
Comparison of Various Chloride and Sulfate 
Salts as Fertilizers for Sugar Beets 
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E :\RLY :-;TCDIES in plant nutrition generally upheld chlorine as an 
unessential element in spite of its presence as chlorides in practically all 
plants. Subsequent investigations have indicated that the results one might 
get with chlorides will he dependent to no small extent on the plant under 
consideration. Sugar beets are among the crops which have appeared to use 
chlorides to some advantage (4 ) ' .  Other studies reported ( 1 ,2 , 3 )  have 
shown definite response of sugar heets to sodium chloride applications. 
However, in these studies little significance was given the chloride ion and 
the responses were generally credited to the cation or sodium element. 

An analysis of cosettes from six factories of The Great Western Sugar 
Company in 1 94 5  revealeJ that th(', chloride content of heets i n  the Lovell ,  
Wyoming, district was distinctly low in comparison with heets from other 
factory districts in northern Colorado and Nebraska. At Lovell the per­
centage of chloride in beets was (l .02 2R compared with an average at the 
other locations of .059 1 or approximately 21/2 times as much as at Lovel L 
In 1 946, sodium chloride was applied to beets at the rate of 70 pounds per 
acre in the Powell area of the Lovell uistrict. Application was by solution 
in irrigation water to 1 2 -row strips. There was some indication in this test 
of a possible increase in tonnage resulting from the sodium chloride appli� 
cation, but the results were not conclusive and further study was deemed 
desirahle. The results of experiments conducted in 1 947 are reported here. 

Dcsi�ll of ExperilllCnts 

Four tests were planted, three of which were harvested experimentally. 
The design used was a randomized complete block with six replications of 
each of nine treatments. The salts used were of high purity and the rates 
per acre were adjusted so that each treatment represented an equivalent 
quantity of salt based on their equivalent molecular weight. Appli(:ation 
was by side dressing with Planet Jr. hand drills the second week of July. 
A calculated amount of each salt was weighed for each plot and all of 
that quantity applied to the plot. Plots were 6 rows wide x 28  feet in 
length. Four center rows, 25' feet in length, were harvested from each plot 
for yield, October 1 3 , 1 5 , and one row was analyzed for sugar content. 

A distance of 25 feet was allowed between series to prevent carry-over 
of salts between plots by irrigation water, but ohservations during the 

lAgrof1omi�t , The Great Western SUI?f1f Company, Billings, Montana, and Agronomist , The Grcilt 
W{'�{ern S!lgar Company Experiment Station, Longmoot. Co!orildo. respectively. �Thc 1lllmhns ill parcnthcsc� [,'ler to l i tcratllf;! cited. 
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sca:-;Otl \voldd ind ic;J..tL' that this precautioll wa.s proh'lhly not IlClXssary and 
only serveD to increase variahi lity hy spreading the plots over a greater 
area in the field. 

RC8ldt.s and Di5'ewo;sion 

The treatments and rates per acre are given with the harvest resuhs 
for three respective locations in tahles 1 ,  2, and 3 .  

Table 1 .  Summarized results, salt study. Lall"rel, Montana, 1
�
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Treatmf'nt description and ratf'S per acre 

Ruots 
per acre 
(tons ) 

:lOO pounds sodium sulfah' I Na",SO� ) _  _ _ _ _ _ _ _  1 9 .42 
:�67 pounds potassium sulfate ( K2SO, I _ _ _ _  _ _ _  1 )<. ,09 
312  pounds potassium chloride ( Kcl ) _ _ _ _  _ _ _  19 . 5 1  
245 pounds sodium chloride (Nac l ) _ _ _ _ _ _  18 .24 
226 pounds ammonium chloride ( N IL e l  ) _ _  _ _  19 .26  
279 pounds ammonium suIfate (NH! ) �SOI ) - - 17 .62 
1 56  pounds potassium chloride and 1 22  pounds sodium 

chloride _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  1 7 ,62 
Check--no treatment _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __ _ _ __ _ _  _ _ 1 8 .27 
Machine check drill  run empty over ploL _ _ _ _ _ _ _ _  16 .07  
General mean _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  IR .23  ��.

