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LITERATURE REVIEW 

Introduction 

Broccoli consumption per capita has doubled in the 
United States over the past fifteen years (10,37). In the 
past several years there has been an increase in direct-
seeded broccoli production in Virginia in response to 
rising consumer demand. Many tobacco farmers have found 
that broccoli fits easily into their cropping system. 
Although this crop helps to diversify and supplement the 
growers income, the expected yields have not been realized 
due to serious pest problemss, with losses due to weeds 
being one of the most important production problem. Lack of 
weed control not only reduces yield and quality of the 
marketable product, but also increases harvest cost and 
opportunities for disease and insect infestations (13). 

In 1980, nitrofen was removed from the market, thus 
creating a need for selective broadleaf weed control in 
cole crops (3,14,19,21). The currently registered 
herbicides, trifluralin, DCPA, and napropamide are 
effective on annual grasses but ineffective on many problem 
broadleaf weeds such as redroot pigweed, Amaranthus 
retroflexus L., common lambsquarters, Chenopodium album 
L., and common ragweed, Ambrosia artemissifolia L. 
(5,12,14,15,19,28,33,38,41). 

The objective of this research project was to test 
experimental herbicides for controlling broadleaf weeds 
that escape a trifluralin application without decreasing 
crop stand or yield of direct-seeded broccoli. Research 
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results will be useful in identifying herbicides that could 
solve immediate weed problems and in determining which 
chemicals under development should be investigated for weed 
control in the future. 

The herbicides of primary interest for the research 
conducted were: 1.6 lb per gallon emulsifiable concentrate 
(EC) formulation of oxyfluorfen, 45% ai wettable powder, 
(WP) formulation of pyridate, and a 50% ai wettable powder 
(WP) formulation of BAS 514. 

Oxyf luorfen 

Oxyf luorfen, a diphenyl ether herbicide, has shown 
good weed control as a pretransplant application to cole 
crops with relatively little crop injury. Gilreath found 
that oxyf luorfen applied preplant incorporated to 
transplanted broccoli and cauliflower at 0.5 lb ai/A 
provided acceptable control of crabgrass, D.igi taria 
ciliaris, pigweed, and lambsquarters, with yields exceeding 
that of the cultivated check (13,14). Numerous studies have 
shown that pretransplant. applications of oxyf luorfen caused 
little to no crop injury to cabbage (3,B,24,25). Pretrans-
plant treatments of oxyf luorfen applied alone or in 
combination with preplant incorporated trifluralin or 
postemergence applications of sethoxydim provided broad 
spectrum weed control which resulted in high cabbage yields 
equal to or exceeding the cultivated check (3,28). Good to 
excellent control of common lambsquarters, pigweed and 
purslane, and yi~lds exceeding the cultivated check were 
obtained in transplanted broccoli from incorporated 
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trifluralin in combination with DCPA, and with surface 
applied oxyfluorfen (5, 30). Broccoli exhibited 25% crop 
injury from pretransplant applications of oxyfluorfen but 
plants were able to recover from this injury with no 
reduction in broccoli yield or quality (36). Oxyfluorfen 
was labeled in October, 1987 for pretransplant soil surface 
applications to cole crops. Although oxyflourfen 
applications on direct-seeded broccoli have not been 
thoroughly investigated, it is possible that preemergence 
or postemergence treatments of oxyf luorfen applied to 
direct-seeded broccoli could provide acceptable levels of 
weed control with limited crop injury. 

Preemergence applications of 1.12 kg/ha of emulsifi-
able concentrate (EC) and wettable powder (WP) formulations 
of oxyfluorfen to seeded cabbage resulted in death of 
the cabbage plants soon after emergence (17). Postemergence 
treatments of a wettable powder formulation of oxyf luorfen 
at 0.28 to 0.56 kg ai/ha provided acceptable levels of weed 
control and little phytotoxicity to the crop (17,18,40). 
Studies involving postemergence applications of the 
emulsif iable concentrate formulation of oxyfluorfen 
resulted in unacceptable injury to cabbage even at rates as 
low as 0.07 and 0.14 kg ai/ha (16,21,34,40). Direct-seeded 
broccoli has been reported to be more tolerant to post-
emergence appli-cations of the emulsif iable concentrate 
formulation oxy-f luorfen than seeded or transplanted 
cabbage (21). Bifenox, a structurally similar compound to 
oxyf luorfen, caused no phytotoxicity on seeded cabbage when 
applied at 0.5 kg/ha early postemergence (32). Further 
investigation has revealed that cole crops 
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initially injured by postemergence treatments of 
oxyfluorfen can recover and yield fully (35). 

Safety of oxyf luorfen to crucifers 

Susceptiblity of cabbage to oxyfluorfen injury 
decreased with plant age (15,17,18). This is thought to be 
due to an increase in cuticular wax in more mature cabbage 
leaves (17,18). EPTC is known to inhibit epicuticular wax 
production in cabbage leaves (12). Cabbage plants treated 
with EPTC prior to oxyfluorfen applications showed 
increased injury over those that did not receive EPTC 
treatment (17). Cabbage varieties with greater amounts of 
cuticular wax were relatively more tolerant to nitrofen 
treatments (31). It is suspected that broccoli may be 
tolerant to postemergence oxyfluorfen treatments, and that 
cuticular wax may be the means of selectivity. 

Pyridate 

Pyridate 45% WP is a selective postemergence herbicide 
which causes rapid leaf scorching on many broadleaf weeds. 
The 45% wettable powder formulation of pyridate is being 
developed for weed control in cole crops, corn and peanuts, 
(9,11,26,27). In 1987 the state of Wisconsin applied for a 
specific exemption for pyridate use in cabbage under 
Section 18 of FIFRA. This herbicide has controlled weeds 
including Amaranthus spp., Chenopodium spp., Xanthium spp., 
Datura spp., Fumaria spp., Sinapis arvensis (wild mustard) 
and Solanum nigrum (black nightshade) in peanut fields 
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(26). Pyridate applied at 1.87 lb/A postemergence to 
peanuts caused suppression of yellow nutsedge, Cyperus 
esculentus (20). Peanut plants are very tolerant to a rate 
of 1.2 kg/ha pyridate while this rate provides effective 
postemergence control of the above weeds (26). 

Fall applications of pyridate on winter wheat gave 
excellent control of yellow rocket, Barbarea vulgaris 
R.Br., shepherds-purse, Capsella bursa-pastoris L. Medik, 
common chickweed, Stellar.ia media L. and mouseear chickweed 
Cerastiu..m vulgatum L. (1). 

In recent years, problem weeds such as velvetleaf, 
Abutilon theophrasti, jimsonweed, Datura stramonium, 
spurge, Euphorbia spp., and triazine resistant pigweed and 
lambsquarters have escaped control by various preemergence 
herbicides in corn (27). Pyridate applied at the 3 to 4 
leaf stage of corn compared favorably to triazine herbi-
cides in controlling common lambsquarters and redroot 
pigweed (11). At 1.2 kg/ha pyridate gave very good control 
of black nightshade, Datura spp. and Xanthium spp. as well 
as other weeds mentioned above (10,27). Some phytotoxicity 
to corn leaf margins occurred at rates above 1.5 kg/ha but 
yields were unaffected (27). Pyridate appears to be more 
active at higher temperature (27). 

Studies involving postemergence treatments of pyridate 
to broccoli in North Carolina resulted in 90% control of 
pigweed, common lambsquarters, carpetweed, Mollugo 
verticillata L., and purslane, Portulaca oleracea L. Such 
treatments caused reduced yields, as well as necrosis and 
chlorosis which persisted one month after application 
(29). In Wisconsin, preemergence applications of diethatyl 
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(6.0 lb ai/A) plus postemergence applications of pyridate 
(0.90 lb ai/A) gave excellent control of common purslane, 
redroot pigweed and green foxtail, Setaria viridis 
(L.)Beauv., while causing no crop injury to direct-seeded 
broccoli (2). Some chlorosis of cabbage was observed from 
postemergence pyridate treatments but yields were equal to 
or greater than the cultivated check and preemergence 
treated plots (21,22). Applications of pyridate to seeded 
or transplanted cabbage also provided 80% control of common 
lambsquarters, Canada thistle, Cirsium arvense L. Scop. and 
Pennsylvania smartweed, Polygonum pensylvanicum L. (22,23). 

BAS 514 

BAS-514, is an experimental herbicide being developed 
in rice, to controls barnyardgrass, Echinochloa crus-galli 
L., broadleaf signalgrass, Brachiaria platyphylla Nash., 
hemp sesbania, Sesbania exaltata Rybd., northern 
jointvetch, Aeschynomene virginica L., and morningglory, 
Ipomea spp. The proposed common name for BAS-514 is 
quinclorac. This compound, formulated as a 50% wettable 
powder, has shown both foliar and soil activity (23,29,39). 

