e e ="
= = 16-31 1-15 16-30 | 1-15 | 16-31 1-19
= & = a e W KA

18.0 13.0 9.6
o b 3.6 1.2 8.8
1 0 000 | 74 4.0 3.7
E 4.3 2.3 4.1
| : 36] 26 3.6
| 6 4.7 19 6.2
|
1 23.6 514 583 50.1
2 11. 6.5 75 11.1
1-F 0 000 3 8. 5.0 12.0 11.6
¥ 4 ' 6.5 11.3 9.7
5 5.6 T 25 6.2
6 4.2 5.9 0.9 7.6
| | -1
1 111 3.3 3.2
e 2 4.4 1.1 3.7
4 1 19 3 233 3.1 12.3
| 16.7 6.5 6.9
- 5 10.6 5.4 5.8
- [ 9.9 8.3 6.5
[ 3 I (] : |
1 29.1 65.9 aR.0
2 29.6 164 | 199
4-F | 1 519 3 15.5 9.7 17.0
| |- 2o { 16.4 13.8 18.9
Fald o | 5 16.5 3.3 18.7
) f 8.1 11.9 2.2

1 9.4 9.7 3.1 4.8
T e 2 16.5 2.9 4.6 6.2
T 3 1.012 3 447 19.0 374 8.9
4 28.6 | 7.0 21.4 771
T AN RN B ] 17.1 62| 105 3:1.1
Y il L pibnt ] "l L T 6.9 3.6 g3 87
| r | | | | | [
| 1 16.6 234 | 202 229.
o e el 2 15.9 | 22.4 205 | 213 |
7-F 3 1.012 | 3 | 13.7 | 140 ] 159 | 274 |
5 siie | 4 19.1 | 104 | 145 | 329 |
| il F e T 0 s 1 S 4 s |
| ¢ | 3B Rl o ) 7.6 | 8.2 i

3

15 0.9 0.3
0 0.6 | 0.4
3

1

2.341 |

-
.
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' 9 48 |
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|
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The Crop of 1914,

In 1914 Minnesota Bluestem, Minnesota, No. 169, and Glyndon
Fife, Minnesota, No. 163, were substituted for Palouse Bluestem 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 1914 and subsequent years called for plats of no irriga-
tion, plats of minimum irrigation, plats of normal irrigation and plats
of maximum irrigation for each variety and for fallow plats adjacent to
each one in the Blustem series. Figure 2 shows a typical arrangement of
the plats during 1914, 1915, and 1916.

The crop history of the land on wnich me 1914 crop was grown up to
the fall of 1912 was identical with that of the land used for the crop oi
1013. In 1913 it was planted to potatoes and produced a heavy crop.
It was spring-plowed in 1914 and prepared as usual for sowing and irri-
gation. A cultivated crop thus intervened between one which makes de-
cidedly for soil enrichment and the growing of this wheat crop. The plats
were sown April 3. The first irigation was given June 6, the last, July 29
The number of irrigations ranged from 1 to 11. There was a range in
dates of ripening of 10 days, the last to ripen being the plats given maxi-
mum irrigation, harvested August 14.

Nitrate data for all Bluestem plats and corresponding fallow plats
are given in Table 9.

Again from the concentration of nitrates in the fallow plats, it would
seem that there was great activity on the part of nitrifying organisms.
The concentration of nitrates in the wheat plats of course for correspond-
ing periods was much lower. The rather low initial content of the Blue-
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
received some water by seepage that was not intended for them. The
vields on them were unquestionably higher than one could reasonably
expect in that section from no irrigation. The Sonora plat given max-
imum irrigation rusted badly and for that reason was low in yield. The
vield of Plat 11 was cut to some extent by the presence of an adobe spot.
There was an unmistakable tendency toward lightness in weight. All
samples of grain and flour were high in protein—those from plats given
normal irrigation and less, extremely so. A close study of the data, how-
ever, gives no ground for assigning high protein content to lightness of
kernel for the heavy-weight kernels were in the high-protein class. A
close relationship between the supply of available nitrogen in the soil
during the early period of growth and the protein content of the harvested
grain again suggests itself. Plats given most water in each of the three
series produced wheat of lowest protein content but again there was no
gradual decreases of protein with increase of water in any series.

