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ABSTRACT 

This study was initiated to determine the best 

chemical weed control method for use in establishing 

new plantings of ground covers. Varying levels o f  

herbicides, different mulches, and activated carbon 

as a protectant were tested at Newark, Delaware dur 

1969 and 1'370, T h e  experimental design was a split 

and was replicated three times, 

The ground cover plants studied were Ajunq 

reptans, Hedera he1 i y, Pachysandra termi na l  i s ,  and 

Vinca mlnor, Herbicides studied were simazine (4 lbs,/A), 

dichlobeni 1 (6 lbs,/A), diphenamid ( 6  lbs./A), simazine 

( 2  lbs,/A) combined with diphenamid (4 lbs,/A), and 

dichlobenil (4 lbs./A) combined with diphenamid ( 4  lbs./A), 

Mu1 ches studied were 1 i cor i ce root (one-i nch depth) and 

"Foli-Cote" (diluted in water at a ratio of one to five). 

One half of all plant material was root-dipped in activated 

carbon. 

1 

Herbicide toxicity to the ground cover was rated 

by a standard visual evaluation on a scale from one to 

five. Weed infestation was determined as stand (number of 

I 



I !  

p l a n t s )  and v i g o r  ( d r y  w e i g h t  i n  grams). Growth o f  

ground cover  p l a n t s  was measured by u s i n g  a g r i d ,  and 

t h e  pe rcen tage  o f  ground covered by  t h e  p l a n t s  w i t h i n  

t h i s  g r i d  was e s t i m a t e d .  The s t a n d  (number o f  p l a n t s )  

and t h e  v i g o r  ( f r e s h  w e i g h t  i n  grams) o f  t h e  ground 

cover  p l a n t s  was a l s o  determined,  

N i t h  no mulch, weed c o n t r o l  s t u d i e s  i n d i c a t e d  

t h a t  d r y  w e i g h t  p r o d u c t i o n  o f  Panicum d i c h o t o m i f l o r u q  

( f a l l  panicum) was s i g n i f i c a n t l y  reduced by the s imaz ine -  

d iphenamid and t h e  d i c h l o b e n i l - d i p h e n a r n i d  h e r b i c i d e  

t r e a t m e n t s .  A l s o  w i t h  no mulch, t h e  s t a n d  and v i g o r  o f  

P o r t u l a c a  o l e r a c e a  ( p u r s l a n e )  was s i g n i f i c a n t l y  reduced 

b y  s i m a z i n e  ( 4  lbs,/A), diphenamid (6 lbs . /A) ,  and the 

s imaz ine-d iphenamid  combina t ion .  The no m u l c h - h e r b i c i d e  

t r e a t m e n t s  were n o t  e f f e c t i v e  i n  c o n t r o l l i n g  E r a n r o s t i s  

c i  l i a n e s i s  ( s t i n k g r a s s )  and ,4maranth[G r c t r o f l e x u z  

( r e d r o o t  p igweed) ,  Sowever, s t u d i e s  i n d i c a t e d  t h a t  weed 

c o n t r o l  o f  a1 1 weed spec i  es was s i  gni f i c a n t 1  y improved 

when l i c o r i c e  r o o t  mu lch  was a p p l i e d  a t  a o n e - i n c h  d e p t h  

o v e r  a l l  h e r b i c i d e  t rea tmen ts ,  I 

H e r b i c i d e  i n j u r y  s t u d i e s  i n d i c a t e d  t h a t  a c t i -  

v a t e d  ca rbon  d i d  d e t o x i f y  a l l  h e r b i c i d e s  t e s t e d .  PSants 

r o o t - d i p p e d  i n  a c t i v a t e d  carbon showed l e s s  h e r b i c i d e  

i n j u r y ,  g r e a t e r  f r e s h  welght,  and more g rowth  



( p e r c e n t a g e  o f  ground covered)  than those  p l a n t s  t h a t  

were not so t r e a t e d .  



