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Weed control usually accounts for a large proportion of the expense 
incurred by the grower in raising a crop of sugar beets. Annual grasses, 
because of the nature and vigor of growth, present the most difficult problem. 
Hand-blocking and thinning costs are increased considerably; indeed, 
thinning crews have refused to work in some fields because of the dense 
stand of grass. Even after the grass has been cleaned up at thinning time 
a new crop often comes back following irrigations, necessitating continued 
hoeing costs through the season. Mechanical blocking, of course, will re­
duce the grass population depending on the method used but many small 
grass seedlings still remain in the block of beets. 

Recently chemicals have been used to alleviate this burden of weed 
control. Pre-emergence sprays which kill by contact have been applied a 
few days ahead of emergence of the beets; ideally, this kills all weed foliage 
above ground. Chemical residues which injure the beet seedlings emerging 
later have been a problem with this treatment. 

Sodium TCA is another chemical being used successfully in some areas 
to control annual grasses. Since TCA acts through the soil, the success 
of this treatment depends on the proper amount of rainfall or sprinkling 
following application to carry the toxicant into the soil. 

In searching for new selective chemicals it has been recognized that 
a treatment applied after emergence of the weeds and crop is more desirable 
than pre-emergence type sprays. Some of the advantages to be realized with 
this type of control are: 1. The grower can evaluate the weed population 
before treating. 2. He can wait for emergence of the beets. 3. If weeds are 
not general, "spot spraying" is possible. 

Toxic materials, to be active on the growing plants, could be absorbed 
through the roots as with TCA, or through the leaves or through both, as 
occurs with 2,4-D on broadleaved plants. Of course, translocation of the 
compound must carry it to a point within the plant where the biological 
processes will be disturbed sufficiently to cause death or severe inhibition. 
TCA, which is absorbed through the roots, can be effective against young 
grasses after emergence if proper rainfall occurs to carry it to the root zone 
of the grasses in lethal quantities. However, there is a risk, except with 
artificial rainfall, that the material will not be leached into the soil until 
too late to control the grass, or that it will be leached too deep to be 
effective. 

Recently a chemical that is absorbed and translocated downward through 
the blades of grasses was discovered (1) 2 It has been given the name 
"dalapon." The compound is 2,2-dichloropropionic acid. It may be inter­
esting to note the structure of the sodium salt of dalapon (furnished to 

1 The Dow Chemical Company, Seal Beach, California. 
2 Numbers in parentheses refer to literature cited. 
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experiment stations in 1953) compared to the sodium salt of TCA. Sodium 
TCA is Cl3CCOONa. Sodium dalapon is CH3Cl2CCOONa. Except for the 
substitution of a methyl group for a chlorine atom on the No. 2 carbon, 
these compounds are the same. Yet TCA can be absorbed through the roots 
only whereas dalapon is absorbed through both leaves and roots. Dalapon 
has been found by results of single oral acute experiments to be less toxic 
to warm-blooded animals than table salt. The sodium salt, which will be 
the first formulation to be marketed, is readily soluble in water. 

At the rates required for annual grass control, contact burn usually 
does not occur; however, it may develop on the margins of both broad-
leaves and grasses under conditions of high temperature. The killing action 
on grasses is first manifested 2 to 3 weeks after spraying as necrosis of blade 
margins, which gradually progresses downward to the crown of the plant 
in 7 weeks. This is the time usually required for ultimate kill, although 
young seedling grasses may succumb in 3 to 4 weeks. 

One of the first crops considered for selective treatments with this 
chemical was sugar beets. The first applications were made in the summer 
of 1952 to beets in various growth stages where watergrass was a problem. 
Observations of these plots indicated the following: 1. The dosage for 
control of grasses was in the range of 3 to 6 pounds per acre. 2. Although 
the beet top growth was suppressed for a few weeks, at harvest time there 
were no observable differences between the treated and untreated plots. 

With this encouragement, plans for the 1953 season were made to con­
firm the findings of our 1952 work and in addition to determine: 1. Effect 
of dalapon on the yield of beets. 2. Optimum volume rate. 3. Relation­
ship of growth stage of grasses to dosage. 4. Effect of environmental con­
ditions such as temperature and soil moisture. 

The yield plots were uniform beets which received normal culture 
including good non-chemical weed control. Applications were made at two 
growth stages—just after thinning and about 5 weeks later—both as sep­
arate and repeat sprays. One experiment was applied to beets in the 2-leaf 
stage with the second and repeat sprays after thinning. Two or three 
samples per plot were collected for sucrose analysis and processed by the 
appropriate company laboratories. 

The dosage required for control of watergrass under conditions favor­
able to the action of dalapon is in the range of 3 to 5 pounds sodium 
salt per acre, as shown in Table 1. 

The dosage rates specified are based on excellent wetting (film type) 
of grass blades. It has been found that dalapon is much more efficient with 

T a b l e 1.—Control of Watergrass in Sugar Beets wi th Dalapon . 

