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INTRODUCTION 

In 1912 a series of rotation e).-periments was begun at the Htmtley 
Field Station/ located on the Huntley reclamation project, in the 
Yellowstone Valley of southern Montana. The station lies about 
4 miles east of Huntley, at an altitude of 3,000 feet. The general 
agricultural conditions may be considered as fairly representative of 
those in a considerable area within the State as well as of those in 
areas in adjoining States having somewhat comparable conditions. 
The irri$ated area in the Yellowstone Valley and in valleys tributary 
to the Yellowstone in southeastern Montnna totals slightly more than 
300,000 acres. In addition to the land i.n Montana watered by the 
Yellowstone River and its tributaries, thore are probably more than 
100,000 ncres of irrigated land in northern Wyoming having somewhat 
similar soil and climatic conditions. 

Tho Huntley reclamation project occupies about 32,000 acres of 
land in the Yellowstone Valley of ~ronto.na, somewhat east of the 
south-central part of the Stete. The project extends from Huntley 
east to Bull .Mountain, a distance of about 25 miles. It varies in 
width from about one-half mile at Huntley to a maximum of nbout 
4 miles near the central part, again narrowing gradually to a width. 
of one-half mile at the lowor end. ~rost . of th.c project occupies i , 

gentle slope, bounded on the south by low hills and sandstone bluffl! 
and on the north by the Yellowstone River. Water for irrigation is 
diverted from the river at a point about 4 miles above Huntley. 

I The Otllco of Western Irrigntlon Agriculture WII!I estllblished in 1904, with C. S. Scofield lIS AgrIculturist
n ChnrgebfOr the purpose of investih'lltlng nnd Improving Ilb'flculturul conditions on irrlgllte'! 18uds. 'rhis 

work nt t e vllrlou.s tleld slntions wus plunned Ilnd Inllugurnted by Mr. Scofield wll h the Ilslll8tllnoo hf 
F. D. Furrell. The supervision of the fiold work and tho propllrllt/on or tho detllllo(j reports on whIch 
thl:! bulletin Is bused wore UDder the direction or the Junior writer. He wlIS tlSSlsted lit vllrJous times by
othet meulbers or lormell' members of the scientific stutT. who contrlbute,1 towarll procuring the dlltll, us 
(oUows: E. O. Noble, J. \V. Knorr. J. \Y. Boon, D. A. SllVlIgO, Ilno LeRoy POlVers. 

I The stutlon Is lUlllntlllned coopemtlvely by the Montllnll Agriculturnl BxperilUent Stlltlon. the Durellu 
of H~clllmlltion 01 the Depnrtmeut of tho InterJor, 1II1t! tbe 13urCJlu of Plant Industry. Other ,'Oo(Jcrutlng
bmnches 01 the U Dlted Stlltes DOPlll"tment 01 Agrlculturellro tho the.llurOl\u.s or Anlnml Industry untl D.liry 
Industry. liS IVQU us Vllrlou.s otnoos 01 l'lllnt Industry. 

60330--29----1 1 

http:ronto.na
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The average elevation of the J?roject is about 2,900 feet above sea 
leveL The average annual preClpitation as recorded at the Huntley 
station since 1910 is 14.58 inches, and the average frost-free period 
is 129 days. Slightly more than half of the rainfall occurs between 
April 1 and August 31, which is of material aid in supplementing 
irrigation water. 

The soils of the Huntley project vary from sandy loam to heavy 
clay. The sandy soils occur over 8, comparatively small area and are 
found usually along the river. The larger part of the more productive 
soils are of a heavy clay-loam type and are included in the area in the 
upper end of the project and along the south side of the valley. On 
a bench which occupies less than 3,000 acres and ,....hich is about 50 
feet I1bove the floor of the valley east from the town of Ballantine, 
most of the soil is of a sandy-loam nature. In some places on this 
bench the surface soil contains gravel, and gravel underlies tlus entire 
area at comparatively shallow depths. The soils on most parts of 
this bench area are very productive and are worked more easily than 
the soils in the main part of the valley. On the lower eud of the project 
is. an area of 6,000 to 7,000 acres on which the soil is a heavy impervi
ous clay containing an excessive amount of alkali salts, chiefly sodium 
sulphate. This land is difficult to reclaim, and much of it has not 
yet been brought in.tl} profitable production. 

The surface soil oi Goe valley is underlain by a stratum of sand and 
~ravel at depths varying from 5 to 15 feet. This underlying gravel 
IS broken by clay barriers: so that there is not a free movement of 
water throu~h the subsoil. On most of the project it has been neces
sary to provIde a rather complete underground drainage system. The 
native vegetation consists mainly of 10w-gro\"1ng sage, greasewood, 
and grass. 

The principal crops that have been grown on the project are 
alfalfa, sugar beets, oats, wheat, corn, and potatoes. An average of 
about 2,000 acres is devoted to summer pasture. The crops grown 
chiefly for sale are sll~ar beets, wheat, an4 oats, sugaI beets. being by 
far the most extensIvely grown. The ;'iorage produced IS largely 
consumed by livestock permanently on the project or brought in 
from adjacent ranges to consume temporary surpluses for which there 
is no profitable cash market. 

The soil of the Huntley Field Station, which is located on the south 
side of the valley, is of the 'heavy clay-loam type, typical 01 the better 
soils on the larger part of the project. Slight variations in the soil 
occur over most areas, and this is true to some extent in field K, in 
which most of the rotation experiments are conducted. The soil 
there is 'Particularly heavy in the lower part of the field in Series V. 
This variation in the soil resulted in the early years of the experiment 
in differences in plant growth within plots and series. These dif
fet'ences have become less apparent in recent years. 

In field L-IV the soil is also heavy, but it is rather more uniform 
than that in field K. 

The €;eneral plan and objectives in the rotations reported herein 
are simllar to those described in a former publication relating to the 
rotation investigations conducted on the Scotts Bluff (Nebr.) Field 
Station 3 and also incorporated as a part of the investigational work 
being conducted at the Belle Fourche (S. DI1k.) Field Station. 

I SCOflELDz,C. S., and HO~DI!N, J. A. IRRIGATED CROP ROTATIONS INWEBTERN NEIlRABl!:A. U. S. Dept. 
AGR. Te<:h. llul. 2. 26 p•• llIus. 1027. 



lRRIGATEDCROP ROTATIONS IN MONTANA 

OBJECTIVES OF THE ROTATIONS 

It was desired in these experiments to ascertain wlll1t rotations and' 
cropping methods werc best suited to the irrigated area representative; 
of south-ccntrnl11ontuna and other similar m'eas of the Great Plains, 
This inforIll.ation was sought through (1) compaling the ;yields from: 
continuollsly cropped plots, using the seven most important crops 
with those in a roto,Lion of two or mol'{' years i (2) noting tho effect. o~. 
alfalfa in a rotation ns eompm'ed with a rotation where no leguminous 
crop is grown; filld (3) observing the effect of barnYlu'd manure in. 
comparison with It similar rotation recci'ving none. 

In addition to the llbove, which were the ellief aims of the rotations, 
information WllS obtained as to (1) the value of rye as /1, gl'eon-lnanUJ'I;}, 
crop when used in a rotation with Ollts and potatoe8~ (2) the efl'ect on 
subst1quent crop yields wh('l'(;\ Illfalfa Imel corn arc pastured, as COll}.-' 

pnrcd with a rotation where these rrops aro hnrveste.d by the ordinari 
method nne! l'emoYed; and (3) the cited on yields on a plot continu
ously cropped to wheat where the. stnnv is retmlled to the land, as 
compared with a plot whore the stmw is removed, . 

The origin III series of 29 rotations located in Held K were started, 
iu H1l2. III 191G, 10 ndditional rotations wore added in field L-IV 
for the purpose of furnishing additional iuformation not given by the 
original series, Field K \vIlS brokell up from native sod in 1909. 
In 1910 ILpproxinultely the west tlu'ce-fourths of the Jield was cropped t 
to sugar beets Ilnd the remainder 0 f the field to COl'll. In 191J the 
entire Jield wus cropped to oats. :Field L-IV WIlS broken up from 
natiye sod in the fn.Ll of 1914 Ilnd was cropped uniformly to oats in 
1915. The lleld before being broken up was covered with a light 
growth of bufInlo ~l'IlSS Ilnd blllCjoint grnss. t 

In the first series of rotlltions started in HH2 the following crops 
and crop sequences were included: Crops groWll continuously on the 
same laud each yellr: (1) Oats, (2) sugar beets, (3) wheat, (4) pota
toes, (5) wheat, (G) corn, (8) nlfalfa, and (9) flax. 

The followin~ nre the 2-year rotations, which include those that 
receive no speClnl trelltment ns well as those having a treatment of 
bllrnynrd mllllure n,t the rnte of ]2 tOllS to the nero as indicated: 
(6) OlltS, COl'll; (IS) wheat, sugar beets; (20) potatoes, beets; (21) 
potatoes (mIUlured) followed by beets; (22) oats, sugar beets; (23) 
oats followed by sugllr beets (mnllured); (24) oats, potatoes; (25) oats 
followed by potatoes (lllllllured); (2G) potatoes, corn; and (28) wheat, 
OlltS. 

The following arc the 3-yelu' rotations, which include one rotation 
(31) receivin~ an application of 12 tons of bllrnyard manure following 
Qllts dlLring the period: (30) Potntoes, oats, beets; (31) potatoes, ollts, 
followed by beets (manured); ILnd (32) corn, oats, beets. 

TIll'ee 4-yenr rotations were included, in which two years of nlIalfa 
appoar, as follows: (40) Potatoes, sugar beets, alfalfa, alfalfa; (42) 
oats, sugar beets, alfalfll, alfnlfai and (44) potatoes, oats, I11falfa,
'.llIaHa. 

The follo,,-ing G-year rotations were included, in which alfalfa 
appeal'S three sllcees:1ive years in euch, and manure as indicated was 
llsed in rotation li1: (GO) Potatoes, oats, sugar beets, alfalfa, aUnlfa, 
alfnlfn; Ilnd (61) potn:tocs, oatA followed by sugar beets (manured), 
o.lflllfa, 11,1 fIll (/1, ILUdfll. 
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In connection with the foregoing crop sequences, information was 
sought along the lines of determining the merits of wheat continuously 
(3 and 5) as compared with wheat continuously cropped where the 
straw was returned to the land each year (7). The2-year rotation with 
oats and potatoes with no special treatment (24) was compared with 
oats followed by winter rye and potatoes. In the two 6-year rotations 
(60 and 61) potatoes, oats, sugar beets, and three years of alfalfa 
a.ppear and are harvested in the customary manner. .A 6-year rota
tion, No. 67, includes three years of alfalfa, followed by corn, flax, and >-'" 

beets. In this rotation the third-year alfalfa and the corn are pastured ( 
by hogs. 

In 1916, 10 rotations were added to the above list for the purpose of 
obtaining further information. on crop sequences. It will be observed 
that several continuously cropped plots, identical with those adopted 
in 1912, are included in this new list. This seemed desirable because 
there were soil differences between field K, originally selected, and 
field L-IV, where these new rotations were established. The 10 
rotations added in 1916 were as follows: 

Continuously cropped: (I-a) Oats, (2-a) sugar beets, (4-a) potatoes, (6-a) 
corn, (8-a) alfalfa. . 

Two 3-year rotations were added, as follows: (34) Potatoes, sugar beets, oats; 
(35) potatoes (manured), sugar beets, oats..Rotation 34 is to be compared with 
35, with which it is identical except that 35 has an application of 12 tons of stable 
manure every three years preceding the potato crop. Rotations 30 and 31 may 
also be compared with 34 and 35, with which they are identical as far as crops 
are concerned, but are different in that the crop sequences are not the same. 
Potatoes, oats, and sugar beets is the order in which the crops appear in rotations 
30 and 31, whereas in the case of 34 and 35 the sequence is potatoes, beets, and 
oats. 

One 4-year rotation was added as follows: (46) Sugar beets, oats, alfalfa (two 
years). 

Two 6-year rotations were also added, as follows: (64) Alfalfa, alfalfa, alf!\lfa, 
potatoes, beets, oats; (69) alfalfa seeded in oat stubble in fall, alfaUa, alfalfa 
pastured with hogs, corn harvested by hogs, corn harvested by hogs, oats. Rota
tion 64 may be compared with No. 60, from which it varies only in the sequence 
of the crops. Rotation 69 is supplementary and is included for the purpose of 
determining the value of a rotation where livestock is available and the oppor
tunity is taken of harvesting the third-year alfalfa and the two crops of corn. 

These rotations were so arranged that each crop involved in each 
rotation is grown every year. To carry out this plan it was necessary 
to have as many plots devoted to the rotation as thera are years in 
the cycle of rotation. By following this method it is possible each 
year to compare the yields from the same crops grown in the different 
rotations. 

LIST OF THE ROTATIONS 

The following is a list of the rotations, arranged in numerical order 
for convenience of reference. 

CROPS GROWN CONTINUOUSLY ON THII SAME PLOTS 

1. Oats. 5. Wheat. 

1-0.. Oats. 6. Corn. 

2. Sugar beets. 

1 
6-a. Corn. 


