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INTRODUCTION 

Dw-ing the five years from 1923 to 1927, the production of fla.xseedin the 'United States averaged 22,760,000 bushel" annually. Thisrelatively large production, however, represents only a little morethan half the consumption of flaxseed in the United States, which hasamOlmted to 40,000,000 bushels annually. Where fla...~ cropping inmixture with.wheat, oats, or barley is successful, it should enlargethe present area of fla...~ production and help to meet the in.:reasingdemand for linseed.
The e:-.."periments reported in this bulletin have been conductedover a wide area during a period of four or more years, and it isbelieved that the results indicate to what extent and in what areasthis mixed cropping is likely to be successful. The experiments wereplanned to answer some of the important problems involved in mixedcropping, namely: 

(1) Does mixed cropping produce an increased yield, either in total grain orin relative yield, as compared ,,,ith flax and cereals grown in purestands?
(2) 'What effect does the rate of seeding have on the yield, quality, andproportion of each crop in the mixture?


531;;2'-29--1 
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(3) 	 Does the mixed crop produce a greater acre income than flax or grain 

grown alone?
(4) 	 Does the mixed crop check the growth of weeds as compared with their 

V'owth in flax grown in pure stands? 
(5) 	 Does the mixed crop help control plant diseases such as flax wilt and 

stem ',ust of wheat?
(6) 	 What effect does growing the crops in combination IUL\'e on the ease of 

handling the crop? 

HISTORY OF MIXED CROPPING OF FLAX AND CEREALS 

ItThe practice of growing crop plants in mixture is Dot new. 

is especially common with forage and feed crops, such as clover and 

timothy, corn and soy beans, barley and oats. 1:1i.-x:ed crops are grown 

either lor the purpose of obtaining a greater total yield per acre 

or to obtain a better balance in th!' feeding value of the crop. Such

Flax, on the other bflnd,
crops generally are consumed on the farm. 

is grown as a cash market crop. n is necessary, t~lerefol'C, to consider 

not only the advantages and disadvantages of handling flax in a 

mixed crop but its economic value as well. 
The mi.-x:ed cropping of flax with spring wheat has been practiced 

for 40 year:::iUr more in some localities in southeastern Jvrinnesota (1)1. 

In. Goodhue County, Minn., especially, there has been a marked 

increase in the acreage of the mixed crop in recerit years, with !L cor
The mixedresponding decrease in the acreage of flax grown alone. 

crop also is very common in other counties of southeastern Minnesota, 

wbercflax is grown to a large extent. 
The North Do.kota Agricultural Exper..ment Station conducted 

experiments with flax-wheat mi.-x:tures a,t Fargo as early as 1898, but 

the results were not promising (7). 
E:~:periments in seeding flax in mi.-x:ture with wheat, oats, and 

barley were conducted under dry-land conditions at Dickinson and 
Severe drought and weeds,Mandan, N. Dale, in 1917 and 1918 (7). 

Itespecially the Russian thistle, reduced the yields at both places. 

is now known, also, that the cereals were sown at too heavy a rate in 

. the mi.-x:t1.11'es; the flax suffered by competition from thtl companion 

<.:rop as well as from the weeds, which were unusually bad in those 

two years.
Mi.-x:tures of flax with wheat wore grown under irrigation at Newell, 

S. Dak., in 1917 find 1018 (6). Two mi.-x:tures were grown: (1) Flax at 

15 pounds with wheat at 37 pounds per acre,and (2) flax I.1t 15 pounds 

with wheat at 75 pounds per acre. As an average for the two years 

the following acre yields were obtained: 


Flax seeded alone at 15 pounds yielded 90'1 pounds. 

Wheat seeded alone at 37 pounds yielded 1,204 pounds. 


Wheat seeded alone at 75 pounds yielr\ed 1,371 pounds. 


Mixture 1, .fiax at 15 plus wheat at 37 ponnds, yielded J,279 pounds. 


Mixture 2, flax at 15 plus wheat at 75 pounds, yielded 1,446 pounds. 


Unfortunately the proportion of flax aI'.'l wheat in the mixed grain 

was not det.ermined.
The practice of sowing flax in winter-wheat fields where the stands 

had been thinned by winterkilling W9.S followed for many years by 

farmers in the vicinity of New London, Ohio (3). The flax was sown 

early in the spring and matured at the same time as the wheat. This 

practice has been followed also by Thomas D. Campbell in his exten

1 ltaliQ numbers in pnrentilcl;cs refer to Literature cited, p.47. 
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sive farming operations near Hardin, Mont. lvIr. Campbell raisedsome 6,000 acres of the mixed crop in 1924.

In India the mi.xed cropping of flax with wheat, mustard, rape, andchick-peas has been practiced for a very long time. A letter fromDr. A. Howard, economic botanist for India, under date of April 26,1923, gives it brief description of the method of growing flax for seed(linseed) in India. The following ~xcerpt is from Doctor Howard'sletter. 
Wheat and linseed are grown together in India, often with rape and mustardalso, chiefly on the damp soils of the east,ern portion of the wheat areas of theGangetir. alluvitlm in northern Bihar and to a less extent in Oudh. The lillseedwh~at combination is rare in the drier wheat-growing areas of nortilwesternIndia. The proportions vary a great deal. 011 the wilDie, linseed is the subordinate constituent of the mixture and rarely exceeds 30 per cent. The scientificbasis of thc combination is probably partly to be found in the assistance given tothe wheat by the drying effect on the soil of the linseed plants. The mixed crop ischiefly confined to strong, damp soils, soils which in the ordinary way would betoo wet for wheat. If YOll have such lands in the United States the combinationmight be effective, especially if the wheat varieties grown have sparse foliage andstand welL 


COOPERATION 


The investigations reported in this bulletin have been conductedindependentl)T by the agricultural experiment stations of Minnesota,North Dal\t)ta, Montana, South Dakota, Wisconsin, and Ohio. TheOffice of Cereal Crops and Diseases, Bureau of Plant Industry,United States Department of Agriculture, has conducted experimentsindependently at the Northern Great Plains Field Station, Mandan,N. Dak., and in cooperation with the North Dakota station atDickinson, N. Dale, and "lith the :Montana station at lvIoccasin,:Mont. The experiments were outlined independently. However,the utilization to the fullest possible extent of the published datafrom work of this kind (1, 2), with modification of the rates to suitregional climatic conditions, resulted in a certain degree of uniformityof outline for the different experiments, which makes it possible tocompare the results to adyantage. This bulletin has been writtenthrough the informal cooperation of the authors, each of whom isresponsible for the data from his State. 

LOPATION OF THE EXPERIMENTS 

The principal flax-produci71g area of the United States includesNorth Dakota, Minnesota, South Dakota, and eastern Montana.(Fig. 1.) The average annual precipitation in this area rangesfrom about 32 inches in eastern Minnesota to 15 inches in easternMontana. The greatest acreage of flax is grown in the eastern countiesof the Dakotas and the western counties of Minnesota, where theaverage annual rainfnU ranges from 18 to 25 inches. In all of theflax-producing area tho timely distribution of the rainfall is a veryimportnnt factor in the successful production of the flax crop.The experiments were eond ucted in nine localities in Minnesotaand at four stations in North.Dakota, in addition to 46 field experiments in cooperation with farmers. In l\10ntana the experimentswere conducted under irrigation at the State station at Bozeman andunder dry-land conditions at Moccasin. Xn Wisconsin the principalexperiments were conducted on the University Farm at Madison, and 
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field trials were conducted in cooperation with farmers. The experi
ments reported for South Dakota were conducted at Brookings and 
those for Ohio at Wooster. 

EXPERIMENTAL METHODS 

The results reported here were obtained from plots handled by the 
usual methods of modern field experimentation. The crop sequence, 
size of plots, number of replications, and J'ates and dates of seeding 
were varied at the different stations and among the different coop
erators, as the seasons and conditions required. In most cases the 
experimental plots were on corn stubble plowed either in the fall 
or in the spring and were disked and harrowed before the flax was 

25,000 BUSHELS 

FIGURE l.-OuUine map of the United States, showing fla~seed production in 1924 and lines of 
average annual precipitation in inches in the flax'producing area 

sown. Many of the experiments, especially those in cooperation 
with farmers in North Dakota, were conducted on fall-plowed wheat 
stubble. All plots in anyone experiment were given uniform treat
ment. The plots usually were 8 rods long and ranged in area from 
one,·fiftieth to one-tenth of an acre. With 8, very few exceptions 
the plots were replicated, so that there were two, three, or more 
plots of each crop or mixture. Seeds of the two crops were mLxed in 
the desired proportions before seeding, and the mixture was sown in 
one operation. No appreciable separation of the fia:>.: and wheat 
occurred through the jolting of the drill in seeding. In the flax-oats 
mixture, however, there WIlS some tendency for the two to separate 
where only small quantities of seed were placed in the drill box. 

The yields per acre were determined by two methods: (1) By 
harvesting the standing grain from six square-yard areas from each 
plot. In a very few cases only three to five square-yard areas were 
harvested. These bundles were placed in cloth bags, dried, threshed, 
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separated, cleaned, weighed, and the yields of grain and of straw 
computed. (2). By harvesting the product from the entire plots and 
computing the acre yields from the yields of the plots. In some cases 
both methods were employed and the results compared. 

COMPUTING THE YIELDS 

In each expenment, flax, wheat, and oats were gro\vn alone as well 
as mixed in different proportions in regularly distributed plots, so 
that yields would be available with which to compare the results 
from the mixed crop. 

In order to be able to compare the yields obtained from the different 
crops grown alone with e&ch other and with the results from the 
mixtures, it was necessar)T to reduce all yields to a common basis. 
The first method has been used in the discussion of results of previous 
work at the :Minnesota station (1, 2), and is repeated here for the 
convenience of the reader. (1) The yield of the flax grown alone was 
divided by the yield of the wheat grown alone. This ~ve the yield 
of the flax as a percentage of the yield of wheat. (2) The yield per 
acre of wheat grown alone and in each combination crop was then 
multiplied by this factor, which redueed the wheat yields to a flax 
basis. (3) The wheat yield in each combination reduced to a flax 
basis was then added to the flax yields from the same combination. 
This gave the yields of the wheat alone and the wheat-flax combina
tions on a flax basis, and hence they are comparable to each other. 
In order to facilitate comparisons, all yields on the flax basis were 
then reduced to a percentage of the flax grown alone at the 42-pound 
seeding rate. This places lill yields on a relative basis with flax grown 
alone as 100. The yields from the oat-flax combinations were reduced 
to a flax basis in the same manner. 

The second and simpler method of convertin~ the yields of the 
mixed crops to a percentage or relative-yield baSIS is as follows: (1) 
Divide the yields of each crop grown in a mixture by the yield of 
each crop grown alone. These quotients express the percentage 
yield of each crop in a mixture with the crops grown alone as 100. 
(2) Add the percentages thus obtained for any mixture, and the sum 
expresses the percentage or relative yield of the mixture as compared 
with each crop grown alone. The use of this method serves to reduce 
the yields directly to the relative basis. 

TABLE l.-Eslil,tated annual and averar/c farm pI'ices of flax, wheal, Dais, and 
barley in five States on D,ece'lftbcr 1, 1923-1927 

[From Durenu or Agricultural Economics, l1nited Stat.es Departmcnt or Agriculture] 

----- .-----------;,----------;-----------
Farm price per bushel (cents) J!'erm price per bushel (cents) 

Crop snd State I I ! I A ('rop And Statc " 
1923 '192-1. 1925, 1926 19271 a~C:· 1923 1924 1925 I1926 1927 J~~:r. 

1 
F-l-ax-:---·I----~---- -O-n-ts-:---·j----i-----

Montann.••••. 103 221 220 185 175 199 l\lontnns...... 38 47 53 53 44 47 
North Dakota. 212 227 226 193 184 208 North DakotA. 2S 36 27 33 35 32 
South Dakota. 
Minnesota.....
Wisconsin..... 

Wheat: 
Montana...... 

208 22:1 
213/233
210 22,; 

82 124 

225 
230 
2'~6 

140 

190 
197
200 

113 

IS5 
192
190 

97 

200 
213
210 

111 

South Dakota. 
~,\~iiSnCnocnss~,tnA.......... 

Darley:
Monlann...... 

31 
3443 

48 

40 
43 
48 

69 

28 
31 
38 

72 

36 
34 
40 

64 

36 
40 
47 

60 

34 
36 
43 

6.1 
North Dakota. 86 126 131 117 104 113 North Dakotn. 38 62 43 46 59 50 
South Dakota. 81 125 128 U8 106 112 South Dakota. 40 04 47 52 58 52 
Minnesota..... 
Wisconsin..... 

0" 
98 

130 
128 

137 
136 

123 
126 

110 
117 

119, 
121 II Minnesota..... 

Wisconsin •••.•, 
44 
61 

69 
78 

52 
66 

"I 
65 

65 
75 

56 
69 
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COMPUTATION OF THE ACRE INCOME 
•The gross income per acre from the mixed crops and from each 

. crop grown alone is calculated on the basis of the 5-year (1923-1927) 
. average farm price on December 1 of flax, wheat, o,nd oats in each 

State. These prices (in cents per bushel) are given in Table l. 

EXPERIMENTS IN MINNESOTA 
By A. C. ARN"Y, As.,ociate Agronomist. _'finnc.,otn Agricultu.ral EXperimenl St"tion 

OUTLINE OF THE EXPERIMENTS 

The history of growing flax and wheat in mixtures in Minnesota 
has been given in Bulletins 204 (1) and 206 (2) of the Minnesota 
Agricultural Experiment Station. The former bulletin reports 
results of e}..-periments with flax grovm. in mixture with wheat, oats, 
and barley at University Farm previous to 1923, and Bulletin 206 
includes summaries presented in Bulletin 204, together \vith the 
results obtained from tests conducted in 1923. The present bulletin 
reports the results obtained in eight counties for the three years 
1924 to 1926, inclusive, together with some data obtained in 1923.2 

In all of the cooperative tests with farmers the operations of seeding, 
harvesting, and handling the grain samples were conducted by one 
man, experienced in this sort of work, who was sent out from Univer
sity Farm. 

In 1923, N. D. R. No. 114 flax was used in the tests, but thereafter 
Winona, a new wilt-resistant variety developed at the Minnesota 
station, was used. Marquis wheat and Victory oats were the varie
ties of cereals used in all the tests. The several mLxtures of seed were 
prepared at University Farm and the proper quantity of each mix- . 
ture sent to each cooperator for seeding. 

The mixtures were grown in 1/40-acre plots in triplicate. The 
plots WIthout exception were 8 rods long by 8%: feet wide, separated 
by I8-inch alleys. The seedings were made each spring as early a13 
the land was in fit condition to work. 

In the cooperative trials with farmers, SL,{ regularly distributed 
square-yard areas of the standing grain were removed from each plot 
when the crop was ripe. Practically no loss from shattering occurred, 
even when the square-yard samples were removed several days after 
the crops were ripe. The samples of grain from each plot were bagged 
separately and shipped to University Farm, where they were threshed, 
the seed separated and weighed, and the yields computed. At Univer
sity Farm, Morris, and Crookston the product of the entire plots was 
cut with the binder after two drill rows of grain had been removed 
from each side of each plot to obviate border effect. 

PROBABLE ERROR OF THE EXPERIMENTS 

After the yields were converted to the flax basis the probable error 
of each trial was computed by the pairing method. The average 
probable errol' in percentage was derived by the use of the formula 

1/ N.Ja2+b2
- N2. 

• The experiments at the Northwest Experiment Station, Crookston (Polk County), were under the 
direction of R. S. Dunham, agronomist; those at the West Centrlll Experiment Station, Morris (Stevens 
County), were conducted by R. O. Brillgford, agronomist. Otber cooperators and county agricultural 
agents assisting in the tests were as follows: Goodhue County-Cooperators, Henry Schwartau (1023),
D. O. }'eatherstone (1924-1026), allll Henry Heinrichs, agents, V. H. Kingsbury and Preston !lale. Fari
bault County-Cooperator, Tobias Peterson, agent. F. E. Krause. Renville County- Cooperators,
A. R. Wolfe and John Melhouse (1925-20); agents, F. C. Hathaway and E. N. Johnson. Wilkin County
Oooperator, ]i'. M. Nash; agllnt, L. S. Stallings. Clay County-Cooperator, C. E. Bennington. 
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The probable errors in percentage for the period of the test at each 
location and for all locations are given in Table 5. 

RELATION OF RAINFALL AND SOIL PRODUCTIVITY TO YIELDS 

The yields of the crops varied considerably each year in the differ
ent locations where the tests were made and from year to year on the 
same farms. These variations in yields W!3re due largely to differ
ences in amount and distribution of the rainfall for the growing season 
and to a lesser extent to differences in the productivity of the soil at 
the different locations. 

The monthly rainfall in each of seven counties during the growing 
season for grain crops for the years 1923-1926 is given in Table 2. 

TABLE 2.-Precipitation during each month of the growing season near the .~tali()n 
in each oj sr.ven counties in Minnesota where flax-wheat experiments were con
dueled, 192:3-1.928 1 

Preoipitation (inobes) 
Normal 
for the _ C,,",·, ~U®, ~, ,,~ I---~----:---' localityApril May June I July August Total 

---------------,
2.20 2.28 4.23 2.51 1.92Ra~~r.~~·~·=·~~~~:··..····__···1 13.10 }1924........................ . 3.32 1. 47 7.24 1.73 6.51 20.27 I 
 17.221.2i 2.28 5.77 4.28 .16 13.76 I~g~=====:::::::::::::::::==:, .53 1.37 3.65 2.92 4.27 

Goodhue (Red Wing): 12. 74 1 
1923......................... 1.16 1.64 4.66 2.68 3.76 13.90 }1924....................... __ 2.00 1.78 3.84 3.84 7.20 19.62 
 17.171925......................... 1.88 1.12 9.90 3.14 .50 16.M 

1926........................ . 1.48 1.20 2.86 1.66 4.17 11.37 


Faribault (Winnebago): 

1923......................... 1.00 2.93 6.25 .71 5.00 
 16.49 }192-1.......................... 1.66 1.72 5.24 .75 6.07 15.44 


l 19.05]925._...................... 2.08 .67 8.09 3.26 .86 14.96 

1926......................... .96 2.37 3.09 1.80 2.53 10.75 


Rem'ilIe (Bird Island): j

1923........................ . 3.25 2. i4 4.25 2.15 1.93 
 14.32 }1924......................... 2.10 2.22 2.93 1.58 7.20 • 16.03 
 ]6.29]025.....__••• __ .• __ ••"'"'' 2.30 1.49 8.64 2.11 .71 15'2-'i 
1926...........__ ...... __.... ,82 2.99 2.23 3.43 4.70 14.17 


Stevens (J\forris): I 

1923........__.......__...... 2.18 1.7·1 3.50 3.42 1.21 
 12.05 }1924............ __ . __ ....__ •• 2.99 1.29 5.40 1.95 3.75 15.38 
 ]0.301925............" ,,,.,,.,.,. 2.43 .93 5.89 3.62 .88 13.75 

]926..........____.......__.. .12 2.02 1.39 1.45 4.12 9. ]0

Clay (Moorhead):
]923....................____. 1.28 1.85 6.73 2.34 2.83 15.03 }]924........ __.............__ 4.01 .78 4.37 1.25 2.99 13.40 

1925.....____ ........ __ ...... 1.99 1.98 5.62 4.35 .25 14.19 
 16.25 
1920...........___ . _......... .08 1.93 2.09 2.92 1.83 8.85 

:Polk (Crookston): 

1923...................... __• 1.10 1. :;'a 3.34 5.62 1.03 
 ]3.01 }1924......__...........__. __. 5.10 2.81 1. liS 2.64 1.65 13.78 
 14.42192-'>. '.... __ • ____ ............ . 2.79 4.60 .86 1.46 10.53
6. 82 11920......................... .14 2.16 3.,13 1.28 1.49 8.50 I 


! Rninfall data for Wilkin County were not obtained. 