Sodium dalapon Estimated °f0 control 
lbs. per acre Expt. 1 Expt . 2 — — — 

3.5 96 
4.7 92 93 
7.0 99 



In T a b l e 2 we can see tha t the controls at given dosages are essentially 
equal at three growth stages i rom seedling to stooling. Expe r imen t s 1 a n d 
2 were immedia te ly adjacent; 3 was in a no the r field b u t in all th ree the 
beets, a n d consequent ly the grasses, were m a i n t a i n e d in good growth d u r i n g 
the season. T h e in format ion on t empera tu res shows tha t over this r ange 
there is no a p p a r e n t difference in the control of grasses. 

Table 2.—Effect of Temperature and Size of Grass on Control with Sodium Dalapon. 

T h e influence of soil mois ture on cont ro l was indica ted in an experi­
men t in which, at the t ime of the first app l ica t ion a n d for a few days after­
wards, the grower wi thhe ld i r r igat ion to re ta rd the g rowth of the grass. 
T h i s was effective in r educ ing the vigor of the grass. Very poor control 
with d a l a p o n occurred, which may have been because the grasses were u n d e r 
mois ture stress. 

Resul ts of tests to d e t e r m i n e the o p t i m u m volume ra te for da l apon 
sprays revealed no differences in the r ange of 100 to 12.5 gpa, as shown 
in T a b l e 3. In selecting the ra te of surfactant to be used in the vo lume 
ra te tests, i t was decided to use an in te rmedia te scale between pe rcen t solu­
t ion a n d cons tant a m o u n t p e r acre. 
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a good surfactant . Curves (Figure 1) have been d r a w n for a n o t h e r ex­
pe r imen t , which show the i m p r o v e m e n t in act ion of da l apon at a given 
dosage pe r acre wi th good wet t ing act ion after 27 days. 

F igure 1.—Effect of sur fac tants on ac t ion of d a l a p o n . 
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Table 3.—A Comparison of Volume Rates Using Dalapon in Grass Contol. 

The degree to which the beets will recover from dalapon treatments 
appears to be a function of time to harvest. Therefore, it may be advan­
tageous to allow as much time as possible after treatment before digging 
the crop. Beets in seedling stage are not more sensitive than at later periods. 

Although the work reported here in connection with sugar beets is 
concerned with only water grass (Echinochloa crusgalli) , research on other 
projects indicates that a wide variety of annual grasses, both winter and 
summer, can be controlled with the dosages of dalapon specified above. 
Factors relating to environment, surfactants, volume rates, etc., appear to 
apply as well to these other species. 

The influence of environmental factors such as temperature, soil and 
air moisture and soil fertility appears to be important because they influence 
the growth conditions of the grasses. It seems reasonable that translocation 
and assimilation would be faster and more effective when the plant is 
growing vigorously, as is found with 2,4-D on broadleaved plants. There-

T h e resul ts o f s tud ies t o d e t e r m i n e w h e t h e r d a l a p o n inf luences t he 
yield of sugar beets a re s u m m a r i z e d in T a b l e 4 . I t i s read i ly seen t ha t 
sucrose p e r c e n t a g e is n o t affected by any of these t r e a t m e n t s . N e i t h e r does 
t he w e t t i n g a g e n t inf luence any of t he resul ts . T h e r e f o r e , t he on ly con­
s ide ra t ion is t h e effect of d a l a p o n on the size of the beets . Analyses of 
va r i ange o f these d a t a i n d i c a t e t h a t the fo l lowing t r e a t m e n t s may r e d u c e 
sugar bee t yields s ignif icantly; 1 . R a t e s over 4 p o u n d s s o d i u m d a l a p o n 
p e r acre . 2 . R e p e a t a p p l i c a t i o n s o f 4 p o u n d s o r m o r e p e r acre each t ime . 

Table 4.—Effect of Sodium Dalapon on Yield of Sugar Beets. 
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fore, i t may be desirable to apply d a l a p o n d u r i n g per iods of vigorous grass 
growth. If soil mois ture is adequa t e a n d o the r env i ronmen ta l factors are 
favorable, g rowth is most r ap id from seedling to early s tool ing of the grass. 
Practices which m a i n t a i n the beets in good g rowing cond i t ion wou ld favor 
the grass as well, so the cu l tura l opera t ions would no t need to be changed 
to accommodate the d a l a p o n appl ica t ion . 

U n d o u b t e d l y appl ica t ions should n o t be m a d e a few days before or 
after b locking a n d t h i n n i n g because of the stress this d i s tu rbance places 
on the young beets. 

A l though observat ions to da te indica te tha t t e m p e r a t u r e does no t in­
fluence act ion of d a l a p o n except to cause marg ina l leaf b u r n in ho t weather , 
i t is qu i te possible tha t a t empe ra tu r e stress may reduce the cont ro l . 

