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INTRODUCTION 
~ 

C\l Crop production undel' irri~ation is not subjected~ to the losses 
4:ricurred as a result of periodICul droughts often encountered even :=. the eastern United States. However, in eliminating this hazard 
b)' developing an assured water supply, the irrigation farmer assumes 
increased responsibilities. Not only are costly structures required 
for impounding water, or approximately equivalent investments 
necessary for otherwise developing.~ water supply, but other expenses 
are involved, including the operation and maintenance of the system 
as well as preparation of the land and application of the water-all of 
which are substantial items in the cost of crop production. Hence it 
is evident that while the possibilities of insuring returns are greater 
where the hazards of drought are eliminated, the financial risks are 
somewhat increased. Furthermore, it must be l'ecognized that in a 
large measure the crops produced under irrigation come into direct 
competition with those generally grown throughout the country, 
It is evident, then, that if a successful irrigated agriculture is to con­
tinue, the yields harvested from these lands must be larger than those 
of ordinary farming in order to absorb these increased fixed costs of 
irrigation. 

44747°-36----1 	 1 
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It is becoming increasingly apparent that maintaining crop yields. 
under irrigated conditions is dependent chiefly upon the following four 
factors: (1) The relation of the quality of the water supplies and the 
character of the soil solution ns influenced by the irrigation water 
applied; (2) injuries sustained due to plant diseases and insect pests; 
(3) knowledge as to adaptable crops and varieties which will best 
meet the existing economic, soil, and climatic {londitions of the 
region; and (4) recognition of the importance of various crop sequences 
on the yields of subsequent crop yields, as well as the extent to which 
yields are stimulated by such soil-improvement crops as sweetclover 
nnd alfalfa as compared with fertilizers or fnrm manure. Fnctors 3 
and 4 nre essentially ngronomic, nnd the work of the field stations 
operated by this Division hns been centered on these problems. 

Like previous publications (4, 8) 1 on the same subject, this 
bulletin is devoted to a presentation of the results of It compre­
hensive series of rotntion experinHmts conducted nt the Scotts Bluff 
(Nebr.) Field Station. In view of the fnet that the results cover a 
23-year period extending from 1912 to 1934, they make a substantinl 
contribution to the knowledge ..::t the crops nnd rotationnl prnctices 
best ndo.pted to muintnin or incrcnse crop yields, so thnt even when 
relatively low prices exist, us in the pust few years, the better farm 
practices have given profitnble returns. 

LOCA.TION AND SOIL CONDITIONS • 
The irrigatcd urca here considered is located in wcstcrn Nebraska 

and enstern 'Wyoming and includes some 375,000 acres in the North 
Platte reclnmntion projcct and adjacent arens lying along the North 
Pintte River, extending some 20 nUles into 'Yyoming and some 60 
miles eastwal'Cl from the 'Wyoming-Nebraska Stttte line. The water 
supply is obtained from the nnturul flow of the North Platte River, 
supplcmented by storuge in the Pathfinrler and Guernsey Reservoil'S. 
As the water comes from the high mountains of Colorado, the result 
of rains and melting snow, its snIt content is low. 

The irrignted nrea hns an elevation of appro:ll:imlltely 4,000 feet 
above sea level and is located on the western edge of the region 
where farming without irrigation is practicahle. The local pr0cipi­
tation is slight.ly more thllIl 14 inches, most of which flllls during the 
summer months, April to Scptember. The rainfall is decidedly 
variable and much of it occurs in the form of light locnl showers; 
in such instnnees it is of little agriculturnl significilnee nnd irrigation 
is requirecl if good crop yields are to be hnrvested. HuilstoJ'ms occur 
occasionally. The UVCl'fige frost-free period ut the field station for 
the past 24 years hilS been 133 days. 

The more impol'tnnt crops of the IU'ca nre fornge crops, nlfalfa pl'C­
dornillating, sugur beets, potatoes, small g1'uins, and corn. Dairying 
is nlso an important farm enterprise. As the North Platte project 
is surrounded by extensive ranges, most of the sll1'plus fOl'nge und 
wain crops produced on the project are utilized by dairy herds and 
ill the fattening of lambs and to a lesser extent beef cnttle. How­
ever, the most important cash crops grown in the area are sugar 
beets and potatoes. As this condition bus e:dsted for many years, 
the problem of maintaining the yields of these crops has continually 

I Italic numbers in parentbeses refer to Literature Cited, p. :.16. 
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confronted growers. While farm manure has been available on many 
farms, the amount has been far short of the requirements needed to 
maintain the productivity of the soil, Therefore, farmers have had 
to resort to such rotational practices IlS are conducive to maintaining 
the yields of suO'ar beets and potatoes. 

The chief solls of the project range from a sandy loam to loamy 
fine sand, with the Mitchell, a very fine sandy loam, predominating 
(9). The project is notably free from heavier soil types characteristic 
of many irrigated areas throughout the West. The land is relatively 
productive and responds readily and favorably to good cultural 
practices, such as well planned rotations and applications of farm 
manure. Asidefrom the lowlands bordering the North Platte River, 
the agricultural lands mostly have natural and effective drainage. 
~.rhe soil where these investigations were conducted has been classed 
as TriPI? very fine sandy loam, typical of the e}..1iensive areas of ter­
races lymg north of the North Platte River. Soils of this type are 
among the more productive found on the ]?roject. 

The Scotts Bluff Field Station was established in 1910 on a tl'!1ct 
of land which had not previously been cultivllted. The native veg­

• 

1'lGURE I.-A view oC somo oC tho plots in the irrigated rotutions at the Scotts Bluff ],'ield Station. 

etation consisted of hel'bllCCOllS plants, chiefly g;rasses. The land 
devoted to these inigated rotations was broken up in the fall of 1910 
and seeded to oats in the spring of 1911. In the fall of thet year the 
field was laid out in 5 series of plots, each comprising one-fourth acre. 
In each series thcre are IS plots, or It total of 90 in the 5 series. The 
plots are scpaTllted by 5-foot alleys, except that a 20-foot crossroad 
occurs between plots 5 find 6 Ilnd a 30-foot crossroad between plots 
11 and 12 across the 5 series. The series are numbered I to V from 
wost to east, and the plots HJ'e nllmberedl to 18 from north to south. 
Prior to 1920 plots 2 to 11 in series V were not used lor rotation ex­
periments, but in thnt yelll' t1 new 4-ycar rotation, no. 45, was started 
on plots 2 to 5 of that series, llnd It new 6-ycal' rotation was started 
on plots 6 to 11. In IH20 a 7~ycar 1'0tiLtion also WilS begun on 7 plots 
at the Boutt end of a series adjoining series I on the west. These 
plots were designated series 0, ilnd the plots in the new rotation, no. 
71, al'~ numbered 12 to IS, inclusive. A partial view of severul of 
the plot.s is shown in figure I, looking to tbe soutli(!ast with series I 
in the foreground. 
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The rotation experiments conducted at the stl1tion are similar in 
scope and character to those included at this same time as a part of 
the investigational program in effect at the Belle Fourche Field 
Station near Newell, S. DalL,and at the Huntley Field Station near 
Huntley, Mont./ which have been the subject of formal' publica­
tions (1,2,3,5,6,7). 

PL\N OF THE ROTATIONS 

The rotation m"'''Periments were planned to ascertain the effect on 
crop yields of: (1) Growing crops in 2-year and 3-year rotations as 
compared with growing the same crops continuously on the same 
land; (2) applying farm manure once during the cycle of these 2- and 
3-year rotations, comparison being made with similar rotations in 
which manure is not used; and (3) incorporating alfalfa as a crop in 
the rotation, comparison being made with similar 2- and 3-year 
rotations not including alfalfa. 

In addition to these mujor questions, which constituted the chief 
aim of the rotation e)""Periments, information was sought on the fol­
lowing points: (1) The yields of winter wheat as compared with spring .. 
wheat, both of which may be grown in the area; (2) the effect on the 
yields of spring wheat grown continuously, and returning to the land 
each year the straw produced with a view to maintaining the supply 

.(....of organic matter in the soil; (3) the effect of rye plowed under for 
green manure on the yields of potatoes and oats grown as a 2-year 
rotation in comparison with the yields from a similar rotation without 
this treatment; (4) the influence on subsequent crop yields of apply­
ing farm manure to rotations including alfalfa, as well as the compar­
ative merits of alfalfa and sweetclover, the latter crop being har­
vested by livestock; and {5) in 6-year alfalfa rotation no. 65 the third 
year of alfalfa is harvested with hogs as well as the following crop 
of corn. 

The following crops were included in the original series of rotations 
started in 1912: No.1, oats; no. 2, sugar beets; no. 3, spring wheat; 
no. 4, potatoes; no. 5, winter wheat; no. 6, corn; no. 7, spring wheat 
(straw returned); no. 8, alfalfa; no. 9, flax. Each of these crops has 
been grown continuously on the same plot every year since 1912. 

The following is a list of the 2-year and 3-year rotations in which 
the crops were grown in various combinations: No. 16, corn, oats; 
no. 18, spring wheat, sugar beets; no. 20, sugar beets, potatoes; no. 
22, oats, sugar beets; no. 24, oats, potatoes; no. 26, potatoes, corn; 
no. 28, spring wheat, oats; no. 30, potatoes, oats, sugar beets; no. 32, 
corn, oats, sugar beets. 

The following 2-year and 3-year rotations had farm manure applied 
in the sequence here indicated at the rate of 12 tons per acre: . No. 
21, sugar beets, manure, potatoes; no. 23, oats, manure, sugar beets; 
no. 25, oats, manure, potatoes; no. 31, potatoes, oats, manure, sugar 
beets. 

In the following rotations alfalfa was grown for the period and in 
the sequence indicated: No. 40, alfalfa (2 years), potatoes, sugar 

2 'rhose rolntlon cxperiments were planned nnd put into effect by C. S. Scofield, agriculturist in charge 
of the Division orWcstcrn Irrigation Agriculture, in collaboration with F. D. Farrell. The supervision
or the field work and the pre(lIlrntion oC the detailed rCForts, upon which this bulletin is based, were 
undcr the direction or Fritz Knorr Crom 1912 to IUli. 'be late James A. nolden succeeded liS super­
intendent oC tbe station and ncted in tbn~ capacity until his death In December 1934. 
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beets; 110. 42, alfalfa (2 years), oats, sugar beets; no. 44, alfalfa (2 
years), potatoes, oats; no. 48, alfalfa (2 years), spring wheat, oats; 
no. 60, alfalfa (3 years), potatoes, oats, sugar beets; no. 62, alfalfa 
(3 years), corn, oats, sugai· beets. In addition to the foregoing, one 
rotation included both manure and alfalfa, no. 61, alfalfa (3 years), 
potatoes, oats (manure), sugar beets. 

The following include the subordinate rotations: No.7, spring 
wheat grown continuously on the same land, with the straw returned, 
to compare with rotation no. 3; no. 27, oats, rye plowed under, pota­
toes, to compare with no. 24; no. 65, alfalfa (3 years, pastured with 
hogs the third year), corn (harvested by hogs), flax, oats. 

The preceding list of rotations include those that were started in 
1912. In 1920 three ad.ditional rotations were begun, as follows: 
No. 45, oats, sweetclover, sugar beets, sugar beets (the sweetclover 
seeded with the oats and pastured with sheep); no. 64, oats, alfalfa 
(3 years), potatoes, sugar beets; no. 71, oats, alfalfa (3 years), pota­
toes, sugar beets, manure, sugar beets. The purpose of rotation no. 
45 is to determine the possibility of keeping up the yields of sugar 
beets in a short rotation through the use of sweetclover which is 
pastured. This rotation is not directly comparable to any other in 
the series; it is rather to bo grouped with t·lle subordinate rotations 
nos. 27 and 65. Rotation no. 64 :qlay be compared with rotation no. 
30, though it differs from the latter in two respects, namely, it includes 
3 years of alfalfa and the sequence of other crops is not the same.• In 
rotation no. 30, the sequence is potatoes, oats, sugar beets; whereas 
in rotation no. 64 it is potatoes, sugar beets, oats. This rotation may 
be compared also with rotation no. 60, from which it differs in one 
respect, namely, in the sequence of crops other than alfalfa. Rota­
tion no. 71 is comparable with rotation no. 64, from which it differs 
in having two consecutive crops of sugar beets between the potatoes 
and oats, with manure applied to the second-year sugar beets. 

In these rotation experiments each crop involved in each l'otation 
is grown every year. This requires that as many plots shall be 
devoted to each rotation as there are years in the cycle of each rotation. 
By this procedure it becomes possible to compare the yields each year 
from the same crops grown in the different rota.tions, 

LIS'f OF THE ROTAnONS 

The following is a list of the rotations arI't1nged in numerical order 
for convenience of reference: 

Crops grown continuously on the same plots 

1. Oats. 	 6. Corn. . 
2. Sugar beets. 	 7. Spring wheat (Rtraw returned).
3. Spring wheat. 	 8. Alfalfa. 
4. Potatoes. 	 9. Flax. 
5. 	 Winter wheat. 

2-year l'Otations 

16. Corn, oats. 	 24. Oats, potatoes. 
18. Spring wheat, sugar beetH. 25. Oats (manure), potatoes. 
20. Sugar beets, potatoes. 26. Potatoes, corn. 
21. Sugar beets (manure), potatoes. 27. Oats (followed by ryfl plowed 
22. Oats, sugar beets. 	 under), potatoes. 
23. Oats (manure), sugar beets. 28. Spring wheat, oats. 

• 
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3-year rotations 

30. Potatoes, oats, sugar beets. 32. Corn, oats, sugar beets. 
31. Potatoes, 	 oats (manure), sugar

beets. 

4-year rotations 

40. Alfalfa 	 (2 years), potatoes, sngar 45. Oats seeded with sweetclover 
beets. (sweetelover being pastured with 

42. Alfalfa (2 years), oats, sugar beets. 	 sheep), sugar beets (2 yeartl). ....4.4. 	 Alfalfa (2 years), potatoes, oats. 48. Alfalfa (2 years), spring wheat, 
oats. 

6-year rotations 

GO. Alfalfa (3 years). potatoes, oats, sugar beets. 
61. Alfalfa (3 years), potatoes, oats (manure), sngnr beets. 
62. Alfalfa (3 years), corn, oats, sligar beets. 
64. Alfalfa (3 years), potatoes, sugar beets, onts. 
65. Alfalfa (3 years, pastured with hogs the third year),· corn (harvested b)·

hogs), 	flax, oats. 

7-year rotation 


71. Alfalfa (3 yenr!;), potntoes, sugar beets (manure), sugar beets, oats. 

The locn.tion of these rotations with reference to one another in the 
field is shown in figure 2. 

CULTURAL PRACTICES 

In conducting these investign.tions the methods adopted in per­
forming the vn.rious cultural operu,tions were in kee:ping with the better 
pl'fLctices used in the locality. In order thu,t the YIelds from the same 
crop in different rotn.tions would be directly comparable, all were 
planted as nearly as possible a.t the smne time u,nd of the same variety 
each yeu,r. The treatment the plots received was as nearly identicu,l 
u,s conditions permitted; all crops were harvested at the same tinle and 
otherwise received the same treatment insofa.r as conditions permitted. 