The Crop of 1915,




75.5
content on

2.8 |
14, 19, 24, and 29; July 2, 5, 12, 19, 23, 26,

* Samples were taken for the det ermination of their ‘nitrate

the following dates: June 10

and 29; and August 4 and 10.
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Table ro. Field and analytical data on wheat and flour samples, crop of

1014.
Yield WHEAT FLOUR
~liWeght- || | Cvde | | [ __—__«' “Gluten
! ' : protein = Ll v | 8Bl % “
iz |4 Nx6% | § [E |4 AEHERR:
3 |y, |bal et "‘-u'_..]-‘s'éum:-;u cul o LBE| & &
= S< |84 1S5 | 8% | g IER| | pE|R|Baf BRI |5 2| &
2 i g R ""_'.w:u ST nets il Bl Fl=a] -
z 22 |E% | b= b e g |& & '-.:‘:.,-*;m’.':'ta:'::-:»,‘, 2 i
MR SUMSSORES N1 PO >0t § L o s :‘- 1. = ol N - L e B Sl ) = a
1. Bluestem, Minn. No, l(I‘)l 000[20.58/1.20 ‘ 25.10(55 0.39(17.75/19.59(1.92|1.05|.57 ) 13.33] 57/13.58[44.60|14.45
1. Bluestem, Minn. No. 169| .519|26.45]1.60 2500155 110.59/17.08/19.10(1,94/1.08/.58 | 13.28] .54|14.02|50.2016.27
1. Bluestem, Minn. No. 169] 1.012]32.23/1.90 ’ 32.30|57 1(},1?’1?.67 1964/1.93/1.09].51 | 12.36| .58{14.45 49.50{15.03
1. Bluestem, Minn. No, 169| 2.341(27.07|2.67 28.68157v4| 0.98(14.03115,59(1.94(1.08/.54 | 12,82| .55|11.58|38.25|12.02

don Fife, Minn. No. 163 000]26.33

1.35 249957 | 9.35 ]8.[)6’[‘).‘)2 ]]ﬂ’ 05],54 | 120 ,57|13.86/52.50|16.65
1 1

wlon Fife, Minn. No. 163 466(35.01(1.92 26.26157 | 9.95(17.36(19.28{2.02{1 08[.55 l.’.-ih[ ,53/13.84(51.10/16.65
don Fife, Minn. No. 163 1.006/30.01|1.74 2010(58 | 9.40(17.9119.77(2.08(1.14| 53 | 12.67| .51|14.47|52.40/16.93
idon Fife, Minn. No, 163 2.544|32.90|2.47 30.16/57 0,66/13,11[14.51/1.961,09[.63 | 12.59| .50/10.88/35.00|11.52
Ira 000111,10 86 27.08(5914| 0.9217.32(19.23|11,93|1.081.48 | 12.24| .57|14.26 49.35/16.78
ora 420123.03/1.58 2286155 110,50116,00117.88(1.961.03[.52 | 12.74| 43|10.58/32.90(12.62
ara 870(20.78|1.50 2021155 [10.77(15.44/17.30[2.08[ 11459 | 12.41] .56(12,08/42.90|16.26
ora 4.415/12.35/2.09 1744155 110.89/11.08/12.15/12.20/1.10/.65 | 12.84] .43]|10.74|34.45]12.60

r
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Table xr. NOsin parts per million on dry soil, 1915,

| g | £~ | Perlod for which nitrate data were averaged*

| 'i | E‘g S .
2 % g Ty | 28 | May June ‘ July August
z 5 - B R T il e S W [ 2
= £ | 28 16-31 1-15 | 16-30 | 1-15 ‘ 16-31 | 1-10
- 7 = a b e d e |

1 1 206

e
<
M- L
* &n oo bo b

144.0 | 114.0 mm[ 157.
et 272 | 230 360 | 31
17.5 14.6 14.8 | 13.
6.0 5.7 4.6 5
0.9

1F | 1| 208

(-]

