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LETTER OF TRANSMITTAL. 

U.S. DEPARTMENT OF AGRICULTURE, 
Bureau oF Piant Inpustry, 

OFFICE OF THE CHIEF, 
Washington, D. C., August 16, 1910. 

Sir: I have the honor to transmit herewith and to recommend for 

publication as Bulletin No. 196 of the series of this Bureau the accom- 
panying manuscript entitled ‘‘ Breeding Drought-Resistant Forage 
Plants for the Great Plains Area,” by Mr. Arthur C. Dillman, Assistant 
Physiologist in Alkali and Drought Resistant Plant- Breedine Inves- 
tigations, Bureau of Plant Industry. 

In the Great Plains area, where the rainfall is limited in quantity 
and is of uncertain distribution, drought-resistant varieties of crop 
plants are indispensable if farming is to be made a reasonably safe 
enterprise. Forage plants which can be successfully grown with a 
limited moisture supply are especially needed in order to build up a 
well-balanced type of dry-land agriculture. The Department of 
Agriculture has introduced from foreign countries many varieties 
that are more. drought resistant than those ordinarily grown in the 
United States, but even these can be further improved and adapted 
by the use of plant-breeding methods. 

The present paper describes the preliminary results of work along 
this line which was begun by the Bureau of Plant Industry in cooper- 

ation with the South Dakota Agricultural Experiment Station in 
1906, and is now being carried on by the Bureau on the experiment 
farms at Bellefourche, S. Dak., and Akron, Colo. The progress that 

has been made in breeding drought-resistant and otherwise improved 
strains of alfalfa, amber sorgo, millets, Bromus inermis, and other for- 

age plants especially adapted to the area is here reported. In several 
of these crops new and promising strains have been developed. As 
soon as a satisfactory test of their comparative drought resistance 
can be had, the seed of those strains which stand the test most suc- 
cessfully will be increased and distributed. It is believed that this 
bulletin will be useful, not only because it points out the scope of the 
work conducted by the Bureau of Plant Industry in this field, but 
because it describes simple breeding methods which can be applied 
by the farmers of the area for the improvement of their crop varieties 
in respect to drought resistance and other qualities. 

Respectfully, 
Go Powrrr: 

Acting Chief of Bureau. 
Hon. JAMEs ‘WILson, 

; Secretary of Agriculture. 
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B. P. I.—606. 

BREEDING DROUGHT-RESISTANT FORAGE PLANTS 
; PO Ihe Ge Al PLAINS AR BA. 

INTRODUCTION. 

This paper describes the results so far attained in breeding im- 
proved strains of alfalfa, sorgo, millet, smooth brome-grass, and 

other forage plants adapted to the semiarid conditions of the elevated 
region lying between the ninety-eighth meridian ard the Rocky 
Mountains. While the work with none of these crop plants has 
reached completion, it is considered desirable to publish at this time 
‘a description of the objects, methods, and preliminary results. 

In this plant-breeding work, as in all other investigations bearing 
upon dry-land agriculture that are carried on by the Bureau of Plant 
Industry, it is intended to make the results applicable to the whole 
territory in which similar climatic conditions exist. By conducting 
the work simultaneously and with the same methods at different 
stations, comparable results are expected. The working out of this 
plan should afford a much safer basis for the establishment of broad 
principles in drought-resistance breeding than could be attained by 
any strictly local work. Although the actual breeding is at present 

confined to only two of the dry-land stations, these are representative 
of a considerable portion of the Great Plains. 

At both of these stations the Office of Forage-Crop Investigations 
is engaged in testing varieties of the forage plants that are believed 

to be adapted to the climatic conditions of the region. The drought- 
resistant plant breeding is conducted in cooperation with these 
variety tests, which not only afford material for the selection of 
resistant individuals, but give an excellent opportunity for com- 
paring the drought resistance of the new strains developed with that 
of a large number of existing varieties of the same crops. 

OBJECTS SOUGHT. 

To make dry-land farming in a semiarid region like the Great 
Plains a reasonably safe enterprise, drought-resistant crops must be 
erown. Most of the varieties of crop plants that have heretofore 
been used in this region have originated in countries of abundant 
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8 BREEDING DROUGHT-RESISTANT FORAGE PLANTS. 
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rainfall, like the eastern United States and western Europe. In 
recent years the Department of Agriculture has introduced a large 
number of more or less drought-resistant crop plants from foreign 
countries where the climatic conditions more nearly resemble those 
of the Great Plains area. Even with these plants, however, prelimi- 
nary tests show that there is much opportunity for breeding work to 
improve the quality, increase the yield, and eliminate the less hardy 
and less drought-resistant individuals. 

Cultivated forage plants are greatly needed in the Great Plains 
area. Until recently this was essentially a stock-raising territory, 
and although large parts of it are now being divided up into small 
farms devoted to grains and other crops, it seems altogether likely 
that stock raising will continue to be one of the chief industries. In 
the past the chief dependence of the stock grower has been the 
‘‘range;”’ in other words, the native growth of prairie grasses. Only 

scattered attempts have been made to grow cultivated forage plants, 
but as the region becomes more and more settled there will be an 
increasing demand for hay and other stock feeds to supplement the 
wild-grass pasturage. The growing of forage plants is likely to 
become one of the most important phases of Great Plains agriculture. 

The chief limiting factor in the production of crops in this region 
is the lack of sufficient moisture. One means of meeting this defi- 

ciency is the use of tillage methods that will conserve water in the 
soil, preventing as far as possible loss by evaporation. Another 
means of attacking the problem is to grow the most drought-resistant 
varieties that can be obtained. The investigations described in the 
present bulletin are concerned with developing such varieties by 
breeding methods. 

The principal factors that enter into drought resistance are prob- 
ably the ability of the plant tc develop a root system that will uti- 
lize to the utmost a scanty supply of soil moisture and its ability to 
reduce transpiration, or loss of water, through the leaves and stems 
when the airis very dry. It is evident that certain species and varie- 
ties of crop plants are better equipped in these respects than others, 
since they wilt less rapidly when the soil moisture is deficient and 
when hot, dry winds are blowing. Every farmer on the Great Plains 
knows that under such conditions the sorgos, Kafirs, and milos, for 
example, will remain fresh and green longer than corn; moreover, 

within the limits of a single crop species there are great differences 
in drought resistance, some varieties being superior to others. This 
has been abundantly proved in the course of the variety-testing work . 
of the Office of Grain Investigations and of the state experiment sta- 
tions, which have shown certain varieties of wheat, oats, barley, etc., 

to be more drought resistant than others. Finally, every close observer 
196 
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HISTORY OF THE INVESTIGATIONS. 9 

will notice that some individual plants of a variety are markedly 
more resistant than other plants from the same lot of seed growing 
beside them. This fact gives the plant breeder an opportunity to 
produce still more resistant strains of the drought-resistant varieties 
by the persistent selection of such individual plants. 

Other qualities of the plant must not be neglected in breeding 
forage plants for drought resistance. The quantity and quality of 
the hay and seed are equally important. The individual plants 
which are actually most drought resistant may be deficient in yield 
and quality and will have to be discarded in favor of other individuals 
of somewhat less drought resistance but in other respects superior. 
Good seed production is essential not only in species that are grown 
primarily for the seed, but in those which are grown for hay, since in 

order to keep the variety drought resistant it is necessary that the 
seed should be produced in the region to which it is adapted. For- 
tunately the yield and quality of the seed are generally better in 
semiarid than in humid regions. This is notably the case with 
alfalfa, of which most of the commercial seed at present grown in the 
United States is produced under irrigation and consequently is not 
the best adapted to dry-land agriculture. 

In perennial plants like alfalfa and the principal meadow grasses, 
hardiness or resistance to winterkilling is another essential charac- 
teristic, especially in the northern part of the Great Plains. Early 
maturity is of great importance in the growth of annual crops. One- 
half of the annual precipitation in this region occurs from April to 
July, inclusive. It is therefore desirable to obtain early-maturing 
strains which will make most of their growth during the period when 
the soil contains its greatest amount of moisture. In the northern 
part of the Great Plains the development of locally adapted varieties 
of sorgos, milos, and other late-maturing crops is hindered by the 
shortness of the season. In breeding these plants the ability to ripen 
seed as early as possible is a characteristic that can not be overlooked. 

HISTORY OF THE INVESTIGATIONS. 

The plant breeding for drought resistance described in this paper 
is a continuation of the work begun by Prof. W. A. Wheeler in 1904 
at the Highmore substation of the South Dakota Agricultural Ex- 
periment Station. Professor Wheeler was at that time botanist of 
the South Dakota station. The writer was associated with him as 
student assistant in botany and was in close touch, almost from the 
beginning, with the plant-breeding work carried on under his direc- 
tion. In the breeding work at Highmore all the principal forage 
crops of the region were taken up, alfalfa, clover, millet, sorghum, 
smooth brome-grass (Bromus inermis), western wheat-grass (Agro- 
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10 BREEDING DROUGHT-RESISTANT FORAGE PLANTS. 

pyron smithir), and other species. At the outset, variety tests 
were made with seed obtained from all available sources. More 
than twenty different varieties of alfalfa, various species of grasses, 

strains of clover, and varieties of foxtail millet were tested side by 
side. Numerous individual plant selections were made from the 
varieties of these crops that proved to be most drought resistant and 
otherwise valuable. % 

STATIONS WHERE WORK IS NOW IN PROGRESS. 

INCEPTION OF THE WORK. 