Irrigation water was a,pplied so as to meet adequately the varying 
dema.nds of different crops, the aim being to mnintain the supply of 
soil moisture a.t the optimlilll for plant growth. Alfalfn., grain, flax, 
and other drilled 01' broadcast crops were irrign.ted by the flooding 
method, while row crops were furrow irrigu,ted. 

In the rotations where alfalfa. followed sugar beets the seGd wn.s 
sown in the spring without n. nurse crop, u,fter the In.nd had been disked 
u,nd ha,rrowed. In the rotations where the alfu,lffl, followed oats the 
seed WIts sown with u, disk drill in the oat stubble immediu,tely after 
harvest. Except in y('u,l'S when ~ra.sshoppers were numerous or exces­
sive weed growth interfered, tIns method of seeding has given good 
results. VVhen gmsshopper or other injuries hu,ve been severe it has 
been necessary to plow the on.t stubble in the early fall or the following 
spring and to reseed the alfu,lfu,. At times these unfavorable con­
ditions have occurred throughout the period, which u,ceounts for no f •• 

first-year u,lfu,lfa yields being given in certain instu,nces. In the new 
rotations, nos. 64 and 71. aHalfu, was seeded in the spring with oats as 
a nurse crop. During the first years of this experiment alfalfu,sod was 
broken by u, shallow plowing in the fnll , followed by disking and 
deeper plowing the following spring. I,n recent years it has be~n 
broken by plowing to a depth of. about 8 lllches after growth starts III 
tho spring. 

• 
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FIGURE 2.-Dlngram showing the field location oCtho Irrigated rotations at tho Scotts DlulT Field Station. 
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Sugar beets were seeded on fall-plowed Innd where the crop fol­
lowed smnll grain and on spring-disked lund where this crop followed 
potatoes 01' beets. Seed of the Kleinwansleben variety was used 
and. was obt~ined from the local sugar company. The crop was 
cultIvated, Uunned, and harvested nccording to local farm prnctice. 

Where onts followed sugar beets, COl'll, 01' potu toes, the land WitS 
disked in the spring befoj'e seeding. Whrn the precrding crop was 
small g1'llin or flax, the lund wus plowrcl the previous autumn and 
disked in the spring. 'When oats followrd alfalfa the land wns plowed 
in the spring, just before seeding. A vnricty of OILts known as 
Colorado No. 13 (Newmnl'ket) was used 1rom 1912 to 1927, and the 
Kherson (Nebrflslm No. 21) variety hns since bern grown. 

Spring wheat wns sown on fnll-plowedlnnd except in rotations nos. 18 
nnd 48. In rotution no. 18 the preceding crop Wl\S sugnr heets. In 
this rotntion the plot to be sown to wheat WIlS disked in the spring 
just before seeding. In rotfLtion no. 48, the pi'eceding crop being alfalfa, 
the land was plowed in the spring.. 'rhe College Defiftllce variety 
was used from 1912 to 1919; the Gnlgalos variety from 1920 to 1922, 
flnd the Marquis variety from 1923 to 1934. The plot used for 
winter wheat was plowed and hftl'1'Owccl about a week before seeding 
time. The Turkey vn.riety has becn lIsrd continuously. 

The plots to be used for potatoes wcre fall-plowrc! for rotations nos. 
24 fl11cl25 amI spring-plo,,'ccl for the others. In rotution no. 27, where 
the preceding crop wns onts followed by rye, the rye was seeded ill 
tho oat stubble soon nfter harvest and plowcd under the following 
spring. The vv11ite Pearl variety of potu toes wns uscd from 1912 to 
1918, the Downing in 1919, and tho Bliss Triumph since. The plots 
devoted to COl'll were nll spring-plowed. A local Yllriety of Cnlico 
corn was used from 1912 to 1921 and n, loenl yellow Ytlriety from 1922 
to 1934. 

CROP YIELDS IN DETAIL 

The rcsults fro111 these l'otntion experiments from 1912 to 1925 r 

were the subjcct of a pUblicntion in which the yiclds were given in 
detail for the 14 years (8). In the following tn.bles only the mean 
yields are given for the period from 1912 to 1925, und the annual ...yields 01' Sllgltr brcts, onts, potatoes, COl'll, wheat, and alfalfa are 
included in detail from 1926 to 1934. Hence the annllul yields for 
the entire 23 yrlu's are made available for comparison in t.his and 
the former pUblication, afi'ol'ding nn opportunity to compnre in a 
number of ways the effects of the different crop sequences and treat­
ments to which the crops uncleI' consideration have been subjected. 
It nlso permits the reader to observe the 1l11Ilual fluctuations in 
yields and yirle! trends IlS influenced by the difl'erent treatments. 

Substantial fillctuittions in yields are to be expectccl in crop ex­
periments of this nnture, involving severnl crops and covering a 
long period of years. Thrse fluctuations occur not only from yenr 
to yeltr, chiofly because of the vicissitudes of the climn te, but Itiso 
within the same year due to flccidentnl crop injuries. The extrnt 
to which climatic. conditions hllvc influcnced crop growth is well 
shown by observing the yenrly melln yields for the different crops. 
In a lllrge mcasme the influence of the climate on the yields has becn 
minimized by ascertaining the yield departures of each rotation 
Itnd compnting these menn deplll'tures by 7-year periods in the 

1 
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tables giving the summllfized results. Where n.ccident,lll injuries 
have occun'ed t.hey have been absorbed largely by averaging several 
units, so that the results reco'tded in the summary tables are believed 
to reflect the normal differences which should be expected under 
average irrigated farm conditions in the Scotts Bluff area. 

OATS 

The yields of oats are given in detail in to,ble 1, also the mean from 
1926 to 1934, together with the mean for the period from 1912 to 1925. 
The annual means have also been computed, and of the 21 rotations 
those returning the highest and lowest yields are indicl1ted. For 
the last 9 years no complete crop f~ilures have occurred, although 
extremely low yields were harvested in 1934. This was due chiefly 
to a shortage of irrigation water which existed throughout the growing 
season of that year. Also, relatively low yields were harvested in 
1926 and again in 1931, largely due to unfavorable climatic conditions 
while the oat crop was maturing. 

TABLE 1.-Yields oj oals from the irrigated rotations al lhe ScoUs Rluff Field 
Sialion, 1912-34 

Acre yields (hushol~) 

Rotation no. 
1-.'fenn, Menn,1Il20 1P27 1028 1920 1030 1031 1!132 1033 19341012-25 1U2(J-3,1 

L ........................... 40.6 Iii. 5 37.7 37.1 20,3 22.0 10.4 34••~ 27.1 4.8 24.7 

10........................... 48 1 0.0 23. ~ all. () 23.·1 20.5 2'2.5 4a. () 27.6 J.l.l 2·1. 5 

22........................... 04.1 14.3 39.0 46.2 20.0 20.1 21.6 :15.5 22.5 17.4 27.4 

23.......................... 05.1 :18.4 00.6 SO. 2 78.4 44.0 40.8 n.o 57.5 5.6 fj4.0 

24........................... 55.3 8.5 :/:;. 4 42.6 38.0 Ii. II Ji,5 27.1 20.9 15.5 21. 2 

25........................... 62.7 20.0 70.0 &1.5 74.0 35.5 36. () 59.8 48.6 14.4 60.3 

27........................... 62. 3 14. :1 30.8 66.2 37.8 22.7 14.5 40.4 34.3 7. a 3(1.8 

28.................... " .... 44.3 8.3 22.1 3~. S 28.8 12.1 14.3 2·1.8 18.3 4.4 18.7 

30....... " .................. 59.0 13.4 28.0 47.4 31.0 19.0 18,1 45 3 24.9 17. I 27.3 


~31........... • N,.. •• ~ __ .... _ ... 7:1.4 30.6 56.4 84.4 60.5 40.0 42.5 78,3 1i1,0 18.1 li2•. , 
32 •• 40.9 11.4 31. Ii 25,2 19.0 20.9 21.5 40.8 23.0 22. Ii 24.0 
42. ,:::::::: •• :.:::::::::: .. 60.7 68.1 77.0 79.2 92. 0 70.5 24.9 63.3 57,1 13.0 00.6 

44 ........................... 72.2 48.9 82.1 91.0 77.0 74.9 39.1 70.9 1i5.0 32.9 63. n 

45........................... , 50.3 41,0 01. 2 72.2 64.6 iii. 1 35.8 5.1.4 42.-1 16.·1 48.7 

48........................... 67. Ii 38.4 68.2 87.4 72.6 iii. 1 25.8 74.3 00.1 17.0 55.0 

60..............._........... ,71. Ii 51.0 70.6 104.8 87.0 65.8 35.0 75.3 53.4 18.0 03.4 

61........................... 7.~. 9 00.5 9<J.0 108.9 80.4 70.1 34.1 87.3 60.0 20.0 70.9 


......62_..... ~ .......... ""............. _.. N M • .,. Ii:!. 7 50.5 82.6 86.8 87.5 oa.6 36.0 61l.3 51. 6 18.3 no. 7 

64........................... 167.0 6.5.3 89.5 78. 8 63.2 03.3 20.9 61.1 49. Ii 10.9 57.5 

65 ........................... 72.7 35.1 89.0 95.n so. 0 53.9 24.0 81.0 5R. 6 Ii. 4 liB. 0 

71 ........................... IM.3 61..5 107.1 90.5 96.0 51. 1 40.6 75.4 73.0 10.1 69. :l 


Annunl menn ........ 61.9 34. Ii 60.•5 70.S au. 8 42.9 2R,O "~.:! 44.0 15.0 40.0 


Rotations returning highest 

yield...................... 31 61 71 61 71 H 71 01 71 .j.j 01


Rotations returning lowest 

yield...................... 2a 28 2S :12 32 28 28 28 28 28 28 


~--..-" ~- ...--
I Mean, lfi211-2li. 

For the 9 years for which detniled yields are giYen, rotation no. 44 
has returned the highest yields twice, no. 61 three times, and no. 71 
four times out of the nine seasons. Of those rotntions returning the 
lowest yields, rotation no. 32 appeared twice and no. 28 the other 
seven timeR. This latter is a 2-year spring wheat-oats cropping system, 
which is a highly undesimble prn.ctice, due in a large measure to 
excessive weed growth. These results indicate that for the first 
14-year period as well as for the lost 9-year period the most consistent 
high yields have been harvestr.d from manured rotation no. 61. 

44747°-36--2 
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There is afforded a direct comparison of the effect on the yields of 
oats of applications of farm manure as compared with alfalfa in 
rotations nos. 23 manured and 42, which has 2 years of alfalfa. For 
the last 9 years no. 42 has outyielded no. 23 by 5.6 bushels per acre. 
The same comparison may be made with rotation no. 31 as compared 
with no. 60, tho latter outyielding the former for the sarno 9-year 
period by 11 bushels of oats per acre. It is apparent from these 
results that applications of farm manure haye not stimulated the 
yields of oats to the extent that alfalfa has. 

Whon the annual moan yields for the first 14-year p'eriod, 1912-25, 
are compared with the subsequent 9-year period it wIll befound that 
there is a difreronce in yield in fllYOr of the former of 15.9 'busl1Cls per 
acre. Hence it nppears there has been a general decline of productivity 
of the plots as a wholo. Reforence to tho yields recorded in a former 
publication (8) indicates thnt the land was in a favorable condition for 
producing uniformly high yields during the enrly years. For the first 
3 years, 1912 to 1914, the mean unnual yield was 85.5 bushels per 
acre-a mean annuul production not since equaled. In vimv of this 
relatiyely high productivity of the lund when these experiments were 
initinted, it is to be expected thnt the mean annual yields would tend 
to decline, as a substantial numbor of th~ practices have proyed to 
have an adyerse efl'ect on the yields of oats. 

SUGAIt DEETS 

•The acre yields of sugar beets are given in table 2, as this crop 
appears in 17 rotations. As hns occurred with oats, the mean annual 
sugar-beet yields of 1934 wero the lowest recorded for 2~ years, chiefly 
clue to a shortn,ge of irrigation water. 
TABLE 2.-Yield,s oj 8ltgal' becl$ Jrnm the il'ri(/a/ccl l'n/ations at the Seoils Bluif


Field St(/Uon,1012-S;' 


Ac'ro yields (tons) 

HotnUon no 

1\{enn, 
 11)26 192i 11128 W20 1030 1031 l\felln,11I12-2.i .11132 HI33 19;14 

1D26-34 ---------------_._­
2. ____ .... .0-. 0.3 11.4 li.1) 8.8 0.7 Ii. 8 4.5 0.4 4. I 2.7 

N _ ........... ~ ........ _ ....... 


18........................... 11. (\ 7.8 8.0 11.0 !I. 3 0.2 
5.8


i. I 7.8 4.a20............. , * ....... * •• , 11.9 8.(1 8.0 7.9 

~ _ 6 fl. -I 10.5 U.7 8. U 7.. 2 11.0 fl. 0\ 4. I i. 921 ........................... 16.4 ]0.0 14.:1 
 20.0 ]0.3 18.:1 14.8 15.9 15.8 11. I 16.222........................... 
 Jl.3 7.9 0.6 0.0 9, :I ll. () 0.0 7. I 8.:1 4. IZl.. 8. IIR.2 17. n 17. U 21.5 10.0 21.4 17• .i30.. :':::::: :::::::: ::~ •.•• 15. II Ii. 7 1:1.0 18.0II. 7 U.II 11.1 11),1 7.8 9,li n. f) 8.,j 7.2 5. I 8.031 ...................... ~::: 17.0 150
li.n 21.5 18. I 18.·1 16.1 Jtt5 12. I 17.7 

.~ .. ~~ ~ 
:12•.. ..... .,~ .... " .. ~ .. . ...... lJ.:I 10.2 8.4 10.2 11.1 

li.4
111.6 0.8 8..; 6.2 5.040•• 8.418.0 10.8 l:l.!l I:I.() II. 7 l!l.l 1.;.8 14.2 12. -I 10.4 14.142...:: :~::::::::::::::':.:: 15.9 15.0 16.4 lr..:J ll. :l 18. I Hi. 1 15.3 10.24,;-1 t ................. , 20.0 10.8 14.3
.. 16.4 16.5 18. :I

4.;.2 1......... 10.3 2U.I li.O 17.5 IO.S 12. I 17. I
'16. Ii la.3 10. (I 111.7 14. I 10.2 14, I H.I 14.7 8.7 14.360............... :: ~: •• :::::: )5.1 lao u 11.1 15.7 14.2
la.o 14.0 10. !l 10.0 10.2 12.601. ........................ Ill. ,1 111.0
111.5 21. 0 17~ 2 11<.8 li.417.n 13.11 13. i Ii 462...._...................... 
 14.7 11.8 12. n 10. I 10.5 J.I.:I 11.0 H.O la. I 10.664•••_.__ ................ 1~.8
'18.7 111.7 HI. 2 20. a 12.-t 1:1.0 lii.S 16. i 15.3 10.7 15.271-/ 1 ............... " .... , 10.1 la.o 12.6 20.0 12.0 12.8 14.4 21. 071-21 ....................... , 10.a lS.2 lit:! 21.0 
1l.4 10.0 14. I

18.0 20.2 la.7 20.2 17..; 14.2 17.7 
-~.--~-Annual rnmIlL ........ Ili.O ------------ ­t:! . .i 12.11 In.7 la. I 14. n 12.:1 13.6 11.1l 0.1 la,o.~ ==== = = --=== n;~~I:I~~~_~:~~~~~~~.~:~~I:~~. } -IIH at 2:1 01 ZI 23 01 71-1 { Zl} 71-2 23

Hotlltlons r"tllrnlng lowest 31 

yield. _................... 2 2 2 2 
 2 2 

1 'rhere nro 2 crops !lr ~ugllr beets grown dllrfnl( the completion of the cycle or TIItlltion nos. 45 nnd 71; 
45-1 Implies tho first crop lind 45-2 tho second. 'l'heslIlnc proL'I'dllre Is followed In rotutlon no. 71. 

