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The value of alfalfa in irrigated rotations has been studied 
in several of the western states (2,3,4, 5)". Ga~dner and Robert
son (1) reported the results of an eight-year rot~tion with ~lfalfa 
and a five-year rotation without alfalfa in Colorado after the 
first 16 years of the experiment. The results of their study in
dicated that the major effect of alfalfa on yields of succeeding 
crops grown on the Fort Collins loam was due to an increase 
in available soil nitrogen. Other effects of alfalfa, if any, were 
of minor importance. This paper is a report of the influence 
of alfalfa on growth of sugar beets in the same experiment after 
an additional 8 years' results. 

Procedures 

To study the effect of alfalfa in a rotation, an experiment 
consisting of two rotations was conducted on the Colorado State 
University Agronomy Farm on Fort Collins loam (1). One rota
tion included al(~]fa for three years followed by corn, sugar beets, 
wheat, sugar beets and barley as a companion crop for alfalfa . 
The second rolation omitted alfalfa but other crops in the se
quence were the same. In the alfalfa rotation the third cutting 
of the three-year-old stand vvas plowed under in the fall. 

The experiment was injtiated in 1935 following corn. Prior 
to this the experimental area was in small grain preteded by 8 
years of a grass and legume sad. The original plots were one
nineteenth of an acre in size. They were later reduced to one
quarter the original size by different fertilizer treatments. Two 
replications of each treatment were used . 

The fertility level at the beginning of the experiment was 
high, hut after cropping without fertilizer for 7 years the fertility 
of the soil was reduced to a relatively low status. At this time 
the plots were split and phosphate fertiliz.er was applied to the 
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north half of each plot when planted to sugar beets. The phos
phate treatment was continued for the remaining years of the 
experiment. Phosphate was applied at the rate of 18.8 pounds 
of P per acre (43 Ib P"O") from 1942 through 1948, and 37.5 
pounds P per acre (86 Ib P 20 ,,) from 1949 through 1959. In 
1950 the plots were split again, but in the opposite direction. 
Nitrogen was applied to the east half of all plots at acre rates 
of 66 pounds N in 1950, 33 pounds in 1951, 66 pounds in 1955, 
54 pounds in 1956, 72 pounds in 1957, 54 pounds in 1958 and 
82 pounds in 1959. After the second split, there were four fer
tilizer treatments in each rotation, namely, check, P, Nand N 
+ P. The check (no fertilizer) treatment was continued for 24 
years, the P treatment for 17 years, and the Nand N + P treat
ments [or 7 years. 

Results 
Rotation Effects without Fertilizer 

Sugar beet yields for the two rotations without commercial 
fertilizer are shown in Figure 1. The data are plotted as 4-year 
averages for both beet crops (after corn and after wheat). The 
field was initially at a high fertility level and produced 18 to 
20 tons of beets per acre in the first year of the experiment. 
Based upon yields during the first 4 years, the residual fertility 
level was higher for the 5-year rotation than for the 8-year 
rotation. 
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Figure l.-Twenty-four years of sugar beet yields in an 8-year (alfalfa) 
and a 5-year rotation without fel-tilizer. 
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Beet yields decreased rapidly for both rotations as cropping 
was continued without fertilization. By the sixth year of the 
experiment the 8-year rotation with alfalfa was outyielding the 
5-year (non-legume) rotation. During the last 12 years of the 
experiment there was a relatively uniform yield for each crop 
sequence with the alfalfa rotation outyielding the 5-year rotation 
by about three tons of beets per acre. "Within each rotation, 
yields were about the same for beets following either corn or 
wheat, although a higher level of production was maintained 
where alfalfa was inserted in the rotation. Yield levels were 
low for both rotations, indicating that alfalfa alone vvas not 
sufficient to maintain a high level of production. 

The average sucrose percentage for each 4-year period for 
the two rotations without fertilizer is given in Figure 2. The 
sucrose content of beets from both rotations increased with 
continued cropping. Most of the increase in sugar content over 
the 24-year period was probably the result of decreasing available 
soil nitrogen as cropping continued without application of ferti
lizer, although some increase may be attributed to improved 
genetic material. Except for the first 4-year period, sucrose per
centage was always lower in beets grown in the alfalfa rotation. 
This was caused apparently by the additional soil nitrogen sup
plied from alfalfa residues. 
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Figure 2.-Sucrose percent for sugar beets in an 8-year (alfalfa) and 
a 5.year rotation for a 24·year period. 

Sugar production was similar to root yields. Sucrose yields 
decreased initially, then remained relatively constant for the last 
12 years at about 1.7 and 1.2 tons sugar per acre for the 8-year 
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and 5-year rotations, respectively. As with root yields, sugar 
production was not as high as normally expected for the area. 

Influence of Phosphate Fertilization 
After conducting the two rotations for 7 years, phosphate 

fertilizer was applied whenever the plots were planted to beets. 
The average results for the last 16 years (1944-1959) are given 
in Table 1. Root yields and sucrose production both vvere greater 
for the 8-year rotation, with or without phosphate fertilization, 
bu t the advantage of the 8-year over the 5-year rotation was 
greater where beets followed corn. The rotations had the opposite 
influence on sucrose percentage and the average was about 0.8% 
higher for heets grown in the 5-year rotation. 