The Bureau of Plant Industry in 1906 undertook cooperation in 
the breeding work at Highmore substation, South Dakota, Mr. T. H. 
Kearney being in charge of the work on the part of the Bureau. 
In 1907 Professor Wheeler resigned his position as botanist of the 
South Dakota Agricultural Experiment Station. In May, 1908, 
cooperation in forage-plant breeding between the Bureau and the 
South Dakota Agricultural Experiment Station was discontinued and 
the work of this office was transferred to the experiment farm which 
is conducted by the Bureau of Plant Industry in cooperation with the 
project of the United States Reclamation Service, at Bellefourche, 

S. Dak. Work was begun at Bellefourche with about forty selections 
of alfalfa, a strain of amber sorgo, and a strain of smooth brome- 

orass, all of which had been found promising at Highmore. Part of 
the breeding work at Bellefourche is carried on in cooperation with 
the variety testing conducted at that station by the Office of Forage- 

Crop Investigations of the Bureau of Plant Industry. 
In 1908 breeding work was also begun at the Akron (Colo.) Dry- 

Land Station of the Office of Dry-Land Agriculture Investigations, 
starting with varieties and strains of forage plants that had pre- 

viously given good results at Highmore and at Bellefourche. 

BELLEFOURCHE EXPERIMENT FARM. 

The Bellefourche Experiment Farm is conducted by the Office of 
Western Agricultural Extension,®? Bureau of Plant Industry, on the 
Bellefourche project of the United States Reclamation Service in 
South Dakota. It is located 20 miles east and 4 miles north of the 
town of Bellefourche. An irrigation canal has been planned to ex- 
tend through the farm, dividing it into two nearly equal parts. It 

a@The preliminary results of this work were reported by Prof. W. A. Wheeler in 
Bulletin 101, of the South Dakota Agricultural Experiment Station, published in 

March, 1907. 

6 During the first year when this breeding work was carried on at Bellefourche the 

experiment farm was under the direction of the Office of Dry-Land Agriculture 
Investigations. 
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is on land lying above this projected canal that the drought-resistant 
breeding is carried on. On part of the land (about 40 acres) the 
native sod was broken in June, 1907, and this part has been kept 

under thorough cultivation since that time. Another field of 20 
acres was broken in 1908 and a third, of 10 acres, in 1909. 
The soil conditions here are different from those existing in the 

greater part of the Great Plains region, the Bellefourche soil being a 
heavy clay of the Pierre shale formation locally known as ‘‘gumbo.”’ 
This formation underlies nearly the entire State of South Dakota, but 
it is covered by other formations except in the west-central part of 
the State. There it constitutes the surface soil of practically the 
entire area between the Missouri River and the Black Hills. It 
forms a broad semicircle east of the Black Hills, in South Dakota, and 

extends northward into Montana and southward into Nebraska. 
The area covered in South Dakota is probably about 16,000 square 
miles, being more than one-fifth of the area of the State. This soil 
takes up water very slowly, so that during very heavy or long- 
continued rains there is considerable run-off. It has, however, a 
high capacity for absorbing water. Its moisture equivalent? is 
about 29 per cent. The soil is therefore capable of holding a large 
quantity of water and retains this moisture well when the surface is 
so cultivated as to form a protecting mulch. If the surface is not 
cultivated and is allowed to become dry and baked, the soil cracks 
badly, owing to the considerable shrinkage in drying. These cracks 
extend down 4 or 5 feet, allowing the subsoil to dry out. This is 
often the condition of the fields during the winter and is probably 
one of the factors which makes winterkilling of alfalfa common in 
this region. The fine roots of the plants are evidently torn severely 
in the shrinking of the soil. The large cracks about the plant pro- 
mote drying of the roots and permit extensive and severe freezing. 
It is the opinion of the writer that this extreme winter drought in the 
alfalfa fields has as much to do with the killing of alfalfa plants as 
the mere fact of low temperature. 

The average annual precipitation at the station probably does not 
exceed 15 inches. At Ashcroft, S. Dak., which is about 65 miles 
northwest of the Bellefourche Experiment Farm, the average annual 
precipitation during the seventeen-year period from 1892 to 1909 
was 14.2inches. The average seasonal precipitation, April to August, 
inclusive, was slightly over 9 inches. At the Bellefourche station 
records of the seasonal (April to August) rainfall have been kept for 
only two years. The totals are as follows: 1908, 8.6 inches; 1909, 

a2 As defined by Briggs and McLane in Bulletin 45, Bureau of Soils, U. S. Depart- 
ment of Agriculture, this term indicates the percentage of moisture to dry weight of 

soil that remains after a centrifugal force equivalent to 1,000 times gravity has been 
applied to the saturated soil. 
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12 BREEDING DROUGHT-RESISTANT FORAGE PLANTS. 

13.3 inches. The greater part of the rainfall in this region occurs 
during the early growing season, and the latter part of the summer 
is liable to be exceedingly dry. 

Although the soil type at Bellefourche is peculiar to only a part of 
the region, the stmilarity of the climatic conditions is such that we 
may expect that strains of forage crops developed at this station will 
be adapted to the greater part of western North and South Dakota 
and eastern Montana. ? 

AKRON DRY-LAND STATION. 

The Akron Dry-Land Station is conducted by the Office of Dry- 
Land Agriculture Investigations of the Bureau of Plant Industry. 
The farm is located about 4 miles east of Akron, Washington County, 
in northeastern Colorado. It was selected as a desirable place for 
breeding drought-resistant forage crops because of its central loca- 
tion in the Great Plains. The climatic conditions are probably more 
severe here than in the greater part of the central Great Plains, but in 
general the station is representative of a large part of the area. The 
altitude of the station is nearly 4,700 feet, being about 1,800 feet 
higher than the Bellefourche station. The average annual precipi- 
tation, as computed from the records at several places in eastern Colo- 
rado, is about 17 inches, though the precipitation at Akron for the 
past few years has slightly exceeded this. 

The land at the Akron station, on which the plant-breeding nursery 
is located, was broken from the native sod in June, 1907, and has been 

under cultivation ever since. The soil may be classed as a loam, and 
is generally favorable for the production of crops when sufficient 
moisture is present. The soil is typical of the ‘“‘hard lands” of the 
Great Plains, as distinguished from the ‘‘sand lands” of eastern 
Colorado, western Nebraska, and other sections of this region. The 
moisture equivalent of the Akron soil is about 17 per cent, which 
indicates that it is only medium in water-storing capacity. 

ALFALFA BREEDING FOR DROUGHT RESISTANCE. 

ALFALFA BREEDING AT THE BELLEFOURCHE EXPERIMENT FARM, 

SEGREGATION OF STRAINS. 

In the alfalfa breeding at Bellefourche, while increased drought 
resistance has been the principal object in view, it has been necessary 
also to take into consideration hardiness, seed production, and the 

a Jn transferring the breeding work from Highmore to Bellefourche, the crops were 
placed under different conditions of soil and a slightly different climate. The soil 
at the Highmore substation is a glacially deposited clay loam, containing some sand. 
The altitude is a little less than 1,700 feet, as compared with 2,900 feet at the Belle- 

fourche station, and the precipitation 1s about 17 or 18 inches annually. Highmore 
may be considered as located near the eastern edge of the Great Plains, while Belle- 
fourche is representative of the more arid portion of the northern Great Plains. 
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yield and quality of the forage. Ail selections have been made with 
the idea of combining large forage and seed production in the same 
individual plant, the forage type, however, receiving first considera- 

tion. A thorough test of the yields of all strains developed is made 
in broadcast plats and in cultivated rows. It should be said that no 
proper test of drought resistance has been had in the alfalfa-breeding 
work up to this time. During the time the work was carried on at 
Highmore, from 1905 to 1907, inclusive, the annual rainfall was above 
the average for that station. The season of 1908 at Bellefourche was 
a dry one, but this was the year when the breeding work was begun 
there and the plants were too young to afford records of yields under 
dry conditions. But since the first season’s growth of an alfalfa 
plant is a critical period in its life, and since these selections made a 
good growth at Bellefourche in the comparatively dry year, 1908, it 
would seem that they must be at least fairly drought resistant. 

During the season of 1909 the precipitation was again above the 
average, so that no test of drought resistance was secured that year. 
It will therefore be necessary to retain all of the progeny rows and 
plats until a proper test of drought resistance is secured. 

The alfalfa stocks used in the breeding work at Bellefourche con- 

sisted of selections from six strains which were grown at the High- 
more (S. Dak.) substation. Two of these strains, South Dakota No. 
162 and No. 164, are recommended by Prof. W. A. Wheeler in Bulle- 

tin 101 of the South Dakota Agricultural Experiment Station as the 
best of the stocks tested at Highmore. The twenty stocks tested 
there included several hardy stocks imported by the Department of 
Agriculture previous to the year 1905. The two best varieties, which 
are described on a later page of this bulletin, proved to be perfectly 
hardy and of good forage and seed producing ability. Four other 

stocks tested at Highmore, which proved fairly hardy, are also repre- 
sented in the breeding plats at Bellefourche. In the following dis- 
cussion each strain is designated by a letter, the selections made from 
each strain being numbered in consecutive order; as A-1, E-12, ete. 

Strain A.—This is South Dakota No. 65. The seed was screened 
from a lot of durum wheat imported from Tashkend, Turkestan, in 
1902, by the United States Department of Agriculture. It was 
planted in 1902 on a small plat, about 12 by 50 feet, at Brookings, 
S. Dak. This plat went through four seasons there (from the spring 
of 1902 to the fall of 1906), and did not suffer any from winterkilling. 

‘Seed from this plat [harvested in 1904] was planted at the High- 

more substation, in 1905, in a selection row. A few of the plants in 
this row died during the winter of 1905-6, showing that it is not per- 
fectly hardy under severe test.”* The plants now growing at Belle- 

a@Wheeler, W. A. Bulletin 101, South Dakota Agricultural Experiment Station, 

p. 185. 
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14 BREEDING DROUGHT-RESISTANT FORAGE PLANTS. ; i 

fourche represent the fourth generation of seed. They are somewhat, 
coarse, with stems inclined to be stout and not greatly branched. 
The results obtained this season indicate that this strain is fair in 
seed production. 