I NTRODU CT I ON 

Because o f  t h e i r  beau ty  and v e r s a t i  1 i ty, use 

o f  ground cove rs  i n  g a r d e n i n g  i s  becoming more p o p u l a r  

each year. A l t h o u g h  use o f  t hese  p l a n t s  f o r  reduced 

l o n g - t e r m  main tenance i s  becoming more p o p u l a r  each 

year, many homeowners and p r o f e s s i o n a l  gardeners  a r e  

apprehens ive  abou t  s t a r t i n g  a ground cover  p l a n t i n g  

because o f  t h e  immediate h i g h  maintenance. T h i s  

maintenance i n v o l v e s  c o n t r o l l i n g  weeds d u r i n g  t h e  t i n e  

between t h e  i n i t i a l  p l a n t i n g  and m a t u r i t y .  As more 

ground cove rs  a r e  used i n  t h e  landscape, t h e  need f o r  

e f f i c i e n t  methods t o  e s t a b l i s h  hea l thy ,  well-developed 

p l a n t i n g s  becomes more p ress ing .  

C o n t r o l  1 i n g  weeds i n  n e w l y  p l a n t e d  ground covers  

i s  a prob lem f o r  many m u n i c i p a l  parks, b o t a n i c a l  gardens, 

i n d u s t r i a l  landscapes, p r i v a t e  n u r s e r i e s ,  as w e l l  as  f o r  

homeowners. 

f o r  l i g h t ,  water,  and n u t r i e n t s  and, t h e r e f o r e ,  can b e  a 

v e r y  expens ive  a s p e c t  o f  any maintenance program. W i t h  

t h e  r i s i n g  c o s t  o f  labor ,  hand c u l t i v a t i o n  must be m i n i -  

m ized f o r  s u c c e s s f u l  management f rom an economical  stand-  

Bes ides  b e i n g  u n s i g h t l y ,  weeds a r e  c o m p e t i t i v e  

1 



p o i n t .  

Many ways o f  c o n t r o l l i n g  weeds i n  new p l a n t i n g s  

o f  g round cover  a r e  b e i n g  p r a c t i c e d  today.  These p r a c t i c e s  

i n c l u d e  hand c u l t i v a t i o n ,  s o i l  s t e r i l i z a t i o n ,  t h e  use o f  

o r g a n i c  mulches, and h e r b i c i d e s .  Perhaps t h e  e a s i e s t  and 

most economical  method i s  t o  use h e r b i c i d e s  and mulches, 

e i  t h e r  a l o n e  o r  i n combina t ion .  

I n  many cases o r g a n i c  mulches such as p e a t  moss, 

sawdust, wood ch ips ,  and l i c o r i c e  r o o t  work v e r y  w e l l  f o r  

c o n t r o l l i n g  weeds when used i n  l a r g e  q u a n t i t i e s ,  U s i n g  

l i c o r i c e  r o o t  mu lch  a t  a two t o  t h r e e  i n c h  d e p t h  does 

c o n t r o l  weeds w e l l ,  but i n  most cases i t  i s  expens ive  t o  

a p p l y  t h i s  mu lch  a t  t hese  l e v e l s .  S i n c e  these  o r g a n i c  

mulches do b r e a k  down, a r e  washed away by water ,  o r  a r e  

b lown  away b y  wind, t h e y  must be r e p l a c e d  p e r i o d i c a l l y ,  

u n t i l  t h e  ground cover  p l a n t i n g  becomes w e l l  e s t a b l i s h e d ,  

This,  o f  course, adds t o  t h e  c o s t  o f  p l a n t i n g  n o t  o n l y  

because o f  t h e  a d d i t i o n  o f  new mulch, b u t  a l s o  because 

o f  t h e  l a b o r  r e q u i r e d  i n  a p p l y i n g  t h i s  mulch. The i d e a l  

s i t u a t i o n  f r o m  an economical  s t a n d p o i n t  may be t o  u s e  a 

minimum amount o f  mu lch  w i t h  a h e r b i c i d e .  