Table I.-Influence of phosphate fertilization on yield of sugar beets, sucrose per· 
centage and sucrose in 8· and 5·)'ear crop rotations, 16·year average, 1944-1959. 

Beets after corn Beets after wheat 

Significance Significance 
S·year 5·year for 8-year 5-year for 

rotation rOlacion rDtations rotation rotation rotations 

No fertilizer 
Roots (T/A) 10.50 7.20 9.70 7.20 
Sucrose (%) 15.S0 17.00 16.60 17.00 
Sucrose (TIA) 1.66 1.22 1.61 1.22 

Phosphated1 

Roots (T/A) 1320 8.40 11.90 8.80 
Sucrose (9{) 16.00 16.80 16.20 16.90 
Sucrose (TI A) 2.11 1.41 1.93 1.49 

• Significant at 5% leve l. 
-* Significant at l £]f Ic\'c l. 

'IS.8 III P (43 III PzO:. ) 1944 throug'h 1948, ' ''1(1 37.5 Ib P (86 Jb P,O:.) per acre rate 
from 1949 through 1%9. 

The trend in yield of beets in the two rotations during the 
16 years after applying phosphate is shown in Figure 3. The 
results are for beets after corn averaged for 4-year periods. The 
initial point gives the yield for the previous 4-year period with
out phosphate. The curves show that the application of phos
phate after cropping without fertilizer resulted in a general 
increase in yield for the alfalfa rctation during the following 
16 years. The yield of beets in the 5-year rotation continued 
to decline but at a slower rate than where no phosphorus was 
applied (Figure 1). Statistical analysis of the data for the 16 
years shown in Figure 3 revealed a significant difference between 
the regression lines representing the two rotations. Similar 
trends were obtained for beets following wheat, but the response 
to phosphorus in the 8-year rotation was less than for beets 
after corn . Sugar production pt"]' acre followed a trend similar 
t.O root yields. 
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The results show that phosphorus deficiency was one of the 
causes for poor yields in both rotations for the 16-year period 
(Table 1). There was a larger response to phosphate fertilizer 

16 

14 

TONS 12 

BEETS 


PER 

ACRE 10 
 ___ __-~5 -Year Rotation ---- "

"
'----8 

6 

O~-L----~----~--~----~---
8 12 16 20 24 

YEARS 
Figure 3.-Average yields of sugar beets grown after corn in an 8·year 

(alfalfa) and a 5-year rotation for sixteen years. 

in the alfalfa rotation because of the higher level of available 
nitrogen from alfalfa residues. In the f)-year rotation nitrogen 
deficiency continued to be the principal factor limiting crop 
growth. 

Although phosphate deficiency is reported to have a detri 
mental influence on sucrose content, it was not observed in this 
experiment. The data in Table 1 show that the app.lication of 
phosphate fertilizer had little effect on sucrose percentages. 

Influence of Nitrogen and Phosphate Fertilization 
During the last 10 years of the experiment when the plots 

were split, nitrogen fertilizer was applied for 7 years. The dates 
and rates of application are described in the procedures. vVith 
the previous split for phosphate, this gave the 4 fertilizer treat
ments, check (no fertilizer), P, Nand N + P. The yield of 
roots and sugar for the 4 fertilizer treatments were averaged for 
the 7 years that nitrogen was applied and are presented in Table 
2. Evaluation of either root yields or sucrose production gives 
the same conclusions. 

Highest yields of roots and sugar for the experiment were 
obtained with the nitrogen-phosphorus combination for both 
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Table 2.-Yield o( beets and sligar i.t 8- and :i -year rota lions as inHuellced by feni!izer 
treatment, 7·)'ear al'crage. 

Beets a(ler co rn Beets after wheat 

Significa nce Significance 
Fertilizer 8-year 5-year for 8-yeal' 5-year (or 
treatment rotation rotation rotations rotation rotation rotations 

Tons roots pel' aCre 
Ck 11.6 7.5 10.5 7.7 
P 15.5 8.2 13.3 9.3 
N 11.5 10.6 N.S. 11.3 10.9 N.S. 
N + P 15.4 14 .4 N.S. 16.5 15.9 N.S. 

Tons sugar per acre 
Ck 2.08 1.32 1. 8 1 1. 37 
P 2.65 1.45 2.31 '1 .62 
N 1.92 1.86 " .S. 1.81 1.94 N .S. 
N + P 2.53 2.50 N .S. 2.80 2.81 N.S. 

P - Rate of 37.5 Ib P (86 Jb P,O.,) e"ch time plallted to be' ts. 
N - Avcrag'e rate o f 61 Jb N per ane for the 7 ycars . 
• - Significa nt at 5% level. 

•• - Significant at I % leve l. 

beet crops in both rotations and with phosphate alone for beets 
atte r corn in the 8-year rota tion. Maximum yields with the tl
year rotation were about one ton per acre more than the average 
for the local area during the same years. 

