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F ERTILlZ E R  TRIALS on farmers' fields have a definite part in the 
determination of soil nutrient deficiencies and the response ohtained from 
ferti lizer treatment. The numher of such trials that (an be made are gen
(Tal ly limited hy economic anJ physical factors. To hc sure, i f  one were 
to exhaust the treatments, fields, and crops that could enter into a study 
of this type, the number of plots required would be innumerable. Even 
then onc would arrive at only certain deductihle conclusions that would 
have limited application unless other factors were ohserved and correhlted 
with the tests. To observe and study the many aspects of several fertilizer 
trials from the selection of fields to condensing and reporting the data 15 

,to immense job. It was felt this could hest he attacked, as has been the 
case in so many other prohlems, through cooperative effort. 

The data presented here is l imited tn the first year's harvest results. 
The study of cropping history, past ferti l izer practices, soil classification 
,md analysis, tissue an<tlysis and other Ltctors under ohservation have not 
he en assimilated or completed at this time. 

The- reader wil l  note that there is a certain amount of standardization 
in the conduct of these tests carried out in sections of four states. Never
theless, due to the vari;ition in the number of tests and the variation hetween 
tcsts within the states the writers have chosen to present the results of each 
:;tate in a somewhat JIiferent manner. 

In this paper identity of the results for each state is maintained : how
ever, in presentation, especial ly of materials and methods, gener<llizations 
covering the four states are made wherever possible. 
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Material. and Methods 

Initial ly therc were selected in  each fieldman's district of the Great 
Western Sugar Company two or more fields to he planted to sugar beets 
in 1947 .  From this array of fields one field per fieldman's district was 
selected on the hasis of uniformity of soil ,  cropping and yield history, and 
desirability of location for demonstrational purposes. General1y fields of 
low, medium. and high productivity wefe selected within a factory district. 

Six or eight row plots the length of the field were used . Thc experi· 
mental design was that of a ranuomized complete block including nine 
treatments and two or three replications. The treatments aye presented in 
tahular form in tahle 1 for tests conducted in  Colorado, Wyoming and 
Montana. 

Table 1 .- K i n d ,  umOlln t i n  pound,; per acre, time and manner of applica tion or ferti l i zf'rs 
used for each treatment i n  te"ts contiueted i n  Colorado, Wyoming and Montana (treatments 
applicable to Nebl'aska tests exclusive of trpatrnentR 7 :! n d  8 ) .  

Treatment 

No. Symbol 

In row 
with seed 

P"O-, 

Planting 

Side-dressed 

K O  

Thinning 

Side-dressed 

Minol' 
elemenh 

(pounds) (pounds ) (pounds ) (pounds) (pounds) (pounds) 

P 
N 2 (N / 2 ) 
� split application'l 
NP 
N P K  
2 ( NP K )  
N P K +  
( m i n o r  elemen ts ) 
Check 1 
Cheek 2 

f,O 
1 2 0  

2 ;�  92 1;0 6,t 100 
Undistu rlwd ('he('k 
E q u ipment p u ll(',-j th ,'ough field at  e a c h  date of side-dressing 

p�o- from superphosphate, apPI'ox i rnately 4 6  percent P�O · .  
N from ammonium n i tl'ate, ;{2 perc('nt N, except f o r  Mont� n a  fl n i! 1.0".,11, Wyominl(, 

d i",trict.<; where :lmmonium Hulfate. 2 0 . 5  pcrcent N. was uscd, 
K .  0 from m u r iatf' of potas h . 60 pereent K�O. 
M i n ol' element,; from a mixture of 22.2  poulI(h; M n S O  . .  , 2 2 . 2  rlOllll,is Z n R O . ,  22.2 p()ll n fls 

Na" H40, • t OR,O, 22.2 pOlln ,ls FeR O ,  and 1 1 . 1  pOlmds C u R O ! . 

l For \Vyomin/!,  tJ'eH tmt"nt :1 in(,l udes appliea{;on of Buperphosphl-lt", as i n  tr(>atment 4 .  

The treatments used in Nehraska afC identical \:vith those l isted in 
tahlc 1 ,  except for treatments 7 and 8 .  The minor elements which charac
terized treatment 7 for the other states were not used, and neither was the 
undisturhed check . In N ehraska. treatment 7 was similar to treatment 4 
ex..::ept that N was applied at planting time instead of a fter thinning. 
Treatment oS \vas made to differ from treatments 4 and 7 in that 32 pounds 
N was side-dressed at planting time and � '2 pounds sidc-dressed at thinning 
time. 

Generally, heet ciri1ls with fertilizer attachnKnts v,'ere used in  making 
the fertiJizer applications. The standard equipment was in  many cases 
modified to fit the need. Tractor-mounted fertil-izer side-dressing equipment 
was also used i n  some areas. In Montana, the side-dressing at planting time 
\-vas conducted so that the fertil izer \vas placed ahout 2 inches to th� side 
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of the row and at  the depth of the seed. Side·dressing applications in the 
other states were made somewhat deeper and further from the row as was 
also the case for the Montana tests side-dressed at thinning time. 

The harvest results were obtained by hand, sampling 3 2  ten, foot lengths 
of row taken at intervals from the four center rows of each plot. All these 
beets were carefully topped, washed, counted and weighed . One·fourth 
of this quantity was then used in the determination of sugar content. The 
sampling was completed the week prior to the opening of the heet-receiving 
stations. These harvesting rules were not fonowed without exception as in 
a very few cases the entire plots were harvested individually hy the farmer, 
and tare and sugar samples taken from each load . 

Results for Colorado 

The mean effects of nine fertilizer treatments on the yield of beets, 
gross sugar, and percentage sugar for the Colorado tcsts arc given in table 
2 .  The data are averages of the results from 37  farms participating in the 
experiment. The summarized results in table 2 have a threefold purpose, ( 1 )  
they show the comparative effects o f  the different treatments as a whole. 
(2) they provide an estimate of the significance of the average results anJ 
( 0 )  they serve as a basis for estimating the yield increase which might be 
expected from any of these treatments if applied to all the sugar beets in 
northeastern Colorado territory. 

Table 2.·-Mean incre-Rse in yield pe)' acre over check 2 and differencl" in percentage �ugar 
QUC' to treatment. 

