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The San Joaquin Valley of California is an important sugar
beet producing area where beets are planted from .late October 
through .March. \Ninter annual broadleaf weeds and grasses in
cluding volunteer barley are serious problems in the fall and 
winter planted fi elds. In addi tion to the winter annual weeds, 
summer annuals are abundant in the spring-planted fields. 

S-propyl butylethylthio-carbamate (pebulate) and more re
cently N-ethyl-N -cyclohexythiolcarbamate (R-2063) are being used 
as preplant soil incorporated herbicides. The ineffectiveness of 
the thiocarbamate herbicides on Brassica species is well known. 
Their performance in cold , moist soils, during the winter months, 

)0 is poorer than in warm, dry soils. 
In February and March planted fields, the performance of 

pebulate or R-2063 in controlling the summer annual weeds is 
much more effect ive. 

7-oxabicyclo [2.2.1 ] heptane - 2,3 - dicarboxylic acid (endo
thaI) and trichloroace tic acid (TCA) successfully used in other 
sugarbee t growing areas are not effective in central California 
where furrow irrigation is used aEter planting to es tablish a sta;Jd. 

T h e introduction of 5 amino-4-chloro-2-phenyl-3 (2H - py
ridazinone (pyrazon) created considerable interest in central 
California. Trials were conducted (1, 2)2 using pyrazon alone and 
in combina tion with pebulate and TCA. Pyrazon incorporated 
prior to planting or at planting caused stand reductions ranging 
from 10 - 30% . 

Pyrazon ,vas successfully used in Canada in 1966 (3) for post
emergence weed control in sugarbeets. Recently postemergence 
trials were conducted by the authors in central California, Kings 
and Fresno Counties, using pyrazon alone and in combination 
with 2,2-dichloropropion ic acid (dalapon) and an adjuvant con
taining alkylaryl-polyoxyethylene glycols, free fatty acids and 
isopropanol (X-77). Excellent control of broadleaf weeds and 
grasses was obtained (4). 

1. Farm Advisor , U ni versit y of Ca lifornia and Agronomist, Spreckel s Sugar Compan y 
now 	with Coa linga J1'. College, res pectively. 

2 N umbers in parentheses refer to literature ci ted. 
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Two time series studies were conducted to evaluate the effect-
iveness of pyrazon, pyrazon plus dalapon and adjuvant mixtures 
in controlling winter and summer annual weeds. Tolerance of 
sugarbeets to postemergence application of these herbicides was 
also evaluated. This report presents a summary of these studies. 

Methods and Materials 
Early Spring Series. A trial area was selected in a commercial 

beet field planted on ,W inch beds January 18, 1967 on Chino 
loam soil. 

The first series of treatments was applie9 March 1, -when 
the beets were in the dicotyledon stage of growth. Treatment 
schedule, weeds present and the stage of weed and beet growth, 
are summarized in 'fable 1. 

Table I.-Schedule of postelllerg'en", ' appli ed h erbicid es in early spring time series studies. 

Date of 
herbicide Stag«' of beet St.age of weed 

application grow th growth Weeds present 

l\Jarch I Dieot Cot yledon to lSi leaf fiddl eneck (M/ls inchia 

March 9 2 f,-oc Iv s. 2-4 True "·s. !
DouglflJioua) 
Blark _\-!ustard (Brassica 

lIigl'll (L) Koch) 

' 

Shep herd s Purse (Crt/lSdla 
Bllrsa/Ja.,luris ( L.) Medic) 
Lond on Rocket (SisYlllu r;'1I1t 

\ friu (L.» 
March 20 1-6 T ru e Ivs. 4 -8 True 1 vs . KnotwccrI (Polygon 'LllI) 

.\\ iwl are L. Inns!rolc) 
Red Y(<l ids (CaioJ1(/rinin 
(OU!('SU:IIS) 

April 13 8-10 True Ivs. 12·14" Tall. Some II ilcl Oals ( / ' " '(1)(1 [(LIlia L) 
in bloom. \ iZa hhi tfootg-rass (PoIY/Jogult 

11Io// <jJr /iensi s (L) !les() 

Each plot consisted ot two rows 20 ft long replicated three 
times, in a randomized block design. The herbicides were applied 
in 850 cc water per plo t with a CO2 pressure sprayer equipped 
with two 8002 nozzle tips and operating at 30 psi. 

