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liNITED STATES DEPARTIIENT OF AGRlCGLTGRE 

\VASHL.'iGTOX, D. C. 

INFLUENCE OF FARM MANURE ON YIELDS 
AND SUCROSE OF SUGAR BEETS 1 

By STEPHE); H. HASTINGS, principal agronom'ist, Di,ltis-ion of lVestern Trrig.ation 
Agricultl4re, S. B. NUCKOLS, assoc-iaie. agrol/om-lst, Division of Sugar Plant 
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INTRODUCTION 

Sugar-beet production has been and is at present one of the more 
important agricultural enterprises on the North Platte l'E:clamation 
project located in western X ebraska. How to maintnin the yields 

j - of beets in order that udequate cash returns may be e.\.-pected has been 
a continual problem confronting farmers, and hns been one of the 
obiectives of the investigational activities at the Scotts Bluff Field 
Station.2 Here, as well us in many other sections, where staple farm 
crops are grown anel irrigation is pra,~ti('ed, crop yields have been most 
effectively maintained either by crop rotation and including a legu
minous crop such as nlfalfn, OT sweetclover in the crop sequences, or 
by applications of farm manure. However, information is inade
quate as to the crops and rotational practices and the soil amendments 
that are conducive to promoting high soil proclucti,ity. This was 
recognized soon after the station was established, ,\ith the result that 
in 1912 a rather extensive series of l'otation experiments was included 
as a part of the station's investigational activities (1, 2, 3, 4, 0, 6, 7).3 
Among ,other features a number of rotations were included for the 
purpose':of ascertaining the influence of applications of farm manure 
on crop;Y:ields. With sugar beets in particular the manurial treat
ment has proved to be a highly efl'ective agency for stimulating crop 
yields (2). In these e:o.:periments the farm manure is applied at the 
rtl,te of 12 tons per acre once during the completion of the cycle of ea.ch 
rQtation. However, 110 information had been obtained as to the 

1 Received for pnblication Jun~ 30. 1937. 
, Tbis station_ was established iu l!lOQ by the Division Qf 'i"este,~ Irri~ntion Agriculture nud is 10C".lted on 

the North Platto reclamation project about 6 miles ('USC of Mitchell, Nebr. 

l Italle numbers in parentbeses refer to Litemture Cited, p. 12. 
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residual influence of the manurial treatment over a period of years, 
nor was it possible to observe the extent crop yields were influenced 
by increased applications. In view of the foregoing, in the spring of 
1926 an experiment was inaugurated at this station to ascertain to 
what extent sugar-beet yields would be influenced by varying amounts 
and frequency of applications of the manurial treatment. 4 

This bulletin presents the summary of the results from the manurial 
treatment applied to the irrigated rotations cove": g the 24-year 
period from 1912 to 1935. Following these data are presented the 
results from series 1 and 2 for the first 5-year treatment period together 
with yields from subsequent 5 years, which afford information as to 
the residual influence of manure on the yields of sugar beets. Also, 
beginning in 1930 the sucrose content of the sugar beets has been 
determined with a view to ascertaining the influence the manurial 
treatment has had on the sugar content of the beets. These data are 
included in t1:(,:\ interpretations of the results obtained. 

RESULTS FROM THE IRRIGATED ROTATIONS 

In these rotation experiments where direct comparisons are pos~ible, 
there are three pairs of rotations, one of which in each group receives 
the mmlUrial treatment, otherwise the rotations are identical. In this 
series there nre two 2-year rotations and one 3-year rotation. These 
results show the extent that sugar-beet yields have been influenced by 
t,he manurial treatment ov('r a long period. These data are recorded 
in table 1 and are summarized by four 6-year periods giv""ing the mean 
increases in pounds of beets p-::i' tl..'n of farm manure applied. 

T_O\BLE I.-Influence of applio Itions of 12 tons of manure per acre on sugar-beet 
yields in the irrigated roiations, summarized by 6- and 24-y<!ar periods, Scotts 
Bluff Field Station, 1[112-35 

Yields of bcots per Bcre Yield in

~fot;;-I Crops in the rotations I i I I p~~et~',isor 
No. ,1012-17; lOIS-23 1924-29 f 1930--35 1~};;~5 ~pa~l!:'d'

--'-------------1 Ton.' : Ton. II Ton. 'Ton. Ton. Pound. 