I Mean, I02(}-25. 
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The mean yield for the period 1912 to 1925 is 15.6 tons per acre, 
with sweetclover pastured rotation no. 45-1 returnin~ the highest 
yield, although this rotn.tion was not included in the series until 1920. 
On the other hn.nd, manured 2-year rotn.tion no. 23 retumed the high­
est yield for the 9-year period'1926 to 1934, ,'lith 0.9 ton more tli.an 
the yield from no. 45-1. When the highest allllun.l mean yields for 
the 9 years are compn.red, no. 61 had 3 years, no. 23 had 4 yen.I'S, and 
rotations nos. 71-1 and 71-2 hn.d 1 year each when the yields were 
equal to or the highest of the 17 cropping systems. It is pn.rticuln.rly 

FIGU1\E S.-A, Sugar heels in rotation :12. which hud neither alfalfa nor manure. Mellll yieid of I);)cl.~, 
1026-3'i 8.4 tons per Dore. Oompare witb B. (Photngrnphed Juiy 22. 10aO.) B t Sugur heots in rot,nOon 
45-1, w hloh had swoctciovcr pastured I year. l\lcun yiold ofbeots,102tHJ.l,17.1 tons per acre. Oompare
with A. (PhotOgm[lhod July 22, 1030.) 

significant thnt all of these rotations returning the highest yields had 
applicn.tions of farm manure or pasturing was practiced. In every 
instance rotation no. 2, which is constantly cropped to sugar beets, is 
the lowest. Of the untreated rotn.tions, no. 32 hilS returned the high­
est mean yield of 8.4 tons per acre. 'fhis is 8.7 tons per acre less 
than has been harvestecl fl'Om no. 45-1 for the same period. This 
latter rotation has only 1 year of sweetclover which is pastured, and 
is otherwise intensively cropped, as one oat nnd two beet crops are 
grown during each cyCle (fig. 3). 
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POTATOES 

The mean acre yields of potatoes are recorded in table 3. In con­
trast to the yields of oats and sugar beets, the mean annual potato 
yields for the first 14 yeaTS were less than those harvested during the 
last 9-year period. A review or the yields for the first few years 
subsequent to 1912 indicated that the virgin soil conditions eXIsting 
at that time were not favorable for the production of as high potato 
yields as has developed subsequently. As has occurred with the 
previous crops, low yields were harvested in 1934 because of a shortage 
of irrigation water. 

PlGUItE 4.-A, Potatoes in simple 2·yenr rotution no. 20. Menn yield of (lotntoes, 1026-34, 144.6 bushel~ per 
ncre. COlllpare with B. CPhotogrnphed August 16, 1931.) B~ !,otntoes in 4'yoarrotntion no. 40, which Is 
shnllnr to rotation no. ~O excopt thnt It hnll 2 yenrsof nlfnlrn. lYlennyield ot potntoes, 1926-34, 284.5 bush· 
cis per ncre. Compnre with A. (Photogruphell August 16, 1031.) 

For the two summarized periods, 1912-25, and 1926-34, the high­
est mean annual yields of potatoes were harvested from 6-year alfalfa 
rotation no. 64, with 6-year manured alfalfa rotation a close second 
in both instances. When the mean individual aIlIlual yields are con­
sidered, rotation no. 71 was the highest once, nos. 60 and 64 twice 
each, and no. 61 returned the highest yields three out of the nine 
instances. In all 11 instances the lowest yield was harvested from 
continuously cropped 1'0tation no. 4. Compamble with the results 
obtained with oats, including alfalfa in the cropping program, partic­
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ularly for 3 years, has been distinctly more beneficial in its effect on 
potato yields than have applications of farm manure. The favorable 
influence which alfalfa has had on the yields of potatoes is apparent 
when the yields from this crop are compared in rotation nos. 40 and 
20. These two rotations are similar except that no. 40 has 2 years 
of alfalfn., whereas no. 20 is an untreated rotation. For t,he last 9 
years the mean yield from no. 40 was 139.9 bushels in excess of the 
yield from no'. 20 (fig. 4). 
TABLE 3.-Yields of potatoes from the irrigated rotations at the ScoUs Bluff Field 

Station, 1912-34 

Acre yields (bushels) 

Rotation no. 
Me:..~5 1926 1927 1928 1929 11130 1931 1932 1033 1934 ~~£4 

---------1---------------------- ­
4____ •_____ •• _______________ _ 

100.2 115.3 85. .{ 06.0 81. 7 94.5 46.0 i7.2 83.7 20.3 78.320_______ •____.. _•• ____ ••___ 150. II 162.0 13S.0 193.3 lin.4 130. -I 113. a 131.3 Hi.3 79.3 144.621._____ ••_____ •____ •• _____ __ 209.7 340.7 232.0 384.0 310.7 226.5 202.0 258.7 301.1 90.3 271.724 _____ •___ •________________ _ 
160.4 160.0 156.7 185.3 170.5 116.0 112.0 100.6 183.1 48.7 138.1

25••__ ••• _••••••_._.......___ 
 228.7 331. 3 282.7 359.3 312.5 231. I 2·17.3 242.7 347.4 37.3 205.726 __ •____ •_________ ._•. __ • __ •
'1:1 ..________• ______________ __ 145.8 126.0 120.7 16.1.3 05.5 120.0 OS.7 lIO.O 160.8 71.3 114.4 

186.2 207.3 260.0 340.0 276.1 102.0 170.0 172.0 :m.3 72.0 210.730__ •• __ •___ • _••• __ •• ___ • __ __ 183.0 204.7 215.4 232. i 227. S 141. 1 180.7 150.3 233.5 119.3 100.431 •••____________ '. ___ ••• ___ _ 233.2 277. 328ft. 0 414. 7 38~. 5 240.5 277. 3 298.0 362. I 132.7 297.940____ •__ •• __ ., __ • ___ •• _____ _ 276.4 380.3 262.0 341.3 270.2 270.\) 337.3 188.0 384. I 102.7 284.544 _____ • ____________ •_______ _ 
275.0 312.7 230.7 347.3 305.5 281. 3 260.0 155.3 38.1.7 30.0 250.360.. ______ ..____ .._____..__ __

61 _____________ .. ________ .. __ _ ~8~O_4m&mlm3~7_7_U~3 318.8 
304.0 3R.1. a 3nU.4 443.:1 35.1.5 304. II 254.0 323.3 390.0 .148.7 331.0

M. ____ ._. _. __ ._••_........_ 
 1309.11 374.7 320.4 442.7 330. J 335. II 345.3 254.7 415.2 105. a 332.0
71. ___ .__ .........______ ••• 
 l_l_0_7m7~6_0~3_6_7007 305,0 

Annual me~n_....____ 222.3 27.,. \) 240.0 319.2 262 5 221.2 204.0 20.1.7 307. II 92.7 230.4 
;:=::==========

Rotations returning highest 
yleld....__ ...______....___ 60 6] 01 31 64 01 60 64 64 

Rotations returnl;Jg lowest yield ...______ •••___ ._. __ __ 4 4 4' 4 4 
I 

I Mean, 1020-25. 

WHEAT 


The acre yields of wheat as this crop has appeared in the various 
cropping systems are given in table 4. The yields which hav!' been 
harvested throughout the 23 years indicate that whetLt is not a good 
crop under irrigation in the Scotts Bluff area. The results further 
justify the belief that wheat is less profitn.bIe than either oats or corn. 
TABLE 4.-Yields of wheat from the irrigated rotations at the Scoll.~ Bluff Field 

StatiorL, 1912-84 

Aero yfehls (bushels) 

Rotation no. Menn, 
1912- 11120 IU27 1928 1920 1030 1931 1932 1033 1934 ~b~t' 

25 34 

3____ ..._.______ ..........__ _ 
 17.2 0.1 11.3 15.0 11.7 5.0 8.8 12.0 0.0 4.9 0.75..........___ •••______ •• ___ _ 
 ~'ll. 1 .0 18.0 20.0 13.2 1I.0 0.3 0.1 0.7 1.3 0.87___•__ • ____ • _____ • __ •__ ' __ ._ 10.8 0.0 12. :I 15.0 0.0 0.1 8.0 12.5 8.0 6.0 0.818_______ •• _•••••_•••••• ___ •• 23.1 5.8 17.3 20.1 12.5 7.3 11.7 16.7 10.5 3.9 11.528______ • ___ ••__ •••••••• _._._ 18.6 5.7 12.7 13.0 10.4 9.4 8.7 14.1 9.4 4.5 0.848__________ • __ ••____ ._._•••• 27.9 1:1.0 23.7 25.3 22.4 26.7 11.9 28.2 31.1 .4 20.3-Annulil mean ________• 20.0 6.7 15.0 18.3 13.3 11. 1 0.6 15.0 1:1.1 3.5 11.8 
=========;=:=:=

Rotations returnln!! highest yield... ___ .. __ •__________ _ d d d d d g g g g 7 48 
Rotations returning lowest yleld..__••_____ •• ________ • 28 28 5 48 3 
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However, it should be noted that in any of these rotations which 
include wheat crops are not included that would contribute to the 
prodllCtion of large wheat yields. From 4-yea,r alfalfa rotation no. 48 
t?e highest yields have been harvested in aU instances with the excep­
tIOn of the abnormal year 193,1. Because of the water-shortage con­
ditions that, year such minor yield differences ;I1S did occur are value­
less. Disregarding the year 1934, the lowest :rields came twice each 
from rotations nos. 3, 5, 7, and 28. 

CORN 

Corn appears in 5 different cropping systems in these experiments, 
and the results are given in table 5 for the 23-year period. In the 
unfavorable year 1934 the yields fmm this crop were distinctly more 
satisfactory than were those from either oats or wheat, the mean 
being 25 bushels pel' acre. The highest mean annual yields of corn 
were harvested from 6-year alfalfa rotation no. 62. For the two .... 
summary periods, 1912-25, and 1926-34, the lowest mean annual 
yield was from continuously cropped plot 6. In 5 out of the 9 indi­
vidual years plot 6 also returned the lowest yield and no. 16 in 3 of them. 

.1;..For the last 9-year period it is worthy of note that when the mean 
yield from plot 6 is compared with the 2-year corn-oats rotation no. 
16 there is a difference of only 0.4 bushel per acre in favor of the 
latter cropping system. Thus it appears that in the case of a 2-year 
rotation including corn and oats but little better results may be ex­
pected with corn than would be the case were corn grown contrnuously 
on the same land. 

TABLE 5.-·Yields of corn from the irrigated rotations at the Scotts Blllff Fteld 
Slation,ll)12-34 

Acre yields (bushels) 

Rotntion no. Menu, Menn, 
1912- 1926 1927 1028 ]029 1030 19:11 1932 193a 1934 1926-

M M 
--------1---- -----------_. --------­
6........................... . 
16........ · •.•••••• __ ...... . 

32.0 
·lll.O 

25.7 
17.1 

]0.3 
10.6 

14.0 
18.1 

JO. 4 
28.3 

22.4 
28. n 

14.3 
19.4 

21. 7 
14.5 

15.5 
14.3 

22.3 
19.4 

IS.5 
IS.9 

26...........................·. :19.7 20.0 24.0 17.7 25.5 27.3 24.0 20.5 30.9 IS.3 23.1 
:12............... _._ ......... . ~O ao ~I .1 KO .1 ~I ~I .3 .9 27.tl 
62.......................... . ~2 .4 ~4 .S ~6 .7 ~I ~O .3 .3 50.7 

AUllUlllmelln ........ 42.2 24.0 20.7 20.7 29.8 36.6 26.4 24.4 27.5 25.0 27.8 

Hotntlons rctllrninl; !:Ighest 
yield..................... __ 

Rotations returnIng lowest, 
yield...................... 

62 

J6 

02 62 62 62 62 

6 

62 

10.1 
62 

16 

62 

26 

62 

6 

I"LAX 

While flax has been included in two cropping programs in these 
experiments, continuously cropped plot 9 and rotation no. 65, the 
results obtained have been very ullsatisfactory. In 7 out of tlie 14 
years, 1912-25, no measurable yields were harvested from this crop 
(8). The yields obtained from 1926 to 1934 have been even less 
satisfactory. Consequently, a table giving the yields of flax is not 
included in this bulletin. Throughout the 23-year period it has been 
apparent that in the Scotts Bluff area the conditions, believed to be 
clueHy climatic, are not favorable to profitable yields of this crop. 
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ALFALFA 

.Alfalfa was incorporated in these experiments primarily for the 
purpose of observing its residual effect on succeeding crop yields 
when grown 2 or 3 successive years in a number of :rotations as com­
pared with similar rotations not including alfalfa. Also, there is 
afforded an opportunity of observing the influence alfalfa has exerted 
on the yields of the different crops under consideration as compared 
with applications of farm manure. While alfalfa is grown for 3 
successIve years in rotation no. 65, the yields from only 2 years have 
been harvested; the third year the crop was pastured Wlth hogs.. The 
alfalfa. yields recorded in table 6 have been assembled in such a 
manner that it is possible to observe the yields the first, second, and, 
where they occur, the third year from seeding. The alfalfa yields 
given for no. 60-1 signify the first year from seedin~, no. 60-2 the 
second year, and no. 60-3 the third-year crop. No YIeld is recorded 
for continuously cropped plot 8 in 1934. Because of excessive weed 
growth, which materially reduced the stand of alfalfa, this plot was 
plowed in the fall of 1933 and remained fallow throughout the fol1ow~ 
mg season. Further, it will be noted that in a number of instances no 
firs~year yields were harvested. Because of unfavorable weather or 
other conditions at the time of spring seeding an unsatisfactory stand 
resulted. When this has occurred the land has been fallowed through­

~. out the summer and reseeded in the late summer Or early fall. 