T h e yield da ta indica te tha t care will have to be exercised in apply­
ing d a l a p o n to sugar beets. Since these were overall sprays, it is difficult 
to de t e rmine whe the r d a l a p o n is absorbed by the beet more readily t h rough 
the leaves or the roots. Surface i r r igat ion following app l ica t ion would carry 
chemical on t he soil surface in to the roo t zone easily. However , in the first 
two exper iments , the beet leaves at the second app l ica t ion formed a nearly 
complete canopy over the soil surface. There fo re , since most of the spray 
probably r e m a i n e d on the leaves, a n d the yields a t this t ime were reduced 
as m u c h as or more t h a n earl ier t rea tments , i t can be assumed tha t d a l a p o n 
is absorbed th rough beet foliage in sufficient a m o u n t s to affect growth . 

A l though d a l a p o n is u n d o u b t e d l y absorbed t h r o u g h the foliage of beets, 
i t was ev ident t ha t yields were equa l whe the r or n o t a we t t ing agen t was 
inc luded in the sprays. U n d o u b t e d l y , this is because p l a in water carriers 
spread readily over the bee t leaves a n d the wet t ing agent does n o t de­
cidedly enhance e i ther the spread ing or p e n e t r a t i n g qual i t ies of the d a l a p o n 
solut ion. There fo re , since i t has been shown tha t good surface active agents 
improve the act ion of d a l a p o n on grasses, it is desirable to use a good we t t ing 
spray for this appl ica t ion . 

Because of the reduc t ion in yield with over 4 p o u n d s of d a l a p o n p e r 
acre, it becomes desirable to consider the effect of t r ea tments us ing 2 to 4 
pounds . F igure 1 shows tha t good cont ro l is possible wi th dosages of 3 
p o u n d s p e r acre. T w o p o u n d s pe r acre could be qu i t e effective in re l ieving 
the s train on the t h i n n i n g crew. W h e r e la ter ge rmina t ion of grasses is 
likely, a t imely appl ica t ion of 3 p o u n d s of d a l a p o n to the la ter c rop of 
grass may benefit the beets more t h a n an earl ier t r ea tmen t . I t is possible 
tha t t r e a tmen t of seedling grass at sub-lethal b u t g rowth r e t a r d i n g rates 
followed by sprays of le tha l dosages on reg rowth of the grass wou ld p rov ide 
effective control a n d still n o t reduce the beet yield. 

O t h e r possibilit ies of r educ ing the effect d a l a p o n migh t have on the 
crop inc lude p laced sprays. T h e beets a re shielded a n d / o r the spray di­
rected to contact only as m u c h of the beet p l an t s as is necessary to cover 
the grasses adequate ly . Good appl ica t ion techniques are always i m p o r t a n t 
a n d here , in add i t i on to the types of spraying m e n t i o n e d above, i t is desir­
able to a t t e m p t the best possible coverage of the weeds. Reasonab ly f ine 
sprays usually accomplish this pu rpose best. 
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Conclusions reached from data available are as follows: 

1. Dosage of 3 to 4 pounds sodium dalapon per acre was required for 
control of watergrass. (Research is necessary on other grasses.) 

2. When grasses were growing well, dosage required was same from 
seedling to early stooling stage. 

3. Above dosage rates assume excellent wetting of grasses. 
4. Maximum effect of dalapon on grasses required 6 to 8 weeks. 
5. Severe soil moisture stress reduced grass control. 
6. Temperature in range of 55° F. to 100° F. had no effect on control. 
7. Controls were same for volume rates from 100 to 12.5 gpa. 
8. Addition of surfactant did not affect yield. 
9. Sucrose percentage was not affected by dalapon at 2 to 7 pounds per 

acre. 
10. Yields were reduced by sodium dalapon applied as follows: 
a. More than 4 pounds per acre. 
b. More than one application of 4 pounds or more per acre. 

Much more research is necessary before dalapon can be recommended 
to control grasses in sugar beets. Some of these projects are as follows: 

1. Effect of sodium dalapon at 2 to 4 pounds per acre on yield. (Higher 
rates may be desirable in some areas.) 

2. Use of placed and shielded sprays. 
3. Relationship of volume rate to control and yields. 
4. Influence of various times between treatment and harvest. 
5. More data on effects of environmental factors, particularly growth 

stresses on control and yield. 
6. More data on value of repeat sprays to control: 
a. The first crop of grass to be treated. 
b. Succeeding germinations of grasses. 
7. Effect of dalapon in the soil on germinating beet seedlings. 
8. Presence or absence of dalapon residue in soil and crop at harvest. 
9. Differences of beet varieties in response to dalapon. 
10. Best types of surfactants. 

Dalapon will be recommended in 1954 only for non-crop grass control. 

It will be marketed as the sodium salt with some wetting agent added. Under 
some circumstances this may be insufficient to provide the best wetting and 
additional surfactants will be desirable. Experimental formulations of sodium 
dalapon without wetting agent will be available for research purposes. 
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