The herbicides used were pyrazon 2 and 4 Ib/. \ , pyrazon at 
2 plus dalapon at. 2 Ib/ A and pyrazon at 4 plus dalapon at 2 
lb/ A; all as act ive ingredient. .'\n adjuvant (X-77) at :yf% oE 
spray volume was added to all treatments. 

Subsequent treatments scheduled for weekly application had 
to be modified because of inclement weather. 

Periodic weed control and beet injury ratings were made. 
Following the April 24 evaluations, the check plots and the 
April 13 treated series were hand weeded and the beets in all 
plots were hand thinned. 
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The plots, with the exception of the April 13 treated series, 
were harves ted September 13. Samples were taken from each 
plot for sucrose determinations. 

Summer Series. T o evaluate the effectivene;;,---s of pyrazon plus 
dalapon, 3-chlorohexyl-5,6-trimethyleneuracil (lenacil) and R
11914 on summer annual weeds a time series study was conducted 
June and July of 1967. 

The sugarbeets were planted June 1, 1967 in dry soils. The 
field was furrow irrigated June 6 to obtain a stand. 

Soil type, plot size and methods of herbicide application were 
the same as described in the early spring series. Pigweed (Am
amnthus retroflexus L. and A. gmecizans L.) were' planted in the 
trial area. 

Treatment schedule, stage of beet and weed growth, tempera
ture at time of treatment and weed population in the trial area 
are summarized in T able 2. 

Table 2.-Schedule of p oslcnlergencc applied h erbicides in early summer tim e series studies . 

Date of 
b erbicid·e Stage of growth 

Tenlpera ture 
at tunc 

application Sugaruee ts B roadleaf weeds G rasses of trcatlnent W eeds present 

Pigwccds (amm-an 
til liS reerof/coXlIs 

June 22 Dicot 2 leaves 1·2 leaves 86°F 

L. and A ,. g1'aeci
zans L. ) 

June 29 2 True 11'5. 4-8 leayes 4 Jea\'cs ]O] OF Lambsquarter 
(Chenopidiu.m album. 

L.) 
Goosefoot (Cheno
jJidium. Inll.rale L) 

July 5 T r ue hs . J·9" 9-12 G ic;)H':S 83°F Barnyarclgraso;; 
1C':lves (Echil1 ochloa (TIlS ) 

galli (L.) Ileauc) 

The pyrazon 4 lb/A plus dalapon 2 lb/ A combination that 
gave the most effective control in the early spring series along 
'with pyrazon plus lenacil, R-1l914 and the combination of R
11914 plus dalapon were the herbicides used in the summer 
series. Following the July 25 evaluations, the trial was term
inated. 

Results and Discussion 
Winter Annual Weed Control . Pyrazon at 4 lb/ A with Y2% 

adjuvant effectively controlled most of the winter annual broad
leaf weeds infes ting the trial area when sprayed in the seedling 
stage of growth. The addition of daJapon enhanced the effective
ness of pyrazon on broaclleaf weeds. Dalapon was essential for 
controlling the winter annual grasses . 
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The effectiYeness uf weeu control was somewhat enh::mcecl 
the Tel Ie of to '* hut beet inj UlY 

was also more se\ere as sho\\,11 ill Table ~l. 

Examinatioll of ""ables 1, and cicmonstrates that 
the effectiveness of \\eed control was reduced as the weeds became 
older. It ,Nas the weed 
control was Ic:ss weeds in the 
more lllature were retarded and 
m()re read i I Y rt'mm'C'cl than areas. 
This may he an commercial fields. 

The ~\eeds ill the and ,\'ilh 
the of blaCK IlHlstard and .ondon rocke(' 
not effecti vc I y cOl1tJ(llled \\' ILh of the treatllJcnts. 
a .\]1ril \3 series lteel tIns 

but retardation in 
beets \\'a.; evident in alJ 

III 

evident, 
pyraz()ll 
of beets 

were used. 
i,cd as clearly 

the sugar-

and sl 
necrosis v\'as 

rates of pyrazon and 
retardation in the 

in Tables 1 aml 
-~'l 

Table 3.-Effcrl of oostcll"Cre:CI1 foliar applied herhicides on '\\ rcd control and sugar-
beets in a spring' ll!He 

Weed contro!:! Beet 
-----...--~.---

~.h/.\ 

Herbicide ai 

Pyralon 2 

Date, evaluated Dat('~ t>yaluated 

X-Ii 
Pvra70n 6.6 8.0 1.0 0.11 0 22 • 12.0 

p~ r::tlon 2 

DaI.JPon 2 6.:> 8.3 66 6.0 1.0 1.0 0.6 0 27 10.li 

",77 

Pyr:uon 4 

])al;lpon 9.0 0.0 9.0 l.0 2.0 1.0 0 10.:: 