2-11. Sugar beets. 7. Wheat (straw returned). 

3. Wheat. 8. Alfalfa. 
4. Potatoes. S-a. Alfalfa. 

4-a. Potatoes. 9. Flax. 
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TWO-YEAR ROTATIONS 

16. Oats, corn. .24. Oats, potatoes. 
18. Wheat, sugar beets. 25. Oats, potatoes (manured).
20. Potatoes, sugar beets. 26. Potatoes, corn. .
21. Potatoes (manured), !!ugar 27. Oats (followed by rye plowedbeets. under), potatoes.
22. Oats, sugar beets. 28. Wheat, oats. •
23. Oats, 	 sugar beets (ma


nured). 


THRi:iJ!l-YEAR ROTATIONS 

30. Potatoes, .oats, sugar beets. 34. Potatoes, sugar beets, oats. 
31. Potatoes, ,oats, sugar beets 35. Potatoes (manured), sugar(manured). Ileets, oats. 
32. Corn, oats, sugar beets. 

FOUR-YEAR ROTATIONS 

40. Potatoes, sugar beets, alfalfa 44. Potatoes, oats, alfalfa (two (two years). yeal's).
42. 0ats, sugar beets, alfalfa 46. Sugar beets, oats, alfalfa(two years). (two years). 

SIX-YEAR ROTATIONS 

.60. Potatoes, oats, beets, alfalfa 67. Corn (harvested with hogs), .(three years). flax, sugar' beets, alfalf~61. Potatoes, oats, sugar beets (three years, pastured
(manured), alfalfa (three with .hogs the third year).years). 69. Corn (harvested with hogs, 

64. Potatoes, sugar beets, oats, two oats,years), alfalfaalfalfa (three years). (three years, pastured with 
hogs the third year). 

The 	location of these various rotations with reference to one 
another is shown in Figures 1 and 2. 

,-' 	 CUJ~TURAL PRACTICES AND CROP VARIETIES 

The cultural operations used in conducting these investigations 
were considered to be in keeping with the more modern practices in 
vogue and the most desirable to bring about the best results. In 
order that the yields of the same crop appearing in the different 
rotations might be as nearly comparable as possible, the same cul
tural practices, planting date, and harvestin~ methods were followed 
as closely as was permissible under the eXIsting conditions' at the 
time the various operations we.re scheduled to be performed. The 
same varieties of crops were always planted each season, although 
8S more improved strains or varieties were introduced in certain 
instances they were substituted for those formerly grown. 

Plots to be planted to cultivated crops are plowed to a depth of 
about 8 inches the previous fall and left in the rough during the 
winter; the only exception to this is in rotation 27, where rye is seeded 
in oat stubble in the fall and plowed under the following spring. 
Where oats, wheat, flax, or alfalfa follow a cultivated crop the land 
is not plowed but is double dis ked in the spring before planting. 
Where grain follows an uncultivated crop the land is fall plowed. 

In the event that alfalfa is to be followed by another crop, the 
alfalfa is crowned to a depth of about 4 inches, and about a week or 

" 10 days later it is harrowed with a spike-tooth harrow and later 
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plowed to a depth of about 8 inches, in order to kill as many of the 
roots as possible. All plots planted to grain are double disked in the 
fall immediately after the crop is removed, eveIl. if later they are to 
be plowed. This practice is followed to put the land into better 
condition for plowing and also to destroy weeds and germinate 
shattered grain which otherwise would be a source of annoyance the 
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FIGURE t.-Location or the irrigated, rotations In Held K, Huntley Field Station, started in 1912 

following season. All alfalfa plots where the crop has been seeded 

for two or more years are renovated by harrowing with a spike-tooth 

harrow about the time the green shoots appear in the spring. In the 

fall well-rotted bamyard manure is applied at the rate of 12 tons per 

,acre to all plots to be so treated, and the manme is plowed under 

.immediately following the application. As soon as the oat crop is 

harvested, winter rye, used as a green-manure crop in rotation 27, is 
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~ seededih the oat stubble, in the fall ,and plowed uilderthe following 
spring immediately preceding .the planting of the potatoes. Mter 
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FIGURE 2.-Locntion or the Irrigated rotations In field L. Huntley Field Station, started in 1916 

plo'wing, the seed bed is thoroughly prepared by disking, harrowing, 
a.nd leveling. As early in the spring as the land can be prepared, , wheat is seeded at the rate of 5 pecks to the acre. Sugar beets and 
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spring-seeded alfalfa are planted the last of April or early in May; 
corn, pot.atoes, oats, and fia..'C as soon as danger of frost is over, usually 
about the middle of May. Rape, used as a supplementary pasture 
crop for hogs in rotation 69, is seeded in the corn plots the latter 
part of July. 

Irrigation practices adopted and followed wertc those consistent 
with methods in vogue locally and adjusted to mf:et the varying cli
matic conditions occurring throughout the period. Row crops were 
furrow irrigated, whereas the grain crops-alfalfa and flax-were 
irrigated by flooding. 

The difficulties met from time to time in connection with maintain
ing uniformity throughout the planting and cultura.! operations during 
the period covered in data herein reported have had at times a tend
ency to airect the comparative results. Owing to weather conditions 
it has not been possible always to perform the cultural operations at 
the time and in the manner outlined. Insects, ·disease, and storm 
damage have been factors; and the injury has not always been uni
form on all the rotations during anyone season. There have also 
been certain accidental injuries which have not been uniformly dis
tributed throughout all the rotations. In most illl;tances these could 
not be allowed for because the effect on the yield cOl.ud not be definitely 
measured. vYhen recognition could be taken of these factors, and it 
is believed they have had a material tendency to distort the yearly 
comparative results, they are described in the text .. 

BASIC-YIELD DATA 

In presenting the results of these rotation experiments it appears 
to be desimble to follow the same general plan of presentation as that 
adopted in connection with the Scotts Bluff rotations reported in a 
former publication ,I by giving in detail the basic facts as to the crop 
yields obtained. These facts may be summarized and compar~d in a 
number of different ways. Some of these comparisons and summaries 
accompany and follow the tables of yields. 

The details as to crop yields are given in a series of tables, one table 
for each crop. The yields per acre are given for each year and for each 
rotation. Ivlean yields are given both for all plots of the same crop 
for each year and for each rotation for the period of 15 years covered 
by the experiments. In addition, the mean yields for the last 6 
years of the experiments are reported for the purpose of ascertaining 
the trend of the yields for that period as compared with the total 
period. 

The acre yields of oats in bushels in 13 rotations for the entire period 
are given in Table 1. Rotations I-a, 34, 35, 46, 64:, and 69 are 
rotations started in 1916 and consequently are for the ll-year period 
from 1916 to 1926, inclusive. Yields from rotations 1 and 28 in 1916 
are not given, as both these plots in that season were so badly infested 
with wild oats that the crop was cut and burned, and the same condi
tion obtained in rotation 28 in 1919, which explains why yields do not 
apprar for t~e years gi\'rn in these rotations. 

'Scm'lELD, C. S., nOll HOLDEN,./ ••\.. Op. cit. 
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IRRIGA.TEDCROP ROTA.TIONS IN MONTANA 

T AIILE I.-Acre yields of oats (bllllhel&) from the irrigated rotations, Huntley Field 

Stalion, 1912-1926 


Rotation ·-1912! 19lal, 1914 !I' 1915 1::1\19171 1915 11019 11920 \ 11m, Hr22 .1928 i[ H2411925 LD26 
l ~~Id 

No. :: : i ' ; ,j ~i:1 ~Sl 

~~_~~~~.~=~ -~7.; 3~:~:,-~~' ~i, 43'1:,-=J;0~~::: 5 ·~I. ot~.~~~~;::~r4;. h;;:-;'~2137~91 3S~0 
1-8._____. ___ ._._: ••________ •_____ ~ 60.3 76.R 82.0 57.5! 59.5 40.7 78.7 43.2: 51.2' 42.5 34.0 56.9 48.4 
16________._ 49.8 85.3 78.5 75.5 67.81 55.8 81. 4 50.0, 43.2' 66.4 73.7 79.0: 72.51 55.0 43.8 65.2 65.1 
22. __ •_____ .63.496.7.109.579.2 0·l.5,81.5 98.8 UJ.7, 70.0 91.1 88.7 00.580.0!70.0 51.9 82.0 78.7 
23 ____•••_._ 45.5 84.3 03.7, 96.2, 82.3, 70.5, 79.6 48.11 58.8 66.4105.0 87. g, 97.5. 81.3 64.8 77. 5 sa. 8 
24_. ________ 6(1.0100.0102.7 81.5' 72.1: 08.5 93.4 41. 91 54.2 74• .1 78.7 84.9r 05. Of 65.0 44.0 75.5 73.6 

125____• __ •__ ?7.5,J26.S115.0 78.8 87.31 &1.8! 92.5;, ~.4! 53.0 76.1 ~7.5101.~:,117.5i 00.0 60.4.86.2 00.5 
27._._.••••_ 30.570.5,82.683.7,45.51411.176.1.3.136.0 59.1 80.0:70.•,78.7'58.8 31.6 58.8 63.1 
28._._••_•• _ 33.5, 42.5 02.5 50.5"----1 34.0' 49.5,';;'_' 45.5 48.4 72.5: 59. 5', ~. 7, ~6. 3 17.9 47.41 49.7 
30. ___ .._••• 41.6, as.9 87.0163.7,40.9145.980.1 .0.940.858.8 81.S 75.3 8/.5 14.1 35.6 64.8 68.8 
31. __ ••• __ •• 43.8 71. 0 94.5 102.9' 77.3 50.0' 8n.5 30.01 43.6 60.5 92.5: 75.4 113.7f sa.8 32.1 n.o 76.3 
32._ ••_••••• 40.250.1' 75.2 85.5' 01.5' 50.,5 63.S 26.9 42.8 48.6 .5.0' 59.2' 65.0: 52.5 31.3 56.4 55.3 
34 •••_••_••_ •••••,••__.,•••.••____ 1 50.3116.9 113.0 68.71 96.0 75.!! 92.5; 89.0: 72.5 72.5 62.5, sa.~ 77.5

j
35_......... ,••••• :••___ '••••• '•.••• , 50.6,102.3 IlO.S ~.I: U~.5 TJ.l. 92.5; 89.0186.* 76.3,62.5, S:!.I, i9.9 
42._ ••••_••_ 60.3103.1 83.7 73.3 91.4,89.4103.2 5/.5,9/.8 13.0105.0,94.5 96.•102.5175.6,8/.1',91.1 
44._ •••••••_, 44.6, 81.0 105.2, 78.7 83.5' fll.6, 93.0 5-1. ( 58.5 75.0100.0.101.3 '113.7, 96.31 66. S SO. 9, 92.1 
46.••_.•••••·•. _••1.••_•..._.,.•... 50.9100.8103.0: OO.Oi 811.3 85.0,101. 2, 94.6 lUI. 2101. 3:103. 4' 00.4, 97. 9

160......._• .' 47.2, 86.6,108.4: SI.8 101. 0i 86.8 127.0 71. 2i 73.8 80.1 90.2\ 94.2120.0,126. 3i 80.SI 92.1 99.6 

61. __ •.••__ .' 50. O,UO. 2',Hl2. 0 75.S,IQ.I.811l0.6118.9 64.4,70. .1,80.8,98.7: on.sI1l3.iIl7.5, 95.S: 94.5100.5 
&I••_•••••_.!•._._,___•• :••_._: ••••• 58. It 95.0106.3 76.2[ 79.8, 79.4, 93.7' 06.6 95.0105.0t M.9i 89.3 94.4 

69 ____ • __ 1••_,.,:.=I,:::.:..:: ..--.I:::.:..:::~I~',,~l,~IM.5 85.5!,~~I'~'~I'~: 90.8 95.1 

Ann l1a1: I I' :: I I i I ! I: 
mOan.... 48.7, 84.21 89.8: 70.3 71.1 75.0 00.7 52. i 63.7 67.9 88.5 81. 4, 88.7: 78.8 57.4: ;.1. 5' 77.1 

Maximum •• : 110.91211.8 Il5. 0'10.1. 7,194. S'Ilt). 0 127.0 sa. 1: 99.5 91.1'105. OflOl. 6,120. 0 120. 3163.4:••.•• 1' "_" 

Range._._ •• 33.4,89.0 60.3 60.0 59.3! 82.3 81.5,61.2; 68.0. 64.0i 48.8 59. 7i 72.5, 00.0, as.5; •••_•••.••
1 1 1 

The highest yield harvested during the entire period covering all 
plots was 127 bushels per acre in rotation 60 in 1918; and the lowest 
yield was from rotation 28, in 1926, from which only 17.9 bushels 
were harvested. 

The annual mean ranged from 48.7 bushels obtained in 1912 to 
90.7 harvested in 1918, with a 15-year annual mean of 74.5 bushels 
per acre. The lowest mean yield, obtained both for the 15-year 
period and for the ltlst 6 yetlrs, \VtlS from rottltion 1 continuously 
cropped; and the highest mean yield was from rotation 61 both for 
the 15-year and the 6-year period, a 6-year rotation in which alfalfa 
appears three times and 12 tons of stable manure is applied once 
during the cycle. With the exception of rotation 35, there is a con
sistent incretlse in mean yields for the last 6 years over those obtained 
from the rot!1.tions in effect for the full 15 years where alfalfa appears 
or manure is applied af3 compared with those continuously cropped and 
the untreated rotations. 