That the yield of the combination crops as compared with that, of the 
crops grown alone is influenced greatly by the amount as well as by 
the distribution of the rainfall during the growing season is made 
clear by an examination of the rainfall data for Goodhue and Fari
bault Counties, as given in Table 2, and the relative yields in these 

II two counties for the same years, which are given in Table 3. 
In both Goodhue and Faribault Counties the rainfall for April 

and May, 1923, was somewhat below the average. The June rain
fall in Goodhue County was slightly above, and in Faribault 1.57 
inches above the average. As a result of the exceptionally heavy 
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rainfall ill Faribault County in May and June, the growth of the 
plants in the tests was greater than normal. During July there 
was practically no rainfall at this location, and the heavy growth 
of plants, particularly in the combination crops, lacked watnI' t.o 
complete the luxuriant vegetative growth and produce the large 
crop of seed of which it gave promise. Hence, at this location, 
the combination crops yielded at a lower rate than the crops grown 
alone. In Goodhue County, where there was a fair nmount of rain 
in July, the combination crops from the 42-pound flax seedings 
showed a considerable advantage over the crops grown alone. 

TABLE 3.-.Annual acre yields oj lhe combination crops and oj jiax grown alone, 
in Goodhue (md Faribault Counties, j\Iinn., expressed as 1)cTl"cni<tgcs oj the yield 
oj ji(L?; seeded alone at 4.8 1}Onnd.~ per acre 

I Aero yields us pcrcolllago~ or yichl of lInx see<lcd alonu in-

Crop nml rates or L 
seeding IJcr ncre ~ Goodhue ('ouut. (lIeinrichs Carm) FnribaulL COllllt:·
(pounds) I 

______.j__19_23_~I~ .. J026 I~_~.~~_.J'--:~~G_ 
W\ t 15 (Flnx 42__ lOS. R OS. 9 105. 7 9~.•5 ,;.4 95.3! 113. \l 01. i 

100 --ll'lax 2lL SU.7 9·1.1 105. 2 10~. 2 53.0 04.3 124. , 82.1 

WI t 30 rFlnx 42__ 112.3 00.0 113.3 114.0 73.3 101.3 1 128.•5 103.8 
lea "V'lax 2.\i__ 93.1 91.7 102.4 112.7 78.0 88.8\ 120.2 103.3 

WI t 45 {FlnX 42__ 101. 7 00.1 122.9 111.5 92.1 00.7 127.0 100.3 
lea . -- Flax 2$.. 00.4 103.2 109.1 105.7 81.9 93.0 ! 114.6 94.6 

o ts 3" {FlnX 42__ --.______ • 90.9 90.0 10S.9 __________ 112.5 00.3 90.0 

0.:ts 1:----{~:: ~~~l~~~~~~~~~~ ----.~~~~- J~~: ~ ~~: ~ ~_~'~'~'~'~_~'~'~_~_I........~.~.~~.~_._ll 1:: ~ :::
---. Flale 28__ __________ __________ 97.1 103.8 _, 97. 4 9~'" 

Flnx 'llone.{42..----. 100 l?O 100 ]~9.l. 6 100 100 l 100 19O<J.828_______ . 101. 6 92.0 93.8 " 92.4 9.5.9 96.3 

tn 1924 the total rainfall for April and May in Faribault County 
was lower thflll normal, and again there was an exceptionally heavy 
rainfall in June and practically none in July. Table 3 shows results 
for the combination crops in the tests in this county which are prac
tically the same as those in 1923. In Goodhue County the rainfall 
for April and :May was somewhat lower than normal, bu t the total 
rainfall for June and July was ample for a good crop if the distri
bution had been fairly even. July was without effective rainfall until 
the 30th, when 2.32 inches fell. This shortage of rainfall through
out practically the entire month l'esulted in somewhat lower average 
yields from the combination crops than were obtained from the 
crops grown alone. . 

The rainfall in April, 1925, was nearly normal, and that for May 
was less than normal in hoth counties. However, the rainfall ill June 
was exceptionally heavy, being more than twice the normal in Good
hue County and nearly twice the normal in Faribault County, and 
that in July was practically normal. As shown in Table 3, the wheat
flax combinations prod aced ex:~eptionally good yields at both locations 
as compared with the crops grown alone. 

In Faribault County the rainfall for July, 1926, was again deficient, 
and practically all of it fell during the last few days of the month. 
However, owing to the moderate rainfall in the previous months, the 
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vegetative growth was not so luxuriant as in 1923 and 1924, when

1<: . exceptiona,lly heavy rainfllJl in June preceded the droughts in July,and hence the reduction in yield due to the drought W~$ not so great.Three of the rates of seeding of the wheat-flax combination yieldedhigher than the crops grown alone, as is shown in Table 3.The rainfall in Goodhue Oounty in 1926 was lower than normal ineach month of the growing season, but well enough distributed sothat a moderate vegetative growth was made and the grain maturedwithout serious check. Under these conditions all of the combinationcrops except one showed some increase in yield over the crops grownalone.
Taking jnto consideration all of the results, it appears that an abundance of moisture, particularly in June and July, favors the combination crop. The exceptional increase in yields obtained by McKee(5) from the combination crops as compared with the crops grownalone under irrigation confirms this conclusion.
Relatively low rainfall, such as prevailed in Goodhue and StevensOounties throughout the growing season for grain in 1926, resultedin moderate acre yields, with the advantage in favor of the combination crops.
An abundance of moisture in the early part of the growing season,resulting in luxuriant vegetative growth, followed br drought duringthe last month of the growing season, puts the combmation crops at adisadvantage as compared with the same crops grown alone at ordinaryrates of seeding. 

YIELD OF EACH CROP IN COMBINATIONS LOWER THAN THAT OF THE SAME CROPGROWN ALONE 

In Goodhue Oounty, where a considerable acreage of the wheatflax combination crop is grown each year, some growers have heldthat the yields of flax obtained from the combination crops are aslarge as when flax is grown alone and that the wheat yield is extra.The average yields for each combination and for the crops grownalone at all locations for each year are given in Table 4. The averageof all the tests does not show a yield of flax, wheat, or oats in any of,the combinations as high as that from the same crop grown alone.Inspection of the results for the individual years at each location,which are not Hlcluded here, shows that in only 6 cases out of a totalof 288 trials did the flax yields in combinations equal the yields fromthe flax grown alone in the same tests. What have been thought tobe the usual results actually occurred, therefore, in only 2.1 per centof the tests, or about once in 50 trials. 
EFFECT OF VARYING THE RATE OF SEEDING OF WHEAT, OATS, AND FLAX IN COMBINATIONS ON THE YIELDS OF EACH CROP 

The yields of the combination crops and of the crops grown alonehave been so arranged in Table 4 that comparisons may be madereadily of the yields (1) of wheat and of oats, sown at the same rates,with flax at 42 and at 28 pounds per acre, (2) of wheat and oats, sownat different rates, with flax at 42 and at 28 pounds, (3) of fllL,\: sownat 42 and at 28 pounds with the same rates of seeding of wheat andoats, (4) of flax sown at 42 and at 28 pounds with different rates ofseeding of wheat or oats, and (5) of flax sown alone at 42 and at 28pounds per acre. 
53132°-29--2 

• 
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TABf,E 4.-Average acre yields in bushels of whea.t and flax mixed and oats and 
flax mixed grown at various mtes of seeding compared with the yields of the same 
crops grown alone in nine localiiies (eight counties) in ilIinnesota fOT the 3-year 
period 1924-1926 

Goodhue Counly II . ,---,------ Faribault Renville 
Crop and rotes of RamSey Counly Fenth rsto ' County County

seeding per acre faim ne IIeinricbs fann i 
(pounds) 1___,.-__ ----,---·1------

Whent FllU "Whent! J;'1lU Wbent FllU 1Wbeat Fla Wbeat \ FI 
________I_o_r_o_ut_s ___~!___~___'~__x_ ~I~ 

WbeanofFlax 42... 8.6 0.0 7.1 I 15.2 6.0 13. 7 ~' 18.1 5.6j'. 12. 24.4 
i,Fll1x28 ••_ 8.5 5.0 7.6 13.6 7.0 12.4 5.2 17.1 6.2 11.5 

:-------------1---1 ---------
Difference.... .1 .7 -.5l 1.6 -J.O 1.3 -.8 m'O -.61 .7 

Wbentao{FII1X42••- 13.11 4.81 10.4 \ 12.6 ~I 11.2\ 8.3 15.6 -7.7 ' 10.5
Flnx 28••_ 14.0 4.6 12.4 11. 3 11.2 U.2 9.0 H.O 8.9 11.21-----:----1--1-- !-il--Difference..•_ -.0 ~ -2.0: 1.3 -1.0 2.0 .-.71 1.6 _ -1.2, 1.3 

Wbe t 45{FlaX 42.__ 10.3 3.4 13.81 10.7 13. 9 ~.5!1I. 3 12.2110.71 8.4 
a Flnx28.•• 19.6 3.3 14.2 8.S 14.7 7.0 10.7 10.7 11.0 7.6 

Difference•.•_ -3.3 --.-1--=:41~--=:S J.5 --.6-l:5-=:3r-~ 

Oats 32(Flax 42.._._ 39.6 2.6l 41.5\' 8.8 42.81 6.5\34.8\ 11. 0 1 27.41 7.3
\Flax 28••.•_ 39.5 2.5 41. II 7.7 40.7 5.1 39.3 8.6 30.3 7.4 

Differenceu._..1 .li -.41 1.11~1 1.4. -4.5 2.41 -2.9 ( -.1 

Oatsl0{FlaX42 1 
....1 28.2 5.3! 18.21 14.6\ 35.81 10.0 I 24.21'. 16.7 rn 13.47 . 81Flax 28 I ... ) 29.0 4.6 21. 6 12.7 34.4 9.0 32.0 14.5 22.1 12. 4 

Difference.uJ -1.7 .7 i -3.4 1.9 1.4 j 1.0 \ -B.4! 2.2 -4.3\ 1.0 

,,"• beat alone 90. ...... 25.0 ""''''1' "",.4 •·....·.1 21. 6 1-.. -....1 IS.7 ....._.. 18.3 ........-I-'-~r.I--I--'-ml-
Oats ruone 64•• _._ ...	~ ........ 65.8 __ ...... 07.4 .." •." flO. i 1__...... 53.5 ........ 

I--f==; ====.=== 
FllU alono{t2- ..•• .. I·..-.... 0.01-..•·..-1 10. 71_···....1 1~.61·..-····i 23.0 I··....··, 16.0 . 28-····--i===~I,==='~===~-!===:~===~ 

Dlfferenceu·.i..•·..·· 1.1 ;-==.....1 -.21-......·1 1.2 I... · .... , 1. ~.• · •••:.~I 1.6 

" d t f Stevens County Wilkin CountyI Clay County Polk county', Average
,ropan rneso 

seeding per acre Whent Wheat Whent Wbeat I Wbeat! 
(pounds) or oats Flax or oats Flax ~ FIa:.: Dr oats l~~ Flax 

Wb t 15{FlaX 42 __• 7.0 i.5 3.4 . 8.5 3.4 0.9 13.8 ~.o 0.6 10.5 
en Flnx28... 8.3 5.8 3.7 i.4 3.8 4.912.8 6.5 i.l 9.6--------1------ ---

Difference.. __ -1.3 1.7 -.3 1.1 -.4 1.0 1.0 .5 -.5 1.0 

Wb t3o{FlaX42--- lo.nl 5.0 I 5.21 0.31 6.3.1 5.6 18.21 ,4.8 10.0 8.5 eo Flax 28... 	 11.3 4.3 6.0 5.7 i.5 4.1 18.1 3.9 11.0 7.4 -- --.--.---- ~--
Differenco•.__ ~__.7_~~I~~__.I_ .9 ~~ 

'\'b t45{Flax42--. ~1---:U1~I---:Ul-S:S~.22O:7ra:-:1l2.8--;Uea Flax28.__ 12.2 3.7 10.5 3.9 \ \l.0 2.8 21.81 2:3 13.S 5.6 

Difference._.. 0 1.0 -2.7 .8 i -.2 1.4 ~I 1.11 -1.0 1.1 

5oats3Q{FlaX42· ....1 22.01 4.4 m· 4.1.1. 2.1.1 []I.7 44.2: 3.4 ffi".5 5.9- Flax 28._.__ 23.1 3.4 21.7 4.2: 29.3 4.0 45.7i 2.7 35.3 5.1 
------------,--- .---------- 

J)ifference"" -.5 l.O 1.8 -.1! -4.2 .7 i -1.5 i .7 -1.8 .8 
1==1___1='_=== = 

Ont 16{Flax42 I ...., Ii. 3 4.1 9.3 4.4 11.7 5.7 27.0 I.. 5.7 21.0 8.8I! 

s Flax 23 I.-..i 15.4 4.\) 10.0 4.3 11.2 4.9 28.3 \ 4.4 1 22.8 7.1l 
,----f-----------'--I----

Difference.... 1.9 -.S -.7 .1 .Ii .8 -1.3! 1.3, -1.8 .9 

Wbeat alone 00.....I 18.2 ........ 15,4 ........1 12.0 " •••". 25.0 t·······'! 29.0 ........ 
Oats nlone 64........t~::.::.:= 35.9 ........ 3\).6 ' ....,,_ 54.\) , ........; 53.0 •••.•.•• 


Flax alonee2--.....,....u'··ll1.1 1.-"""- 10.~ 1....·--· 9.6 ••·....·1 12.91......... 14.4
28.......1=== 10.1 !===,--':::'===~===I~===~ 

Differonce....,•.____•• 1.0 ; ........1 .81---.... · 2.0 u _____.\ .5 ........\ 1.1 


1 

I Two.year average . 

• 


http:t3o{FlaX42---lo.nl
http:Difference.uJ
http:12.2110.71
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YIELDS FROM THE VARIOUS RATES OF SEEDING OF WHEA'r AND OATS IN 

COMBINATIONS 


On the basis of the 3-year averages, wheat sO\vn at the rate of 15 
pounds per acre with flax at 42 and at 28 pounds yielded 6.6 and 7.1 
bushels, respectively, an average of 6.9 bushels. (Table 4.) "Where 
the ril.te of seeding of wheat in the combination was increased to 30 
pounds the average yields were 10 and. 11 bushels, respectively, an 
average of 10.5 bushels. The yields of wheat were increased to 12.8 
and 13.8 bushels, an average of 13.3 bushels when the rate of seeding 
of wheat in the combinations was 45 pounds. The average yield of 
wheat where the seeding rate was 45 pounds in the combinations was 
nearly twice that from the 15-pound seeding rate and 2.8 bushels 
higher than that from the 30-pound seeding rate. With each increase 
in the rate of seeding of wheat there was a significant increase in the 
yields of this crop in the combinations. 

Oats sown at the rate of 16 pounds per acre in the two combinations 
with flax: yielded at the rate of 21 and 22.8 bushels per acre, an average 
of 21.9 bushels. This is a 2-yeaT average, and therefore is not com
parable w11;h the 3-year average yields from the combinations with 32 
pounds of oats sown per acre, which produced yields of 33.5 and 35.3 
bushels, respectively, an average of 34.4 bushels. 

EFFECT ON WHEAT AND OAT YIELDS OF VARYING THE RATE OF SEEDING OF FLAX IN 
THE COMBINATIONS 

The average yields of wheat from the combinations where the rate 
of seeding of flax was 28 pounds per acre were somewhat higher in 
nearly every instance than where the rate of seeding of flax was 
42 pounds per acre. Where the seeding rate of the wheat in the 
combinations was 15 pounds the difference of 0.5 bushel between 
the two average yields of 7.1 and 6.6 bushels is not significant. When 
the seeding rate of wheat is as low as 15 pounds a difference of 14 
pounds in the seeding rate of flax in the combinations did not affect 
materially the yields of wheat. 

When the seeding rates of wheat in the combinations were raised 
to 30 and 45 pounds per acre, respectively, the 3-year average acre 
yields of wheat were 1.1 and 1 bushel lower where the flax seeding was 
42 pounds than where it was 28 pounds per acre. These differences 
in yield are significant and indicate that where the seeding rates of the 
wheat in the combinations are as high as 30 and 45 pounds, respec
tively, the competition of the flax plants from the 14 pounds of 
additional seed does lower the wheat yields materially. 

Fourteen pounds of additional flaxseed per acre lowered the acre 
yields of oats 1.8 bushels where the rate of seeding of oats was 
16 pounds and also lowered them 1.8 bushels where the rate of 
sreding was 32 pounds. These differences in yields probably are not 
significant. 

EFFECT ON FLAX YIELDS OF VARYING THE RATE OF SEEDING OF WHEAT AND OATS 

With each increase in the rate of seeding of wheat and oats there 
was a significant lowering of the average acre yields of flax. (Table 
4.) 

In the combination where wheat was sown at the rate of 15 pounds 
per acre, the flax yields averaged 10.5 and 9.5 bushels, respectively, 
an average yield of 19 bushels per acre for the two combinations. 
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This is 2 bushels higher than the average yield of flax in the two 
combinations where the rate of seeding of wheat was 30 pounds, and 
3.8 bushels higher than the average flax yield from the two combina
tions where the rate of seeding of wheat was 45 pounds. 

Where the rate of seeding of oats in the two combinations was 16 
pounds per acre, the yields of flax were 8.8 and 7.9 bushels, an average 
of 8.4 bushels. This yield is 2.9 bushels higher than where the rate 
of seeding of oats was 32 pounds. 

With each increase in the seeding rate of wheat and oats in the 
combinations there was a significant reduction in the acre yields of 
flax. 

EFFECT OF INCREASING THE SEEDING RATE OF FLAX ON THE YIELDS OF FLAX IN 
THE DIFFERENT COMBINATIONS 

In the wheat-flax combinations, the acre yield of flax from the 42
pound rate of seeding is without exception higher than that from the 
28-pound rate. (Table 4.) 

Where the seeding rate for the wheat was 15 pounds per acre, 
the yield of flax from the 42-pound seeding was 10.5 bushels and from 
the 28-pound seeding rate 9.5 bushels, a difference of 1 bushel. Where 
the rates of seeding of wheat in the combinations were 30 and 45 
pounds, respectively, the acre yields of flax from the 42-pound rate of 
seeding averaged in each case 1.1 bushels higher than the yields from 
the 2S-pound rate, and this same difference obtained where flax was 
sown alono at the 42-pound and 28-pound rates of seeding. 