Treatment 
--------------- ------ LSD' 

1 2 3 4 5 6 7 8 91. 5-percent 
P N 2 ( N / Z )  NP NPK 2 (N P K )  NPK+ Ck, Ck� point 

Tons bt>€'ts . _ _ 0.56 
Percent sugar _ .01  
Pounds !iugar _ _  1 4 .'1  

1 . 2 :!  
- - . 4 7  

HH"i 

1 .22 .sa 
1 1';.,) 

1 .75 .fi1 :nR 
1 . 75 

. 4 5  :{:�R 
2 . 1 4  1 .54 
1 - 1 2  - -.54 
1 75 2 1 6  

lFor description of treatments according to number sce table 1 .  
�Lcast sign ificant difference at 5-percent point (oods 1 9  : 1 ) .  

0.25 1 7 . 1 6  .S22 
.05 1 4 . 1 5  .262 
50 4 9 1 9  1 5 5  

The summary presented in table 2 does not constitute a reliable basis 
for predicting response from the treatments on individual farms nor for 
predicting response from any one of the other possible rates or combina, 
tions of fertilizers which might be used hut which were not included in  this 
experiment. It does, however, hring out the following signjficant facts : 

1 .  Nitn)gen and phosphorus alone or in combination resulted in 
increased average yields. 

2. Nitrogen alone gave about twice as much average increase in yield 
of beets as phosphate alone and slightly greater increase of total sugar. 

3. The et vcrage increases in beet yield from nitrogen and phosphate 
were approximately additive when the two were applied in combination . 
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Materials and i\'fethod:o! 

Initially there were selected in each fieldman'5 district of the Great 
Western Sugar Company two or more fields to be planted to sugar beets 
in 1 947 .  From this array of fields one field per fieldman's district was 
selected on the basis of uniformity of soil, cropping and yield history, and 
dcsirahility of  location for demonstrational purposes. Genera l ly fields of 
low, medium, and high productivity were selected within a factory district. 

Six or eight row plots the length of the field were used . The experi· 
mental design was that of a randolllized complete block including nine 
treatments and two or three replications. The treatments (lrc presented in 
tahular form in tahle 1 for tests conducted i n  Colorado, Wyoming and 
Montana. 

Table I .-K i n d .  amount i n  poun(b pel' acre, tinlt� and mann el- of application of fcrtilizt'rR 
used for each treatment in te,.;ts conduekd in Colorado, Wyoming Rnd MouttH11I �treatm(>nt:; 
applicable to N",braska test& exclusive of treatments 7 and R ) .  

Planting Thinning 

Treatment 
Side-dressed Side-dressed 

No_ Symbol 

In row 
with seed 

P�O:, P�O-, N N 
Minor 

elements 

1 
2 
:� ! 

(pounds) (pounds) (pounds) (pounds) (pounds) ( pounds) 

P 
N 
2 ( N / 2 )  
(split  npplication l 
N P  2� 
N P K  2:{ 
2 ( N P K )  2!1 
N P K +  

�2 !12 1 � 4  
(minor elemen ts ) 
Check 1 

2 :{ n2 
UndiHtu rhed cheek 

1)(1 
1 2 0  

6 0  

6 4  

:{2 
G 4  
6 4  

1 2 8  

64 1 00 

Chf'ek 2 ECj u i p ment pulled t h ro u g h  field Ht eaeh tiat.", of sir}e-drel:Jsing 

P�o-.  fl'om ,.;upcrphosphate, appt'oxi mntely 4 6  percent P"O-,. 
N from a m mon ium nitrate, :�2 pel'cent N ,  ex(,ppt for Monta n a  and Lovt' l l ,  Volyom i n !'!" ,  

c 1 i,.;triclf! where a m m o n i u m  s u l fate, 2 0 . 5  percent N, WflS llscd . K .  n from m u riate of potn.sh, 60 percent K�O. 
M inor elemen t s  f"om a m i x tu re of 2 2 , 2  pou n d ;;  Mn SO" 2 2 . 2  pnu n ,l,.; Z n l'i O "  2 2 . 2  pou n ,l "  

N a ,.B�O, • l OHcO. 2 2 . 2  pO!l n ,l� FeS O .  a n d  1 1 . 1  pound", CuSO , .  

' Fot· v,.'yoming, ll'calm",nt 3 inchHl"," ll.}) p l i C'ation o f  l<utH'l'phosphtlle a "  in treahnent .1. 

Thc treatments uscJ in Nehrask;l are identical with those l isted in 
tahlc 1 ,  except for treatments 7 and R. The minor elements which charac
tcri�ed treatment 7 for the other states were not used, and neither was thl' 
undisturhed check . In Ncbr;tska, treatment 7 was similar to treatment 4 
except that N was applied at planting time instead of a fter thinning. 
Treatment R was 1l1ade to diffcr from treatments 4 and 7 in  that 32 pounds 
N ,"vas side-dressed at planting time and 3'2 pounds side-dressed at thinning 
time. 

General ly, heet drills with fertili�er attachments were used in making 
the fertili�er applications. The standard equipment was in many cas�s 
mollified to fit the need. Tractur-rnuuntcJ fertilizt:f siuc-Jn:ssing- equipment 
was a1so used in some areas. In Montana, the side�dressing at planting time 
was conducted so that the fertil i�er \-vas placed about '2 inches to the side 
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of the row and at the depth of the seed. Side-dressing applications in  the 
other states were made somewhat deeper and further from the row as was 
also the case for the Montana tests side,dressed at thinning time. 

The harvest results were ohtained by hand-sampling 32 ten-foot lengths 
of row taken at intervals from the four center rows o f  each plot. All  these 
beets were carefully topped, washed, counted and weighed . One - fourth 
of this quantity was then used in the determination of sugar content. The 
sampling was completed the week prior to the opening of the beet�receiving 
stations. These harvesting rules \vere not followed without exception as in 
a very few cases the entire plots were harvested individually hy the farmer, 
and tarc and sugar samples taken from each load. 