I 

in most cases ground cover  p l a n t s  a r e  p l a n t e d  on 

s i x - i n c h  c e n t e r s .  To d e v e l o p  a v i g o r o u s  s t a n d  o f  ground 
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cover, t h e s e  p l a n t i n g s  s h o u l d  be k e p t  r e l a t i v e l y  f r e e  o f  

weeds f o r  about  t h r e e  t o  f o u r  years, o r  u n t i l  t h e  ground 

cove r  p l a n t s  " t a k e  o v e r "  t o  shade weed seed and p r e v e n t  

ge rm ina t ion ,  o r  t o  crowd o u t  weeds t h a t  have germinated.  

Herb i c ides ,  depend ing  on t h e i r  n a t u r e  and c o n c e n t r a t i o n  

can cause damage o r  dea th  t o  ground cover  p l a n t s .  

Some r e a s e a r c h e r s  have demonstrated t h a t  h e r b i c i d e  

t o x i c i t y  t o  d e s i r a b l e  p l a n t s  may be a l l e v i a t e d  by d i p p i n g  

t h e  r o o t s  o f  t h e s e  p l a n t s  i n  a c t i v a t e d  carbon. A l though  

most  o f  t h e  work  i n  t h i s  a rea  has been done w i t h  v e g e t a b l e  

t r a n s p l a n t s ,  t h e  u s e  o f  a c t i v a t e d  carbon as a d e t o x i f y i n g  

agent  f o r  o rnamen ta l s  looks promis ing .  

The pu rpose  o f  t h i s  i n v e s t i g a t i o n  was t o  de te rm ine  

whether  h e r b i c i d e s  i n  v a r y i n g  c o n c e n t r a t i o n s  and combin- 

a t i o n s ,  t o g e t h e r  w i t h  d i f f e r e n t  mulches m i g h t  be o f  a i d  i n  

e s t a b l i s h i n g  p l a n t i n g s  o f  ground covers .  

a c t i v a t e d  ca rbon  a p p l i e d  t o  t h e  r o o t s  was t e s t e d  as a means 

f o r  r e d u c i n g  o r  c i r c u m v e n t i n g  h e r b i c i d e  i n j u r y  t o  t h e  

ground cove r  p l a n t s .  

In a d d i t i o n ,  



L I T E R A T U R E  REV1 EW 

,kl e r b i c i d e -Mu 1 c h Corn b i n a t i o ns 

Using mulches in new plantings of ground covers 

not only adds beauty to the planting, prevents erosion, 

conserves soi 1 moisture, keeps soi 1 temperature more 

constant; but also aids In controlling weeds. Mulches 

may be used to control weeds in three ways: (1) by using 

mulch alone, ( 2 )  by applying the mulch over a herbicide, 

( 3 )  by using mulches that are impregnated with herbicides. 
4 

In initial studies with and without crop plants, 

Lanphear ( 2 0 )  observed that d i  chlobeni 1 4% granular when 

incorporated in organic mulches at different rates and 

applied to the soil at different depths, provided equal 

or better weed control than either the dichlobenil or 

the mulch used alone. 

In other studies Lanphear (19) observed that 

dichlobenil at 4 or 8 lbs./acre incorporated in peat 

moss and applied at 1 or 2 inch depths in ornamental 

plantings was very effective. However, he found that 

simazine at llb./acre and diphenamid at 6 lb./acre was 

less effective when applied with organic mulches than 

when applied alone. 

4 
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Dunham, F r e t z ,  and Rub in  ( 1 3 )  showed t h a t  

s a t i s f a c t o r y  weed c o n t r o l  i n  landscape p l a n t i n g s  c o u l d  

be ach ieved  by  m i x i n g  37.5 pounds of Casoron 4G3 

( d i c h l o b e n i l )  w i t h  f i f t e e n  tons  o f  l i c o r i c e  r o o t  mu lch  

sp read  t o  a d e p t h  o f  1 i nch .  Fre tz ,  Dunham, and Rahn ( 1 5 )  

s t u d i e d  t h e  e f f e c t  o f  l i c o r i c e  roo t ,  shredded p i n e  bark, 

and sugar  cane mulches t h a t  were mixed w i t h  d iphenamid and 

d i c h l o b e n i l  and observed t h a t  weed c o n t r o l  was b e t t e r  w i t h  

mu lch  and h e r b i c i d e ,  t h a n  w i t h  mulches w i t h o u t  h e r b i c i d e s  

and t h a t  t h i s  method d i d  n o t  reduce t h e  e f f e c t i v e n e s s  o f  

t h e  h e r b i c i d e .  