TABLE 6.-Yieldl! of alfalfa from the irrigated rotations, Scotts r' J.jJ Field Station, 
1912-34 

Acre ,;elds (tons) 

Rotation no. 
.Mean. Mean,1926 1921 1928 1929 1930 1931 1932 1933 19341912-25 192&-34 

8. _.•.•.•••••.•••••.••.•..•. 4.98 4.28 3.18 6.26 5.18 4.84 4.07 3.54 3.50 0.00 3.87
4(}-1_. __ ••••___•.•••••_____• .97 .96 ./4 .00 1.92 1.22 1.50 .00 1.52 .00 .87
4(}-2•••__._••_••___......__• 4..'i.1 5.60 3.16 5.40 5.48 4.88 3. CO 5.02 5.34 4.38 4.77
42-1. _..._____•• __ ••••.•__._ .99 .92 .74 .00 2.36 1.08 1.64 .00 1.00 .00 .86
42-2.•__._•• ___••_•••____•• _ 4.34 4.85 2.44 5.80 4.80 3.80 2.00 4-00 1.48 4.38 3.90 
44-1. •••• __.......... __ ._•••• 2.07 .86 .60 .00 3.00 2.68 1.90 .00 1. 3d .00 1.16

44-2. __•••••• __._ •••__ •• __._ 4.43 4.74 2.70 6.44 5.44 4.16 4.10 4.34 1.32 4.26 4.11
4&-1. _ •••• __ .• _••_. __ ...-•• - 2.20 .00 .54 .00 3.64 2.94 2.20 .00 1.06 .00 1.15 
4&-2•• ____._................ 3.88 5.ml 2.82 4.46 4.f14 5.4.6 4..28 4.18 1.10 5.56 4.24 
60-1. _..._.................. .94 1. 30 . is .00 1.70 2.80 1.34 .00 1.2d .00 1.02 
60-2. _.__••••••••••••••- ••-- 4.47 5.07 3.28 4.82 4.46 3.62 5.16 4.50 4.00 4.88 4.4960-3••_••____•• __.•_.__ •____ 5.25 6.00 4.12 5,58 6.10 4.08 4.62 4.62 5.12 5.00 5.03
61-1. __....... ______•• __ ••• _ 
 1.00 1.14 1.04 .00 2.00 2.04 1.78 .00 1.40 .00 1.15 
61-2•• __• __ • __•••_•••••___•• 4.62 6.26 3.78 6.34 4.00 4.94 5.28 4.66 5.59 5.12 5.2161-a••____• _____•_____ ••, ••_. 5.47 6.73 4.38 6.66 6.06 4.08 5.88 5.64 5.18 6.06 5.03 
62-1. _......._......__••••.. .00 .82 .70 .00 2.04 2.54 1. R6 .00 1.42 ,00 1.02 

62-2•. __•••___• __•••__ •••• _. 4.50 5.64 2.88 4.54 4,(}6 3.74 4.02 .1.04 4.30 4.24 4.37 
62-3. _._., ........__••••••_. 5.23 5.91 4.14 5.80 6.14 4.74 4.82 5.10 5.88 5.20 5.31
M-ll. __••_•.•__•__• __ ....._. 3.71 5.)8 3.38 4.88 5.56 3.00 l.ll8 5.34 4.49 4.84 4.36
64-2. ___• __....._._._~__ ••• 5.00 5.13 4.18 6.84 6.14 5,14 3.80 4.98 5.64 6.00 5.38114-3 •• __ .......____•___••___ 
 5.11 5.84 3.58 7.16 6.2'l 4.02 5.00 4.24 5.32 4.00 5.216:;"1. _______• __• __ ••••______ 1.8tl 1.011 J.s.t .00 4.50 4.07 .40 3.10 1.56 .00 1.84
65--2 •••____•••••••••___•___ • 4.58 0.27 4.0'2 6.94 6.00 5.56 5.88 2.92 6.35 6.22 5.57 
71-1 1••• __.... __._••••__ • __ • 4.64 5.12 3.06 4.78 5.30 4.7l. 2,,;2 4.20 4.97 4.24 4.32 
7I-2~ ••• __ .....__•____•••••• 4.14 5.58 3. SO 6.02 6.14 3.64 4.30 4. to 5.64 3.52 4.75
11-3. _._•••_._________...... 5.58 5.98 4.12 5.76 5.08 5.08 4.42 4.58 5. is 2. 70 4.83 

Annual mean:
First yee.r __ ._._______ •• 1,;141.93 1.74 .07 3.30 2.77 1.69 '.26 2.00 .91 1.78 
Second yeur.._._...__•• 4.45 5.54 3.31 5.70 0.;10 4.49 4.34 4.43 4.14 4.86 4.6U
Thlrd year __• __ • ___."•• 5.33 0.10 4.07 6.10 5.92 4.58 4.9,'; 5.464.84 4.71 5.20 

I In rotl\tiQns nos. Mand 71 nlfalCa seed was drilled in with tho oats; hence 64-1 and 11-1 imply the yields
the secondyenr from seeding. In all other rotations seeding Is practiced tbe frul belore or In tbe spring of the 
first yent'. 
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The lowest mean annual yields for each year and from both periods 
have resulted from the first 8eason, as is to'be expected. Satisfn,ctory 
yields have been harvested the second season, but as a rule the third­
year yields are somewhat greater. For the 9-year period, 1926-34, 
the highest mean yield for the third ypar, 5.63 ton" per acre, is from 
manured rotation no. 61-3. The second highest yield of 5.57 tons 
for the same period is from rotation no. 65-2, the second year from 
planting and in a rotation which includes harvesting the third-year 
l1lfalfa and the following corn crop ,dth hogs. These annnal mean 
yields of alfalfa afford an opportunity to observe the vn;riation in 
yields from one season to another and the y-ields which ordinarily may 
be e:-.:pected. FI'OIll 1926 to 1934 the third-year mean annual yields 
have rf),nged from fL minimum of 4.07 tons to a ma),:l111um of 6.1D tons 
per acre, \vith a mefin for the D-year period of 5.2 tons per a.cre. 

ANNUAL FLUCTUATION IN YIELDS 

There hn,ve been given in the foregoing tables the crop yields of 
oat:;, sugar beets, potatoes, wheat, com, and alfalfa summarized for 
the yenTS H)l2 to 1925 a.nd in detilil for the years 1926 to 1£)34. Tllls 
method of presenting the dnta affords nn opportunity to obsel'\Te the 
trend of the yields throughout the 9-year period as compared with 
the previous 14-yenl' moan for the different crop sequences as well as 
the annual fluctuations. It is applu'ent that for the 9 years where it 
is possible to observe the yields in detail thore have been seasons 
highly ftwomble f'll' large crop yields, such as occurred in 1928, and 
other se[1sons when the conditions were highly unfavomble, such as 
wa.s experienced in 1934. For the 9-yel1r period the growth or other 
conditions hn,ye so operated thl1t the crop yields were correspondingly 
fl1vomblyinfluenced, as ill 1928, and depressed, as in 1934. Howeyer, 
other seasons htwe occurred when the yields of a certllin crop lw.Ye 
been high, such as those from potatoes in 1933; whereas for the S[1me 
yea~ sugitr heets ret~rned the second lowest mean yield harvested 
dunng the 9-yellr penod.

In order to afford iln opportunity of observing the annual fluctul1­
tion of yields from 192G to 1934, table 7 is presented. The :riclds are 
exprf'ssed as percentlLges for each cmp listed, bnsed upon the mean 
I1llDunl yields for elLch crop and its departure from the mean for the 
!} ycnrs. Also, following these figures, there ure included the meun 
yields similarly expressed for the entire 23 yeurs but divided into 
three 6-yeur petiods and one 5-year period compu ted from the 23-ycur 
mcan yields. 

T,o\BLE 7.-J[wn annual acre yiclds of oafs, sligar beets, po/a/ocs, cont, amI wheat, 
expre:;sed a.~ percentages oj the mean yield:; of oll plots in delail from 1926 to [934 
and by 7}(.'rioci:; for the cllli((~ 28 ye((r.~ 

~(OP--~~~lllmll:-II.-1929!1 1930 ·1-19J,~32-1~:~J -, "~" I 
_ : 1912- I 1918- 1924- 1930­

1 -";' > i Ii t Zl 29 31 

------1->-1----. ---! ---' --:-1-->~ >~j II j j f ' 
OlllS••_.• , _ 75 132 1M 130 I 93 r.2 1 127 \ ~{l ~ 33 119 l J().I \0-\ I;s>1 

SU~flr hl,clL. 10~ 119 121 101 115l U5 1 105 1 92 i 70 HiSl' 100 lOt! S8 
POll.tOCS.... , 11 i 102 135 1 lit! \\4 87· ll6 1:10 i 39, 100 78 128 92 
Corn ___ • ..... 86 96 1071 107 132 95 I 88 9U I 00 1 131\ 97 I 87 77 
Whe:Jt. __.,"_,"!~~_ -.!!!:.. _l~_~_~I~~._:~,L~ ~~__6....1 

:.rcun '-I \lO j II3 i134 I l121 1110 IS~L 107' IOI~L ~2. 1_.. 122 f 95 103 

~.. 
:~ 

.. 

... 

.­
.. 
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In considering individual years, with the exception of corn, the 
highest percentages occurred in 1928 with an annual m~an for that 
yen.f of 134, defi.nitely the highest for the 9 ycars. The lowest for all 
crops except corn occurred in 1934, when the mean percentage for 
the year was only 52 percent, 32 points less than for 1931, the next 
lowest year. These figures emphasize the fact that the 4 years, 1926­
29, with a mean percenta,ge of 112 were distinctly more favorable 
than the .following 5 yea,rs, which have t)' mean percentage of 91. 
This is further reflected in the summary percentages given in the last 
four columns. "fhe hi.ghcst men.n of ] 22 percent oc(',tlrred the first­
year period, and the loweRt, of 77 ))ereont wu.s recorded during the la.st 
5 yen.rs. The next lowest WitS 101' the 1918-23 period. 

YIELDS FROM THE VARIOUS CROPS I!\ THE DIFFERENT ROTATIONS 
SUMMARIZED 

In compiling tho results from these rotation experiments (tables 
8-10, 12, and 13) it appeared thatl'otatiollnl effects could be most satis­
factorily observed and compored if the yields were summarized as 
neu.rly as possible in four equnl periods. By determining the mean 
yields for a period of yeal's the fluetuations not n,ttributed to treat­
ments to whieh the different crops have been subjected are minimized, 
with the result thu.t these assembled yields more accurately portray 
the differellces which ma,y be e:X'Pected under average farm conditions 
in the North PIn.tte Valley. The results are summarized for the 23 
yenI's by three 6-yeu.r periods covering 1912 to 1929 and a 5-ycu.r 
period,1930-34, In addit.ion t.o ('ompa,ring one rotation with nnother, 
tbe rotu,tions ure grouped in such a. numll('l' that the yields from the 2­
and 3-yeur rotations, both untrcated nod trcated, ns well as those 
luwing 2 and 3 yeu.I's 01' u.lfu1fa" llllly be COmp£Ll'ed. with the continu­
ously ('ropped rotations. Pnsturing is in('ol'pol'u.ted ns it tl'ea tment 
with swcetcloyer inl'ota.tion no. 45 nnt! \\'ith u.ll'all'u. inl'otntionllo. 65. 
It is possible to ObSel'Ye the influcn('e this treatment hns had on the 
yields of sugnr be('ts, on ts, and ('01'11, Following these yield figures 
are the stanciUI'd er1'OI'S 1'01' ('n('h period ill ('a('h rotation fot· the five 
{'rops uudm' consideration. As fitl' as llossible to eliminttto seus\)na.l 
varintions, these stunciul'd onors hnye been computed from the dcpur­
tures from the menn annunl yields of nIl tho rotations. rrhese standard 
CL'l'orS afrOI'd It mensuro of the significnnce of the yield difl'el'CllC\es whieh 
lllwe occurred. 

In {'olumns 7 to 10 (btbles 8-10, 12, alHl13) arc given tho departures 
of these menn yields from the va,l'ious rotntions for the fi,'e eraps from 
the mean yil'lds of nll rotn,tions for eneh of the fOllr ppriods. The menn 
depnr·tures for the tour ppJ'iotls or for tho pnst 2:3 yca.l's al'C ginm in the 
1nst ('olurnn. This method of presentntiollllfl'ol'ds menns of obsC1'ving 
the depnrtures of the yields from endll'otn tionl'cfcJ'cnced to the menn 
of :111 tho difl'cl'ent l'otations for the difl'el't'nt periods us "well ns indi­
eating th~ yield trends. rDlcse yield differences hlwe a prneticn.l 
nppJiention, pn.J'ti('ulal'ly w\WTl sugnr beets nrc considered. It hus 
been found thu.t tho me un yield of beets from aU of these rotations 
has not vn.ded greatly from tho projc{'t yields t1fl reported by thc 
Burcau of Reeln.mntion. lIenee it rnn.y be assumed tlin,t t.he rotntions 
which 1w.vo rpturned n. minus difference are below the North Platte 

447.J7°-nU-3 
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Va.lley average, whereas those With a plus difference are above, the 
extent of course depending upon the magnitude of the plus or minus 
differences. In a measure, compamble comparisons may be made 
with the other crops involved. 

Among other features these results emphasize the need of a con­
structive system oj crop rotation or special treatment of the soil if the 
productivity of .the soils on the North Platte project are to be main­
tained. In addition they contribute further evidence that while 
satisfactory yields may be obtained for some years if only crop rota~ 
tion is practiced and no special treatment is included in tho cropping 
program; yet eventually yields will decline without an occasional 
application of farm manure or unless such soil-improvement crops as 
alfalfa and sweetclover are included in the cropping program. It has 
been apparent that most immediate results in connection with the 
improvement in yields may be e~"pected from applications of farm 
manure. However, the livestock population on the North Platte 
project has been able to supply only a small part of what would be 
required were maintaining the productivity of the soil dependent 
wholly upon such treatment. TillS condition was recognized at the 
time these e~"periments were begun, and alfalfa was included }n.rgely 
for the purpose of determining how effectively it could be utilized in 
the cropping system as a substitute for manure. Later sweetclover 
was added, partly because of its more rapid growth the first season 
and also because when it is pastured the danger of bloat is less than 
with alfalfa. In certain rotations observations have been made to 
ascertain how profitable the procedure may prove to be when corn, 
alfalfa, and sweetclover are harvested with livestock as compared 
with the more common pmctices of harvesting these crops for grain 
or hay. It was believed. that deternlining the effect on succeeding 
crop yields when this praetice was followed might result in assembling 
further information on how crop yields could be even more economi­
cally stimulated aside from the applications of farm manure. 

In tables 8 to 13 the benefits in the form of increased yields due 
to improved cropping systems lue clearly apparent. However, there 
are other important advantages not always reflected in crop yields. 
Growing the same crop on the same land even for a few years not 
infrequently results in excessive weed growth, intensifies the damage 
by plant diseases and insect pests, or increases the expense of their 
control. There are still further ndvantages reSUlting from crop 
rotation. vVhen such a pract.ice is followed, two or more crops are 
necessarily included in the cropping program, thus diversifying the 
farmer's activities. It is generally accepted as a fact in areas devoted 
to the production of the more common ftmll crops that farmers who 
diversify are.able to utilize their time and equipment more effectively 
than if they are Ittrgely or wholly confining their operations to one 
crop. ·When fn,rmers arc not dependent solely upon an income from 
a single crop, as a rule their business is on a more stable basis, and a 
financial loss resu) ting from low yields or depressed Erices on a par­
ticular crop does not necessarily Indicate that they will sustain losses 
on their combined operations for the season. It is obvious that all 
the advantacres of a well-planned rotation are not reflected in the 
foregoing and following tables, but such factors should be taken into 

.. 
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IRRIGATED CROP ROTATIONS 

consideration ~'hen th~ comparative merits oi the differeut cropping 
system~ aro bemg considered. 