Preplant incorporated or preemergence applications of 
0.28 and 0.42 kg/ha BAS 514 did not injure rice and 
provided good to excellent control of hemp sesbania, 
broadleaf signalgrass, and barnyardgrass (4,7,39). 
Postemergence treatments of 0.28 kg/ha BAS 514 effectively 
(>75%) controlled pitted morningglory, barnyardgrass, and 
hemp sesbania with no injury to rice (6,39). Studies on 
direct-seeded broccoli- and cabbage indicated that 
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preemergence applications of 0.25 kg/ha and 0.50 kg/ha BAS 
514 caused crop stunting with good to excellent control of 
lambsquarters (23,29). Treatments of 0.25 and 0.50 BAS 514 
postemergence to direct-seeded broccoli and cabbage 
elicited moderate growth regulator like response, reduced 
yield, and controlled of lambsquarter, carpetweed, and 
purslane (23,29). 
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Response of Direct-seeded Broccoli to 
Preemergence O:xyf luorfen and BAS 514 1 

Kathleen A. Herbst and Jeffrey F. Derr2 

Abstract. Preemergence treatments of oxyfluorfen at 
0.14, 0.28, and 0.56 kg ai/ha caused a 40 to 99% reduction 
in stand of direct-seeded broccoli, while BAS 514 applied 
at the same rates caused no reduction in stand. All rates 
of oxyf luorfen completely controlled Venice mallow while 
only the 0.56 kg/ha rate of BAS 514 provided acceptable 
(>70%) control. Broccoli plants that survived preemergence 
applications of oxyfluorfen exhibited injury ranging from 
32 to 97% 6 to 9 weeks after treatment. BAS 514 applied at 
0.14, 0.28, 0.56 kg ai/ha provided excellent control of 
common ragweed with little or no visible crop injury. 
Common ragweed control with oxyfluorfen varied with soil 
moisture and organic matter. Applications of 0.28 and 0.56 
kg/ha oxyfluorfen significantly reduced yield when compared 
to the cultivated check. Yields from plots treated with 
0.14 kg/ha BAS 514 equalled or exceeded the cultivated 
check. Treatments of oxyfluorfen and BAS 514 to seeded 
broccoli caused approximately a one week delay in harvest. 
Nomenclature: oxyfluorfen, [2-chloro-1-(3-ethoxy-4-
nitrophenoxy)-4-(trifluoromethyl)benzene]; BAS 514, 
quinclorac, (3,7-dicloro-8-quinoline-carboxylic acid); 

1 Received for publication. 
2 Grad. Res. Assist. and Asst. 

Prof., Dept. Pl. Path., Physiol., and Weed Sci., Va. 
Polytech. Inst. and State Univ., Blacksburg, Va. 24061. 
Present address of senior author, Crop Genetics Inter., 
Hanover, MD 21076. 
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broccoli, {Brassica oleracea(L.) var botrytis]; common 
ragweed, (Ambrosia artemisifoliaL. # 3 AMBEL); Venice 
mallow (Hibiscus trionum L. #3 HIBTR); 
Additional index words: Brassica oleracea (L.) botrytis, 
quinclorac. 

3 Letters following this symbol are 
computer code from Composite List 
32, Suppl 2. Available from WSSA, 
St., Champaign, Il. 61820. 

a WSSA approved 
of Weeds, Wead Sci. 

309 West Clark 
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INTRODUCTION 

Direct-seeded broccoli production is a developing 
industry in Virginia. Although there are economic 
advantages to direct field seeding broccoli, few 
herbicides are labeled for this method of planting (17). 
The currently registered herbicides for seeded broccoli, 
trifluralin [2,6-dinitro-N,N-dipropyl-4-(trifluoromethyl) 
benzenamine], DCPA [dimethyl 2,3,5,6-tetrachloro-1,4-
benzenedicarboxylate] and napropamide [N,N-diethyl 
2-(1-naphthalenyloxy)propanamide] are effective on annual 
grasses but ineffective on many problem broadleaf weeds 
such as common ragweed and common lambsquarters 
lambsquarters [Chenopodium album (L). #CHEAL] 
(3,13,15,16,18). Oxyfluorfen is being developed as a 
pretransplant application for cole crops (1,3,5,6,10,14). 
It provides control of several important broadleaf weeds 
including common ragweed and morningglory [Ipomea spp. 
(L.)] (1,9,11,12). Broccol~ has been reported to be 
tolerant to BAS 514, an experimental herbicide being 
developed for weed control control in rice and other crops 
(2,4,16). Studies with BAS 514 in rice report control of 
barnyardgrass [Echinochloa crus-galli (L.) #ECHCG]; hemp 
sesbania [Sesbania exaltata (Raf.)Rybd #SEBEX], pitted 
morningglory [Ipomea lacunosa (L.) #!POLA] and broadleaf 
signalgrass [Brachiaria platyphylla (Griseb.)Nash #BRAPP] 
(2,4,16). However, there is limited information on the 
performance of these compounds as preemergence treatments 
to direct-seeded broccoli. The objectives of this study 
were a) to determine the the potential for stand reduction 
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and crop injury with preemergence treatments of oxyfluor-

fen and BAS 514, b) to evaluate the efficacy of such 

treatments in controlling broadleaf weeds which escape a 

preplant incorporated application of trifluralin and, c) to 

study the the effect of herbicide treatments on broccoli 

yield and harvest date. 
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MATERIALS AND METHODS 

Three field locations in Virginia were utilized for 
preemergence studies. These locations, their soil types, 
broccoli variety and planting dates are as follows: Axton, 
Cecil fine sandy loam soil with 2.3% organic matter (OM), 
pH 5.9, 'Packman', March 24, 1987; Halifax, Iredell fine 
sandy loam soil with 1.2% OM, pH 5.6, 'Packman', April 11, 
1987; Chatham, Cecil sandy clay loam soil with 1.7% OM, pH 
5.6, 'Galaxy', August 6, 1987. Prior to seeding, 0.56 kg 
ai/ha trif luralin was incorporated into the entire field at 
each site. Broccoli was seeded l/8 11 deep into twin rows. 
Test plots were 0.9 by 5.5 meters followed by a one meter 
buffer. Treatments were arranged in a randomized complete 
block design with four replications. Treatments were 
applied after seeding using a C02 pressurized backpack 
sprayer with 8003 flat fan nozzles delivering 280 l/ha. An 

emulsifiable concentrate formulation of oxyf luorfen and a 
wettable powder formulation of BAS 514 were both applied at 
0.14, 0.28, and 0.56 kg/ha. Napropamide at 1.1 kg/ha was 
included as a standard treatment. BAS 514 was not 
available for the Axton location at time of application. 
Following application, each site was irrigated within 24 
hours. Cultivated checks were hand hoed approximately every 
two weeks. Broccoli seedlings were counted four weeks after 
emergence. Spring plots (Axton and Halifax) were rated for 
weed control and crop injury approximately nine weeks after 
treatment, while the Fall study was rated six weeks after 
treatment. Weed control and crop injury were determined as 
a percent of the weedy and cultivated check, respectively. 
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Weekly harvests were made as required. Broccoli heads were 
hand harvested, counted and weighed. Data were transformed 
and subjected to analysis of variance with mean separation 
using Duncans multiple range test. All percent weed control 
and crop injury ratings were subject to arcsin trans-
formation prior to analysis of variance. Log (y + 1) 
transformation was performed on Axton stand and yield and 
Chatham yield to adjust for zeros in the data. Halifax 
stand and yield data, and Chatham stand data were subject 
to square root transformation to stabilize variance prior 
to analysis. 
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Results and Discussion 

Preemergence applications of oxyfluorfen at 0.56 kg/ha 
reduced broccoli stand by more than 90% at all three 
locations compared to the cultivated check (Table 1.) At 
the Axton location, all oxyf luorfen rates reduced broccoli 
stand, while at the Chatham site the two highest rates of 
oxyf luorfen significantly reduced stand when compared to 
the weedy check. Hopen also observed stand reduction with 
preemergence treatments of oxyf luorfen to transplanted 
broccoli and cabbage (8). No reduction in crop stand was 
observed from applications of BAS 514 at the Halifax or 
Chatham locations. Application of 1.1 kg ai/ha of 
napropamide was found to reduce stand only at the Chatam 
site. Reduced broccoli stand from preemergence napropamide 
applications to direct-seeded broccoli has been reported 
( 5 ) . 

Broccoli seedlings that survived preemergence 
applications of oxyf luorfen exhibited considerable injury 
nine weeks after treatment at· the Axton location (Table 2). 
Seedlings were stunted and had chlorotic leaves. 
Oxyfluorfen at 0.56 kg/ha caused essentially complete crop 
death. Although no significant differences among 
treatments were detected at the Halifax location, 32 to 43% 
crop injury occurred with oxyfluorfen treatments and 20 to 
35% crop injury resulted from treatments of BAS 514. Crop 
injury ratings of plots treated with BAS 514 at Chatham 
ranged from 6 to 17%, significantly lower than injury 
ratings from plots treated with oxyfluorfen. BAS 514 
caused general stunting of broccoli growth. At all sites, 
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treatments of napropamide caused less than 25% crop injury. 
At the Chatham location, all rates of oxyf luorfen caused 
significantly greater crop injury than the napropamide 
treatment. The highest rate cf oxyfluorfen, 0.56 kg ai/ha, 
caused 79% crop injury. Similar results were observed with 
high rates of oxyf luorfen applied to transplanted broccoli 
( 1 ) . 

Control of common ragweed at the Axton location was 
excellent (91% and 100%) with applications of 0.28 and 0.56 
kg ai/ha oxyfluorfen but poor (32 and 43%) at the Halifax 
location (Table 2). Ragweed pressure at Axton was 4.3 weeds 
per square meter, while Halifax had a weed density of 8.6 
ragweeds per square meter. Napropamide at 1.1 kg ai/ha 
gave low ragweed control at the Axton site but high control 
in Halifax. Superior control of ragweed with high rates of 
oxyf luorfen at the Axton location may have been a function 
of lower weed pressure and improved activation due to rains 
immediately following application. Chitapong (1983) 
reported good control of common ragweed and purslane with 
preemergence applications to transplanted broccoli (4). 
Higher organic matter at the Axton site may have reduced 
ragweed control with napropamide. BAS 514 applied at 0.14, 
0.28 and 0.56 kg/ha provided excellent (>90%) control of 
common ragweed at the Halifax site. All rates of 
oxyfluorfen at Chatham completely controlled Venice mallow. 
However, only the highest rate of BAS 514 gave acceptable 
control (>70 %) of this weed. 