The yields of sligar beets Ilre given in Table 2. The mean annual 
yield has ranged from a nutximum of 19.06 tons in 1923 to a mini
mum of 7.63 tons harvested in 1920. The season of 1920 was ex
tremely unIavorabIe, mainly because of adverse climatic conditions 
occurring in the spring and also in part because of insect injury, 
which reduced the stand somewhat on all plots. The percentage of 
stand resulting from rotations 18 and 22 was so poor that measmable 
yields were not obtained. Rota.tion 2-11. WfiS l'eseeded, but so late 
that the yield was "cry much lower than otherwise would have 
been the case. In seyeral other plots in the season of 1920 varying 
degrees of a stand occlU'l'ed, but not suffieiently poor to justify 
reseeding; and this condition tended to distort the comparative 
results from the plot y!elds recorded for that year. The very low 
yield of 2.77 Lons per acre in 1925 from rotation 2-a was largely due 

(j03\lU-Z9-Z 
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to the black-rot disease, which either kills the plants entirely or ma
terially lowers their vigor. Beets grown in several other plots were 
also injured from this cause, but toa much less extent. The same 
~sOl'der was prev~lenti!l1926 t? ev~n a ~eater extent and is. re!fected 
ill the apparent illconslstency ill the Yields recorded. This IS par
ticularly noticeable in yields from rotations 18 and 40. 

TABLE 2.-Acre yields of sugar beets (tons) from the irrigated rotation8, Huntley 
Field Station, 1912-1926 

-~ -~ 
Rotation 1912 1913 1914 1915 1916 1917 1918 1919 1920I1921 1922 1923 1924 1926 1026 ~7 ; 1 

NQ. I ~§ ~~ 
--" ------1----" -

2___________ 6.38 9.25 8.17 .0.9811.19 8.47 8.02 5.75 5.891 8. 4011.0514.35 9.71 7.89 6.61 8.80 0.67 
2-a_________ __.____________ 13.68111.94 14.50 12.02 1.75,10.57\7.84\13. \l9 6.36 2. 77 4.98 0.21 7.75 
18________"_.11.06 0.46 9.56 5.04 8.24 9.11 7.15 6.47 -----10.65 9.4413.386.68 8.61 3.33 "8.28 8.01 
20__________ 12. 2812. 57\15. 00 8.33/15.02 0.5814. 59 8.58 6.71 12.49,13.0410.03 16. 51 9 .. 75 0.6312. 27 13. 66 

12L_________ 12.5713.3314.4012. 70 17. 0312. 0713.6912.488.1714.60116.3525.73 1 10. 9116.0315.8815.0718.08 
22__________ 11. 6ft 15.22 10. 381 6.80 11. 14 11.32 10.201 0.28 __ ___ 6.00,11.19\12. 09 9. 03 4. 39 5. 57 9. 72 8. M 
,23__________ 14.3713.36\12.60 10.6011 .• 98 12. 4611.38'11.00 10. 0910.79 15.6413.7116.4216,0516.1413.1714.79130__________ 7.M11.39 6.57 4.64 8.73 6.00 8.44 7.72 6.09 5.48 11.35 12.42 9.54 7.06 7.45 8.00 9.03 
3!__________ 8. 34 15.3212'1l!! 9.13\10. 02 ~. 6210.65 7.70 9.98 8.51 15.27 23. 00 15.03 13.27 16. OS 12. 3215.,201 13___________ 8.15U.26\6.S_ 6.34 5.86 1.11 9.55 9.33 8.11 6.79113.80,19.6711.0410.190.33 9.5611.80 
M__________ __________ -----110.63 10.5213.54 15.86 7.5210.91,12.16,18.00 11. 82 9.44 5.0411.4811.38 
35 ______________________________ 13.1510. 26 13. ~4 13.33 7.27 14. 77;14. 97124. 5918. 3513. 35 12. 78 14.10 16.47 
40_ _________ 0.62 13.3413.91 15.45110.38 8.4116. 19 6.40 5.7512. 67112. 4'120. 16 16. 03 13.23 4.7011.97 13.36 

1 

1
42__________ 0.4914.38" 9.30 7.6511.39 5. 02 13. 15 7. G6 8.14 9.1710. 18118. 4514. 56 12. 216. 09 10. 51111. 78 
46____________ •_________________112. 76 0.57 0.40 9.41 5.7214.4013.66,17.40 9.34 10.89 5. "7210. 7611.111 
60___---____ 0.6911.63 9.2812. 00; 7.40 8.27 14.23 12. 02 10. 13 9.49 15.05120.4115.01 16.0316.0012.5115.35 
61 __________ 12.17 15.70 13.57 8.73 15.5613.00 14. 67,13. 66 10.1114.44 18. 541"26.1517. 73 16.2514.2814.97 17.00 
64______________________________ 112. 34 10. 311!!. 23,10.38 7.3814.1914.09 22. 3116.3113.7710.2313.1315.30 
67__________ 10.26 16. 80 ~ 14.62'1_13.60 11. 91 16. 531~~ 13.58 17. 601~~~ 15. 64 ~~ 

"Annual d
mORn_____ 10.3113. OS\l1. 16 9. 58)!. 53 9.82 12. 23!10. 15 7.63 10.7013.40 19. ~ 13, 54 11.50 9.7711.5713.02 

Mllldmum__ H.37 16.8015.0915.4511.0313.00 16. 53,15. 8610. 8314. 77 18. 26.1019.9118.1216.14 __________ 
RllI1goc_____ 7. \l9 7.5518.52110.61112.07 7. OS 9.38 10.11 O. OS 0.2910.70114.00113.5515.35112. 81 __ •_______ 

1 

The lowest mean yields of less than 10 tons per acre quite con
sistently occur in either the rotations continuously cropped or from 
those untreated, a condition which appears in both the 15-yearperiod 
and the last 6-year mean. The conspicuous exception to this is the 
yield from the 2-year rotation 20, where potatoes is the companion 
crop. The yields from beets following potatoes indicate that potatoes 
up to the present time even in a 2-year untreated rotation have had a. 
beneficial effect on the soil as far as the yield on sugar beets is con
cerned. Where manure was applied or alfalfa.was incorporated,the 
past six years show an increase in yield over the 15-year mean, indi
cating the cumulative desirable effect of such rotations. 

The highest yield for the 6-year period is from 2-year rotation 
No. 21, which consisted of potatoes, manured, followed by sugar 
beets. Closely second to the yield from this rotation are the yields 
from the two 6-year rotations, Nos. 61 and 67, for the same period. 

Yields of potatoes are given in Table 3. These include yields from 
13 rotations for the full 15-year period and from 4 rotations for the 
ll-year period from 1916 to 1926, inclusive. The maximum yield of 
519.3 bushels per acre oecurred in 1918 in rotation 25, and the mini
mum of 5.5 bushels in rotation 27 in 1914. The meun annual yield 
for the entire period from all rotat,ions was 228.7 bushels. The lowest 
mean annual yield occurred in 1920. In t.hat yeal· unfavorable 
weather conditions early in the season resulted in failure to obtain 
satisfactory stands from the first planting, and it was .necessary to 
replant. 

. 
~\ 

'"-' 
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TABLE 3.-Acre yield8 of potatoes (bushel8) from the irrigated rotations, Huntley 

Field Station, 1912-1926 


----;-·--'--'--;--'--i- .----.--r---;-,--,-,--.-,.....-
1 

Rotation 11Dl2 1913 1914 19151,1916' 1917 1918 1919 1920! 1921 1922 1923 1924 1925 1926 ~-! ~~ 
N°'1 I; ! ~§ ~§l 

. - -·--I~;----I--'~------
4 ___________ '233.6193.8118.3232.0 175.3'18S.7232.0204.1: 78.6132.6138.0171.3124.790.088.7153.8 25.2 
4-8_________ :_________ -'__________ ',.'137.7213.2443.3193.312'2.0272. 6,166. 0 200. 0 179. 3166. 2 92. 0198. 7179 •.3 
20__________ 273. 6\99. 81i'S. 7,350. 0 227. 7241. 3 390. 3 282. 3108. 6 251. 3 112. 7191. 3148. 7 200. 7143. 3 220. 0 1H. 7 
21__________ 270. 4 226. 1176.01386.5293.6;276.7319.5246.6.124.0226.0112ti. 0 179. 7 230. 7 269. 3.274. 6 241. 7 217. 7 
24 __________ 262. 8 316.1171.4 2n. 4i236. 21229. 5315.2 2iO. 6106. 0180. 7169.7131.7186.0150.71131.3206.8158.3 
25__________ 413. 2 362. 0 201. 3 373. 9 324. 0'292. 4 519. 3 389. 0 226. 6 239. 3 275. 3 303. 5 271. 3 3~0. 7 307. 3 322. 6 289. 6

i26__________ .266.8158.220-1.5251.0 27S. 8'2'JO. 6 303. 6 221. 6ll6. 0 178. 0136.0148.7129.8130.7 93.3196.8137.1
127__________ 9S.4 30.0. 5.5199.4 45.3170.4;159.0liO.0 58.6105.3 71.3124.3' 65.31 74.71174.097.2102.5 

30__________ 205. 21~S. 2 156. 3 ~~. ~ ~24. 5;175. ~:2116. 4 167. 3123. ~~. 6159. 0 IN. 3 163. 3,113. 31~3. 3184. 51~9. 0 
31._________ 199.2109.7 140.4 ••3.0,.12.01 90. '1324.5 14S. 0 114.0169.3 128.7212.0162.0' 92. 7'237. 3177.7167.0 
34______________________________1 :254.4 272.9425.3258.0 197.32'20.6236. 7 235. 3 281. 3295.8216.7203.6248.7 
35___________________-'__________ 

1 
1:203.7;265.9,448.0232.322'2.6258.6283.3342.0376.0 358. S,324. 0 301. 4 323. 8 

40 __________ 210.4250.215.6.1,'349.0.,240. 7i224. 5445. 3246.0162.6268.6272. 3243.9279.3339.31333.3268.5289.4 
44 __________ 237. 6 112.8 195.3 169.8100.0 181. 71373. 3 203.1 Ill. 0 212. 0 20-1. i 144. 7 156.0230.7309.3 202. ~ 210. 7 
00__________ 228.4 285.3293.3'13911.8292.0:2:18.3:345.3379.7160.3358.0212.0 263.3244.0310.7324.7288.8285.4 .. 1 

61 __________ 273. 6 276. 8184. °1420. O.4~!. 71290, 7'473. 7 ~54. 7 96. 0 ~41. 2 279. 3 ~21. 0 326. 7 312. T24. 0 311. S 317. 5 
64 ____________________ ,__________ 16,. O,3ll. 6,445. 0 301. 0196.6310.0282. 0 212. 0 231. 3,369. 6 394. 0,292. S 299. 9 

Annual --;'---"-I-I--I-;-,---r-,-- i-
menn_____ 244. 1 212.7 167.81301.8.228. 7:21S. 2367.6240.3136.5232.5191.4211.7209.2227.31232. 4228.7217.4 

Maxlmum __ 413. 2 362. 0 'J\l3. 30120. 0 401. 7:311. 6 519. 3 389. 0 226. 6 358. 0 283. 3 342. 0 376. 0 360. 6 394. 0 ____ _ 
Rllnge______ 3B. 8 320. 0 287. 8'230. 2.350. 4:241.2.359.7241. 0 108. 0 252. 7 212. 0 217. 7.310. 7 294. 9 305. 3 _________ _ 

1 1 ! I " , 1 I 1 1 1 

Relatively low yields have occurred in most years in rotation 27, 
in which potatoes follow oats with rye seeded in the fall in the oats 
stubble and plowed under as green manure immediately preceding 
the planting of potatoes. This has proved to be an undesirable 
practice, mainly due to the difficulty in obtaining a proper seed bed 
from spring plowing because of the heavy nature of the soil. This 
usually requires irTigation for germination of the seed pieces, which 
results in puddling of the soil and a consequent poor stand ~d 
delayed growth. 

The yields of wheat as this crop appears in the various rotations 
are given in Table 4. In 3 years out of the 15 (1912,1916, and 1919), 
yields from certain rotations were not recorded. At the time the 
rotations weTe started, in 1912, winter wheat was scheduled for 
rotations 5 and 7 and consequently was not seeded until the fall of 
1912 and harvested in the spring of 1913, and the first crops har
vested in these rotations were credited to that year. In 1914 a,l1 
wheat plots were seeded to spring wheat in the interest of uniformity 
in results. 