In making comparisons of the differences in yields obtained from 
the various crop sequences and treatments applied in these rotations, 
which are summarized in tables 8 to 13, it is recognized that but 
little emphasis should be placed upon the results for the first 6-year 
period,1912-17. The land where these experiments were conducted 
was quite productive when first broken, with the result that in almost 
all instances good yields were harvested during ·the first few years, 
as is apparent from the detailed results previously recorded (8). 
Hence the differences in yields which have OCCUIT~d during the latter 
years may be attributed to the rotational practices and treatments 
to which the different crops have been subjected. . 

By combining the yields from the different crops and trefi.tments into 
5- and 6-year periods extreme seasonal variations and accidental 
injuries have been minimized, yet there have been cycles of several 
years when the mean yields were relatively high as compared with 
other periods. Such conditions obtained throughout the first 6-year 
period, 1912-17, for all crops, as is apparent from the percentage 
figures given in table 7. Lower yields were harvested for the second 
6-year period, seasonal conditions being distinctly unfavorable for the 
1l0tato crop in 1918, for sugar beets in 1920, andsomewhat unfavorable 
for oats in 1919 and again in 1921. On the other hand, for the three 
major crops, oats, sugar beets, and potatoes, the yields were above 
the average for the third 6-y~:1r period, 1924-29. The lowest yields 
for all five crops were for the 5-year period, 1930-34. There were 2 
unfavorable seasons during these 5 years. In 1931 the climatic 
conditions were unfavorable for satisfactory yields for all crops listed. 
~gain in 1934, chiefly due to a shortage of irrigatio~ water, very low 
YIelds were harvested from the five crops. Durmg none of the 
years 1930 to 1934 were conditions notably favorable for the produc­
tion of large yields, as the highest mean percentage for aU crops 
given in table 7 is 107 with a 5-year mean of 77 percent. In a large 
measure these facts afford an explanation as to why the yields of 
sugar beets, oats, and potatoes, particularly for tlle last period, are 
mat~rially less than for the pre;yious period, 1924-29, eyen with the 
better cropping programs. Consequently, in comparing the results 
given in the tables consideration must be given to the varying seasonal 
conditions in order that erroneous conclusions may not be drawn. 

OATS 

The aVQrage annual yields of oats with the standard error and 
deptLrtures are given in tltble 8 for' the 4 periods. In addition to 
affording nn opportunity of comparing the summnry yields from the 
different l'otatlons, one with another, the rotations are grouped and 
the yields aycrnged as follows: Continuous cropping, 2-year untreated 
rotations, 2-ycar manured rotations, 3-year rotations lmtreated and 
1 having an application of manure, 4-year rotations having 2 years 
of alfalfa, 6-year rotations including 3 years of alfalfa, 2 rotations 
having 3 years of alfalfa and also an application of farm lIlanure once 
during the completion of. its cycle, and 2 rotations, nos. 45 and 65, 
which include harvesting crops with livestock. 
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TABL}] 8.-lIfean annual yield.~ of oais compared with the anmwl 1IlC(tns of all rotations, showing thc cffect of continuoliS cropping, simple tv orotations, lIIanllrt>, Cllfalfa, alfalfa and 'IIla7l11re, Clnc! pasturing at the Scotts Bluff Field Station, 191:2-34­

t-3 
lUcan ncre yie](ls oC oats (bushels), 6· and 5-year periods t:1 

~ ILlcrenso (+) or deerenso (-) as I .....
Rotation Crops in the rotation Periodic yields lind slundnrd error 	 compared with tho periodic :Meun Q 

means of all rolntions depur· 

I
:>turescor

I 	 t' --- tbe4 

lDl:1-17 1018·23 IU24-2<J 1930-34 1912-li 1918-2"& 192,1..29 11930-34 periods t:d 

conM~~~~s·~~~~:~~~::····1 Oats•••_ ........................ 1~,.lIxl. 78 1.36. 8.±2. 51 I:13.4%2.84 ~= --SA -20.8 -24.8 -16.7/--17.7 ~ 

•• _._•._ t-3,------ ------------ .... 

2·yenr rotations. untreated: 	 Z 
No. 16................ . Corn, ants••••..• 50.3::1:'1. 74 43. ·1'±4. IS 25. 0.±3. 40 25.7 .±3. sa -10.0 -1·1.3 -30.2 -12.1 -16.7 

_No. 22_~ ........ ~ .. ~ •.• ~~~ .. _.. ~,,~~ ants, sllgllr beets...... _~ .. _w fi7.:I::I:I.(14 4~. 1.±4. 96 al.4'±2.8S 23.·1::1:5.14 +1.0 -18.2 -26.8 -14.3 -14.6 en 
.....No. 2·1 ...................... . Ont$, potlltoeS •.•.•...•.....•......... liS. 9'±:I. 57 45.7::1:4.27 33. 1.±2. 92 21. 0.±5. 51 +2.7 -12.0 -25.1 -10.8 -12.8
No. 27_~_.~~~. ___ •__ .... _~_~ .. _~ OllIs (Collowed br rye plowed untier), po· i,;.2±t07 5.1. S.±2. 56 41. 2.±4. 29 25. 6.±2. ~'9 ;-9.U -3.9 -17.0 -12.1 -6.U t>:I 

tlltoes. qNo. 28.............................. . Spring whent, oots....................... . ii7. 3'±5. 311 35.1.±2. 00 20. 6.±2. II H. 8.±4. 52 -9.0 -22.6 -31.6 -23.0 -21.6 


.;\lean............... "",., 	 (;5.0 45.4 :12.1 I 22. 1 -1.3 -14.2 -26.1 -15.7 -14..3 1Jl 

==== 

2·year rotations, mllIlurcd: t::I
~'to.23 .. ~~~~~ ... : .~~" ~",,+,"'''~~~~ Ollts (mllnure). <1l!(lIr l)cets•.. 69. 5.±2. 45 I63. 1.±3. 08 G4.8.±3.67 H. 4::1:4. 72 +3.!! I +5.41 +6.61 +6.61 +5.5 t<.l1.No. 

:Mean._ 

25__..... 

••.••..••.•.•.•• 

~ ... _... ~ .. ,.~"' ...... ~_?~~ Oats (munure), pot.atoes .. h •. 

._.•••• , r.i.6 

Ii'!. 7::1:4.•6 

162.0 

GO. O.± I. 85 

164.8 

ti4. 8'±:I. 37 

141.7 

3S. 9.±2. 52 

I 
-2. 

+.3. 

6 +:1. 2 

+4.3 

+6.6 

+6.0 - +3.9 

+1. 1 

+a.8 

+2. 1 

!"l 
"d 

3·yenr rotntions, untreated: o 
No. 30••• __ .•...•... __ •• 36pOlntocs,onls.su!!nrheels'·"···'···'·'··16ii.4.±3.04I56.1.±3.57 1 . 4.±3.m 125.1.±4.311 -.91-1.61-21.81-12.7\ '-9.3 

";I 
No. 32._ ••••_•.•••••..•.... Corn.ollts.sugorbcets...... " ............ O4.9±6.24 43. 6.±·1. 03 25.5.±4.14 25.9.±5.50 -11.4 -14.1 -32.5 -11.9 -17.5 
 :> 

1\Icnn___ ... _'"'~~ . .. _..... _,. ...... ~ __ ~ ......... 	 •• __•• _.••.• 60.2 49.9 31.0 2.1.5 -6.2 -7.9 -27.2 -12.3 -13.4 

====.= ~ 

61.0.±2.78 1 47. 9.±3. 02 1+10.41 +14.61 +2.81 +10.11 +9.5 
o 

----, . ~ 
~ 

). ::t ") 	 ~.T 	 .....t• 	 " t '<f ~: 

http:61.0.�2.78
http:25.9.�5.50
http:25.5.�4.14
http:O4.9�6.24
http:pOlntocs,onls.su!!nrheels'�"���'���'�'��16ii.4.�3.04I56.1.�3.57
http:G4.8.�3.67
http:45.7::1:4.27
http:23.�1::1:5.14
http:al.4'�2.8S
http:13.4%2.84


" 
'f,Ie1, ~ :t .. ~ •W' 

+12.66-year n1falln rotntlons, unttented: 1 +7,0I I INo.60_______________________________ Alfalfa (3 years), potatoes, oats, sugar lJe"ts_ 68. 3:1:2. 09 68.7:1:1.25 83.6:1:2. 00 49.0:1:3.55 +2. 0 +11.1 +:15. ~ +11. 9 
No.6:<_______________________________ Alfnlfa (3 years), corn, oats, sugar beets___ 55.4:1:4. 01 6.~. 4:1:1. 81 79.0:1:2. 57 47.8:1:2. ~ -10. 8 +7.8 +'20.8 +10. C , +9.8No.64_______ .----------------------- Alflllfll (3 years), potatoes, sugar beets, oats ________.___ 65.0:1:3.22 74.2:1:4.22144.1:1:3.681 ______..1 +7.0 1 +16. 0 I +6." 

(started 1920). 
1'.fenn_____________________________________________________________ .-__________ 61.9 00.4 78. 9 47.2 l---=ul +8. 61 +20.81 +9. ·1+9.'8 

= = 
I\- and 7-year alfalfa rotations, manured:No.61_______________________________ Alfalfa (3 years), potntoes, oats (manure), 69.7±. 68 73.1±3.37 95.5:1:2.17 54.3:1:E.:12 +3.41 +15.41 +37.31 +16.51 +18.2 ,) 

su~ar beets. +2.9 +24.5 +15.3 +14.2No. 71.._____________________________ Alfalfa (3 years), potatoe.~, sugar beets ____________ 01. 2±3. 26 82.7:1:6.61 53.0:1:4.88 

(ulIlDure), sugar beels, oats (started 1920)_ 


....Mean-----_----------------------t------------------------------------------- 69.7 67.2 89.1 53.7 I +3.41 +9.21 +30.91 +15.91 +16. 2 

PllStured rotations: +.1 ....No. 45___________________________ • __ _ 39.8:1:2. 52 -1.31 -.6 +2.1Oats with sweetclover, sweetclover pas­ 56.7:1:3.04 1 57.0:1:2.99 Q
tured with sheep, sugar lJeets (2 -years) 

(started 1920). I I I 
~ 

No. 65:.. ____________... ________.. ____ ... __ _ Alfalfa (3 years, pastured with hogs third 70.4:1:4.06 72.8:1:4.00 76.4:1:4.52144.6:1:6.04\ -.31 +15.21 +18. 2 1 +6.8 \ +10.11 ~ 
year), corn (harvested by hogs), filU', oats. • ~----1----1---- ------------ ­

~{ean____________________________ 1.._____________ • _. __ ._------- -- --- -------- --I 70. 4 6·1.8 67.0 42.2 -.3 I +i.1l1 +8.8\ -\-4.5 +5.1 
0 
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In considering the mean yields of the different rotation groups, the 
lowest yields have been harvested from the continuously cropped 
oat plot, with those from the untreated 2-year rotations second. 
With one exception the highest yields have been ha,rvested from the 
6-year alfalfa rotations, which received apI)lications of farm manure. 
Of the 21 rotations the most fa,yomble resll ts with oats lllwe occurred 
in rotation no. 61, which has a plus departure of 18.2 bushels per 
acre. Th0 second 1110St ffworable results luwe been obtained from 
t:le comp~t1'able rotation, no. 71, with a menn departure of + 14.2 for 
the three periods. l)asturing has not stimulated the yields of oats as 
compu,l'ed with 2- or 3-yenl' alfnlfa rotations, us rotntion no. 45 has 
a mean depm'tl1l'c of only +0.1 and no. 65 +10.0, with a n1ean for 
the two of +5.1. However, it should be noted thnt no. 45 hilS 
2 yem's of sugnr beets following the pastured sweetcloyel', and the 
oat crop is preceded by a crop of flax in no. 65. In this latter rota­
tion the weed problem in the oat crop hus been a yield-depressing 
fadOl·. 

In the mean departures for the 4-yeul' period plot no. 1 has a 
mean of -17.7, the lowest, of nny of the treatments, with the 2- and 
3-yen.l' un tren.ted rotn.tions IH'xt in order. Applications of farm 
mnnure have proved distinctly beneficial in stimulnting the yield 
of Ol1ts as compnred with those rotations not so treated, as plus 
departures have occurred in the menn for the two 2-yenr rotations 
and the one 3-yelu' rotation. The highest mean departure of 16.2 
bushels is from rotnLions nos. 61 and 71, both having 3 years of 
a1.falfa and nn nppJication of manure during each cycle. In analyzing 
the results fl'om the individual rotntions the lowest oat yields have 
been harvested from rotation 110. 28, outs and wheat. This hns not 
pro\'('(l to be n desirable combinn,tion for obtnining sntisfnctol'Y 
yields of either on ts or wheat, the yields being llultel'ially depI'essed 
due to the difficuit}T of controlling weed growth. ,Veed growth nlso 
has })(Ien nn important fuctor in depr('ssing the yields of onts in the 
next; lowest plot 110. 1, with n drpmtuI'o of -17.7 bushel!'>. 

SUGAn ImETS 

Table 0 stlmmariz('s the menn Here yields of sugar beets, presenting 
the results stn.tisticn.lly, as were those obtained with outs in table 8. 
In nIl there 11.l'C 17 rotations and 19 yield comparisons, as the sugar­
beet emp appears twic(\ during- thp. completion of the cycle of nos, 
45 and 71. 

Consistently the lowest yields have been harvested from plot 2, 
with the three 2-yenr and the two 3-ycnr untreated rotntions giving 
the second lowest yields. The l1rxt poorest results have bee'n ob­
tained from the thl'{'e 6-year alfnlfn rotations, nos. 60, 62, Ilnd 64, 
which h,we 11 mean plus departme of only +0.6 tOIl per acre. Of the 
remniiling groups the two mlUlUlwl-alfnlfl1 rotntions, nos. 61 and 71, 
hllve the melln highest dcplu-tlll'e, with the two 2-yelll' lllllIlured rotll­
tions 0.1 ton less fot' the 2:3-YCfll' l)('riod. Of the remnining groups 
the most sntisfuctol'Y yields hft vo resulted fl'om rotntion no. 45, nnd the 
two 4-year alfalfll rotations, nos. 40 Ilnd 42, of +2.:3 and + 1.\J tOllS, 
respectively. 
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T.~RliE 9.-1Ilean a7l11l1al yields of sugar beets compared with the annual means of all rotations, showing the effect of continuous cTopping, simple 
Totations, manUre, alfalfa and manure, and pasturing at the Scotts Bluff It'icld Station, 1912-34 

1\fean IIcrc yields of sugar beets (tons), 6· and 5-ycor periods 

IIncrease (+) or dccrcase (-) ns 
Crops in the rolatlon compared with tho periodic IMeanPeriodic yiellls null slumlnrd error Rotation means of all rotations depar·

(u[csCor
tho4 

periods
1024-29 193()-341912-17 I 1018-23 I I 1~11018-231~1~ ...... 