2(L.___ Sugarheets, potnto~s.••. ___ •________ ..• __ ._ I~.l i 10.3 10.2 7.6 10.a 

21. ____ Sugar beets (manure), potatoes ________ . ____ i 14.7 I 16. i 18.5 15.8 16.4 

,--'--------
Difference in favor of mnnure .. _____ .: 1.6 i 0.4 8.3 8.21 6.1 1,017 

22____ _ Su~nrhects,oats ..--·---------- ...... -· .. -·l 12.S I' 9.8 9.91' 7.41 10.0 = 
23._ ._. Sugar beets, oats (manure) ___.._........._.I~,~~,~~ 


Difference in favor Ofmanure .. ______ !~J~~I~I~.~ 
30 ____ _ SCl':arbeNs, potu.toes, oats ... ____ ... _...·_·!~I·Il.9---w.:t----r.4I---w:2I---31_____ Suglr beets, potatoes, oats (manure). ______ 1~~~~~ 

Differcn('n In favor of r:l:J.nure"--"--;~l~I~L n. 2 '~I~ 
Mean nntreated rot:J.tions ____••_. __ .. _____ J~I--W'OI'1Q.2I~I·---w:2---
Mean treated rotations _____•_____ .. ________i~~ Ii. 2 ~,~~f 

Mean difference in fu,'or of manure___ j 3.9j i.21 8. s I 9.1 I 7.2 ! 1,200 

It is evident from these beet yields that the land in its virgin state 
was relatively productive, as the mean beet yield from the three 
untreated rotations Nos. 20, 22, fu~d 30 was 12.9 tons of beets per 

• This Investigation was Initiated by tbo lute J. mes A. Holden, superintendent of the Scotts Bluff Field 
Station, and carried on by him until his death in December 1934. 
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acre for the first 6-year period. Even in view of such relatively 
satisfactory yields for the group the mean yield increase attributable 
to the manurial tre&,tment amounted to 3.9 tons per acre and in the 
instance of the 30-31 pair was 5.3 tons increase per acre. This latter 
figure i§) equivalent to 883 pounds of beets per ton of manure applied. 
Recognition should be taken of t.he fact thnt the manure was applied 
directly to the beets in rotations 23 and 31, whereas in rotation 21 

,the manure has been applied to the potatoes, therefore, in this latter 
rotation the beets benefit only partially from the manurial treatment. 
This fact is reflected in the yields, for in no instance have the yield 
differences due to the manure been as great between these two rota
tions as in the other two pairs where the manure ",ras applied directly 
preceding the beet crop. 

The highest mean 24-year yield of 18.2 tons of beets per acre has 
been harvested from the beets-oats rotation No. 23 and the lowest 
from the companion rotation No. 22 with a mean yield of 10.0 tons 
per acre, a difference of 8.2 tons attributed to the applications of farm 
manure. This increase is equivalent to 1,367 pounds of beets per ton 
of manure applied. The 6-year 1930 to 1935 mean yield of beets 
dropped sharply as compared with the previous 6-year period in the 
treated as well as the untreated rotations. There occurred three 
unf!1Vorable seasons for beets out of six for the last period, which in a 
large measure accounts for this yield decline. However, the differ
ences in beet yields in favor of the treatment are close in each instance, 
the mean yield difference being only 0.3 ton in favor of the last 6-year 
period. 

In presenting the foregoing data, consideration has been given only 
to the extent the mnnurinJ treatment has influenced the yields of 
sugar beets. It is to be expected that the stimulus from the manurial 
treatment is imparted not only to the sugar beets but to the other 
crops included in the three pairs of rotations. The method adopted 
in presenting these data has been to determine the yield differences in 
percentages of yield increases for the three crops involved-sugar 
beets, potatoes, and oats. These percentage increases are tabulated 
in table 2 for the four 6-year periods, together with the mean increases 
for the 24 years. 

TABLE 2.-Crop yield increases from the irrigated rotations, expressed as percent
ages, attributed to applications of 12 tons per acre of farm manure, Scotts Bluff 
Field Station, 1912-35 

Rotation Kos. Crop I JOI2-Ji I 1918-23 1924-29 1930-35 P;;:-~~~iC 
-------1----------1---------------

Percent Percent Percent Percent Percent
20-21 {sugar beets______ . _________ _ 12 62 81 108 66 

- --- .------------ Potatoes_ . ______ ._._. ___ . __ _ 16 43 96 104 65 
36 85 100 134 89 

22-23 - ---------------- {~~r~~_~~~~:~=::::::::::::::: 3 28 106 86 56Sugar heets__ • __ .._. _______ _ 41 71 81 124 7930-31 _________________ 1 Potntoes________ •_______ '-' 9 41 55 68 43{Oatf _______ • __ ... __ . ___ ._.. Ji 20 68 9i 53 

.~----~----~----~----~------

For the 24-yeur period the most pronounced mean percentage 
increases occur with sugar beets, with the exception of the 20..21 pair. 
.As the manure is applied to the potatoes in rotation 21, w:lereas in 
the others it is applied to the beets, these higher percentages for 
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rotations 22-23 and 30-31 are to be expected. However, in a large 
measure this percentage reduction in sugar beets is absorbed by the 
potatoes, as the mean increase for potatoes is 65 percent in the 20-21 
pair whereas in the instance of the 30-31 pair, where the man'Ire is 
applied to the beets followed by potatoes, the mean percentage 
increase for the potato crop is reduced to 43, a difference of 22 percent. 