a
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Su£"ar 
content 

( percent) 

17 .24  
1 7 . 1 4  
17 . 44  
17 .�8  
16 .54  
1 6 .20 

1 7 .50 
1 6 .84 
1 6 ,8R 
1 7.02 

4 . 1 7  
N S  

Gross sua-ar Beets per 
per acre 100 feet 

(pounds ) (number) 

6696 104  
6201  94  
6805 l oa 
6340 93 
6371 99 
5709 97 

6Hi7 97 
6150  9R 
5425 " '  
6207 97 
1 1 . 64 

NS 

Table 2.- -Summarized results, salt study. Powell ,  Wyoming, 1947 .  

Roots Sugar Gross sugar Beets p e r  
p e r  a c r e  content per a c r e  lOO feet 

Treatment description and rates per acre (tons) (perct"nt) (pounds) (numbt"r) 

;WO pounds sodium sulfate ( Na",SOd _ _ _ _ _ _ _  20.83 
367 pounds potassium :;ulfat.", j K�SO , I _ _ _ _ _ _ _ _ _ _ __ _ _  21 .5:1 
3 1 2  pounds potassium ehloride ( KcI J

_ _  _ _ _ _ _ _ _  2 1 .62 
245 pounds sodium chloride (Nac1 J _ _ _ _ _ _ _ _ _ _ _ _  2 1 .05 
226 pounds ammonium chloride ( NH�c l ) _ _  _ _ _ _  2 1 .80 
279 pounds ammonium sulfat(' (NH, d 2SOd _ _ _ _ _ _ _ _ _ _  21 .45  
1 56  pounds potassium chloride and 122  poun!\" sodiulll 

chloridt> _ _ _ _ _ _ _  . _ _  2 1 .04 
Check--no trpf{tment _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  2 1 . 5R 
Ma(�hine cheek ---dri l l  run empty ovel' ploL _ _20 ,6!1 
General mean __ _ _ _ _ _ _ _ _ _  2 1 .29 
CV (pcrcent) _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _  6.2!l 
LSD 5 pel'cent. poinL _ __ NS 
LSD 1 pel·cent poinL _ _  . _ _ _  _ _  N S  

1 7.38 
17.20 
1 7 . 1 5  
1 7.0a 
H i . 47  
1 6 .48 

1 7.25 
17 . 13  
1 7 .05 
1 7.02 
2 . 1 5  

. 4 :� 

.57  

7241  
7406 
74 16  
7 1 70  
7 1 8 1  
7070 

7259 
7:39:{ 
7055 
7243 
6.5R 
NS 
NR 

Table 3 .  -Summal"ized results, salt. st.udy, Bl'idger, MOlltana, 1 9.17. 

7 : l  
78 
71 
75 

Roots Sugar Gross sugar Beets per 
per acre content per acre 100 feet 

Treatment description and rates pe
.cc

'
_

a
_
"

_
e _____ '

_
'o

_
n

_
s )  (percent) ( pounds ) (number) 

::wo ,_ounds sodium sulfate ( Na�SO , L  _ _ _ _ _ _ _ _  1 6 .27  l R . 1 5  5906 06 
�67 pounds pota�sium sulfate ( K�SO, I _ 1 7.20 1 8 . 1 0  6226 96 
:U2 pounds potassium chloride ( Kc l !  - - _ _ _ _ _ _ _ _ _ _ _ _  16 ,06  1 8 ,28 5872 94 
245 pound!:! sodium chloride (Nacl ) _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  1 6 ,7H 1 7 .98 6034 93 
226 pounds ammonium chloride (NH1cl ) _ _ _  17 .2R  1 7.53 605H 93 
279 pounds ammon ium sulfate (NHI I �SO� ) __ _ _ _  1 6.04 1 7 , 6 1  5649 89 
156  pounds p()ta�!lium chloride and 1 22  pounds sodium 