TARLE 4.-Acre yields of wheal (bushels) from the irrigated rotations, Huntley 
Field Stat-ion, 1912-1926 

Ro*,J~on .1914 j 1915 : 1916 1917 19221912, 1913 191)! 191911920 '1921 '1923 
1I ' I I 1I 

3___________12~~9; 28.2~! 30.61=J~] 17.. 3'.=J~~! 14.7 30.[;;;~24.;'~-;-;~
5________________ 58.3 35.6130.3 21.7129.5.26."- ____130.6 18.6 26.6 12.4 20.0 32.7 13.9 27.9 20.717________________, 61. 9: 32. 9 37.6 24.8' 29. 1~ 24.3----- 20.6 10.0 23.:1 11. 3 12. 7 19.3 16.4 20.1 17.0 
18__________1 31. 6 36, 1 40. ,; 47.0 32. 7: 35.71 35.41 27.3. 17.8' 33.0 26.0 36.8 34.0 34.7 38.1 33.8 33. 9 
28__________123.5117.4.2'2.9; 19.2 _____ : 21.{. 16.1i-----i 28.S 18.9' 28.6,24.0 16.7 16.0 15.7 20.7 20.0 

,----------'--1----1--------1------1---
1 

Annual!! , I,! I· I 
meao_____ . 2.;.3 40.4 32.5 3·1.1 213.4 20.5 23.9 27.3'26.3 21.01

127.0 20.4 18.81 25.5 19.1'126.3 22.0 
Maximum_.' 31. 0" 61.9 40.7. 47.0 32.7: 35.7' 35.4 _____130. I! 33.6,30.6 36.8 34.0: 34.7 3S. L _______•• 

~t~:~- __-~-Ll~. 7, ~4~_1~~i ~7:8 .11~0;.~~j~~a.C=~I~:.:..~~~ ~5.5 23.3j 18.7 20.6 ----- ----

http:21.7129.5.26
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1The winter of 1912 and the following spring were exceptionally 
favorable, and notably high yields of winter wheat, harvested in 1913, 
resulted. A further factor in favorably influencing the yields was the 
fallowing of these two plots during the summer of 1912. No yields 
were recorded for rotations 3 and 28 for 1916, which was due to a 
severe infestation of ,vild oats, resulting in its proving to be deRirable 
to destroy the entire crop before maturity of the seed in order to 
.eradicate the wild oats. The same condition resulted in 1919, when 
only one rotation (No. 18) was harvested. . 

The outstanding feature in connection with this table is the rela
tively poor yield resulting from rotation 7,in which the straw is 
returned, and more particularly the past six years. This plot has pro
ducedthe lowest yields for the 6-year period of any in the series and 
9.1 bushels per acre less than for the complete period. 

The net result of this special treatment thus far obtained has 
appeared to have even a more adverse effect on the productivity of the 
soil than wheat grown continuously wit.hout this treatment. It was 
fotmd that in rotations 3, 5, and 7, where wheat is continuously pro
duced on the same land, wild oats has been an important factor in 
reducing the yields over what otherwise would have been the case. 
Consequently the low yield recorded for the last six years in these three 
rotations may be attributed to both a reduction of the productivity 
of the soil and to the weed problem. 

The yields of corn are given in Table 5. No total crop failures 
.have been experienced during the course of the rotations. The yields 
have proyed to QC more consistently uniform than those of any of the 
crops heretofore presented, largely because the crop is less susceptible 
to plant diseases, insect pests} and other crop hazards. 

l~oth for the 6-year and the 15-year mean, a simple rotation with 
potatoes (No. 26) has given the highest yield. The lowest for both 
periods is that from the continuously cropped plot in rotation 6. 
This rotation has fallen 10.2 bushels below the 15-year mean and 15 
bushels below the last 6-year mean. 

TABLE 5.-Acre yields of corn (bushels) from the irrigated rotations, Huntley 
Field Station, 1912-19l36 

-:;;=-::1:-:9~-: 1:-1:):: 1917IC~~~920 19211:22 [(:923 1924 1925 1926 ~! ~-~ . !.. ~_ ~N 

--I-------,----j----·~-I-I-----=-~
6___________ 32.0 36.7 31.6 31.6.35.0 30.3 34.8 26.1 27.5 23.71.31.7.28.6 19.4 23.2 16.0128.5,.23.8
G-s ____________ • ___ •_______ ••__ • 44.7 40.6 50.4 43.9 42.7 53.3 40. S.143.9 32.2 34.8 24.4 41.1 38.2 
16__________ 42.8 33.9 41.4 36.1 31.5 125.2, 50.2 22.~ 40.0 28.3' 43.3. 53.8 37.64<;;.725.036.8138.1 
26__________ 41.814S.~ 55.1 41.3 4~.8 35.0. 4~.3 38.1 45.~ 4~.8, 53.9158.8 55.~ 4~.5 37.6i 46.4! 50.0 
32 __________ 2Y.1 48., 43.5 38.7 3,.0 31. 71 40.6 36.2 45. I 3,.9 48. 71 61.4138.. 4•. 0 34.4\ 41.3; 43.8 

Annual ----,--i----:-I·--'I---I 
mean_____ 36.4 41. 9 42.9136.9 38.0 32.6. 45.9 33.3 40.3 38.4: 43.7 49.3 36.6 37.2127.5 38.7 38.8 

MaximulIL. 42.8 48.71 55.1 41. 3 44.7 40.6, 50.4 43.9 45. 7 53. 3. 53.9161.4155. 4[ 45.5 37.6 __________ 
Ra~~-_~==1~-~~123.~ 9.7! 13.2 15.41 15.6 21.7 18.2 29.6 22.21 32.8 36.0, 22.3 2.1.61-·---C ='1l

The yield of flax in rotations 9 and 67 is given in Table 6. The 
crop is grown to a very limited extent under irrigation on the project, 
but it was included in the rotation program because fla.x is extensively 
produced where dry-land farming is practiced and seems to have 
some possibilities when irrigated. No total crop failures have been 
experienced, and the yields have been relatively consistent throughout 
the 15-year period. 

,.;.. 

..

.~. 

http:29.622.21


nuuGATED CROP ROTA.TIONS IN MONTANA 13 
TABLE 6.-Acre yields of flax (bushels) from the irrigated rotation8, Huntley Field

Station, 191~-1926 

Ro;otlon

. 
10: 10131110:~C:LOl~ ·:1711-1::~0:1~2-o-111-02-.1-:-1-0·22--:-1-0-23""1·-024 IOU. 1020 d d