The yields from the 42-pound rate of seeding of flax in the combina
tions with oats at the 16-pound and 32-pound rates, respectively, 
were 0.9 bushel and 0.8 bushel higher than from the combinations 
where the seeding rate of flax was 28 pounds. 

The 42-pound rate of seeding of flax either alone or in the combina
tions vvith wheat used in these experiments showed consistently 
higher average yields of flax than the 28-pound rate of seeding. In 
the oat-flax combinations the advantages in favor of the 42-pound 
seeding rate for flax were not so consistent as in the wheat-flax com
binations. The advantage in favor of the 42-pound seeding rate of 
flax ranged from an average of 1 to 1.1 bushels, for flax grown alone 
and in combinations with wheat, to 0.8 and 0.9 bushel, in the combina
tions with oats. 

The consistency of the higher average yields per acre of flax in the 
combinations and' alone from the 42-pound as compared ,...ith the 
28-pound seeding rate of flax indicates that the former rate is the one 
to use in the State, providecI these differences are significant, As 
indicated in Table 5, the difference of 1.1 bushels in favor of the 
a"lTeI'age yield from the 42-pound rate for flax alone as compared with 
the yield from the 28-pound seeding is significant, being more than 
four times its probable errol'. On the Featherstone farm in Goodhue 
County, the average yield from the 42-pound seeding for flax alone 
was not higher than the yield from the 28-pound seeding for flax. 

The 3-year average yields of wheat at three rates, 15, 30, and 45 
pounds per acre, in combination with flax at 28 and 42 pounds at nine 
locations in Minnesota are shown graphically in Figure 2. The acre 
yields of wheat and flax grown alone are included for comparison. 
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COMPARATIVE YIELDS OF CROPS GROWN IN COMBINATlON AND ALONE 

Comparisons have been made of the wheat, oat, and flax yields in 
the various combinations, and attention has been called to the vari
ations in the yields and proportions of each of the crops in the com
binations brought about by differences in the rates of seeding. 

In order to compare the total yields of the crops grown in combina
tion with the crops grown alone, all yields were converted to a flax 
basis as outlined on page 5. The 3-year average yields on this basis 
for each location are given in Table 5. For each location the differ
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FIGURE 2.-Dlagram showing the 3-yenr (1924-1926) average acre yields of wheat and of liar, seeded 
at two rutes, and of the nax-wheat mixtures at nine localities in :Minnesota. Increasing the rate of 
seeding whent in combiuation with Jlax results in higher yields of wheat and lower yields of Jlax. 
Increasing the rate of seeding of flax in combination with wheat results in lower yields of wheat and higher yields of Jlax 

ences in the yields for each pair of combinations, differing only in the 
rate of seeding of flax, indicates whether the higher seeding rate of flax 
has resulted, on the average, in an increase or decrease in total yield. 

In the two combinations with the 15-pound seeding of wheat, 
the 42-pound seeding of flax resulted in some increase in total avera""e 
yield at seven of the nine locations. The average difference for ~ll 
locations is less than three times its probable error and hence is 
not considered significant. 

Although in a large majOlity of cases the combinations with wheat 
Sown at 30 and 45 pounds and oats at 16 and 32 pounds per acre 
show some advantage in total yield in .favor of the 42-pound seeding 
for flax, none of the 3-year average differences for all locations are 
considered significant. 
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TABjjE 5.-A.verage acr~ yield.~ of combination crops and of wheat, oats, and jla:r; 
grown alone converted to a jla:r; basis, in nine localities (eight counties) in llfinne
sola for the 3-year period 1924-1926 

Average aero yields (bUS:1Cls) 

Goodhue 
County 

~ Crop and rates of seed- ~ ~ ~ >.

lug per acre (pounds) <II ., § 

0
" o 0 c- " 0 0 

" .::: " o ~ t
0 " '::a ~ 

CJ j C)"" "" § E~EI CJ>. :; ., 0 5 
d 01ll ~~ ~.E ~ 

~ r. :g 0 
EI -:;; -e >" " ~ ~ 

<II ';; 
~ " I"! 1!1 " I"! ~ " '" iii " .-s: 5 '" a 

I'-< 

1 
WI t 15{Flax 42-------1' 0.6 20.5 18.0' 23.3 10.71-;;;- 10.6 8. 7 : 14.5

lea Flax 28_______ 8.8 :9.2 10.2 23.4 16.6 10_8 0.8 i.O: 13.4 

Dilfcmncc________1 .8 1.3-=:3-=:1-.-11.O-.8-~'-1-.1-1-----1----

WI at 3O{FIIlX 42-------[ 9.~ 20.3-' 20.0 25.8110.8111"1 0.1i =1=0=.7=ill=1=4=.7=1=====:==== 
le. Flay 28_______ 0.4 20.4119.0 24.0 16.6 11.1 10.1 10.21_1_3._8-:_____,-----

DlJTeronCe ________~.2 -.1 10 .9 .21 .3 -.6 .5 .91 
WI!Cat4"{Flax42------- 8'8\21.12Q.8 25.9 li.5 I 12.0 9.8 11.5 14.61 

.J Flux 28_______ 10.3 19.3 19.8 23.5 Ii. a 11. 0 10.6 10.3 14.1 

DifIeronco________ -1. 5 1. 8 I~ 2.4 .2 1.0 -.8 1.2 =.=5=:1:====1=== 

Outs 3Z{FIBY 42_________ 9.0 I20. i 18.2 2:3. I l~. 2 i 10.7 10.3 10.3 13.6 
Flax 28_. _______ ~119.8 ~_ 22.5 1U.11~~~_1_3._0_,-----,----

DifIercncc __.. _____ 0 .9 .3 .6 -.9 .8 .4 -.2 .6 
===========1====1=== 

Oats 16{Flax 421________ O. r. 19.0 19.7 24.6 19.5 8.2 7.3 8.5 13.0 
. Flax 28 1• _ ._____ 9.2 10.0 18.4 25.2 1P.8 8. Ii 7.3 7.8 12.0 

-----------------_·j----I---
DiJIcrcncc________ .4 .0 1.3 -.6 -.3 -.4 0 .7 1.0 

1 2-y<.'nr average, 1925-U}20. 

Although apparently there are no significant differences in the total 
yields from the combinations where the seeding rate of the wheat 
was the same and that of the flax varied, a different oondition is 
found when the yields of the combinations from the 30-pound wheat 
and 42-pound flax and the 45-pound wheat and 42-pound flax are 
compared with the yields from the flax grown alone at the 42-pound 
seeding. The average yields from these two combinations are higher 
by 1 ± 0.26 and 1.4 ± 0.26 bushels, respectively, than the yields from 
the flax grown alone at the 42-pound seeding rate. These differences 
are 3.8 and 5.4 times their probable errors and apparently are sig
nificant. 

The two combinations with seeding rates of 30 and 45 pounds of 
wheat and 28 pounds of flax each yielded 0.7 ± 0.26 bushel higher 
than the flax grown alone. This difference is practically three times 
its probable error. 

The two combinations with the sueding rates of 30 pounds of wheat 
and 42 pounds of flax and 45 pounds of wheat and 42 pounds of flax 
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may be considered as having yielded at a definitely higher total rate 
than the cro'ps grown alone. Since the two other combinations with 
seeding rates of 30 and 45 pounds of wheat and 28 pounds of flax 
and the one with the seeding rate of 15 pounds of wheat and 42 pounds 
of flax come so near to equaling the other two in acre yield, they 
also may be regarded as having yielded at higher rates than the flax 
grown alone from the 42-pound seeding rate. The yield from the 
combination with tho wheat at 15 pounds and flax at 28 pounds as 

FIGURE a.-A. shock of the flax-wheat mixed crop. showing the well-formed bundles made by the 
binder 

seeding rates and that' from the oat-flax combinatiuns were about 
the same as the flax alone at the 42-pound seeding rate. (Fig. 3.) 

YIELDS ON THE PERCE:'ITAGE BASIS 

The average yields of the crops gr(l;wr~ in combination and alone, 
reduced to a flax basis, have been givetl in Table 5, and the differ
ences in yields on that basis haye been dhmssed. 

In order to further facilitate comparisons of the average yields 
from the combination crops and the crops grown alone, each of the 
yields given in Table 4 has been computed as a percentage of the 
yield of the crops grown alone. These yields, on a percentage or 
relative basis, are given in Table 6. Comparisons of the yields from 
any combination at any location may be readily made through the 
use of the relative yields as given in this table. On the basis of the 
3-year average yields per acre from all locations, the combinations 
from the seeding of 45 pounds of wheat and 42 pounds of flax and 
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from the seeding of 30 pounds of wheat and 42 pounds of flax yielded 
8.9 and 6.2 per cent higher, respectively, than flax grown alone. As 
is brought out in the discussion of the yields in Table 5, these com
binations yielded at a definitely higher rate than the crops grown 
alone. 

TABLE G.-Average acre yields OJ combination crops converted to a jla:r; basis and 
expressed in percentages of the yields of jlax grown alone at the J~-pound rate of 
seeding, in nine localities (eight cO!.Ln.lics) in l\rIinnesota for the S-year period 
1924--1926 

Percentages of the yield of nUl: grown alone 

I Goodhue 
('ounty 

t 2·scnt lwcmgc. 

PERCENTAGE OF ~'LAX IN THE SEED SOWN AND IN THE CROI' HARYF..8TED 

The different combination crops are listed in Table 7, and the 
percentage of flax in the seed sown is given for each. 

The 3-year avel"age percentage of flax in the crops harvcsted from 
each combination crop isgiycn for each location. Differences in the 
8,Yemge percentages of :flax in the crops harvested frum each two 
combinations, in ,,"hich the seeding l"[ih~ for the wheat or oats was the 
same but the seeding rate of the flax varied, are given for cach location. 

In the six whefit-f1ax combintltiolls the avcmgc pcrcl'ntugc of flnx. 
in the crops harvested 1'Ilnged from 0.4 to 14.8 per ccnt less than in the 
seed sown. 
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TABLE 7.~Percentage of flax in the seed of the combination crops sown and in th6crops haTtiested in nine localities (eight counties) in Minnesota for the 3-yearperiod 19f!l,-1926 

Percentages oC Oax in crops harvested ~c.~ ! °E~ go ..
j.. , ... """" , 

Goodhue cOIE , County 
"'-" 

>. Iii'"ClOP and n.tes of seeding ;;'" >. ~ t- co~
per acre (pounds) ~c co c t- >. 

co !&1.s 
0 .c'" 0 '"C! § § >. oo 

oo
.. 0 " t) 0° 0 1:l t-c e $i""0 0 0

~El 0 0 c ::s co B"~!l >. ~ oS ., , 
0 0 ..

cO dHIIE cO 0 0.so! ~~ J:>B'" ~ co 
~ ".. :;;;" >. li! e"'t:s ., co '5 '" :::: co ~ ~.gm ~ 0 _...""i>< ~" r.. ~ r.. ~ <n ~ 5 i>< 

;
CO> A 

Flax 28________ 65.1 42.6 67.5 67.3 78.1 63.1 50.5 71. 9 61.8 33.9 59.6 -14.1 
1- ,,,---

Whoat 1~Flax 42--------1 73.7 42.1 62. 8 62.4 73.6 60.1[1' 40.8 67.5 5<l.0 33.9 55.7 -9.4
D ......~______~ •• 4.7 4.9 4.5 tit 9.7 4.4 J 3.8 ~I 3.9 --------

Wheat ao{FIaX 42________ 58.3 30.2 53.7 51. 9 I 62. 5 52"."5!=
33.1 57. 6 46. 9 21. 3 45. 5 -12.8Fla.~ 28________ 48.3 27.4 47.6 44. 5 57. 9 46. 3 28.0 47.0 34.0 17.3 38.9 -9.4

Differenco__________ 10.0 
-

2. 8 6.1 
------I---1---17.4 4.6 6.2 5.1 10.6 12.9 4.0 6.6,=Wheat 45{FISX 42________148. a 20.1 F=

Flax 28__ ______ 38.4 15.1 
43.9 37.4 50.0 40.7 28.7 35.9 30.8 14.1 33.5 -14.838.5 31.8 49.2 37.4 23.8 27.7 24.0 9.4 28.5 -9.9DlfIerenca__________ f 9.9 

---- --1----5.0 5.4 5.6 .R 3.3 4.9 8.2 6.8 4.7 5.0 --------
Oats 32{FISXFlax 42.0--------128. _________ 46.750. 7 11.7 30.3 23.5 35.5 31.7 32. 0 27.7 34.2 16.6 27.0 -29.79.9 26.8 17.9 27.1 29.2 26.0 29.4 30.6 14.5 23.5 -23.2

DlifIerence________.__ 10.0 1-:- l- I- - I1.8 3.5 5.6 8.4 2.5 6.0 -1.7 3.6 2.1 3.5
I

Flax 28 1_________ 63.6 24.1 59.2 39.7 54.9 50.0 38.0 41.8 54.1 38.4 45. i -26.7""" u(Fhu .,,-----t" ,.. 51.8 38.8 44.4 50.1 41.8 40.3 50.3 33.6 41.7 -21.9
Difference__________ 8.8 I 5.5 7.4 .9 10.5 5.9 -3.8 1.5 3.8 4.8 4.0 

1 2-year average. 

The percentages of flax sown in the 16-POl,lIld and 32-pound combinations of oats are practically the same as for the combinationssown with 15 and 30 pounds per· acre of wheat. However, thepercentages of flax in the harvested crops of the oat-flax combinationsare distinctly lower than the percentages of flax in the crops harvestedfrom the wheat-flax combinations. Plants of Victory oats bear a.considerable number of leaves above the general height level of theflax plants, whereas most of the leaves of Marquis wheat plants areat the level of or below the inflorescences of the flax plants. Owinglargely to this difference, flax has a better opportunity when growingwith wheat than 'with oats.
In practically every trial where the wheat or oat seeding rate wasthe same the average percentage of flax in the combination cropsharvested from the 42-pound seeding for flax was higher than in thecrops harvested from the 28-pound seeding.
The percentages of flax in the combination crops averaged lowerfor the trials in Polk and Ramsey Counties than at· the other locations.
Where seed of the crops grown together is to be used for sowingcombination crops again, it is advisable to separate the seed, andafter removing any weed seeds that may be in either one mix themagain in the proportions desired. Another way is to separate a

53132°-29-3 
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·weighed sample of the grain from th~ crop harvested to determine the·, 
propOl:tions of the wheat and flax and then ada as much flaxseed as is 
'necessary t.o bring it up to the desired proportion. 

EFFECT OF WEF..DS 

Where many wedds grow up in flax sown alone, they compete with 
the flax in much the same way as the wheat or oats sr)wn in the com
bination crops aJid thus reduce ~ho yields. As an a:.-cirage for u..2-yaar 
period, extensive yield determinations'made by removing adjacent 
heavily and lightly weed-infested square-yard areas of flax from a 
number of different fields showed an .!l.verltge acre yield of 2.3 bushels 
·of flax less on the henvily weed-infested areas. 

Wheat sown at the rate of 30 to 45 pounds per acre with flax 
eliminates weeds very largely, except wild oats and such perennial 
w,\8ds as quack grass and sow thistle. T.he wheat in the combinations 
lo\irers the yields of fll1.'i:, but produces a part of the to'0al crop valuable 
in itself. Wheat sown at 15 pOUIids per acre in combiIlation with 
flax does not produce a stand heavy enough to control weed growth 
as effectively as do seedings of 30 or 45 pounds per acre. 

The yields given in Tables 4 and 5 for Ramsey County in particular 
and the values per acre given in Table 9 for the same location indicate 
that it is practicable to grow the wheat-flax combination crop on 
land that is too weedy to grow flax alone and to secure from it a 
return higher than from the flax crop grown alone under unfavorable 
Gonditions. 

WEIGHT PER BUSHEL AND PER 1,000 KERNELS 

In Goodhue, Faribault, and Wilkin Counties the wheat in the 
combination crops tested enough higher in bushel weight to make a 
difference of one market grade. At the other locations the test 
weights of t.he wheat in the combination crops averaged about the 
same as the weight, of the wheat grown alone. 

The weight in grams per 1,000 kernels of wheat grown alone and 
in the combinations was lower'in Stevens, Wilkin, Clay, and Polk 
Counties than at the other locations, owing largely to some damage 
from black stem rust. The wheat in the combination crops from all 
locations averaged 25.45 grams per 1,000 kernels and that grown 
alone 24.07 grams per 1,000 kernels, a difference of 1.38 grams in 
favor of that grown in the combination crop. The oats in the com
bination crops averaged 27.06 grams per 1,000 kernels and those 
grown alone 25.93 grums per 1~000 kernels, a difference of 1.13 grams 
in favor of the combination. . 

In the combinations with wheat, the flax averaged 4.27 grams 
per 1,000 seeds and in those wit,h oats 4.30 grams per 1,000 seeds. 
Flax grown alone averaged 4.23 grams per 1,000 seeds. 

STRAW YIELDS PER ACRE 

The average yields of straw per acre for each of the combination 
crops and for each crop grown alone are given in Table 8. 

In Minnesota, No.1 flax straw during the past five years has had an 
average market value of $11 per ton and No.2 straw a value of $9 per 
ton, laid down at the points where used. Under the present rules 
No.1 flax straw must average 10 inches in length, and in the No.2 

'\ 
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. gradeit must average 6 inches in length. No.1 straw may contain up 
to 5 per cent and No.2 up to 10 per cent. of weeds. Higher percentages 
ofweeds result in dockage. . 

TABLE. 8.-Average acre yields of straw from the com,bination crop8 and the croPfJ 
grown alone in' seven localities (six counties) in Mi11-nesota for the 3-year
period 19.~4-1926 

Average acre y e lIds r traw (tODS)o. s 

Crop and rates oC GoOdbue County
seeding per acre 


(pounds) 
 Ramsey Faribault Renville Wilkin Clay a·yearCounty Featber· r Hein· County 'Oounty County County average
stano rlebs 
Carm Carm 

~ 

Wheat 15 {FIBX 42.• 1.4 1.9 1.8 1.8 1.7 1.2 1.3 1.6" F!ax 28._ 1.5 1.7 La 1.7 1.7 1.2 1.2. 1.6 

Wheat 30 {FlaX 42•• 1.5 1.9 1.8 2.0 1.7 1.2 1.4 1.6-- Flax 28.. 1.5 1.8 1.9 1.9 1.6 1.2 1.4 1.6 

Wheat 45 {Fla~ 42.. 1.5 1.9 1.9 2.0 1.7 1.4 1.6 1.7" Fla~28.. 1.6 1.9 1.9 1.9 1.7 1.3 1.7 1.7 

Oats 3' {Flax 42.. 1.4 1.9 1.9 2.1 1.6 1.3 1.5 1.7-.... Flax 28.. 1.5 1.8 1.8 2.1 1.6 1.1 1.6 1.6 
o {Flax 421. 1.6 1.6 1.8 2.2 1.8ats ]6 ..__ FllIx 28 1• 1.2 1.4 1.61.6 1.5 1.7 2.1 1. '7 1.5 1.2 1.6 
Wbeat alone 90....... 2.0 1.6 1.7 1.52.1 1.5 1.5 1.7Oats alone 64......... 1.8 1.5 
 1.6 2.0 1.6 1.3 1.7 1.7 

1.4 1.6 1.6 1.7Flax a1one...__ ..{g.. 1.5 1.1 .8 1.41.3 1.6 1.7 1.01.6 1.4--I .8 1.3 

1 Two-year average. 

Within a radius of approximately 200 miles from points where flax 
straw is used, freight charges range around $3 per ton. The hauling 
expense from farm to station is approximately $3 per ton, and the 
baling costs $3 per ton. The 5-year average value of No.1 flax straw 
in the stack on the farm therefore has been about $2 per ton. Baling 
and hauling flax straw offers some employment during part of the 
winter for men and teams at fair wage rates. 