X·77 

p\ ran)ll 

f)"I.''ll<H! 9.0 () u 90 9.0 ;.0 1.(/ 11.1 

X,77 

t,"ntr(":lted 0 0 0 o o o IJ 

of CCOH't:-!: Heet" Di(o; 
\\ (c(]:;:. -Cotvh:don to fi~'st rrnf' leaf 

I '''eed control ;md Llling'" ba~{"(: on '.calc (If 0 10: nc: umtrol, or nn 
i IlJ un. 10 perfect con: Tol, or :-('\'(T(' 
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Table 4.-Effect of postemergen<e foliar applied h erbicides on weed control and sugar-
beets in a spring time series1 , 

W·ced contro12 Beet injury' 

Lb/A Dates evaluated Dates evaluated Clean beet Sugar 

H erbicides ai 3/ 20 4/ 6 4/ 24 3/ 20 4/ 6 4/ 24 yield T / A perceut 

P yrazon 2 3.6 4.6 4.0 0 .6 0 34 10.4 
X-77 .5 % 
Pyrazon <I 6.3 7.0 6.3 .6 2.0 1.0 34 9.7 
X-77 .5% 
Pyrazon 2 
Dalapon 2 6.3 5.6 4.0 1.3 1.0 41 11.0 
X-77 .5% 
P yrazon 4 
Dalapon 2 8.0 8.0 8.0 1.0 3.0 1.0 36 10. 3 
X -77 .5% 
Pyrazon S 7.3 7.6 7.0 0 2.3 2.0 38 10.1 
X -77 .5% 
Pyrazon 16 8.5 9.0 8.3 3.0 4.5 ~.O 38 10.3 
X-77 .5% 
Pyrazon 32 9.0 9.0 9.0 5.0 ;LO ~.O 36 9.6 
X-77 .5% 
Untreated 0 0 0 0 0 U 32 10 .8 

1 Stage of Growth: Bee ts-2 true leaves 
Weeds-2 to4 t r lle leaves 

, Weed control injury based on a scale of 0 - 10: 0 no control , or no injury. 10 
perfect control, or severe injury. 

Table 5.-Elliect of postemergence foliar applied herbicides on weed control and sugar
beets in a spring titne scries1 . 

lVeed control' Beet injury' Yidd 

Lb/ A Dates evaluated Dates eva!uated Clean 

Herbicide ai 4/ 6 4/ 24 4/ 6 4/ 24 h eet T / A ncrr('nt 

P yrazon 2 5.0 4.6 1.6 0 34 9.6 
Tronic .5% 
Pyrazon 4 7.0 7.0 2.0 a 34 11.0 
X-77 .5% 
Pyrazon 2 
Dalapon 2 3.3 5.0 2.0 0 34 10.4 
X-77 .5% 
Pyrazon ~ 
Dalapon I 7.0 7.0 2.0 1.0 35 10.0 
X-77 .5% 
1' )' razon 4 
Dalapon 2 7.3 7.0 2.0 1.0 34 11. 3 
X-77 5% 
Untrea ted o o .6 o 34 11.3 

1 Stage of Growth: Beels--4 10 6 true leaves 
"Veeds--4 to 8 true leaves 

2 Weed cont rol and injury r a tings based on a scale of 0 - 10 : 0 no control , or no 
injury. 10 =' perfect cont.rol , or severe injury. 

Effect on Sugarbeet Yield and Qualit)J, The retardation of 
sugarbeet development was neglegible 30 days after treatment 
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and no visual evidence of InjUry was detectable 90 days follow
ing treatment even in plots treated with 32 lb/A of pyrazon, 

Yield data were obtained by harves ting the plots with a 
mechanical digger. Sam pIes for sucrose percentage determina
tions were drawn from each plot and analyzed by Spreckels Sugar 
Company. No significant differences in yield and sucrose per
centage among treatments were obtained as shown in Tables 
.3, 4 and 5. 

Summer Annual liVeed Control. In the spring time series 
studies and in other trials conducted by the authors, it was 
demonstrated that the most effective cont rol of -annual broadleaf 
weeds and grasses can be obtained with the combination of 4 
Ib of pyra70n plus 2 Ib dalapon per acre, T herefore, in the 
summer time series study, this was the only pyrazon dalapon 
combination included. 