Results for Colorado 

The mean cffects of nine fertili4cr treatments on the yield of beets, 
gross sugar, and percentage sugar for the Colorado tests arc given in table 
2. The data are averages of the results from 37 farms participating in the 
experiment. The summarized results in table 2 have a threefold purpose, ( 1 )  
they show the comparative effects o f  the different treatments as a whole. 
( 2 )  they proviue an estimate of the significance of  the average results and 
( .3 )  they serve as a basis for estimating the yield increase which might be 
expected from any of these treatments i f  applied to a J l  the sugar heets in 
northeastern Colorado territory. 

Table 2.--- Mean increase i n  yield per acre over check 2 and d i fference in percentage sugar 
<lue to trel'ltmcnt. 

I 2 
P N 

Tons beets _ _ _ _  0 . 5 6  
Percent suga r _  . 0 1  
Pounds Rllgal' _ _  14R  

1 .2 2 
---. 4 7  HJ I, 

Treatment 
LSD� 

3 .t 5 6 7 8 91 5-percent 
2 ( N / 2 )  NP NPK 2 (NPK) NPK+ Ck, Ck. point 

1 .22 
.5;� 

l fJ f5 

-.-----�------. .. -------
1 . 75 

.51 a l l"  
1 . 75 

-- - .45 :�HR 
2 . 1 4  
1 . 1 2  
1 75 

1 . 5 4  
- -.54 

2 1 6  

0 . 2 5  
. 0 5  
il O  

1 7 . 1 6  
1 4 . 1 5  
4 9 1 9  

. 5 2 2  

. 2 6 2  
1 5 5  

I F o r  description of treutment.<; accord i n g  to n umbe ... s e e  tHblc L 
�Least significant il iff{"I-�nce a t  5-percent point (odds 19 : 1 ) .  

The summary presented i n  table 2 does not constitute a reliable basis 
for predicting response from the treatments on individual farms nor for 
predicting response from any one of the other possible rates or comhina� 
tions of fertilizers which might be used hut which were not included in this 
experiment. It does, however, hring out the following significant facts : 

1 .  Nitrogen and phosphorus alone or in L:ombination resulted in 
increased average yields. 

2. Nitrogen a10ne gave about twice as much average increase in  yield 
of beets as  phosphate alone and slightly greater increase of total sugar. 

3. The average increases in beet yield from nitrogen and phosphate 
were approximately additive when the two were applied in conlbination. 
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-to No significant increase was obtained from the addition of potash 
or minor e lements. A possible decrease due to minor elements is indicated . 

') .  Percentage sugar was decreased approxima tely one-half of 1 percent 
hy the application of nitrogen at the rate of 200 pounds of NH.J.NO;; per 
acre, and 1 percent when twice this rate was added. It should he noted, 
hO\Never, that the heets in this experiment were harvested in advance of the 
regular harvest anu it  is 4uite possihle, if not probable, that the differences 
in sugar percentage would have been less pronounced later in the season . 

Statistical Behavior of the Data . --Before making the comparisons of 
the effects of  the various treatments the data were tested for homogeneity 
to determine if  a. generalized standard error could he used as a ha.sis of 
estimating significance of  differences hetween treatments. For the comhineJ 
da.ta including all the separate experiments it was found that the uata were 
homogeneous with respect to treatments hut not with respect to farms. The 
data were not homogeneous with respect to treatments in the individual 
experiments. Comparison of  the differences of the means of  the treatments 
in the comhined experiment on the hasis of the generalized standard error 
of  the difference is, therefore, justifiable hut similar comparisons cannot be 
made between different treatments in the individual experiments. 

Results of Individual Experiments.-Wide variahil ity hetween soi l <;  
and hetween other factors affecting response to  fertilizers on different tracb 
of land limit the breadth of  gencr,t i izations which can be dra\vn from a 
single experiment or groups of experiments. Before generalizations from an 
experiment on onc tract of land Gln he applied to other tracts, some jdea� 
of the variahility hetween tracts is necessary. The pcrCt�ntage response J,lLl 
in tahle 3 and the frequency uistrihution curves in figures 1 and "2 .<;ho\\' 
wide differences in response to the ferti l izer t reatments on di fferent farms. 
The variabIlity includes differences due to experimental error in aJJition 
to the actual differences due to response to treatment hut in either case the 
generalizations which can he made arc affected. It is proh,thle that ;t l arge 
r'art of the negative response can he attrihuted to errOf, hut since nitrogen 
significantly reduceu sug,l r percl'ntages it is Jogical  to aS�lImc that some 
,lctual decrease due to n itrogen may have occurreJ in the yield of sugar 
,1I1d under some conditions actual Ject"Cased yielJs of heets may h�lvc 
resulted from fertil izer application . 

Table 3 .  ReHponse of indivj(iUltl farmH to P, N ,  NP and NPK.  

T r  .. atment Pm.itive 

( percent) 

1 p 70.� 
N !17.r. 

4 N P  �:l.K 
N P K  � l . l  

Beet YiE"ld 

NegativE" 

( percent) 

29.7 
:32.4 
16.2 
I S . !) 

Sugar Yield 

( percent )  

70.3 
4A.6 
67. (; 
70.� 

Negativ .. 

(percent ) 

29 .7 
5 1 . 4  
:{2 .4 
2�) .7 

======-------
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The number and percentage of farms which gave significant respunse 
to fertilizers is shown in table 4. Only about 30 percent of  the farms gave 
significant F values for treatnlcnts but since the treatments were made 
only in duplicate, the number responding to treatment is comparatively 
large. Well-replicated experiments prohahly would show a much higher 
percentage. 

Table ".--Number- of f;epIH"ate experiments with significant F values for t.reatmen t.. and replication. 
Results studied 

Yield beet.s 

Percent sugar 

Yield sugar 

Treatment 

12 
1 1  

1 1  

Replication 

1 4  

1 1  

1 0  

The question frequently h a s  been raised regarding t h e  comparative 
response to fertilizers of highr and lowryie1ding fields. Correlation coeffi
cients between yields of the untreated plots (check 2) and the increase in 
yields due to N, P, and NP were determined. The correlations betweer� 
yield of the check and N or P were not significant but between the increase 
of yield due to NP and the yield of the untreated plots, a significant nega
tive correlation of -. 3 86 was fuund, indicating Cl tendency for lowel 
response on the high-fertility fields. 