Weed pressure, in general, was light at Axton and 
Chatham locations. Thus, differences in yields at these 
sites are primarily due to herbicide injury. Heavy weed 
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pressure at Halifax caused lower yields in the weedy 
check. No broccoli heads were harvested in plots treated 
with 0.56 kg ai/ha oxyfluorfen at Axton and Chatham (Table 
3). Total head number and weight/ha for plots treated with 
the high rate of oxyf luorfen in Halifax were significantly 
lower than napropamide and the cultivated check. Plots 
treated with 0.28 kg ai/ha oxyfluorfen had significantly 
lower yield than the cultivated check at all sites. Yields 
from plots treated with 0.14 kg ai/ha oxyfluorfen at Axton 
and Halifax were also significantly lower than the 
cultivated check. Head number per ha for plots treated with 
0.14 and 0.28 kg ai/ha BAS 514 was not significantly 
different from the checks and napropamide treated plots in 
Halifax and Chatham. However, there was a significant 
decrease in weight with increasing rates of BAS 514 when 
compared to the cultivated check at Halifax. Broccoli plots 
treated with the high rate of BAS 514 yielded significantly 
lower than the cultivated check at Halifax. 

The average weight of individual broccoli heads did 
not consistently differ from the cultivated checks for 
either herbicide (data not shown). Research reported by 
Gilreath showed herbicide treatments to transplanted 
broccoli did not influence head size (7). 

Three harvests were necessary for the Axton and 
Chatham locations, while only two harvests were required 
for Halifax. In Axton and Chatham, 17% and 24% of the 
total yield, respectively, were harvested from the 
cultivated check on the first date (Table 4). The two lower 
rates of oxyfluorfen at these locations had little to no 
broccoli ready for harvest at this time. Broccoli treated 
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with the high rate of oxyfluorfen in Halifax had a 
delayed harvest compared to the checks. In Chatham over 
82% of harvest was delayed until the third harvest date in 
plots treated with oxyfluorfen at 0.28 and 0.56 kg ai/ha 
compared to 31% for the cultivated check. BAS 514 applied 
at 0.56kg/ha caused broccoli harvest to be delayed when 
compared to the cultivated check. Plots treated with 0.56 
kg ai/ha BAS 514 had the greatest harvest on the last 
harvest date at both Halifax and Chatham. This data 
suggests that preemergence applications of oxyf luorfen and 
BAS 514 may cause a delay in harvest by one to two weeks. 

Although good control of weeds was obtained with 
preemergence treatments of oxyf luorfen, such applications 
to direct-seeded broccoli caused unacceptable reduction in 
crop stand, vigor, and yield. BAS 514 provided excellent 
control of common ragweed with little or no reduction in 
broccoli stand or crop vigor. The high rate of BAS 514 
(0.56 kg/ha) caused variable reduction in yield, while 
broccoli yield in plots treated with the low rates was 
similar to the cultivated check. 
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Table 1. Crop stand counts at three field location four 
weeks after preemergence herbicide application 
to direct-seeded broccoli.• 

Treatment Rate Location 

(kg/ha) Axton Ha I If ax Chatiiam 

------ seedlings per plot------

Cultivated check 78.0 a 31.8 a 35.0 abc 

Weedy check 64.8 a 31.3 a 44.3 a 

Napropamide 1.10 56.8 a 31.5 a 19.0 cd 

Oxyfluorf en 0.14 3.0 b 17.3 ab 21.0 bed 

Oxyfluorf en 0.28 0.5 c 13.8 ab 10.3 de 

Oxyfluorfen 0.56 0.3 c 10.5 b 2.8 e 

BAS 514b 0.14 
___ b 

33.0 a 39.0 abc 

BAS 514 0.28 31.0 ab 38.3 abc 

BAS 514 0.56 27.8 ab 39.5 ab 

• Means within a column followed by the same letter(s) are 
not significantly different at the P = 0.05 level according to 
Duncan's multiple range test. The entire field, including 
checks, was treated with trifluralin at 0.56 kg/ha preplant 
incoporated. 

b BAS 514 was not available at time of application. 
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Table 2. Crop injury and weed control at three field locations 
as affected by preemergence herbicide application to 
direct-seeded broccoli.a 

Location 

Axton Hal if ax Chatham 

Crop Cornoon Crop COlllOOn Crop Venice 
ragweed ragweed mallow 

Treatment Rate injury control injury control injury control 

(kg/ha) -----------------------(%)-------------------------
Napropamide 1.1 16 b 57 c 23 a 92 a 12 c 47 c 

Oxyf luorfen 0.14 46 b 78 b 32 a 30 b 36 b 100 a 

Oxyf luorfen 0.28 60 ab 91 ab 35 a 19 b 41 b 100 a 

Oxyf luorfen 0.56 97 a 100 a 43 a 20 b 79 a 100 a 

BAS 514b 0.14 22 a 100 a 6 c 50 b 

BAS 514 0.28 20 a 95 a 16 be 47 b 

BAS 514 0.56 35 a 100 a 17 be 96 a 

a The entire field was treated with trifluralin at 0.56 kg/ha preplant 
incorporated. Visual ratings were recorded 9 weeks after tr·eatment 
in the Axton and Halifax studies and 6 weeks after treatment in 
the Chatham study. Ratings are taken as a percent of the check, on a 
scale of 0 to.100, with 0 being no injury or control and 100 being 
plant death. Means within a colwnn followed by the same letter(s) 
are not significantly different at the p a 0.05 level according to 
Duncan's nultiple range test. 

b BAS 514 was not available at time of application. 
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Table 3. Yield (total of Rllltiple harvests), at three field 
locations affected by preemergence herbicide applications 
to direct-seeded broccoli• 

Total Broccoli Heads Total Broccoli Weight 

Location Location 

Treatment Rate Axton Halifax Chatham Axton Halifax Chatham 

(kg/ha) ------(number/ha)-------- ---------(kg/ha)--------

Cultivated check ---- 34300 a 14900 a 29400 a 4600 a 3400 a 5100 a 

Weedy check ---- 31700 a 7200 abed 23600 a 5300 a 800 bed 4000 a 

Napropamide 1.1 21500 a 9900 abc 11000 ab 3900 a 1300 be 2700 ab 

Oxyf luorfen 0.14 1500 b 5700 Cd 5700 ab 400 b 700 bed 1200 ab 

Oxyf luorfen 0.28 300 be 1200 e 2400 b 100 be 200 d 500 b 

Oxyf luorfen 0.56 0 c 2400 de 0 c 0 c 400 cd 0 c 

BAS 514b 0.1 ----b 13700 ab 23900 a 1500 b 4000 a 

BAS 514 0.28 12000 abc 15500 ab 1300 be 2800 ab 

BAS 514 0.56 6300 bed 7300 ab 800 bed 1300 ab 

•The entire field was treated ~ith trifluralin at 0.56 kg/Ila 
preplant incorporated. Means within a column followed by the same 
letter(s) are not significantly different at the P • 0.05 
level according to Duncan's Rllltiple range test. 

bBAS 514 was not available at time of appllcaticn. 
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Table 4. Percent of total harvest (heads/ha), at three field locations, 
as affected by preemergence herbicide treatment to direct-seeded 
broccoli.• 

Location 

Axton Ha 1 if ax Chatham 

Treatment Rate Harl Har2 Har3 Harl Har2 Harl Har2 Har3 

(kg/ha) ----------------(% of total heads/ha)---------------

Cultivated check ---- 17 ab 45 ab 38 b 56 ab 44 ab 24 a 45 a 31 b 

Weedy check 24 a 47 ab 29 b 74 a 26 b 13 ab 60 a 27 b 

Napropamide 1.1 22 ab 33 ab 45 ab 30 abc 70 ab 16abc 40 a 44 ab 

Oxyf luorfen 0.14 0 b 25 b 75 a 46 abc 54 ab 3 be 14bc 83 ab 

Oxyf luorfen 0.28 0 b 100 a 0 c 50 abc 50 ab 0 c Oc 100 a 

Oxyf luorfen 0.56 *b * * 12 c 88 a * * * 

BAS 514c 0.14 43 abc 57 ab 12ab 43a 45 ab 

BAS 514 0.28 32 abc 68 ab 3 be 49a 48 ab 

BAS 514 0.56 19 be 81 a 6 be 36ab 58 ab 

•The entire field was treated with trifluralin at 0.56 kg/ha preplant 
incorporated. Means within a column followed by the same letter(s) are not 
significantly different at the P m 0.05 level according to Duncan's nultiple 
nultiple range test. Three harvests were required for the Axton and Chatham 
locations while b«> harvests were required for the Halifax site. 

b No crop harvest for this treatment. 

cBAS 514 was not available at time of application for the Axton site. 
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Weed Control and Crop Yield with Postemergence 
Applications of Oxyfluorfen, Pyridate, and BAS 514 to 