Continuous cropping: -7.5 -0.3 ~ 
10.8::1:0.30 I 7.8::1:1.03 1 7.6::1:0. 42 1 4.9::1:0. 35 1 -3.01~ -7.4 0No.2, .......... .•••••••••••••.•.•.••1 Sugnr beets ••• --............... , ••• , ••" .. 
 >

8 
No. IS...................•••• · •.•. ". Whent. sugar heets -1.6 -3.8 -4.8 -5.2 -a.1l

2·year rotlltlons, unlrented: -.1 -5.6 -5.3 -5.0 -4.014.6::1: .76\ 8.5::1:.591 9.7::1:.43\ 7.3::1:.31 t-1 
13.1±.50 IO.3±.!11I 10.2±.42 7.1±.2·j t:::!No. 29............................ ··. Sugar bects.l>otatoos •••• __ .............. ·· 
 1?l!..... 4.1 n.R*.71 0.9::1:,[.2 7.2 .is -1.9 -4.3 -5.1 -5.1 -4.1 

n ---- -1.2 -4.6 -5.1 -Ii. I -4.01 7.2 ~N~I:::~~~~~~~~~~~~:~~:~:::~~~::~~:.. ~~~s:.~~~:l~.::~:::::::~::::::::::::::::::I =9=.=113.5 P.5 ===1===== = = = 0 
'"d2·year rotntillns. manured: +2.6 +3.5 +3.4 +2.4

No. 21 •••••••••• __ .................,.\ Rugar heets (mllnme), potatoe.~........... . 14.7::1:1.00 \10.7::1: .37 \18.5::1: .68\15.3::1: • i9\ -.1 +4.1
17.4±.51 18.1::1:.61 19.8::1:.55 17.0::1:.79 +2.7 +4.0 +4.8 +4.7 ~No.23.. ____......................... Oats (manure), sugnr beets ............... . 
 - ----- 0 
+4.2 +4.1 -+3.3Hi. I 17.4 1\1.2 16.2 +1.3 +3.3

lIfean.......................... . - =-= ~ 
= = 
8

3.year rotations, untrented: -5.2 -4.0 ....-1.8 -4.2 -4.6
No. ao.............................. \ Potatoes, onts. sugnr beets ••.•• __ .•••••.•• 12.9::1: .0.11 9.0::1: .52110..1::1: .31 I 7.1::1: .46\ 0
-1.9 -4.5 -4.8 -·1.8 -4.012.0::1: .1i0 0.7::1: .OS 1O.2± .41 7.6::1: .50No. 32.. __ ......................... ·. Corn, ants. sugar heets .................. ·· Z
----- ----- ----------- "(J2

-1.0 -4.4 -4.1 -5.0 -4.0
1:t.9 0.8 110.3 7.4 1 = = =".;,~;~:;:~~;;;;;=::::::::.··::.I·~:;:::.·:=·;~.::;::;::~::::::•. :-1-~.-2-±-.-84-illn.9± .42 I18.8± .70110.8::1: .57\ +3.5 I +2.81 +3.81 +4.4 1 +3.0 

4·yellr alflllrn rOlutlons: INo.40........................... , .. ,\lfnlfn(2years),polaloes.sugnrbools•.• __ 17.6±. 50 18.0±I.27 15.7::1:.98 I4.4±.i1 +2.8 +3.8 +.7 +2.0 +2.3 

No..12............................... Alfulfa (2 yeurs). Ollts, sugar heets........ 14.8:1:1.32 J7.1::I: .99 15.1::1: .89 
 •.~.~::.:.~ 2~1~1~1 +1.5_I_+~ 

.Menn.......................__...........__................................... 10.2 17.6 15.4 14.2 +1.4 +3.4 +.9 +1.8 +1.0==== 

~ 


http:14.8:1:1.32
http:I4.4�.i1
http:15.7::1:.98
http:18.0�I.27
http:17.0::1:.79
http:19.8::1:.55
http:18.1::1:.61
http:17.4�.51
http:14.7::1:1.00
http:10.2�.42
http:13.1�.50
http:7.3::1:.31
http:9.7::1:.43
http:7.8::1:1.03
http:10.8::1:0.30


-----------------------

TABLE 9.-.Mean annual yields of sugar beets compared with the annual1lleans of all rotations, showing the effect of continuous cropping, .simple .~ 
rotations, manure, alfalfa and manure, and pasturing at the Scotts Bluff Field Station, 1912-34-Continued. 

Rotation 	 Crops In the rotntlon 

4"yenr sweet clo\'er (pastured) rotnt lOlls: 
NO.4&-1-----------------------------1 Onts witl! sweelclo\'er, sweetcJo\·cr. pus­
No. 4&-2.____________________________ 	 Im'cd With Shl'ep, sugar beets (2,ears) 

(sturted 1920). 

Menn ncro yields or sugnr beets (tons), (j- nnd 5-year periods ~ 
c:l 
::!l 

Increase (+) or decrease (-) as ....Z 
Periodic yields nnd stnndllrcl error compared with tho periodic 0Mean 

menns of nil rotations depar­
lures for :> 

t'i, I the4 
193CH14 periods1912-17 1918-23 192-1-29 193O-M 1912-1i I 1918-2311924-29 tc 

Ci 
----------------1--'---,--,--,-- t" 

16.2:1: .93 119.4:1: .64 1 16. i:l: .40 
14. 0:1:1. is 16.2:1:.54 13.6:1:.55 

Menn____________________________.I_______________________________-------------1---------- .. 1 15. 1 11i. s 1 1:;.2 

14_R , 15.9 ,. 113.0 

I 
=.58 16.3:1: .59 

: .90 13.9:1:1.62 
=.45 17.2:1:2.. 18

----I 
.6 15.S 

+2.31
+.1 

1--------1 +1.21 

-.i +.6 
-.6 +.3 

+1.0 

+4. 4 1 +4.3
+1.2 +1.2 

+2.sl +2..SI 

+.4 -.5 
-.7 +.4 

+3.1 +1.9 

-.7 +.6 +.9I=I=I~I +.61 

~ 
+3.7 '"3
+.S .... 

Z 
+2..3 Qt.... 

t.:1 

-.1 
-.2 Ci 

+2..0 
?2 
t::;j+.6 
tr:J 
~ 
0 
I:rj 

:> 
G) 
:;d.... 
0 
Ci 
t" 
'"3 
Ci 
:;d 
tr:J 

-:~}:t .~ 'l 	 ~ ~. ..~"I t ~ 	 ~ " 
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fRRIGATED CROP ROTATIONS 

When the results from the individual rotations arc reviewed it is 
found that the highest yields have been harvested from the 6-yeal' 
alfalfa rotation no. 61, which has an application of manure preceding 
the beet crop. This cropping system shows an indicated increase of 
10.9 tons pCI' acre over the continuously cropp~d no. 2. The next 
best results have been obtained from the 2-yeur oats-beets rotation 
no. 23, which gets an application of manure every other yeur pre­
ceding the beet crop. As compared with the continuously cropped 
plot, there is an indicated superiority of lOA tons PCI' ncre throughout 
the 23 years. The other 2-year mnnured rotation, no. 21, is superior 
to the continuously cropped plot by 8.7 tons of beets. However, in 
this instance, manure did not immediately precede the beets as in 
rotation no. 23, but was npplied to the preceding crop, potatoes. 
The yield differences of beets resulting from rotations nos. 45-1, 
31, und 71-2 closely follow those obtuined f"om rotlltion no. 23. 
From these results it appears that harvesting one or more crops by the 
pasturing method is nearly as effective in stimulating the yields of 
beets as are applications of furm manure. 

Alfalfa alone, whether growing for 2 or 3 years !lnd regurdless of the 
crops and sequences, hus not resulted in stimulating the yields of 
beets us have applications of farm mllnure or the practice of pusturing. 
The lurgest increuse over continuous cropping is 8.6 tons per acre from 
rota tion no. 40; no. 64 is second with 8.3 tons. In both of these 
l'Otations the beets are preceded by potatoes. In other instnnces 
oats are the preceding crop, a sequence which hilS not resulted in us 
satisfactory yields as have occurred where the beet crop hus followed 
potatoes. The exceptions have been with nos. 23 and 21, but in these 
cases the oat crop is followed by an applicution of munure in no. 23, 
,,{hereas in no. 21 the manure is applied to the potatoes. 

A comparison of the beet yields from rotation no. 40 with those 
from rotation no. 42 shows an incrense of 0.9 ton per ncre in fn,vor of 
no. 40. Rotations nos. 60 and 62 have minus departllI'es of 0.1 and 
0.2 ton of beets, respectively. This mlly be Ilttributecl chiefly to 
the fact thnt not only do oats IH'eeede iH:'l·ts in both instances, but 
also thut two crops intervene betweell the alfalfa and the beets, itS 
compured with only one crop in the cuse of rotl1tion no. 64, which 
has a plus departure of 2.0 tons of beets. These results further 
indicate that as fl1vorllble l'eslllts lllay be expected with 2 years of 
Illfalfa as with 3 yeurs; this is nppOTent W11Cll tho beet yields from 
rotution no. 40 nrc compared with those from no. 64. 

POTATOES 

The yields of potfltoes are given in tnble 10 us this crop appears 
in 15 dift'erent croppin~ systems. There is one continuously cropped 
plot, four 2-year rotatIOns untrel1ted and two which receive npphca­
tions of farm munurc, one 3-year untreated l'otlltion, und a similar 
rotation to which JUanure is applied. There lire six ulfulfa rotatIOns, 
two having 2 years of alfulfll, two having 3 yeurs of ulfnlfa, und two 
having 3 yenrs of nlfnlfa together with nn n]lplicntioll of farm mnnure 
during each cycle. 
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TABLE lO.-.Mean a1£nual yields of potatoes compared with the annual means of all rolations, showing the effect of continuous cropping, simple ~ rotations, manure, alfalfa, and alfalfa and manure, at the Scotts Bluff Field Station, 19112-84 

lIfean a'-re yields of potatoes (bushels), 6- and 5-year periods I:?!l 
o 
::tl 
ZIncrease C+) or decrease (-) as ...

Rotation Crops in the rOhltion Periodic yields and standard error compnred with the periodic Menn o 
means or. all rotations ___I_-;-__~__ depnr· t'

>turGS for , I the4 
1912-17 1918-23 1924-29 1930-34 1912-li 11918-2311924-29 1930-34 periods t:r.:! 

----------------------------'---1--'--'--,--,-- ~ 
Continuous cropping: ~ No_ 4________• ___•____••____._._____.1 Potatoes..____ •__._...__ ••__••_____..__ •__ II26.5±lS.02159.1±1l.50I111.4±10.79\ 65. 2±26. 051 -SO. 71 -114.31 -175.01 -14O.SI -127.7 

~ 
2·yenr rotlltions, untreated: Z 

No. 20'-""--""'-"--'-----"---"1 Potatoes,sugnr beets··· ___•• __ •__________·1183.4±S2.21 108.0±15.53170.1± S.37126.3±19.1l -40.5 -65.3 -116.2 -79.S -7S.5 
NO.24_____ •_____ ..._..____ •____..... Potatoes,onts.._..........__........ __ 1 -41.6 -S2.4 -101.6 -93.S -72.4 en
.•• IS2.3±16.43121.0±lS.74 184.7± S.84 112.3±13.49 ....NO.26.........__ ........._......._._ J'otntoes, corn ..__ ................._....... 17S. 7±13. 94!101.6±11.62 147.5± S.45 104.3±22. 97 -48.1 -71.S -138.8 -101.7 -90.1 t.:>
NO.27...._______.....__ ...._..__.... Potatoes, oats {followed hy rre plowed 

under) ___......... __ ................_.._ 18S. 9±27.32 152.2± 9.84 274.1±H.S6173.S± 7.45 -35.0 -21.2 -12.3 -32.6 -25.3 
~ 

lIfcan________..............____... I.................................... __ .. __ •• jIS2.6 1120. 7 jt94.1 1129.1 _.iT""1~ -52.7 -92.2 -77.0 -65.S 

= ---::= Ul 

2·year rotations, ID1\nured: 
No. 21."--,,,,,,,,,-,,,,,,,,,---,,,,1 Potatoes, sugnr beets (manuTel ..••....•• •• 1212.1±13. 971154. 5±17.1SI334.1±12.081235. 5±16. S7 -11.81 -lS'SI +!7.S +29.4 +11.7 t:INO.25............_______........__ .. Potatoes, onts (ID1\nnrc) ...._.....___...... 229. 7±1O. 01 191.4± 9.S7 326. 9±16. 21 221. 2±18. 59 +5.8 +IS.0 +40.S +15.1 +19.9 
 I:?!l------ '"j

lIfenn_...._________._..____....... I...... ____.............___•• _......-.......-1220. 9 1173.0 1330.5 1228.4 I -3.01 -.41 +44.21 +22.31 +15. S 
 '"3 
3-yenr rotation, untreoted: 

No.30........____• ________.... ____ .• POUltoes, oats, sugnr heets_................ 225.4± 9.421131.8± 7.03 2IS.S±13.1S 166.S±19.36 +1.51 -41. 51 -6i.fll -39.31 -36.S I::j 
o 

3-yenr rotation, ID1\nured: 
NO.31........._..___..._____........ Potatoes, oats (manure), sugnr beets•••• __ 246. I± 4.21 185. 5±lS. 25 339. 5±IS. 67263. 9±12.04 +22.3 +121 +53.2 +S7.8 +36.4. 
 :.­

G:l4-year alfulfo rotations: 
No.4O..___•_______ ...... __.......... Alfnlfa (2 years), potatoes, sugnr heets..... ,269. 9±2D. 95 212.0± 9.31 344. S±19. 30 258.4±25. 92 ~ 

NO.44._____.....____ ._._____........ Alfalfa (2 years), potatoe~, outs..........__ ,'295. S±15.09 215. 2±20. 86 33O.S±16. 92 222.1±29.49 +i1.6 +41.8 +44.2 +16.0 +43.4 o
+46.11 +68.61 +58.21 +52.3/' +56.3 

Menn.•_________•_______• ___..__......____..__....______...._..__••_..__•_____ 282.7 228.6 337.5 240.3 +58.9 +55.2 +51. 2 +34.2 +49.9 ~ ==== 
Cl 

~ 
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6-year alfalfa rotations, untreated: 
No. 6O~______ -----------------------, Alfalra (3 years), potatoes, oats, sugar beets_1m. 4::1::13. 961258. 7=1:16. 131372. 7=1:12. 21 2i6. 6±l2. 441 +54. 61 +S5., 4\ +86.41 +70., SI +74. 2NO.64______________________________ Alfalfa (3 years), potatoes, sugar beets, oats 

(started 1920) _______________________________________ 2-tl.9::1:; S.39 383.4::1:; 7.68 303.3::1:;15.83 ________ +71.0 +97.1 +91.2 +88.4 

•____ •--______________________~____________ •______ 2iS.4 200.3 - 290.0 ---------Mean_________________________ 3iS.: +M.6 +is.2 +91.8 +83.9 +81.3 

6- and 7-year alfulfa rotations. manured: • '== = 
NO.61______________________________ _illalfa (3 years), potatoes, oats (manure). 

sugar beets______________________________ 200.3::1:;19.18277.7::1:;15.46395'.4::1:; 8.51 285. 6::1:;12. 63 +72.4 +104.3 +109: 1 +79.5 +91.3 
NO.71______________________________ Alralfa (3years), potatoes,sugar beets (ma­

nure), sugar beets, oats (started 1920)_______________ 210.2:1:23.76361.5:1:11.18 2i6.2:1:25.31 +39.3 +75.1 +70.2 +61.5 ~/ \: 
Mean_________ •___________________ '-________________ . __________________________ 296.3 244.0 378.5 280.9 +i2.-4 +71.8 +92.1 +74.11 +76.4 
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As has occurred with oats and sugl1r beets, the lowest yields have 
been harvested from the continuously cropped potl1to plot, which 
for the 23-year period hils a minus departure from the mean yield of 
127.7 bushels per acre. The next lowest yieldin~ group is the one 
including the four 2-year simple rotl1tions, w1nch hn,ve a minus 
departure of 65.8 bushels, with the 3-yel1r untrel1ted rotlLtion third. 
Of the three reml1ining groups which include alfalfa and applications 
of farm manure, the largest menn departure is from the 6-year rota­
tions including alfalfa, secondly from the two alfalfa rotations to 
which mlLllure is ILpplied, and thirdly the 4-yelLr rotations including 
alfalflL. Applicntions of fann mnnure npparently hnve stimulated 
the yields of potatoes above the mean yields of nll rotations to the 
extent or 15.8 bushels in the 2-year rotations and 36.4 bushels pel' 
ucre in 3-yeal' rotn.tion no. 31. 