Conclusions.-On the basis of this experiment there appears to be a 
large potential source of increased crop yie1ds in northeastern Colorado 
which might be ohtained hy the use of fertili.ers. This experiment has 
shown the response from a few of many possible fertilizer comhinations on 
sample farms of the areas, but further research is necessary to provide a 
means of determining the best fertilizer practices to meet the highly variable 
needs of the many different farms and the different crops. 

Rc.ults for Nebraska 

Fourteen fertilizer experiments were conducted in Nebraska. The 
mean yields of sugar beet, percentage sugar, and gross sugar per acre of 
these fourteen experiments are presented in table 5. I n  addition, similar 
data are presented for the seven fields where noticeable increases in  sugar 
production were ohtained from the use of commercial fertilizer and for 
the seven fields where only small increases or noticeable decreases in  sugar 
production were obtained as a result of the use of  commercial fertilizer. 
None of the fields in the first group of seven received an application of 
manure in 1 947  whereas five of the seven fields in  the second group 
received a n  application of manure. An attempt was made to group the 
experiments into two groups according to soil series but the data were not 
sufficiently homogeneous to warrant such a grouping. Gross sugar produc
tion hy individual  experiments is presented in tahle 6 .  
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Table 5 .  -Mean increase or decreID'.e i n  yield due to treatment a n d  yield of check in tons 

beets, percentage sugar and gross sugar per acre, Nebraska, 1 9 4 7 .  

1 2 
P N 

'rons beets _ _ _ _ _  0.95 
Percent suga r _ _  0 . 1 3  
Pounds sugar _ _  2!l7 

0.6a 
0.4,1\ 

28 

Treatment 

-3---'-
2 ( N / 2 )  NP 

5 • 
NPK 2 ( NPK ) 

Mean 14 fields 

, 
NP 

O.S;{ 1 . 4 ;{ 2 . 0 7  2 . 2 9 1 . 72 
0.54 Q.il5 0.55 - 1 .05 �--O . 3 0  

5 4  I S 2  405 2 2 4  3 5 5  

LSD4 
2 93 5-percent 

2 (N / 2 ) P  Ck. point 

1 .5 8  14.83 0.48 
- --O.4R 1 3 . 2  0 . 2 1  

2 6 8  3877 150 

Mean 7 field!:! showing increased production of sugar due to fertilizer3 

Tuns beets___ 2 . 40 1.39 1.3R 2 . .s R  a.57 ;l . 7 7  3.03 2.91 1 1 . 9 4  0 . 7 9  
Percent Ruga r _ _  0 . 1 2  - 0 . 4 0  0 . 1 6  0 .40 - o . : n  --(l .RI)  ----0.34 -0.50 1 3 . 6  0 . 2 9  
Pounds SUgHl"_ _ 6 9 4  2 R 4  3 7 0  66H 909 7M! 7 1 3  6 3 9  3207 2 4 4  

Mean 7 fields showing slight increases or noticeable decreases 
in sugar production due to fertilizer 

Tons beets _ _ _ _ _  " 0 . 2 4  0.0 1 0.39 0.24 0.84 1 .08 0.66 O A H  1 7. 2 2  0 . 6 ;�  
Percent suga r _ _  0.12 0 , 5 6  0,86 0,8R 0 . 7 5  1 . 2 :l 0.28 -0, 4 7  1 2 , 9  0 , 2 9  
Pounds sugar _ ---a --186 -2 1 0 - -22:{ 15 --222 56 - 4 1  4 4 3 6  1 8 5  

l C ompuruhle w i t h  treatment 4 ex(�ept N shle�dressed a t  planting time, 
!!Comparable with treatment 4 except li! N side-dressed a t  plnnting time a n d  �/� N side

(iressed after thinning, 
!lFor descl"iption of tl'eatments according- to n u m be r  se(> table I ,  
lLeast !>ignifieant differenc(> a t  5-pf'l'('ent point todds 1 9 : 1 ) .  

7\litrogen. ----Based o n  the mean o f  the fourteen experiments, t h e  appl i �  
cation of a nitrogen ferti lizer alone had no significant effect upon the pro
duction of sugar. This was due to the fact that a significant increase in yield 
of roots was offset hy significant decrease in  sugar percentage, However, the 
mean for the first seven fields shows a significant increase in sugar due to 
an application of nitrogen fertilizer alone even though the sugar percentage 
was decreased. On the other hand, a significant decrease in  yie1d of sugar 
\.vas ohtained for the mean of the second seven experiments as a result of 
an application o f  n itrogen fertilizer. The time of application of  the n itrogen 
fertilizer had no significant effect upon the production of  sugar. 

Table 6 .---Increase or decrease in y i e l d  due to treatment and yield of c h e c k  in p o u n d s  gross 
sugar pel" acre for individual experiments, Nebraska. 1 947. 

Treatment 
----- ------- LSD ! 

Field t 2 3 .j 5 6 1 2 9-� 5-percent �.:_� �_N ____ 2 (_N_I_2 )  __ _ N_P�_N-:' P_K�_2_(-::N_P_K_)_N
c

-P 2 (N/ 2 ) P  Ck. point 

Fields showing Increased production of sugar due to fertilizer 

29,1 --25R 1 5 8  312 4 5 5  671 5 3 6  414 2 1 1 1  527 
920 4 3 9  78!') 1 1 92 1459 1345 1446 1 094 2402 572 
702 -1 8 4  155 9 4 ()  585 8 9 4  76R 422 2887 676 
4 7 G  G O  401 5 7 0  1 1 � 5 1002 516 8 9 7  2729 423 
706 729 1 2B5 60�) 1 4 2 8  1 2 8 3  9 7 4  8 6 0  3 4 2 5  742 

1 1 2 3  800 217 717 978 267 6 6 9  735 3832 790 
421 1 4 4  - - 7 1  :nH 2 !-1!{ 93 1 1 7  6 4747 NS·' 

Field� showing slight increases or noticeable decreases in sugar due to fertilizer 
R - -368 .. -22 1 1 1  32 3 1 R  63 1 6 4  1 0 6  2 2 6 3  NB 
9 -8 1  1 2 ;� �-2 a 4  --47ti -2 3 4  --4 2 1  1 2 4  1 1 4  3 8 4 3  4 0 7  