= bD e

2 i 0 35 5 £
nNOWeD

1
4
o
[

| ! '_ i) ‘ [ |
1 36 10.7 6.8 4.7 14.7
s 2 75 54 2.6 1.3 6.4
4 2 a29 3 5.6 26 24 1.2 2.1
y 4 0.0 0.6 1.5 05| 241
- st e =
Ir | | | I I
1 88.0 720 | 1193 | 565 | 1300
2 15.9 27.3 36.8 144 | 35.0
4-F 2 729 | 3 4.4 119 11.7 145 [ 186
4 48 6.7 33| 98 6.6
D e Vel 3.6
L] | | 3.7
I [ | [ | | I
3 1 11.3 47 4.5 6.3
S e e 2 21| 42 22‘ 2.9
7 1 4 1.176 | 3 22 1 1.4 22 2.5
! S 4 08| 0.0 0.4 | 2.2
' 5 | 3 LT |[ e [ 17
S 6 S [ =T | ol )
o o e
1 62.5 | 73.0 77.0 48.0 54.2
32 210 303 | 59.0| 452 [ 62.4
7-F 4 1.176 3 3.7 168 | 179 ] 525 31.2
; 4 2410 S 6o 47 [ 288 13.0
: 5 L9l w00l 00 0.0 10.9
. [ 2.8 | 0.0 f 0.0 0.0 8.7
Sk : 1 4.3 ‘ 45 | 82 2.1 3.9
i 2 3.4 L 5 R 1.1 g.1
10 T 2.185 3 5.4 || 45| 23 1.6 2.2
; o 4 2.4 28| b4 0.3 2.7
3 i b 09| 03| 25 1.2 2.8
i . 6 0.0 00| o8| 24| 114
¥
| 3 1 101.9 [ 84.3 ’ 41.2 33.4 10.3
4 e 2 703 | 453 | 466 | 207 | 387
i 10-F 7 | 2186 3 249 | 238 | 583 | 242 491
: 4 38| 247 | sﬁsJ 9.6 | 430
; i i 5 2g | na! ean das bl
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Table 12. Field and analytical data on wheat and flour samples, crop of g
1915, =z
s}
No. Yield WHEAT j FLOUR Z,
Welght (57T T L P M (R I | Gluten &
g . protein | _ |& [ | eBl 8 - =
» g2 g |2 _Nx6% | B E [F f122 ¥ 8 e
g = B B w » - b " E h s % o . . {3 e & =
g > S< | R EE | B& | g I0F) ¢ 48 g lefF F| B[y B R G
S § '-': ?I:g -E.‘ g- ..1';1 w | B : ":;s.d.'-'.‘ul w B B 'g‘;' & = -
213 E 82 |g4|34| E° | £k b |2g]F |ZRIHSE| 2|52 2| & 2
1/803| Minn. Bluestem, Minn, No. 169 .2%}19.82 1.34 26,7215214110.99(17 69| 19.87]1.82]1.03.55 | 12,60 .53 1389“805116]1 3 &
4/804| Minn. Bluestem, Minn. No. 169 .729129.10(1,82 2696(51 | 9.78/17.40(19.29/12.03(1.05).60 | 13.30] .53|13.32|49.85/16.79 =1 e
71806/ Minn. Bluestem, Minn. No. 169]  1.176/57.082.49 3608158 [10.25/14.84]16.54|1.88/1.001.53 | 13.15| .51{11.16{37.25]13.19 ) it
10 ?()S lMinn. Bluestem, Minn. No. 169]  2.185/59.3613.54 35.35(55%4|10.83/13.20/14.80/1.87/1,00).52 | 13.18] .53/10,52|32.00|11.53 n‘ g
21807|Glyndon Fife, Minn. No. 163..] .164[22.10/1.56 | 237256 [1041]17.95(20.04|1.86| .96.56 | 12.87| .50]13.22|47.85|16.06 S M.
5/808|Glyndon Fife, Minn. No. 163.. 675(39.70|1.67 24.70(55 [10,72{1681|18.83|1.82] ,98(.56 | 13.15| .54|13.38/47.75/16.23 — -
i 8810|Glyndon Plfe. Minn, No. 163.. 1.413|64.83|2.78 34.22 ﬁﬂ 11,77114.05/15.92|1.84|1,04].51 | 12.81| 45{11.76/35.30{12.69 el £ "‘_\
| 11 |809 Glyndon Fife, Minn, No, 163..| 2.660[56.20\3.42 33.77(55 [11.38]12.78]14.42{1.851.04].50 | 12.83| .46]11.24/31.65|11.83 ﬁ 5 =
3|81 gonora ...................... 173124.02|1.47 25.63(57 [12.18(17.21{10.60(1,76] 94/.53 | 13.16] .48|12.34/38.50{14.93 =) 2
OIRIZISONOLR" 1. oot wisivivinis i oieTs Sura e .773136.16{1.71 33.02(55 | 9.86/14.56/16,15(1.69] 95148 | 12.79] 45/12.36/36.60{13.98 -, at
e T T v (e S e 1.400[4285(2.23 38.72|57 [10.46]13. 09)!5 6211.95/1.04].48 | 1284] 46/10.86(36.90114.28 =
R IS OHOFA 5 oot oo s e s res |  2.222[59.36(2.53 37.82[60 [10.55(10.95/12.2411.70/1.01[.51 | 12.71] 42| 8.76]25.98]10.56 % e
5 -
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as follows: It was cleared of sagebrush in 1909, given over to the growth
of barley in 1910 and to wheat in 1911 and 1912. In 1913 it was sown to
red clover with barley as a nurse crop. Two crops were cut for hay in
1914. A heavy late growth was turned under with the plow in the fall.
This land wag prepared with the disk and harrow in the spring of 1915
for the wheat plats. This procedure again gave a soil considerably en-
riched over its native condition with nitrogen-containing organic matter.