It was demonstrated in this series that pyrazon plus dalapon 
was less effective on barnyardgrass and pigweed once they were 
beyond the seedlinQ,' stage of growth. T h is was also observed 
in other trials conducted by the authors at several locations in 
the central valley. 

Lambsqnarter was effectively controlled in the 4 - 6 leaf stage 
of development, but pigweeds became more tolerant to the 
herbicides once beyond th e two true leaf stage of grm.vth. It 
was noted that once the lateral buds ;'It the base of th e leaf 
petiole began to enlarge, the weeds became more tolerant to 
the herbicides. 

BarnyardgTass was effectively controlled only when treated in 
the 1 to 11;0 leaf staQ,'e of QTowth and growing vigorousl y. ''''hen 
treated later than th e I Ii!! leaf stage of growth or if the seedlings 
were stressed for moisture, effective control was not obtained. 

Sugarbeet injury was more pronounced in the summer series. 
The beet injury and retardation in th e Q,Towth was shortlived, 
three weeks, even thoU Q'h the beets were treated in the dicot 
stage of growth when the temperature was 86 ° F. The injury 
was much more severe when the herbicide application was made 
when the temperature was 101 °F even thOllQ'h the beets were 
older, as shown in Tables 6 and 7. 

The l1eet injury was again less severe rollmvin Q,' the l\11.y 5 
treatment when the temperCltllre was 8.3°F as shown in Tabl e 8. 

Lenacil in combination with pyra70n did not enhance th e 
control of the barnyardgTass at ra tes used. R- 11914 had good 
herhicidal activity on broadleaf weeds, but it was weak on grasses 
:md the tolerance of beets to this herbicide was narrow. 
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T able 6.-ElFect o( 	postemergence (oliar applied berbicides on sugarbeet development 
and weed control in a SU I11111Cr time series'-, 

~reed control and beet injury evaluations2 

Dates of eva luation 

Lb/ A Broadlea ( weeds Grasses Beet injury 

H erbicides3 ai 7/ 5 7/ 13 7/ 25 7/ 5 7/ 13 7/ 25 7/5 7/ 13 7/ 25 

P yrazon 4 8.3 9.0 8.0 1.3 1.0 1.0 2.3 .7 0 
Dalapon 2 
P yrazon I 7.3 8.0 7.0 .6 4.0 2.0 3.3 .7 0 
Lenacil I 
Pyrazon 2 8.3 8.0 7.0 3.0 4.0 2.0 3.3 2.0 1.0 
Lenacil 2 
R·1I914 I 9.3 9.0 8.0 2.6 1.0 0 4.6 3.0 3.0 
R- 1l914 2 7.6 9.0 9.0 .6 1.0 0 6.6 4.0 4.0 
R-1l914 I 8.0 8.0 8.0 2.0 2.0 1.0 4.3 3.0 3.0 
Dalapon 2 
Untreated 0 0 0 0 0 0 0 0 0 

1 Stage of Growth: 	 Beets- Dicot 

' '''eeds-Grasses I to 2 leaves 


Pigweeds 2 leaves 

2 ''''eed control and beet injury ratings based on a scale of 0 . 10: 0 = no control , or 
no injury. 10 = perfect control , or seve re injury. 

3 An adjuvant (X-77 ) at 'h% of spray volume was added to all treatmenls. 

T able 7.-Effect of 	postemergence foliar applied herbicides on sugarbeet d evelopment 
and weed control in a sumnlcr tinle series1. 

' '''eed control and bee t injury evaluations!? 
Dates of evaluation 

Lb/ A BroadJea £ weeds Grasses n oet injury 

H erbicid es" a i 7/5 7/ 13 7/25 7/ 5 7/ 13 7/ 25 7/ 5 7/ 13 7125 

Py razon 4 9.6 9.0 8.0 4.3 3.0 2.6 8.0 8.0 7.6 
Dalapon 2 
Pyrazon I 7.6 6.0 5.0 4.0 2.0 2.0 6.3 5.0 5.0 
Lenacil 1 
P yrazon 2 9.0 8.0 7.3 3.0 4.0 3.0 7.3 5.0 5.0 
Lenacil 2 
R·J1914 I 9.6 9.0 9.0 4 .0 2.0 2.0 8.6 7.0 7.0 
R-11914 2 10.0 10.0 10.0 2.0 3.0 2.6 9.6 9.0 9.0 
R -I1914 I 10.0 9.0 9.0 3.3 2.0 2.0 9.6 9.0 9.0 
Dalapon 2 
Untreat.ed 0 0 0 0 0 0 0 0 0 

1 Stage of Grow th: Beets-2 true leaves 
Weeds-Grasses 4 leaves 

Pigweeds 4 - 8 leaves 

2 Weed control and beet injury rat ings based on a sca le of 0· 10: 0 = no co ntrol, or 
no inj ury. 10 = perfect control , or severe injury. 