Strain B.—This is South Dakota No. 66. ‘‘The seed was obtained 
by Prof. N. E. Hansen, from Merke (lat. 43° N., long. 73° E.), north- 
ern Turkestan in 1898 for the United States Department of Agricul- | 
ture. It was distributed by the department as S. P. I.4 No. 1169. 
It was sown in a small plat at Brookings in 1899 and has not winter- 
killed to date. The seed from this plat was sown at Highmore in 
1905 in selection rows. The results seem to show it to be about equal 
to No. 65 in quality, hardiness, and seed production.”® The plants 
of this variety are large, coarse, woody in texture, and poor in amount 
of branching. It has proved the poorest in seed yield of any of the 

varieties tested at Bellefourche. 
Straan C—This is South Dakota No. 67. ‘‘The seed was obtained 

from the Minnesota experiment station as Minnesota No. 3in 1902.’”° 
Minnesota No. 3 was derived from seed purchased by the Minnesota. 
experiment station from a commercial seed firm under the name of 
‘“‘“Grimm”’ alfalfa, but has shown itself to be different from that 
variety in hardiness and other qualities. It is similar in type of plant 
to strain EK described below, but is somewhat inferior in both forage 
and seed yield. 

Strain D.—This is South Dakota No. 150, purchased from a seed 
firm as Turkestan alfalfa. It is similar in type of plant to the other 
Turkestan strains, which are inclined to be woody, spreading, and 

lacking in leafiness and branching. 
Strain E.—This is South Dakota No. 162. This strain originated 

from the Grimm alfalfa which has been grown near Excelsior, Minn., 
for more than fifty years. In all the tests at Brookings, Highmore, 
and Bellefourche it has proved superior to all other stocks tested in 
seed production, hardiness, and forage type of plant. The selec- 
tions grown at Bellefourche are inclined to be very leafy, much 
branched, with short internodes and fine stems. This gives the 
maximum amount of palatable forage. The selections have proved 
to be uniformly good in seed production, which is a valuable char- 
acteristic of these selections, since the seed yield is one of the impor- 
tant features of the crop in the Great Plains region. 

a An abbreviation for the Office of Foreign Seed and Plant Introduction of the United 

States Department of Agriculture. 

b Wheeler, W. A., loc. cit. 

ce Brand, C.J. The Acclimatization of an Alfalfa Variety in Minnesota. Science, 

vol. 28, 1908, p. 891. Westgate, J. M. Bulletin 169, Bureau of Plant Industry, 

U.S. Dept. of Agriculture, 1909. Science, vol. 30, 1909, p. 184. 
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ALFALFA BREEDING FOR DROUGHT RESISTANCE. 15 

Strain F.—This is South Dakota No. 164, which is thought to be 
S. P. I. No. 991, a Turkestan stock. This strain is less coarse and is 
better in quality of forage than most of the Turkestan varieties. 
In amount of seed produced it stands second to strain E, as noted in 
Table I. 
A part of the selections with which the breeding work was begun at 

Bellefourche were made in 1907 by Mr. John Cole, now of the Office 
of Dry-Land Agriculture Investigations of the United States Depart- 
ment of Agriculture, but at that time connected with the South 
Dakota Agricultural Experiment Station and in charge of the High- 
more substation. These are selections Al and 2, B1, C 1-4, D1 

and 2, EK 1-7, and F 1-3. Selections E 9-16 and F 4-12 were made 
at the Highmore substation in 1906 by Prof. W. A. Wheeler. Selec- 
tions E 17-31 and many other selections not described in this bulle- 
tin were made by the writer. 

BREEDING METHODS USED. 

In the alfalfa-breeding nursery (PI. I, fig. 1) plants are grown 
singly in hills 21 inches apart, the rows being 42 inches apart. This 
allows 75 plants to a row in the regular plats of the station, which 
are 8 rods long. The seed from a single plant is generally planted in 
one row of hills, but when sufficient seed was available, two rows of 
hills have been planted to a single selection, and when the quantity 
of seed available was small, less than a full row has been planted to 
a selection. Where less than a row was planted there were 25 or 50 
hills instead of 75, as in a full row. ‘The hills are planted at definite 
distances apart so that the rows of plants are in line in both directions. 
(See Pl. I, fig. 1.) Each row is given a progeny number and each 
plant within the row an individual number corresponding to the 
number of the hill in which the plant grows. If a plant is missing 
in the row the order of numbering is not changed, each plant in the 
row being permanently designated by the position it actually occupies. 
This system makes a convenient and certain means of designating 
each plant and obviates the use of stakes except at the head of the row. 

At the period when the first blossoms appear the plants in the 
nursery are studied carefully and complete notes are taken as to 
the type of plant, the amount of branching, leafiness, and the color 
of the flowers. The forage type of plant is best judged at this time, 
for it is at this stage in the development of the plant that it should 
be cut for forage. After these notes are taken all the inferior plants, 
together with such as are divergent from the type of the row, are cut 
and removed from the nursery. This is done in order that the pollen 
from these inferior plants will not be carried to and fertilize the 
flowers of the superior plants. It may be explained further that all 
plants at the ends of the rows are discarded. This is done in order to 
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16 BREEDING DROUGHT-RESISTANT FORAGE PLANTS. 

secure comparable results of yields per plant from each progeny row, 
as the end plants, because of their favored position, make a larger 
growth. The purpose is to secure accurate comparative yields of all 
the progeny rows. 

Later in the season, when the seed is ripe, the superior individuals 

are selected as mother plants to furnish seed for planting the following 
season and thus continue the work of selection.¢ 

After the superior plants have been selected the bulk of the plants 
in the row are harvested, dried in shocks, weighed, and thrashed. 

Since a record is kept of the number of plants harvested, an accurate 
estimate of the producing power per plant of each row is easily made. 
The yields of the progenies grown at Bellefourche during the season 
of 1909, which are in the fourth generation of selection, are presented 
in Table I. 

UNIFORMITY OF PLANTS IN THE PROGENY ROWS. 

Breeding work with a plant like alfalfa has the special advantage 
that one is able to compare living plants belonging to different genera- 
tions of selection. Alfalfa being perennial, the mother plants can be 
retained in their original places in the breeding nursery for com- 
parison with their progeny. Thus, the degree in which the progeny 
has inherited the desirable characters of the mother piant can be 
checked by direct comparison. In general, there has been great uni- 
formity in the rows although they are the progeny of plants that 
were selected without any precaution to insure close pollination. 
As shown in Table I, in 29 out of 36 progeny rows harvested sepa- 
rately, in which the plants ‘‘off type”’ were discarded, over 80 per 

cent of the plants in each row were harvested as uniform in type. 
Some prominent types may be noted, as E-2, in which the plants 
were very erect, rather slender, and only moderately branched, and 
had dark-purple flowers. This is a rather distinct, easily recognizable 
form and it will be noted that 84 per cent of the plants in this row 
conformed to the type. B-—1 is another distinct type; the plants are 
tall, coarse, slightly branched, and woody, with very light purple 
flowers fading to white. Of the plants in this row 92 per cent were 
typical. In some progeny rows the variation in type of plant has 
been great, but in general the uniformity is close enough to show that 
this method of simple selection without isolation can give valuable 
results in breeding alfalfa. 

a Heretofore the plants have not been inclosed with screens to insure seli-pollination; 

but it is the plan in future work to inclose a number of plants and pollinate them by 
hand and thus get a comparison of the uniformity of progeny of screened plants and 
those which are exposed in the normal way to the chance of cross-pollination by 
insects. These screens will be placed over the plants at the beginning of the blos_ 
soming period. Hitherto the only distinction made with superior plants has been to 
harvest them separately at the time the seed matured. 
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ALFALFA BREEDING FOR DROUGHT RESISTANCE. 7. 

COMPARATIVE YIELDS® OF THE DIFFERENT STRAINS AND PROGENIES. 

TaBLE I.— Uniformity and seed yield of plants of alfalfa grown in progeny rows at Belle- 
fourche, S. Dak., in 1909. 

EcOpet Hon wX Seed yield of typica verage Average 
Strain. FP euhage plants in | dry weight | seed Tela a 

* progeny | per plant. | per plant. 
ree dry plant. 

Per cent. Grams. Grams. Grams. 
A Tie 91 138 21 15.2 

2 88 129 16 12.4 
B 1 92 153 12 7.8 
C 1 82 150 14 9.3 

2 81 150 21 14.0 
3 79 135 16 11.9 
4 85 132 20 15.1 

D 1 89 138 13 9.4 
2 85 123 17 13.8 

E 1 79 171 27 15.8 
2 84 171 18 10.5 
3 LPs Aeeeeeoe DEN ee ie ee as 
4 88 189 33 17:5 
5 80 144 23 16.0 
6 82 192 32 16.7 
7 80 150 25 16.7 
9 91 150 22 14.7 

10 90 138 22 16.0 
12 100 150 21 14.0 
13 95 138 19 13.8 
15 74 180 27 15.0 
16 pola fase cs Pate 28 ir dl Base se lalate 
17 85 138 20 14.5 
18 66 165 28 17.0 
19 84 180 33 18.3 

F 1 85 144 18 12.5 
76 150 20 13.3 

3 81 150 19 OE a 
5 87 135 14 10. 4 
6 87 132 15 11.4 
7 91 134 22 16.4 
8 83 192 28 14.6 
9 57 144 17 11.8 

10 Spee cers Merce se 74 Wie ean eer 
11 82 144 20 13.9 
12 91 180 30 16.7 

The results given in Table I were obtained from a large number of 
plants. Where the progeny occupied two rows of the breeding 
nursery the number of plants harvested in the bulk lot exceeded 100. 
Where the progeny occupied one row the number of plants usually 
exceeded 50, but where less than a row was planted the report shows 
the yield of only 20 to 50 plants. Yields estimated on more than 

50 plants should represent fairly the producing power of the progeny 
under this system of planting. Column 3 of Table I shows the per- 
centage of plants of uniform type in the progeny row, leaving out of 
consideration the inferior plants which were discarded early in: the 
season. 