I I ~§ ~~
~~~~~-~_-=~ ~~~ ~(;~:~l-:-;-;; -;:1 -8.-5 -;; -;-~I-;:: ~~ -;'0 :4 ~~~61-________ • 10.4 31.3'24.3, 28,l j 27.0! 30.3 31.S 15.6 18.1 12.81 24.324.1 26.7 22.1 22.6.24.022.1-I--'-·---i---- 1------1
.A. n nun! I' I I I1H.l~le~n---=I~j_21J_I~:.\~~·t~~_\~~~1~4 _l~~~~tl~_ 10.5 17.3 14.2 12.61 15.11 ____ _ 

The yields of alfalfa are given in Table 7. Alfalfa was not incorporated in the seriefl primarily for the purpose of measuring the effect·of crop sequences on the yields for this crop, but rather largely toobtain information ns to the vnlue of this crop when grown two orthl'ee successive' years in rotations as compared with other similarrotations in which alfalfa is not included. As alfalia is a perennialand was grown either as a 2-year or a 3-year crop in the rotationsexcept in the continuously cropped plots 8 and 8-a, the yields in the
different years are tabulated separately. The age of the alfalfa on
anyone plot may be determined by noting the figure following t.he
rotation number, for example 40-1 indicates the yield of rotation 40'
for the fiTst year; 40-2 indicates the yield the second year it was in
alfalfa; and 64-3 implies the third-year yield in rotation 64. In com
puting the annual mean for 1912 all yields for that year were used in
arriving at the first-yenr results, as all plots were in alfalfa oneyear
irrespective of designations. In 1913 first .and second year annual
means only appear, as the yields from the rotations where the crop
was to be grown for three yenl'S were utilized in arriving at the 2year mean for that year. This procedure was followed throughout.
In the case of the continuously cropped plots fIrst year results were
used in..arriving at the first year tlDnual means, second year yields in
the second year annual means, tlDd thereafter the results of these
plots were utilized in urrh'.ing at the 3-year aJlDual means for the
period covered, as the returns from alfalfa the third year are usually
comparable with the results obtained from fields continuously cropped
for a long period. Alfalfa following a grain crop is fall seeded in thestubble as soon as practicable after the grnin is harvested. Therefore,alfalfa in rotations 44, 46, 64, and 69 is fnil seeded. In rotations40, 60, 61, nnd 67 following a cultivated crop it is spring seeded.Yields are included for the full I5-ye!tr period with the exceptionof rotations 8-a, 46, 64, and 69, which were introduced in 1916. Fallseeding, when possible, has been practiced for the purpose of determining the merits of this method as compared with spring planting.Fall-seeded alfalfa is somewhat subject to winterkilling the first year,dependin~ upon the severity of conditions. All alfalfa plots seeded inthe fall ot 1918 'were winterkilled, a fact which necessitated reseedingin the spring of 1919.
The same condition existed during the winter of 1925-26, when allfall-sown plots were respeded in the spring of 1926. Hail and grasshopper injury in 19:21 notnbly l'educed the second and third yearmean yields, which Ilrc the lowest recorded.
'rho aunuaJ me!tn yield for the first-yenr aIf!tlfa has been 2.:33,ser-ond ycar 5.51, and third year 5.:33 tOllS per !lCl'e. Alfalfa serves adual purpose under i1'l'igated conditions, which its use at this stntion 
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ANNUAL FLUCTUATIONS OF ¥IELDS 

Throughout the period covered by these tabulated results the crops 
have been subjected to varying degrees of injury which have had a 
more or less marked influence on the yields. These have been storm, 
insect, disease, and accidental injuries, which have not always uni
formly affected all plot yields .in anyone season. So far as practicable 
this is noted .in the text when it has been particularly obvious at the 
time it occurred and when it was of sufficient magnitude to result in a 
material lowering of yields. 

Seasonal conditions have usually tended to operate uniformly on 
the different crops each season, some seasons being favorable and 
others unfavorable. For the purpose of ascertaining the seasonal 
variation in yields, Table 8 is included, in which the mean annual 
yield for each crop except alfalfa and flax is compared with the mean 
of these annual yields for the entire period and expressed as a per
centage of the mean for the 15-year period. 

TABLE S.-Seasonal mean acre yield of each crop, except alfalfa and flax, in the 
'irrigated rotationa, expre81!ed a8 a percentage of the mean yield of all plol8, in 
each of such rolation8, al the Huntley Field Station, 1912-1926 

l\feaD, 
Crop I",,: ..++'" I~::J""I ''''1''~ "+.. 192411925: 1926 1921

1926 

oats___________!65 I 1131120 1106 951101 I 122 I 71 S5! 91 119 t 109 :;~t---; 103 
Sugar beets____ 90, 113 I 97 I 8:l 100, 85 106; as 66' 941116 165 117 101 I 85 113 
Potatoes_ ------1 107, 93. 73, 132 lOO! 95 161 i 109 60' 102 84 I 93 95 
Wheat---------196 i 153 I 12'J i 130 " 100 1101 91: 104 100'· SO 103 ~ 78 ~i ~ ll~~ S4 
Corn___________ 94 I lOS 1111 i 95 98 1 84 119: 86 104 99 113' 127 95 96171 100 

Mean ____ 92 99 81ool1iill05TiOOlggi93 120: 8393[107"\"114--,-100; 99 
~ I J ] i 

The mean percentage of all these crops for the first six years of the" 
period is 102 and for the last sL'x: years 99, which is a further indication 
of the original productivity of the land. In the last column the 
mean for the last six years is given, and during this period the yields 
of sugn,r beets and oats have been above normal, the.yield of corn 
has been normal, while yields of potatoes and wheat have been below 
normal. 'Whp.at shows the lowest percentage for the 6-year period, 
but as 5 rotations are involved, 3 of which ure continuously cropped, it 
is not unnatural to suppose that the percentllges would be less than 
with oats, for which 21 rotatious are reported, on:y 2 of which are 
continuously cropped. 

In connection with ascertaining the annual mean of the crops where 
all rotations are included it is possible to compare the effect of the 
different rotation treatment.s by crops. For making this comparison 
three crops are included-oats, sugar beets, and potatoes-for each of 
which there is a sullie.ient number of rotations to justify their inclu
sion. In this comparison the plots that are untreated, including 
those continuously cropped, are compared with those that ,vere 
manured or on which alfalfa was grown or both. For oats there are 6 
untreated and 8 treated plots. Six untreated and 8 treated plots of 
sugar beets and 5 untreated and 7 treated plots of potatoes were 
included in arriving at the results given in Table 9. 
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TA.BLE 9.--M'ean annual acre yieldso! oats,. sugar beets, and po/alues in untreated 
rotations and in manured and alfalfa rotations, at the Huntley Field Station, ~ 
1912-1926 

[The mean acre yield. of each crop is expressed ail a percentage of the mean annun! yield of such crop in all 
rotations] 

! I \' ,! I I I ' Ii: I I l_ifl_8j
Crop 1191211913 1914 1915. 1916' 1917 1918,1919 1920: 192111922' 1923: 1924 1925 ' 1926 ~1. g::!:

I ; I I!' I" '! I~;:; ~8l
1-oa-ts-.-.-1-\---,-I-I--:I-:-i-'- _:__t_ _ -=..-=.. 

UIitreatedl 98' 87 90 I 95 I 89 1 82 I 86 80 81 87 I 88 851 79 73 I 65 &l 80 
Treated __[1031115 !112 I 106 ! lOS I 116 ! 112 116 117' 112 III 113 ' 119 125\132 114 119 

Sugnr boot$: • i I! I 1Untreated 93188 84 73 I 89. US 89 93, 79 79 84 82 I 75 66 66 82 75 
Treated _. 105 109: 112 120; lOS I 102 i lOS 105' III '115 111 113 lI8 125 124 112 118 ..~ 

Potatoes: I 'I I I" '\ I' IUntreated 91 86 83 85 I 86 88 I 87 87 83 84 t 78 81 I 76 I 68 60 8" 75 

Treateu ._j 107 1112 ' 1151113 I 112 1111 : 112 III 115! 114 ,120 117, 121 1126 135 116 123 


. ,i ! f I 'I --'1_--'----'-_-'----'-_ 


The trend of the yields throughout the 15-year period for the 

untreated plots is dO\\Llward in the case of all three crops considered, 

as is indicated by comparing the 15-year means with the means for 

the last si.x years. On the other hand, the trend in yield for the treated 

plots is upward. For the lest 6-year period the difference in favor 

of the treated plots over those untr~~ted is for oats 39 per cent, for 

sugar beets 43 per cent, and for potatoes 48 per cent; whereas for the 

15-yefJ\T period it is for oats 30 percen':; for sugar beets 30 per cent, 

and for potatoes 34 per cent. 


COMPARISON OF EFFECTS OF THE .ROTATIONS ON CROP YIELDS 

In order to afford a more direct comparison of the effect 'Of the differ

ent rotation treatments on crop yields, the following tables are 

included according to crops, with the various treatments and crop 

sequences grouped. This permits a direct comparison of the effect 

on yields. Continuous cropping of oats is compared with oats in a 

2-year rotation with corn, with sugar beets, with potatoes, and with 

wheat. A further comparison is made where oats appear in an un

treated 3-yeaf rotation with sugar beets and potatoes, with sugar 

beets and corn, and with potatoes and sugar beets .• The 2-year 

untreated rotations where the companion crops with oats are sugar 

beets and potatoes are compared with two where the same crops are 

used but a treatment of 12 tons of stable manure is applied preceding 

the oat crop. The same comparison is made where sugar beets and 

potatoes are incorporated in a 3-year rotation with oats, two untreated 

and. the other two having an application of stable manure applied 

every third year, in one case following the sugar beets and preceding 

the potatoes and in the other following the potatoes and preceding 

the sugar beets. For purposes of ascertaining the value of alfalfa 

as a possible substitute for manure, 4-year and 6-year rotations are 
 ,included; where alfalfa appears in one group it is grown for two 

years, and in the other' it is a 3-year crop. It is possible to compare 

the joint effect of both manure and three years of alfalfa as included 

in the treatment of rotation 61 with rotation 60, which has the same 

crop sequences but no manure. The same general comparisons are 

made with the other crops. 
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In considering the summary of results in these rotation experiments, 
which have been in effect for a series of years, there are three primary 
factors to be taken into consideration: (1) The annual differences 
and mean yield variations, largely influenced by the kind of rotation; 
(2) the lmiformity of the differences in the annual yields; and (3) 
the measure of the effect of the treatment on other crops in the same 
rotation, by means of which the full value of the complete rotation 
may be estimated and compared in the same manner as are the annual 
and mean yields of the severnl crops as they appear in the different 
rotations. The data presented in Tables 10 to 14 permit a discussion 
of the first two, while the third will be presented under the heading 
"Comparati\Te values of the differen!: rotations." 

The following tables give the rotation numbers, the treatment they 
received, the mean actual yield from 1912 to 1926, and the mean 
actual yield from 1921 to 1926, together with the probable error com
puted, which ;s included for the purpose of determining the degree of 
the dependability of differences in yield. There are several methods 
of computing this probable error. The one here used is to multiply 
the sum of the departures from the mean by the quotient of n-Jn':::i 
into 0.8453, where n equals the number of yields involved.5 

The value of determining the probable errol' is illustrated in Table 
10, giving the results with oats in rotation 44, which is compared 
with those in rotation 24. For the I5-year period there is an actual 
meun inCl·ease in yieJd in rotation 44 over the yield in rotation 24 
of 6 bushels per acre, but with 11 probable error of 2.9. This relatively 
large probable error indicates that the increase in the yield of oats, 
brought about in this rotlLtion by incorporating two years of alfalfa 
for the 15-year period, is not significant. But when the yields in 
the last six years are compared, where there is a~ increase of 18 
bushels per acre with a probable error of 2.6, the increase may be 
considered significant, indicating the cumulative effect of incorpo
rating alfalfa in a rotation of this kind as compared with one in 
which no alfalfa is included . 

.A system of crop rotation or special treatment of the soil adjusted 
to the conditions existing in a given locality is fundamental to con
tinued productivity of the land. It has been repeatedly demon
strated that the cont.inllous growing of crops like sugar beets, pota
toes, etc., on the same land year after year develops a soil condition 
unfavorable to continued satisfactory yields. Planning the crop
ping system so that crops similar to those under discussion are 
rotated usually results in the productivity of the soil being main
tained for It longer period than it would otherwise. By including a 
leguminous crop like alfalfa in the rotation, the productivity of the 
soil is often increased and usually is maintained for It long period of 
years. By incorporating a special treatment like the application of 
stable manure, a favorable efl"ect. on crop yields is usually secured 
immediately and continues. Stable manure is not always I1vaill1ble, 
and in thl1t event alfalfa or a similar crop becomes essential where 
crops of a nuture comparable to potatoes or sugar beets are featured 
.in the planting program. The continued success of the farmers on 
irrign.tion projects is predicated upon thf'ir fl~(,0rtitillil1~ and adopting 

I MERRIMAN, ~r. llE'tIlOD OF LEAST SQUARES. Ed. 8. Sell" York. 1913. 
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a. p:l;an of farm management which keeps the productivity of the soil 
at a high standard; yields must be greater when crops are grown 
under irrigation with the attendant higher production costs, which 
include such items as leveling the land, cost of water and its applica
tion, as well as often high delivery costs to the market, if the irriga
tion farmers arc to compete successfully with those engaged in 
farming where such expenses are not necessary. 

However, the sole benefit to b~ derived from a proper crop rotation 
is not confined entirely to maintailling or increasing the productivity of 
the soil. Continuous cropping of the land often results in excessive 
weed growth, and not infrequently it intensifies the injury done by 
certain plant diseases and insect pests, or increases the expcnse of 
their control. As crop rotation is essentially diversificat,ion, which 
permits a farmer to be engaged .in moro than one enterprise, he is 
able to use his time and equipment more effectively than would be 
the case were he largely, if not wholly, confining his acti.vities to one 
crop. When he is producing two or more crops his business is on 
a much more stable basis in that a failure of one crop, brought about 
by either low yields or depressed prices, does not necessarily mean 
that he will operate at a loss that season. Obviously, the added 
value of a constructive cropping system, aside from maintaining or 
increasing yields, is not reflected in the preceding or following pages, 
but its value is apparent and should be considered in weighing the 
merits of the different cropping systems. 

YIELDS OF OATS 

The average annual yields of oats IlS this crop has appeared in the 
various rotations are given in Table 10. They are recorded for the 
period 1912 to 1926 and also for the last 6-year period, 1921 to 1926. 
In arranging the table the rotations are divided into five groups: 
(1) Plots continuously cropped, (2) untreated plots as compared 