If flax is grown as a combination crop with wheat, oats, or barley, 
the straw can not be used by the .industries that provide II. market for 
pure flax straw. 

ADVANTAGES AND DISADVANTAGES OF COMBINATION CROPS NOT SHOWN IN nELDS 

The wheat-flax and oat-flax combination crops are no more difficult 
to cut with the binder, to shock, and to stack than wheat or oats 
grown alone. For growers who do not care to grow flax alone, the 
combinations offer the opportunity to secure some of the benefits of 
the relatively higher price for flax than for the other crops, whenever 
that relationship exists, without the necessity of growing flax alone. 

The only disadvantage of the combination crop is the necessity' 
" of separating the grain making up the mixture. The great differences 

in size make this easy to accomplish by means of the ordinary fanning 
mill. In Goodhue County, where a large acreage of the combination 
crop is grown each year, the mixed grain is stored in granaries aEf it 
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com~s from the threshers, and before the grain is marketed the sepa
ration is made at a cost'of approximl1tely 2 cents per bushel of mixed 
grain. '-

ACRE VALlJES OF THE CROPS GROWN IN COMBINATION AND ALONE 

The farm prices of flax, wheat, and oats in Minnesota on December 
lof stated years are given in Table 1. 

The 3-year average gross values per acre at these prices are given 
in Table 9 for each location and for aU locations. Tke 5-year average 
gross values per acre for each grain in the combinations and for each 
crop grown alone, with the totals, also .are given in this table. Gross 
values per acre for the combinations and for the crops grown alone 
may be computed for any other period of years. by using the yields per 
acre given in Table 4 and the prices on December 1 for the period of 
years selected. . 
TABLE 9.-Average gross acre values of combination crops in comparison with 

the same crops grown alone in nine localities (eight counties) in Minnesota for 
the 3-year period 1924-1926 

.-
FatIn value: per·'8CI'e on Dec. 1 

, 
Goodhue I ,I I, 5-year average 1County I '.

Crop and rates oC 

seeding per acre t- ~ !: !: ~ 


(pounds) " " § 0 " ;:; ...," 21 
00 Q 

Q '" ~ " oS '" 1 '" " 0 
!: j ~ " Q 

~a • Q'" Q'" " ~ .." 
~ ., .. .c '" -3 i " 

Q'" Q 
0 0 

5l -:5-= ;::" .r:> ~ a " " a .!3 ;:: " \ ~ ~ ~ til i ... ., ., ., :;:I .c 3" " .'3 .$ ~ ~ .$ 
~ " ~ r:." ~ ~ Q Jl.< ,I, ~ r:. 8" 

'""----------'" i-- ------~ ----
Wheat 15{F18X 42____ $25.9 $42.6 $37.9 $45.6 $34. 3 $26.0 $23.0 $17.5 $33.4 $31.8 $7.9 $22. 5 $30.4

Flax 28____ 24..S 39.4 37.5 45.0 33.3 23.7 21.1 15.6 31.0 30.1 8.4 20.2 28.6 
,- I-

Difference ____• 1.4 3.2 .4 .6 1.0 2.3 1.9 1.9 2.4 1.7 -.5 2.3 1.8 
----= ----==------- = 

Wheat ao{Flnx 42••__ 28.0 40.6 37.5 45.1 33.2 25.5 20.4 20.3 34..3 31.7 1l.9 18.1 30.0 
Fiax28.... 29.0 40.4 34..7 42. 5 31.9 24.2 21.6 18.8 32.1 30.6 13.2 15.8 29.0 

-
Difference _____ -1.0 .2 2.8 2.6 1.3 1.31-1.2 1.5 2.2 I. I -1.3 2.3 1.0 

= ,= = = = 
Wheat 4~Flax 42.___ 20.2 41.2 36.8 41.4 32.6 26.3 20.4 20.8 34..4 31.4 IS. 2 14.. 3 29.5 

Flax 28. ___ 32.11 37.3 34..5 37.3 31.2 23.9 21.1 17.8 33.6 30.0 16.4 11.9 28.3 -------------------------. 
Dillerence. ___• -3.7 3.9 2.3 4..1 1.4 2.4 -.7 3.0 1.4 -1.2 2.4 1.2~ -- = 

Oats 32{FIBX 42______ 18.9 34.0 29.7 36.8 25.7 IS. 1 17.9 19.4 23.5 24..9 12.1 12. 6 24..7 
Flax 28..____ 19.4 31.6 28.0 32.9 20.8 16.0 17.3 19.4 22.4 23.7 12. 7 10.9 23.6 

------~ ----- ---- - ------
Dillerence...__ -.5 2.4 1.7 3.9 -1.1 2.1 .6 0.0 1.1 1.2 -.6 1.7' 1.1 

------ = - 
20.3 36.7 32. 4 43.9 34.2 13.9 11.8 15.4 20.3 25.4 7.6 18.7 20.3

Flax 28 ,____ • 18.2 33.S 29.8 42.2 33.8 15.1 11.7 13.S 17.8 24..1 8.2 16.8 25.0
Oats 11l{Flax 42 ,-----

Difference. ___ • 2.1 3.2 2.6 1.7 .4 -1.2 .1 1.9 2.5 1.3 .6 1.9 1.3 

Wheat alone 00••____ 33.8 33.0 28.1 24..1 23.6 23.6 20.0 15.5 32. 5 26.0 23.8 ------ 23.8 
Oats alone 64____ •__ • 19.3 23.7 24..3 23.0 18.7 14..6 13.7 Ui.O 20.4 19.2 19.1 ----- 19.1 

=1 1 = --1==F== 
_Flax alone{42------.28. _______ -----19.9 43.2 41.4 50.4 35.1 24.9 22.1 21.4 28.6 31.9 30.7 30.7 

17.3 43.6 38.5 46.9 31.3 22.7 29.5 28,3 28.320. 21.2::.:. 27. 4---- ---- I-
Difference____. 2. 6 -.4 2.8 3.5 3.8 2.2 1.94.31.2 2.4 2.4 2.4 

I Based on average (1923-1927) farm prices on Dec. 1 in Minncsotll'. 

t 2-year average, 1921f-1926. 
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.Flax alone,·at the 42-pmmd seeding rate averaged for all locations 
S2.40higher in gross value per acre for both the 3-year and the 5-year 
periods than fllJ.,x at the 28-pound seeding rate. Deducting 75 cents 
for the 14 pounds of additional seed sown and 15 cents for the addi
tional harvestu,g. and threshing expense, there was left an additional 
income per acre of $1.50 from the 42-pound seeding as compared 
with the 28-pound rate. 

On the Featherstone farm in Goodhue County the gross values 
,per acre for the flax sown alone at the 28-pound and the 42-pound 
rates were practically equal.' In Polk and Willcin Oounties the addi
tional gross income from seeding 42 pounds as compared with 28 
pounds of flax per acre was only $1.20 and $1.90 per acre, respectively. 
At each of the other locations, the additional gross income per acre 
from the 42-pound as compared to the 28-pound seeding was decid
edly in favor of the heavier rate, varying from $2.20 to $4.30. 

For the crops grown alone, the comparative gross values per acre 
depend on the relative yields per acre and values per bushel. Flax has 
been relatiyely higher in price than wheat and oats during the 3-year 
and 5-year periods under consideration and hence has the advantage 
over wheat and oats on a value-per-acre basis where the comparative 
yields Ilre not out of linp.. In Polk and Stevens Counties, for the 
3-yeal' period, the acre yield of wheat was nearly twice that of flax 
alone and in Ramsey County nearly three times that of flax alone. 
With this large adyantage in acre yield, wheat even at a relatively 
lower price per bushel averaged nearly as hi~h as fln." in Stevens 
and Wilkin Counties, slightly higher than flax ill Polk, and decidedly 
higher in Ramsey COlmty in gross value per acre. 

In Ramsey County the comparatively low yields of flax alone were 
due to weed competition. Weeds were a factor, also, in reducing 
yields in the combinations in which wheat was sown at the 15-pound 
rllte and oats at the 16-pound rate. 

.Although the wheat-flax ·combinations,. with the exception of that 
in which the seeding rate was wheat 15 pounds and flax 28 pounds, 
may be considered as having averaged higher in total yield than the 
crops grown alone, as shown in Table 5, the gross returns per acre are 
slightly lower than for the flax alone. This is due to the fact that 
the wheat and flax and the oats and flax grown too-ether compete 
with each other, and the yields of both are lowered. The proportion 
of the grain of each crop of the total yield varies with conditions 
during the growing season. With the average price of wheat at 
$1.19 and of flax at $2.13 per bushel, in. any of the wheat-flax com
binations grown, the yield and value of the flax was lowered more in 
comparison with the average yield and value per acre of the fln." grown 
alone from the 42-pounds per acre seeding rate than the value of the 
yield of wheat in the same combination. Seeding 30 and 45 pounds 
of wheat with 42 pounds of flax resulted in significantly higher total 
yields per acre than were obtained from flax alone. However, in 
these combinations the wheat, which averaged relatively lower in 
price than flax, reduced the yields of flax to su\~h an extent that a 
lower total gross value per acre was secured from a higher total 
yield per acre. 

Xf the averas-e price of wheat for the 3-year and the 5-year periods 
had. been relatively as. high as that of flax, the gross returns per acre 
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ror thecropE! ~own in combination an~ a.l?ne would bear more nearly 
the same relatIon to each other as theIr Ylelds per acre. 

The wheat and oats, both in the combinations and alone, gave yields 
relatively higher in Ramsey, Goodhue, and Polk COlmties than at the 
other locations. This is shown in Table 4. With the relatively low 
yield of flax alone as the base in Ramsey and Polk Counties and the 
wheat yields in the combinations relatively high, the combination 
crops and the wheat alone show higher values per acre than the flax 
alone. In Polk County, the wheat-flax combinations with the heavier 
seeding raw of flax show some increase in value per acre over wheat 
grown alone. In Ramsey County the wheat-flax combinations with 
the 30-pound and the 45-pound seeding rates for wheat produced 
yields of the highest values at this location, but still not higher than 
the value per acre of wheat grown alone. 

In Goodhue, Farlbatilt, and Renville Counties the flax yields and 
values per acre were high relative to those of wheat, both alone and in 
the combinations. The gross:yalues per acre of the wheat-flax com
bination crops were slightly lower than those of the flax grown alone, 
but distinctly higher than those of the wheat and the oats grown alone. 

The yields from the 16-pound oat-flax combinations are averages 
for two years only and hence are not strictly comparable 1;,0 the yields 
obtained from sowing the oats at the 32-pound rate l.Tl combination 
with flax. With a few exceptions the oat-flax combination crops had 
a lower total value per acre than the wheat-flax combinations. This 
is due in part to the fact that oats is not so well suited as wheat to 
gf{)wing in combination with flax' and in part to the lower rela.tive 
Pl.~ce per bushel of oats as compared with the price of flax for the 
3-year and the 5-year periods. 

The oat-flax combinations produced crops having a higher gross 
value per acre than were obtained from the oats grown alone. 

SUMMARY OF RESULTS IN MINNESOTA 

The results, with a few exceptions, indicate that adequate moisture 
supply throughout the growing season favors increases in yields of the 
combmation crops over the same crops grown alone. The presence 
of enough moisture in the soil during the early part of the growing. 
season to permit luxuriant vegetative growth followed by low pre- . 
cipitation during the time the grain is filling is unfavorable for the 
combination crops as compared with the same crops grown alone. 

The yields obtained over the 3-year period show definitely that flax 
~elds m the combination crops average c;onsiderably lower than 
Yields from the flax grown alone. In only SL'i: cases, or 2.1 per cent, 
out of a total of 288 separate trials were the flax yields in the com
bination crops equal to the yields of the flax grown alone. 

Flax sown alone at 42 pounds per acre averaged 1.1 bushels higher 
in acre yield than flax from the 28-pound seeding. .After deducting 
for the extra quantity of seed sown and the additional threshing 
expense, the gam from the heavier seeding rate was $1.50 per acre at 
the average farm price for the 3-year period. 

The yields of wheat and oats in the combination crops increased as 
the seeding rate of wheat and oats increased, but not in the same 
proportions. • . 

In the combination crops where the seeding rate of the wheat and 
oats was the same, somewhat higher yields of wheat and oats were 
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obtained where the rate of seeding of flax was 28 pounds as compared 
with 42 pounds per acre. 

Where the rate of seeding rate of flax in the combination crops was 
the same the higher yields of wheat and oats were obtained where 
these grains were sown at the higher rates. 

In the combination crops of wheat and flax the 42-pound rate of 
seeding of flax produced practically the same increases in yields of this 
crop over the 28-pound seeding rate that were obtained where the flax 
was grown alone at the two rates of seeding. In the oat-flax com
binations this advantage of the 42-pound over the 28-pound seeding 
rate for flax was somewhat less. 

The combination of wheat and flax at a seeding rate of 45 and 42 
pounds, respectively, per acre yielded a total of 1.4 bushels :per acre 
more than flax alone at the 42-pound seeding rat2. This is an IDcrease 
of9.7 per cent in yield. Four of the other five wheat-flax combina
tions produced.~ncreased yields of 0.5 to 1 bushel, or 3.5 to 6.9 per cent, 
over the yield of flax grown alone. 

The average percentage of flax in the combination crops harvested 
varied considerably for the several locations tmd for different years. 
On an average, the decrease in the fmx percentage in the crops har
vested below that in the seed mixture sown was approximai;ely twice 
as great in the oat-flax as in the wheat-flR."\( combinations. When the 
grain from combination crops is used for seeding, it is always advisable 
to make a percentage determination of the seeds present in an average 
sample and add the quantities of flax necessary to bring the propor
tions. up to what has been found to be necessary for the best results. 

Where weeds other than wild oats and lamb'a-quarters, or such 
perennial weeds as quack grass or sow thistle, reduce the yields of 
flax grown alone, the addition of 30 to 45 pounds of wheat or 32 pounds 
of oats to the flax will practically eliminate the weeds, and yields of 
higher acre values will be produced. 

The average test weights of the wheat and oats grown in the com
binations at four out of nine locations were higher than for the same 
crops grown alone. 

The wheat and oats grown in the combination crops weighed some
what heavier per 1,000 kernels than when grown alone at the usual 
rates of seeding. The differences between the weights per 1,000 
seeds of flax grown in the combinations and alone were small, but 
consistently favored the comhination cropping. 

Where the flax was grown alone at the 42-~ound seeding rate, the 
acre yields of straw varied from 0.83 ton in Clay County to 1.7 tons 
in Faribault County, with an average for all locations of 1.4 tons. 

The combination crops are as easily harvested, shocked, and 
stacked as wheat or oats grown alone. Therefore, growing the com
bination crops eliminates. the objections that some growers have to 
raising flax abne. 

Although four of the wheat-flax combinations averaged significantly 
higher in yield than the flax alone at the 42-pound seeding rate, the 
gross values per acre are either equal to or slightly lower than those 
for the flax alone at that rate of seeding. The relatively high price 
of flax as compared with that of wheat offsets the advantage in total 
yield of the wheat-flax combination crops. 

The 3-year average gross values per acre of the wheat-flax combi
nations are higher than the values per acre of the oat-flax combinations 
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for the same period and, with a few exceptions, higher thNL the 
;, values per acre of the wheat alone or the oats alone. 

The 3-year average O'ross values per acre of the oat-:flax combina
tion crops ,are distinctiy higher at each location than the values per 
acre of the oats alone at the same locations. As long as oats remain 
at a relatively low price as compared with :flax, many growers in the" 
southern and western parts of the State can profit by substituting 
either clear flax or one of the combinations on much of the acreage 
now devoted to growing oats alone. '" 

EXPERIMENTS IN NORTH DAKOTA 

13y T. E. STOA, A.Biolant Agronomb!, North Dakota Agricultural Experimen! Station 

The North Dakota Agricultural Experiment Station conducted 
experiments with flax-wheat mh-:tures as early as 1898 (7). The 
results during the years 1898 to 1902 were not such as to eincourage 
the practice of mixed cropping. Wilt-resistant variet.ies w,:ere then 
unknown, and some of the difficulty of obtaining satisfacfGory flax 
yields can be attributed to the dest.ruction of flax stands by the :flax
wilt disease. Late seeding also" caused low yields. Early seeding of 
:flax. was believed inadvisable at that time, and where the mixture was 
groi~'D. seeding WIlS usually dell1:red until it was thought safe for flax. 
The result was that both crops suffered, and yields were not satis
factory. 

At Dickinson and Mahdan preliminary tria~l; with the seeding of 
:flax with wheat, oats, and barley were conducted in 1917 and 1918. 
Drough t and Russian thistle affected yields in both years, the develop
ment of the flax plants being restricted bee-ause of the competition 
from the companion crop and the Russian thistle. At Fargo, ill 1919, 
N. D. R. No. 114, a wilt..:resistant variety of flax, and Marquis wheat 
were seeded. The seeding, however, was later than desirable, and 
with stem rust prevalent the wheat rusted badly. 

The apparent success of flax-wheat cropping in southeastern 
Minnesota, where this cropping method is more common, aroused a 
great deal of interest among growers in North Dakota. In 1923 
the experiment station undertook a more complete study of this 
method to determine its adaptability to North Dakota conditions. 
In that year :flax-wheat trials were established by the State at Fargo, 
Diclcinson, and Williston, and by the United States Department of 
Agriculture at Mandan. In addition t" t,he trials in the experiment 
station fields, a number of tests wew conducted in cooperation with 
farmers in different parts of the State. Wilt-resistant flax was used 
where the flax diseaSE; might be a factor, and usually Marquis or Kota 
was used as the standard variety of common wheat. Seasonal 
conditions were fairly good during the years 1923 to 1925 and again 
in 1927, though summer droughts prevailed in some areas, especially 
in 1925. In 1926 the spring was cold and dry. Strong winds from 
day to day were unfavorable to the early development of crops. In 
much of the State serious drought conditions continued through the 
summer. The April to August rainfall record for Fargo, Diclcinson, 
and Mandan is set forth in Table 10. A summary of. the flax..:wheat 
trials is reported under the individual headings for each station. 
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RESULTS AT FARGO 

Results for four years are available at Fargo 3 and the dataarp. 
presented in Table 11. Flax in the mixture was seeded at two rates 
(20 and. 28 pounds per acre), to which wheat was added in three 
different quantities (15, 30, and 45 pounds per acre, except that in 
1927 the trial was reduced to two rates for the mixture). The 
check plots of flax and of wheat seeded alone were sown at the rate 
considered standard for this region, flax 28 pounds. and wheat 75 
pounds. The appearance of the mixed crop is shown in Figure 4. 