( 1 2 )  observed t h a t  d i c h l o b e n i l  i n c o r p o r a t e d  i n  l i c o r i c e  

r o o t  a t  8 pounds pe r  a c r e  and a p p l i e d  t o  new ground cove r  

p l a n t i n g s  a t  depths  of 1 / 2 "  o r  1"  p r o v i d e d  e x c e l l e n t  weed 

c o n t r o l ,  b u t  was i n j u r i o u s  t o  b o t h  newly p l a n t e d  V inca  and 

I V Y .  

F u r t h e r  s t u d i e s  by Dunhan, Rahn, and F r e t z  

I n  two-year  t r i a l s ,  Y u r n i a  (29) observed t h a t  

m u l c h i n g  around young a p p l e  t r e e s  w i t h  g r a n u l a t e d  peat  

t r e a t e d  w i t h  s imaz ine  a t  4 g./sq.m. and s p r a y i n g  t h e  

s u r r o u n d i n g  areas w i t h  s imaz ine  a t  0.4 g./sq.m. gave 

s a t i s f a c t o r y  weed c o n t r o l .  However, Perehodk in  ( 2 4 )  

observed  t h a t  m u l c h i n g  a p p l e  t r e e s  b e f o r e  o r  a f t e r  s p r a y i n g  

o r  m u l c h i n g  w i t h  s.irnazine t r e a t e d  peat, reduced t h e  

h e r b i c i d a l  a c t i o n  o f  t h e  s imaz ine  and i n c r e a s e d  t h e  c o s t  

o f  t rea tmen t .  
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Usual ly as the depth of the mulch is increased 

from 1" to 3'' weed control improves. Haramaki, NUSS, and 

Williams (17) when testing dichlobenil, diphenamid, and 

simazine incorporated in oak bark mulch applied to beds 

of Forsythia and Taxus species, observed that weed control 

was improved when either the concentration of herbicide, 

depth of mulch, or their combinations were increased. 

Sing (10) when testing different mulches with different 

herbicides observed that some mulches without herbicide 

did not adequately control weeds, and that other mulches 

would control weeds only if used in applications of 2" to 

Testing three granular herbicides, simazine, C I P C ,  

and dichlobenil with and without organic mulches and with 

mulches to a depth o f  1" around small nursery plants, 

Fitzgerald and Havis (14) observed that all combinations 

of herbicides and mulches gave good weed control. Dichlo- 

benil was the only herbicide that gave satisfactory weed 

control when used without mulch. 

Mulches may also aid in conserving different 

herbicides so that they may be effective for longer periods 

of time. Ahrens and Miller (6) testing simazine under sa l l r  

hay and black plastic observed that a year after the initial 

treatment, the amount of simazine in the soil was directly 

related to the mulch, and the type of mulch used. Compares 
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with bare soil, about  1 5  times as much simazine was f o u n d  

under the hay, and 20 times as much under the black p l a s t i c  

when simazine was applied at 4 lbs. per acre. The ef- 

fectiveness of some herbicides may be related to the o r -  

ganic matter content and the moisture level of the soil. 

Grover ( 1 6 )  observed that the addition of the organic m a t r e r  

reduced the effectiveness of simazine in the soil anc thac ,  

toxicity of simazine decreased as the s o i l  moisture level 

was reduced. Dallyn ( 1 1 )  observed that high organic matter 

levels in soil reduce the activity of the herbicide, and 

that crops grown on soils low in organic matter are more 

subject to herbicidal injury 'than those grown on higher 

levels. Miller, Demoranville, and Charig ( 2 2 )  in testing 

the persistence of dichlobenil in cranberry bogs o b s e r v e d  

that the chemical was not readily leached downward in t h e  

soil and that most of the herbicide i s  believed to be " e l d  

in an ineffective state by the organic mztter in the s o i l .  