Direct-seeded Broccoli. 1 

Kathleen A. Herbst and Jeffrey F. Derr2 

Abstract. Postemergence applications of oxyfluorfen in 
field studies caused white chlorotic speckling on broccoli 
foliage. Plants treated with 0.07 kg /ha oxyfluorfen 
produced yields similar to the cultivated check. High rates 
of pyridate (4.03 kg/ha) caused yellow lesions on broccoli 
foliage. Total broccoli yields from plots treated with 
pyridate at 0.28 and 0.50 kg/ha were not significantly 
different from the cultivated check. BAS 514 caused 
moderate growth stunting to broccoli in field studies. At 
two out of four locations, injury increased with time. At 
these sites, total broccoli yield from plots treated with 
0.28 and 0.56 kg/ ha BAS 514 was lower than the cultivated 
check. Total number of broccoli heads per hectare for 
plots treated with BAS 514 equalled or exceeded that of the 
cultivated check. Broccoli treated with BAS 514 plus the 
experimental adjuvant BAS 090 showed increased injury and 
decreased yield with increasing rates when compared to 
applications of BAS 514 alone. Broccoli developed foliar 
veinal chlorosis and whitish elongated heads following 

1 Received for publication. 
2 Grad. Res. Assist. and Asst. Prof., Dept. Pl. Path., 
Physiol, and Weed Sci., Va. Polytech. Inst. and State 
Univ., Blacksburg, Va. 24061. Senior author's current 
address: Crop Genetics Inter., Hanover, MD 21076. 
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applications of BAS 514 plus BAS 090. High rates of BAS 514 
(0.56 kg/ha) with or without BAS 090 reduced average head 
weight. Little to no stand reduction or delay in harvest 
was observed with any herbicide treatment. A two fold 
safety margin for herbicide rate was observed for 
oxyfluorfen at 0.07 kg/ha, pyridate at 0.50 kg/ha and BAS 
514 at 0.14 kg/ha. In greenhouse studies, oxyfluorfen at 
0.28 kg/ha provided >90% control of common ragweed and 
common lambsquarters, and 77% control of common pigweed. 
Pyridate at 2.02 kg/ha provided excellent control of 
horseweed, and greater than 70% control of prickly sida, 
common ragweed and common lambsquarters. All rates of 
pyridate controlled common pigweed. Applications of BAS 514 
at 0.14 to 0.56 kg/ha provided 88 to 100% control of 
horseweed and 76 to 82% control of common ragweed. Greater 
than 90% control of large crabgrass was observed with BAS 
514 plus BAS 090 at 0.28 kg/ha. Nomenclature: oxyfluorfen, 
2-chloro-1-(3-ethoxy-4-nitrophenoxy)-4-(trifluoromethyl) 
benzene; pyridate 6-chloro-3-phenylpyridazine-4-yl-S-octyl 
carbonothionate; BAS 514, quinclorac, 3,7-dichloro-8-
quinoline-carboxylic acid; broccoli Brassica oleracea L. 
var. botrytis; common ragweed Ambrosia artemisifolia L. #3 
AMBEL; redroot pigweed Amaranthus retrof lesus L. #AMARE; 
common lambsquarters Chenopodium album L. #CHEAL; Prickly 
sida Sida spinosa L. #SIDSP; Horseweed Conyza canadensis L. 
#ERICA; Large crabgrass Digitaria sanguinalis L. #DIGSA; 
Additional index words. quinclorac, BAS 090, Brassica 
oleracea L. botrytis. 

3 Letters f ollowin9 this s~ol are a WSSA a~proved computer 
code from Composite List of Weeds, Weed Sci. 32, Suppl 2. 
Avail. from WSSA, 309 West Clark St., Champaign, Il 61820. 
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INTRODUCTION 

Broccoli production in Virginia is increasing in 
response to increasing consumer demand (5,22). Direct field 
seeding is the most common method of planting broccoli in 
southern Virginia due to its low cost. With the loss of 
nitrofen, 2,4-dichloro-1-(4-nitrophenoxy)benzene, in 1980, 
there are few herbicides available for use on direct-seeded 
broccoli. The currently registered herbicides for seeded 
broccoli include trifluralin, 2,6-dinitro-N,N-dipropyl-4 
(trifluoromethyl)-benznamine; DCPA, dimethyl 
2,3,5,6-tetrachloro-l,4-benzenedicarboxy-late; and 
napropamide, N,N-diethyl-2-1-naphthalenyloxy)propanamide. 
These herbicides are effective on annual grasses but many 
broadleaf weeds such as common ragweed, Ambrosia 
artemisiifolia L. #AMBEL, escape control (8,12,19,25). 
Oxyf luorfen has recently been registered for use as a 
pretransplant application to broccoli, cabbage and 
cauliflower. It has demonstrated control of several 
important weeds such as lambsquarters, Chenopodium album L. 
#CHEAL, redroot pigweed, Amaranthus retrof lexis L. #AMARE, 
common purslane, Portulaca oleracea L. #POROL, and 
Pennsylvania smartweed, Polygonum pennsylvanicum L. #POLPY 
(20,21,24). Studies have shown moderate to severe phytox-
icity to seeded and transplanted cabbage and broccoli from 
postemergence applications of oxyfluorfen (7,9,10,11,15, 
21). Postemergence applications of bifenox, a structurally 
similar compound, caused little to no crop injury (18). 
Preemergence applications of oxyf luorfen will also cause 
severe stand reduction in direct-seeded broccoli 
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(14). The experimental herbicide BAS 514 is being developed 
for weed control in rice (2,3,23). Seeded broccoli has 
shown tolerance to preemergence applications of BAS 514 
(14). BAS 514 controls common ragweed, barnyardgrass, 
Echinochla crus-galli L.#ECHCG, broadleaf signalgrass, 
Brachiaria platyphylla (Griseb.) Nash #BRAPP, and hemp 
sesbania, Sesbania exalta (Raf.) Rydb. #SEBEX (2,3,23). 
Pyridate is currently used in Europe for weed control in 
cabbage. This herbicide has shown effective control of 
triazine resistant pigweed and lambsquarters in peanuts and 
corn (4,6,16,17), yellow rocket, Barbarea vulgaris, and 
shepherdspurse, Capsella bursa-pastoris L. #CAPBP, in wheat 
(1), as well as suppression of yellow nutsedge, Cyperus 
esculentus L. #CYPES, in peanuts (13). Little research is 
available on the effects of pyridate, BAS 514, and 
oxyfluorfen treatments to direct-seeded broccoli. The goal 
of this research was a) to study the potential for 
reduction in crop stand, vigor, yield, or head size with 
oxyfluoren, pyridate, and BAS 514 treatments and, b) to 
evaluate the efficacy of such treatments in controlling 
broadleaf weeds which escape a preplant incorporated 
application of trifluralin. 
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MATERIALS AND METHODS 

Field Studies. Field studies were conducted in three 
counties in Virginia. Two studies were conducted each in 
the spring and fall. These locations, their soil types, 
planting dates, and broccoli variety are as follows: 
Halifax 1, Iredell fine sandy loam with 1.2 % organic 
matter (OM), pH 5.6, seeded on April 11, 1987 with 
'Packman' broccoli; Axton, Cecil fine sandy loam soil with 
2.3% OM, pH 5.9, seeded on March 24, 1987 with 'Packman' 
broccoli; Halifax 2, Cecil sandy clay loam with 1.2% OM, pH 
6.6, seeded on July 17, 1987 with 'Packman' broccoli; 
Chatham, Cecil sandy clay loam soil with 1.7% OM, pH 5.1, 
seeded on August 1, 1987 with 'Emperor' broccoli; Prior to 
seeding, 0.56 kg ai/ha trifluralin was incorporated in the 
entire field at each site. Broccoli was direct-seeded 1/8" 
deep into twin rows. Test plots were 0.9 by 5.5 meters 
followed by a one meter buffer. Treatments were arranged in 
a randomized complete block design with four replications. 
Treatments were applied at the three to six leaf stage of 
broccoli, using a C02 pressurized backpack sprayer with 
8003 flat fan nozzles delivering 280 l/ha. Herbicides 
tested included a 192 g/l emulsifiable concentrate 
formulation of oxyfluorfen, a 45% ai wettable powder (WP) 
formulation of pyridate, and a 50% ai wettable powder (WP) 
formulation of BAS 514 alone and in combination with 0.8% 
v/v BAS 090, an experimental adjuvant. Table 1 lists the 
herbicides and rates utilized. BAS 090 was not available 
for spring applications. Cultivated checks were hand hoed 
approximately every two weeks. Number of broccoli plants 
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was counted before treatment and two weeks after treatment 
to determine if any treatments reduced broccoli stand. 
Plots were rated for crop injury approximately two and four 
weeks after treatment. Crop injury was determined as a 
percent of the cultivated check. Weekly harvests were made 
as required. Broccoli heads were hand harvested, counted 
and weighed. Yield data were adjusted for variation using 
crop stand as the covariant. Yield data was subject to 
analysis of variance with mean separation using the Least 
significant difference test. All using Duncans multiple 
range test. All percent crop injury ratings were subject to 
arcsin transformation prior to analysis of variance. Within 
each herbicide, linear and quadratic regression was 
performed for injury and yield data. 