The dry weight of the plants and the seed yield have been reduced 
to an average per plant so as to afford a comparison of the producing - 

aThe yields obtained in the breeding nursery, where each plant has much more 
space than in ordinary field culture, do not necessarily indicate that under field 
conditions the different strains will be found to occupy the same relation to each 

other in comparative yielding power. ' 
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18 BREEDING DROUGHT-RESISTANT FORAGE PLANTS. 

power of the progeny. Column 6 of the table gives the seed yield 
per 100 grams weight of plant, showing the relation between the seed 
yield and forage production in each progeny row. It will be seen 
that a large seed yield is usually associated with a large forage yield, 
as is shown by a comparison of columns 4 and 5. This result throws 
some light upon the question whether or not heavy seed production 
and heavy forage production are opposed, or whether they can be 
combined in‘the same individual; the results seem to indicate that 
these two characteristics can be combined. This purpose has, in fact, 
been constantly kept in mind in the selection of the mother plants. 

Table II is inserted to show the comparative yields of the strains 
represented in the breeding work. It will be seen that strain E ex- 
ceeds all others in both seed yield and forage production, as shown 
by the yield per plant, and that large seed yield and heavy forage 
production can be combined in the same strain. 

TaBLeE I].—Proportion of plants winterkilled and average yield of each strain represented 
in the alfalfa-breeding nursery at Bellefourche, S. Dak., in 1909. 

| Average Average 
Strain. Variety from which derived. killing, ceca of | | dry weight seed yield 

1908-9. | | ‘per plant. | eee plant. 

Per cent | Grams. Grams 
A EDURRCS GANS Cee ae ea ne ee | ee eee 182 147 18 
B ah ee ee eerees 2 a Nae cea = a 2 132 153 12 
Cc GR ESIVEN Ne en Se ee oe ee 281 141 18 
D GommercialPurkesian. 3 2k oS Eee 121 132 14 
E CATS 11) Gt Bs es I ea Nd SR Se Teta 4 601 162 24 
F IRUEK CSE Aon oe a Se Sek See 1 354 150 21 

WINTERKILLING. 

The winterkilling of the varieties in the breeding nursery during 
the winter of 1908-9 was practically negligible, while the broadcast 
plats and cultivated rows of the same varieties did not show any 
killing at all. The nursery method of planting, where each plant 
stands alone and unprotected, is the most severe test of hardiness. 
At the Ashcroft (S. Dak.) Weather Bureau station, where conditions 

are probabiy most nearly representative of the Bellefourche Experi- 
ment Farm, a temperature of — 30° F. was recorded in January, 1909. 

It should be said that the varieties of alfalfa represented in the 
breeding plats at the Bellefourche Experiment Farm have been sub- 
jected to severe winterkilling tests for several generations. They 
represent selections, some of three and some of four generations of 
individual plants grown in the breeding nursery at Highmore under 
conditions which eliminated the less hardy individuals. The mini- 
mum temperatures recorded during the time the work was carried 
on at the Highmore substation are as follows: 1904, —27° F.; 1905, 
— 36° F.: 1906, —31° F.; 1907, —27° F. There was some winter- 
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ALFALFA BREEDING FOR DROUGHT RESISTANCE. 19 

killing during each of these winters, especially in the breeding nur- 
sery, where the test is most severe. The winter of 1905-6 was 
especially severe; among 20 stocks tested at Highmore, 8 winter- 
killed greatly and were discarded. Some winterkilling was noted in 
all the varieties except South Dakota No. 162, which is strain E of 
the above table 

FUTURE TESTING OF STRAINS. 

The bulk seed from each of the best progeny rows was planted in 

1910 under two conditions, in cultivated rows (Pl. I, fig. 2) and in 

broadeast plats. If conditions favor a test, the comparative drought 
resistance of the different strains, progenies, and individual plants 

will be carefully noted. At the beginning of the season a record of 
their hardiness and earliness of development was made. Later in 
the season comparisons of yields will be made from the broadcast 
plats as to forage production and from the cultivated rows as to seed 
production. If the progenies which have proved superior thus far 
continue to show superiority in these characters, combined with 
hardiness and drought resistance, seed from them will be increased 
and distributed as soon as possible. | 

ALFALFA BREEDING AT THE AKRON DRY-LAND STATION. 

The plan followed at Bellefourche in the alfalfa-breeding work has 
been followed at the Akron Dry-Land Station. There is not likely 
to be so severe a test of hardiness or resistance to winterkilling at 
Akron as farther north in the Great Plains. The test of drought 
resistance, however, is likely to be quite as thorough. 

The strains of alfalfa are the same as those used at the Bellefourche 

Experiment Farm. The plan has been to divide the seed of the selec- 
tions made at Bellefourche and from other sources and plant part of 
the seed at Bellefourche and part at Akron. In this way a comparison 
of the effect of somewhat different climatic and soil conditions can be 
made and the possibility of obtaining an adequate test of drought 
resistance is increased. As the breeding nursery was established in 
1909, no results have yet: been obtained except notes on the season’s 
erowth and the autumn stand of each progeny row. 

SEED PRODUCTION OF ALFALFA PLANTED IN HILLS. 

Maximum seed production in alfalfa can no doubt be attained by 
erowing plants in such a manner as to allow cultivation of the soil 
rather than by planting in broadcast plats. The method of planting 
in single or double cultivated rows has been recommended @ and is 
unquestionably an improvement over the broadcast method for seed 
production. The results as to seed production in the breeding nursery 

a Brand, C. J., and Westgate, J. M. Circular 24, Bureau of Plant Industry, U. 8. 

Dept. of Agriculture. 
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20 BREEDING DROUGHT-RESISTANT FORAGE PLANTS. 

at Bellefourche suggest that the method of planting in hills is still 
more favorable to seed production and may be used to good advantage 
where it is desired to increase rapidly the seed of some valuable strain. 
It was observed that the yield of seed in the breeding plats at the 
Highmore substation was often fairly good when the broadcast plats 
yielded little or no seed. In 1907 a commercial seed firm in South 
Dakota, with which the writer was then associated, obtained a yield 
at the rate of 200 pounds of seed per acre in the alfalfa-breeding nur- 
sery of half an acre. The plants were grown singly 18 inches apart, in 
rows 36 inches apart. Inthe breeding nursery at Bellefourche in 1909 
the yield of seed was much greater than from alfalfa seeded in broad- 
cast plats or in double-cultivated rows. These yields are presented in 
Table III. 

TaBLeE II1.—Seed yield of alfalfa planted in hills compared with broadcast or row planting. 

ee Het Sue as Yield esti- 
Plat me BAe mre obtaine rie mated on No: Method of planting and variety. lon zy-acre | per acre. perfect 

faoeterpiate stand. 

| Pounds. | Pounds. | Pounds. 
67 Breeding nursery, 475 plants, strains D and F, in hills....... 20 | 200 | 348 
69 | Breeding nursery, 500 plants, strain E, in hills. ...........-- 26 | 260 430 
61 | Broadcast plat, strain of Grimm alfalfa..............---..... 12 | LDQ ger eee 
62 | Double-cultivated rows, strain of Grimm alfalfa.............} 83] 5 | 

In plat 67, 325 plants, and in plat 69, 350 plants, were discarded or 
missing. The missing plants had been destroyed chiefly by pocket 
gophers. In estimating yields the living plants nearest these were 
discarded as having had an unduly favorable opportunity. For this 
reason column 4 is added, estimating the yield per acre of a perfect 
stand in the breeding nursery, which would be 825 plants on the 
zo-acre plat. 

The method of planting in hilis or very thinly in single rows can be 
recommended only where rapid increase of seed is desired, as when 
some especially valuable selection is grown. With the present inter- 
est in alfalfa breeding and the great need for drought-resistant and 
hardy strains, the price of seed of superior strains is likely to be high. 
Under such conditions the above method of seed increase may be 
used to advantage. 

BREEDING DROUGHT-RESISTANT SORGOS. 

CONDITIONS TO BE MET. 

Sorgo is an important forage crop in the central and southern Great 
Plains, but its use in the northern part of the region has been limited 
because the season is too short to allow the crop to mature seed. 
Sorgo is not likely to be planted extensively in regions where seed can 
not be matured. To purchase seed every year often makes the crop 
unprofitable. Further than this, the greatest food value of the crop 
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can not be secured unless it reaches the point of flowering at the time 
of harvesting. The purpose in the breeding work described here has 
been to obtain a drought-resistant and productive strain which will 
mature early. Such a strain would extend the sorgo-growing area 
north of its present limits. 