chloride _ _ _  - - - - - - - - - - - - - - - - _ _ _ _ _ _  1 5 .96 IR,45 5SHII "9  
Check -no treatment _ _ _ _ _ _ _  _ _ 1 5.BO 18 .00 5724 92 
Maehin", check- -drill ,un empty over ploL_ __ 16 . 2 1  IR.05 5852 92 
General mean _ _ _ _ _ _ _ _ _  - _ _ _ _  1 6 . 4 1  18 .02 5912  93  
C V  (percent) - - - - - 6.91 1 .93  7 , 17  
LSD 5 percent point- . _ - - - - NS .41  NS 
LSD 1 percent poinL _ _  - - - - -- - - - - - - - - - - - - - NS .54 N S  



PROCEEDIKGS- - FI FTH GEN ERAL MEETING 

At Laurel, Montana, ( table I )  the differences existing in yield of 
beets did not reach the 5 percent level of significance, Similarly the other 
two tests gave no significant response in yield to any of the treatments. 
At all  three locations the lowest sugar content is associated with appli­
cations of nitrogen. These differences surpassed the 5" percent level of 
significance at Powell ,  Wyoming, and Bridger, Montana, (tables 2 and 3 ) ,  

The average differential i n  yield ohtained from different salts i n  the 
three tests as compared to the check is given in table 4. In this analysis 
the results of certain treatments were comhined. The machine check and thL' 
one treatment which included hoth potassium and sodium chloride were 
omitted. 

Table 4.--Three testR average incr�aR€ or decreaR� over check for VariOll!l ::oults. 

(·lassification 

Sulfate saltL _ _ _ _  " _ 
Chloride salts _ _ _ _  _ 
Sorlium salt" _ _ _  _ 
Pot�l,!'"ium 1-Jalts 
1\ m monit!m salts 

Increase or decrease over check 

Yield 
per acre 

( tons ) 

_ _ _ _ _ _ _ _ _ _  + . 1 3  
_ _ _ _ _ _ _ _ +.48 

+ . 1 8  
+ . 4 2  
+ . 3:� 

Sugar 
content 

( percen t )  

- -.0 5  
- . 0 1  
-i-- . 2 0  
: .23 

- -.52 

Gross sugar 
per acre 

(pounds )  

-I- 32 
+ 1 1 1  
+ 1 4 1  +-23 1 

-156 

Again in table 4 the reduction in sugar percentages caused by the 
application of ammonium salts is apparent. If one were to comment further 
on table 4 ,  i t  seems that the chloride salts caused more favorable response 
in yield than did the sulfate salts. However, further stuJy of tables I, 2, 
and :; shows that this apparent difference exists only in a comparison of 
the ammonium chloride with the ammon.ium sulfate. It may he ohserved 
that the ammonium chloride treatment yielded more than the ammonium 
sul fate in each of the three tests with no reversals in yield performance 
a ppearing. Comhining this observation \vith a very definite visual difference 
in  top growth resulting from the ammonium chloride trea.tment over that 
J·esulting from the ammonium sui fate treatment, it would seem unjust to 
Jiscuunt completely this trend. Both ammonium salts produced larger tops 
than the check. Such Cl response in top growth was not evident from any 
of the other treatments. The rather late date uf application of the fertilizers 
may have attrihuted to the low response in yield. 

S U llllllary 

In comparisons of chloride and suI fate salts of sodium, potassium, and 
ammonium as fertilizers for sugar heets, greater top growth was apparent 
frum the ammonium chloride treatment as compared with the ammonium 
sui fate treatment, Both treatments produced larger tops than did the check. 
A comparison of root yields revealed no conclusive differences between 
any of the treated plots or the check. A reduction in percentage of sugar 
resulted from the use of ammonium salts. This difference was highly sig­
nificant for two of the three tests. 
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