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IN O R D E R  to facilitate the uniform application of i rrigation water, 
a portion of the Agronomy farm at Fort Collins, Colorado, was leveled 
in the spring of 1 946. The land surface was graded to an exactly uniform 
slope of 1/2 percent at right angles to the farm ditch. The cut necessary to 
accomplish the leveling varied from 2 to 28 inches. Over most of the land, 
the surface suil was completely removed exposing l ight calared subsoil 
layers which were high in l ime and had a very coarse columnar structure. 
This land was divided into five series with five p lots in each series to test 
the effect of barnyard manure and commercial fertilizers on the yield of 
crops grown in a normal 8 -year rotation (corn, sugar beets, wheat, sugar 
beets, alfalfa with harley companion crop, 3 years of alfalfa) . A latin square 
design was used in the experiment.  The second year of the test was com
pleted in 1 947 ,  

The fertilizer treatments for both years are given in  tahle I .  The 
commercial ferti lizer combinations were applied at a rate equal to one-half 
of the amounts of total nitrogen ( N ) ,  phosphorus (p"O,) , and potassium 
(K:.!O) contained in the manure. With the exception of the check plot, 
all plots had received the same total amounts of N,  N and P, and N,  P, 
and K, as the case may he by the beginning of the second year of the 
experiment. 

Tab'e I .  

Treatmenh Anah'si" 

I Manure _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  O,8 1 C;c Total N 
0 . 4 1 (i� Total P�O, 

IU:l8'lr Total K�O U Trebl(' RuperphO!�phat.,. __ O·4:�-0 
I n  A mmonium nitrate _ _ _  _ _  32.5-0-0 

Treble superphosphate _ _ _ _ _  0-43-0 
I V  Ammonium nitrate_ _ _ _ _  :12.5-0-0 

Treble superphosphate _ _ _ _ _  0-43-0 
Pot.as�il1m !mICatp _ _ _ _ _ _ _  0-0-50 

V No trE'atnwnt _ _  

Rate p e r  acre 
Spr;n�. 1 946 
2 6 . 7  tons 

262 pounds 
662 pounrls 
262 pounds 
662 pounds 
262 pounds 
5 2 :1  pound� 

ExperiJn ental ReFmlts 

R"te per acre 
FaH, 1 946 

2 6 2  pounds 
fl62 llound� 
262 pound" 
662 pounds 
262 pounds 
52:l pounds 

In preparation for the first crop ( corn) the land was spring plowed ; 
it was not possible to prepare a good seedbed due to the cIaddy nature of 
the soiL The manure was turned under and the commercial fertilizer was 
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dril led in with a seed drill having a ferti l i"er attachment. The plots treated 
with manure 'yielded 4 5 . 2 8  bushels of shelled corn per acre, and were the 
only ones producing a significant increase over the check plots which yielded 
1 5 .64 bushels. The commercial fertilizer plots varied in yield from 18 to 
2 � bushels per acre. The major l imiting factors in  these tests were a l ack 
of available phosphorus and nitrogen. A deficiency of phosphorus was 
apparent even on those plots receiving this nutrient .  

For the sugar beet crop in  the second year, commercial fertil izers were 
applied in the fall in amounts equal to the applications for the corn crop 
( table 1 )  and the entire test area was immediately plowed. In the spring 
of 1 947 ,  the land was worked into a very good seedbed. The limey lumps 
and dods showed a remarkahle mellowing. The rIots ,.\ ... ere seedeu to sugar 
beets on April 3 and harvested about the middle of October .  The beets 
were i rrigated July 1 3 ,  August 1 2 ,  and Septemher 2, never being allowed 
to suffer for water. 

Table 2. -Yif'lds SUtta l' beds U1 4 7 .  