In every instance the manurial treatment has resulted in increased 
yields. Even with oats in rotations 30 and 31, where there occur two 
intervening crops between the treatment and the oats there is a mean 
24-year increase of 53 percent. The lowest increases 1uwe occurred 
for the first 6-year (1912-17) period, although the indicated increase 
for sugar beets is substantial where the manure is applied directly to 
the beets, as has been the practice with rotations 23 and 31. With 
the exception of oats for the last 6-year I)I~riod involving Nos. 22 and 
23 there have been consistently progressiY!:~ increases for the four 
periods for each of the three crops. 

RESULTS WHERE RATE AND TIME OF APPLICATION HAVE VARIED 

In the experiment to provide information as to the effect of differ
en t rates and frequencies of application of farm manure on the yields 
of sugar beets, tw·o adjoining plots of land were utilized and designated 
as series 1 and 2. In series 1, a total of 30 tons of farm manure was 
applied in different amounts, throughout a 5-year period, to each of 
the five X-acre plots, numbered 7 to 11; the treatments ranging from 
five consecuth"e 6-ton applications on plot 7 to an initial application 
of 30 tons to plot 11. In series 2, equal amounts of farm manure were 
applied each season during the 5 years, ranging from 6 to 30 tons, or 
a total for the 5 yetlrS of from 30 to 150 tons per acre. The material 
·was weighed as it came from the corrals and, consequently, had a 
relatiyely high percentage of moisture, but it was typical of that 
generally available on the !turns throughout the area. Similar to 
series 1, the fiye plots in series 2 were.numbered 7 to 11. In these 
experiments it, was deemed advisablp to continue both series for a 
lO-yefu' period. By so doing, beet yields would be obtained not only 
for the 5 years inyolved in the treatments, but additional information 
would be available as to the residual influence of yarious treatments 
on the :yields of beets. The procedure followed and the yields of 
befits harvested from the two series for the 10 years are recorded in 
the following til bles. .. 

The manurial trea.tments applied to series 1 tll1d 2 for the 5 years 
a.re giyen in table 3, 

The annual yields of sugn.r beets harvested from series 1 and 2 for 
the first 5 yenrs and the subsequent 5 years are given in tnble 4. 
Also, the 10-year mean yields and the mean yields by the two 5-yenr 
periods, 1926-30 and 1931-35, are included. The yields show the 
direct and residual influence of the manure. 
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T_UlLE a.-Year and rate of application of farm manure, in Ions per acre, applied 
i~O the plots in series 1 and series 2, at the Scotts Bluff F'ield Station, 1926-30 

SERIES 1 

Tam 'l'<>1l.'l Ton.! T(m. Ton., 
6 6 6 6 3D 
6 6 6 0. 3D 
6 6 o 0. 3D 
6 o I) o 30 
o o o o 30 

SERrES 2 

6 6 6 6 30 
12 12 12 12 60. 
18 18 18 18 901~IS I 
24 24 21 24 24 120 
30 : 3D I 3D 30 , 3D, 1.so 

TABLE 4.-S11gar-bcct yields, peT acre, from the 10 plol.~ in series 1 and .3 at the 
Scolls Bluff Field Station, 1926-35 

SERIES 1 

i, I I I' I 10· Is-,ea, i .';-"car;1" :, 

PlotXo. . 1926 1927 1928 1929 1930: 19'JI 19:121.. 19.,3 19.14 193,) i. year 11926-3019:iI-35 
, "fmean mean Imean ______, ," I 

TonJ Ton! TOM Tons 7bm Ton. Thne I Tons Tan" I, TOMi Ton: I Tom 1-;:;;
L .•...•.•••..•••• 13.6 19,2 20.9 15.5 20.8 12.1 lfl.:J 112., ,.4 12.1' 15.1 18,0 12.1 
8••••••••.•....••. 15.1 IS.5 21.4 16.8 19.3 1O.~ 15.6111.5 ,.6 11.1 14.8 IS.~' n.3 
9................ 16.2 19.5 21.3 16.5 1•. 1 10.0 11.8,. It.5 6.3111.4 14.2 IS. 1 ! 10.2 
10.••••••.......•. IIl.O 19.3 21.3 16.6 1,.8 10.8 13.8 12.1 6.3 12.3 14.6 IS.21 H.l 
11 ...•..••...•..•• 1 •• 1 18.8 19.4 16.1 16.8 10.5 16.• 13.2 6.0 12., 14.. 1•. 6; U.S 

I . 