Time o f  application is also an important factor to 

consider when applying herbicides. Bing ( 9 )  observed rhat 

fall treatments of'granular simazine on certain herbaceous 

perennials gave good to excellent weed control. Bel l  ( 8 )  

observed that single applications of diphenamid at differenL 

periods from mid-September to early December, gave good to 

excellent control of most weeds in strawberry planting5 

until the end of the fruiting season. 
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S e l e c t i o n  o f  t h e  p roper  h e r b i c i d e  a l s o  depends on  

t h e  s p e c i f i c  weed problem, and t h e  c r o p  b e i n g  grown. Most 

h e r b i c i d e s  a r e  i n j u r i o u s  t o  some crops.  Peabody, Dwight, 

and C r a n d a l l  ( 2 3 )  t e s t e d  s e v e r a l  h e r b i c i d e s  i n c l u d i n g  

s i m a z i n e  and d iphenamid  o n  d i f f e r e n t  s t r a w b e r r y  p l a n t i n g s  

and obse rved  t h a t  d iphenamid  was shown t o  c o n t r o l  a w i d e  

range  o f  annua l  weed spec ies  w h i l e  c a u s i n g  l i t t l e  o r  no 

i n j u r y  t o  e i t h e r  new o r  e s t a b l i s h e d  s t r a w b e r r y  p l a n t i n g s .  

S imaz ine  was f o u n d  t o  cause i n j u r y  i n  some o f  t h e  

s t r a w b e r r y  p l a n t i n g s .  G ing  ( 3 )  s t u d i e d  t h e  e f f e c t  o f  

s e v e r a l  h e r b i c i d e s  o n  d i f f e r e n t  p e r e n n i a l s  and observed 

t h a t  s i m a z i n e  was v e r y  ha rmfu l  t o  some p e r e n n i a l s .  tanphear  

and Warren ( 2 1 )  t e s t e d  s e v e r a l  h e r b i c i d e s  o n  herbaceous 

ground c o v e r s  and observed  t h a t  neburon a p p l i e d  as a s p r a y  

gave t h e  most  comp le te  weed c o n t r o l  and d i d  n o t  i n j u r e  any 

o f  t h e  g round  cove rs .  D i c h l o b e n i l  was e f f e c t i v e  i n  con- 

t r o l l i n g  g rasses  on ly ,  and was i n j u r i o u s  t o  A juga  a t  3 

and 6 pounds p e r  a c r e  r a t e s .  A lde r  and Wright ( 7 )  t e s t e d  

t h e  e f f e c t  o f  d iphenamid  o n  s e v e r a l  h o r t i c u l t u r a l  c rops  and 

obse rved  t h a t  d i  phenamid c o n t r o l  l e d  annual  g r a s s  and s e v e r a l  

b r o a d l e a f  weeds and t h a t  some o f  t h e  c r o p s  t e s t e d ' w e r e  

t o l e r a n t  t o  d iphenamid.  Wright and A l d e r  ( 2 8 )  i n  t o l e r a n c e  

t r i a l s  o b s e r v e d  t h a t  d i  phenami d does c o n t r o l  c e r t a i n  weeds 

under  c e r t a i n  c o n d i t i o n s  and t h a t  some h o r t i c u l t u r a l  c r o p s  

a r e  t o l e r a n t  t o  d iphenamid  and some a r e  n o t .  
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Plant maturity (stage of growth) also seems to be 

an important factor to consider when selecting a herbicide, 

Ahrens ( 3 )  in testing the effect of dichlobenil and diphen- 

amid for controlling weeds in container grown nursery stock 

observed that differences in sensitivity to dichlobenil were 

evident not only between varieties or species but among 

plants of different ages in the same taxon. The older 

plants seemed to be more tolerant to herbicide injury. 