with those continuously cr'opped, (3) m8.nurpd rotations as compared 
with those untreated, (4) alfnlfa rotations as compared with those 
untreated as well as with those having an application of stable 
manure, and (5) a rotation in which both manure and alfalfa are 
included as compan'd with similar untreated rotations. 

A further division permitting additional comparisons has been 
made. The menn yield of oats in four simple 2-year rotations is 
given and may be compared with oats in three 3-year untreated 
rotations. The mean yield of oats in the 2-year rotations, 23 and 
25, which have m!lllUre applied preceding the sugar beets and pot,a
toes, may be compared with the two 3-year rotations which are 
manured. Also, the mf'an yields in the three 4-year rotations may 
be compared with those in the 6-year rotations, 60 and 64. 

Rotation No.1 was started in 1912, whereas No. I-a was included 
in the series in 1916. This also applies to No.2-a. These two 
rotations, I-a and 34, are compared because they were started the 
same year Ilond are side by side in the same field. This same expla
nation applies to 2-a and 34 in Table 11. 

'.I 
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TABLE lO.-Averageannual acre yields of oats grown continuously on ,the 8ame 
land tl3 compared with yields obtained when the crop is grown in simple rotatiom 
and the effect of manure and of alfalfa, at the Huntley Field Station, 1915-19S6 

Average annual yields oC oats 
(bushels) 

InctellSe (+) or decreaseRotation Crops In the rotation ActWll (-) as conumred 

lOll.- 1921- 1012- 1921
1026 1926 1926 1026 

ContlnuoUl! cropping: as as _______________________No.1_______ ._••_••__ •___ • 'Oats______________ •_________________ 

No. 1-1l._---._________ .--- _____ do ___________________ ._._______ 07 {8 _____• ____._ • ___• ______ 


Average__________• ________._.__••_._••• ___ •__ •__._._._.______ 47 43 

=1= 
Untreatec\ rotations (com·

pared with contlnuoW\ crop. 
ping):No. 16__ •__......_....____ Com, oats_______________.__________ 65 


No.22. ______• ___ .________ Bugar beets, oats _______• ______._____ 82 

No.24_____________ ••__ ._. Potatoes, oats. __ • ____ ._•••__________ 75 

No. 27 _____ ._._____ •• __• __ Potatoes, oats (rye)_________________ 59 
No. 28_____ ••_. __ ._. __ .___ Wheat, oats.___________________ •___• 47 


1--11--1
Average, not lIIc1udlIlg __ •__ ._.________ •____________..______ 67 

No. 27. 


No.,30. ___________ •___..__ Sugar beets, potatoes, oats__________ 65 69 +27:1::3.4 +31:1::2.4No.32____________________ Bugar beets, corn, oats______________ 56 55 +18:1::1.4 +17:1:: .8No.34____________________ ,Potatoes" sugar beets, oats ____ ._._ 83 77 +26:1::3.1 +29:1::3.0 
Average••__•• _......_._ "••_., .__ •___._.__ ._••___ .____________ 68 67 

== 
Manured rotations (compared 


with untreated rotations):
No. Zl_________ ._. __ •____ _ Bugar beets (manured), oats_________ 77 84 -5:1::3.0 +5:1::4.7No. 25__________________ ._ Potatoes (manured), oats___________ 86 00 +11:1::1.0 +16:1:2. 0 
Average________________ ______________________________________ -- 81 87 

== 
No. 31-------------------- SU~a~. beets (manured), potatoes. 71 76 +6:1::1.6 +7:1::3.0 

NO.35__ •••___ ._.________ • 1'otatOOl (manured). sugar beets. 84 80 +1:1::4.0 +3:1::4.0 
oats.1 ;--- 

Alfalf::::::~o::.~~~:::;;~-r ••-.-••--•••-------....-.--.----."-' 77 78 

with untreated rotntlons): ! 91 I
NQ.42••___________ •______ Sngnr beets, aUalf1l (2 years), oats_. 87 +5:1::2.0 +12:1::5.01No. 44-- ••---------.-----.1 Alfalfa (2 years), potatoes, oats. _.._ 81 92 +6:1::2. 0 +18:1::2.6
No. 46___________________ ./' Alfalfa (2 years), sugar beets, ollts___ 00 98 +8:1::4. 7 +19:1::6.8 

1----
Average_. __ ._._.__ • __ ._ •• _.__ ._..__ ••••••__ ••_._•••___ ._••__ ~, 04 

No. 60.--------•••-.-.---.\ Sugar beets, alfalfa (3 y~ars). pota- 92 100 +27:1::3.9 +31:1::4.8 
toes, oats. 

No.64,______________• ____ Allalfa (3 years), potatoes, sugar 89 04 +6:1::3.6 +17:!,4.8 
I boots, oats. 
, 1---Average________________ '._____ •________________________.______ 00 97 

I r-===----
Manure and a1lalia rotation I --- 

(compared wIth untrllllted I 

rotations): i


No. 61 __________________1Sugar beets (manured), alfalfa (3 100 +29:1::3.8 
I years), potatoes. oats. 
f 
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Rotation 27 may be considered as one receiving special treatment, 
as rye is seeded in the oat stubble :in thefa1l and ]S plowed under 
:in the spring just preceding the preparation of the land for the po
tato crop. Yields obtained from th1s rotation are less than those 
from rotation 24, which is the same except for the rye; this indicates 
that this practice has not proved beneficial in its effect on oat 
yields. 

The mean yield of oats in the continuously cropped plots for the 
last six years is less than for the entire period. Yields from oats 
in the 2-year and 3-year rotations are nearly the same for the last 
SL,{ years as for the 15-year period, but fOT both periods they are 
notably higher than the yields of continuously cropped plots. The 
yields from the two 3-yeal' rotations receiving applications of manure 
are higher than those from similar rotations receiving no treatment. 
The mean yield of oats only one crop removed from an application 
of manure in rotations 23 and 25, particularly for the last 6-year 
period, is significantly higher than the yields from rotations 31 and 
35, which are two crops removed from the manurial treatment. 

Even greater beneficial effects on the yields of oats are to be noted 
where alfalfa is incorporated as one of the series in a rotation with 
this crop. In the rotations where alfalfll is included the yields of 
oats are significantly greater than in any of the others, even including 
those receiving an application of stable manure. Rotation 61, 
which has three y~ars of alfalia and an application of manure during 
its cycle, has produced the highest average yield both for the 15-year 
and the 6-year periods, indicating the beneficial effects of this treat
ment on the yield of oats. 

Not only has continuous cropping of oats produced the lowest 
yield but the tendency is for the yields to be less a.s the practice is 
continued, as is indicated when the yields for the last sbc years are 
compared with those for the entire period. Untreated 2-year and 
3-year rotations have produced definitely higher yields, but are barely 
sustaining these yields. The value of stable manure is apparent and, 
as is natural to expect, is more evident when applied once in two 
years than when applied every third year, with the application two 
crops removed from the oat crop. The value of alfalfa as a crop to 
be used in a rotation with oats is apparent if relatively high yields 
are to be e:ll.-pected. Slightly increased yields of oats, brought about 
by an application of manure in an alfalfa rotation, are indicated, but 
these can hardly be considered of importance, pa.rticularly when they 
are compared with other increases. 

Oat yields following wheat in rotation 28 have been but little better 
than those obtained from the continuously cropped plots. In rota
tions 16 and 32, where corn is the crop immediately preceding the 
oats, yields have been more sati8fuctory but are not equal to those 
resulting from rotations where either sugar beets 01' potatoes were 
the preceding crop. 

YIELDS OF SUGAR BEETS 

The average annual yields of sugar beets for the 15-year and the 
last 6-year period are given in Table 11. The lowest mean yield for 
both periods is from the two continuously cropped plots, which for 
the 6-year period is notably lower than the mean for even the 2-year 
and 3-year untreated rotations, which are next lowest in order. 

.., 
..' 
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TABLE 1l.-Average annual acre yield8 of8ugarbeet8 grown continuou8ly on the 
same land compared with yields obtained when. the crop is grown in Bimple 
rotations and 8howing the effect of manure and of alfalfa, at the Huntley Field 
Station, 1912-1926 

I
A vernge annual yields of sugar

beets (tons) 

I Actual Increase (+) or decrease Eotation Crops in the rotation (-) as compared 

!1912- 1921- 1912-1926 1921 1926 i11126 1926 . 

cOn:J~~~~~_~~~~~~~______ .J-s-U-gar-bee--ts·_----------------~-----------------------r: 9. 7 _______________________ 
No. 2-a ____ -- - - -- ---------1-- ___do______________ ----- -------- ----ffi r-!:!- ------------ -----------

II> u~~~;::r:;;~~~;=-t~J~~-I'--------------------------------------r~ 
cropping): I

No.11i___________________J Wheat, sugar beets__________________ 8.3 8.0 -0.5:1:0.46 -1.7:1::0.39 
No. 21>--------------------1 potatms., sUKa.r beets_______________112. 3 13.6 +3.6:1:.45 +3.9:!:: .60
No.22____________________ Oats, SUgar heets___________________ 9.7 8. 3 +.9:1:.66 -1.4:I::.f! 

-I--Average._____________________________________________________ ' 10.1 10.0 

No. 30____________________!I Potatoes, oats, sugar beets _________ 1 8.0 9.0 -.8:!::. 39 -.7:1:.46 
No. 32____________________ Com, oats, sugar beets ______________: 9.6 11.8 +.8:1:.52 +2.1:1: .68 
No. 34_________ .__________ Oats, potatoes, sugar beets __________! 11.5 11.4 +2.3:1:.80 +3.6:1: .86 

Average________________ ::______________________________________ r;;-;;-'--j 9. 7 ~ 

Manured rotations (com- I I 

parad with untreated rota- ; ! 

lions):, I


No. 21. ___________________: Potatoes (manured), sugar heets ____ : 15.1 18.1 +2.8:!::.42 +4.5:1: .59 
No. 23____________________: Oats, sugar beets (manured) ________i 13.2 14.8 +3.5:1:.63 +0.5:1:.99 

, r-;:;-;;--Average________________ ,______________________________________ , 14.2 10.5 

; i = No. 31.___________________, Potatoes, oats, sugar beets (ma-,' .12.3 15.2 +4.3:1: .44 +6.2::1:.88 
, nored).

No. 35____________________ Oats, potatoes (manured), sugar 14.2 16.,5 +2. 7:1: .70 +5.1:1: .69 

M_.__..__.__ .. __"'::...____..__..______....__1... ,.. 
--= 

AlfaUa rotations (compared

with untreated rotations):


No.40_____________ •______ A~:~~. (2 years), potatoes, sugar 112.0 13.4 -.3:1: .48 -.2:1:.64 

No. 42____________________ Alfalfa (2 years), oats, sugar beets ___! 10.5 11.8 +.8:1: ..65 +3.5:1:1.117 
No. 46____________________ Oats, alfalfa (2 years), sugar beets ___; 10. ~ 11.9 +1.1:1:.77 +3.6:1:1.09 

Average___________________ •_________________________________Jl1.1 12.4 

No. 60____________________ Alfalfa (3 years), potatoes, oats, i 12. 5 15.3 +4. 6:1: .61 +0.3:1:.72 
sugar beets. I

No.64 __________________ -- Oats, alfalfa (3 years), potatoes, i 13.1 15.3 +1.6:1:.67 +3.9:!::. 28 
sugar beets. t---

Average_____________________________________________________ .1 12.8 16.3 
1== 

Manore and alfalfa rotation 
(compared with untreated I 
rotations) : rNo. 01.___________________ Alfalfa (3 years), potatoes, oats, 15.0 17.9 +7.0:1: .40 +8.9:!::1.02 

sugar beets (manured). ! 
In the case of the three 2-year rotations the mean yield for the 

6-yea.r period is very slightly less than that for the entire period, in
dicating that up to this time a 2-year rotation has been hardly able 
to maintain yields. In the case of the 3-year rota.tions the increase 
for the last six years over the entire period is 1 ton per acre. Aside 
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from rotation 61, the most notable increase occurs in the 2-year and 
3-year rotations, where manure is applied. In the two 2-year rota
tions the mean increase in acre yieidfor the last 6-year period is 2.3 
tons Jl.nd in the two 3-year rotations the mean increase is 2.6 tons. 
This emphasizes strikingly the value of manure not only in maintain
ing but also in increasing the yields of sugar beets in the B untley area. 

Alfalfa in 4-year and 6-year rotations not only has maintained the 
acre yields for the IS-year period slightly more than 3 tons above the 
2-year and 3-year untreated rotations, but for the last six years the 
mean increase over the average yield for the entire period has been 
1.3 tons in the 4-year rotation where alfalfa appears two years and 
2.5 tons increase in the two 6-year rotations where alfalfa is grown 
three years out of the six. The beneficial effects of alfalfa on the 
yield of sugar beets is thus obvious, although the results do not ap
pear to be quite as inuneaiate and as effective as an application of 12 
tons of manure in either 2-year or 3-year rotations. 

Rotation 21 has produced the highest average yields in both the 
IS-year and the 6-year periods. The acre yield for the last six years 
in this rotation was 18.1 tons, which was an increase of 3 tons above 
that for the total period. In this rotation sugar beets follow potatoes 
(manured). The next highest yield is from rotation 61, which in
cludes three years of alfalfa followed by potatoes, oats, and beets 
(manured). The average acre yield in this rotation for the last six 
years was 17.9 tons, an increase of 2.9 tons over the yield for the 15
year period. Not only are these yields relatively high but it would 
appear that. the full possibilities of this treatment have not yet 
been exhausted. 

In connection with observing the effect of different treatments and 
crop sequences on the yields of sug!l,r beets, it is particularly pertinent 
to note the adverse effect on the yield of sugar beets in untreated 
rotations directly following oats and wheat for both the entire period 
and the last 6-year period. The average acre yield of sugar beets 
from l'Otations 18, 22, 30, and 32 for 15 years is 8.9 tons and for the 
last 6 years 9.3 tons, which in the former case is 0.1 of a ton less and 
in the latter instance only 0.6 of a ton more than the mean for the 
continuously cropped plots. From these results it is evident that 
both oats and wheat immediately preceding sugar beets in rotations 
without alfalfa have an effect on the soil detrimental to high 
pl'oducti vity. 

In comparing rotation 30 with rotation 34, in which the crops are 
the same but in which the crop sequence is difl'erent, it will be ob
served that beets in the latter rotation produced for the IS-year 
period an average yield of 3.Stons higher than the yield in rotation 
30, which is further indication that a crop sequence in which beets 
follow potatoes is much more desirable than one in which beets 
follow oats.s 

YIELDS 01<' POTATOES 

The average annual yields of potatoes from 1912 to 1926 and for 
the last sbc yeal'S, grouped according to treatment given and crop se
quences, are gi\'en in Tnble 12. The lowest yield is from rotation 27, 
where potntoes appear in a rotation with oats, the oats followed by 
rye, and the rye plowed under just before preparing the land for the 

• For II more detailed discussion of sugnr heets, sec the following publication: SAVAGE, D. A., nnd 
POWEllS. I.." Jo:XIIEIUln:NTS WITll SUGAIl BEETS AT TIlE nl:!o:TLEY UIU.NCII STATION. ~{Ollt. Agr. Expt. 
Stu. Bill. !!l:i, a111 .. iIlus, 1028. 
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potato crop. This has proved to be a very undesirable rotation for 
potatoes, largely owing to the difficulty of properly preparing the 
landfor potatoes where spring plowing is prac.ticed on this heavy soil 
and whm'e a green-manure crop like rye is plowed under immediately 
preceding the preparation of the land and the planting of the potatoes. 
The mcperience obtained at the Huntley station indicates that this :is 
a very undesirable practice, proving to have an effect on yields even 
mOl'e adverse than continuous cropping. 

TABLE 12.-Average annual acre yields of potatoes grown continuously on the same 
land compared with yields obla'ined when the crop is grown in simple rotations 