The plats were sown April 5. The very dry spring necessitated the
irrigation of all plats 10 days later to insure a stand. The seventh and last
irigation was given July 26. There was a total range of 12 days in dates
of ripening altho most plats were harvested within a range of 9 days. The
nitrate data for the year will be found in Table 11.

There was perhaps a lower concentration of nitrates during the early-
growing period than one might with good reason have anticipated. An
exceptionally great activity on the part of nitrifying organisms-during
the entire season, however, is indicated by the nitrate data for the fallow
plats. A fair conclusion is that even tho the nitrate concentration in the
soil of the wheat plats was low, nitrification processes were going on with
sufficient rapidity to supply the maximum requirements of the wheat
plants.

There was a sharp increase in yields of grain and straw with in-
crease of irrigation water. A plump, heavy kernel was produced with
both normal and maximum irrigation. In each series the protein of the
wheat for the first time gradually and consistently declined with the in-
crease of irrigation water. With the exception of Sonora from Plat 12,
however, the protein of the wheat from each plat was high.

The Crop of 1916,

The crop history of the land which grew the crop of 1916 is prac-
tically identical with that used for the 1915 crop up to the spring of 1913,
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 clover
was turned under in the fall of 1914 and potatoes were planted on it in
the spring of 1915, for duty-of-water work. A cultivated crop, therefore,
again intervened between one which makes for soil enrichment with nitro-
gen-containing organic matter and the grain crop. Immediately following
the harvesting of the potato crop the ground was plowed and left in the
rough over winter. In the spring it was worked down with a disk and
harrowed in preparation for planting and irrigation.

The seed was sown April 24. The first irrigation was given June 7
and the last July 25. The minimum amount of water was given in one
irrigation ; the maximum amount in eight irrigations. The plats ripened
between August 2 and August 15. Soil sampling for nitrate determina-
tions began approximately two weeks earlier than in any preceding year.
The nitrate data for the year are given in Table 13.

A substantial nitrate concentration during the early periods of growth
is noticeable for all of the 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 great activity on the part of the nitrifying or-
ganisms. The wheat plants had whatever advantage there is in an
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Table 13. NOsin parts per million on dry soil, 1910.