Greenhouse Studies. Green Valiant broccoli and six 
weed species were seeded in the greenhouse into 7.5 cm 
diameter pots containing equal parts by volume of sand, 
clay/loam soil, and a peat moss/perlite/vermiculite mix. 
Herbicide applications were made with a C02 pressurized 
backpack sprayer with 8003 flat fan nozzles delivering 280 

l/ha. Plants were treated at the three to six leaf stage, 
except for horseweed which was in the rosette stage. Seed-
lings were arranged on greenhouse benches in a randomized 
complete block design with three replications. Weeds were 
visually rated four weeks after treatment for injury as a 
percent of the untreated control. This study was repeated 
with the reported results an average of the two trials 
(Table 4). Data were subject to analysis of variance with 
mean separation using Duncan's multiple range test. 
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RESULTS AND DISCUSSION 

Field Studies. Field applications of oxyfluorfen, 
pyridate, or BAS 514 did not reduce broccoli stand at any 
location (data not shown). All rates of oxyfluoren caused 
chlorotic speckling only on broccoli leaves existing at 
time of application, but no injury was observed on leaves 
emerged after application. Similar symptoms on cabbage 
were reported by Gorski (8). Broccoli plants treated with 
high rates of pyridate (>2 kg/ha) developed yellow lesions 
on foliage. Plants treated with BAS 514 showed little 
injury other than stunted growth. Crawford observed little 
to no crop injury from preemergence or postemergence 
applications of BAS 514 to rice (2,3). Treatments of BAS 
514 plus BAS 090 to broccoli caused white veinal chlorosis 
to leaves while heads became whitish and elongated. 

Injury ratings for oxyfluorfen at all sites ranged 
from 14% to 44% for the two week rating and decreased to 3 
to 25% for the four week rating (Table 1). Apparently 
broccoli can outgrow initial foliar damage from oxyf luor-
fen. Sieczka noted that cabbage outgrew phytotoxic effects 
of oxyfluorfen and produced normal heads (24). Injury 
increased with increasing rates of oxyfluorfen at Halifax 2 
and Chatham. Initial injury ratings for the high rate of 
pyridate (4.03 kg ai/ha) did not exceed 37 percent. Injury 
ratings for the expected use rate of pyridate (1.01 kg) 
were acceptable (<30%) with the highest rating equal to 26 
percent injury. In general, crop injury from pyridate 
treatments decreased over time. Injury ratings for BAS 514 
ranged from 0 to 18% for the two week rating and 4 to 34% 
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for the four week rating. Injury increased from the first 
rating to the second for BAS 514 at Halifaxl and Chatham. 
The slow development of crop injury suggests that BAS 514 
may be a systemic compound. All rates of BAS 514 plus BAS 
090 at the Chatham location caused significantly greater 
injury to broccoli than BAS 514 alone. Generally, injury 
decreased in time for BAS 514 plus BAS 090, pyridate, and 
oxyfluorfen. 

Low weed pressure at Axton and Chatham suggests that 
broccoli yield reduction observed in the following data 
(Table 2.0) is due to herbicide treatments at these sites. 
Applications of 0.28 kg oxyfluorfen caused reduction in 
weight per ha at Halifax!, Halifax2, and Chatham, and 0.14 
kg/ha of oxyfluorfen reduced harvest weight at Halifax!. 
Broccoli yields for plots treated with 0.07 kg/ha 
oxyf luorfen were similar to the cultivated check at all 
sites. Heads number at Halifax2 and Chatham decreased in a 
linear fashion for plots treated with oxyfluorfen. 

Yield in plots treated with 0.28 and 0.50 kg/ha 
pyridate was equivalent to the cultivated check yield. High 
rates of pyridate (2.02, 4.03 kg) caused yield reduction at 
Halifax! and Chatham. Reduction in total weight was 
observed at both of these rates in Chatham, and at 1.01 and 
2.02 kg pyridate in Halifaxl. Yield in plots treated with 
the expected field rate of pyridate (1.01 kg/ha) was 
equivalent to the cultivated check at all sites except 
Halifax!. Yields decreased linearly in response to pyridate 
applications at Halifax!, Axton, and Chatham. 

No significant differences in head number were 
observed for broccoli treated with 0.14, 0.25, and o.56 
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kg/ha BAS 514 except for the Chatham site. Applications of 
0.28 and 0.56 kg BAS 514 caused a reduction in weight per 
ha compared to the cultivated check at Chatham and 
Halifax!. Yield decreased quadratically with increasing 
rates of BAS 514 at Axton and Chatham. 

Treatments of BAS 514 at 0.14, 0.28, and 0.56 kg plus 
BAS 090 also caused significant decrease in broccoli yield 
at Chatham. Plots treated with 0.07 kg BAS 514 plus BAS 090 
produced normal numbers of heads at this site but weights 
per ha were dramatically reduced. At Halifax 2 and Chatham, 
plots treated with BAS 514 plus BAS 090 had lower yields 
compared to plots treated with BAS 514 alone. 

Plots treated with 0.28 to 0.56 kg/ha BAS 514, and all 
rates of 514 plus BAS 090 had significantly smaller 
broccoli heads than the cultivated check at Chatham (Table 
3). Lower head weight was also observed with applications 
of the high rate of BAS 514 at Halifax 1. Broccoli head 
weight was not affected by other herbicide treatments when 
compared to the cultivated check. No significant delay in 
harvest due to herbicide application were observed at any 
location (data not shown). 

Greenhouse Studies: Oxyfluorfen applied at 0.28 kg/ha 
excellent control (>90%) of common ragweed and common 
lambsquarters while causing 57% injury to broccoli. It is 
suspected that greenhouse grown plants are more susceptible 
to herbicide injury than field grown plants due to reduced 
cuticle hardening under greenhouse conditions. Oxyfluorfen 
applied at 0.14 and 0.28 kg/ha provided greater than 70% 
control of common pigweed. Oxyfluorfen injury can be 
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described as chlorotic white speckling. All rates of 
oxyf luorfen resulted in poor control of horseweed, large 
crabgrass, and prickly sida. The high rate of pyridate 
(2.02 kg/ha) provided complete control of horseweed, common 
pigweed, and prickly sida, as well as moderate (>70%) 
control of common ragweed, and common lambsquarters. The 
proposed recommended use rates of pyridate (1.01 kg/ha) and 
lower (0.50 kg/ha) provided 80% control of common pigweed. 
Weeds susceptible to pyridate developed necrotic lesions 
and experienced defoliation. Little or no crop injury was 
observed with any rate of pyridate. All rates of BAS 514 
(0.14, 0.28, 0.56 kg/ha) provided greater than 75% control 
of common ragweed and 88 - 100% control of horseweed. 
Applications of BAS 514 to horseweed in the rosette stage 
resulted in twisted and deformed plant growth. Other 
broadleaf weeds such as common ragweed demonstrated 
epinasty. The high rate of BAS 514 provided 90% control of 
large crabgrass with 46% injury to broccoli. Very good 
control of large crabgrass was observed with all rates of 
BAS 514 plus BAS 090. Broccoli injury was significantly 
increased with addition of BAS 090 to 0.28 kg/ha of BAS 
514. In general, injury for all herbicide treatments 
increased over the first four weeks after which little to 
no increase in injury was observed. 

The results from greenhouse and field data indicate 
that early season crop injury from oxyf luorfen is not 
reflected in overall broccoli yield. A two fold safety 
margin in herbicide rate was observed with oxyfluorfen at 
0.07 kg/ha but a linear decrease in yield with increasing 
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rates suggests higher rates may result in unacceptable 
yield loss. Broccoli is tolerant to pyridate at the 
recommended use rate of 1.01 kg/ha. Higher rates of 
pyridate may be required for greater weed control but may 
cause decreased yield. Broccoli showed a two fold safety 
margin to BAS 514 at 0.14 kg/ha while providing good 
control of common ragweed, large crabgrass, and horseweed. 
Studies involving lower rates of BAS 514 may be merited. 
The addition of the adjuvant BAS 090 to BAS 514 provided 
increased weed control and crop injury with reduced 
broccoli yield and head size. 
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Table 1. Crop injury rated approximately 16 and 30 days after treatment 
(DAT) of postemergence herbicides to direct-seeded broccoli 
broccoli in four field studies.• 

HALIFAXl AXTON HALIFAX2 CHATHAM 

TREATMENT RATE 16DAT 29DAT 16DAT 36DAT 14DAT 26DAT 14DAT 28DAT 
(kg/ha) 

---------------------------% injury-------------------------

Oxyf luorfen .07 20 abed 25 a 28 a 14 a 23 abc 3 a 

Oxyfluorfen .14 27 ab 15 a 14 a 6 a 40 ab 5 a 

Oxyf luorfen .28 22 abc 17 a 30 a 20 a 44 a 9 a 

Pyridate .28 8 cde 4 a 

Pyridate .50 12 bed 7 a 10 a 5 a 8 cde 6 a 

Pyridate 1.01 25 abc 26 a 19 a 15 a 8 cde 1 a 

Pyridate 2.02 24 abc 15 a 31 a 26 a 16 bed 3 a 

Pyridate 4.03 37 a 32 a 19 abc 4 a 

BAS 514 .14 7 d 22 a 10 a 5 a 3 e 5 a 

BAS 514 .28 7 cd 34 a 9 a 14 a 13 cd 6 a 

BAS 514 .56 12 cd 26 a 18 a 13 a 18 bed 9 a 

BAS 514 + .07 -----b 10 cde Ba 
BAS 090 

BAS 514 + .14 ---- ---- 18 bed 3 a 
BAS 090 

BAS 514 + .28 _..,. __ ---- 18 bed 5 a 
BAS 090 

BAS 514 + .56 ---- ---- 25 abc 11 a 
BAS 090 

-Means within a column followed by the same letter(s) are not 
significantly different at the P • 0.05 level according to 
Duncan's R1Jltiple range test. 

bBAS 090 was not available at time of application. 