Activated Carbon 

Weber and Gould ( 2 7 )  showed that adsorption on 

activated carbon is an effective means of removing pesti- 

cides from water. Over the p a s t  few years some research 

has been conducted concerning the effects of activated 

carbon as a detoxifying agent in field studies o f  herbicide 

effects on a number o f  plants. 

Robinson ( 2 5 )  tested seven adsorbents, activated 

charcoal, kieselguhr, vermiculite, dried farmyard manure, 

dried grass, non-activated charcoal, and soot. He found 

that activated charcoal was the most effective in protecting 

newly planted strawberry runners against simazine. In this 

study Robinson observed that di ppi ng the roots of runners 

in charcoal before planting was more effective and practi- 

cable than placing a similar quantity around each runner a t  

planting. 
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A h r e n s  ( 2 )  s h o w e d  t h a t  a c t i v a t e d  c a r b o n  i n  t r a n s -  

p l a n t  w a t e r  g r e a t l y  r e d u c e d  i n j u r y  t o  c a b b a g e  a n d  t o b a c c o  

p l a n t s  s e t  i n  s o i l  c o n t a i n i n g  t o x i c  r e s i d u e s  of a t r a z i n e  

o r  s i m a z i n e .  A t r a z i n e  a t  1 / 2  l b .  p e r  a c r e  r e d u c e d  y i e l d s  

of c a b b a g e  6 0  t o  80  per c e n t .  C a b b a g e  growing i n  t h e s e  

same p l o t s  b u t  w i t h  a c t i v a t e d  c a r b o n  a d d e d  t o  t h e  t r a n s -  

p l a n t  water ,  g a v e  r e d u c e d  y i e l d s  of no  more t h a n  1 3  per c e n t ,  

O t h e r  w o r k  b y  A h r e n s  ( 4 )  showed t h a t  c a r b o n  roo t  d i p s  p re-  

v e n t e d  i n j u r y  t o  s t r a w b e r r y  p l a n t s  t h a t  were t r e a t e d  w i t h  

s imaz ine  a l o n e  o r  i n  c o m b i n a t i o n  w i t h  DCPA or  d i p h e n a m i d .  

When u s i n g  s t r a w b e r r y  p l a n t s ,  A h r e n s  ( 1 )  o b s e r v e d  t h a t  

u n d i p p e d  s t r a w b e r r y  p l a n t s  were s e v e r e l y  i n j u r e d  o r  k i l l e d  

by  s i m a z i n e  a t  2 t o  3 l b s .  per  acre ,  w h i l e  c a r b o n - d i p p e d  

p l a n t s  s h o w e d  no i n j u r y  a n d  p r o d u c e d  r u n n e r s  e q u a l  to ,  o r  

e x c e e d i n g  c o n t r o l  p l a n t s .  

R e s e a r c h  h a s  shown  t h a t  a c t i v a t e d  c a r b o n  can b e  an 

e f f e c t i v e  d e t o x i f y i n g  a g e n t  when m i x e d  w i t h  t h e  p l a n t i n g  

medium. A h r e n s  ( 5 )  s h o w e d  i n  p o t  e x p e r i m e n t s  t h a t  when 

va r ious  a m o u n t s  of a c t i v a t e d  c a r b o n  were m i x e d  w i t h  so i  1 

c o n t a i n i n g  known l e v e l s  of h e r b i c i d e  b e f o r e  p l a n t i n g  t e s t  

p l a n t s ,  p r o t e c t i o n  from h e r b i c i d e  t o x i c i t y  d i d  o c c u r  i n  

most cases.  

I 

K r a t k y  a n d  Warren ( 1 8 )  i n  f i e l d  and g r e e n h o u s e  

e x p e r i m e n t s  u s i n g  1 l b .  of a c t i v a t e d  c a r b o n  mixed w i t h  

t h r e e  l i t e r s  of v e r m i c u l i t e ,  o b s e r v e d  t h a t  t h e  c a r b o n -  

&. 



vermiculite treatment gave from 0 to 100 per cent pro- 

tection to crops having from little to moderate tolerance 

to the two herbicides neburon and simazine. Protection 

was observed on soybeans, cucumbers, and barley in a 

field trial where simazine at 2 lbs. per acre gave 99 per 

cent weed control. 