g Periods for which nitrate data were averaged®
? May June ! July | August
16-31 | 1-15 | 16-30 1-15 | 1-8
a b c o5 = 411
1 31.2 344 2 14.7 274
i3 RS 2 17.0 8.4 5 229 12.9
0 00 3 9.6 20.1 13.5 283
4 19.4 23.8 12.5 33
i 114 16.2 13.7 7.5 11.1
b 5.9 2.7 a7 3.9 4.6
1 49.0 26.0
xe 2 18.1 19.7
0 L00 8 30.1 17.7
4 26.0 8.1
5 20.2 10.3
6 0.0 6.9
|
1 47.5 20.0
2 25.6 15.0
1 yab 3 38.8 5.4
4 9.0 22
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6 0.0 2.2
| ] |
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2 23.9 11.4
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| ! !
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] 2. | 188 8347 51.8 3381 179 | 159
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Table 14. Field and analytical data on wheat and flour, crop of r1o16.
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protein content fell off very sharply. The protein content of all samples
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 are 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 clearly in mind. The soils which grew
these crops, like that which grew the crop of 1913, had been substantially
enriched with nitrogen-containing organic matter and thru the activity of
nitrifying organisms soil nitrogen had been put in available form in sub-
stantial amounts for the wheat plants.

Large increases of water over normal amounts increased the average
yield of straw in-each series but not the average yield of grain. In the
increased vield of Sonora for this period over the first three years with
corresponding amounts of water, there is substantial additional proof for
the claim made elsewhere by Superintendent Welch that the duty of water
15 increased substantially with an increase in the soil’s content of organic
matter. The maximum weight of grain was reached in each series with
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Fic. 7. Crude protein of wheats grown for three vears with varying amounts
of irrigation water. Drawn from data presented in Table 15.




8

IRRIGATION AND THE PROTEIN CONTENT OF WHEAT

IlIlIl]]l

S
<+

IIIIIl!lI

<

= ™~
teiliess

S

Illtll.lil

N

II]ll'lIl

NOUNONININNNNNNY

!

NN

ONAANAN

!
ANNNNNN

e

RN

|
\\\l\\ NAARNRNN

— ———————

d

ANRHIAT ENNENAN SRS

EN\NNNAN

o

I
ANANN RNNANNN

INNNNNN

NANNNAN

<

NN

I
AN

AN\

!
|

5

NN

NN

AN

NN\

\\\\\‘[\\}

Lo

NN\

NN\

AONNNNY

DN

ANNNNNNN |

€

.

NNNNNN\N

NN

NN\

ANNNNNN

B0

[
NN\

d

AN

NN

NN\

2
$
e
w2
$S
EN
0 0
s 8
15
LR

l
k\\\\[\\E [

c

NN

AN\

—

\\\I\\\‘

b

AN

NN\ }

f

AN

e

&\I\\\\\

I
NN

d .
/914

NN\

NN

¢

SR

I
L\}\\\\‘\\\\\\\

s e
b

lIllllllT

50

lllllllll

S
o
LUBD 3G - pPIYM Ul UILO4of
el (3G $)40 - 108 Ul SPLIY

lllll'liIIIIITIIIIIITIII!IIIJF

/9/6
plats given normal

verage amounts of soil mtrates in the

pth of three feet by periods during the same years;

usive; b period, June 1 to 15, inclusive; ¢

period, Jul

1215

Fic. 8. Protein in Minnesota Bluestem ( Minn, 169) from

irrigation in 1914, 1915, and 1916, and the n

same plats to a de
May 16 to 31, incl

inclusive; d

a period,
16 to 30,

period, June

period, July 16 to 31, inclusive;

1 to 15, inclusive; ¢

inclusive,

5,

f period, August 1 to 1

35




3

s

l[llll lll]‘llll

8

Illllllll !II]lIIII IIIIIIIII |II!IIIII |Illlllll

IDAHO EXPERIMENT STATION

ﬁé S N N

N

ANNNNNN
ENNNNINNNNNNY \I\\\\\ \ by
Y NNNNN
R\b\\g\\l\\\\\\\\ L <
m\\\\‘ﬁ&\\}\\\&x\\& b

NANNANNN s\\\\\\\\\\\}\u
R \x\\\\\[v w
R R R S g

c
/e

25

|
IR RN

EXMNNNNNNNNN

Protein

Nifrafes - wheal plals.

RO

-fallow o .

|
\‘\\\‘\\\it\‘\\\\\‘\ﬁx\\\\\'\\\\\\‘\\\\\\\l N <

AN
ETTISITRY
RS
AMTANININRINY ]L :
NN\

f

1
(-

d
914

¢

b

R

','lullun

]

IIIIIIIII

S0

IIIIIIII IIITIIITI |III’IIII llilllllllilllllllll

<
3 S b ?
30 420 - JDIYM w1 Uiayoig
wois 490 £44pd - Ji0S W SIIDILIN

Fic. 9. Protein in Minnesota Bluestem, (Minn. 169) from plats given maxi-

mum irrigation in 1914, 1915, and 1916 and the average amounts of soil nitrates
in the same plats to a depth of three feet by periods during the same year.