SERrES 2 

;-.....-...........1113.1 18. O. 1 .5 14. 611S. sill. 2114. 4 !11. 3 ~. 0 Ill. ~ 113 9
/ 

17.0 I 10.8 

8_....... .••••••.. J3.S 10..8 22.6 IS. r, !!l.6 1:1.1 17.8 13.6 , • 8 13. _ JR. 1 i 11).1 ! 13.1
120 . 
9•••.••.••.•••••.• / 13.9 19. -I 24.1 20.9 2:l.9 12. S 21.7 14.0 8. 6 12. 'i 11 i. 2 I 14.0 
10................ H.2 20.1 2';.3 20.71 23. I n. S 1 IS.9 16.5 lO.2 13.S 17.S! ~JI 14.6 
lL._~_.~ _____ ~._ 16.2 ~ 20.s t 23~U , ?!,9 I 2j.O t lil,;) t 21.2 i IfJ.l 10. 5 I 1•. I) 119. 0 I 21. s 1 16.3 

; I 

..:.\.mong the five plots in series 1, the maximum difference between 
the 10-year mean beet yields is only 0.9 ton, which is but slightly 
more thl1ll a. 6-percent increase in favor of the plot that received five 
consecutive 6-t.on applications. For the first 5-}~ear period the mean 
yields of the five plots have the remarkably low range of only 0.6 
ton of beets to the acre, or slightly more than 3 percent. These 
results indicftte that for tha.t period the initial 30 tons of manure 
applied to plot 11 were substantially as effective in maintaining the 
yields of the beets as were the five 6-ton treatments applied to plot 7. 
In considering the rf'sidual influence of the different treatments on the 
yields of beets for the period 1931-35, plot 7 again returned slightly 
the highest mean yield but only 0.3 ton more than was harvested from 
plot 11, which received one 30-ton application of miLnure at the begin
ning of the t.est in 1926. It is obvious that this smiLll difference in 
tonnage is not significant. In the case of the remaining three plots 
only slightly gr.:ater yield differences htwe occurred, which may be 
attributed to accidental causes rather than to the difference in treat
ment. 
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Although there has been some variation in the positional yearly 
standing of plots 7 to 11, series 2, it is apparent that there has been it 
pronounced tendency for the sugar-beet yields to increase with the 
increased applications of farm manure. When the mean yields for 
the two 5-year as well as the la-year period are computed it is found 
that in every instance the yields have progressively increased. For 
the first 5-year period the mean yields of beets from the heaviest 
application have exceeded those from the lightest by 4.8 tons per I1cre. 
"When like comparisons are made for the 1931-35 5-year period the 
increase is 5.5 tons per acre. These results further afford an oppor
tunity of observing the decline in the beet yields by comparing the 
yields from the first 5-year treatment period with those from the sub
sequent 5 years. The greatest difference is between the heaviest and 
lightest D,pplications and amounts to a decline of 6.2 tons for the light
est application and 5.5 tons for plot 11 which received five 30-ton 
annual applications. -VVhen the differences between the mean yields 
of the fu'st 5-year period and those of the second 5-year period are 
compl7ted for plots 7 to 10, it i" found that the maximum difference is 
only 0.4 ton per acre. Based upon these data, it is evident that by 
compa,rison the lleavier applications of farm manure did not prove to 
he apprecia,bly more e1Tcctive in maintaining beet yields than the 
lighter treatments. 

With the exception of plot 7 in this series it is possible to calculate 
the increase in the yields of sugar beets resulting from additional 
applications of fa.rm manure. The successive increases for additional 
mn,nure over 6 tons for 5 years show that the 12-ton annual application 
to plot 8 resulted in the production of 140 pounds of beets for each of 
the 30 tons of additional manure. The acldition of 60 tons more 
manure, or an application of 18 tons per year for 5 ·years, gave a 
production of 113 pounds of beets per ton of additional manure. Plot 
lOreceived 24 tOllS of manure per acre, or 90 tons more in 5 years than 
plot 7, and this actditional mn,nure indicates a. yield of 87 pounds of 
beets for ench ton. The hea"yiest treatment was on plot 11, which 
receiyed 150 tons of mn,nure in 5 years or 120 tons of additional manure 
as compared with plot 7 and here the lowest increase is indicated, as 
ouly 80 pounds of beets were produced for each of the 120 tons. From 
these data it is appn,rent that farm manure is most efficiently utilized 
by the lighter n.pplicntions, apparently ,vithin the 6- to 12-ton limits. 