Ton� beets PouJ"Ids sUKar Percent Percent 
Treatments 

I Manure __ _ _ _ _ _ _ _ _ _ _  1 6 . 6 4  TI P _ _ _ _ _  _ _  _ _ _ _ _ _  1 2 . 1 3  
I I I  N and P _ _ _ _ _ _ _  _ _ _ _ _  1 8 . 6 0  
I V  N, p. and K _ _ _ _  . _ __ _ _ 1 9. 5 7 

V No trentnl€nL _ _ _ _ _ _ _ _ _ _ _  8 . 1 7  
Difference f o r  significunce 

5 ptc'rcent poinL _ _ _ _ _ _ _ _ _  1 . 7 1  
1 percent poinL _ _  _ 2 . 4 0  

4 7 1 9  
3 4 4 4  
4 7 9 3  
4 9 9 7  
2 1 S 9  

69; 
9 9 7  

Sugar Stand 

1 4 . 1 4  
1 4 . 2 a  
1 2 . 8 5  
1 2 . 7 6  
li'I . 4 2  

0.80 
1 . 1 2  

98.2 
9 5 . 6  
9 7 . 6  
9 7 .8 
77.8 

8.91 
1 2 . 4 9  

Tons tops p e r  acre 

Green 

1 0 . 4 5  
6 . 8 4  

1 7 . 4 7  
1 7 . 2 2  

8 . 1 9  

2 . 1 6  
a.02 

Dry 

1 . 4 7  
1 . 05 
2 . 1 2  
2 . 0 3  
1 . 1 2  

0 . 2 9  
0 . 4 1  

All treatments resulted in  a significant i ncrease in yield of heets and 
total sugar per acre over the check plot. Greater than a two-fold increase 
in yield and total sugar per acre was ohtaincd on all plots that received 
nitrogen in addition to phosphorus ( inc !uuing the residual manllre plots) . 
The effectiveness of the treatments was OhVlOUS throughout the growing 
period (figure 1 ) .  

The percentage sugar i n  al l  treatments was low. Phosphorus alone 
gave a slight increase in sugar percentage over the check plot while those 
plots treated with ammonium nitrate were more than 1 percent lower than 
either the manure or phosphate plots. Of interest was the fact that in these 
trials the beets receiving nitrogen did not vary significantly in  percentage 
sugar from the beets on the no treatment plot. 

The death of young beets on the "no treatment" plots resulted in  a 
real depression in percentage of stand on these plots. The yield of tops, as 
was expected, was increased hy the nitrogen ferti lizers. 

While the fertili"er application in ea cb case was rather high, all 
treatments resulted in a monetary profit i f  compared with the check plot 
even when all the fertilizer applied in hoth years of the test was charged 
to the one beet crop. 
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Figure J--Views o f  the pluts treateJ \\." lth a m monium nitr .. tc anJ tre" 
hlesuperphosphatc ( kIt ) 
'lnd th.. .-hc.:k plot 
( right) . 
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The experiment demonstrated that the main limiting factors for the 
production of sugar beets on this recently leveled land were the nitrogen 
and phosphorus supply. This was previously demonstrated for a number 
of Colorado suhsoils ( 1 ) ;-:  under greenhouse conditions. No response tu 
potassium was apparent. 

Both manure and commercial fertilizers were effective in producing 
normal yields of beets. The yields from the plots treated with commercial 
nitrogen and phosphorus were somewhat better than the yields from the 
manured plots, hut this might he expeded since only the residual effect 
of the manure (appl ied in the spring of 1 946) was involved . For sugar 
beets on normal land, Gardner and Robcrtson ( 2 )  demonstrated the com
parahle efficacy of manure, and commercial nitrogen plus phosphorus when 
the latter were applied at Cl rate equal to the amounts of  these elements 
contained in the sol uble portion of manure. Manure and manure plus 
phosphate fertilizer applied to level cd land were previously shown to he 
effective in increasing the yields of spring barley ( :' ) .  The fact that manure 
and commercial fertil i zers failed to produce equivalent results on corn the 
first year of the test was probably due to a lack of phosphorus. Insufficient 
phosphorus may have been rela ted to improper p lacement, insufficient 
amounts, or too late an application of phosphate fertilizer. This matter IS 
receiving further stuuy. 

S urnnlary 

1 .  Sub�soil exposed by recent leveling operation was shown to he 
seriously deficient in  nitrogen and phosphorus. 

2. Manure plowed under gave significant increases in yields of corn 
and sugar beets. Commercial fertilizer drilled in before planting did not 
increase the yield of corn, but when additional fertilizer was plowed in 
at the time of fall preparation of the land for the second crop, yields of 
sugar beets twice as h igh as those from the " 'no treatment" p lots were 
obtained. 

3. The stand of sugar beets on those plots receiving no fertilizer was 
significantly lower than the treated plots. 

4. Even at the high rate of  fertilizer application used, all treatments 
resulted in  a net profit . 
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