1 0  -64 �- 1 90 202 -,-·508 3 4 3  ---6 9 1  -- 1 4- 7  - 1 4 5  4 6 9 3  3 6 9  
1 1  2 5 5  - 4 4 2  -- 3 8 3  -·428 -1 0 7  93 In - - 7 7  3 9 2 7  NB 
12 126 -538 �-558 5 258 -21 fi -·- 1 8 3  �16 5 1 5 1  NS H 1 2 7  -407 -329 ---36 - --1 -2 6 3  :'10 7 -273 5 1 9 3  N S  
1 4  -8 4  - 2 7  -- 2  -2 70 - 3 6  -1 74 � - 1 5 3  � 3 3  6 1 3 7  N S 

lComparable with treatment 4 except N side·drcssed at planting time. 

side-
���:��r�1i:r "':.�t

i
�

n
����tmen t  4 except 1h N side�dreAsed at planting time and ¥.! N 

'�For description of treatnlents according to n umber see tsbIp 1 .  
4Least significant difference a t  5-percent point (odds 1 9  : 1 ) ,  
"Differences not significant a t  5-percent point. 
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There was (OnsiJcfahk v<Lri�lti(jn I!1 the results obtained from the 
individual experiments, only three experiments showing a significant increase 
in yield of  sugar as the result of an application of a nitrogen fertilizer alone 
(table 6) . 

Phosphate.-- -An appl ication of a phosphate fertiliz;er alone increased 
sugar production significantly based on either the mean of the fourteen fields 
or the mean of the first seven fields ( tahle 5 ) .  This increased sugal- produc
tion was due to a significant increase in  yield of roots and a small but not 
significant increase in  sugar percentage. The mean of the second seven fields 
showed no significant effect of the phosphate fertilizer upon sugar pro� 
uudion . 

The results ohta ined with phosphate ferti liz.cr alone were not quite ;l." 
variable in the individual experiments as those obtained with nitrogen alone. 
SIgnificant increases in production of sugar were ohtained in four of the 
individual experiments. 

NItrogen + Phosphorus.-- Based on the mean of th� fourteen fields or 
the mean of the first seven fields, a combination of nitrogen and phosphorus 
fertil iz.ers increast'd the yield of sugar significantly over the appl ication of a 

nitrogen fertilizer alone. However, the increases \vere not significantly 
greater than those ohtained from the application of a phosphate fertilizer 
alone. On the hasis of the mean of the fourteen fields Of the mean of the 
second seven fields, the increases were significantly greater where the
nitrogen was applied at planting time than where it was applied following 
the thinning of the heets. This latter difference was due to a smaller increase 
in root production as well as to Cl greater decrease in sugar percentage. In 
those fields showing a marked response to fcrtiltz.cr application, there was 
l ittle difference in yield due to time of appl ication of the nitrogen ferti l ize r .  

A combination of nitrogen and phosphorus fertilizers increased the 
yield of sugar significantly in five of the individual experiments whereas 
the yield was decreased significantly in two experiments where the nitrogen 
was applied following thinning. On the basis of these results and those 
reported for an application of a nitrogen fertilizer alone, it  seems apparenl 
that nitrogen fertil izers should not he indiscrimin;)tely appl ied to lands th;lt 
have adequate supplies of availahle nitrogen.  

Nitrogen + phosphorus + l'0tassium.--·On the basis of the mean of  
fourteen fields, the  addition of a potassium fertilizer increased the  yields 
significantly over Cl similar treatment without potash (table ';, treatments 
4 and 5 ) . However, the increases were not significantly greater than where 
phosphate alone was applied or where a combination of nitrogen and 
phosphorus fertilizers were applied with the n itrogen being a pplied at 
planting time. Where double the rate of fertilizer containing nitrogen , 
phosphorus and potassium was applied, the increases were less than where 
the smaller rate was applied. This was due l argely to the marked decrease 
in percentage sugar where the large rate of fertilizer was used. 
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I n  two o f  the individual experiments the application o f  a potash fer� 

tilizer increased the yield of sugar significantly over a similar treatment 
without potash. 

Conclusions.--()n the hasis of the results obtained in Nebraska during 
1 947 ,  the following concI usions appear to be warranted : 

1 .  Commercial ferti lizer can have an important part in the production 
of sugar by sugar beets. 

2. One fertilizer cannot he recommended generally for al l  fields. I n  
some fields the application of a nitrogen fertil izer alone m a y  give maxilllum 
yields, in other f ie lds the application of a phosphate fertilizer alone may 
produce maximum yields, and in st i l l  other fields a combination of  the 
two fertilizers may he necessary to produce maximum yields. Potash fer� 
tilizer may be needed in some fields in addition to nitrogen and phosphorus 
f erti1 i z,ers . 

. '. Nitrogen fertil izers should not he used indiscriminately .  In general , 
it appears to be a better practice to apply the nitrogen fertilizer at planting 
time, especia l ly  if  the field is l ikely to he moderately well  supplied with 
availahle nitrogen . Where marked nitrogen deficiency occurs, a l ate appli
cation \'-'QuId he satisfactory. 

Results for '","youling 

The variation in treatments that existed in the Wyoming tests as 
compared to those used in Colorado lies in treatment 3. The hasic rate of 
phosphate was used with the split application of nitrogen for it was thought 
at the time of designing the experiment that phosphate might general ly be 
the I lrniting dement and that one would not have proper expression in 
growth from the addition of nitrogen unless used with phosphate. Though 
ammonium suI fate was used in p lace of ammonium nitrate in northern 
Wyoming the quantity of nitrogen applied was maintained equivalent and 
it is fel t  that no difference should exist from this change in yield responses 
obtained. 

In spite of the intended uniformity in conducting the fertilizer tests a 
geographical consideration divides the results into two classes. An exami
nation of the data indicates that the location effect is indeed very marked.  
In view of this difference and the difference between tests within an area 
the results of each test are presented in tables 7 and S. 