3 An adjuvant (X -77) at 'h% of sp ra y volume was added lo a ll trea tmen ts. 

It was observed tha t pyrazon did not control Salsola kali L. 
(Russian thistle) and Trifolium spp. (clovers). It was also noted 
that R-11 914 effectively controll ed Russian thistle. 
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Table 8.-Effect of posle lUergence foliar applied h erbicides on sugarbeet d e,'c1opment 
and weed control in a sununcr titne series l , 

'Veed control and beet injury e,'aluations!! 
Dates oC evaluation 

Lb/ A Broadlcaf weeds Gras~s Bee t injury 

H erbicides' ai 7/ 13 7/25 7/ 13 7/25 7/ 13 7/ 25 

P yrazon 4 6.0 5.0 4.0 2. 0 3.0 2.0 
D alapon 2 
P yrazon I 2.0 0 0 0 2.0 1.0 
Lenacil I 
P yrazon 2 3.0 2.0 1.0 0 3.0 2.0 
Lenaci l 2 
R-11914 I 3.0 1.0 1.0 0 3.0 2.0 
R-1I914 2 6 .0 5 .0 3.0 1.0 3.0 2.0 
R -1191 4 I 7.0 6.0 3.0 1.0 4.0 3.0 
D alapon 2 
Untrealed 0 0 0 0 0 0 

1 Stage of Grow th: Beets- 2 to 4 true leaves 
Weeds-G rasses 6 leaves 

Pigweeds 3 10 9 inches with 9 10 12 leaves 
2 'Weed control and bee t inj ury ra lings based on a sca le of 0 - 10 : 0 = no control or 

no injury. ]0 == perfect contro l o r severe inj ury. 
3 An adjuva nt (X-77) a t lh % of sp ray volume wa s added to all treatments. 

Conclusions 
In central California, until very recently, winter annual broad

leaf weeds have been the most difficult to control in winter and 
in early spring planted sugarbeet fields. 

Pyrazon in combination with dalapon plus an adjuvant was 
the most promising chemical tool for the selective control of 
winter annual weeds in sugar beets. 

From the numerous trials conducted in the central valley 
and in the two time series studies summarized in this report, 
the following conclusions can be drawn: 

A. 	 vVinter annual weeds 'were more effectively controlled 
than the summer annuals with pyrazon plus dalapon. 

B. 	 Pyrazon at 4 Ib/ A with Y2% adjuvant effectively con
trolled the mustard species. 

C. 	 Pyrazon at 4 lb/ A plus dalapon at 2 lb/ A with Y2% 
adju vant effectively controlled most of the winter annual 
grasses and broadleaf weeds commonly found in sugar
beet fi elds in central California. 

D. 	 The most effective control was obtained when the weeds 
were sprayed in th e seedling stage of growth. 

E. 	 Sugarbeets tolerated pyrazon plus dalapon applications 
even in the cotyledon stage of growth. 

F. 	 Retardation in th e growth of sugarbeets was evident, but 
shortlived. 
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G. 	 As the rate of dalapon in combination with pyrazon was 
increased, the injury to the seedling sugarbee ts was more 
severe. 

H . 	To obtain summer annual weed control with pyrazon 
plus dalapon, th e application of the herbicide relative 
to the weed growth was critical. Pig'weed and barnyard
grass were the most difficult to control. 

1. 	 Pigweed beyond the 2-leaf stage, or wh en the axillary 
buds started growing, were not controlled satisfactorily.

J. 	 To obtain good barnyardgrass control, the herbicides must 
be applied wben the grass is in the 1 to I V2-1eaf stage 
and growing vigorously. Grasses showing moisture stress 
at time of treatment, even in the seedling stage of de
velopment, were not killed. 

K. 	 Pyrazon plus dalapon and oth er herbicides, applied when 
th e temperature was 101 °F severely injured the beets and 
reduced the stand . The sam e herbicides applied when 
temperatures were in the 80's, did not cause severe injury. 
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