Favorable yields and comparisons were obtained in 1923, i926, and 
1927. In 1925 excessive June rains reduced all stands and subsequent 
yields in this field'l;wheat being injured to a greater extent than flax. 

FIGURE 4.-A mixed crop oC lIax ond wheat grown on sweet-clover sod neor BlltTalo, N. Dak., ill 
)924..Tho yield per ocre was 5.9 bushels oC lIox ond 16.1 bushels oC wheat 

There was some frost damage in the spring of 1926 and some injury
from drought and high wind. 

For the three years, 1923, 1925, and 1926, flax alone averaged 12 
bushels per acre. When seeded at the same rate, but with 15 pounds 
of wheat added, the average acre yield was reduced to 8 bushels. As 
a higher proportion of wheat was used in the mixture the flax yields 
were correspondingly reduced. With 30 pounds of wheat added, 5.1 
bushels of flax was produced, and with 45 pounds of wheat added the 
yield of flax was 3.1 bushels. The yields of wheat increased from 8.2 
bushels to 14.9 bushels per acre as the rate of seeding increased. 

For the four years including 1927 the average acre yield of flax 
alone was 13.6 bushels and that of wheat alone 27.6 bushels. Where 
15 pounds of wheat were added to the flax, the flax yield was 8.7 bushels, 
and when 30 pounds of wheat were added the flax yield was reduceol 
to 5.7 bushels. 

I Comparisons in 1924 were abondoned because oC uneven sta!l<IB. 
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TA~LE lQ.'-'-8easonal (AprU ,to August) rainfall at Farui; Dickinson, and Man
dan, N~ Dak.,.jor the o-year period 19,23-1927 compared withtheme,an seasonal 
rainfall for that region' , 

Precipitation (inches) 

Station and year Normal 
April May June July August Total for the 

locality I 

---~--------I-------------'------ -----
Fargo: S192:1-___.-___________ _____ _~ 1.28 1.8'; 6.73 2.34 2.83 


1925_______________________ _ 

1924_______ :.~______________ _ 03 113; 30' 

1926_______________________ _ 


4.01 .68 4.37 1.25 2:00 15. 
1.00 1.98 5.62 4.35 .25 14.19 15.48 

1927_______________________ _ .os 1. 93 2.09 2.92 1.83 8.85 
2.53 3.!i3 4.28 1.01 2.02 13.47 

Dickinson:1923_ _____________________ _~ 

1.55 1.46 4.49 4.67 , .82 091924___________c___________ _ 
1.03 1.12 3.26 2.69 .77 12.8.87 11925________._ ._.________ • __ 1.26 .89 4.31 1.29 1.3!) 9.05 11.061926_____________ •___._... __ .46 2. !lO 1.92 1.16 -1.56 8.001927_____-' __________ •______ _ 2.10 5.67 2.12 2.93 1.29 14.11 

Mandan:1923__________________ .- ___ _ 

19"..4_____• _________________ _ 
 1.85 1.18 1.94 4.12 1.15 

1925________ •_______________ 
 10.24 I1.68 .41 5.56 2.07 2.35 12. 07 

.94 1.18 7.34 .33 1. 31 11.10 11.401926________________________ .13 2.41 1.20 2.19 1.31 7.241927_______________•_______ _ 
1.37 6.65 2.00 2.37 3.16 15.551 

I Available Weather Bureau records up to and Including 1923. 

2 Observations recorded at Moorhead, Minn. 


TABLE H.-Annual and average acre yields, relative yields, air-dry weight of weeds, 
and gr088 acre incomes from five mixtures of flax and wheat and from ,flax and 
wheat grown separately, at Fargo, N. Dak., for the four years, 1923 and 1925-1927 1 

I Average gross income perAcre yield acre 
1 
I 

1 ArnlAverage Card 'price •Crop .and rete of . 1 Relative weight
seeding per acre 

II yield of(pounds) weeds' Farm1923 ,192.'i 1926 11927 1 1923 19231923, price •
I and 1923, and1925, 1925- 1925 19251926 1927 19'17I --------------------------
Bruh. Bruh. Bruh. Bruh. Bmh. Bush. Per"tnt Pounds Dollars Dollars DollarsFlax 20____________ 8.8 5.4 7.0 7.1Wheat 15__________ ------ -------- } 98 867 24.33 1--------- 23.81
10.9 3.4 9.7 ------ 8.0 

Flax 20____________ 5.9 3.4 5.1 ------ 4.8
Wheat 30____ ~ ____.! 17.9 12.8 -------- } 102 918 24.97 --------- 24.44

5.0 15.6 -----
j 

Flax 28------------1 n.5 0.8 6.7 10.8 8.0 8.7 } 696 26.00 30.31 25.91Wheat 15..________ 10.8 1043.0 10.7 19.3 8.2 11.0 

Flax 28___ .______..1 6:2 4.2 4.8 7I'J 0.7 25.290.1 } 105 884 25.81 31.16 
Wheat 30------"---116.8 3.0 19.3 30.0 13.0 17.3 

Flax 28____________ ' 3.0 3.0 3.3 3.1 -------- } 98:, 23.73 23.29Wheat 45__________1 i9.0 2.8 23.0 ---------

Flax alnne 28 ______ 18.0 7.3 10.2 :;~;:I :: 13.6 I 1,045 25.68 27.81 24.96 
Wheat alone 75____ 22.0 0.9 34.0 48. 3 20.6 27.6 100100 783 24.21 31.4* 23.28"I 

I Stands In 1924 were injured by frost and weeds and were otherwise so uneven as not to be comparable,
hence the test was not completed. Conditions In 1925, brought about by excessive June reins, were partic
ularly harmful to wheat, hence the low average wheat yields that year. 

S Only two mixtures were grown In 1927, 

3 Average for 1925 and 1926; very few weeds in 1927. 

• Calculated on the basis ofloeal card prica on Dec. 1 each year for No.1 dark northern spring wheat anQ" 

No.Ulax., ' 
! Based on the average (1923-1926) yield and the 5-year (1923-1927) average farm price of $2.08 per bushel. 

for llax and $1.13 per bushel for wheet on Dec. 1 In North Dakota. 
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",Th~relativeyields: of the mixtutesas compared with the yields of 

:flax alone and wheat alone varied from 98 to 105 per ~n:t, D.9t a con... 


" sistent, and hardly a sign#icant increase. ~ The highest relative yields . 

,wereobtained where :flax was seeded at 28 pounds and 15 or 30 pounds 

ofwheat were added . 

.The factor, of weeds generally was ,less ,as the quantity of wheat 
in the mixture :was increased;' Wheat tended to reduce the weed 
growth, and it illso redllced the flax stand. Accordihg to an av~rage 
Q.fdetermin8:tions maqein 19~§. and 1926, in the plot of wheat groWn 
<~Jpnethe arr-dry weIght oi('waeds per acre was 783 pounds, and 

,:;"w'here :flax ,was grown alo~~ the air:drYweight. of the w~swas 
1,045 pounds. The quantIty of weeds III the IIDXtures vaned from 
696 to 918 pounds per acre. The weeds were not weighed in 1923. 

, Observations in that year, however, indicated that weed growth 
was less as the quantity of wheat was increased. In 1927 as the 
result of having a good seed bed and favorable growing conditions 
for the crop there were very few weeds in all plots. 

Stand counts, showed a wide variation from year to year in the 
number of plants produced, although the seeding had been, at the 
same rate. Plant counts were made justprece~g maturity.' 
These data are given in Table 12. In 1926 the average number of 
flax plants per acre, where flax was seeded alone, was 876,000; in 1923 
there were 1,994,000. The condition of the seed bed and seasonal 
conditions are of great importance in determining the thickness of 
the stand which will result from any reasonable rate of seeding. 

TABLE 12.-Annual and average numbers of:fla3; and wheat plants and of wheat 
heads per plant in the :fla3;-wheat mixture trials at Fargo, N. Dak., 1923-1927 
(excluding 1924) 

. 
Average numberNumber of ftaJ: plants N'umber of wheat plants of wheat heade(thousands per acre) (thousands per acre) per plant I 

Crop and rate of Average Averageseeding per acre 
(pounds) AV/Jl

age, 
1923 1925 1926 1927 1923 1923 1925 1926 1927 1923 1923 1925 1926 1923,1923 1923,and and 1925,1925; 1925,1925- 1"'l5- 19261926 19261927 11127 

Flax 2O{Wheat 15___ 982 l,02B 744 -- ... -- 918 ---- .. - 162 110 2.75130 ---- 134 ------ 3.68 2,26 2.42Wheat 30___ 895 824 384 ---..- ,701 ------ 313 202 145 ---- 220 ---- ..- 3.22 1.95 3.12 2. 76 

f;heat 15___ 1,527 1,304 726 1,089 1,186 1,162 169 113 136 208 139 157 ~.29 2.30 i;r~ 2.84
Flax 28 Wheat 30___ 1,278 1,418 628 1,065 1,108 1,007 478 194 260 334 311 317 2.86 1.45 2.14,

Wheat 45___ 1,133 1,251 545 .976 600 237 367 404 -_......... 2.18 1.16 2.18 ' 1.84 

Flax alone 28________ 1,994 1,733 876 1,433 1,534 1,500
Wheat alone 75______ -867 -588 -002 -053 ---8i6 ---775 i-~ i~27 i~4ii -T5& 

I Head, counts not made in 1927. 

Adding wheat to the flax reduced the number of flax plants which 
developed and matured 'in about the ratio that the wheat was added~ 

The number of wheat plants »er acre in a, mixture with flax, aver~ 
aged 134,000 where 15 pounds of wheat were seeded ,and 404,000 
where 45 pounds of wheat were seeded. The number was 8161000. 
where wheat was se~ded alone at 75 :pounds. The average n,umber 
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of wheat heads produced' per plant, however, was higher where the 
wheat was seeded at the lower rate and lowest where. wheat was 
seeded alone at the higher rate. _ 

.The average gross income per acre during the three years. ended 
. 'm 1926, based on local card prices for No.1 grade of grain, as given 

in Table 13,' was $25.68 from flax and $24.21 from wheat. (See 
Table 11.) The acre income from the mixtures varied from $23.'73 
toS26.60. For the four years the average gross acre income from 
flax aloI;Le was $27.81, and that from wheat alone was $31.44; 
from flax at the regular rate with 15 pOlmds of wheat added it was 
~30.31; ruid fr(};;n the mixture, when 30 pounds of wheat were added, 
It was $31.16. . 

TABLE l3.-Annual local card prices for jlaxand wheat at Fargo, Dickinson, 
and Mandan and 'average North Da~otafarm prices on December 1,1923-1927 

stata averageFargo Dickinson Mandan farm price
, Year 

Flax Wheat Flax Wheat Flax Wheat Flax Wheat 

1923__________________ 

1924.._________________ 
 $2.19 $0,97 $2.10 $0.93 $2.13 $0.00 $2.12 $0.86 
1925__________________ 2.38 1.35 2.30 1.28 2.33 1.31 2.27 1.26 

2.29 1.49 2.21 1.50 2.24 1.53 2.26 1. 31] 926__________________ 1.94 1.25 1.85 1.21 I.SS 1.24 1.93 1.171927__________________ 1.87 1.10 1.80 1.04 1.83 1./K 
A'Icrage________ 2.05 2.08 ~~2.13 1.23 1.19 1.22 2.08 1.13 

RESULTS AT DICKINSON' 

Oomparisons during five years at Dickinson are presented in Table 
14. Flax was seeded at the rate of 15 and 25 pounds and wheat 
at 10, 20, a...'1d 30 pounds per acre in the mixture. Olimatic conditions 
during the years 1923 to 1925 and 1927 were fairly good, though a 
late summer drought injured stands in 1925..In 1926 drought .se
riously affected all yields. The 5-year average acre yield of flax alone 
was 7.8 bushels and of wheat alone 17.7 bushels. In the mixtures, 
the yield of flax decreased as the proportion of wheat was increased. 
On the basis of relative yields, the yields of the mixed crop varied 
from 98 to 107 per cent of the flax. or wheat seeded alone. Relative 
yields in 1927 were particularly favorable to the mixed crop because 
of low yields of flax when seeded alone and the high yields of wheat 
in the mixture. Previous to 1927 the relative yields for the mixed 
crop had valied from 90 to 100 per cent. 

The average gross 'acre income based on card prices from wheat· 
alone was $21,26 and from flax alone $16.28. The gross acre income 
from the mixtures varied from $17.80 to $19.82. 

I The experiments at Dickinson, N. Dak., wera conductad under a cooperative agreement between the 
North Dakota A1¢Qultural Experiment Station and the Office of Cereal Crops and Diseases, Bureau of 
Plant Industry, United States Department of Agriculture, and were under the dlreotlon of Ralph W. Smith,
.associate agrOnomist, Office of Cereal Crops and Diseases. . 

http:toS26.60
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TABLE 14_-A.nnual and average acre yields, relative yields, and gross acre incomea 
from six mixt1lres of flax and wheat and from flax and wheat grown separately, 
at Dickinson, N. Dak., for the 5-year period 1923-1927 

Average gross acre Acre yields Income
Crop and rete of Relative~eedlng per acre yield(pounds) Card Farm1023 1024 1025 1026 1927 Averlige price J price ' 

BUIlhel8 BUilhels BUilhela BUilhela BUilhela BUilhel. Per cent Dolfurs Dotw.rsFin 15______________ 8.0 5.7 4.0 3 • .2 1.5 4.8Wheat 10____________ 18.50 17.89~ 1013.0 9.7 6.3 1.5 13.4 7.0 
Flax 15_____________ 

8.7 4.0 3.1 1.8 1.5Wheat 20 ____________ 4.0 } 99 18. 29 17.816.0 12. 6 5.5 2.0 15.2 8.4 
Flax 15______________ 

5.9 3.8 3.6 1.1 .9 3.1Wheat 30____________ 104 19.82 19.3310.2 10.2 7.0 3.2 17.2 11.4 
Flax 25 ______________ 

10.0 1.7 4.8 1.0 1.3 5.1Wheat 10____________ } 98 17.80 17.163.4 8.5 3.7 1.1 12.4 5.8 
Flax 25_____________ • 6.8 6.2 4.7 1.5 1.3Wheat 20____________ 4.1 } 98 18.19 17.574.0 13.8 4.8 1.~ 14. 6 8.0 
Flax 25________"_____ 8.1 4.3 3.4 1.7 .6 3.6Wheat 30____________ } 107 20.07 19.5810.3 15;6 6.9 2.3 18.3 10.7 

Flax alone, 25..______ 11.6 11.4 6.4 5.6 3.8 7.8 100 16.28 16.22
Wheat alone, 00 _____ li.3 30.4 16.7 i.l 17.0 17.7 100 21.26 20.00 

J Calculated on the bllSls of local CIlrd price on De~. I each year for No.1 dark northern spring wheat and 
No.1 flax. 

'Based on the average Yield and the 5-yenr (1923-1927) average farm price of $2.08 per bushel for flax and 
$1.13 per bushel for wheat on Dec. 1 In North Dakota. 

RESULTS AT MANDAN. 

The flax-wheat trial at Mandan was a duplicate of the trial con
ducted at Dickinson. Comparisons for 'fi.ve years axe available, and 
the data are presented in Table 15. During the years of the test, 
however, climatic conditions were somewhat less favorable at Mandan 
than at Dickinson, and yields were not quite so good. Drought at 
critical periods seriously affected all yields. The average acre yield of 
flax alone for the five years was 4.6 bushels and that of wheat alone 
15.5 bushels. The fla."C yield in all years was low, on account of 
unfavorable crop conditions. The acre yields of flax where wheat was 
added averaged from 1.1 to 2.8 bushels. As at the other stations, flax 
yields were reduced as the Jroportion of wheat was increased in the 
mixture. The relative yiel of the mhtures averaged from 93 to 110 
per cent, being particularly high in 1927 because of low yields of flax 
(even where the flax was seeded alone) and comparatively high wheat 
yields in the mhtures. On the basis of gross acre income, wheat alone 
averaged $19.31 and flax alone (because of abnormally low yields) only 
$9.89. The mixture producing the highest average gross acre income 
($18.10) was flax at 15 pounds with wheat at 30 pounds. 

Mixtures of oats and flax which were tried at Mandan were less satis
factory than theflax-wheatmhtures. Theflax andoatshad a tendency 
to separate in seeding, at least when small quantities of seed were used. 
On the other hand, the flax-oat mixture was more difficult to sep
arate by means of the fanning mill in preparation for market. 
Views of one flax-wheat plot andone flax-oat plot are shown inFigure 5. 

I The experiments at Mandan, N. Dnk., were under the dlreotion of J. O. Brinsmade, Jr.! assistant agrono
mist, Office .of Oeren! Crops and Diseases, and were conducted by that office at the Nortnern Great Plains 
Field Station In cooperation with the Office of Dry-Laud Agriculture, both ohhe Bureau of Plant Indusky, 
United States Delinrtment of Agriculture • 

.' '"" 
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TABLE IS.-Annual and average acre yields, relative yields, air-dry weight of weeds, 
and gros8 acre incomes from si:c mi:l:tures of flax and wheat, two mixture8 of flax 
and oat8, and from.flax, wheat, and oatil grown separately, at Mandan, N. Dak., 
for the5-year period 1923-1927 

....verage grossAcre yields acre ineome 
Crop Bnd rate of Rela· Acre 

weight
seeding per acre Uye of ---- 
(pounds) yieldAver· weeds Card Farm1923 1924 1925 1926 1927 uge price I price I 

-- I ------------ 
Bruh.l. B,uhtl. ~lBruhm Bruhtt. Bruhtt. Puctnt Po-;<nd. Dol/ar. Dol/ar.Flax 15______________ 3.5 2.3 3.2 0.2 1.9 2.2 I, iS2 13.20 12.04Wheat 10________••• } 935.6 10.3 10.0 1.4 5.9 6.6 

Flax 15._••••.•••••__ 2.1 1.4 2.11 .1 1.4 1.4 } 99 1,159 16.42 14. is
Wheat 20........... 9.5 15.7 14. 9 2.9 10. 2 10.5 


Flax 15....._....._.. 1.6 1.2 1.5 .1 1.1 1.1 } 106 918 18.10 16.42Wheat 30._ ......... 12. 2 18. 4 17.6 2.9 1l.7 12. 5 


Flax 25.............. 4.4 3.8 3.2 .3 2.4 2.8 } 103 1,357 14.01 12. 94
Wheat 10••••_••_••• 5.1 9.2 9.5 1.4 6.1 6.3 

F1aJ: 2.'>••_.__ ._•••_•• 3.2 2.3 2.5 .1 1.8 2.0 } 110 1,006 17.01. 15.46-Wheat 20•••••_•••• _ 7.8 15. ; 14.4 2.5 10.0 10.0 

Flax 25•••••••_•••••• 2.4 1.3 1.7 .1 1.3 1.4 } lOS 996 17.53 16..13Wheat 30•••• __ ••••• 9.8 H.9 16.0 2.5 12. 4 11.7 

Flax 20•.•__......... 5.2 4.5 3.2 .2 3.3 
} 107 1,115 -------- 9.71Oats 8_ ••••_•• _"'_' 7.7 15.1 12.4 .5 -------- 8.9 

F'Ulx ~'tI._••________ ._ 2.3 .1 2.3 }3.7 2.9 ------- 104 9"28 9.20Oats 16......_•._. ___ 13.7 25.2_ 15. 7 .4 -------- 13.8 --------

Flax alone 2.')._.__••• 7.0 6.7 5.5 .4 3.2 4.6 100 2,344 9.89 9.57 
Wheat alonc 60 __ •__ 1!;.9 2.".3 18.3 4.9 13.3 15.5 100 557 19.31 Ii. 52 
Oats alone 48._••••_. 31.0 42.1 29.7 2.1 26.2 100 571 8.38 

l. Calculated on the basis of local card pdce on Dec. 1 each year for No.1 dark northern spring wheat and 
No.1 tlax. 