IRRIGATION AND THE PROTEIN CONTENT OF WHEAT 37

abundance of available 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. With increase in amounts
of irrigation water over the minimum, there was a decrease in the per-
centage of protein in the wheat and flour. With maximum irrigation the
normal irrigation. In each of the three series grain of remarkably high
protein content was produced with normal applications of water and less.
Protein in the grain from each series fell off sharply with an increase in
irrigation water over the normal, but with the possible exception of Sonora
not to an extent sufficient to rule the samples grown with maximum irriga-
tion out of the high-protein class. With the possible exception of Sonora
grown with maximum irrigation, the high protein and gluten content of
the flours would insure for them a high place in the estimation of bakers
who are accustomed to the handling of strong wheat flours. The mineral
requirements of the wheat plants in so far as the grain is concerned seem
to have been satisfied with the minimum application of water.

Figure 7 presents graphically the correlation of irrigation and pro-
tein data for these three years.

In Figures 8 and 9 the nitrate data averaged for the first three feet
from determinations made during 15 and 16-day periods in May, June,
July and in August and the protein data for the plats given normal and
maximum irrigation are shown for correlation.

THE SEVEN YEARS' WORK IN REVIEW

The outstanding facts in the field and analytical data covered by the
entire time of this investigation may now be summarized for correlation
wherever possible.

Climate, of course, imposed certain uncontrollable conditions of
growth thruout the investigation. The more outstanding ones were a low
humidity, high percentage of sunshine and comparatively low tempera-
tures during the growing seasons. These conditions, however, were so
nearly uniform year after year as to merit no further consideration in this
connection. The controllable conditions of growth were those of the
soil. The conditions imposed during the first three years’ work were
those of a soil rich in the essential mineral elements of plant food but low
in nitrogen and varied between rather wide limits in its content of mois-
ture,

From seed fairly high in protein at the beginning of the work in
1910, the harvested grain from all plats in each series reached a very low
level of protein in the crop of 1912. Substantial variations in amounts
of irrigation water were without marked effect in producing variations
in the protein content of the harvested grain and flour ground from it.
The irrigation data for 1911 and 1912, averaged from determinations
made during 15 and 16-day periods in June and July and from those made
in early August, graphically presented 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 explanation of the
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Fic. 10. NOs in parts per million on dry soil averaged for periods of 15 and 16

days in June, July and August for the first three feet and the second three feet of
plats 1, 7, 13, and 19, years 1911 and 1912,

low level of protein reached lies, we believe, in the inadequacy of the
soil’s content of available nitrogen to permit of maxinmum yields and max-
imum elaboration and storage of protein,

In 1913 the soil conditions for growth were modified. The condi-
tions that year made for a superabundance of available nitrate in the
wheat plats and the wheat profited accordingly, as shown by the enormous
increase in_protein in the product of each plat that year. " In each series
the plat given maximum irrigation produced grain lowest in protein. For
an explanation of this occurrence one might with reason look for a les-
sened activity on the part of nitrifying organisms in the presence of a
greater amount of soil moisture or in the leaching effect of the larger
applications of water operating to remove the nitrates beyond the feeding
range of the plant roots. An examination of the nitrate data for that
year, however, lends no support whatever to the first hypothesis and very
little, if any, to the second. It may be that the explanation lies in a de-
creased transpiration of the wheat plants because of excessive amounts of
soil moisture. The substantially greater amounts of protein in the grain
of all plats over that of the original seed and over that grown from cor-
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esponding plats of the preceding ycar answer in the negative the ques-
ion raised at the beginning of the work relative to cumulative and perm-
nent effects of large amounts of water on the protein content of wheat.
t is perfectly apparent that however low wheat may go in its content of
rotein because of adverse conditions of growth or because of conditions
thich do not favor the elaboration of protein, it responds immediately to
avorable conditions of growth by the elaboration and storage of max-
num quantities of protein when given access to substantial amounts of
vailable soil nitrogen.