COMPUTED VALUE OF FARM MANURE 

The foregoing tables and text present the influence of farm manure 
on the yields of sugar beets both in the irrigated rotations, which in
clude other crops, and with continuous cropping to suga,r beets where 
the rate and time of applications of manure varied. In four out of 
seven insta.nees 1 or more years intervened between the manuria.l 
treatment and the crop affected, and the results recorded in table 2 
indicate the extent to which the stimulus of the manure was inlparted 
to the other erops, to which the manure was not directly applied. 
However, this presentation of the results obtained does not afford an 
opportunity of ascertaining the fa.rm value of the mrl-Dme. .A. some
whn.t similar method hae. been used in previous reports to determine the 
compa.rative value of manure and alfalfa (1, 7). The method herein 
adopted ha.s been to place a price on the various crops under con
sideration and multiply these figures by the yield increases, and the 
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result then will reflect the approximate f::frm value of the manure. 
The unit prices placed on the three crops involved are a,s follows: 
Sugar beets, $6 per ton; potatoes, 50 cents per bushel; and oats, 40 
cents per bushel. These figures are believed to be representative of 
the price relationships that have existed since 1931. The amounts 
recorded followincr the different crops are obtained by multiplying 
these unit prices by the yield increases that occurred. These data 
afford information as to the total and per-ton values of 12-ton applica
tions of farm manure for 24 years. 

Based upon these price relationships by 6-year periods, 12-ton 
applications of farm manure in these three rotations have a total 
value ranging from a mininlllm of $23.95 to a maximum of $131.80 
(table 5). The lowest value for manure occurred during the 6-year 
period (1912-17.) when the yields from the unmanurecl rotations were 
relatively high, as is evidenced by the data recorded in tables 1 and 2. 
During this period the indicated value of a 12-ton application of 
fa3:m manure ranged from the minimum of 823.95 to a ma:ximum of 
$46.63 per acre. For the remaining three 6-year periods the differences 
are more pronounced. For the 24 years for the three groups there 
was a range from a mininlUm value of $56.30 for the 22-23 pair to a 
maximum of $90.62 for the 3-vear rotation. 

Considering by intervals 0(6 years, the per-acre value of each ton 
of farm manure applied, it is found that the minimum value is $1 
and the maximum $5.49. The minimum valne of $1 per ton of 
manure is measurably in excess of the estimatE'd cost of the application, 
and there are substantial excess returns in all instances for the three 
6-year periods from 1918 to 1935. In rotntion 21 the manure was 
applied to the potato crop w'hereas in the other two rotations receiving 
the treatment it was applied to the sugar beets However, the 
reduction in the returns from the beets in X o. 21 in a large n,easure 
is absorbed by the increase in the return~ from potatoes. ~ 

TABLE 5.-Calculated gross and per-acre t'allies of 12-t01~ applications of farm 
manure in the irrigated rotations at the Scotts Bltlff Field Station, 1912-3·5 

! '"nluo per ncre 

Rotation Xos. Crop 
 I1912-li ' 1915-23 I 1924-29 ; 1930-35 , P~riodic

i : I ; • moon 

---------I---i---I---,---,-,
,[sugar he~ts~~~ •• ~ ••..•.•.....• 1 $9.60 I' $38.40 f, $49.80 i $49.20 ',' $3G 75 
1 Potntce5'''~'''_'''. __ ''''~ .. i 1-1.35 23.25 , 82.00 I 133.60! 45.80 

20-21._.._..__._._. ..1 ',--~.-." .. " ,'--.,-'-'--q::
, Gross .... ~ •••• _~ ...... ~ _3. 9~ 61.6~' 131.80 I 11_.80 t 8•. 01' 
I i=='=,==, Perton· .. ·_ .. ·~ .. ·· __ ··i LOOi 25·1 5. 49 1 4.70r 3.+1 

. ,[su~nrbeets .......... _........ i 2 •. 00 I, 49. .')01 59.40 I .5940 '." 49.05
Oats .......................... ; .~'l , 5.00 13.36 9,16. 7.25
I 
~_ ____ j---;;;;--'-s'i- 1_.1 ." ,'--:--622-23................· Gross ••• .. ~ __ .~_~ *_ -.J.', 50."• '0 1~61:-68}, .;:)0 o. 30 

Per ton. " ............ .1 L 19 ! 2.31 I 3.03 j 2.86 i 2.35
,---'---,------,---
SUgnrbeets .......... -.. ~".2~ I' 4:!.8.;
-- .•.J~" 4~.OQ l-w.:w
Potatoes......· ............... i 10.3.) 26.801 60.50 54.0,) 31.94 

oats..........................) 4.48 I 6.48 9.84 10.52 7.83 


30-31................ ---,---,---------

Gross................... 46.631 'i5.331.120.74 119.ii[ 9O.fi2
iI pertCin .... ··~_~.. •....1 1.30' 2.09: 3.351 3.331 2.52 

http:i5.331.120.74
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The calculated values of increasing applications of farm manure 

have been determined in series 2 where sugar beets alone are involved. 

These results ar~ given in table 6 both for the 1926-30 and the sub

sequent 1931-35 periods, which afford an opportunity of observing 

the residual value of different a,pplications of farm manure. In this 

table the 5-year periodic means and the per-acre value for each plot 

together with the totals are presented. Because there was no check 

or untreated plot in the series, it is necessary to use as a base plot 7 

which was treated with five 6-ton applications. 