The breeding work with sorgo at Highmore and Bellefourche has 
been done with a saccharine sorghum of the Minnesota Amber type, 
South Dakota No. 341. This strain has slender stalks and rather 
long, narrow leaves. The plants stool quite freely, having from two 
to six suckers per plant. The seed panicles become open and spread- 
ing as the seed ripens. The seeds are reddish yellow in color when 

separated from the glumes. The glumes, however, are black and 
either smooth or slightly hairy. In thrashing, many of the seeds 
separate from the glumes. The stock of this variety was found at the 
Highmore substation in 1903 under the name of ‘‘Montana.”’ This is 
all that is known about its history. It was grown at Highmore in 1906 
in comparison with two other amber types and proved to be two 
weeks earlier than the varieties with which it was compared. The 
earliness of the type has made it valuable as a stock from which to 
work. Two valuable selections (PI. I, fig. 1) were made in the course 

of the breeding work at Highmore, and seed of these has been increased 
and is now on the market. , 
The two selections referred to were very marked in point of earliness 

and in uniformity of the progeny. It is probable that the early 
flowering of the mother plant in each of these selections prevented 
cross-pollination from any of the surrounding plants, which were ten 
days or more later in flowering. This insured self-fertilization and 
the resulting uniformity of progeny. 

Yields of sorgo, South Dakota No. 341, at the Highmore substation 
for three seasons, 1906 to 1908, inclusive, and at the Bellefourche sta- 
tion for 1908 and 1909, were furnished by the Office of Dry-Land 
Agriculture Investigations. These yields are from each of two 75-acre 
plats used in the rotation experiments of that office and are as follows: 

TaBLe 1V.— Yield per acre of air-dry fodder at Highmore and Bellefourche, S. Dak. 

Yield of | Yield of as 
Place and year. | rotation | rotation eS 

| No. 33. | No. 34. : : 

Highmore: | Pounds. | Pounds. | Pounds. 
ID Shsb 2 SS SRS ECO RS SEAR Ae Beco CS Se Eee Tea ee ee 11, 140 10, 810 10,975 
UR Yl Coa een is Saas aps ere aire Be pam tea 3 a pe en Se OE pan ne 4,940 5,760 5, 350 
IO cas S BEET CES See OR SOC DBE BOSS ts Ae ee 8, 150 7,250 7,700 

Bellefourche: > 
LOU s See Soe SO SEC ODE DE SC Sees Ge eee STS OI nee cent ee aati ean 2,330 4, 200 3, 265 
WE) et a SCS SOE ESE oS wy SOS ERS re sea Se a a ne 4, 280 7,560 | 5, 920 

| | 

ASAMIES D TS DES OED EGS Si 8 a oe ae ee ee eee ENC [eyes | 6, 642 

@ The low yields in 1907 at Highmore were due to a poor stand of plants in both plats. 
b The lower yields in rotation No. 33 than in No. 34 at Bellefourche for both years, 1908 and 1909, are due 

to the poorer type of soil where the plats of rotation No. 33 were located. The soil there is very poor in 
spots, being liable to puddling and to extreme baking when dry. ; 
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22 BREEDING DROUGHT-RESISTANT FORAGE PLANTS. 

The average yield of 6,642 pounds of feed per acre at these two 
stations is sufficient to warrant the growing of this strain where 
forage of this kind is desired. 

SORGO BREEDING AT THE BELLEFOURCHE EXPERIMENT FARM. 

In 1908 the writer obtained some of the bulk seed of the South 
Dakota No. 341 stock from the Highmore substation and planted a 
field with it at Bellefourche for the purpose of making selections. In 
September, 1908, 18 individual selections were made in this field. 
These were selected for earliness, amount of stooling, and uniformity 

of the main stalk and suckers in height and ripening. The selections 
ranged in date of ripening from September 10 to September 20, in 
height from 43 to 54 feet, in yield of seed from 50 to 100 grams, and — 

in number of suckers from 3 to 5 per plant. The characters which 
make the most desirable type of forage sorgo are slender stems, uni- 

formity in the size of the suckers on each plant, and large total leaf 
surface, and these points governed the selection. 

The seed of each of these selected plants was planted in a single 
row, 8 rods long, in 1909. In date of ripening the progeny rows were 
very similar to the mother plants, ranging from September 10 to Sep- 
tember 18. In height the progenies exceeded the respective mother 
plants by about 6 inches, the plants ranging from 5 to 6 feet high. 
This was probably due to the more favorable season in 1909. Each 
individual row was quite uniform as to height and type. (Pl. II, 
fist. 22.) 

In order to show what characters apart from drought resistance are 
regarded as most important in a sorgo for the northern Great Plains 
and to give some idea of the amount of diversity still remaining in 
this selected stock, short descriptions are given of the types that pre- 
dominated in the 1909 progenies of the five most promising selections. 
It is possible that strains derived from more than one of these selec- 
tions may ultimately be found valuable for this region. Thus, near 
the northern limit for sorgo culture the earliest maturing strain, even 
if somewhat inferior in other respects, may prove to be the most use- 
ful, while farther south a later developing strain which produces a 
better quality of forage may be preferred. 

Selection No. 2.—Plants in this row stooled freely; the stalks were 
small and fine and there were many small suckers which would make 
forage of good quality. The progeny was good in seed production 
and uniform in early ripening. This was one of the best rows. 

Selection No. 6.—This was a good row, but was slightly later than 
that of selection No. 2 in ripening seed. It was very uniform in 
height and type of plant. The plants were very leafy and had 
numerous suckers that were slender and fine. 
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Selection No. 9.—This was about the best row in the breeding plat; 
the plants stooled freely., the stalks were small, and the plants uni- 

form in height and type. It was early and uniform in ripening seed. 
Selection No. t0.—This row was very similar to that of selection 

No. 9 except that the plants were later in maturing and the stalks 
were slightly thicker. (See PI. II, fig. 2.) 

Selection No. 12.—This was a fairly good row; the stalks were 
small and the plants stooled freely and were early in ripening. A 
‘peculiarity of this row was that a large percentage of the outer glumes 
of the seed were free from hairs. 

' Bulk seed was saved from each of the above selections. This seed 
was harvested September 16, when nearly all the plants in the breed- 
ing nursery were mature. Seed from each row was harvested sepa- 
rately by cutting the mature panicles from all the plants that showed 
the type characteristic of the row. No comparisons of yields of either 
seed or forage were made, as the differences in stand in the different 
rows would have made the comparison of little value. The bulk seed 
from each row was planted in field plats in 1910 for comparison of 
their drought resistance, yield, uniformity, earliness, and other char- 

acteristics. The writer believes that sorgo can be made a valuable 
crop in the northern sections of the Great Plains if this early-matur- 
ing type is planted. Since no strain that will ripen seed is at present 
generally grown in this region, it would seem desirable to increase 
seed of these superior selections as rapidly as possible for distribution 
to farmers. 

SORGO BREEDING AT THE AKRON DRY-LAND STATION. 

Seed of each of the selections made at Bellefourche in 1908 was 
planted in single rows 8 rods long at the Akron Dry-Land Station in 
1909. Each of the plants selected in 1908 bore two or more panicles 
of mature seed. The seed from one of these panicles was planted at 
Bellefourche and the seed from the other at Akron. The progeny 
was very similar in type of plant and general characteristics to that 
grown at the two stations, but it is evident that extreme earliness in 
ripening is not of first importance at the Akron station. The progeny 
of selection No. 13 was considered the best row there, while at Belle- 
fourche it was decidedly too late in maturing and the stalks had a 
tendency to be coarse and pithy. This row, No. 13, was harvested 
for seed, and the seed was planted for comparison with other varieties 
in 1910. 

It is probable that later maturing varieties (for example, Orange 
and Red Amber) may be grown to good advantage at Akron, and in 
future drought-resistance breeding work at that locality such varieties 
will be considered. 
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BREEDING DROUGHT-RESISTANT MILLETS. 

SEGREGATION OF STRAINS. 

Several varieties of foxtail millets (Chaetochloa italica) are grown 
rather extensively in the northern Great Plains. This crop is espe- 
cially valuable there because it requires only a few weeks to complete 
its development; for this reason it is often used as a “‘catch crop” to 
replace other crops which have been frozen or otherwise destroyed 
in early summer. 

Most of the varieties now on the market are mixtures of more or 
less distinct types and offer an excellent opportunity to the plant 
breeder to segregate these types and develop pure strains. This 
has been the purpose of the work here described, special attention 
being given to the segregation of strains characterized by drought 
resistance, early maturity, and maximum forage yield. 

RESULTS OF PRELIMINARY WORK AT THE HIGHMORE SUBSTATION. 

Mention is made in Bulletin 101 of the South Dakota Agricultural 
Experiment Station of the breeding work with foxtail’millets carried 
on in cooperation with the Bureau of Plant Industry at the Highmore 
substation. The breeding work was conducted with five varieties 

of millet—Kursk, Common, Siberian, Hungarian, and German. 

Several uniform and productive strains were developed at Highmore 
and were grown for comparison of yields, but the results have not 
been published in detail. Seed of one pure strain of Kursk millet 
developed at Highmore has been increased by a commercial seed 
firm and is now offered for sale. The Office of Forage-Crop Investi- 
gations of the Bureau of Plant Industry secured some of this seed in 
1907, and it was distributed under 8. P. I. No. 22420. 

VARIETY TESTS AT ‘THE BELLEFOURCHE EXPERIMENT FARM. 

In 1908 breeding work was begun at the Bellefourche Experiment 
Farm with five varieties of foxtail millet (Chaetochloa italca). In 

cooperation with the Office of Forage-Crop Investigations a prelimi- 
nary test was made in 1908 of these varieties in z5-acre plats and in 
1909 in ;y-acre plats. The results were as follows: 
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Taste V.— Yield per acre of five varieties of foxtail millet at Bellefourche, S. Dak., in 
1908 and 1909. 

Yield of | Estimated 
Variety. hay from yield of hay 

| plat. per acre. 