16 ef 4 d 

32 bed 4 d 

37 abc 6 Cd 

0 h 0 d 

5 g 0 d 

11 f 1 d 

17 ef 2 d 

25 cde 12 b 

0 h 4 d 

2 gh 10 be 

0 h 12 b 

19 ef 14 b 

22 ef 27 a 

40 ab 30 a 

47 a 37 a 
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Table 2. Total crop yield for four field studies following postemergence 
herbicide applications to direct-seeded broccoli.• 

HALIFAXl AXTON HALIFAX2 CHATHAM 

TREATMENT RATE heads/ha kg/ha heads/ha kg/ha heads/ha kg/ha heads/ha kg/ha 
(kg/ha) 

CHECK-Cultivated 19900 2397 15900 2600 17200 3900 38100 9500 

CHECK-Weedy 6600 ** 655 ** 5800 800 12600 2700 34700 9000 

Oxyf luorfen .07 16000 1600 16900 2000 15300 3700 36600 8500 

Oxyfluorfen .14 11900 1100 * 38500 * 4500 13100 3000 35400 8100 * 

Oxyf luorfen .28 12700 1400 * 23800 2800 13200 2500 * 31200 * 7800 * 

Pyridate .28 14400 3400 36800 9400 

Pyridate .50 14600 1700 24300 3300 18100 4500 36500 8700 

Pyridate 1.01 10900 * 1300 * 16300 2700 18400 4200 35300 8800 

Pyridate 2.02 9500 * HOO* 10200 1600 15800 3600 31200 * 7500 * 

Pyridate 4.03 11500 * 1700 16300 3600 32800 * 7700 * 

BAS 514 .14 18600 1700 29200 4500 20400 4700 38800 8600 

BAS 514 .28 14800 1400 * 23800 3300 18300 4600 34200 7100 * 

BAS 514 .56 13700 llOO ** 19200 2500 18900 4000 32600 6600 ** 

BAS 514 + .07 b 17200 3300 32900 6800 ** 
BAS 090 

BAS 514 + .14 ----- 17800 4000 32600 * 5100 ** 
BAS 090 

BAS 514 + .28 . ----- 14800 3200 21400 ** 3100 ** 
BAS 090 

BAS 514 + .56 ----- 15300 2400 * 14400 ** 2000 ** 
BAS 090 

•Means followed by * are significantly different from the cultivated check at 
the P • 0.05 level. ** =significant at P = 0.01 according to the least 
significant difference test. 

bBAS 090 was not available at time of application. 
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Table 3. Average head weight following postemergence herbicide 
application to direct-seeded broccoli at four field studies.a 

TREATMENT RATE HALIFAX! AX TOH HALIFAX2 CHATHAM 

--------------------(kg/head)--------------------

CHECK-Cultivated .12 abc 0.16 ab .23 a .25 abc 

CHECK-Weedy .09 be 0.17 a .22 a .26 ab 

oxyf luorfen .07 .11 be 0.14 ab .23 a .23 bcde 

oxyfluorfen .14 .09 be 0.11 b .24 a .23 cde 

oxyf luorfen .28 .10 be 0.13 ab .19 ab .26 a 

pyridate .28 .23 a .25 abc 

pyridate .50 .13 ab 0.14 ab .25 a .23 abed 

pyridate 1.01 .12 abc 0.15 ab .23 a .24 abc 

pyridate 2.02 .11 be 0.14 ab .22 a .24 abc 

pyridate 4.03 .15 a .23 a .23 abed 

BAS 514 .14 .09 be 0.15 ab .26 a .22 cde 

BAS 514 .28 .10 be 0.15 ab .26 a .21 de 

BAS 514 .56 .08 c 0.14 ab .22 a .20 e 

BAS 514 + .07 .19 ab .21 de 
BAS 090 

BAS 514 + .14 .22 a .19 f 
BAS 090 

BAS 514 + .28 .21 a .14 fg 
BAS 090 

BAS 514 + .56 .15 b .13 g 
BAS 090 

6Means within a colwnn followed by the same letter(s) are not 
significantly different at the P = 0.05 level. 

bBAS 090 was not available at time of application. 



-41-

Table 4.0 Percent control of weed species four weeks after postemergence 
herbicide applications in greenhouse studies.• 

TREATMENT RATE AMBEL AHARE SIDSP CH EAL DI GSA ERICA Broce 

--------------------(% control)------------- % injury 

Oxyf luorfen .07 43 d 40 d 32 c 25 f 25 cd 10 d 25 cd 

Oxyf luorfen .14 67 be 78 ab 57 b 66 be 44 bed 17 d 40 abc 

Oxyf luorfen .28 95 a 77 abc 56 b 93 a 50 be 13 d 57 a 

Pyridate .50 47 cd 81 a 55 b 33 ef 22 d 65 be 5 d 

Pyridate 1.01 45 cd 83 a 66 b 50 cde 28 cd 52 c 10 d 

Pyridate 2.02 73 ab 93 a 94 a 82 ab 38 cd 100 a 10 d 

BAS 514 0.14 76 ab 77 abc 72 b 52 cde 47 bed 100 a 7 d 

BAS 514 0.28 78 ab 55 bed 63 b 35 ef 67 ab 88 ab 28 bed 

BAS 514 0.56 82 ab 47 d 62 b 40 def 90 a 98 a 46 ab 

BAS 514+ 0.14 75 ab 48 d 53 b 50 cde 83 a 78 ab 24 cd 
BAS 090 

BAS 514+ .28 82 ab 43 d 58 b 61 c 92 a 86 ab 52 a 
BAS 090 

BAS 514+ .56 87 ab 53 cd 58 b 58 cd 92 a 92 ab 53 a 
BAS 090 

'"Means within a colU1181 followed by the same letter(s) 
are not significantly different at the p m 0.05 level 
according to Duncan's lll.lltiple range test. 

b Weed control ratings were visual estimates taken as 
a percent of the check, on a scale of 0 to 100: 
O •no control, 100 • plant death. AHBEL • comnon ragweed, 
AHARE • redroot pigweed, SIDSP = prickly sida, CHEAL • 
conmon lant>squarters, DIGSA = large crabgrass, ERICA • 
horseweed, BROCC • brocco 1 i. 
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APPENDIX 

I. Effect of preemergence herbicides on direct-seeded 
broccoli stand, vigor, and weed control at Halifax, Va. 
(Hudson Reese). Table 1.0. 

II. Effect of postemergence herbicides on weed control 
and crop injury in direct-seeded broccoli at Halifax, Va. 
(Hudson Reese). Table 2.0. 

III. Effect of postemergence herbicides on weed 
control, crop injury, and yield in direct-seed broccoli at 
Chatham, Va. (Henry Maxy). Table 3.0 and 4.0. 

IV. Herbicide injury to broccoli as affected by 
pretreatment applications of EPTC. Tables 5.0, 6.0 and 
7.0. 
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I. Effects of preemergence herbicide application on 
direct-seeded broccoli stand, vigor, and weed control at 
Halifax, Va. (Hudson Reese). The experimental design and 
materials and methods for the following study is similar to 
previous studies involving preemergence herbicides. Crop 
stand (Table 1.0) is based on the number of broccoli plants 
per plot following preemergence herbicide applications. 
Crop injury and weed control ratings are taken as a percent 
of the cultivated check. No yield data was available as 
crop did not reach harvest due to lack of irrigation. 

Preemergence applications of oxyfluorfen at 0.14, 
0.28, and 0.50 kg/ha caused significant reduction in crop 
stand compared to the weedy check. All rates of oxyfluorfen 
dramatically reduced crop stand. The high rate of BAS 514 
(0.56 kg/ha) caused 55% crop injury. All herbicide 
treatments provided good to excellent control of Rice 
flatsedge, Cyprus iria L. Although this weed is in the same 
family as Yellow nutsedge, Cyperus esculentus, it is an 
annual and appears to be easily controlled with 
preemergence applications of napropamide, oxyfluorfen, or 
BAS 514. 
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Table 1. Crop stand, vigor reduction, and weed control 
ratings 34 days after preemergence herbicide 
application to direct-seeded broccoli at 
Halifax (Hudson Reese). • 

Herbicide Rate Standb Crpinjc: Flatsdg 

(kg/ha) ---------%---------
Check- cultivated 6 bed 0 e 100 a 

Check-weedy 12 ab 0 e 0 d 

napropamide 1.1 9 be 16 de 99 a 

oxyfluorf en .07 5 bed 48 be 98 a 

oxyfluorf en .14 3 cd 70 ab 95 a 

oxyfluorfen .28 0 d 78 ab 100 a 

oxyfluorf en .56 0 d 100 a 100 a 

BAS 514 .14 12 ab 35 cd 85 b 

BAS 514 .28 11 ab 27 cde 99 a 

BAS 514 .56 11 ab 55 be 100 a 

•The entire field was treated with trifluralin at 
0.56 kg/ha preplant incorportated. Means within a 
column followed by the same letter(s) are not 
significantly different at the P = 0.05 level 
according to Duncan's multiple range test. 

bStand = number of plants per plot following 
preemergence herbicide applications. 

°CRPINJ .. crop injury; FLTSDGE == Rice flatsedge; 
Ratings are taken as a percent of the check, on 
a scale of 0 to 100, with 0 = no injury, 100 = plant 
death. 
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II. Effects of postemergence herbicide applications on 
weed control and crop injury in direct-seeded broccoli at 
Halifax, Va. (Hudson Reese). 