TABLE 6.-Calclllaled values of increas'ing a1)plications oj Jarm manure applied to 

sugar beets, series 2, Scotts Bhlff Field Stalion, 19£6-80 

I Totnl vnlue Per-ton value 

Plot No. ------~----~--~---

t J026-30 1031-35 Totnl l1926-30 1931-35 Total
\, 

$69,00 - $132. 00 

,
!----;:~ --;;---;::$63,00 t 1.00 3.30s_________________________ .. --------------:11 

102.00 90.00 198.00 I 1.72
9___________________________ . ________•.. __ .. 

117.00 H-I.oo, 231.00 1.27 1.27 2.57
10__________________________ . ___________ .__ 

144.00 I 165.00 309.00 1.20 1.38 2.58
11_______ . ___________ ... _.. ________________ 

As is to be expected) there is n, progre!:lsive total value increase as the 

applications hn,ye been increased, H,nd this increase is consistent in 

both 5-year periods. The total yalues of the increases range from a 

minimum for the smallest applicll,tion of $131.40 to a maximum of 

$306.60 for plot 11, to which there was applied nyC 30-ton a.pplica:tions. 

The farm value of the lllanure Ctl11 be the most reaeliIv observcd from 

the figures recording the cn.lculn.tecl per-ton ndues: For the first 

5-yeu,l' tre:1,tment periods these ha\-e ranged from a maximum of $2.08 

f(ll' the lightest fi\'e 6-ton increased H.pplicn,tions to $1.19 for the 

heaviest, or 24 tons annually in excess of the amount applied to plot 7. 

INFLUENCE OF M:ANURIAL TREATMENT ON THE CALCULATED SUGAR 

PRODUCTION 

As shown in the preceding pages the crop yield illcren.scs resulting 

from certoin of the manurial tren.tments luLYC been substn.ntial. 

However) in the instollce of sugor beets the price pel' tOil the processor 

can afford to pny the producer for his sugar beets is dependent upon 

the pounds of recoverable sugar, which, it appears, DlU,y YOJ'Y somewhat 

undet' different conditions. Kot infrequently sugar-beet growers and 

processors hn,ye been.apprehensiyc that where substantial increases in 

yield have resulted from applicaJions of farm ml1111U'e there would be 

a sharp decline in the sucrose percentage of the beets. 
To ascertain the extent the manurial treatment has influenced 

sucrose percentage of the beets, beginning in 1930 the S1.lcrose percent

ages and the apparent purity coef:Iicients of the beets from ::,he irri

gated rotations, as well as those produced from series 1 and 2, have. 

been determined by sampling the plots. The procedure adopted in 

obtaining this information Was as fdlows: In sampling the plots only 

normally competitiYe beets were tllken. The number of beets com

prising the smnples ranged from 10 to 20. Sucrose percentages were 

determined by tbe Sachs-LeDocte method, und the v.ppurent purity 

coefficients were computed from refractometer readings of total solids, 

except in 1930 and 1931 when the Brix spindle was used to determine 
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the total solids. The results from the si:..: plots under observation inthe irrigated rotations are given in table 7 in which there is includedthe 5-year (1931-35) mean for sucrose percentage, apparent purity,and the yield increase in percent for tonnage of beets and for indicatedavailable sugar. 

TABLE 7.-Calcu.lated su.crose and apparent purity coeffident expressed as percentages, together with the yield and calculated sugar per acre given a.~ percentage increases attribu.ted to applications of farm manure, from the irrigated rotations,Scotts Bl1tff Field Station. 

Yield increase 
Apparent I----~---Rotation No. Sucrose Ipurity co
efficient Calculated'l'ons sugar pro

duction 

Percent Percent20 _________ .. ____ ....._ ............. "'" ____ ,.__ "" __ .,, 17.7 92.6 
Percent 

108 95

:~~~~~~~~::~~~~~~~:::::::::::::::::::::::::-:::::::-:l===:=::=:=I===:=::=:=i} 
134 110 

124 112:--~:;~~:~:~~~~~:~~~~:~~~~~:~~~:H~::I--~I---~-.-;i) 

In all three instances the sllcrose percentage was sligh tly lower inthe beets from the manured rotn.tions with a mean difference of only0.8 percent. There is a slightly greater dedine in the apparent pur~tycoefficients of the beets from the treated plots when compared WIththe untreated, the metlU being 2.3. Howevor, difl'erences for boththese faotol's arc very small and are insignificant when it is consideredthat the minimum yield increase based upon the calculated sugarproduction per acre is 95, the maximum 112, with a mean of 106percent. 