In  northern Wyoming (Lovell District) no apparent response was 
obtained from the use of phosphate alone or in  combination with other 
elements. The general increases on the whole appear attributable to the 
application of nitrogen.  While the application of part of the nitrogen at 
planting time might be beneficial ,  there is  also indication of possible loss of 
this  element ( Hartman field, treatment 3 ,  table 7)  when an appreciahle 
portion is applied early. 
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Table 7. -Inc rcase or decrease i n  yield ( f rurn c h e c k  2 )  due to treatment a n d  yield of cheek 
2 i n  tons beetfl, percentage sugar a n d  gross SUgar per acre for two locations . 
the Lovel1 D : strict, 1 9 4 7 .  

Treatment LSD� 

--{---;----, 4 ' --. --7-- 8 9 1  5 '"/c 1 %  
P N 2 ( N / 2 ) P  N P  N P K  2 ( N P K ) N P K + Ck, Ck� point point 

Tons bcets_ 0 . 0 5  3 . 9 4  
Percent sugal' _ _  0 . 0 5  0 . 2 3  
Pounds sugar 32 1 4 S 0  

Tons beets 1 . 4 0  0 . 6 :1 
Percent suga r._ _ _  0 . 3 7  0 . 1 2  
Pounds sugar _ - -400 2 7 2  

Hartmnn Farm, Basin, Wyoming 

2 .45  iLH 3 . 4 0  5 . 8 0  5 . 0 5  
0 . 5 8  O.OH 0 . 1 :1 0 . 1 3  - 0 . 4 4  

1 0 5 1  1 1 7 4  1 2 :� 4  2060 15 6() 

Kegi Farm. Powel l .  ,",'yorning 

1 . 1 4  0 . 4 1  0 . 7 0  0 . 2 4  
-0. 1 4  0 . 4 2  -- f) . 6 1  O.O :� 

a 6 7  2 9 3  4 -1 j j  

1 . 0 0  
0 . 8 8  

6 2 !)  

--1 . 1 4  

o.oa 
-427 

'Fo,' description of treatments accord i n g  to n u m ber see table 1 .  

1 5 . 1 1 
1 7 . 2 9  
5 2 2 5  

1 6 . 6 8  
1 8 . 3 0  
6 0 8 7  

1 .92 
.67 

7 1 4  

1 . 0 7  
NS 
NS 

2.66 
NS')  
9 8 7  

NS 
NS 
NS 

2Least s hm i ficant d ifference at.  5-11ercent point (odds 1 9 : 1  l H n d  I -percent point (odds 
99 : 1 ) ,  respectively. 

:-!Differences not significant, 

Table B.-Inc rease or dec l'ease in yiel d ( f t'onI check 2) d u e  to treatment a n d  yield of 
check 2 i n  tons beet!';, percentage 5uga,' and gross !';ugar per acre for three locations i n  th(> 
Wbeathmd D:stri<"t, H 1 4 7 .  

===� ---_._---
Treatment LSD� 

1 2 3 -1 5 6 7 8 91 5 %  1 rj" 
P N 2 ( r-..' / 2 ) P  NP N P K  2 ( N P K )  N P K +  Ckl Ck� point point 

Ton s beets _ _  

Percent ,;uga ,. 

Pounds !';ugar_ 

Tons \wets _ _ 
Percent SUgar 
Pounds 5ugal' _  

Tons beets _ _  
Percent sugaJ'_ 
Pou n d s  SUgHI'_ 

--_ .. _-------- ---
2bmpff Farm, Wh-;>atinnd, 'Vyoming 

4.IJI) .07 7 . 1 7  I'UJl 7.!"l2 
0.6 (J..I U .4  --0 . 4 · l A  

1 4 72 21 j �lXR 2226 1942 
[)inges Farm. Wheatland, Wyoming 

1 . :3 1  1 . 7 2  0 . 7 0  O,xR 0 . 6 4  
0 . 0  0 . 3  0 . 1  -- 1 . ,  0 . 2  ;{ 7:; -4tR J 7!) � 2 4 5  1 1 7  

Haines Farm, W heatland, Wyoming 

l .Ot)  z.:� 5  1 . 74 2 . 4 Ci  
0 . 2  OA 0. :::\ -O.·� 

8 0 1  fifl2 5 1 0  4 6 5  

1 . 86 5 . 0 ;�  2 . 5 0  3 . 6 4  
1 . 0  1 4 . 6  N S  NS-' 

4 1 0  1 4 6 4  7\):3 1 1 54 

1 . 4 4  I · L 0 5  1 . :1{  N S  
0.:; 1 4 . 9  .,. 1 . 1( ; '" 4 1 8 7  4 .5 9  N S  

1 . :15  l X- . 4 0  I . 5 a  2 . 1 1  O.R 1 1 .2 NS N S  
1 4  4 1 2 2  4 0 :� 5 5 5  

-.. -_-_-.. -____ --_- - -.- -- .�-�_:=-=. = �·----=c-= l Fur descl'iption of treatnlents according to n u m ber see thhle 1.  
::I.,f'a!';t significnnt. differen ce at S-percent poi n t  ( odds 1 \J : 1 ) a l Hl I -percent point ( odds 

99 : 1  l, l·espectively. 
" Di fferences not significant. 

In the southeastern area of Wyoming (WhcatlanJ District) the tests 
on three farms (table 8) gave very different results. The results of the 
single test on the Stumpff farm reveal one of the most striking examples 
of phosphate deficiency. \Vhile nitrogen was also deficient in  this field the 
application of nitrogen alone gave- no response, except possihly to hasten 
the development of phosphate deficiency symptoms, which were very evi
dent in  the heets growing on the unphosphatcd plots. The phosphate appli' 
cation alone gave an increase in  yield of approximately :. tons beets per 
acre and when nitrogen was aJded also the increase amounted to about 6 , 7  
tons. Thus, the yield from the NP combination was nearly twice that of 
check 1 and more than twice that of check 2. The other two fields considered 
to he of medium-to-high fertility, respectively, JiJ not respond so well to 
the fertilizer treatment,  
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Results for ""lontana 

During 1 947,  eight fertilizer tests were placed on sugar beets in  the 
Upper Yel1owstone Valley of Montana. One test -was ahandoned hecluse 
disease was prevalent in al l  plots, resulting in poor stands. A second test was 
abandoned hecause harvesting was interrupted hy rain and yields were 
not comparahle on the two harvesting d'ltes. This report deals with the 
other six tests which consisted of randomized triplicate plots, each six rows 
wide and at least 5 00 feet long. The results are given for gross sugar, tons 
heets and percentage sugar in tahles 9,  1 0 and 1 1 ,  respectively_ 

Table 9. - I n � reARe or dpcn'�H"! i n  yield t from chpck 21 due tu treatment A n d  yield of 

check 2 in pounds �ross sug-ar pel' a c re at six locations, Mont·l n 'l .  1 9 4 7 .  

