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Introduction

The herbicide, alpha, alpha, dichloropropionic acid, heve-
after referred to as dalapon, 1s a selective chemical used lor con-
trol of grasses. Tt has been used successfully as a post-emergent
treatment for controb of weeds in sugar beets. Although out-
standing control has been obtained, the chemacal has not been
reecived with much favor. Considerable stunting of the sugar-
heee seedling is prevalent, especially when treatments are made
alter the cotyledon to the 4-leal stage ol growth. imely AP[)!L
cation is very important. Rescarch data show no wdu(lmn m
sugar-heet wel(l over a five-vear period when timing was proper.
llns paper reports the results of a study conduce xel tor 1) deter-
mine the effect of postemergent application ol two rates ol
dalapon on the root growth ol sugar beets: 2y determine by
chemical analysis the effects of the 'iaJ'lpon upon the amounts of
putm and of pectic substances contained in sugar beets: 3) deter
mine the Jongevity of inhibiring eflects of chemical treatment
upon s‘ugm—bce rooOts.

Greenhouse Studies

As dalapon was known temporarily to delay sugar beet growth,
a greenhouse study was undertaken to determine the reaction
ol the roots to post-cmergent applications of the chemical ar rates
ol 0, 6, and 10 pounds of acid per acre (hereafter velerred to as
pounds per acre). Galvanized metal flacs were used which had
heen constructed so that a plate of glass served as one side o
atlow for observation of the root developments. .

I'he flats were filled with sterilized, homogeneous, greenhouse
sotl and watered to [1(*1(] capacity and planted with sugar beet
seed approximately 34 inch deep. Shordy after emergence. the
sugar beets were memd to 6 plants per lat. The roors were
marked and measured when the beets had reached the 2- to 4-
leal” stage of growth. Dalapon was applied o 1 flats ol plants
cach at 0, 6, and 10 pounds per acre.

Observations were made requently and photographs were
made weekly, Beet roots were measured i centimeters.

! l‘ubh\hu. with approval of the Divector, Wiyoming Agvicaltural Exvseriment Station. ax
Journul Paper Noo 146,

2 Assistunt Professor of Plunt Science, Head of Division of Plant Science and graduate
rescarch assistant, vesvectively, at the Colleee of Agricalture, Univewsity of Wroming,  Ack
nowledgement is made to Dr. Ro1 AMeColloch, Auviculowral Biochemistrs Division, {orv the
chiernical anatvsis of the sugar beet samples,



366 JourNaL oF THE ASSBT

Seventeen days after the chemical treatment, all of the plants
receiving the 10-pound-per-acre rate were dead. At this point all
plant roots were carefully washed from the soil for observation,
photographing, and chemical analysis. One group ol plants from
the untreated and one from the 6-pound treatment were also
washed for comparison.

Since all plants receiving 10 pounds of dalapon died, it was
decided to repeat the experiment and treat the plants at an earlier
stage of growth. In the next trial, the plants were treated shortly
alter the appearance of the first 2 true leaves 17 days alter planting.

Fifty days after chemical application, the plants from one flat
of the 6-pound treatment and one untreated Hat were removed
and the soil washed from them leaving the roots for comparison
and chemical analysis of pectic substances. Since beets treated at
the 10-pound rate had again died shortly after chemical applica-
tion, no attempt was made to analyze these roots chemically.

Results of Greenhouse Study

Dalapon at 10 pounds per acre proved to be lethal to all
treated sugar beets in the greenhouse trial. Within 3 days after
treatment, all plants wilted. Foliage of beets treated with 6 pounds
per acre displayed lack of vigor 3 days after treatment when com-
pared to the check.

Root growth was retarded in the 6-pound-per-acre treatment
compared to the untreated plants. Figure 1 illustrates the con-
dition of the beets at time of treatment. Figure 2 compares the
amount of root growth which had taken place during the week

Figure 1.—Root development of sugar beets at time of treatment. Note
root length compared with top growth, 17 days after planting.

[3
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Figure 2—Root growth of sugar beets during f[irst week after post-
emergent application of dalapon at 0, 6, and 10 pounds per acre. Distance
between arrows indicates the amount of elongation occurring 7 days after
treatment.

after treatment. Roots of the untreated plants had grown 25
centimeters or more and had numerous lateral roots and root
hairs. Dalapon at 6 pounds per acre had retarded root growth
to 12 to 15 centimeters in a week with practically no lateral roots
apparent. Root growth on beets treated at 10 pounds per acre
was nil.

Figure 3.—Root growth 14 days after treatment with 6 pounds of
dalapon per acre. Roots ol treated plants have reached the bottom of the
flats. Note the greater amount of lateral roots and root hairs on the un-
treated beets, left. Lack of top growth is apparent on the treated beets,
right.
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Fourteen days alter treatment, roots of beets treated at 6
pounds per acre had reached maximum observable length. When
compared with untreated plants, lack of development of both the
roots and the tops was evident as seen in Figure 3.