TABLE 8.-S1/,crose percentages and apparent pnr1:ty coe:ffr.cienls, together with meanyields of S1I.gar beets from series 1 and B, Scolls Bluff Field Station, 1930-3.5.
1030 19:11 1932 1933 1934 I lOa5 i ! ~I103D-35 nU)an: :? 

~.----,
Series

aud plot 
e
" 

e
<-

e e s Ie
I" 

, .
I §g=8

E~ g~ '" '" 
E; 

No. ., 815 e~ 8~ 8~ 8~" I ;:; ...
........~ iii ? " " iil ~.S:!" '"
~.;:- Oi 

I
.r:,-::o,OJ ~.:::E 'S e .~·6 ... ~" .~·8 =E;t.J ~ 0 ~'"' I

~" e .;:: ...2 t ~.~ .;:: '":> :> :> 
...... 0iii ~ a5 ~ a5 il< rn 

:> "::l ::0 ::0 ::0--- --" ----" -- - il< ~ il< m il< en p. '"~---------- --------'--Per- Per· Per- Per- Per- Per-
.

Series 1: ant cent cent cent 
Per

i~___ M 16.4 cent cent cent To,,"88.0 18.2 90.8 10.5 90.0 18.6 94.08..... 16.6 89.4 19.1 
20.0 93.0 20.3 88.6 18.3 90.8 13.693.3 16.1 90.0 IS. 6 9·!' 0 lU.l 93.6 19.0 87.9 18.2 91.5 12.6IL... 17.0 88. i 19.3 91. 9 1.5.7 91. 3 18.6 Oa.9 20.1 94.2 20.~ 88.5 18.5 91.4 11.4JO.... 16.3 88.0 10.5 92. S J5.9 91.2 18.0 93.:! 10.6 94.8 10.2 90.7 18.211.... 16.1 92.0 12.290.4 19.1 91.0 16.•5 91.9 1i.5 91.4 18.0 92.6 18.7 91. 5 17.7 91. 6

Series
7_____

2: 
12.6 

16.4 88.2 18.4 01.1 16.1 90.7 18.8 92.9 18.8 93.4 JO.O 89.0 17.98...._ J5.4 90.9 12.185.0 17.3 80.1 Hi. 0 89.5 17.8 92.'( 10.49..... 13.5 83.3 .17.1 88.1 
02.0 J8. i 91.8 Ii. 4 90.1 14.515.0 89.3 17.7 92.7 20.3 95.0 19.2 89.0 17.3 89.6 15.610.... 13.0\ 81. 4 17. J 88.7 15.3 88.2 J7.8 91.5 19.2 93.4 20.0 89••511.. .. 11.1 17.1 88.8 16.0i7. () 15. J 84.0 14.7 87.7 10.3 YO.S 17.5 92.1 18.8 89.9 15.6 87.0 17.7 
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In table 8 there are presented the sucrose percentage and the 
apparent purity coefficient as determined from samples, together with 
the mean yields of sugar beets for the 1930-35 period from the five 
plots in series 1 and 2. As the determinations of sucrose percentage 
and apparent purity coefficients were not made until 1930, only during 
this year was it possible to observe the direct effects of manure 
applications. 

While there is some annual variation in these determinations, the 
differences occurring in the 6-year means are too close to be considered 
significant. The maximum range for melln sucrose percentage for 
the five plots is only 0.8 and for the apparent purity coefficient the 
ma~-imum range is 1.2. It is apparent from these results that cal
culated indicated available sugar for these five plots has not been 
influenced appreciably by the different methods of applying the 
manurial treatment. 

From these data given in series 2 it is evident that the more excessive 
applications of farm manure have had a tendency to depress both the 
sucrose percentages and apparent purity coefficients of the beets. 
This is particularly noticeable in 1930, the last year of the treatment, 
and the subsequent year, 1931. Following these 2 years the differ
ences were progressively less. . 

In view of the fllct that the 11eavier applications of farm manure 
apparently have depressed the sucrose and purity values, it is in
formative to compare the acre yields of sugar 5 as calculated from these 
determinations of quality of the beets for the five plots in series 2 for 
the 6-yell.r period. IThe results of these computations are presented 
in table 9. 

T ABt.E g.-Calculated su.gar production from the five plots in series 2 at Scotts Bluff 
Field Station, If)SG-S5 

l1lcsults giv~n liS pounds of in(licatcd availablo sugar jlr-r acre] 

~_Pl_ot_:-;_'O_'___\-=--=-l-=--=--=-~ 1:~~5 
! POlLnds POlLnds Pounds POlLnd" POlLnds POlLn,18 POlLnds 

7_.............................. 5.438 3,788 4,206 a,941 2.107 3, i54 3,873 
S.............................. _ 5.715 4,039 5,098 4,474 2,784 4,532 4,440 
9•.••••.•.•_._.................. 4, !l7l 3,887 6,163 3,317 4,341 4,5464, ?~~
10••• __ ....__................... • ·j.851 4,187 5,101 5,3,.') 3,758 4,940 4,702

11.............................. ~. 32:1 4,180 5,·166 4,750 3,385 5,746 I 4, f>43 


The last application of manure occurred in 1930, and for this season 
beginning with plot 8 the net number of indicated pounds of sugar 
per acre from plots 9, 10, and 11 progressively declined. 