I 2 3 
Location P N 2 ( N / 2 ) P  

- 6:l ' 1  IHO  
;',')-1 "0 792 
2 4 :{ 1 0 3 0  4 1 5  
2 7 1>  - 5 6  - - 7 0  l� 6:�6 2 0 4  

1 4  1 7 6  :1!32 
--- ---- �----
Mean !J2 :l3 C!  1 9 7  

Trt'atmt'nt 
-- ---- - -- . � -- -- ---- -- --

, , 6 7 8 
N P  N PK 2 ( N P K ) ,,-, P K -I- C k ,  

20 1  2:� 9H 1 08 5 4  
1 1)0 6  1 0 1 2  1 08 6  99fi :176 :HI)o( �{21 1 1 2  4 1 0  1 0' 

,,0 1  0 0  9 9  2 0 fl  :1 1 1  
HO!! (i R G  l C 70 R6:{ 9R 

!'Ill 1 4 !!  4 6  :325 1 1 2 

:�\IO :158 3RB " 5  !l0 

' Fo r  d('scription of treatrrl('nts according to n UOlber see �ble l .  

LSD"! 

9' 5 '/c 1 '10 
Ck, point point 

44:{0 NS'! NS 
5.50 G HO K 0 7  
4:�6:l :� 2 5  4 4 R  
761'7 NS NS 
:�Rn 470 6 4 7  
4 1 2 6  N S  N S  

5 0 4 1  2 0 7 2 8 5  

�Least significant d iffer('nce at 5-pCl"ct'nt poi n t  � odds 1 9 : 1  \ and I -percent point (odds 
�)!! : 1 . ,  respectively. 

"Difff'renc('s not significant. 

Table 1 O .  I n c rease or decrease in yield ( fl'om check 21 due to tl"('atOlf'nt a n d  yiel rl qf 
check 2 in tons beets per acre at six location<;, Monta n a ,  1 9 4 7 .  

Treatment LSD� 
- -- - -----

I 2 3 , , 6 7 8 .' 5 'i;: l ,/() 
J.ocation p N 2 ( N / 2 ) P N P  N P K  2 ( N P K ) N P K +  C k l  Ck" point point 

-----�-
-0.06 0.64 1 . 2 5  0 .4 1 0 .8 9 0.1'9 1 . 4 (;  0 . 2 0 1 3 . 8 0  NS:J NS 

O.RH 1.82 2 . 4 !)  4 6 9  3 . 0 7  , L !1 8  3 . 1 7 0 . 4 9  1 7 . a il  1 .8 4  2 . 5 4  
0 . 7 7 :1 . 2 7  l . :{ fI  1 . 4 :1 1 . 1 0 0 . 78 L:Hi 0 . 04 1 2 . 5 0  1 . 88 2 . 6 0  
0 .0 5 - 0 . 3 5  --O. :{:{ -0.75 0 . 34 1 . 1 0  0 . 5 2  0. 05 2 5 . 4 2  NS NS 
0 . 0 7  1 . t; 5  1 . 1 0  2 . 4 2  2 . 4 4  4 . 0 6  2 . 6 !l  0 . 4 2  1 2 . 5 8  1 . 4 4  1 . 9 2  o. :n -O.Ofl O . G S  0 . 1; 4 O . R O  1 . 2 0 O . f) !!  0 . 1  h H . 7 0  NS NS 

---- --------
Mean l . U J  O.HI'! 1 . :14 1 . 4 4  1 . !)() 1 . 70 o.on 1 5 . 8 9  0 _ 7 2  0 . 9 6  

l Fo r  description o f  treatments accol'rling to n U Olber s e e  tflble 1 .  
�Least significant rliff" I'cnce Ht f)-percent point (odds 1 9 : 1 )  and 1 -percent point (odds 

!HI : 1 1 ,  n'spe('"tiveiy. 
"Diff('r('nces not f'ignificant. 

Table I L I n (' rcaf'oe 01' det'l'ease i n  pel'l'cntap;c SliR"fll' ( f rom check 2 1  due to treatment and 
percentage for check 2 at six location<;, Monta n a .  I fl 4 7 .  

Treatment LSD� 

I 2 , , , • 7 S 9' 5 {/c 1 %  
Location P N 2 ( N / 2 ) P  N P  � P K  2 ( N P K )  N P K +  C k ,  C k 2  point point 
�-- ----- -- --�----

- - - 0 . 1 6  - -0 . 4 :'1 0 _ 7 0  0 . 2 6  - - 1 . 0 5  -- l .:n -- 1 . 1 8  -0 . 4 2  1 6 .05 0.8� 1 . 1 5  
0 . 7 2  -O.:�2 0 . 2 5  0 . 1 2  0 _0 1 0 . 08 - -O . l :! 0 .5 9 1 6 . 5 6  0 . 4 5  0 . 6 2  
0 . 1 1 0.!�5 - - 0 . 2 5  -- - 0 . ;\6 -O.2:{ 0 . 6 0  0 . 2 3  · 0 . 4 7  1 7 . 4 5  N S  NS'� 
0 .5 1 0 . 1 0  0.06 -0. 1 5  . - 0.20 -0,44 0 . 1 0 0 . 5 8  1 5 . 1 2  N S  NS 

-- 0.0·1 0. 2 2  0 .5 0 0 . 2 0  - O . 2 :l --0.56 0 _ 1 0  0 . 1 3  1 5 . 4 7  NS NS 
0040 ---I)_55 - --0.60 --0 . 5 7  -0.:�2 1.06 0 . 0 9  0 . 2 :1  1 5 . 0 0  0 . 7 8  N S  