Plats of one-twentieth acre, 1908: Pounds. | Pounds. 
Soe ee ENO 224.20 BICUITS Kaen oye eee ei eee Ses ye en aos. oa 144 2,880 
See eel NO 224256 COMM OM sey ernst ea Rene Se ae pee ee 150 3, 000 
Sap eABIRPINO 922540 sl Gerimanbns sents ees sea nae ne OR eee ease i16 2,320 
Sapien NO 22474 SIDerlaneter sae nae Se ee ase eerie alo ck awe 150 3,000 
Sapo eNO 2420 ulin SAMA om ase ae ene ae eee Ds ees en 130 2, 260 

Plats of one-tenth acre, 1909: 
Sep Ee EIN O 9202 20 ECTS key pee sapere oe tasine Be So OEE Se cde eisieseeeeee 154 1, 540 
SR lNOw2AS AIC omimonmans et seen see ee ou eee See e Lb ae 206 2,060 
ee eENO 21642 Geriml am snte saan ama teeenee oe cee ees e uate eat Ne! 68 680 
Bio IPS Ue INO. ZHU BY Sh loys ONE bet ae a be SOME Aside Seen ae aaa ees ae ee 194 1,940 

Average yield for the two years of the three best millet varieties: : 
(COMM ANON: « AAs sadam Soa eos SES SAS BSE ae ea eres ae eet dl ae ae ee Se are eel ret 2, 530 
SUDO a5 SoG SUS SSS He OS Oy TS SASS Se Ba eee rc a ee NR ea 2,470 
ITER se SRB SE Said & Soe Bee ae RS ac ee A es marr tay ee eee beeen Yes San 2, 210 

About thirty other species and varieties were tested in single rows 
in 1908, but none of these proved to be of any special value for this 
region except S. P. I. No. 20694. Seed of this number was obtained 
by Professor Hansen, at Khokand, Russian Turkestan, in 1906, when 

acting as agricultural explorer for the Department of Agriculture. 
A quantity of the seed was planted in a selection row at Bellefourche 
in 1908. Two plants in this row matured seed and were saved. 
Since the plants were identical, so far as could be seen, the seed from 
the two was mixed and planted in a progeny row in 1909. The 

selection is of good forage type, but the panicle is open and the seed 
shatters readily. 

MILLET BREEDING AT THE BELLEFOURCHE EXPERIMENT FARM. 

BREEDING METHODS. 

The methods used in the millet-breeding nursery were much the 
same as in the alfalfa nursery. In 1908 the seed of each of the 

varieties, Kursk, Common, German, Hungarian, and Siberian, was 
planted in hills 8 inches apart, in rows 42 inches apart (PI. III, fig. 1). 
The seedlings were thinned to single plants in a hill. Selections of 
the superior individual plants were made and the seed planted in 
single rows 8 rods long, in 1909 (PI. ITI, fig. 2). 

RESULTS OF THE WORK. 

The table following gives the record of yields and other data 
concerning the individual plant selections made in 1908 the progeny 
of which gave the largest yield in 1909: 
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26 BREEDING DROUGHT-RESISTANT FORAGE PLANTS. 

TasLe VI.— Yield of millet selections of 1908 and of their progenies grown_at Belle- 
fourche, S. Dak., in 1909. 

| Number | Individual selections of 1908. Progeny grown in 1909.4 

| of selec- | 
| tions in | = ie 

eg : 1908 | ropor- ropor- Variety and selection. | and of |Total dry ; Woke Total ane How Of 
Weight y Weight 

progeny | weight Nee! seed to Ne | GeEEd seed to 
rows of plant. ~ | 100 parts | o¢ plants - | 100 parts 

in 1909. of straw. P : of straw. 

ieee No. 22420:0 Grams. | Grams. | Per cent.| Pounds. | Pounds. | Per cent. 
ABS pa yep Ma ae eo eRe eee made ce Ys ope 100 | 29 | AOU 28 94 51 

2 obs sah ones Oe nag ee Re Se 125 | 43 52 293 gx 48 
Ae ee cs So Sa ee ee AI eel eae ie, 85 | 16 23 29 - 9 45 
eat Zh gem cet eee FINS oes Eels RE DIT 130 | 27 26 30 | 8h 41 
ST ge hens a eae gL 120 | 19 19 28 | 83 43 

1 Qe yeeger ee repens eae Sore Aner en ei 130 | 29 29 27 | 83! 48 
1) ies Ses Bt ae Naa Sire te a Ne ae nc ee 150 | 22 17 20 | 8 | 42 

Common, No. 22423:0 
Be Mee oe eye A es Sie cee eee ES 112 42 | 60 21 | 73 58 

Ae pS y Pye Beans She Sith y. ae ae 95 33 53 183 7 62 
pera Whee aye BE We ace ee 100 38 61 19 8 73 
Bia a sete neg 2 a eR 65 28 76 224 83 60 

Siberian, No. 22424:6 
3 85 SaaGh ot ae Se Pee SUeeaS Geena 120 25 26 223 7 45 

Drees tree me Menke Seon eee ee 95 8 9 23 6% 41 
efeLS Gas Eee ee aS eter ee lace a se 140 | 16 13 213 5 30 

i Ree ers ee es ee Salina Se ae ae 95 | 13 16 | 23 | 54 31 
Hungarian, No. 22426:6 

Eee Pr Oe Se ek the cree A cree: eo ee 170 15 | 10 303 3 11 
356 GS cae Se Gore es oseeene > 170 13 8 28 44 
USA Ate a eee ee estes ere ra 127 19 17 264 5$ 28 
Saga ate See ese ae eee ere 120 12 11 25 43 22 

S. Be I., No. 20694: | 
gS ea a Sl AE ES re ee ee ees (cen ee 55 | 5 10 26 54 27 
peer oe ae ie 7 evs Ae [eae a | eee 

AVERAGE YIELDS OF ALL THE SELECTIONS AND PROGENIES.¢ 

| | 
Kursk NO n22420 ser ses ae 2! 15 108 | 23 27 27 82 47 
Commons jNos22423=. 222. 8 86 | 31 56 18 72! 63 
Siberian, No 224040027 <0. | 10 | 122 16 | 15 21 | 53| 26 
Hungarian, No. 22426........... 8 | 130 13 11 Dal 4 24 

a The yields of the different progenies are strictly comparable because the rows were of uniform length 
and the stands were all perfect. 

b Only those selections from each variety are here included of which the progenies in 1909 gave yieldsof 
seed and of total dry matter above the average for the progeniesof all the selections made in 1908 of that par- 
ticular variety. 

cIncluding selections the progenies of which yielded low in 1909 and were hence excluded from the 
preceding showing. 

Some interesting results are shown in the millet-breeding work as 
recorded in the above table. It will be noted in the record of averages 
that the Kursk is the highest yielding variety in the progeny rows 
grown in 1909, both in total weight of plant and weight of seed. 
Kursk is considerably ahead of any other variety in yield of seed 
though the Common variety exceeds it in proportion of seed to straw. 

It will also be noted that the yields of seed and straw of the proge- 
nies, in general, correspond rather closely with those of the respective 
mother plants. This is especially marked in the Kursk and Common 
varieties. For example, inthe Kursk variety, seven selections are sepa- 
rately listed in which the progeny of each yielded above the average of 
all rows. Asshown in Table VI, the selected mother plants all yielded 
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above the average in total weight of plant, except No. 1 and No. 4. 
Selections 6, 7, 9, 12, 14, and 15 (not separately shown in the table) 

yielded below the average of both mother plants and progeny. 

DATES OF RIPENING. 

The average dates of ripening and the average number of days from 
date of planting to maturity for the selected varieties for the two 
years were about as follows: 

TABLE VII.—Date of ripening and length of growing period of several selected varieties 
of millet at Bellefourche, S. Dak. 

Date of Maturing 
Variety. — F : period. ripening. (days) 

CHRDTTRAVOPAY 5A, iE ied Sees, Os eee ee CON Nl Ne IE a Lig Es hg eee ala Od ee August 24._... 96 
TET S Kee Gee Nero enn h nee eho te Re nema 8 Eo ad OE is Pe Se ee August 28. .... 100 
PFS iea eA] Oh Teese eed ae iste S Rea aan en ey ae ees eae AS epee September 7. - 110 
STDCEL AMSAT CIN Oe LUG G4 meter tan mae ats eens te ene Se ym Rome, feats ween a mea September 10.. 113 

It will be seen that the Common and Kursk varieties are earlier by 
| ten days or more than the Hungarian and Siberian. LEarliness in 

ripening is an important factor in all dry-land crops, especially millet, 
which is often used as a catch crop to replace a previously destroyed 
crop. 

UNIFORMITY IN THE PROGENY ROWS. 

It was noted in the breeding plats that the progeny rows from the 
different selections of Kursk resembled one another much more closely 
than the progeny rows from any other variety. This may be accounted 
for by the fact that the bulk seed from which these Kursk selections 
were made was itself the product of two selections made at Highmore 
only three or four generations back. There seems also to be great 
uniformity among the plants in each progeny row. 

The selected plants have been remarkably true to seed from the 
beginning, indicating that millet is probably a self-pollinated plant. 
This belief is based on the general uniformity of the plants in the 
progeny rows as observed by the writer in all his breeding work with 
this crop. | 

MILLET BREEDING AT THE AKRON DRY-LAND STATION. 

Seed of several selections of millet made at the Bellefourche Experi- 
ment Farm in 1908 was used for beginning the breeding work at the 
Akron Dry-Land Station in 1909. These selections were the same as 
those planted at Bellefourche, sufficient seed being borne by each 
plant for use at both stations. 
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28 BREEDING DROUGHT-RESISTANT FORAGE PLANTS. 

TaBLeE VIII.— Yield of millet selections of 1908 and of their progenies grown at Akron, 
Colo., in 1909. 

Individual plant selections ; 
made at Ballelourene in 1908. Progeny grown at Akron in 1909. 

Yields from actual stands. 