I Based on the average yield and the 5-year (1923-1927) average farm price of $2.OS per bushel for tlax, 
$1.13 per,bushel for wbeat, and $3.32 per bushel for oats on Dec. 1 in North Dekota. 

The effect of wheat, with its heavier foliage, in checking weed 
growth is shown very strikingly in the comparison of air-dry weeds 
per acre. During the five years the average quantity of weeds where 
fla..'{ was seeded alone was 2,344 pounds, or more than a ton of weeds 
per acre. Where wheat was seeded alone only 557 pounds per acre 
was produced. In the different mixtures the weeds varied from 1,782 
pounds per acre, where the least quantity of wheat and the least 
quantity of flax were seeded, down to less than 1,000 pounds of weeds 
where the standard rate of flax was seeded and to which 30 pounds of 
wheat had been added. The amount of weed growth usnally de
creased as the quantity of wheat sown with the flax was increased. 
Russian thistle mad,e up the bulk of the weed growth, both numer
ically and in dry weight. The other weeds usually present included 
two or three species of amaranthus, witch grass, and lamb's-quarters. 
These weeds, however, were not numerous. 

As a complete record was made of the numbers and weights of 
weeds in the flax-cereal mixtures at Mandan, it seems desirable to 
report the results in some detail. Table 16 shows the numbers of 
weeds, flax, wheat, and oat plants in thousands per acre in each of the 
crops .grown alone and in the mixtures. The numbers are based upon 
counts made in three representative squil.te'-yard areas in each of the 
triplicated, plots, a total of nine such areas from each crop or mixture 
each year. During the course of the experiments a total of 468 square
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yard areas was harvested, and the. different groups of plants (Rus
sian thistle, other weeds, flax, and cereal) were counted, air-dried, 

FIGURII: 5.-A. Mixture or Oaxseeded nt 2.'i pounds with Marquis wheat at 10 pounds pet acre; ]1, 
mixture or On seeded Ilt20 pounds with Victory 08ts.at 8 pounds per acre. Northern Oreat 
Plains Field Station, MNldan, N. Dak., July 14, 1923 . 

and weighed. The annual and average weights in_pounds per acre 
of all weeds, flax, wheat, and oat plants are given in Table 17. These 
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weights include the grain or seed and the few roots that ,vere pulled 
with the plants. A "iew of the dried weeds and flax from two such 
square-yard a:eas is shown in Figure 6. 

FIGURE 6.-Bundles of Russian thistles (a), of other weeds (b), and of flax (el, pulled from dupllcata 
sQl18re·yard areas (A and BJ In the flax seeded alone at 25 pounds per acre, at Mandan, N. Dak. 
in 1025. The average dry weight of Russian thistle was 2,255 pounds per acre, ,and the acre yield
of flax was 5.5 hushels ' . _ ' 

TABLE 16.-Annual and average number8 of plants per acre of weeds and of flax' 
wheat, and oats in the flax-cereal mixtures and of flax, wheat, and oats grown
8eparatelyat Mandan, N. Dak., 1923-1927 

(In thousands-I. e., 000 omitted) 

NUMBER OF WEEDS 

('rop and rntll of seeding per acre (pounds) of-

FlBX 15 and F/.';c25 and FlBX 20 andYcnr Flax Wheat Oats 
Wheal Whcat Wheal Wheal Whcat Wheal Oats Oats alone alone alone 

10 20 30 10 20 30 8 16 25 60 48 

1923___________________ 

1924. __________________ 709 653 53l! 759 489 374 559 451 551 268 343 

1925___________________ 549 464 440 456 385 383 321 265 632 288 217 
1926_________ •_________ 285 250 136 164 157 133 315 186 296 153 148 
1927__________________ • 1,185 1,400 1,137 1,192 1,121 1,187 1,300 1,379 1,031 678 1,224

2,640 2, 189 2,033 1,774 1,720 1,721 ------- ------- 2,485 1,945 ------ .. 
Average__-_----- 1,0i4 1,009 857 869 774 760 639 570 1---009 666 483 

NUMBER OF FLAX PLANTS 

ItrzJ _______~~.~-_- ___ --. ~ ~~ ~¥ t,;~g ~t~~ ~,~~ ~till ~rtl 1r~ ------- -----
924------ .. ,:.:::..---.--......... 618 681 562 ' 898 '891 I' 045 '886 1,056 1;003 ::::::: =::::::11925---------.-.------- 467 482 416 848 821' 705 633 460 876 ______________1926___________________ 224 444 309 328 362 

1927-------------------~~I--;;;;;--- --1-:7::::- = = __= = 
Average.._______ 621 Oll 582 963 955 929 1,120 1,016 1,048 _____________ _ 

NUMBER OF WHEAT OR OAT PLANTS 
J'" 

1923.__________________ U5 251 ~ gg il~ ~-A ~~ m ~ ~ 
1924________ • _________ • 159 ~ 383 149 278 434 122 '213 500 700 
~~---------.--.----.- i~~ 282 372 13G 297 433 113 185 .______ 803 564 
1927::::::::::::::::::: 115 ~ 319 118 248 351===~= 

Average•.________ ---ciS -:':ro- -ass ~ ""268 --anI 104 li8 _______ 670 569 
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TABLE 17.-Annual and average weight,~ in pounds per acre of air-dry weeds and 
of flax, wheat, and oat plants in the flax-cereal mixtures and of flax, wheat, and 
oals grown separately at j~Iandan, N. Dale., 1923-1927 

[In thousands-i. c., 000 omitted] 

WEIGHT OF WEEDS 

(~rop find rale of sCCllin~ per nerO (Ilount1n) oC

1 Fln~ 15 and FltlX 25 and Flax 20 and
Yenr Fla.'t iWheat OatsI a1ono alonc alono

"'"heat Wheat Wheat Wheat'Wheat Wheat Oats Oats 25 60 48
10 20 30 10 20 30 8 16 
-------- --I--

1923._._ •• _____ •.•• ____, 1,570 421006 i15 1,298 788 704 \lOO 644 1,493 253
1924 __ ...... ___ •• _____, 564 209 147 495 240 176 459 259 1,218 61 118 
1925._ •••••• _._. __" __1 953 763 454 808 769 517 1,000 805 2,255 633 320 
1926 __ ..... _____ H ..... 2,729 2,221 1,895 2, 057 2,040 1,760 2,033 2,005 2, 709 994 1,425
1921- __ •. _•. _.... __ • ___ 

, 

:1,093 4,644 846 _______1,636 1,380 2,126 1,191 923 ---.--'-- ----'-
.:\,"crngl·~ __ ••• ___ 1, iH!! 1,159 918 1,:157 1,000 816 1,100 928 2,344 I 557 I 571 

WEIGll'!' OF FLAX PLANTS 

1923__ • ____ •______ • ____ , 8U1l 612 456 951 709 683 1,266 9:11 1,&17 \ _____________ _ 
1924 _________________ ..1 785 531 381 1,131 686 545 1,144 7!l4 1,706 ( _____________ _ 
19'25 ____ •_____________ .\1,134 632 525 1,197 801 685 1,168 I,OIJ6 2,930, _____________ _ 
19"..6____ .______________ 2:l3 1f.1 126 32:l 207 1:17 229 142 498. ___ •______ • __ 
1927 _. _____ .___________ 422 200 Zl7 648 331 269 _______ _______ !lOU ____ •________ _ 

A'.erago--------f088~34385O"547~952741l,3ii7==I== 
WEIGn'l' OF WIIEA'l' OR OAT PLAN'l'S 

1923_______ •____ ....... 1)02 1,4(12 1,5:.4 770 1,106 1,:142 465 006 •• _••_J
I 

2,274 2,139 
1924 ____ • ___ ._. ___ ._._. 2,071 2,686 2,;;2 1,307 2,080 2,709 1,150 1,552 _______ ' :1,620 :1,078 
19'2.'- __ ••• _____ • _______ 1,7SIl 2,541 2,522 1,7:14 2,4:12 2,517 1,255 1,749 __• ____ 3,190 2,903 
1926 ___ •. ______ ....____ :12:1 6:10 6.;6 :l2O 605 021 235 31l _______ , 1,216 H44 
1027. _______ .•___ ••• _•• 2,028 3,-114 3,901 1,1152 3,337 3,72(\ ________________ • __ ... 4,207 ______ _ 

----1-'-----------:------i--
Average ... _______ 1,·'22 ~ 2,148 2,200 1,220 l I, !l12 i 2,lSa i70 , 1,1521.. ---- .. -; 2,003! ~'.,.~~ 

In 1924, the year of most favorable seasonal rainfall at :Mandan 
(Table 10), the weights of weeds were lower than in any other year. 
In 1926, the driest season, the weight of weeds, chiefly Russian 
thistle, was greater than in any other yeflJ' except 1927. 

In 1927 the wheat and flax were damaged somewhat by hail on 
Jlme 19, and this check in the growth of these crops allowed the 
thistles to make an unusually heavy growth. The weed growth was 
favored also by abulldant soil moisture, due to the heavy rainfall 
in Alay. 

RESULTS AT WILUSTON 

In 1923 flax-whcat trials were conducted under irrigation at 
Williston. Flax seeded at 28 pounds with 45 pOlmds of wheat added 
yieldcd 3.5 bushels of flax and 10 bushels of wheat. lnax seeded alone 
fit 28 pounds yielded 7.1 bushels, and wheat sown alone at 90 pounds 
yielded 15 bushels. Obsen7 ations made indicnted that wheat in the 
filL" aided in checking the weeds. The relative yield of grain produced 
was 16 per cent higher in the mixtme than in the plots seeded sep
arately. 

UESULTS OF COOPERATIVE TRIALS WITH .'ARI\IEItS 

Dming four years 46 field trials were conducted in cooperation 
with a number of farmers. All but 10 of these (4 in 1924 and 6 in 
1925) were conducted in the eastern one-third of the State. In these 
trials the flax-wheat mi'(t,ure, seeded at the regula!' rate of 28 pounds 
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of flax and 30 pounds of wheat, was checked against flax seeded alone 
and wheat seeded alone, these being seeded at the regular rate on the 
same land where the mi.'i:ture was seeded and on the same day. The 
seed was furnished, already mixed, by the experiment station, and the 
crop was seeded according to directions furnished. Yields were 
determined from the harvesting of several quadrats in each plot, 
which material was shipped to the e:-.-periment station for threshing 
and yield determinations. 

Nine of these cooperative trials were conducted in 1923, 17 in 1924, 
16 in 1925, and 4 in 1926. (Table 18.) 'rhe average acre yield from 
the mixture in the four years was 4.11 bushels of flax and 10.64 
bushels of wheat. The acre yield of flax alone was 10.28 bushels and 
that of wheat alone 16.87 bushels. On the basis of the yield of flax 
and wheat alone, the mixture produced 30 per cent more the first 
year, 1 per cent more the second year, 4 per cent more in 1925, and 11 
per cent less in 1926 than the separate crops. The average gross 
acre income, based on relative December 1 farm values for each year, 
'was $21.20 for the mixture, $21.81 for flax seeded alone, and $19.79 
for wheat seeded alone. 

TAllLE lS.-Swnl/lary of a:n'/l,llaZ rcwlts of flax-wheat field trials conductcd -ill 
cooperation wilh fanners in North Dakota, 1923-1926 

I Arrc yields Olllshcls) i ,"ross acre income I 

I ,---- --! Rela· I 
Year IFields MLnurc I I ' tive I 

I I 
J"Inx "Wheat I yield I Mix· Fla." Wheat 
ulono I (llano : ture I ruone ulone 

Fla." Whrllt ,I 
I I " ---------1-.---, -----,--,--.--,------
Number Bu~he/8 BIlshel.iBIl.hd.OBllshel.1 Pact. Dollara Dollars Dol/ar., 

19ZJ 1 .•••.••_••••. _••••..•••• : ~ I. 4.:34 ~. 32 1 7. It I' 12. 02 I 130 Hi. 30 15. Ii ~~. 34 
192·'--•• __ ..................... '. 3.10 14.00 S.49 21. SO 101 24. tlS 19.21 .1.47 
1025........................... Hi ~ 4.32 9.21 10.93114.22 104. 21.8:) 24.70 18.0:1 

1020............... __ ........_.. 4; 4.00 11.04 .14.57 10.43 80 21.91 28.12 22.73


,-----------,---1---1--
.\\wnl;'''............ '.•• ____.1 4.11 10.04 10.28 16.87 100 21.20 21.81 19.79 


I 

I Bnsed on th~ uvemHC farm price ench year on Dec. t lIS reported by tho United States Department o(
Agriculture. ('fnble 1.) 

I Including general triul, field R, experiment station (arm. 
3 Not weighted. 

DISCUSSION OF RESULTS IN NORTH DAKOTA 

Averaging, by years, the results of all flax-wheat trials in North 
Dakota, both at experiment stations and under cooperation with 
farmers elsewhere, wherein flax was sown at the regular rate and to 
whieh from 10 to not exceeding 30 pounds of wheat were added, the 
following figures are arrived at (Table 19): In 17 trials a mixture of 
flax and wheat in 1923 produced an increase of 15 per cent over the 
flax and wheat seeded separately; in the 23 trials in 1924 there was an 
increase of 9 per cent; in the 24 trials in 1925 there was an increase of 
5 per cent; in the 12 trials in 1926 there was a decrease of 16 per 
cent; and in, the 8 trials in 1927 there was an increase of 13 per cent. 
The mixed crop showed unusually high relative yields in 1927 in 
western North Dakota, due largely to very low flax yields even when 
flax was seeded alOll(~ and to relatively high yields of wheat in the 
mixture. 

http:10.93114.22
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TABLE 19.-A_verage acre yields, by years, of all flax-wheat trials wherein flax 
was sown at the regular rate and to which from 10 to not exceeding 80 pounds of 
wheat were added, in North Dakota, 1923-1927 

Acre yield Gross acro income 1 

Rela· 

Year Trials tive


Mixture yieldI IFlax WheaL Mix· Flax Wheat 
alone I alone I turo alone aloneI 

~_.':::~I_-__
(--- ---. 
Number BWJhel. Bushel •• IBUShel.l Bu.hel. Per ce-nt Dollars Dollars Dollar. 

1923... ••••••••••••••••••••• 17 5.:m 8.46 0.24 I H.Sl 115 18.71 \9.59 12.74 
192·1........................ 23 :1.40 1:1. SO 8. I}I, 19. 81 100 25.18 19. 01 24.00 
1925•.• _........ _........... 2·1 4.14 8.0\1 ! \}.:18 14.35 10:; 20.74 21. 20 18.80 
1926........................ 12 2.00 7. 16 1 8.00 15.15 l!4 14.15 15.50 17.7:J 
1927 __ •.••••.•••••.••••••••• 8 3.:18 15. :18 7.20 23.44 113 22.21 13.25 24.38 

A\·crngc..............I==-.:--:i.So--,--10. il: 8.50 
--

17.51 
--

105 20.21 Ii. SO 19.72 

i 

1 Based on thc "\'crage North Dakotn fHrm price all Dec. I for cnch year. 
2 Properly valued whcro moru than onc Ulixt.llr~ was grown. 

On the basis of the average acre yield during these five years, 
fla.x in the mh-:ture yielded 3.86 bushels, whf/at 10.71 bushels, flax 
alone 8.50 bushels, and when.t alone 17.51 bushels. On the basis 
of these <tverages, the mixed crop showed a relative gain in yield 
of 5 per cent. The average gross acre income from the mixture was 
greater than the gross acre income from either wheat or Hax seeded 
alone. The gross !lcre income from the mi.xcd crop was $2.35 higher 
than thnt from Hax and 49 cents higher than that from wheat. In 
other ~words, an acre of the mhed crop on the above basis produced 
$1.42 more in gross income per acre than an acI'C half of which wa!;! 
seeded to flax and half to wheat separlltely. 

Considemtion must be given, however, to the higher seed costs 
when the mixture is seeded, al:; the wheat used is in addition to the 
fiax. With average seed prices, the cost per acre for seed when 
the mi.xture is sown will be from 50 to 75 cents more than for flax 
alone Ilnd about 25 cents more than for wheat tllone. 

SUMMARY OF RESULTS IN NORTH DAKOTA 

Results from flax-wheat trials conducted during the yeal-s 1923 
to 1927 are reported. 

April to July rainfall was decidedly below normal in 1926 at Fargo, 
Dickinson, and Mandan. Rainfall was below normal in 1925 at 
Dickinson and Mandan, but excessive during June at Fargo. In 
1924 low temperature reduced the effect of drought. Except for 
short periods of drought, moisture conditions were generally favorable 
in 1927. The mean temperature in 1927 was below normal. 

Flax seeded alone at Fargo averaged 12 bushels per acre for the 
three years 1923, 1925, and 1926, and 13.6 for the four years 1923 
and 1925-1927. The addition of wheat reduced the flax yields in 
proportion to the wheat added, and the wheat yields were increased 
in about the same proportion. Relative yields varied from 98 to 
105 per cent. The highest relative yield was obtained where flax 
was seeded at the regular rate and 15 or 30 pounds of wheat were 
added. Weeds in ~eneral were reduced in proportion to the increased 
quantity of wheat 1Il the mixturc. 

http:I==-.:--:i.So
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Less consistent results were obtained at Dickinson, and relative 
yields vaned tram 98 to 107 per cent. Previous t.o 1927 the relative 
yields were unfavorable to the mixture. For the 5-year period flax 
seeded alone averaged 7.8 bushels and wheat alone averaged 17.7 
bushels per acre. In the mixture the yields of fllLX decreased some
what in proportion to the increased yield of wheat. 

At Mandan drought conditions affected yields more or less un
fa vorably in all years. Flax yields were reduced more than wheat 
yields. The averuge acre yield of flax alone was 4.6 bushels and of 
wheat alone 15.5 bushels. In the mixtures flax yieJds avel'llged from 
1.1 to 2.8 bushels per acre. As at the other stations, flax yields 
decreased as wheat yields increased. Relative yields of the mi:xtures 
varied from 93 to 110 per cent, the yield of the mixed crop being 
particularly favorable in 1927 because of low yields of flax even when 
seeded alone and favomble wheat yields in the mixtures with flax. 