In 1914 Minnesota Bluestem: and Glyndon Fife were substituted for
alouse Bluestem and Little Club. For that year and the next two years,
we may judge from the nitrate data for those years, conditions of
Fowth were such as to insure for the growing wheat plants a liberal sup-
y of available soil nitrogen, at least during the early growing periods.
fith normal irrigation and less, remarkably high percentages of protein
the harvested grain were shown each year. In each series maximum
Figation produced grain of lowest protein content but always grain sui-
Hiently rich in protein to insure for it a high standing. In a final attempt
establish a definite and fundamental reason for this decline in protein
m the application of the maximum amounts of water in soils rich in
ate nitrogen, the nitrate data for the three years were very critcally
iined. The data for 1914 and 1916 support, to some extent, the no-
that heavy applications of water tend to remove nitrate nitrogen from
feeding range of plant roots. Figure 11 is based upon the nitrate
ta for these two years averaged for the first three and the second three
t for whatever determinations were made in 15 and 16-day periods in
y, June, July and in early August. Unmistakable proof, however, of
eaching effect of the irrigation water upon the nitrates in the surface
t of soil to the detriment of the growing plant is not in our judgment
arent. 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 seven years of growth with an average annual applica-
of irrigation water exceeding 234 acre-feet, the Sonora was decidedly
er in protein than the original seed. Minnesota Bluestem and Glyn-
Fife with normal irrigation developed greater weight and at the same
e substantially greater amounts of protein than were contained in the
inal Minnesota-grown seed. Moreover, the maximum irrigation given
e two varieties failed to lower the protein content below that of
original seed and to reduce the average protein for the three years
w the average for the same varieties grown the same years at Uni-
sity FFarm, Minnesota, *

Bulletin No. 103, Idaho Experiment Station. Fil
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CONCLUSIONS

Since this investigation was conducted under field conditions that are
identical with those which confront the settler on the raw lands of our
irrigation projects on the Snake River plains, the results secured and our
field observations in connection with them warrant several very 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
the intermountain section represented by the snake River 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 assuming that:
low-protein wheat necessarily results from the practice of irrigation. As
a matter 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 amount of irrigation water used, wheats from soils of that kind are
invariably low in protein. s

4. A much better quality of grain is possible as soon as grain is
brought into rotation with alfalfa or red clover. The sod of these legumes
turned under and the activity of nitrifying organisms provide for ‘the
growing wheat plants a substantitally greater supply of available nitrogen.
Protein elaboration is stimulated somewhat in proportion. Carelessness
in the use of irrigation water may offset to some extent, however, the ad-
vantage of otherwise favorable soil conditions for maximum protein
elaboration. The climate of the irrigated sections is favorable. The es-
sential soil conditions for high protein wheat are easily within the con-
trol of the irrigation farmer. Fortunately soil conditions which favor
maximum protein elaboration are also those which favor maximum pro-
duction.

5. However, “deteriorated” in quality a really good variety of mill-
ing wheat may be from growth with irrigation on soils depleted of avail-
able nitrogen, seed from it will respond with the production of maximum
amounts of protein for the variety if given the favorable conditions of
growth indicated in the preceding paragraph. There is nothing to be
gained by the irrigation farmer by importing seed of that variety from
distant localities.

6. There is much to be gained, however, by irrigation farmers from
the more rigid selection of varieties on the basis of well recognized milling
value. The notion that low-protein wheat and irrigation practice are in-
separably linked is largely responsible for the carelessness so frequently
shown by irrigation farmers in the selection of varieties. Bushel for bushel
the hard red spring wheats at their best command a somewhat higher
price, and when used properly, can be made to go much further than the
soft starchy varieties in feeding a hungry world. In the light of this inves-
tigation we would not question the ability of the careful irrigation farmer
to grow the highest quality of the hard red spring wheats. In the absence
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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 farmer, we do not wish
at this time to urge their introduction and growth except for trial. In 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 intermountain states if grown in sufficiently large quantities to com-
mand their attention.