and sholLing the effect of manure and of alfalfa, at the Huntley Field Station, 
1912-1926 

IAYerage annual yields of potatoes 
(bushels) 

Rotation Cropsln tbe rotation I~--~ctual-~-I~c:::~+) ~r decreaseI (-) Il:l compared 

11912-- 1921- 1912--1U26 1921-1926 
11926 1926 

Continuous cropping: !~------~~.~-". ---"~' - --~ -- 1-----I~----I----
No. 4._•••__••__•••••••••• Potatoes•••••••__ •..••• __ •.••••••••• i 154 125 ••••••••••••••.•••••••• 

N::;~~~~~~~~~~~~~~~~~~i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~j ~~: 1~:: "·.m__ n· n'••mn. 

Untreated rotations (com· i j-= 

pared with continuous crop. 1 
 I 
ping): : 

NO.20•.•••••••••••••••••• i Sugar beets. potatoes................ 220 175 +66:1:10.1 +50:1:16.3 
No.24.••..••••_•••••••••. Oats. potatoes •••••••••• · ••••••..•••• I· 207 158 +53:1: 6•.2 +33:1: 0.4 
No. 26•••••••.•••••••••.•• ; Corn •.potatoes••.•••••••••••_•••.•••, 101 137, +37:1: 8.3 +12:1: 7.9 

. r.;;;:;--.[
Average••••••.••••••••• '.••••.•••••••••••••••••••••••••••••n'l~~I 

No. 27•••••••••••••.•_•••.i Oats (rye). pototoes .•••••••••••••••.!"li7"lii2 -57:1:10.2 -23:1:13.7 
f == 

No. 30••••••••••••••••••••, Oats. sugar beets. potatoes.......... 184 169 +30:1: 7.5 +44:1:12.·0 

No. 34•••••••••••••••••••• ' Sugar beets. oats. potatoes.......... 264 249 +65:1:8.7 +70:1:18.9 


Average. '" •••••••••••• ,•••••••••••••••••- •••• n 224 209••••••••••••n 

=]=
Manured rotations (compared, 

wJtb untreated rotations): i 
No. 21.................... Sugar beets, potatoes (manured) •••• 242 218 +22:1: 8.9 +43:1:19.2 
No. 25.••••••••••••••••••• : Oats, potatoes (manured)........... 323 290 +116:1:10.6 +132:1:18.2 

Average••..•••••••••••••••••••••••.••••••.••••••••••••••••••• -i3T254 
-6:1: 6.6 -2:1:12.1 

toes. 
No.35•••••••.•••••••••.•• Sugar beets. oats (manured), po· 301 324 +37:1:11.3 +75:1:10. Ii 

tatoes. 

NO.. 31.................... oa........ '00" (-~d). ,.,. '" I ,. 


Average................ •••••.•••••••••••••••••••••••••••••••• 240 246 

== 

Alfalfa rotations (compared I
wltb untreated rotations): 

No.40••.••••••••••••••••• Sugar beets, alfalfa (2 years). pota· .268 289 +48:1:13.2 +114:1:20.0 
toes. 

No.44..................... Oats, alfalfa (2 years). potatoes...... 202 211 -5:1:14. O. +53:1:10. Ii 

Average••••••••••• , •••.••••••••.••••••••••••••.•••••••••••••• --zi51~ 
No.60•••••••••••••••••••• Oats. sugar beets; alfalfa (3 years). 2891 285 +105:1:11.1 +116:1:16.0 

potatoes. 
No.64.••••••••••••••••••• Sugar beets, oats. alfalfa (3 yeats), 293 300 +29:1:14.0 +51:1:22.8 

potatoes. ----
Average................ •••••••••••••••••••••••••••••••••••••• 291 I 293 

Manure nnd alfalfa rotation 

(compared with untretlted 

rotations): 


No. 61. ••••••.••_......... Oats. sugar beets (manured), alfalfa 312 3171'+128:1:11.4 111+148:1: 8.2 

(3 yellrs), pOtlltoes. 

http:MONTA.NA
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The next lowest yield is from the plots continuously cropped to 
potatoes. Not only is the mean average yield relatively lO\v, but by 
comparing the last 6-year mean with the ~ean from 1912 to 1926 it is 
found that there is a marked tendency for the yields to decrease, 
the difference between the yield for the complete period and that for 
the last SLX years being about 25 bushels per acre. Disease, including 
scab and blight, has been a factor in. adversely affecting yields on the 
continuously cropped plots and in some of the 2-year rotations .in 
recent years. While the scab disease is not always serious, it does 
occur to some extent in most seasons, especially on the plots con
tinuously cropped, and the percentage of marketable tubers is fre
quently matm'ially reduced. 

Following the yield of the continuously cropped plots is the mean 
yield from the three 2-year rotations, Nos. 20,24, and 26. While the 
mean yield for both periods is somewhat higher than the mean yield 
from the continuously cropped plots, yet the same marked tendency 
exists for the yields to be reduced the longer these rotations are con
tinued, as is indicated when the two periods are compared. Evidently 
not only are relatively low yields to be eJ.-pected from potatoes when 
grown in an untreated 2-year rotation with sugar beets, oats, and 
corn, but the yields may be expected to decrease progressively the 
longer such practices are in effect. 

Somewhat higher yields have resulted from the 3-year rotations, 
and the difference between the yields for the entire period and for 
the last SLX years is less than either the mean yield of the continuously 
cropped or the mean yield of the 2-year rotations, indicating that the 
productivity of the land is better sustained in 3-year untroated rota
tions than is the case in somewhat similar 2-vear rotations. In rota
tion 34, where potatoes are grown in a 3-§ear rotation ,vith sugar 
beets and oats, the yields of potatoes are significantly higher where 
potatoes follow oats than is the case from rotation 30, which is similar 
to rotation 34 as to crops, but sugar beets is the preceding crop. 

The beneficial effects on the yield of potatoes of manure applied 
in 2-year and 3-year rotations is evident when the average of the mean 
yields from rotations 21 and 25 and 31 and 35 are compared with the 
yields of untreated rotations. These results indicate that manure 
applied once each cycle directly preceding the potato crop in a 2-year 
rotation with either sugar beets or oats results in relatively high yields, 
bu t may be more .frequent than is desirable to obtain the most practical 
results. In 2-year rotations disease has also been a factor and has 
been less noticeable in rotations of three or more years. 

The apparently favorable effects of an oat crop immediately pre
ceding potatoes on the yie!d of this crop are well Hlustrated in rota
tions 25 and 35 as compared with rotations 21 and 31, where the crop 
immediately preceding potatoes is sugar beets. The mean average 
acre yield for the two former rotations is 312 bushels for the entire 
period and 307 bushels for the last six years. On the other hand, 
rotations 21 and 31 have produced a mean acre yield of 210 and 192 
bushels, respectively, for the same periods. 
~. When oats has been the preceding crop, the use of two years of 
alfalfa has not been as effective as manure in promoting high pro
ductivityas far as potatoes are concerned, although the yields indicate 
that the full benefits of this rotation have not yet been realized, par
ticularly in 4-ycar rotations 40 and 44, where alfalfa is grown two 
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years during ,the cycle. The beneficial effects of an additional year 
of ulfalfa are strikingly illustrated when the average yields of rotations 
40 and 44.a1'e compared with the average of rotations 60 and 64. 

Consistently high average yields have occurred from rotation 64 
for both periods. Not only are the average yields high for the 15-year 
period but apparen.tly the full beneficial effects of this rotation have 
not yet been reached. 

YIELDS OF ALFALFA 

While alfalfa in point of acreage is one of the major crops under 
cultivation on the Huntley project and an important source of forage 
supply for the farmers, its chief value here as well as on similar proj
ects is in sustaining and increasing productivity of the soil for other 
crops when incorporated in a well-balanced rotation. Therefore, 
the summary of the detailed yields of alfalfa as recorded in Table 7 
are not given, as it was not included in the rotation program to 
determine the effect of varyin~ crop sequences and treatments on 
the yield of this crop, but .ratner to measure its influence on the 
yields of other crops with which it is associated. 

Where propel' attention is given the alfalfa, the stand may be 
maintained after it has become well established. Yields are usually 
at least sustained if .no.t increased over a long period, and only to a. 
minor extent can the differences in yields of the crop in the various 
rotations be attributed to J'o.tational influences. This is evidenced 
when the mean .acre yield, 4.64 tons, of the continuously cropped 
plots is compared with the last 6-year mean acre yield of 4.72 tons. 
At times there is a tendency for the yield of alfalfa on land continu
ously devoted to this crop to decline after severa.l years, but there 
is no. evidence that this is a question of productivity, but rather it is 
attributed to a reduction of stand caused not infrequently by excessive 
weed growth 0.1' winterkillinO'. 

The highest mean acre yield for the 15-year period as given in Table 
7 is 5.63 tons fro.m rotatio.n 61. This is nearly 1 ton per acre mo.re 
than the mean fo.r the two continuo.usly cropped plots for the same 
period. Other J'otatio.ns have indicated lesser increases. In the co.n
tinuously cro.Pped plots injury to the stand by winterkilling has 
occurred, weed growth has at times been troublesome, and difficulties 
have arisen in connection with an uneven accumulation of soil depos
ited by irrigation water and by wind, resulting in difficulties in 
uniform irrigation. All of these at vario.us times have operated to 
affect adversely the yields on these plots, but naturally have not 
been important factors on the plots kept in alfalfa only two or three 
years. 

The third-:rear alfalfa in rotations 67 and 69 is pastured by hogs. 
In addition to obtaining information as to the value o.f this crop when 
utilized in this manner, the effect of this treatment on other crops in 
the rotation is also determined. In both of these rotations corn 
follows alfalfa, and this crop is also pastured. The cumulative bene
ficial effect on the land after pasturing by hogs for two years is indi
cated in the high yields of oats in rotation 69 and of sugar beets and 
flax in rotation 67, as given in TabJes 1, 2, .and 6, respectively. 

http:vario.us
http:J'otatio.ns
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YIELDS OF WHEAT 

Wheat is a crop of some importance in the Huntley area and. is 
included to a limited extent in the rotation experimeIits,altho~:lgh 
oats is largely. used. for. the cereal crop. Oats was used ma~y lQr. 
the sake of unifornuty ill order that the results at Huntley illlght b(~ 
comparable with similar experiments at other stations and not with 
the thought that it might be more profitable than wheat. (Table 13.) 

TABLE 13.-Average .annual acre yields of wheat grown continuously on the8ame 
land compared with yields obtained when the crop i8 grown in 8implerotation8 
at the Huntley Field Station, 1912-1926 

Average annual yields of wheat 
(bushels) 

Actual Increase (+) or decreaaEIRotation Crops In the rotation (-) as compared 

1912- 1921- 1912- 1921
1926 1926 1926 1926 

Continuous cropping: 18 _______________________ 

21 _______________________
~~: ~::::::::::::::::::::: ____________________ _~~:..~~_~~_~t:::::::::::::::::::::::: ~ 17 _______________ •• __
No.7. Spring wheat (straw returned)______ 26 •___ 

Untreated rotations (com
pared with continuous crop

p~o:i8".~~:________________ Sugar beets, wheat _________________ _ 34 :U +12:1:2. 0 +16:1:3. 2 No.28____________________ Oats, wheat________________________ _ 
21 20 - 1:1:1. 3 + 2:1:1. 7 

Although cereals do not necessarily have an important cash value 
in communities similar to the Huntley area, they often prove to be 
desirable crops in the general plan of rotation .and diversification .and 
are logically included among those in many farm cropping programs, 
particularly where livestock is kept, thereby permittin~ .the farms 
to be~ome more nea~ly self-su:pporting. So far as the influence on 
the YIelds ·of succeeding crops IS concerned, there appears to !be hut 
little difference between wheat and oats. 

In considering the yields of continuously cropped plots of rotations 
3 and 5, there was found to be a definite downward trend of the 
yields the longer they were continued. The acre yield for the last 
six years of rotation 3 was 4 bushels less and in rotation 5 it was 
7 bushels less than for the complete period. Rotation 7 was con
tinuously cropped, but the straw was returned. This practice, when 
the decline of yield is considered, proved even less satisfactory than 
the yields from the two continuously cropped but with no special 
treatment. 

A 2-year simple rotation with sugar beets (No.. 18) produced the 
highest yields for both periods, indicating that sugar beets thus far 
have not had an unfavorable effect on the yields of wheat, which 
apparently can not be said of the effect of wheat on the yields of 
sugar beets. 

No appreciable beneficial ·effectsare apparent in the yield of 
wheat in a 2-year rotation with oats when compared with wheat 
continuously grown. Such variation as does occur indicates that 
yields may be maintained at a slightly higher level in this relation 
than would be the case were wheat grown continuously on the 
same land. 
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In both the continuously cropped plots and the plot in which 
wheat alternates with oats ina 2-year rotation a large amount of 
wild oats has appeared each season and has materially decreased the 
yield of wheat on t.hese plots. 

YIELDS OF CORN 

Corn is not extensively grown under irrigation on the Huntley 
and surrounding areas. This is partly due to the distance from 
the centers of consumption and partly because of the moderate 
yields obtained. It has not been able to compete successfully with 
such cash crops as sugar beets. On certain farm units the crop 
serves a useful purpose when produced largely for consumption on 
the farms as an essential feed to certain kinds of livestock. 

The average yield of corn in the five rotations where it appears 
is given in Table 14. Continuously cropped plots 6 and 6-a have a 
tendency to produce lower yields the longer these rotations .are con
tinued, as is evidenced by comparing the total with the last 6-year 
average. On the other hand, when the crop is grown ina rotation 
with other crops the two periods compared indicate that up to the 
present time yields are being slightly more than maintained. The 
most satisfactory yields for both periods as. well as the largest increase 
in both periods are from the 2-year untreated rotation 26, where 
potatoes is the companion crop. Corn preceded by oats in a 2-year 

.... 	 rotation has not produced as well in either rotations 26 or the 3-year 
rotation 32, which includes oats and sugar beets but where the corn 
follows thd sugar beets. The results are comparable with those 
Qbtained from sugar beets where this crop follows oats in untreated 
rotations, although less definite. 

TABLE 14.-Average annual acre yields of corn grown continuously on the same 
land compared with yields obtained when the crop is grown in simple rotations, 
at the Huntley Field Station, 1912-1926 

A verage annual yields of corn 
(busbels) 

Rotation Crops in tbe rotation Actual Increase as compared 

-----_ ..•.._- ----------_._-
Coutinuous cropping: 	 24 _No. 6_________ •• _ •__ • Corn________________________________ 28 38 ______________________ _ 

Untreated rotations (com
pared with continuous 


No. &-a________________________do_______________________________ 41 

cropping No. 0):
NO.16____________________ Onts, corn___________________________ 37 38 9±1.5 14±2.2
No. 26____________________ Potatoes, corn_______________________ 40 50 18±1.6 26±1.7
No.32____________________ Oats, sugnr beets, corn______________ 41 44 13±1.4 2O±1.6 

., In addition to the rotations listed in Table 14, corn WIlS also 
included in rotations 67 and 69. In both these rotations the corn 
is pastured by hogs, and definite yields were not obtained, although 