The results of the chemical analysis for pectic substances are
shown in Table 1. The percentage ol pectic substances in
alcohol-insoluble solids of untreated beets reached 13.52 com-
pared with 9.82 and 2.73 for beets treated with 6 and 10 pounds
of dalapon per acre. It appears that dalapon increases the per-
centage ol alcohol-insoluble solids, but decreases the percentage
of pectic substances in sugar beets for a time after treatment.

Figure 4.—Beets 40 days alter treatment with dalapon at 6 pounds per
acre. Lack of lateral roots and root hairs is still apparent in the treated
beet, right. Foliar growth appears to be equal at this time.

In Figure 4 a flat of untreated plants is compared with a flat
treated with 6 pounds per acre of dalapon 40 days after treat-
ment. Apparently recovery had largely been completed by this
time. Lateral roots and root hairs appear to be fewer on the
treated plants. Washed roots from the flat in Figure 4 are com-
pared in Figure 5. Results of chemical analysis for pectic sub-
stances in these beets, 50 days after treatment, are shown in Table
2. The amount of pectic substances in root tissues increased with
maturity, as would be expected with sugar beets.

The amount of water-soluble pectic substances showed re-
versed trends in treated and untreated sugar beets. The percent-
age of water-soluble pectic substances in untreated beet foliage
remained nearly equal during the 50-day period. The percent-
age of water-soluble pectic substances in the roots of untreated
beets rose from 1.20 to 6.85 percent during the period. Dalapon-
treated beets showed just the opposite condition with water-
soluble pectic compounds rising from 1.00 to 5.59 percent in the

i3
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Figure 5.—Sample obtained for chemical analysis 50 days alter treat-
- ment with 6 pounds of dalapon. Treated beets on the left appear to have
recovered from effects ol treatment at this date.

Table 1.—Chemical Analysis of Sugar Beets for Pectic Substances in Alcohol-Insoluble

Solids.
Percent Pectin in AlS
Percentage
g % 3 Pectin in
o R = o] - = = Ly Total AlS,
ywT EZ2W - S =5 == & Foliage
s®"y E£EB3 g4 ) P 8= ] :
Sample Zos CRZ &= =8 2K <3 = and Roots
Trial 1
Foliage 0 46 53.406 0.06 0.96 5.15 6.17
5.71
Roots 0 9 5.10 0.15 2,81 1.24 4.20
. Foliage 6 5 4.70 0.00 6.43 0.00 6.45
_ 1.80
Roots 6 | 8.00 0.00 0.48 (1L.0O0 (.38
Foliage and roots® 10 10 10.60 0.00 2.45 .28 2,78 2.93
Trial 2
Foliage 0 190 2.46 2.70 9,50 2.90 14.90
15.52
Roots 0 20 5.20 1.20 3.80 2.20 7.450
Foliage G 41 347 1.00 740 2.90 11.30
9.82
Roots 6 3 32.80 240 2,60 2.70 7.70
1 Samples were analyvzed 17 days after dalapon treatment.
- 2 AIS refers to alcohol-insoluble solids; materials insoluble in 70 percent ethanol and water.

4 Foliage and roots were combined because roor sample alone was too small for analysis.
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Table 2—Chemical Analyses of Sugar Beets for Pectic Substanees in Alcohol-Insoluble
Solids, -

Percent Peetin in ALS

- - Percentage
Pectin in

- 2 E - . [TE R
= g ] - = .. 4 - = Total AlS,
- o, S 2 &= B = .
&8 . = P s = ERE] T 3 ot Foliage
€ w5 = agp=t 1 i T <
Sample PRV By = F [P < £ I and Roots
Foliage i 73 H R 2007 LR HLRE (1R
13348
Rooty i1 it o .40 EREH 557 15,28
Foliage i g2 .42 T4 204 By R
15,84
Roots f 2% 591 247 2.1 G013 i

samples were analyzed 30 davs sfter troamaent with 6 pounds dalapoen pey aore.
2AIS refers o aleohol-insoluble solids, mutevials dnseluble in 70 percent ethanol and

wiier,

foliage, while the roots contained approximately the sme amount
on both dates (Pables 1 and 2. Indications are that dalapon
interleres with the normal distribution ol water-soluble pectic
substances.  The oxalatesoluble fraction of the pectic substances
shows the same tendency to decrease 1 both mreated and un-
treated sugar beets during the 50-day test period.  The total
amount ol oxalate-soluble pectic substances is reduced by dalapon.