In preliminary studies Schubert (26) observed t h a t  

following the use o f  herbicides in cash crops, wheat could 

be successfully established as a cover crop when seed was 

moistened, coated with activated carbon, and sown immedi- 

ately afterwards, 



METHODS 

The study was conducted at the University Farm in 

Newark, Delaware. The planting site was on a Metapeake 

Silt-Loam, with a pH of 6.0, The soil was not amended in1 

any way. Irrigation was supplied throughout the season 

as needed. 

The experimental design was a split p l o t ,  and was 

replicated three times. The main p l o t  treatments were 

herbicides, the first sub-plot was mulches, the second 

sub-plot was activated carbon, and the third sub-plot was 

varieties. 

The six herbicide treatments were, ( 1 )  control, 

(2) simazine (4 Ibs./A), ( 3 )  dichlobenil (6 I b s . / A ) ,  

(4) diphenamid (6 lbs./A), (5) simazine (2 lbs./A) 

combined with diphenamid ( 4  lbs./A), and (6) dichlobenit 

(4 lbs./A) combined with diphenamid ( 4  lbs./A). The t h r e e  

mulch treatments were ( 1 )  no mulch, ( 2 )  licorice root (one- 

inch depth), and ( 3 )  llFoli-Cote'l (diluted in water at a 

ratio o f  one to five), The two carbon treatments were 

( 1 )  no carbon, and ( 2 )  carbon. The four ground covers u s e d  

were ( 1 )  &uEq reDt ans, ( 2 )  fredera h e l i x ,  ( 3 )  Pachvsan d r a  

1 2  
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t e r m i n a l  is, and (4) Vinca  mfnor ,  

F o u r - i n c h  aluminum e d g i n g  was used t o  s e p a r a t e  

t h e  h e r b i c i d e  and mulch  t rea tmen ts .  See F i g u r e  1 f o r  

a schemat i c  d r a w i n g  showing t r e a t m e n t s  o f  one r e p l i c a t i o n .  

The ground cover  p l a n t s  were p l a n t e d  t h e  week of 

October  17,  1969.  Twenty - four  p l a n t s  o f  each v a r i e t y  were 

p l a n t e d  o n  s i x - i n c h  c e n t e r s  i n  each main  p l o t  w i t h  e i g h t  

p l a n t s  t o  each mu lch  s p l i t .  W i t h i n  each mulch  s p l i t ,  f o u r  

p l a n t s  o f  each v a r i e t y  were r o o t - d i p p e d .  The r o o t - d i p p i n g  

p rocedure  c o n s i s t e d  o f  d i p p i n g  t h e  m o i s t  b a r e  r o o t  p l a n t s  

i n  a c t i v a t e d  carbon. I n  t h e  case o f  t h e  b i u n a  r e p t a n 5  w h i c h  

were purchased i n  t h r e e - i n c h  p e a t  pots, a wate r  s l u r r y  of  

a c t i v a t e d  ca rbon  ( 1  1 / 2  l b s . / g a l . )  was used so t h a t  t h e  

pea t  p o t  c o u l d  be d i p p e d  i n t a c t .  

The h e r b i c i d e  t r e a t m e n t s  were a p p l i e d  on October 28, 

1969. S i n c e  a 4 p e r  c e n t  g r a n u l a r  was used i n  t h e  dichlo- 

b e n i l  (6 l b s . / A )  t rea tment ,  a s m a l l  can w i t h  h o l e s  was used 

t o  a p p l y  t h i s  h e r b i c i d e .  