While for the 6-year period the mean gross tonna.ge of sugar beets 
per acre has been substantially greater for the heavier applications, 
yet the meun acre yields of indicated available sugar for 1930 (the 
last year that manure was applied) and 1931 were 8 percent grell.ter 
for the plots (7 and 8) receiving the lighter treatments than those 
recorded for plots 9 to 11. On the other hund, when similar com
parisons are made with the yields given in table 4 it is found that 
there is a gross tonnage yield increase for plots 9 to 11 over plots 

'The acre yield of gross sugar for a given plot is calculated by multiplying the acre yield oC roots (In pounds) 
by the sucrose percentage as determined from tbe plot samples. When this product is multiplied by the 
apparent purity coefficient (as a percentage) tho vnIue designated as indicated available sngar is obtained. 

http:tonna.ge
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7 and 8 of 14 percent. Not only is the indicated available sugar in 
1930 less for the plots receiving the heavier application of farm 
manure, but also it should be recognized that manurial treatments 
much in excess of 12 tons per acre a.nnually are not practical. Fur
thermore, the available supply of this soil amendment is but rarely 
sufficient to provide for even the lighter applications. 

These results combined with those given in table 7 afford evidence 
that moderate and practical applications of farm manure, which have 
proved so effective in stimulating the yields of sugar beets, do not 
appreciably reduce the sugar content of the beets. The use of manure 
at the rate of 12 tons per acre has greatly increased the available 
sugar per acre in these e"'."periments. Further information regarding 
the effect of manure and rotations upon the sucrose content of sugar 
beets at this station are given in another publication (.-i). 

SUMMARY AND CONCLUSIONS 

On the North Platte reclamation project sugar-beet production is 
among the more important agricultural enterprises. The measure of 
the success of the settlers is dependent upon satisfactory yields of sugar 
beets as well as other crops being harvested. 

This bulletin records the extent varying applications of farm manure 
have influenced the yields of sugar beets and, also, the extent the 
sucrose content has been affected. 

The results from the irrigated rotations where the manurial treat
ment has been applied from three pairs of rotations are recorded cover
ing a 24-year period. 

The highest mean yield of 18.2 tons of beets per acre was harvested 
from 2-year rotation No. 23, which received a biennial application of 
farm manure at the rate of 12 tons p0.r acre. The lowest yield of 10 
tons of beets per acre was harvested from the companion rotation No. 
22, or a difference of 8.2 tons per acre, which may be attributed to the 
manurial treatment. 

Yield increases of sugar beets as well as the other crops included in 
the rotations have been computed as percentages, which affords an 
opportunity of observing the extent the manurial treatment has 
influenced the yields of other crops in the different rotations. . 

In the test with sugar beets alone the results indicate that an initial 
application of 30 tons of farm manure per acre has as effectively 
maintained beet yields as did five 6-ton applications. This condition 
applied not only to the 5-year treatment period, but also to the 
subsequent 5 years, which afforded an opportunity of observL.'1g the 
residual influence of the different treatments of the yields. 

In the test where increasing applications of farm manure were 
applied to sugar beets the yields of beets progressively increased. This 
condition applied both to the 5 years the treatment was being given 
and to the following 5-year period. 

The calculated per ton value of the farm manure has been deter
mined. In the irrigated rotation it has ranged from a minimum of $1 
to a ma).imum of $5.49 per ton. For the 24 years there is a mean 
indicated value of $2.77 for each ton applied. In series 2 the calcu
lated value of increasing applications of farm manure have been 
computed. The largest per ton values are reflected in the lighter 
applications. 



12 TECHNICAL BULLETIN 614, U. S. DEPT. 0]' AGRICULTUR:jTI 

The extent to which manurial treatment influenced the percent of 
net sugar in the beets, the calculated sucrose expressed as percentage, 
and the apparent purity coefficient was recorded. 

In the irrigated rotations both the sucrose and apparent purity co
efficient percentages were only slightly less in the beets from the 
irrigated rotations to which farm manure was applied as compared with 
those not so treated. 

The different methods of applying the farm manure practiced in 
series 1 did not influence the calculated net sugar per ton appreciably. 

The computations indicate that such excessive applications of farm 
manure as were applied to series 2 depressed both the sucrose percent
ages and the apparent purity coefficient somewhat. 

:Moderate and practical applications of farm manure that have 
proved so effective in stimulating the yields of sugar beets have not 
significantly reduced the sucrose percentages or apparent purity 
coefficients of sugar beets. 
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