In the 8-year rotation where beets foll owed wheat, the appli
cation of phosphate produced about 82% of the yield obtained 
with the nitrcgen-ph osphorus com bination. Phosphate alone for 
the 5-year rotation averaged about a ton response for the two 
beet crops. N itrogen alone produced 67 to 7:,)% of the nitrogen
phosphorus combination for both bee t crops in each rotation . 
The results show the need for phosphate fert ilizer on both rota
tions. I\itrogen from aHalfa residues was adequate in the 8-year 
rotation whcre beets followed corn, but addi tional fertilizer 
nitrogen was required for beets a(ter wheat in th e 8-year ro ta tion 
and for both beet crops in the 5-year rotation . 

Influence of Alfalfa on Sugar Beets 
The data indica te that the principal influence of alfalfa in 

the rotation on th e yield oE sugar beets grown in this soil was 
to increase available soi l nitrogen. Root yields of the no-ferti lizer 
treatment for beets after corn and after wheat in the 5-year 
rotation ,vere essen tially the same (Tables 1 and 2), whil e the 
same comparison for the 8-year rotation shows a higher yield 
for beets after corn. This undoubtedl y reflects a higher residual 
soil nitrogen supply from the al£al£a two years after plowing it 
down (beets after corn) than four years after plowing (beets 
after wheat). The ad dition of nitrogen alone did not grea tly 
influence yield on the 8-year rotation but caused marked in
creases [or the rotation with out alfalfa. 
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'With continued cropping the soil became deficient in phos
phorus for both rotations, but when phosphorus was applied, 
maximum yields wert' produced in the H-year rotation where 
beets followed corn. The average a pplication of fil Ib N per 
acre to the ph osphate treatment increased sugar production 
1.12 tons per acre over phosphate alone for the tvvo beet crops 
in the 5-year rotation. In the 8-year rotation the applicatioll 
of nitrogen gave a rt'''ponse over phosphate al one of 0.5 tons 
of sugar per acre where beets followed wheat but no additional 
response was obtained where beets foll owed corn. If a linear 
response to nitrogen is assumed, the use of aHaHa in the rota
tion would result in a saving of 103 Ib fertilizer nitrog-en for 
the two beet crops. In "Western Colorado, Schumaker, et aI. 
(5) estimated that alfalfa contributed the equivalent of 100 lb 
fertili zer ): for th e beet crop followin g: corn and gTown 2 years 
after alfalfa. Other crops in the rotation also would benefit 
from residual nitrogen from alfalfa, and in a complete evaluation 
of alfalfa all crops in the rotation must be considered. In addi
tion to fertility effects, alfalfa may help to control w"eeds and 
certain soil borne diseases (3,5) . 

Alfalfa in the 8-year ro tat ion reduced the sucrose percentaQ,'e 
in the roots beca use of the additional ni trogen it supplied. The 
redu ction in sucrose caused by alfalfa was, however, more than 
over-balanced by an increase in rou t vield where the available 
soil phosphate was kept al a hi gh level and where fer tili ze r 
nitrogen was n ot applied until beels fo llowed wheat. 

In addition to the influence on so il fer tility, alfalfa in the 
rotation affected some physical properties of the soil. Yleasure
ments obtained during the last years of the study showed that 
water infiltration rates were two to three times greater on the 
8-year rotation plots than on those of the 5-year rotation when 
com pared on the same crops in each case. ,.... lthougI! initial in
filtration rates were not obtained, it is assumed that this property 
decreased over the years where alfalfa was not in the rotation 
but remained m ore or less constant when alfalfa was included. 
Surface soil bulk density and the wa ter stability of soil aggTegates 
were not sufficiently influenced by the t\vo rotations to show a 
difference. 

Summary 
1. Sugar beets wert' grovvn twice in an 8-year rotation with 

3 years alfalfa, corn , barley and wheat and in a 5-year rota tion 
with the same crops except for alfalfa. The results were evaluated 
to determine the influence of alfalfa on yield and quality of 
sugar beets. 
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2. The use of alfalfa in a rotation maintained sugar beets at 
a higher level of production, but without phosphate fertiliza
tion production levels were not economically sound. 

3. The combination of nitrogen and phosphate was required 
to maintain maximum yields of both heet crops in the 5-year 
rotation. In the 8-year rotation, phosphate was required for 
both beet crops and additional fertilizer nitrogen was required 
where beets followed 'wheat (four years after the alfalfa crop). 
No fertilizer nitrogen was required to obtain maximum yields 
where beets followed corn (two years after the alfalfa). 

4. The principal benefit of alfalfa for sugar beets in the ex
periment was to increase available soil nitrogen. A1falfa reduced 
the nitrogen fertilizer requirement 103 lb per acre for the two 
beet crops. 

5. 'Water infiltra tion rates were greater for the alfalfa rotation 
at the end of the study period. 

6. The sugar percentage was lowered one-half to one percent 
where alfalfa was included in the rotation . Any decrease in sugar 
content was generally more than compensated by an increase in 
root and sugar yield. 
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