Wheat aided very effectively in checking weed growth. Where 
wheat was seeded alone 557 pounds (air-dry) of weeds were produced 
per acre. Where flax was seeded alone 2,344 pounds of weeds were 
produced. In the mixed crop weeds varied from 918 to 1,782 poundi' 
the quantity of weeds increasing as the proportion of wheat addeu 
decreased. 

Forty-six field trials were conducted in cooperation with farmers. 
The average acre yield of flax alone during these four years was 10.28 
bushels and that of wheat alone 16.87 bushels. In the mixture the 
flax yield averaged 4.11 and wheat 10.64 bushels per acre. As 
compared with yields when the two crops were seeded separately, 
the yield of the mixed crop showed a small increase. 
• 	 A summttry of the 84 comparable e)..-periments conducted during 
the four years in which flax was seeded ttt the regular rate of seeding 
with the addition of 10 to 30 pounds of wheat, shows an average 
acre yield of flax in the mixtures equal to 3.86 bushels and of wheat 
equal to 10.71 bushels. Flnx alone Il,vel'llged 8.50 bushels and wheat 
alone 17.51 bushels. The mixed CTOP showed a higher relative yield 
in four years and a lower relative yield in one yeal', the average 
increase being 5 per cent. 

Farmers cooperating in carrying out flax-wheat trials have not 
generally felt that the increase in yield was sufficient to allow for 
the extra cost of seed and the inconvenience of seeding and of 
separating the two grains after thl·eshing. 

EXPERIMENTS IN MONTANA 

Dy Cr.YDE MCKEE, AorQllumisl, },[onlana Agricultural Experiment Station 

Extensive experiments with mixed flax and wheat have been 
conducted in Montana to determine the adaptability of the mixed 
crop to irrigated and dTY or nonirrigated lalld. A comprehensive 
report of the results of flax-wheat mixt.ures uncleI' irrigation for the 
four years 1923-1926 hns been published by the "Montana station (5). 

RF..8ULTS UNDElt IRRlGATION AT BOZEMAN 

Bozeman is located in the Oltllatin Valley at an altitude of about 
5,000 feet. The soil is a fertile day loam. The annuaL precipitation 
is about 18.7 inches. Only one irrigation WIiS given the mi.-xed crops 
each year. N. D. R. No. 52 flax lind Marquis wheat were the vari 
eties grown. The mixed crops ripened quite uniformly each year. 
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ANNUAL AND AVERAGE YIELDS AND INCOMES 

Table 20 shows the annual and average acre yields in bushels and 
the relative yields from the mi\:ed crops grown under irrigation 
at Bozeman during the 5-year period 1923-1927. Comparatively 
high yields of flax alone and of wheat alone were obtained every 
year. Somewhat irregular yields of some of the mixtures are shown 
ill 1923 and in 1927. The high acre yields of flax alone and of wheat 
alone in 1927 (28.6 bushels of flax and 52.5 bushels of wheat) rep
resent a relative yield hio-her than those of most of the mhtures 
that year. MixtUl'es of flax and wheat seeded at the rates of 42 
and 30, 14 and 45, 42 and 45, 28 and 60, and 14 and 30 pounds per 
acre, respe~tively, produced yields r-anging from 15 to 21 per cent 
over those of either flax 01' wheat alone. 

TAnr,E 20.-Anmwl and average acre yields and relative yields from flax-wheat 
mixtures grown under irrigation at Bozeman, iliont., during the 5-year period 
19;?$-1927 

Acre yield 

. I--.. ·~ .- Relnli..e 
Crop and rotc o( scrding i 1 A,,"ruge yi\'lcl 

per acre (pounds) I I I I I 1924-192i 
1923 I 1924 1925 1920 I 192i j---,..---:

!: 11fl21-192i !1U24-J92; 
-----1-·- ,-----1--- --- --_1______1 

Flax H..............._....L::1~-~~~I.•.· lJlI-'~~I'i But~1tB1I8i~~ Bu.s~~~ I.::~~'~~~. Bu.sh3!~ }per ct;l~ 

.......+........ 1
Wheat 15.......__ 

Flax 14 .................___, 
Whe"t30..._.. ~ ...........1 

2. 3 
49.9 

42. i 

0.1 
40.0 

2'J.3 

6. 1 ! 
41.91 

19.; 

5. ° 
22.3 

20.1 .......... 

;.1 II 5.3 
32.9 38.0 

2'J.5 

6.1. 
35.8 

} 
115 

! I ! 
~~,~;t45::::::··::::::::1:::::::::i 4~:g J:~ 3-U 3g:~ ':::::=:::: 4.4 }

40.2 119 

Fla."( 14·...... _....... __ . __1 .9 
Wheat 00..... __ .........._ 51. i 

Flnx 28....................L.....-
;;!':u~~5____~~~:::-::::::j.--..;~~. 
Wheat 30.__............. __! 35.1 I 

3.1 
32. ° 
9.0 

2~~ 
31.3 

2.3 
30.1 

9.0 

1~:~ 
25.3 

2.9 
30.3 

12.9 

2~:~ 
37.31' 

8.0 5.0 
24.9 36.2 

8.1 __••..•••• 

2~:~ ..__ ..;~~. 
30.0 33.0 

4.2 } 
32. 3 

10.0 } 
22.4 

i.7 }
32. 5 

98 

00 

114. 

Flnx 28.................... "•• __ ••-., 
Whellt 45...______ .• __ • ___ .;......... /' 

0.2 
34.0 

5.0 
28.0 

5.4 
30. °I 4.9 __••.•..•• 

41. 7 •.••••.__• 5.4 }
33. i 107 

Flnx28.........___ .. ~ •• : .9 
Whellt, 00...._....... •••.•• 46.5 

1Flnx42.............. __ J.______ .. 
Whellt 15..........___ ._._.,..__•.••• 

5.3 4.3 
=13.3 33. ° 
12.31 10.7 
29.3/ 18.5 

5.0 
36. °j 

15.0 
19.0 

3.6 
46. II 
12.2 
20.2 

3.8 
39.1 

. __ ••__.•• 
•••••••.•• 

4.0 } 
3i.3 

12. 0 ' 
23.3 J 

117 

112 

Flnx 42........ . . .• ".•. : fl. 0 
Whetlt 30•••• ___....._.....

j 
2i. i 

Fltlx 42................__•. .... .... 
Whctlt 45..........--.-.---r........ 
FIIIX42••. ___............._: 2.0 
Wheut flO........ __•••• ___ ./' 33.1 I 

9. 1 
36. 3 

5.1 
34. S I 
331".°811 

S. 5 
20.3 

6.3 
2i.3 

5.; 
26. ° 

11. 1 
22. 3 

10.4 
24.3 

5.7 
25.0 

9.4 
44.1 

6.7 
54. S 

3.1 
38.5 

8. 9 
31. 3 

__••.••••• 
.......... 

4.2 
30.7 

9.5 }
32. 3 

7,1 } 35.3 
4.0 }

30.1 

121 

118 

Flllx alone 28......__ ••.••• 
Wh~lIt nlone IXL .....__.•• 
-----......-_ .. 

2.5.1 
48.6 

18.9 
41. 3 

19.3 
33.7 

25.9 
33.7 

28.0 
52. 5 

23.6 
42. 0 23.2 

40.3 
100 
100 

The gross income per acre (calculated by multiplying the acre 
yield by the farm price on December 1 of each year) furnishes a 
practical basis of determining the value of mL\:ed cropping of flax and 
wheat. Table 21 presents the annun.l and average gross incomes per 
acre, based on the annual yields given in Table 20 and the December 
1 farm price of flax and spring wheat in Montana, as shown in Table 1. 
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TABLE 21.-Annual and average gro.ss acre incomes from flax-wheat mixtures 
and from flax and from wheat alone, grown under irrigation at Bozeman, ~Iont., 
during Ihe 5-year 7Jeriorl19f2S-192, 

.A v~rnge gross ncreOross acre value by yellrs income, HJ24-102i
Crop nnd mt~ of seeding p~r 

ncrc (pounds) 
192·\ 1925 1926 1027 S~pn·, Tolal

rnlely t ' 
.------- --------'---
Dollar., DolI(lTt Dotlar., Dollars . Dollars 

18.04 
41.02 

11.84 
22.26 

14.70 
25.32 

1Il.17 }
3.5.39 . 51. 56 

13.42 
58.06 

9.25 
25.20 

12.43 
31.91 

. I 
12.1D}
43.20 t 

55.35 

Flax IL ........................:.......... , 
Wheat 45 .............. __ .................. . 

Flax 14 ........ '"'' ..... . .. ., 
Wheat 00....-------.----.. ...1 

L 74 
42.39 

10.17 
01.:18 

n. S5 
30.68 

7.04 
54.18 

.5.06 
50.04 

0.60 
37.63 

5.3i 
41.02 

11. 03 
:18.02 

15.05 
24.15 

S.73 }
47.S0 I 56.53 

3~J~ l 46.93 

Flax 28........................ 1.._____• __ 
Wh~at 15.••• ____ ...................._.____ 

21. 22 
30.13 

21';.12 
23.24 

2:1.87 
23.73 

14.18 
26.68 ~g: ~g} 40. 05 

Flax 28 .... ___................ .1 
Wheat 30...................... .1 

7.53 
28.78 

21.00 
38.81 

15.62 
35.42 

16.47 
42.15 

0.45 
34.92 

15.64 I}
37. S3 1 

53.47 

Flllx 28 ......................__ •'-....___.• 
Wheat 45.....................--+------... 13.70 

42. Hi 
11.06 
40.46 

9.00 
33.00 

8.58 
40.45 30.2410.82 '.} 

I 
50.06 

Flax 28.. __............ __ .......1 
'''hellt 00....................... 

I. 74 
38.13 

II. 71 
41. 29 

0.46 
46.20 

0.25 
40.68 

6.30 
45.49 

9.18}
43.42 I 

52. GiG 

~!~i~~15:::::::::::::::::::::::j:::::::::: 27. IS 
36. a:; 

2.1.54 
25.00 

27.75 
21.47 

21.35 
25.41 

24. 96}
27.28 

52. 24 

}'Iax 42••• __ ....................1 
WhenL 30..................___.., 

12.74 
2'2.71 

20.11 
45.01 

18.70 
36.82 

20.54 
25.20 

10.45 
42.78 

18.95}
37.45 

56.40 

;::.::~~~::::::::::::::::::::::r:::~~~: 
Wheat liG.......................1 27.14 

.Flnxnlon028. ________... ____...! 48.4-1 [ 

1l.27 
43.15 

8.40 
38.44 

41. 77 

13.86 
38.22 

12.M 
36.40 

42.46 

10.24 
27.46 

1055 
28.25 

47.02 

11.73 
53.16 

5.43 
27.35 

50.05 

14.03 }
40.50 

3~: iY } 
45.55 

54.53 

44.34 

45.5S 
Whent II10ne 00 ...... ........ 39.85 , 51.21 47.18 38.98 50.03 46.8.5 40.85 

During the 4-ycar period 1924-1927, the average gross income per 
acre from flax alone was $45.55 as compared with $46.85 from wheat 
alone. The 14 and 45 pound mi-.;:ture of flax and wheat produced an 
average gross return of $56.53 per acre, exceeding that from flax 
alone by $10.98 and that from wheat alone by $9.68. The 42 and 30 
and 14 and 30 pound flax-wheat mixtures produced during the four 
years average gross incomes of $56.40 and $55.35 per acre, respectively. 

EFFEC'l' OJ' HAT1-] OF SEEDING UPON GROSS INCOMES 

A careful anll.lysis of the data obtained dw-ing the 4-year period 
1924-1927 emphll.sizes the importance of the lighter rates of seeding 
when flax and wheat are com bined. Nlaterial increases in the rate 
of seeding of wheat in the mixtures resulted in a sharp decrease in the 
yield of flax; likewise, an increase in the rate of seeding of flax produced 
some decrease in the yield of wheat. This is shown graphically in 
FigUl'e 7. 

The data now available indicate rather definitely that under con
di tions similar to those e:\:isting at Bozeman, it is not Il.dvisable to 
sow mixtures containing less than 30 or more than 45 pounds of wheat 
per acre. 
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The most economical gross incomes pel' acre have been obtained 
from mi..'i:tures of 14 and 30 and of 14 and 45 pounds of flax and wheat, 
respectively. However, the gross incomes from the 42 and 30 and 
the 42 and 45 pound mixtures hnvc been Itbout as large. 

RESULTS UNDER DRY-LAND CONDITIONS AT MOCCASIN 

Experiments with flltx-whcltt mixtures under dry-land conditions 
were conducted for si.-x: yeltrs Itt the Judith Basin Brnnch Station 
near },{occasin by cooperativc agreement between the :Montana 
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FIGURE 7.-Diagram based on the avoroge yields under inigntlon at Dozcman, Mont., for the 4-year 
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decreases the yield of llnx materially Bnd thllt increasing the rote of. seeding of flux bas less etfect 
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Agricultural Experiment Station and the Office of Oereal Orops 
and Diseases, Bureau of Plant Industry, United States Depart
ment of Agriculture. 

The mixed crops were grown regularly on fallow land under con
ditions of natural rainfall. The soil is a fertile dark loam, over
lying a gravelly subsoil more or less cemented by deposits of lime. 
The altitude is nearly 4,000 fect, and the average frost-free period 
is 124 days. The seasonal precipitation (April to Au~ust, inclusive) 
and the aIlnual precipitation for the crop year ended August 31 
are given in Table 22. 

The anIlual and average acre yields of four mL'i:tures of flax and 
wheat and of each crop grown alone are shown in Table 23. 

http:N?l'J!!'.Ar
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TABLE 22.-Monthly, seasonal, and annual minfall at the Judith Basin Branch 
Station, j'rloccasin, Mont., for lhe 6-year period 1923-1928 

Precipitation (inches) 

:l\fonth ]lrean 

___________1__1_9_23_ ~~~~~~~ ~8~_I 


8.19 8.34 9.33 II. 50 8. 01 10.37 
12.00 I 12.81 13.32 17. 20 13.12 16.81 

1 Year ended Aug. 3l. 

TABLE 23.-Annual a.nd avemge yields, relative yield, and gross income from jlax
wheat mixtures and from the same crops grown alone at the Judith Basin Branch 
Station, .Moccasin, Mont., during the a-year pel'iod 1923-1928 

Gross acreAcre yieldCrop and rate o( Rela income 1 
S(.~ding per nere ---.---;----.--.---.---.---1 tive 1----.-- 

(pounds) A ver- yield Sepa- I102.1 ~021_ I~~~~~__ rutely ~ 

Btuhels Bushels Btuhels Btuhel" Bushel. Bushels Btuhels Per cent Dol/ars Dol/ars 
Flax 15______________ 7.5 3.2 1.4 3.6 3.6 5.8 4.2} 99 { 8.36 } 23 57 
Wheat 20___________ 12.5 16.0 11.6 15.8 11.6 15.0 13.7 15.21' 

Flax IIt______________ 5.6 2.7 1.8 3.5 2.3 5.0 3.5 6.90Wheat 30___________ 106 { } 25.7219.0 18.2 15.3 17.4 13.7 17.1 16.9 } 18.76 
Flax 25______________ 

8.8 3.8 2.3 4.8 3.4 7. i 5.1 { 10.15 } 23.36Whent 20___________ } 1019.6 13.5 10.0 13.8 9.9 14.4 11.9 13.21 
Flax 25______________________ 

2.4 6.2 4.3 8.56Wheat 30__________.1________ .------- ---.---- ---~---- } 23.6611.8 15.4 13.0 15.10 

Flax alone 25________1 12.5 10.3 8.3 II. 4 9.0 9.0 10.1 100 20.10 20.10 
Wheat alone 6(1..____ 32.5 24.2 Hi. 7 23.3 Ii.5 28.3 2'J.7 100 26.31 26.31 

1 

1 BllSed on the 5-year (1923-1927) average (arm price on Dec. 1 in Montana. 

The average acre yield of flax alone was 10.1 bushels and that of 
wheat alone 23.7 bushels. The 15 and 30 pound mixture yielded 
3.5 bushels of flax and 16.9 bushels of wheat per acre and gave the 
highest relative yield (106 per cent and the highest gross income 
($25.72) of any of the mi.\:tures. Neither flax alone nor anyone of 
the mixtures produced a gross return as great as that from wheat 
alone. (Fig. 8.) 

The highest yields were obtained in 1923, when the seasonal 
rainfall was about 3 inches a.bove the average. Low average yields 
in 1925 were due largely to the scant rainfall (0.52 inch) in JUly of 
that year. In 1928, on the other hand, the favorable rainfall during 
Jlme and July produced yields of the mixed crops above the average, 
although the rainfall in April, May, and'-August was much below 
the mean for those months. 

EXPERIMENTS IN SOUTH DAKOTA 6 

The South Dakota Agricultural Experiment Station has conducted 
experiments with the mixed cropping of flax and wheat at Brookings 

, The authors arc mnch indebted to the South Dakota Agricultural Experiment Station and to A. N. 
]Jume, agronomist at thut station, ror the dlltll presented in 'l'ahlo 24. 'l'he results (or 1023 and 1924 have 
been puhllshed in South Dukota Bullotin 213 (4). 
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during the 5-year period 1923-1927. Flax (N. D. R. 114) seeded 
alone at 28 pounds per acre and Marquis wheat seeded alone at 
75 pounds per acre were compared with a mixture seeded at the rate 
of 14 pounds of flax and 38 pounds of wheat per acre. Each crop 
and the mixture were grown in a single Xo-acre plot each year. The 
annual and average yields are shown in Table 24. 

The 5-year (1923-1927) average acre yield was 12.6 bushels for flax 
alone and 13 bushels for wheat alone. The mi.xture averaged 4.1 
bushels of flax and 11.7 bushels of wheat. This is a relative yield 
of 122 as compared with 100 for flax and wheat grown alone. 

FIGURE 8.-A plot of mixed flax and wheat (I5 and 30 pounds) (leCt) and flax nlone (right) at 

Moccasin, Mont., 1924 


TABLE 24.-Annual and average yields, relative yield, and gl'oss income from a 
mixture of flax and wheat, from flax alone and from wheat alone at the South 
Dakota Agricultural Experiment Station, Brookings, during lhe 5-year period 
1923-1927 

Acre yields 1 I 
GrossRelativeCrop and rate oC seeding per acre acre inyield1923 1924 1925 1926 1927 Average come! 

Mixed crop: Bushel. Bushel. Bushel. BlLIlhel. BlLIlhel. Bushel. Per Ctnt DoUarsFlax, 14 pounds_______________ 2.6 6.9 3.5 4.3 3.2 4.1 }Wheat, 38 pounds_____________ 122 21.554.8 15.5 15.5 11.0 11.5 11.7
Flax alono, 28 pounds_____________ 7.0 15.9 16.3 14.1 9.6 12.6 100 25.96
'Wheat alone, 75 pounds___________ 5.0 19.3 10.0 12.8 11.9 13.0 14. 56100 1 

1 Yields are Cram one plot one-tenth acre in size oC each crop alone Bnd or the minure each year. 
2 Bnsed on the average yIeld at the 5-year (1923-1927) average Carm price on Dec. 1 of 206 cents perhushel

Cor flax and 112 cents for wheat (Table 1). 