Mean 0.26 -- - 0 . 2 2  0 . 2 9  0 . 1 7  -0 . 3 4 0.68 -0.21 -0_ 1 1  1 5 . 9 5  0 _ 3 1  0 . 4 2  

'1-'01' description of treatOlents acco1'(ling to n U Olber s e e  t a h l e  1 .  
"Least significant differcT1('e at. 5-pel'cent poi n t.  ( odd!! H )  ; 1 1 a n d  1 -rJercent point ( o d d "  

119 : 1 ) ,  respectively. 
::Differcnces nut "jg-nificflnt. 
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In interpreting the results, increases above check 2 have been used 
because it  is believed this more nearly indicates the increases due to fer
tilizers. Table 9 shows that in four of the six tests the yield of gross sugar 
from the phosphated plot was higher than the check but this did not reach 
significance at the 5 'percent level on any test. For nitrogen alone in single 
application, differences of significance in yields of gross sugar were 
obtained at only two of the six locations. At these same two locations 
the single application of nitrogen was also significantly better than the 
application of  phosphorus alone. A comparison of a single application of 
nitrogen after thinning versus the split application of the same amount, 
reveals differences of significance at one location but not as averages of a l l  
locations. 

A combination of nitrogen and phosphorus ga vc significant increase in 
gross sugar yields over check 2 in three cases, in  three cases over phosphorus 
alone, jn  two cases over the split application of nitrogen, and one case over 
the single application of nitrogen. 

The addition of potash to the combination of nitrogen and phosphonlS 
discussed above, failed to give any difference in favor of potash. The 
application of twice the quantities of nitrogen, phosphorus and potash failed 
to give any significant increase in yield of sugar as compared with the basic 
rate at any location. 

In five cases out of six, the addition of the " minor elements" (treat' 
nlcnt 7) gave an increase in yield of sugar over treatment 5, but none of 
these increases were significant at the 5 'percent level nor was the 1 2 7  
pounds increase i n  the average for all  locations significant. 

The three tests which showed significant differences in yields of gross 
sugar also showed similar though not identical differences in yield of beets 
( tables 9 and 1 0) .  In the individual tests, 14 plots differed significantly 
from their checks (check 2) in gross sugar, but in yields of beets only 1 1  
plots showed comparable differences. The average yield of a l l  plots receiving 
nitrogen showed that this treatment produced yields of beets that were sig
nificantly greater than the average yields of the phosphate-treated plots or 
either of the checks. The split application of nitrogen showed an increase 
which was significant only at the r -percent level, while all other plots 
receiving nitrogen gave h ighly significant increases. When the yield is 
expressed in terms of gross sugar per acre, the increase due to a split appli
cation of nitrogen did not reach significance. while all  other plots receiving 
nitrogen gave increases which were highly significant .  

The percentage sugar in the beets for the different tests varied between 
1 4 .00 and 1 7 5 6  percent . In only three tests (table 1 1 )  did one or more 
plots differ significantly from the checks and these do not show a definite 
pattern. In the averages, a l l  plots receiving nitrogen had lower sugar COI1 ' 
tents than the checks and in two of the six cases this reached the level of 
significance. The average percentage sugar for the p lots receiving phosphate 
a lone showed highly significant increases over a l l  nitrogen-treated plots. 
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Location 3 had a low yield and a high content o f  sugar while location 4 had 
a high yield and a low content of  sugar, but location 2 was relatively high 
in both yield and sugar content. 

While fertilizer treatments have given positive yield increases in some 
of the tests, the treatments used in 1 947 did not always correct Iow yields. 

Gt"uf>'ral DisCll1'5sion 
From the tests reporteJ here it becomes dear that the increased pro

duction obtained from the use of commercial ferti lizers, and the efficient 
consumption of available fertilizer supplies, for any onc year, lies in the 
proper distribution and use of that fertilizer. The farm.:'; on which fertilizer 
tests were made did not give 1 0Q'percent response or approach closely that 
percentage. It  is realized that measuring yield responses in any onc year is  
not to be taken as an ahsolute value contributable by the fertilizer. Assuming 
that the cost of fertilizers added may be paid in different increments per 
year for a number of years, which may well vary with field, year, and a 
number of other factors, it is conceivable that at some time hence each field 
rnay actually pay many fold for the fertilizer applied. Yet, in the interests of 
an investment made each time fertilizers are used, and in the immediate 
returns that investment can rightfully be expected to give, some conclusions, 
even though temporary and vulnerahle, should be made. These conclusions 
are : 

1 .  As a side-dressing application, 1 000 pounds of fertiliz.er, or more, 
Mj used in treatment 6 is excessive for general practice. 

2. The indiscriminate use of nitrogen fertilizer with regard to fields, 
even at moderate rates, rapidly minimized through reduction in sugar per
centage the effectiveness of certC'.in moderate gains Inadc in yield of roots. 

3. The results indicate that with some consideration given nitrogen 
applications in regard to fields, increases in gross sugar production from 
the use of nitrogen on the sugar beet crop could be improved. 

4. The response in certain fields from phosphate gave evidence that 
fertil izers containing this element are needed. More knowledge on when 
and how to use phosphate might well increase the efficiency of its use. 

5. Nitrogen and phosphate, being the two most frequent deficiencies 
and often occurring on the same fields, make, on a probability basis, a 
combined application of both nitrogen and phosphate the most reliable when 
little or no information on the field is available .  

6. The possihle need for potassium was  suggested in the  results of  
two tests in Nehraska and a similar number in Colorado. This gives indi
cation that on certain farms the supply of potassium in the soil has dropped 
below the critical level necessary for high yields. 

7 .  The minor elements, Fe, Mn, Cu, Zn and B gave no beneficial 
response in yield or sugar percentage under the conditions of the tests 
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conducted in  Colorado and Wyoming. A hcncbcial eHect from at least 
one of  the mentioned minor elements was suggested in five of the six 
tests conducted in  Montana. 

8 .  No general differencc in  response was noted hetwcen time of 
nitrogen application for the alternatives : a l l  at planting time, one,half at 
planting time and one,half at thInning time, or all at thinning time. 

9. The side, dressing equipmcnt itself may do damage to the extent 
that it  becomes a factor important to yield. 