A complLrison of the results from the individual rotations shows thnt 
the highest yields of potntoes for any period and for the entire 23 yenrs 
have been hlLrvested from rotation no. 61, to which farm llllLllure is 
npplied. This rotl1tion has a menn yield for the four periods of 
313.8 bllshcls lind IL plus departure of 91.3 bushels per acre. How­
evcr, this yield is only 17.2 bushels in excess of no. 60 lllwing a similar 
period of alfalfl1 but not, receiving the manurial trelLtment,. In view 
of the fact thn,t there is a relatively high standard errol', this differ­
ence clLnnot be considel'~d significlLllt. The results obtained from 
no. 60 as complLred with no. 61 arc confirmed by those recorded from 
rotation no. 7], which bCls the Innnmial trentment. The benefits in 
the form of incl'eltsed yields of potat.oes from 3 years of nlfnlfa ns com­
pared with rotations nos. 40 und 44, having but 2 years, arc clenrly 
ILpparent, there being a menn deptLrtul'C diffennce in favor of the 
former of 31.4 bushels PCl' ucre. 

ApplicHtions of farm mnnure have definitely st,imulated potato 
yields. Rotntions nos. 20 and 21 are similt11' as to Ll'OPS, but, t.he lattel' 
had an appliclLtion of manlll'e every other yoar find preceding the 
potato crop. The met1n plus depnrture of 87.2 bushels pCI' ncre mny be 
attributed to the manurial treatment. This is a slightly more flwora­
ble difference than the 73.2 bushels pel' acre between the 3-year 
rotat,ions nos. 30 and :n. 'fhl1t rye plowed under has had a beneficial 
effect in st.imulat.ing t.he yields of potatoes is appnrent when the 
yields from rotnt-ion no. 2·4 fire eompared with those from rotation 
no. 27, there being u difference of 47.1 bushels in fuvor of rotation 27. 
The mean yields for the 23-year period from rotations nos. 20 and 24 
are quit.e compamble, but the pOhtto-corn rotation, no. 26, has return­
ed the lowest yield next to continuo11sly cropped plot 4. 

In the foregoing discussion of the results WIth potat.oes in the rot.a­
tions total yields llllvc been recorded. Throughout the 23-yea1' 
period t-herehlls been 11 marked v!Ll'iation as t.o the quality and size 
of the potatoes from the different rotations. Tubers harvested from 
the continuously cropped plots uncI the 2-year rotations showed 
definitely more scab injury, whereas in the IonO'er rotations, pnrtic­
ulady those including alfulfa, they were nearly free from the disease. 
These facts are not reflected in the yields reported. Throughout 
the period u record has been kept of the percent of cull potatoes 
based llpon locnl standards. In order to ufford an opportunity of 
observing t.he VHriation in the percentnges which huve occurred, 
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table 11 is included. This gives a descript.ion of the rotations and the 
percentage of cull potat.oes. 

TABLE l1.-Percentage of cull potatoes 1Jrodllced in the irrigated roiations, Scotts 
Bluff Field Station, 1.924--33 

Rota- Rota-Per- Per­tlon Crops in the rotation tion Crops in the rotation cent cent
DO. DO. 

Potatoes contlnuously _______________4 31 40 Potatoes, sugar beets, alfalfa (2Potatoes, sugar beets ________________ yeurs) ____________________________ .
20 1R 7 
21 Potatoes, sugar beets (mnnure) _____ 10 44 Potatoes, oats, alfalfa (2 years) ______ 7potatoes,oats______________________ • .'24 15 60 Potatoes, oats, sugar beets, alfalfa (:1 years) __________________________Potatoe.q, oats (manure) _____________25 9 7Potatoes, corn _______________________26 18 61 Potatoes, oats (manure), sugar beets, aUaUa (3 years) ____________________27 :Potatoes oats (followed by rye 6plowed under) ____________________ 11 64 Potatoes, Rugar beets, oats, alfalfa (3

Potatoes, oats, sugar beets _________ years) ______•••••• ______ ._ ._ ••_••,. 

31 Potatoes, oats (manure), sugar bcet.~. 11 71 Potatres, sugar beets (manure),


sligar beets, 'outs, uUaUa (3 years) .. i 


30 15 7 

The results recorded in table 11 are for the 10-year period 1924-33. 
The year 1934 was not included as the data for that season were not 
complete. The earlier years were omitt.ed, for it is believed that the 
recent conditions more nearly reflect what should be expected under 
farm conditions' were t,hese rotation practices in effect for a corre­
spondingly long term of years. The highest percentage of culls has 
been harvested from continuously cropped plot 4. The next two 
highest percentages of cull potatoes were harvested f!'Om 2-year 
rotations nos. 20 and 26, each of which have 18 percent. These 
results indicate that applications of farm manure have reduced the per­
centage of cull potatoes in comparable 2-year rotations, as is evident 
when the cull percentages from untreated rotations nos. 20 and 24 
aTe compared with those from manured rotations nos. 21 and 25. 
The lowest percentages of cull potatoes consistently have been har­
vested from the 4-, the 6-, and the 7-year alfalfa rotations. 

WHEAT 

Table 12 affords an opportunity to observe the effect of SLX diffeL'~ 
ent cropping systems on the yields of wheat. There are three plots 
continuously cropped to wheat, two 2-year untreated rotations, and 
one 4-yenl' alfaUn rotation. In one of the continuously cropped plots 
the strnw is returned to the land and plowed under preparatory to 
the next season's seeding. The other two plots include one devoted 
to spring wheat and the other to winter wheat. With the exception 
of alfalfa rotation no. 48, it was not anticipated that any of these 
cropping systems are of a nature to return satisfnct.ory wheat yields, 
although it was believed that uReful information would be developed 
as to the extent that wheat yields would be influenced by such farm 
practices. 

The lowest yields have been harvested from the three plots con­
tinuously cropped to wheat, and only from alfalfa rotation no. 48 
have reasonably satisfactory yields been obtained. For the 23-year 
period this rotation has returned a yield of 24.7 bushels per acre. 
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TABLE 12.-J'fean annual yields of wheat compared with the annual means of all rotatiolls, showing the effect on wheat yields of continuous ~ 
cropping, simple rotatiolls, and alfalfa rotations at the Scotis Bluff Field Station, 1912-84- o 

,Moon acre yields of whoot (bushels), 6-llnd 5-yenr periods 	 .~ 

Rotation Crops In the rotation 

Continnous cropping: 
No. 3-"*---"''''--'---''''1 Spring Whoo1. ____ •• __•____•______________NO.5._._......_______• _.. Winter whoot._..._____• _____.... _.___ •• _. 
No. 7___ --______ ._.. ___ Spring wheat (stmw returned) ___• _____ •__ 

:\\Jenn__ --_-- ----.-. _... '1' -.----.----------------------'--.'. 
2-yenr rotlltions: 

NO.IS._____ ••_•••• __ •••••_ Spring wheat, sugar beets •••.•__ •____ .• 
No.25_____________•__•__ ._ Spring whent, oats._................ . 


4-yenr:::I~: ~~:~~~;---- -- ·1------·------.--.--------.----.-.-..-.".... 
No.48••______............__-'ICnICa (2 ycnrs) , spring wheat, onls •.• 


Periodic yields lind stnnullnl error 


1912-17 1018-23 1924-29 1930-34 


12. 5±0. 70 S.4±1.13I,23,.9±1. 05111. 3±1. 0224. 3±2. 84 16. 4±1. 81 H.7±1.50 i. 5±1.60 
22. 6± .82 12.0±. 4i 12. 2±1. 21 S.3±1.43 
-----_.. _-, 

1 13 2 S.1ZI. 6 . 113• 1 l ­=,-
2i.8±I.OO II9.4±1.:11 I IO.O± .OS I 9.6±1.02 
2'.!.9±1.81 15.4± .41 12.1±. 74 9.2±.70 

25.4 17.4 114.1 I 9.4 

31.4±1. 10 /22.8±1. it 25.0±1.53 119. 7±4.08 

Increase (+) or decrease (-) as com­
pared with the periodic lIlenns of all 1Menn de­
rotations 	 partures 


for the4

• • , periods I

1912-1i 	 I 1918-23 I 1924-29 I 1930-34 . 

,---,---,---,--- ~ 

-1.6 -4.9 

-1.2 +.2 -.9 -3.0 -1.2
-3.1 1 -2.1 1 -2. 9 

-2.9 -4.2 
~--==-=-~ I

-3.0 -2.5 -2.4 -2.4... ! -. - ! _. ! - . ! 

+3.2 +.4 -.S 
-.8 -3.5 -1.2 

+1.2 -1.6 -1.0 

+5.9 +6.6 +9.4 +9.2 

01 .... 
t>:)

+1.3 
-2.0 

~ -.4 
--- til 

+7.8 
t;1 
~ 
o 
I%J 

:>-

I 
~ 

~. ,. 	 :!f~.'f J. ", ~ 	 ," ;; " ~" ~. 
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IRRIGATED CROP ROTATIONS 

These results indicate that the wheat straw returned actually has 
had a slightly adverse effect on wheat yields, as 110. 7, where this 
practice has 'heen followed, has returned a 23-year mean yield of 
only 13.8 bushels, the lowest of any of the cropping systems. The 
next lowest yield is from continuously cropped spring wheat plot 3, 
with a yield for the complete period of 14.0 bushels; the 2-year spring 
wheat-oats rotation is third, with a mean yield of 14.9 bushels. 
Slightly better Tesuits were obtained with winter wheat continuously 
cropped, which has a mean periortic yield of 15.7 bushels. However, 
none of the difference m ..;'sting among nos. 3, 5,7, and 28 can be con­
sidered significant. 

CORN 

In table 13 am given the yields of corn in the five different cropping 
systems which include this crop. Corn is grown on one continuously 
c'ropped plot, on two 2-year simple rotations, on one 3-yem.· simple 
rotation, and on 6-year alfalfa rotation no. 62. 

As 1ms occurred with the other crops discussed in this bulletin the 
lowest yields of corn have been harvested from the continuously 
cropped plot with, the two untreated 2-year rotations the second 
lowest and the 3-year rotation third. The highest yield, 55.7 bushels 
of corn per acre, has been harvested from the 6-yeil,r nlfalfa rotntion 
no. 62. This is 29.3 bushels in excess of the yield from the continu­
ously cropped plot, which returned a per acre yield of only 26.4 
bushels. That corn yjelds are materially in excess of those harvested 
from the wheat plots is apparent when the results in table 12 giving 
the wheat yields are compltl'ed with those from corn recorded in 
table 13. The highest wheat yield, harvested from nlfalfn. rotation 
no. 48, totaled 24.7 bushels per acre, or 31.0 bushels less thnn the corn 
yields from rotation no. 62. There is a slight dilfcrence in the yields 
of corn between the two 2-yeu.r nnd the one 3-year l'otu.tion, but the 
differences which have occurred nl'e slight and when coml-'ft.red with 
the standard errors are not considered significant. 

COMPARATIVE VALUE OF THE DIFFERENT ROTATIONS 

The foregoing pages have been devoted to a presentation of the 
results indicating the extent to which the vltl'ious crop sequences I),nd 
treatments have influenced the yields of oats, sugar beets, potlLtoes, 
wheat, and corn; but this method docs not nfford an opportunity of 
evaluating nnd compnring the various rotations when each is con­
sidered as a complete unit. It is apparent that the yields hl1ye lIuctu­
ated \\;'thin wide limi ts as certain crop sequences hl1ve resul ted in good 
yields while with others less j:;n.tisfactory l'esults lmve been obtained. 
Becfl,use of the higher production costs of the stnple fu.l'm crops, 
irrigation farmers are forced to incrense their yields proportionately 
if they arc to compete successfully with those engaged III similtlr enter­
prises on unirrignted lllud. 'While Telu.ti.veiy large yields are essentilll 
to ft successful il'rign.tion agriculture, the actual and indirect costs 
incident to obtaining stich yi~lds al'e oC equill importance. Sugar 
beets and pobltoes nrc tho cllH.~f cash crops produced on tho North 
PJl1tte project and for 23 yelLrs 1ll1ve proved to be tho most profitable 
crops ~rown, but it shoul(L not be assumed thn,t tile cropping systems 
returmng the highest yields of these crops are the most profitttble. 



...<"'H" ,';:"'~~--::~:~t~::-~;:r',; 

TAlILE 13.-.Mclln annllal yields of corn compa/'ed with the almllal means of nil rotations, showing the effect on corn yields of continuous crop­~ 
l ling, s£mple rota(ioTls, a/ld alfalfa rotatimls at the Scotts Blllff Field Station, 1912-84 	 t>:J 

------.-- ----------------------------------­
::.reun nero yields (,( corn (bu~hels), 6- nnd Ii·yenr periods ~ 

'1 38.1:1:3. 35 1Zi.3±2.~5120·9±2.69119.2±2.ro I~I~I~I~I~ 
2·yenr rotntlons; 

N\>. 16··................... 1 Corn, olltS...............................1 54.1±1.41 1 29.6±1.80 121.0±2.32 119.2±1.32 H.5 -6.0 -0.7 -8.7 -5.0 iNo. 26..................... PotlltOes, corn...... ...................... 48. 0±1. 60 31.0±3.55 27.2±2.116 24.2±2.15 
 -.7 -4.5 -4.4 -3.8 -3.4 
Menn._...._•••...••••••• en30 3 124.6 	 ....IiiI. Ii 1 . 121.7 I +1. 9 1 -5.31 -i,1 I -6.31 -4.2 

~to:)3·yenr rotntion: 
No.32 ................... / Corn, oats, sugllr heeL~.................. ,,/4S.4±1. 34 133. 7±1. 71 130. 8±2. 23120. 3±2. 02
6-ycnr alfalfa rotlltlon: -1.2 -1.8 -.0 -1.7 -1.4 c:I 
No.62..................... Alfalfll (3 yenrs) , corn, oat;;. slIgur bl'Cls".. 58.4±3.54 50. 1±5. 23 5(. 2±5. i'O ro. 9±2. is ~ 

+8.8 +20.6 +25.. 6 +22.9 +19.5 IJl 

l:;j 
t<.I 

~ 
o 
"!l 

@ 
n 
c:I 
S 
~ 

Uotntlon Crops In the rotntlQn Periodic yields IHld ~tnndnnj error 

1012-17 1U\8-23 1924-29 1930-:14 

ContInuous cropping: 
No. 6-___..__ •• _~..._"'_"".r Corn._._____•••••• _••••. 