The percentage ol acid-soluble pectic substances is smaller in
beets treated with dalapon than in unrveated beets. However,
the decreased percentage of oxalaresoluble pectic substanees 1y
reversed and approximately equalled by the increase in percent-
age of acid-soluble pectic substances (Tables 1 and 2).

The percentage of alcohol-msoluble solids In root tssue is
increased by dalapon treatments. This wend is consistent iy all
analyses (Tables 1 and 2). The effect of dalapon on the pércent-
age of alcohol-insoluble solids in sugar beets is clearly nowed. Tt
15 assumed that the percentage ol alcohol-insolube solids rose
from the time ol teatment with dalapon to 32.8 percent at time
of sampling. This assumption is based on the percentage of
alcoholinsotuble solids in untreated plants the same age. Ap-
parently as the effeces of dalapon are overcome and root growth
approaches normality. the percentage of alcohol-insoluble solids
decreases to approximately that of untreated plants.

Field Study

Field studies were conducted at Wheatland and Torrington,
Wyoming, in fields which had previously been oreated with 6 and
10 pounds of dalapon per acre. The experimental plots were

.
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selected ar random from these lavger helds. Twenty-one days, 28
days, 41 days, and 50 days alter treatment, stand counts were made,
Plants selected at vandom from cach of the treated rows were given
A hgure rating from 1 to 10, with 10 indicating maximum plant
size and vigor. The number of leaves on cach of the 10 rated
plants was counted and the Tength ol the longest feal on cach rared
plant recorded.

Excavavion was made along the rows 1o expose the roots of
the plants as they were growing in the soil. Length of roots was
measured and photographs made.

Results of Field Study

Results of ratngs and measurements made on plants in field
plots at Wheatland 28 days alter treatment are shown in Table 3.
On a percentage basis the length of leaves on weated plants was
reduced. The average height of beets in the plots treated ar 10
pounds per acre was 88 percent of untreated plants. Six pounds
ol dalapon did not measurably reduce the vigor of the sugar
heees, while 10 pounds reduced vigor by 41 pereent. Analysis-
of-variance treatment data show rhat leal length s significantly
veduced by 10 pounds of dalapon. Reduction in plant vigor
resulting from treavment with 10 pounds ol chemical per acre
is signilicant at the 5 and the 1 percent levels.

Fxcavarion of the root sone vevealed lude difference in the
length of tap voots vesulting [rom the various treamments alter
28 days. Roots were measured to be HLO mches For untreated
plants, 9.0 tor the G-pound dalupon treatment, and 8.3 for the
H-pounds-per-acre treatment. Closer examination revealed lack
of Tateral roots and root hairs as was observed in greenhouse trials,
When removed from the soil tor comparison, the roots on treated
plants appeared delinitely reduced in sive and vigor, particularly
the plants from the 10-pound treatments.

Table 5.—Eflcet of Two Rates of Datapon Upon Sugar-Beet Vigor, Plant Heights, and
Number of Leaves Comparcd with the Untreated Check at Wheatland,

Plant Height Number of
Treatment i Dnches Leaves Vigor”
Untrcated 526 76 1.50
G 1hs. Dialapon G.21 7.54 1.40
[0 Ibs. Dulapon 1.35 KA 26101
LSy 539 Level 70 NS 87
L. 19 Level NS N4 116

AL Bigures are the means for 30 plants selected Drom cach treatiment.
* Vigor rating of 10 hudicates maximum size and vizor,

v
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Plows at Torrington 28 days alter treatment were given vigor .
raungs of 10 Jfor untreated beets, 7 for plots weated with 6§ pounds
per acre, and 4 plots receiving 10 pounds per acre. Stand counts
were nuacde on 25 feet of row replicated four times for cach
treatment. Average stand count for 23 feet of row was 20.8 plants
for untreated rows, 23.8 beets in rows wreated with 6 pounds of
dalapon per acre, and 12.8 beets in the rows receiving 10 pounds
ol chemical. Analysis-ol-variance treatment of the results shows
that 10 pmmds ol dalapon reduced the stands signifieantly. An
L.5.D0 of B.65 ar the b percent level and 15,1 ar the 1 percent
level were required for significance,

Measurements of roots at Torrington 28 days alter wreaument
fatled to show any reduction i tap-root length of reated hects.
However, the roots of beets treated with dalapon did not have
the size or the profusion of lateral roots and root hairs exhibited
by untreared beets. Only the beets treated at 10 pounds per acve .
showed @ marked rveduction in size when removed from the
soil and compared with untreated beets. The effect of 6 pounds
ol dalapon a )pmxcd to be nearly outgrown at this stage. Com-
parisons of vigor, root weights, top \\mo}m and root diameter
at the crown are made in Figure 6.