7. Ungquestionably there are large amounts of high-protein wheats
being grown now on the older irrigation projects under conditions we
have outlined above. It is doubtful if the growers realize on them as they
should because they are lost in the larger amounts of low-protein wheats
grown on soils not yet brought into rotation with alfalfa, red clover, or
other legumes. When the requirements for high-protein wheats are more
generally understood, and the irrigation projects reach that point in their
development 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 desire to grow high-protein wheat might with profit to themselves
form an organization that would force the attention of millers to their
product.

LITERATURE REVIEWED
(1) Bailey, C. H.
1913. Minnesota wheat investigations. Series I. Minn. Agr.
Exp. Sta. Bul. 131, 42 p.

(2) Harris, F. S,
1914. Effects of variations in moisture content on certain prop-
erties of a soil and on the growth of wheat. Cornell Agr. Exp.
Sta. Bull. 352, p. 805-868.

(3) Headden, W. P.
1916. A study of Colorado wheat, Part ITII. Colo. Agr! Exp.
Sta. Bul. 219, 131 p.

(4) Howard, Albert, Teake, H. M., and Howard, G. L. C.
1913. The influence of the environment on the milling and baking
qualities of wheat in India. In Memoirs of the Department of
Agriculture in India, v. 5, No. 2, p. 49-101.

(5) Humphries, A. E.
1905. The Improvement of English Wheat. An address deliver-
livered to the international Convention of Millers, Paris, Oct.
1905. Printed by the National Association of British and Irish
Millers. 59 Mark Lane, E. C. London.
(6) Jones, J. S. and Nelson, Elias.
1908 In Annual Rep. Idaho Agr. Exp. Sta. for 1908. p. 25-26.
(7) Jones, J.S. and Colver, C. W..
1916. Dry-farmed and irrigated wheat. Ida. Agr. Exp. Sta.
Bul. 88, 20 p.




(8)

[RRIGATION AND THE PROTEIN CONTENT OF WHEAT 43

1918. Performance records of some eastern wheats in Idaho.
Ida. Agr. Exp. Sta. Bul. 103, p. 32.

(9) LeClerc, J. A.

(10)

(11)

(12)

(13)

(14)

(15)

1906. The effect of climatic conditions on the composition of
durum wheat. In U. S. Department of Agriculture Year Book
1906, p. 199-212, p. 10-11.
Shaw, G. W,
1913. Studies upon influences affecting the protein content of
wheat. In Uni. of Calif. Pub. in Agr. Sci. v. 1, No. 5, p. 63-126.
Shutt, F. T.
1909. The influence of environment on composition of wheat.
In Jour. Soc. Chem. Ind., v. 28, No. 7. p. 336-338.
Stewart, Robert, and Hirst, C. T.
1913. The chemical, milling and baking value of Utah wheats,
Utah Agr. Exp. Sta. Bul. 125, p. 113-150.
Thatcher, R. W,
1913. The chemical composition of wheat. Wash. Agr. Exp.
Sta. Bul. 111, 79 p.
Widtsoe, John A.
1903, The influence of soil moisture upon the chemical com-
position of plant parts. In the Jour. Amer. Chem. Soc.,, v. 25,
No. 12, p. 1234-1243.
Widtsoe, John A., and Stewart, Robert.
1912.  The chemical composition of crops as affected by dif-
ferent quantities of irrigation water. Utah Agr. Exp. Sta. Bul.

120, p. 205-240.







	uie_b109_01
	uie_b109_02
	uie_b109_03
	uie_b109_04
	uie_b109_05
	uie_b109_06
	uie_b109_07
	uie_b109_08
	uie_b109_09
	uie_b109_10
	uie_b109_11
	uie_b109_12
	uie_b109_13
	uie_b109_14
	uie_b109_15
	uie_b109_16
	uie_b109_17
	uie_b109_18
	uie_b109_19
	uie_b109_20
	uie_b109_21
	uie_b109_22
	uie_b109_23
	uie_b109_24
	uie_b109_25
	uie_b109_26
	uie_b109_27
	uie_b109_28
	uie_b109_29
	uie_b109_30
	uie_b109_31
	uie_b109_32
	uie_b109_33
	uie_b109_34
	uie_b109_35
	uie_b109_36
	uie_b109_37
	uie_b109_38
	uie_b109_39
	uie_b109_40
	uie_b109_41
	uie_b109_42
	uie_b109_43
	uie_b109_44