The following study employed similar experimental 
design and methods as used in the postemergence studies 
previously described. No crop injury rating exceeded 38% 
at any time after postemergence herbicide application 
(Table 2.0). Oxyfluorfen treatments decreased with time, 
thus, indicating that broccoli can outgrow injury caused by 
postemergence treatments of this herbicide. Pyridate 
applied at 0.28 to 0.50 kg/ha caused little to no crop 
injury (0 to 14%). Broccoli treated with BAS 514 did not 
exceed an acceptable injury level (30%) but was slow to 
outgrow injury. Injury ratings for plots treated with BAS 
514 plus BAS 090 decreased numerically with time. Pyridate 
at 4.03 kg/ha caused necrotic leaf tips and suppression of 
rice flatsedge. Oxyfluorfen at 0:28 kg/ha provided 55% 
control of emerged rice flatsedge present. Postemergence 
applications of BAS 514 alone or in combination with BAS 
090 provided poor control of rice flatsedge. Weed control 
for all herbicide treatments treatments decreased with 
time. Multiple applications of low rates of oxyfluorfen or 
pyridate may be needed for control of this weed in 
direct-seeded broccoli when preemergence applications are 
not possible. Slight decrease in broccoli yields may be 
expected with multiple herbicide applications. 
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Table 2. Crop injury and weed control ratings following postemergence 
herbicide applications to direct-seeded broccoli at Halifax 
(Hudson Reese) site.a 

TREATMENT RATE Crpinjb Crpinj Flatsdgc Flatsdg 
14 DAT 26 DAT 14 DAT 26 DAT 

(kg/ha) ------------------%--------------------
Oxyf luorfen .07 27 abc 5 a 40 bed 10 b 

Oxyf luorfen .14 33 ab 5 a 44 be 20 ab 

Oxyf luorfen .28 38 a 8 a 55 ab 20 ab 

Pyridate .28 0 f 6 a 5 g 0 b 

Pyridate .50 8 ef 8 a 9 fg 3 b 

Pyridate 1.01 9 def 9 a 9 fg 9 b 

Pyridate 2.02 11 cde 6 a 25 ef g 21 ab 

Pyridate 4.03 14 bcde 5 a 62 a 54 a 

BAS 514 .14 11 cde 11 a 11 efg 0 b 

BAS 514 .28 9 cde 9 a 4 g 0 b 

BAS 514 .56 31 ab 19 a 14 efg 11 b 

BAS 514 + .07 25 abcde 17 a 10 fg 9 b 
BAS 090 

BAS 514 + .14 9 def 8 a 8 fg 0 b 
BAS 090 

BAS 514 + .28 23 abed 10 a 14 efg 6 b 
BAS 090 

BAS 514 + .56 26 abed 15 a 29 cde 10 b 
BAS 090 

4 The entire field was treated with trifluralin at 0.56 kg/ha preplant 
incorporated. Means within a colu1111 followed by the same letter(s) 
are not significantly different at the P 2 0.05 level according to 
Duncan's 111Jltiple range test. 

bCRPINJ • crop injury estimated visually as a percent of the cultivated 
check, 0 z no injury, 100 = plant death. 

cFLTSDG a Rice flatsedge, percent control estimated visually as a percent 
of the cultivated check, 0 ~no control, lOOsc°"""lete control. 
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III. Effects of postemergence herbicide applications 
on weed control, crop injury and yield in direct-seeded 
broccoli at Chatham, Va. (Henry Maxy). 

Experimental design, as well as materials and methods, 
for the Chatham (Henry Maxy) location were similar to 
previous postemergence herbicides, however, weeds were at 
an advanced growth stage. Pennsylvania smartweed, Polygonum 
pennsylvanicum L., was approximately six to eight inches 
tall. Applications of oxyfluorfen at 0.28 kg/ha provided 
40% control of Pennsylvania smartweed (Table 3.0). Other 
herbicide treatments provided little to no weed control. 
Oxyf luorfen, pyridate, and BAS 514 injury to broccoli did 
not exceed acceptable levels. Injury from oxyfluorfen 
applications decreased from 14 to 39 days after treatment. 
Crop injury from BAS 514 alone, and BAS 514 plus BAS 090 
increased with time. At 39 days after treatment broccoli 
treated with 0.56 kg/ha BAS 514 plus BAS 090 demonstrated 
39% injury. 

Yield results are the average of three replications 
(Table 4.0). All treated plots produced significantly 
lower yield than the cultivated check, with the exception 
of the BAS 514 (0.14 kg) treatment in heads per ha column. 
As indicated in Table 2.0 weeds in advanced growth stages 
at time of application were not effectively controlled. 
This data demonstrates the dramatic reduction uncontrolled 
weeds can have on broccoli yields. 
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Table 3. Crop injury and weed control ratings following 
postemergence herbicide applications to direct-
seeded broccoli at Chatham (Henry Maxy) site.• 

TREATMENT RATE 

Oxyfluorfen . 07 

Oxyfluorfen .14 

Oxyfluorfen • 28 

Pyridate .28 

Pyridate .SO 

Pyridate 1. 01 

Pyridate 2.02 

Pyridate 4.03 

BAS 514 .14 

BAS 514 .28 

BAS 514 . 56 

BAS 514 + .07 
BAS 090 

BAS 514 + .14 
BAS 090 

BAS 514 + .28 
BAS 090 

BAS 514 + .56 
BAS 090 

SMTWDb CRPINJc CRPINJ 
14DAT 14 DAT 39 DAT 

------------%-------------15 be 9 cd 10 e 

28 ab 

40 a 

32 a 

24 ab 

29 ab 

24 ab 

26 ab 

10 cd 

0 d 

0 d 

0 d 

7 cd 

0 d 

7 cd 

17 abc 

34 a 

11 bed 

15 abc 

11 cd 

20 abc 

22 abc 

16 bed 

2 d 

7 cd 

7 cd 

10 bed 

15 abc 

30 ab 

9 de 

12 cde 

15 cde 

21 abc 

16 cde 

11 cde 

6 e 

20 bed 

21 abc 

19 bed 

20 bed 

31 ab 

32 ab 

39 a 

•The entire field was treated with trifluralin at 0.56 kg/ha 
preplant incorporated. Means within a column followed by 
the same letter(s) are not significantly different at the 
P • 0.05 level according to Duncan's multiple range test. 

bSMTWD • Pennsylvania smartweed. Ratings were taken as 
a percent of the cultivated check. 0 = no control, 
100 = complete weed control. 

ccRPINJ • Visual estimate of percent of injury to broccoli 
compared to the cultivated check. O = no injury, 100 = 

plant death. 
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Table 4. Total harvest results for Halifax (Henry Maxy) site following 
postemergence herbicide applications to direct-seeded broccolia 

TREATMENT RATE heads/ha" kg/hac kg/headc 

CHECK-Cultivated 21700 5300 a .24 abc 

CHECK-Weedy 8300 ** 1500 b .21 abc 

Oxyfluorfen .07 4000 ** 600 b .22 abc 

Oxyfluorfen .14 9600 ** 2700 b .25 ab 

Oxyfluorfen .28 3200 ** 900 b .18 abc 

Pyridate .28 2300 ** 400 b .13 abc 

Pyridate .50 2400 ** 1100 b .17 abc 

Pyridate 1.01 3400 ** 500 b .17 abc 

Pyridate 2.02 5600 ** 1500 b .27 a 

Pyridate 4.03 11300 * 2600 b .25 abc 

BAS 514 .14 13200 2800 b .21 abc 

BAS 514 .28 5100 ** 700 b .09 be 

BAS 514 .56 5300 ** 1100 b .20 abc 

BAS 514 + .07 8000 ** 2000 b .18 abc 
BAS 090 

BAS 514 + .14 8700 ** 1500 b .12 abc 
BAS 090 

BAS 514 + .28 8900 ** 1300 b .08 c 
BAS 090 

BAS 514 + .56 1500 ** 200 b .15 abc 
BAS 090 

a The entire field, including checks, was treated with trifluralin 
at 0.56 kg/ha preplant incorporated. 

" The above yield data is the average of three replications. Heads/ha 
data has been adjusted for variation in crop stand. * • significantly 
different from the cultivated check at the 0.05 level, ** • 0.01 level. 

c Means within a column followed by the same letter are not significantly 
different at the P = 0.05 level according to Duncan's nultiple range 
test. 
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IV. Herbicide injury to broccoli as affected by 
pretreatments of EPTC. 

INTRODUCTION. One of the mere obvious mechanisms of 
herbicide selectivity is plant morphology. Numereous plant 
species possess a structural or physical means of 
protection from herbicde injury. The intraspecific 
selectivity of nitrofen to several cabbage cultivars has 
been attributed to the presence of high amounts of 
cuticular wax at application time (4,5). The production of 
epicuticular wax on cabbage foliage can be inhibited by 
EPTC, s-ethyl dipropylthiocarbamate, applications (2,3). 
Applications of oxyf luorfen to cabbage previously treated 
with EPTC has shown susceptibility to be indirectly related 
to plant age, as well as cuticular wax levels (3). 

The following studies were conducted in the greenhouse 
to examine the effects of foliar wax on broccoli 
selectivity to oxyfluorfen, pyridate and BAS 514. 

Materials and Methods. Green Valiant broccoli was 
seeded in the greenhouse into 7.5cm diameter pots 
containing a vermiculite/perlite, sand, and soil mixture, 
and allowed to grow to the 5-6 leaf stage (late growth 
stage). A second set of plants were seeded two to three 
weeks later and allowed to grow to the 1-2 leaf stage 
(early growth stage). Each pot received EPTC (1.12 kg/ha) 
treatments as a soil drench in 250 ml water (3). For ten 
days, new foliage was allowed to develop. After ten days 
postemergence treatments were applied to both early and 
late growth stages (see Table 5.0). Plants were rated for 
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crop injury two to four weeks after postemergence 
applications. After completion of crop injury ratings, 
plants were harvested at soil level, dried in 80°C oven, 
and weighed. This study was arranged in a randomized 
complete block design with four replications and repeated 
three times. 