estimated yields were determined by harvesting each year the product 
from a certain percentage of the plants .in each case. These yield 
estimates indicated that the yield was much higher in these rotations 
than in any of those Jisted in Table 14. In both rotations 67 and 69 
corn follows the third-year alfalfa, which is also pastured by hogs. 
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In the former rotation corn is grown one year and in the latter two 
years. The fact that corn follows alfalfa hogged and corn ho~ged 
IS no doubt responsible for the increased yields in these rotatIOns. 
In rotation 69 rape is seeded in iJlle corn following the last cultivation. 
Hogging off corn has been found to be a profitable and desirable 
method of harvesting this crop.7 

COMPARATIVE VALUE OF THE DIFFERENT ROTATIONS 

The effects on the yields of several crops for the I5-year period 
when various rotational and other treatments have been in effect 
have been given in the preceding pages, but no attempt has been 
made to ascertain the comparative merits of the different rotations 
as a whole by obtaining an estimate of the gross returns and deducting 
therefrom reasonable production costs. Large yields are highly 
desirable, but of equal importance are the expenses incurred in 
obtaining these yields. It is obvious that such an intensive cropping 
program might be adopted whereby the soil-improvement crops and 
treatments applied were a sufficient liability on the major cash 
crops included that the combined expenses incurred more than offset 
the benefits derived and would not prove to be as profitable as others 
receiving less intensive treatment and where the crop yields were 
somewhat less. 

It is of practical value to determine whether manure can be 
applied more profitably once in three years rather than in alternate 
years. Oonsidering the relatively low crop value of alfalfa, together 
with the initial high first-year cost of seed and seeding with low yield, 
it is possible to ascertain whether this crop should be in a rotation for 
a .2-year or a 3-year period. Information is obtained as to the com
parative values of rotations with alfalfa or the same major crops 
included without alfalfa but with manure applied to maintain the 
soil productivity. Information can be obtained as to the desirability 
of an application of manure in a 6-year rotation with alfalfa. Thus 
it appears that the full value of such investigations can not be deter
mined without arriving at the average estimated net returns per acre, 
pernIitting comparisons to be made between the different cropping 
svstems. 
~ The comparative crop values of the different rotations are given in 

Table 15. The production costs of each crop were determined by 
using for the cultural operations a figure often fixed in the community, 
such, for instance, as contract labor and the hauling of sugar beets, 
harvesting grain, plowing, taxes, and irrigation water. Other items 
of expense, such as disking, harrowing, cultivating, and harvesting 
alfalfa, were estimated, based partly upon experience in performing 
these operations at the station as well as on observations made among 
farmers on the project. The cost of applying manure was estimated 
to be $8 per acre. The lmit value of the different crops is believed 
to be not far from the average value of these crops for the last five 
years and is as follows: Alfalfa, $8.50 per ton; corn, $0.90 per bushel; 
potatoes, $0.60 per bushel; wheat, $1.08 per bushel; oats, $0.48 per 
bushel, and sugar beets, $8 per ton. In determining the gross returns 

1 The results of pusturing corn with hogs are given in the following publications: 
HANSEN. D. GROWING CORN ON IRRIGATED LAND. Mont. Agr. Expt. Sta. Dul. 193, 16 p., iIIus. 1926. 
-- WORK 01' THE HUNTLEY FIELD ST.~TIO~' IN 1923 AND 1924. U. S. Dept. Agr. Cire. 369,42 p., iIIus. 

1&26. 
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per acre the yields for the last 6-year periods were used, as it is 
believed they more nearly represent the cumulative rotational effects. 
It is not even implied that the values are in any way actual, owing to 
the wide differences in production costs on individual farms and the 
fluctuation in the market prices of the crops. For comparative 
purposes they are accurate in that unit values are the same through
out J 'ld production costs, though estimated~ are standardized on all 
rotations. 

TABLE IS.-Comparative per acre value oj the different rolations 

Rota· Rela- Rota· RaJa
tion Crop sequence tive . tion Crop sequence tin 
No. value I, No•. value I 

i 
21 Potatoes, sugar beets (manure)_____ $W. 80 , 8 AllaJla continuously•••••••••••••••• $10.02 
35 Potatoes, sugar beets,oats (manure)_ 38.68' 46 AJlaJla (2 years), sugar beets, oats... 9. 69 
25 Oats (manure), potatoos ••••_..... 24.111 j 42 <>a!,••.sugar beets,.aJlaIla (2 years)_. 6. 69 
61 Potatoes, oats (manure), sugar 44 Potatl.~, oats, aIlalla (2 years):••_. 6.60 

beets, alfalfa (3 years)_.......... 24. 64 30 Potatoes,. oats, sugar beets.......... 3.08 

23 Oats. (manure), sugar beets •• _..... 21.26 18 Wheat,su.~ beets................. 3.01 

40 Potatoes, sugar beets, nllaJla (2 26 Potatoes, e<;m...................... 2.66 


years)._......................... 21. 25. ' 22 Oats, sugar beets. ................... 1.85 

64 Ailalla (2 years), potatoes, sugar 2 Sugar beets continuously........... 1. 70 


beets, oats ••••••••••••••••••••,... 21. 18 24 Oats, potatoes...................... 1.40 

20 Potatoes, SUgar beets. •••••••••••••• 20.91' 6 Com continuously •••••••••••••••••• -1.90 
60 Potatoes, oats, sugar beets, aJlaIla 4 Potatoes continuously •••••••••••••. -2.33 

(3 years)........................... 19.82 3 Wheat continuously................ -8.21 

34 Potatoes, sugar beets, oats.......... 19.018 28 Wheat, oats........................ -8.63 

31 Potatoes oats (manure),sugar beets. 15. 39 .I 1 Oats continuously ..................1-11.41 

32 Corn, oat." sugar beets.............. 11.65 I 
 I 

I The minus (-) sign indicates loss. 

The four rotations indicating the highest net acre value are those 
receiving a treatment of stable manure. The one having the highest 
value, $40.80, is a 2-year rotation (21) of potatoes and sugar beets, 
with manure applied prior to the potato crop. Olosely following this 
rotation is No. 35, which is similar, except that an oat crop is inserted 
after sugar beets. The value of manure applied in a rotation is 
clearly evident. The only crops continuously grown on the same 
land which do not indicate a loss are alfalfa and sugar beets. .Alfalfa 
grown continuously had a net return of $10.02 per acre. The returns 
from sugar beets continuously cropped were only $1.70 per acre. 
Oats continuously has proved least desirable, with a loss of $11.41 
per acre. 

Partly due to the original high productivity of the soil and in part 
due to the fact that potatoes have proved to be an excellent crop to 
precede sugar beets, untreated 2-year rotation (20), where potatoes 
and sugar beets are the crops included, is in the eighth position. in the 
table. 

The favorable influence of two years of alfalfa on crop yields has 
been recorded in the preceding pages j but of the four 4-year rotations 
where alfalfa is included for two years, only rotation 40 has proved to 
be as profitable as the 6-year rotations where alfalfa is retained for 
three years out of the six. Owing to the high cost of alfalfa the first 
year, together with low yields, it ap'pears that a rotation in which 
alfalfa is retained for three years WIll result in greater returns than 
when it is retained for only two years. 

Rotations 60 and 61 are identical as to crops, and both have th,ice 
years of alfalfa, the only difference being that rotation 61 has an 
application of 12 tons of manure once during its cycle preceding the 
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suga.r-beet crop. They are also comparable as to costs except for the 
$8 charge Jor the application oJ manure added to rotation 61. The 
net return from that rotation is 84.82 in excess of that from rotation 
60. From these results it becomes apparent that manure may be 
profita.bly applied to a rotation that includes alfalfa. 

The eU'ect on values of either wheat or oats as a crop used in an 
untreated rotation preceding sugar beets is outstanding when yields 
in such rotations are compared with those in rotations that do not 
include these crops. A yalue of $20,91 is given for 2-year l'otation 
20, which includes a simple l'oLution of potatoes and sugar beets. In 
rotation 30, where an oat crop is inserted between potatoes tIDd 
sugar beets, the value is reduced to only $3.08, or $17,83 less than 
the value of rotation 20. Next to the continuously cropped plots, 
wheat and oats in 2-year untreated rotations with sugar beets and 
potatoes are among the lowest YI11ues listed. 

The rotations includino- alfalfa have not gi\Ten as high comparative 
net returns as some oJ the 2-year and 3-year rotations, particularly 
those receiving manuritll treatment. But the beneficial effect, which 
appears to be cumulative, on the productivity of the soil resulting 
from inCOI'POI'ft.ting alfo,!fn in a" rotation with such crops as sugar 
beets and potatoes is clearly cyident in the tables giving the details 
of yields. 

The relatiyely low price of $8.50 per ton for alfalfa makes the net 
returns for this crop so low as t.o decrease materially the average 
return for the alfalfa rotations. The first-year alfalfa, because of low 
yields obtained and high costs incurred, usually indicates a loss. 
If alfalfa were valued at its actual worth when utilized for feed 
for livestock on the farm where produced it is reasonable to believe 
it would show returns in excess of those given in Table 15. 

SUMMARY 

The experiments recorded in this bulletin were conducted at the 
Huntley Field Station, located in southeastern Montana. This sta
tion is representative of certain areas of this and adjoining States. 

The soil where these experiments were conducted consists of a 
heavy clay loam relatively productive and representative of the 
better types on the larger part of the project. 

The objectives were to ascertain what rotations and methods of 
treatment best promoted high productivity on irrigated soils repre
sentative of this and similar areas of the Great Plains, and to plan 
the rotations in such a way as to afford comparisons as to yield be
tween simple rotations and those having a treatment of stable manure. 
The value of alfalfa was compared in two rotations, both of which 
included alfalfa and one of which l'eceived an application of stable 
manure. 

The original series consisted of 29 rotations begun in. 1912, to which 
10 more were added in 1916. They were so arranged thai. each crop 
involved in each rotation 'vas grown every year. The plan necessi
tated having as many plots devoted to each rotation as there were 
years in the cycle. 

The culturul practices followed were in keeping \vith modern prac
ti<li!s in vogue and believed to be the most desirable to bring about 
the best results, and so far as conditions would permit the plan out
lined has been followed. 'rho same varieties of crops wem always 
planted each season. 
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IRRIGATED CROP ROTATIONS IN MONTAJ."IfA 

The details of crop yields are given in a series of tables for each 
crop each year and for each rotation. ~1ean yields for the 15-year 
period and for the last si.x years are given to afford an opportunity 
of ascertaining the trend of yields. 

The annual fluctuations in yields are ascertained. The season show
ing the highest annual mean percentage was 1918, with 120 pel' cen:~, 
and the lowest was 1926, with a percentage of 81. 

The mean annual yields of the untreated plots devoted to oats, 
sugar beets, and potatoes are compared with yields in rotations con
taining alfo.lfa or manure or both. They are expressed in percentages 
of the meun annual yield. For the last six years the yields in the 
treated rotations show a percentage increase over those in the un
treated, as follows: Oats 39, sugar beets 43, and potatoes 48. 

The rotations producing the highest yields of oats are those in 
which alfalfa appears. The mean of the two 2-year rotations receiv
ing a treatment of stable manure comes serond, and the lowest 
yields are from the continuously cropped plots. 

1:1antu'e applied in 2-year and 3-year rotations as a stimulant for 
increasing the yields of sugar beets has been more effective than has 
alfalfa. All treated rotations indicate a marked tendency to increase 
the longer these rotations are continued. This is evident when the 
average yield for the last si.x years is compared with the 15-year 
average. Comparatively low yields have resulted from plots con
tinuously cropped, and no better mem yields have resulted from 
the two 2-yea1' rotations where beets follow wheat and oats. 

From a comparison of the yields of potatoes in the various rotations 
the highest yields are from the mean of the two 6-year rotations in 
which alfalfa appears three years out of the six. The beneficial 
effects of manure on the yields of potatoes is apparent, but the 
yields appear to be better sustained where manure is applied directly 
preceding potatoes every third year in a 3-yea1' rotation instead of 
in alternate years in a 2-year rotation. To plant potit,toes following 
oats, with rye used flS a green-manure crop and seeded after the oat 
crop, has not proved satisfactor)T. Continuous cropping of potatoes 
not only lowers the productivity of the soil but intensifies the disease 
problem. 

.A.HaIfa was included in these experiments for the purpose of deter
mining its effect on crop yields when grown in a rotation with other 
crops. Yields appear to be sustained over a long period if the stand 
can be lIlain tained. The first-year alfalfa returns low yield, but the 
second-year yields have been fully equal to the average of the third 
seasoll. 

When grown in a 2-year rotation with oats, wheat has giyen yields 
no better than when continuously cropped. Wheat cropped contin.u
ously with straw returned (rotation 7) has returned the lowest yield 
for the last six years. Yields of continuously cropped wheat and of 
wheat in a 2-year rotation with oats were adyersely affected by wild 
oats. 

Corn yields from untreated 2-year and 3-year rotations have been 
slightly more than maintained, while the yields from the continu
ously cl'opp(>d plots haye a tendency to become low{'l' the longer the 
1'0 ta tiolls ar{' cOlltin ued. 

Complu'atiH' \-allieS of the Yal'ious 1'otntiolls hnye been deter
minrd. An npplication of ma!lUl'e ill 2-Yl'1l1' Hnd :~-.rrtll· rotations is 
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well justified and, after the estimated expense has been deducted, 
holds the first three places. The incorporation of alfalfa in a well
planned rotation has brought a return second only to that when manure 
was used. As a rule, it appears a better practice to leave alfalfa for 
a period of at least three years. Adding manure to a 6-year rotation 
which includes three years of alfalfa much more than pays for the 
cost of application. 

The results recorded in Table 15 emphasize the importance of 
adopting a well-planned cropping system and show that crop yields 
are materially increased by the application of manure or the inclusion 
of alfalfa in a rotation. They show also that after estimated expenses 
and reasonable values placed on the various crops have been deducted, 
the net returns amply justify the practices. 
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