Incrense (+> or decrenso (-) ns com­
pared with tho periodic means o( nlI IMean do­ ~ 
rotlltlons 	 pnrtures 


(or the 4 

, , , per/ods ~ 

1912-17 1918-23 1924--29 193fH14 

'-----1----1----'----- l%f 

, 
'1 ';1t· 	 t ". ~'f A. 	 t 1- ~ ~ 
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Before this can be ascertained, infonnation must be made available 
as to the estimated net retums from aU crops induded in the cropping 
program. In general, diversification of crops is to be commended, 
but the results recorded in the following tables emphasize thn.t con­
sidertttion must be given as to the e:-..-pected retW'ns from the enter­
prise as a whole if the farmer is to make the most of his opportunities. 

In addition to affording an opportunity of ascertaining the merits 
of diversification insofar as this practice is followed in these various 
rotations, other significn.nt compn.risons may be made. It is possible 
to measure the value of sto.ble mtlDure when it is applied ew'ry yeiu' 
to the plot continuouslv in nll'alfn., to fLsccrto.in the value of mo.uW'e in 
a 2-yetLr rotation, and "wl1eth('r l11nnuring is more profitable in 2-ye:'1r 
or in 3-year rotn,tions. In rotation no. 61, which receives an appli­
('ation of stable manure e'{NY sixth yeilr preceding sugn.r beets, it is 
possible to determine to Whitt extent such a practice increilses the net 
retUlns by comparing it with no, 60, which does not receive such 
treatment. The total voJue of each of a number of roto.tions in which 
alfalfa is included has been determined and milY be compared ,vith 
others where this crop is not induded. Considering the initial high 
first-year eost of seed 11.ncl s€'eding together with the low yi.clcl, some 
information is made available as to 'whether alfalfa should be left in 
for 2 or 3 years. In rotation no. 45 the harvesting of sweetelover by 
livestock has been practiced, which is followed by sugar beets for 2 
successi\'(} yea.rs, .A mNlsure of t1H~ ml'rits of this -practice is possible. 

The procedure followed in arrivi.ng at the estimated net returns for 
each rotation '.'.-as as follows: The production costs were determined by 
using for the cultural-operation costs those rpeognized as somewhat 
standardized in the community, such for instance, us contract labor, 
hauling sugar beets, harvesting grain, plowing, tuxes, and irrigation 
water. Other items of e)..-pense, SUell as disking, harrowing, and plant­
ing, were estimated, bnsed partly on the experience in performing 
these operations at the station ns well tts obSetTations milde among the 
farmers on the project. In arrh-ing at the ('osts of growing sugnr beets, 
$18 WilS the figure us('d to ('oyer contl'uct bbor costs. III all instances 
$11 per acre ,vus nllowed for 'woter costs, tool maintenance, miscei­
limeous repairs, intNest, nncl depreciation. The cost ot applying 
farm manure was estimtlted os 87 pel' ncrC. The unit value placed on 
the dilferent crops is beliewd ilot to be in excess of the average vniue 
of these crops for the 5 yrnrs, 1\1:30-:34, nnel is ns follows: .Alfnlfa, 
$7 per ton; sugar beets, $6 pl~r ton; oats, 40 cents per bushel; market­
able potatoes, .50 cents per b'_t'i;lj(~l, wbile culls were "alued at 15 cents 
per bushel; eorn, 60 cen ts p('r bushel; when.t, 75 c('nts per bushel. The 
net returns have been computed on only one rotation, no. 45, where 
harvesting with livestock has been pr'tlcticed. Other e:-..-penses in 
connection with pustudng sweetclovel' in this rotation were the value 
of the grain or hay fed, together with the estimated costs incident to 
caring for the liYestock, in this instance $7 per acre for the season. The 
returns were computed upon the net gain in weight unel the value of 
the gains based on tbe prevailing price paid for such livestock to 
farmers in the community. In computing the returns, the mean 
yields for the 23-year period have been used. The results are giyen in 
table 14.

• 
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TABLE 14.-Comparative value oj the different rotations, Scotts Bluff Field Station 

Rote· Rela­ Rote- Rela­
Crops, treatments, IIn<l sequences tinn tlve Crops, treatments, lind sequenccs tion tlve 

no. value I no. value I 

Sugar beet.s (nmnure), potatoes ____ 21 $28.23 Alfalfa (2 years). oots, sugllr heets. __ 42 $6.78 
Oats (with sweetclover), sweet- Alfalfa (2 years), potatoes, oats ___ _ 44 4.46 

clover pastured, sugar beets (2 Potatoes, oats, sugar beets ______•__ 30 2.51iyears) ____________________________ 45 24.26 Oate (rye plowed ullder), potntoes._ 27 .90 
Altalta (3 years), potatoes, sugar 20 .65Sugar beets, potatoes ______•________

Oats, sugar beets _________________ ._beet.~ (manure), sugar beets, oats_ il 21.45 22 .13
Oats (manure), sugar beets _____ . ___ 23 21.32 Spring wheat, su~ar beets ____ •____ _ 18 -.30 
Altalta (2 years), potatoes, sugllr Corn, onts, sugar beets _____ ._._ .•• a2 -1. 26beets •• ____________ •____ ••__ •___ ._ 40 21.05 Allalfa (2 YCllrs) , spring wheat, Ollts_ 48 -3.10 
Potatoes, oats (manure), sugar Sugar beets contlnuously ___ ........ 2 -4.71beels____• _________•______________ Onts, potatoes ___•_________••_.•___ •:ll 20.86 2·1 -5.00Corn, Ol\ts_____________•_________ ._Allnlla (3 YCllrs) , potatoes, Ollts 16 -6. r>3(manure), sugar beets ____________ Potatoes, corn _____________________ .61 :~.H 26 -7.fin 
Allnlla (3 years), potatoes, sugllr 6 -8.0"Corn L"Ontinuously_____________ •__ • 

beets,onts__________________•____ 64 !!l.15 Oats continuously _____ •____ ••.•. _•• I -10.01 
Allnlla (3 years), potatoes, on ts, Spring wheat, oats ____ ........ "'" 28 -11.8..'sugar beets _____•_____ •__ ._._•.• _. no la. II Winter wheat continuously ___ .' .•. 5 -12.03. 
Oats (manure), potetoes. ____ ...... 25 8.91 Spring wheat contlnuously_ ...... _. a -13.01i
Allnlln contlnuously __________ . .". 8 i. fiO Spring wheat, strnw returned __ •..• 7 -13. J. 
Alfalfa (3 yellrs), corn, onts, sugar Potatoes continuously _. __ ._._ ... ,,,, 4 -28.(;8

beets...""_ ..... _._ •...•••.. 02 0.05 

I The minus sign (-) indiCtltes loss. 

The rotation indicating the highest net return is no. 21 devoted to 
potatoes and sugar beets, the chief cash crops of the area. While this 
rotation was the highest in respect to net returns, there were ei~ht 
rotations returning higher yields of potatoes, and five from whICh 
lar~er yields of sugar beets were harvested. The cropping program 
which has proved to be the second most profitable is no. 45, which has 
2 years of sugar beets and includes sweetclover pastured. Of the 
eight rotations indicn.ting a satisfactory net return of $19 or more per 
acre, five of them have reccived applications of farm manure, one has 
pasturing, and the other two include alfalf!t. There are five pairs of 
comparuble rotations, the only difference being thn,t one in each in­
stance has an application ofi'l.rm manure during its cycle, whercas the 
other does not have this trcn.tment. The difrerence in the net returns 
provide nn opportunity of nscertaining the value of the manurial 
trcnment. This treatment hns incrcnscd the differences between 
rotations nos. 20 and 21, $27.58; nos. 22 and 23, $21.19; nos. 24 and 
25, $14; nOs. 30 and 31, $18.31; and nos. 60 and 61, $7.33 per acre. 
It is evident that applications of stable manure have increased sub­
stantially the per acre net returns for exclusive alfalfa rotations, 
nos. 60 and 61; there is a mean pCI' acre value increase for the remain­
ing four pairs of $20.27 per acre, which may be attributed to this soil 
amendment. Similar comparisons may be made with three pairs of 
rotations, one of which in each instance includes alfalfa and the other 
does not include this crop. These three pairs are nos. 20-40, 22-42, 
and 24-44. The mean value increase which may be credited to 
alfalfn is $12.20 :per acre. Similar comparisons may be made with the 
two 6-year rotatIOns, which have 3 years of alfulfa and indicate a pel" 
ucre value increase of $18.77. With the exception of alfulfa, all crops 
grown continuously on the same land year after yenr indicate losses, 
the maximum of $28.08 having occurred with potatoes. Furthermore, 
aU simple 2- and 3-year rotations either show a loss or a very slight 
profit. 

SUMMARY 

This bulletin records the results from a series of rotation experi­
ments conducted at the Scotts Bluff (Nebr.) Field Station, located on 
the North Platte reclamation project. 

http:ofi'l.rm


IRRIGATED CROP RO'l'ATlONS 35 

It is not to be e:\.-pectecl that an irrigated agriculture where staple 
farm crops aro produced can be successfully maintained unless the 
yields harvested are relntiveiy high. It:is well recognized that the 
adoption of a proper crop rotation or trentmcnt of the soil is one of tho 
more important prerequisites to obtaining Ol'Op yields of a rugll order. 

The Scotts Bluff area has an elevation of about 4,000 feet above sea 
level. The climate is semiarid, with a menn anmmlmillfall of slightly 
more than 14 im:hes and a mean frost-free period of 133 days. 

The chief crops grown in the area are sugar beets, ])otatoes, alfalfa, 
corn, and smltll grains, Dairying is atl important farm enterprise, 
tlnd winter feeding of runge stock :is somcwlmt generally prncticed, 

The soils :in the Seotts Bluff arCI1 lnrgely range from a sandy loam 
to n loamy very finc suud, with the ).fitchel1, 11 YNY fi.ne sandy loum, 
predominating, 

, There are :34 dilferent ('t'opping systems inC'luded in the series herein 
dIscussed, 

'rhe cuitUJ'nl methods follo'wed, wltieh Me hriefly disctlss('d, have 
been the sflme 1'01' all rotl1,tions eadt venl' in order to i1\'oid insofar us 
possible difl'er<.'nces in yield due to flldors other than the treatment::; 
to which the crops ho'':-e been subjected, 

The chief purpose of these Totntions was to obtnin information that 
would be useful to persons engaged in crop production on the pl'Oject 
and also to those engaged in similar agrkultul'nl enterprises on adjoin­
ing irl'igutedareushayiug (·.ompnrablesoil anddimatic cOlldi tions, This 
inrormatiOl~ wus sought by compnring the yields from certain crovs 
grow'n contmuousJy on the Sflme Jnnd with lHlmel'OUs crop sequences III 
which the rott~tious were otllf.'n\-ise untI'('j\,t('d, aseel'tninillg the cffe(·t 
of fi.pp1i('n.tions of stn ble manure in 2- and 3-vC'fl[' rotntions, and deter­
mining the yalue of n1fulflt when included in certain cropping systems, 
Tho cfYC;'ct on CI'Op yields of hnrYC'sting ('(ll'tllin crops with livcstoek 
:instead of ln the ('ustomn.I'V nmnnrl' mny be observed in CCI'tu,in rota,­
fions; the ynJue of rye ns -n, ~I'een~mnlJlll'e ('I'OP 3111\.,1 he observed ill 
one rotn.tion; the dre('t of an nppli('f\ tion of mH.l1mO in n, cropping sys­
tem induding nJralr[~ may bo COIllIHlI'pd with ollJC'l's 110t so treated, 

The nJPilJl anIllwi yiC'lds of on ts, sugar lwris, potu.toes, corn, whcn.t, 
and alfnlfn, nre giyc'n for the VPill'S 11112-25, followcd by the annunl 
yields of ti!CRC {'I'OPS from 1()26 to 1934 tOg't'tlWl' with the mean for this 
9-yent' pt'l'lod, 

To afrOI'd nn oPPOI'Lunit,y of obs('j'\'ing thC' nnnunl fluctuntions of 
the menn yields Jor the six' crops, n. tnblo is present.ed c::"'Pl'cssing the 
yield fluetulltionsiri pel'('cntnges, The lowcst nwnn l'(I('oi'dcd from 
1926 to HI:H O('('UlTCd in 1934 and the high('st per<'entnge in 1928. 
'Vhc.>n computed on the busis of periods the highest percentage, 122, 
WfiS for Hie first 6-yeHl' prJ'iod, 10]2-17, and the low('st, 77 percC'nt, 
oC<'lIlTcd in tho Jnst 5~yenq)('l'iod, lH:W-:34. 

'rhe yields from the dill'er('nt crops nrc slIllIrIluriz('li and ('ompnl'cd 
for the purpose 01' (ktC'J'mining yi('ld trends llnd to whaL cxt('nt pl'o~ 
duction hftS b('(lIl iuHu('ucC'd by the diLfC'l'ent ('ropping systems through­
out tbe 23 years, 

The Jowcstml'ltn ~TieJds or on.!';; lIn;"e born fl'om th(' plot.('on tin llOllSly in 
oats Illld fl'om the 2'"ycnl' untren.ted J'Otutions, while til{\, highest menn 
yields hnxe becn lwl'v('st('d ft'om mn.n ul'C'd alfalfa rotations 01 und 71. 

Sugttr-bcrti yields luwe been the most flwol'nbly jnfluellc(ld by appli­
cntions of farm mfLllure nnd by hUl'Yesting one .or more {'rops in the 
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rotation by livestock. While alfalfa has definitely increased beet 
yields, the illcreases have not been so great as has resulted from the 
manurial treatment or when pasturing has been practiced. 

Contrary to the results obtained with sugar beets, alfalfa has 
exerted a more favorable illfiuence on the yields of potatoes than have 
applications of farm lllnnure. The highest mean yieJds of potatoes 
have been lmrvestecl from the two 6-year alfalfa rotations, secondly, 
from the two alfalf!1 rotations to which manure WIlS applied; and 
thirdly, from the two 4-yenr alfalfa rotations. 

The effect of the different rotational treatments on the quality of 
potatoes is discussed. A table is included giving the mean percentage 
of cull potatocs for the period 1924-33. The highest percentage of 
culls has come from the c~mtinuously cropped plot. In every instance 
the lowest percentages of cull potatoes have been harvested from the 
rotations including alfalfa. 

Due to the types of rotations, the yields of wheat have been quite 
low. The highest mean yield, 24.7 bushels per acre, for the 23 years 
was harvested from 4-yeal' alfalfa rotation no. 48. 

Yields of corn have heen dist.inctly higher than wheat. The hi~hest 
mean yield of cOrn, 55.7 bushels per acre, ca'Q1e from 6-year alfalfa 
rotatioI~ no. 62. 

The compamtive value of the different rotations has been deter­
mined. This affords an opportunity of determining the merits of the 
different cropping systems as a complete unit. The highest net ( 

return is from manured rotation no. 21, devoted to sugar beets and 
potatoes, the chief cash crops of the area. The next highest return is 
from pastured rotation no. 45. Of the 8 rotations indicating a net 
return of $19 or m01'e per aere, 5 of them receive applications of farm 
manure, 1 includes pasturing, find the othet' 2 are alfalfa rotations. 
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