Forty-one days alter treatment, plots at Torrington were
givenn vigor rating of 10 for untreated beets, 8 for 6 pounds
dalapon, and 6 for 10-pound dalapon treatments. Forty-one

Roat Dmmeter Fohoge Wetght

6 Lb. dalapon |O Lb. dalapon

Figure 6.—Percentage comparison of root weight, root diameter at
crown, loliage weight, and vigor of sugar beets from 3 treatments with
dalapon. Observations made 41 days after chemical treatment. Untreated
plants are (‘(msidere_d as 100 percent.
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days after treatment with 6 pounds of dalapon, beet roots would
be about 60 percent as large as those not treated while beets
given 10 pounds per acre are only one-third as well developed.

Samples taken at Wheatland 50 days after treatment showed
the same pattern of growth. The foliage of the beets tends to
return to normal before the root growth catches up. Size differ-
ences are apparent but length of roots appears equal. Pictures
of 20 beets from each treatment are seen in Figure 7. As indi-
cated by chemical analysis, it appears that by 50 days after treat-
ment, the effects of dalapon applied at 6 pounds per acre have
been overcome, but root growth of treated beets has not yet
become equal to untreated beets. '

Discussion and Summary

For at least 50 days after treatment with dalapon, sugar beets
contain less pectic substances than untreated beets. The per-
centage ol alcohol-insoluble solids in the roots of treated beets

Figure 7.—Twenty beet roots from each of 3 dalapon treatments com-
pared. Root length appears about equal in all samples. A reduction in size
is apparent in the roots from the 10-pound treatment. Samples were taken
50 days after chemical application.

L4
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is much higher than o unnreated beets. The canse Tor this s
unknown, although one might postulate that, the pecric sub-
stunce are believed to function In the tansportation ol water
i the plants; therelore, if dalapon decreased the water-holding
ability of the yoots resulting in dehydravion. thep the percentage
ol aleohol-insoluble solids would be high,

Or, il the tops continue food manufacturing and transloc-
tion 1o root cells which are damaged by dalapon. there would
again be an increase in the percentage of insoluble-aicohol solids.
Perhaps cell walls arve thicker, or the cell sap is more concen
trated because of the upset in the balance of watersoluble pectic
substances. As the effects ol dalapon are ontgrown by the phts
and the oot growth approaches normality, the percentages of
alcohol-insoluble solids 1n the roots decrcase 1o near that of
untreated plants. Six pounds of dalapon per acre vetavded the
rate of root growth both in the greenhonse and in the Gield vials,

Ficld measurements indicate that 50 days alter treatment
with dalapon at 6 pounds per acrve. foliar growth of heets was
approximately cqual 1o unoreated beets. Root development was
6 pereent as great in treated beets as in unireated beets, Since
it has been found that the havvest yields ave not reduced by 6
pounds of dalapon. it must be assumed that recovery is completed.
Thervelore, since good control ol grassy weeds and some control
of broadleaved weeds can be obtained with 6 pounds of dalapon.
it would appear logical 1o use this rate as a post-emergent applhi
cation.

Conclusions

L. Sugar-bect stands ave significandly veduced with 10 pounds
of dalapon per acre applicd as a post-emergent spray.

2. Sugary beets that survive application ol {0 pounds of
dalapon are greadly retarded in voor and foliar growth,

3. The percentage ol aleohol-nsoluble solids in sugar-beet
roots mmercases rapidly for a time alter treatment with dalapon.
As the effects of dalapon are overcome by the growing plant, the
pereentage of alcohol-insoluble solids decreases 1o approximately
that of untreated beets,

4. The amount of pectic sithstances insugar beets is veduced
for at Teast 50 days by treating with dalapon at 6 pounds per
acre.

ot

5. The amount of watersoluble pectic substances in aleohol-
insoluble solids of sugar beets is affected by dalapon ar 6 pounds
per acre. The distribution of watersoluble pectic substances is

4
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hichest i the folinge of eated beers and in the roots of un-
treated beets. The oxalatesoluble fraction of pectic substances
in alcohol-nsoluble solids is smaller in dalapon-rreared beets than
- untreated beets. The percentage of  oxalatesoluble pectic
substances i aleoholsoluble solids decreases as the heets mature.

G. The acidssoluble raction of pectic substances in alcohol-
insolublte solids Ineveases as the beets mature. Dalapon at 6
pounds per acre reduces the amount of acid-soluble p(*(‘ti(* sub-
stanices in treated beets compared with untreated beets

7. Tt may be expected that sugar beets peated with 6 pounds
ol dalapon as a post-emereent spray will be retavded 1 plam
vigor, toot, and lolizr orowth, However. one mav expect treated
plants to be equal in foliage o umrcated plants after 50 days.
Root growth of wreated plants may be rerarded somewhat longer,



http:T()\\'t.il