Ten days after EPTC applications, a newly emerged leaf 
was harvested from EPTC and untreated check plants (Table 
6.0). Leaf surface area was measured by a LiCoor 3000 leaf 
area meter. Foliar wax was removed from the excised leaf by 
dipping in 30 ml chloroform for 40 seconds. In tests 1 and 
2, the chloroform extract was concentrated using a flash 
evaporator and dried on a nitrogen evaporator. Weight of 
wax were measured in preweighed test tubes and ug/cm2 were 
determined. 

In test 3, the chlorofom extract was placed in a 
preweighed aluminum boat and allowed to evaporate. The boat 
was dried at 40°C, weighed, and ug/cm2 were determined. 

Data was subject to analysis of variance and mean 
separation by Duncan's multiple range test for Table 5.0. 
The Least significant difference test was used for mean 
separation in Table 6.0. 

Results and Discussion. In all studies, broccoli was 
severly injured by oxyf luorfen applications at the 2 - 3 
leaf stage, regardless of EPTC treatments (Table 5.0). In 
test 3, 5-6 leaf broccoli drenched with EPTC and treated 
with oxylfuorfen showed a 25% significant increase in crop 
injury compared to plants which did not receive EPTC. In 
test 1, broccoli treated with EPTC and oxyfluorfen at the 
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late growth stage also showed a numerical increase in crop 
injury. BAS 514 alone, applied at the 2-3 leaf stage caused 
37% crop injury in Test 3. Applications of BAS 514 to EPTC 
treated broccoli at this stage caused 74% crop injury in 
Test 3. Similar results were observed for the late growth 
stage in Test 1, with a 36% significant increase in crop 
injury for broccoli drenched with EPTC prior to BAS 514 
application compared to the BAS 514 treatment alone. Test 2 
showed a numerical increase in injury for this treatment at 
the early and late growth stage. EPTC treatments caused 
significant increase in crop injury when broccoli was rated 
for pyridate injury at the early stage in Test 1. Twenty 
two percent injury was observed on broccoli treated with 
pyridate alone, compared to 56% injury for broccoli 
drenched with EPTC prior to pyridate application. Numerical 
increase in injury was also observed for this treatment in 
Test 2. At the 5-6 leaf stage, broccoli treated with EPTC 
before pyridate application showed no greater injury than 
broccoli treated with pyridate alone in all three studies. 

The average broccoli dry weight for each treatment is 
presented in Table 6.0. In test 3, a numerical decline in 
dry weight was observed for all EPTC treated plants for all 
herbicides. A similar pattern developed in Test 1 dry 
weights for all herbicides except BAS 514 applied to the 
late growth stage. A trend towards decreased dry weights in 
EPTC treated broccoli may be indicative of plant stress due 
to increased herbicide injury. Table 7.0 represents a 
numerical trend towards decreased wax production from EPTC 
treatments to broccoli. Plants treated with EPTC at the 
early growth stage in Test 1 had 52% less foliar wax than 
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the corresponding check. In Test 2, plants treated with 
EPTC at the 1-2 early growth stage had 119 ug/cm2 wax 
recovered from the leaf surface compared to the 205 ug/cm2 

wax for the check, a 58% reduction. Untreated checks at the 
5-6 leaf stage had 73 and 109 ug/cm2 foliar wax for Test 1 
and 2, respectively, while EPTC treated plants produced 27 
and 63 ug/cm2 foliar wax. 

It is thought that the inconsistent results from Test 
3, both in the early and late growth stage of Table 7.0, 
are due to the unsuccessful method used for recovering 
cuticular wax in this study (see Materials and Methods). In 
all studies, the amount of wax recovered from the early 
growth stage was greater than the wax recovered from the 
more mature foliage. After studying these leaves under 
microscope, it is suspected that cell solutes leaked from 
the younger foliage during the 40 second chloroform dip. A 
15 second dip in chloroform is suggested for wax recovery 
from younger leaves. 

The results from Tables 5.0 and 7.0 suggest that 
cuticular wax on older broccoli foliage (5-6 leaf) provides 
protection from oxyfluorfen injury. The foliar wax may 
provide the means of selectivity from a contact herbicide 
such as oxyfluorfen at the older growth stages. Data 
showing severe oxyfluorfen injury to younger broccoli, 
regardless of EPTC treatments, suggests that younger 
broccoli foliage does not possess sufficient foliar wax to 
protect from oxyfluorfen injury. Applications of the 
experimental herbicide BAS 514 caused epinasty and leaf 
cupping similar to 2,4-D. BAS 514 is thought to be systemic 
with possible growth regulator properties. The data in 
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Tables 5.0 and 7.0 suggest that reduced foliar wax at both 
the 2-3 and 5-6 leaf stages allowed greater uptake of BAS 
514 resulting in increased injury to broccoli. Younger 
foliage (2-3 leaf) with decreased cuticular wax 
demonstrated increased susceptibility to pyridate injury, 
while older leaves (5-6 leaf stage) were not susceptible to 
pyridate regardless of EPTC treatment. Research has shown 
that pyridate is quickly absorbed into leaves, hydrolyzed 
into its metabolite, CL-9673, and then involved in the 
inhibition of photosynthetic electron transport in 
chloroplasts (1). Studies have shown that peanuts, which 
are tolerant to four times the recommended rate of 
pyridate, can transfer the main metabolite (CL-9673) into 
non-phytoxic conjugates largely of an N-glucosidic type 
(1). It is likely that the lipophilic ester component 
allows pyridate to be readily taken up by broccoli foliage 
and result in crop injury to 2 - 3 leaf stage broccoli. The 
lack of injury to older broccoli (5 - 6 leaves) suggests 
that broccoli in the more advanced stages of growth may 
either have a slower absorption rate or greater ability to 
conjugate pyridate into an inactive component, while 
younger plants lack this means of selectivity. 
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Table 5.0 Percent crop injury following postemergence herbicide 

application to direct-seeded broccoli previously 

treated with EPTC. 

TREATMENT RATE GROWTH TEST 1 TEST 2 TEST 3 
STAGE 

(kg/ha) -------% crop injury------

Check-no EPTC early 0 e 0 c 0 f 

Check- EPTC early 0 e 0 c 0 f 

Check-no EPTC late 0 e 0 c 0 f 

Check - EPTC late O e 0 c 0 f 

Oxyf luorfen .25 early 100 a 24 a 90 ab 

Oxyf luorfen .25 early 100 a 22 a 99 a 
+ EPTC 

Oxyf luorfen .25 late 27 cd 7 be 32 e 

Oxyf luorfen .25 late 40 c 5 lie 57 cd 
+ EPTC 

BAS 514 .50 early 57 b 17 ab 37 e 

BAS 514 .50 early 67 b 25 a 74 be 
+ EPTC 

BAS 514 .50 late 2 e 5 be 35 e 

BAS 514 .50 late 0 e 12 abc 71 c 
+ EPTC 

Pyridate 1.8 early 22 d 5 be 72 be 

Pyridate 1.8 early 56 b 17 ab 75 be 
+ EPTC 

Pyridate 1.8 late 0 e 2 c 44 de 

Pyridate 1.8 late 0 e 0 c 49 de 
+ EPTC 
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Table 6.0 Dry weight of broccoli treated with EPTC followed by 

herbicide application. 

TREATMENT RATE GROW. Test Test Test 
kg/ha STAGE 1 2 3 

check-no EPTC early · 0.2088 c 0.2260 e 0.1138 b 

check-no EPTC late 1.8320 b 1.3663 cd 1.3500 a 

check-EPTC early 0.1933 c 0.2185 e 0.0898 b 

check-EPTC late 1.8183 b 1.9625 ab 1.6038 a 

oxyf luorfen .25 early 0.0630 c 0.3190 e 0.1925 b 

oxyf luorfen .25 late 1.9215 b 1.3280 cd 1.4758 a 

oxyf luorfen .25 early 0.0443 c 0.3957 e 0.1613 b 
+EPTC 

oxyf luorfen .25 late 1.8413 b 1.0828 d 1.6855 a 
+EPTC 

BAS 514 .50 early 0.2345 c 0.2535 e 0.1635 b 

BAS 514 .50 late 1.8600 b 1.4803 bed 1.7948 a 

BAS 514 .50 early 0.1708 c 0.2560 e 0.0748 b 
+EPTC 

BAS 514 .50 late 2.6078 a 2.0380 e 1.3963 a 
+EPTC 

PYRIDATE 1.8 early 0.1550 c 0.4283 e 0.2193 b 

PYRIDATE 1.8 late 1.7660 b 1.7783 abc 1.7145 a 

PYRIDATE 1.8 early 0.1255 c 0.2613 e 0.0750 b 
+EPTC 

PYRIDATE 1.8 late 1.2970 b 1.1705 d 1.6370 a 
+EPTC 
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Table 7.0 Epicuticular wax recovered from leaf surface of 

broccoli treated with EPTC followed by herbicide 

application. 

TREATMENT GROWTH STAGE TEST 1 TEST 2 TEST3 

------foliar W!X (ug/cm2)------

Check-no EPTC early 95.64 205.5 1732.0 

Check- EPTC early 46.73 119.3 2066.6 

Check-no EPTC late n.o3 109.0 809.7 

Check- EPTC late 27.34 62.6 875.5 

LSD (0.05) 79.06 88.0 477.8 
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