Variety and selection. Propor- Petal ds y 
: wei 

Total dry| weignt | tion of Propor- | Stand in ealeds 
weight of of seed seed to Total dr tion of row lated t plant. * | 100 parts | ont y Weight aa EME Ho 

OUStTAWT Ie muon oreeca! seed to a full 
plants. 100 parts stand. @ 

of straw. 

Kursk, No. 22420: Grams Grams. | Per cent.| Pounds. | Pounds. | Per cent.| Per cent. | Pounds. 
TEE AE yar 100 29 40 182 (ei 63 80 23.2 
Diba Cel RRs eS eae 125 43 52 39 18 86 95 41.0 
Syne ahe (ar one 150 25 20 334 143 79 100 33.5 
Ie Sie eee ar 130 27 26 42 iy 68 100 42.0 

LUO ee ee ae ae 130 29 29 332 14} 73 100 33.7 
VStar ys Wa aya 145 30 26 394 Ls 80 100 39.5 
cL yep er ere cles 100 29 42 283 12 73 90 31.6 

Average.... 126 30 34 33 143 Teed Re yee ce eae 34.9 

Common, No. 22423: | 
Te eG ac aca 112 42 60 223 103 87 80 28.0 
OBA Sel Apa ETE LIRR 82 40 95 133 44 45 75 18.3 
SUN Sie eee Be 75 33 79 193 4 47 70 28.0 
Alera ale SIAL) 95 33 53 271 133 98 95 29.0 
Ff Se SN eats oie 100 38 61 194 9 88 95 20%3m: 
SSSA Ae ea oReee 65 28 76 241 12 98 95 25.6 

Average... 88 36 71 21 ) HUE | ie tras ee 24.8 

Siberian, No. 22424: ; 
AD eres oe halen 120 25 26 153 61 68 80 19.4 
ANS Ute raed 8) Me oe 175 25 ray 37 154 2) 90 41.0 

Average.... 1473 25 214 26 10.9 PAO ate onc 30. 2 

a This calculation is doubtless too favorable to the rows in which the stand was incomplete, since the 
plants growing near the gaps unquestionably yielded more heavily than would the average plant in a row 
in which the stand is complete. 

The yields of millets in the progeny rows in 1909 were considerably 
heavier at Akron than at Bellefourche. This fact is not only apparent 
by comparison of the average yields of all the progenies of each 
variety at Bellefourche (Table VI) and at Akron (Table VIII), but 

generally holds good in the case of progenies of those individual 
selections of which the seed was divided and planted partly at 
Bellefourche and partly at Akron. The heavier yields at Akron 
were doubtless largely due to the more favorable season at that 
locality in 1909. The rainfall there was well distributed through- 
out the growing season, while at Bellefourche there was less than 
3 inches of rain Sng July and August, which is the critical 
period in the growth of millet, It was sees Thee the yield of seed in 
many of the rows at Akron was remarkably high. The average seed 
yield of the Kursk progeny rows was 144 pounds per row, which is 
equivalent to a yield of 25 bushels per acre. The largest yield, from 
Kursk selection No. 2, of 18 pounds to the row, is at the rate of 32 

bushels per acre. 
As shown by the averages for the progenies of each variety, the 

Kursk is first in total saree A of plant and weight of seed. The 
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superior yield of Kursk millet when grown in cultivated rows is a 
marked character of the variety. This is no doubt partly due to its 
strong stooling habit and vigorous growth. It has been noted by the 
writer that in seeding millets broadcast a much heavier stand is secured 
in the Kursk variety than in others when the same amount of seed is 
used per unit area. This makes it desirable to seed somewhat less of 
this per acre than of other varieties, especially under dry-land 
conditions. 

In 1910 the seed of the best progeny rows grown in 1909 were 
planted in jo-acre plats im comparison with standard varieties. 
These tests will be continued until the forage value of the different 
selections as compared with one another and with other varieties 
under conditions of severe drought can be ascertained. 

BROME-GRASS. 

Smooth or Hungarian brome-grass (Bromus inermis) is one of the 
most drought-resistant grasses grown in the northern Great Plains. 
It_is well adapted to cultivation on account of its abundant seed 

production and vigorous habit of growth, and it has come into 
general favor in the Central Northwest since its introduction into the 
United States.? Several stocks of seed were tested at the Highmore 
substation previous to and during the time cooperation was carried 
on between the Bureau of Plant Industry and the South Dakota 
Agricultural Experiment Station. One of these stocks, listed as 
South Dakota No. 26, appeared to be decidedly superior to the others 
in forage production. This strain is rather distinct in type of plant 
and has light-colored outer glumes or scales around the seeds which 
give the mature panicle an exceptionally lhght-colored appearance. 
The plants are strong and vigorous and remain productive for several 
years; that is, the strain does not “‘run out’’ quickly. Bulk seed of 
this strain was planted broadcast and in double-cultivated rows at 
the Bellefourche Experiment Farm in 1909. A breeding nursery 
occupying two 35-acre plats was also planted. The seed was planted 
in hills 42 inches apart each way and the hills were thinned to indi- 
vidual plants in early summer. An excellent stand was secured in 
all the plats. There is great diversity in the manner of growth of the 
individual plants in the breeding nursery. Many of them are erect 
and close growing, while.others are inclined to spread greatly by root- 
stocks. There is also great diversity as to amount of leafiness and 
amount of stooling. Altogether there is great opportunity for 
selection of superior types. In addition to the work in the breeding 
nursery tests are being made of several individual selections of 
Bromus wnermis furnished by the Office of Forage-Crop Investiga- 
tions. These are planted in progeny rows. 

a For a chemical analysis of brome-grass, see Table IX. 
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WESTERN WHEAT-GRASS. 

Western wheat-grass, botanically known as Agropyron smithii (A. 
occidentale) , is native over a large part of the northern Great Plains and 
is valued highly as a pasture and hay grass. It is especially common 
on the ‘‘gumbo”’ soils in western South Dakota. Along the river and 
creek bottoms, where subject to annual overflow, it forms a dense, 
vigorous growth and is the most valuable native hay grass of the 
region. In such places it forms a pure growth unmixed with other 
grasses. On the dry ranges it forms a considerable part of the native 
forage and is remarkably drought resistant. The growth on the 
ranges, however, is scattered and thin. In depressed areas where 
drainage is poor or which receive the drainage from higher areas 
the wheat-grass occurs to the exclusion of other native grasses. 
This is doubtless due partly to its great alkali resistance and partly to 
its ability to endure rather long periods of flooding. The alkali con- 
tent of the soil in these areas ranges as high as 0.4 to 0.6 of 1 per cent. 

Wheat-grass hay is locally in great demand in South Dakota. It 
is especially valuable for feeding to livery and other horses doing hard » 
work. For this purpose it sells for $4 to $5 more per ton than alfalfa 

and mixed hay at Bellefourche, Deadwood, and other places in the 
Black Hills. 

Chemical analyses indicate that it is especially rich in crude protein 
and ether extracts. The following analyses of some common native 
and cultivated forage plants of South Dakota are here given for pur- 
poses of comparison: 

TaBLE 1X.—Chemical analyses of some common native and cultivated forage plants of 
South Dakota. 

| | 
‘ Name | | | Nitro- 

Ether | Crude Crude 
Name of forage plant. ke es Ash. iene | Aber protein. Deen 

Per cent. | Per cent. | Per cent. | Per cent. | Per cent. 

Western wheat-grass (Agropyron | Dene anat 8.52 | 2.91 34. 90 9. 80 43. 88 
occidentale). Kepner.b 0.03 | 3.07 36. 70 9. 23 45.97 

Slender wheat-grass (Agropyron | Shepard¢a..... 5.74 | 20 32. 44 8.90 50. 15 
tenerum). 

Smooth brome-grass (Bromus iner- | alert fads 8.08 2.06 41.27 10.79 37.80 
mis). '| Kepner.b 6. 21 2.71 29.50 9.47 Sze 

\(Shepard a.__.. ae : é 11.19 2. 46 28.74 5. 60 52. 02 
Buffalo-grass (Bulbilis dactyloides) . . | erReKter ees H 11. 60 2.42 | 96. 81 8.34 50, 33 

Blue grama (Bouteloua oligostachya) ..| Sheparda..... 8. 69 2.18 31. 40 9.11 48. 62 
Timothy (Phlewm pratense) .....---.-|----- dois: 25: | 7.39 3.58 | 34. 39 |- 8. 84 45. 80 

a Shepard, J. H. Bulletin 40, South Dakota Agricultural Experiment Station, 1894. 
b Knight, H. G.,and Kepner, F. E. Bulletin 76, Wyoming Agricultural Experiment Station, 1908. 

It will be noted that in the percentage of fats (ether extracts) 
western wheat-grass is very high, being excelled only by timothy. 
It is also high in amount of crude protein, but is excelled in this by 
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Bromus inermis. It is therefore very rich in two of the most impor- 
tant food constituents, and this accounts for its great feeding value 
as demonstrated by the practical feeder. One other character 
which may be mentioned is the comparatively concentrated form of 
the cured hay; that is, the weight per unit volume is great as com- 
pared with most hay grasses. 

Breeding work was begun with western wheat-grass at the High- 
more substation by Prof. W. A. Wheeler in 1905. These breeding 
plats were visited several times by the writer, the last visit having 
been made in August, 1908. At this time there appeared to be 
considerable uniformity in many of the progeny rows from the first 
selections. South Dakota No. 34-89 was uniformly more spreading 
than the rows at each side of it: No. 34-105 was also noticeably 
spreading in habit of growth, while No. 34-81 was close growing, show- 
ing a slight approach to bunch-grass habit. 