In gross income per acre, flax grown 'alone returned $25.96 per 
acre, the mi.xed crop $21.55, and the wheat alone $14.56 on the. 
basis of the average yield and 5-year average farm price in South 
Dakota on December 1. Stem rust was a factor in reducing the 
yield of wheat in some years. 

EXPERIMENTS IN WISCONSIN 7 

The Wisconsin Agricultural Experiment Station has carried on 
experiments with mi.xed cropping of flax with wheat, oats, and barley 

7 The authors are much indebted to the Wisconsin Agricultural Experiment Station and to A. H. Wright,
associate a!;1"onomlst of tbat station, for tbe data shown In Tablo 25 and for a summaryand discussion oCthe 
value of nu.xed cropping In Wisconsin . . 
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at Madison, Wis., during the 5-year period 1923-192.7 and also in 
cooperation with farmers in several localities in the State. Table 
25 presents the annual and average acre yields, average relative 
yields, and average gross incomes per acre from flax, wheat, oats, 
and barley, and from one mixture of flax with each of these cereals 
at Madison during the 5-year period 1923-1927. Each crop of 
mi.'i:ture was grovl'n in duplicate plots of one-twentieth acre. The 
varieties grown were Chippewa flax, Marquis wheat, Pedigreed 
No.1 oats, and Oderbrucker barley. . 

TABLE 25.-Annual and average acre yields, relative yields, and gross incomes 
from mixtures of flax with wheat, with oats, and with barley, and from each of 
these crops grown alone at the Wisconsin Agricultural Experiment Station, Madi
son, Wis., during the 5-year period 1923-1927 

Gross ncre Acre yieid Relu· Income I
Crop and rate of seed· tlvo 

ing per acre (pounds) yield Sepn·1923 1924 1295 11126 1927 IAverage Totalrawly 

BUIlhels BUIlhels B!t8he18 B!t8he18 BUIlhe18 i BUIlhe18 Per cent Dollars Dollars 
Flnx 28••••••.•••••••.... 7.3 5.8 9.7 5.9 9.5 7.6 } 109 { 15.96 } 32. 42Wheat 35•.••.•••..••...• 9.3 18.3 15.7 15.9 8.0 13.6 16.46 
Flax 28••••••.•.••••...•. 6.7 3.8 8.5 12.4 8.0 7.9 } { 16.59 }1!l6 31.81Oats 35..•••..••••.•...•. 28.5 36.3 52.0 26.5 33.6 35.4 15.22 
Flax 28•.••.•.•••.. _._ ••• Ii 4 3.9 5.5 8.1 6.9 6.0 } 103 { 1:0. 60 } 32.82Earley 48._••.•••_._._._. 20.1 39.0 44.8 26.5 16.3 29.3 20.22 
Flax nlone 42._ ••••• _••• _ 13.2 16.4 20.7 19.5 19.2 17.8 100 37.38 37.38 
Wheat alonc 90••• __.•_.• 18.5 28.0 28.8 18.5 9.2 20.6 100 24.93 24.93

Oats alone 80••.••••_____ 04.S. 42.3 70.0 55.8 54.4 100 24.73 24.73
57.51Barley alone 96____ • __ • __ 33.3 43.6 57.9 43.3 34.8 42.6 100 29.39 29.39 

I Based on the 5-yenr (1923-1927) average farm price in Wisconsin on Dec. I, as follows: Flax $2.10, wheat 
$1.21, oats 43 cents, and barley 69 cents per busbel. . 

The 5-year average acre yield of flax grown alone was 17.8 bushels, 
that of wheat 20.6 bushels, that of oats 57.5 bushels, and that of barley 
42.6 bushels. The average acre yield of flax in mixture with wheat was 
7.6 bushels, with oats 7.9 bushels, and with barley 6 bushels. In 
relative yield the flax-wheat mixture was 109 per cent flax and oats 
106 per cen.t, and flax and barley 103 per cent. 

On the basis of results obtained in cooperation with farmers and 
from the data presented in Table 25, Professor Wright makes the 
following comments: 

It appears that the tendency is toward higher yields from mixtures of flax and 
small grains than from the crops grown alone, although the increase is hardly 
significant. The results indicate that mixtures of flax and small grains may be 
expected to yield as well as the crops grown alone, but little or no increase of 
consequence should be expected. The experimental results indicate that flax 
can be grown equally as well with oats or with barley as with wheat. In farm 
practice in Wisconsin the only mixture which has attracted any considerable 
attention is the flax-wheat mixture. This is grown to some extent in Pierce 
County. In Jefferson and Waukesha Counties the flax-oats mixture is grown to 
some extent. Although the experiments were made in all the important grain
producing sections of the State, farmers generally have not become interested in 
mixtures of flax and small grains. On the other hand there is much interest 
shown in mixtures of such small grains as wheat and oats and oats and barley. 

EXPERIMENTS IN OHIO B 

The Ohio Agricultural Experiment Station has carried on experi
ments at Wooster, Ohio, with mixed cropping of flax with Marquis 

8 The authors are much ind~bted to the Ohio Agricultural Experiment Station and to L. E. Thatcher, 
associate agronomist at the Ohio station, lor tile data shown in Tablo 20. • 
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spring wheat, Fulghum oats, and Oderbrucker barley during the fiveyears 1923 to 1927, inclusive.

Three mixtures were grown, one each of flax with wheat, with oats,and with barley. Each mi:~ture was seeded at the rate of 14 pounds (1peck) of flax with 1 bushel of the grain. For comparison, each cropwas grown alone, the grains being sown at 2 bushels per acre and flax at·28 pounds. After the experiments had been conducted for three yearsit was thought that flax should be sown at a heavier rate for the bestresults. This change was made in 1926 when flax alone was sown at42 pounds per acre and at 28 pounds in the mixtures. Two additionalmixtures also were added in 1926, namely, flax at 28 pounds and at42 pounds with oats at 1 bushel per acre in each mixture. Averageyields during the 5-year period 1923-1927 are given in Table 26. 
TABLE 26.-Average acre yields of flax and cereal mixtures, percentage of each,and relative yield, at the Ohio Agricultural Experiment Station, Wooster, Ohio,for the 5-year period 1923-1927 

Percentage of eachCrop and rate of seeding per Acre yield
acre (pounds of flax, bushels crop Acre yield 

Relativeof gram) yieldGrain Straw Flax Grain Flax Grain 

Flax 14,1 wheat I busheL _______ 
Pound3 Pounds Bushels Bushels Per cent1,257 2, 513Flax 14, oats 1 busheL __________ 14 86 3.1 18.0 991,620 2,453 11Flax 28, oats I bushel'_________ 89 3.2 45.1 851,438 1,870 16 84Flnx42. oats I bushel'_________ 4.1 37.7 841,394 1,8ii 23 77 0.7 33.5Flax H,I barley I busheL _______ 871,8-10 2,425Flax alone, 28' pounds__________ 8 92 2.6 30.2 113898 2, 350 100Wheat alone, 2 bushels_________ 1,361 

16.0 -----227- 100
Oats alone, 2 bushels___________ 2,677 ---------- 100 ---------- 1002,072 2,704Darley alone, 2 bushels_________ 1,746 

100 ---------- 64.8 1002,365 
-------------------- 100 ---------- 31.2 100 

1 28 pounds In 1926 and 1927. 2 For two years only, 1926 and 1927. , 42 pounds in 1926 and 1927. 

The flax alone yielded 16 bushels per acre as an average for the5-year period. Wheat yielded 22.7 bushels, oats 64.8 bushels, andbarley 31.2 bushels. The yield of flax in the mixtures was 3.1 bushelswith wheat, 2.6 bushels with barley, and 3.2 bushels with oats. Inrelative yield only the mixture of flax with barley (113) exceededthe yields of the crops grown alone, each of the crops grown alonebeing represented as 100, and this was due largely to a high yield ofthe mixed flax and barley in 1927. The relative yield of the flaxwheat mixture was 99 and of the one flax-oat mixture 85. 

SEPARATING THE MIXED CROP 

In Goodhue Oounty, Minn., the usual practice is to store the mixedgrain on the farm and separate it with a fanning mill before marketing it. Many farmers use a simple homemade separator of largecapaCIty, having a single sieve about 40 inches wide and 60 incheslong, agitated by an eccentric bearing attached to a crank shaft.A steel-wire sieve with meshes 16 by 4 per inch is satisfactory inseparating the small-seeded flax from wheat. A sieve 14 by 4 may?e necessary with very plump flaxseed or where a large-seeded variety
IS grown.

Where the flax-wheat crop is grown on a large scale it often isshipped to market to be separated before being offered for sale onthe board of trade. In that case it is consigned to some commissionfirm having storage elevators with grain-cleaning machinery, After 
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being cleaned, the wheat, flax, and screenings are sold separately. 
This is the way Thomas D. Campbell, of Hardin, Mont., handles 
the mixed crop of flax and winter wheat grown by him. The usual 
charge for separating the mixed grain is 2 cents per bushel. 

DISADVANTAGES OF THE MIXED CROP 

The chief disadvantages of mixed cropping are as follows: 
(1) The somewhat higher cost of seed because of the heavier 

rate of seeding usually recommended. In the mixed crop flax usually 
is sown at about the usual rate for the locality, with the addition of 
from one-third to one-half the usual quantity of wheat. 

(2) The labor or cost of separating the mixed grain, which is 
estimated at about 2 cents pel' bushel of the mhed grain. 

(3) The lower value of mixed straw. Where there is a market 
for clear flax straw for the manufactme of coarse fiber, tow for uphol
stering or insulating mat.erial, 01' for paper making, the farmer can 
obtain an additional income from his flax crop from that somce, 
whereas the straw from the mhed crop has no market value. The 
mixed straw, however, has some value as feed for livestock: and as 
bedding. 

DISCUSSION AND SUMMARY 

Flax and spring wheat are important cash crops in :Minnesota, 
the Dakotas, and Montana. The results of the experiments reported 
in this bulletin indicate that under certain climatic conditions these 
crops can be grown together as a mixed crop to advantage. In 
order to compare the yields of the several mixed crops with the 
yield of flax and of wheat or other cereal grown alone under similar 
conditions in the same experiment, the yields are reduced to a per
centage or relative yield basis, as explained under "Computing the 
yields" (p. 5). From the results of the experiments carried on, 
this summary attempts to answer the questions asked in the in
troduction: 

(1) Does mixed cropping produce an increased yield, either in 
total grain or in relative yield, as cumpared with flax and cereals 
grown in pure stands? When rainfall and other weather conditions 
are favorable a somewhat higher relative yield per acre .is obtained 
from the mixed crop than from the two crops grown separately. 
Adequate soil moisture during the entire growing season appears 
to favor a higher relative yield of the mixed crop as compared with 
the same crops grown alone. This is indicated by the generally 
favorable yields of the mixed crop as grown under the more humid 
conditions of :Minnesota and under irrigation at Bozeman, Mont. 

In Minnesota five flax-wheat mixtures yielded from 4 to 8.9 per 
cent higher in relative yield than flax alone seeded at 42 pounds per 
acre as an average for the three years (1924-1926) in nine locations. 
At Fargo, N. Dale, three mixtures of flax and wheat returned relative 
yields of 102 to 105 per cent, while two mixtures produced relative 
yields of 98 per cent. These results indicate that there WflS little 
or no advantage in .mixed cropping from the standpoint of yield at 
that station. At Bozeman, :Mont., flax-wheat mi.xtures grown under 
irrigation have generally produced higher relative yields than flax and 
wheat grown !tlone. As an average for four years (1924-1927) nine 
mi.xtures produced relative yields of 107 to 121 per centl as compared 

.. 
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with yields of flax and wheat alone considered as 100 per cent, while 
three mixtures yielded slightly less than 100 per cent. Under dry
land conditions, as represented by the results at Mandan and Dick
inson, N. Dak., and Moccasin, Mont., mbmd cropping has not shown 
any appreciable advantage from the standpoint of acre yields over 
the same crops grown alone. The results indicate that the yields 
from the mixed crops are about the same under droughty conditions 
as yields from the crops grown separately. 

(2) What effect does the rate of seeding have on the yield, quality, 
and proportion of each crop in the mixture? In general, the per
centage of flax in the 
harvested crop is less 
than that in the mix
ture sown, whereas the 
percentage of wheat 
or oats harvested is 
greater than tha t 
sown. In Minnesota 
thesixfl ax-wheat mix
tures hav-ing from38.4 
to 73.7 per eent of flax 
in the seed sown pro
duced on the average 
from 28.5 to 59.9 per 
cent of flax in the 
harvested crop, or 
from 9.4 to 14.4 per 
cent less flax than 
in the mixture sown. 
The flax-oat mixtures 
showed a greater df.· 
crease, ranging from 
21.9 to 29.7 per cent. 

(Fig. 9.) °O~-----~~------~~~----6<~~~----~6V 


At Bozeman, Mont., /"ERC'EIY7;t1G-E Ortne411Y .Si?HW /#H/.,rEP CRI7P
12 mi.-xtures of flax FIGURE O.-Percentage of 11m:, wheat, and onts sown and the avemge
and wheat, in which pereentage harvested in six miItures of 11ax and wheat for the 

3-year period 19".A--1926 Bntl four mixtures of flBX and oats Cor thethe percentage of flax years lIr.!5 and 11126 in eight counties in Minnesota 

varied from 19 to 74 

per cent of the mi.-xed seed, produced from 10 to 34 per cent of flR." 

in the harvested crops, a reduction of 9 to 40 per cent in the pro

portion of flax as compared with tha,t sown. This is shown graphi

cally in Figure 10. The same effect, a smaller proportion of flax in the 

harvested crop as compared ,\-ith that sown, is shown in the results at 

Fargo, Mandan, and Dickiuson, N. Dak., and at Moccasin, Mont. 


The quality of the flax and wheat in the mixed crop, as ·deter
mined by bushel weight and by weight of 1,000 seeds, was equal 
to or better t.han that of the crops grown separately. In many 
instances the bushel weight of wheat was greater in the mixed crop 
than in the crop grown separately. In some cases the difference 
was sufficient to make a difference of one market grade. In Minne
sota the weight per 1,000 kernels of the wheat and oats in the mixed 
crops averaged somewhat heavier than in the crops grown alone. 
There was only a slight difference in the weight of 1/000 flax seeds. 
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(3) Does the mixed crop produce a gn~ater acre income than flax 
or grain grown alone? The acre return depends largely on the rela
tive market price of .the crops grown. In Minnesota, flax grown 
alone has produced a higher acre return than either wheat or oats 
during the years covered by these experiments. On the basis of 
the average farm price on December 1 for the 5-year period 1923 
to 1927, flax sown at 42 pounds per acre returned a gross acre value 
of $30.70 and flax sown at 28 pounds per acre returned $28.30. Spring 
wheat returned $23.80 and oats $19.10 per acre. The gross acre 
value of the flax-wheat mixed crops ranged from $28.30 to $30.40. 
The flax-oat mixed crops returned from $23.60 to $26.30 . 

.At Bozeman, Mont., the gross acre values of the mixed crops 
generally were greater than those of wheat or flax grown alone. 

This was due to the rel
~ atively higher yields 
1:7 	 of the mixed crops. 

Only 1 of the 12 dif.x/~
1:7 	 ferent mixtures grown 

V tltI"ifif produced an acre 1'e.,/v 	 turn less than thatpro/ duced from wheat or 
1:7 	 flax grown separately. 

.At Fargo, N. Dak., 
i? 	 the gross acre val ues 

of the mixed crops 
ranged from $23.73 to 

1:7 	 /' $26.60, as compared 
with $24.21 for wheat~7 

'0 grown alone andv f J-Jl1 $25.68 for flax grown 
~ 

Ii'0 - alone, on the basis of 
the local market price

() 
() .217 • 4() 6'17 6'17 Al'Q on December 1 for 

PE.E'CEh'?;orGff 17,c G£.4/# SI7IY# /# HM'EP CRaP each of the four years, 
FIGURE lO.-Percentage oC!lax and oC whent sown and the averago 1923 to 1926, inclu

percentage han'ested in J2 mixtures of nllx lind whent grow'n under sl·ve. On the baSI's of
irrigation Cor the 4-yenr period 192·1-192; at Bozeman, l\[ont. 

the acre values, there 
was little or no advantage in growing the mixed crops at Fargo. 

In the drier area, as represented by :Mandan and Dickinson, 
N. Dale, and lVloccasin, Mont., wheat generally made an acre return 
greater than that of flax alone or of any of the flax-wheat mixtures. 

(4) Does the mixed crop check the growth of weeds as compared 
with their growth in flax grown in pure stands? The control of 
weeds is probably the chief advantage of the mixed crop. Tlus 
meth9d makes it possible to grow flax on land which is too weedy 
for flax alone. 

The mixture of spring wheat, at about one-third the usual rate of 
seeding wheat, will check the growth of many of the common weeds, 
such as green and yellow foxtail, lamb's-quarters, amaranthus, 
and Russian tlustle. Some of the perennial ,veeds, however, such 
as quack gl'tlSS, sow tlustle, Canada thistle, and wild oats are not 
controlled by mixed cropping. The reduced growth of Russian 
thistle in the mixed crop as compared with its growth in flax grown 
alone was very marked, as is shown by the results at Iv[andan. 
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(5) Does the mixed crop help control plant diseases such as flax 
wilt and stem rust of wheat? Mixed cropping had little effect, so far 
as could be observed, on the prevalence of leaf rust or stem rust of 
wheat. In some cases the more vigorous growth of the wheat plants, 
due to the thinner stand, produced somewhat heavier and plumper 
grain in the mi'(ed crop than in the wheat grown alone. Early seeding, 
usually practiced with the mixed crop, probably is helpful in reducing 
the loss from flax wilt where common or unselected flax is grown. 
Wilt-resistant varieties of flax were used in the e:xperiments reported, 
and there was little or no loss from wilt, either in the mixed crops or 
where flax waS gro'vn alone. Early seeding, combined with the shad
ing effect of the wheat plants, prevents loss from heat canker, which 
sometimes causes damage in late-seeded flax. Neither heat canker, 
flIL,( rust, nor pasmo was observed to do any injury to flax in the ex-· 
periments hero reported. 

The greatest advantage of mL'(ed cropping is observed when an 
cpidemic of stem rust occurs, as in 1923 and 1927. Under such 
conditions the mi'(ed crop is a partial insurance against heoyY loss, 
because the flax in the mi<ed crop is not damaged and should yield a 
moderate return. 

(6) What effect does growing the crops in combination have on the 
ease of handling the crop? 

Tha mixed crops of flax and wheat and flax and oats are more 
easily handled b harYest.ing, shocking, and threshing than flIL,( grown 
alone. Flax alone often is difficult to harvest and thresh because of 
the tendency of the straw to wind about the machinery of the har
vester and to clog the screens of the separator. These difficulties 
are avoided in the mL'(ed crops, which are as easily handled as wheat 
or oats. 
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