Breeding work was begun at the Bellefourche Experiment Farm 
in 1908 with bulk seed harvested from natural meadows near the 
farm. It is desired to secure a drought-resistant and productive 
strain, suitable for establishing permanent grass meadows on unirri- 
gated land. It is very important to improve the seed production 

| and percentage germination of the seed and the early growth habits 
| of the plant. The germination of the seed is poor and slow and the 
| early growth is not vigorous. It is therefore difficult to obtain a 

good stand of the grass. Both spring and autumn seeding are being 
tested to determine which method will produce the better stand. 

| The results so far are not conclusive. 
A breeding nursery has been established with single plants in hills 

42 inches apart each way. These were grown from seed planted in 
the field in 1909. 

ee See eS eee 

SLENDER WHEAT-GRASS. 

Slender wheat-grass, botanically known as Agropyron tenerum, 
appeared to be valuable as a cultivated hay grass in variety tests 
by the South Dakota substation at Highmore, and by the Office of 

Forage-Crop Investigations at Bellefourche. The seed germinates 
freely and the first season’s growth is good, so that there is not the 
difficulty in securing a stand that is experienced with western wheat- 
grass; but this species is apparently not so drought resistant as brome- 
grass and western wheat-grass. 

Seed collected from plants growing native in western South Dakota 
was planted in the grass nursery at Bellefourche in 1908 (PI. IV, 
fig. 2). In 1909 individual plants were selected from this nursery 
and these will form the basis of the breeding work with this grass. 
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Considerable variation among the individual plants was noted in 
height, amount of stooling, and leafiness. The most desirable types 
were those which have the leaves extending well up along the culms, 
thus producing a very leafy plant. There was much variation in 
this regard. In 1910 the seed of these selections was planted in 
rows so that a close comparison could be made of their progeny. A 

few individual plant selections of slender wheat-grass were furnished 
by the Office of Forage-Crop Investigations, and these were planted in 
progeny rows in 1909. 

AGROPYRON CRISTATUM. 

The grass botanically known as <Agropyron cristatum, recently 
introduced from Siberia by the United States Department of Agri- 
culture, gives evidence of being a very hardy grass. In cooperation 
with the Office of Forage-Crop Investigations, seed of six different 
lots, S. P. I. Nos. 19536 to 19541, inclusive, was planted in the grass 
nursery at Bellefourche in 1908 (Pl. IV, fig. 1), and larger areas 
were planted again in 1909. It was observed that this species starts 
erowth very early in the spring, and is not injured by severe frosts. | 
In habit of growth it is like slender wheat-grass, being a “bunch- 
grass’? without creeping rootstocks, but in the character of its rather 
harsh foliage it somewhat resembles western wheat-grass. Further 
tests will be made of seed from several sources, and if the species 
proves to be valuable as a hay grass, selections of superior strains will 
be made. 

CANADA PEAS. 

The Office of Forage-Crop Investigations tested a large number 
of varieties of Canada peas, grass peas (Lathyrus sativus), and several 
varieties of vetches at the Bellefourche Experiment Farm in 1908 
and 1909. The yields of most of these have not been satisfactory 
in the two years during which tests have been made. The low yields 
have probably been due to the newness of the soil at the farm, as the 
plats were on land broken only one year previous to cropping. Two 
or three varieties of Canada peas, however, are very promising, and 
breeding work has been begun with these. 

In dry-land farming the need of an annual leguminous crop for 
use as green manure in short rotations is apparent, and Canada peas 
promise to be the most valuable crop for this purpose in the northern 
Great Plains region. The breeding work will be directed to obtaining 
a more drought-resistant variety than is now grown in the region, 
combining also fair seed production with a good forage type of plant. 
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SUMMARY. 

The chief limiting factor in the production of crops in the Great 
Plains area is lack of sufficient moisture. Two ways-of increasing 
crop production in that region are: First, the use of tillage methods 
which will conserve the moisture in the soil as far as possible for the 
use of crops; and second, growing drought-resistant varieties. 

The object of the plant-breeding work described in this bulletin 
is to develop strains of some of the common forage crops that are 
more drought resistant and productive than strains now grown in the 
region. 

Drought-resistant forage-breeding work is now carried on at two 
farms conducted by the Department of Agriculture in the Great 
Plains area, at Bellefourche, S. Dak., and at Akron, Colo. These 

farms are fairly representative of a large part of the northern and 
central Great Plains. 

In breeding alfalfa for this region, while drought resistance is the 
principal object in view, such characters as resistance to winter- 
killing, superior forage yield, and good seed production can not be 
neglected. 

The results of the breeding work with alfalfa indicate that superior 
forage production and superior seed production are not antagonistic, 
but may be combined in one plant or strain. 
Maximum seed production in alfalfa can be obtained by growing 

plants in hills, allowing thorough cultivation of the soil. This 

method can be recommended only where seed is the chief object of 
the crop. , | 

Breeding sorgo at Bellefourche has been undertaken for the pur- 
pose of developing a drought-resistant and early-maturing strain of 
good forage quality. The existence of such a strain would extend 
the use of the crop considerably north of its present area. 

Most millet varieties now on the market are mixtures of more or 
less distinct types. In the breeding work conducted by this office, 
several promising types have been segregated and have shown a 
high degree of uniformity. They will be tested further for drought 
resistance, early maturity, and forage yield. 

Numerous species of grasses have been tested for drought resistance 
in the course of the breeding work at Highmore, and by the Office 
of Forage-Crop Investigations at Bellefourche and other stations in 
the Great Plaims area. Breeding work is in progress with species 
that have proved drought resistant and otherwise valuable, includ- 
ing smooth brome-grass, western wheat-grass, and slender wheat- 
erass. 
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CONCLUSION. 

It is intended to test thoroughly the improved strains which have 
been developed in the course of this work in order to determine their 
relative drought resistance in comparison with varieties now grown 
in the region. The most promising strains of alfalfa will also be thor- 
oughly tested in respect to their hardiness. As soon as definite results 
from these tests of drought resistance and hardiness are obtained, 
seed of such strains as may prove resistant will be increased and 
distributed. 
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DESCRIPTION OF PLATES. 

Puate I. Alfalfa breeding at the Bellefourche Experiment Farm, South Dakota. 
Fig. 1.—Alfalfa plants in the breeding nursery, showing the first season’s growth. 

The photograph was taken July 29, 1909, three months after planting. ‘The rows 

are from individual plant selections of the second generation, South Dakota No. 
167. Fig. 2.—Selected strains of alfalfa in double-cultivated rows (rows 7 inches 

apart alternating with cultivated space 32 inches wide). 

PuaTE II. Sorgo at the Highmore substation and the Bellefourche Experiment 

Farm, South Dakota. Fig. 1.—Sorgo, South Dakota No. 341, at the Highmore 

substation, South Dakota. Theselected strain at the leftis ten days earlier than 
the bulk seed of the same variety at the right. Fig. 2.—Sorgo progeny row No. 

10, showing uniform type of plants. Grown at the Bellefourche Experiment 
Farm, South Dakota, in 1909, from seed of a single plant selected in 1908. 

PuaTE IIT. Kursk millet at the Bellefourche Experiment Farm, South Dakota. 

Fig. 1.—Selection rows of Kursk millet at the Bellefourche Experiment Farm, 

South Dakota. The individual plants are grown in hills 8 inches apart. 
Fig. 2.—Progeny rows of Kursk millet grown at the Bellefourche Experiment 

Farm, South Dakota, in 1909. These are the progenies of plants selected in the 
rows shown in figure 1. 

PiaTE IV. Agropyron in the grass nursery at the Belleiourche Experiment Farm, 

South Dakota. Fig. 1.—Rows of Agropyron cristatum in the grass nursery at the 

Bellefourche Experiment Farm, South Dakota. In 1909 this grass was ten days 
earlier in starting spring growth than any other species in the nursery. Fig. 2.— 
Rows of Agropyron tenerum in the grass nursery at the Beilefourche Experiment 
Farm, South Dakota. This is a valuable type of hay grass and breeding work 

is being carried on in the hope of segregating a more drought-resistant strain. 
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Bul. 196, Bureau of Plant Industry, U. S. Dept. of Agriculture. PLATE |. 

Fig. 1.—ALFALFA PLANTS IN THE BREEDING NURSERY, SHOWING THE FIRST SEASON’S 
GROWTH. 

Fig. 2.—SELECTED STRAINS OF ALFALFA IN DOUBLE-CULTIVATED Rows. 

ALFALFA BREEDING AT THE BELLEFOURCHE EXPERIMENT FARM, 
SOUTH DAKOTA. 





PLATE Il. Bul. 196, Bureau of Plant Industry, U. S. Dept. of Agriculture. 

SOUTH b] AT THE HIGHMORE SUBSTATION 

DAKOTA 

341, SOUTH DAKOTA No. .—SORGO, Fia. 1 

SORGO PROGENY ROW AT THE BELLEFOURCHE EXPERIMENT FARM, SOUTH ores Fia. 

SHOWING UNIFORMITY OF PLANTS DAKOTA, 

SORGO AT THE HIGHMORE SUBSTATION AND THE BELLEFOURCHE 
EXPERIMENT FARM, SOUTH DAKOTA. 
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Fic. 1.—SELECTION ROWS. 

FiG. 2.—PROGENY ROWS. 

KURSK MILLET AT THE BELLEFOURCHE EXPERIMENT FARM, SOUTH 
DAKOTA. 
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Fia@. 1.—ROWS OF AGROPYRON CRISTATUM. 

| 

FIG. 2.—ROWS OF AGROPYRON TENERUM. 

IN THE GRASS NURSERY AT THE BELLEFOURCHE AGROPY RON 
FARM, SOUTH DAKOTA. EXPERIMENT 
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