A f t e r  t h e  h e r b i c i d e s  were a p p l i e d  t h e  mulches w e r e  

pu t  down. The l 'Fol i-Cotelt ,  w h i c h  is a s i x t y  per  c e n t  

p a r a f f i n  emulsion, was a p p l i e d  w i t h  a w a t e r i n g  can. T h e  

l i c o r i c e  r o o t  mulch, w h i c h  i s  a by -p roduc t  f r o m  t h e  p r o -  

c e s s i n g  o f  l i c o r i c e  j u i c e ,  was a p p l i e d  by hand. On 
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November 15, 1 9 6 9  a l l  p l o t s  were l i g h t l y  c o v e r e d  w i t h  

s a l t  h a y  f o r  w in te r  p r o t e c t i o n .  T h i s  was r e m o v e d  from 

a l l  p l o t s  o n  A p r i l  20 ,  1 9 7 0 .  

On May 13, 1 9 7 0  P e t e r s  20-20-20 s o l u b l e  f e r t i -  

l i z e r  was a p p l i e d  to a l l  p l o t s  a t  t h e  r a t e  of two p o u n d s  

p e r  one h u n d r e d  s q u a r e  f e e t .  

H e r b i c i d e  ' t o x i c i t y  was r a t e d  by a s t a n d a r d  v i s u a l  

e v a l u a t i o n  o n  November  10,  1969,  J u n e  15, 1970 ,  a n d  A u g u s t  

7, 1 9 7 0 .  T h e s e  v i s u a l  r a t i n g s  were made  by a s s i g n i n g  

e a c h  g r o u n d  cover p l a n t  a number  from 1 t o  5 d e p e n d i n g  o n  

t h e  a m o u n t  o f  i n j u r y  o b s e r v e d .  T h e s e  n u m e r i c a l  v a l u e s  

were made  u s i n g  a s t a n d a r d  of:  1 = No I n j u r y ,  2 = S l i g h t  

I n j u r y  (some t o  2 5 %  l e a f  damag  1, 4 = H e a v y  I n j u r y  ( 5 0 %  

t o  n e a r l y  a l l  l e a f  a r e a  d a m a g e d ) ,  a n d  5 = Complete K i l l .  

See F i g u r e s  2 t h r u  9 .  

Weed p o p u l a t i o n  i n  e a c h  p l o t  was m e a s u r e d  on J u l y  

15, 1 9 7 0  and aga in  on S e p t e m b e r  15 ,  1 9 7 0 .  T h e  s t a n d  

( n u m b e r  of p l a n t s )  and v igo r  ( d r y  w e i g h t )  of t h e  w e e d  

p o p u l a t i o n  by  s p e c i e s  were m e a s u r e d  i n  e a c h  p l o t . ,  Weeds 

were c o u n t e d  b y  s p e c i e s  i n  e a c h  m u l c h  s p l i t ,  c u t  o f f  a t  

g r o u n d  l e v e l ,  p l a c e d  I n  p a p e r  b a g s  a c c o r d i n g  t o  s p e c i e s ,  

d r i e d  a n d  w e i g h e d .  
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On August 5, 1970, d a t a  was t a k e n  t o  o b t a i n  t h e  

pe rcen tage  of ground covered by t h e  ground cove r  p l a n t s  

i n  each s p l i t  p l o t ,  A g r i d  1 4 "  X 1 6 "  was used, T h i s  

g r i d  was p l a c e d  o v e r  t h e  f o u r  g round cove r  p l a n t s  and 

t h e  amount o f  ground covered b y  t h e  p l a n t s  w i t h i n  this 

g r i d  was e s t i m a t e d  as a percentage,  See F i g u r e s  1 0  

t h r u  17, 

The s t a n d  and v i g o r  of t h e  ground cove r  p l a n t s  

by  s p e c i e s  i n  each s p l i t  were observed on October  1, 1970.  

W i t h i n  each s p l i t  t h e  ground cover  p l a n t s  were counted, 

dug w i t h  r o o t s  i n t a c t ,  and we ghed ( f r e s h  w e i g h t  was used) .  



MATER1 ALS 

The materials and quantlty used were as follows: 

lTEM Sy ANT I TX 

1. Four-inch aluminum edging 5 5 0  feet 

2. AjuEa  reptsns 4 3 2  plants 

3 .  Hedera helix 4 3 2  plants 

4. Pachysandra termi n a l  i 5 432 plants 

5. Vinca minor 432 plants 

6. Simazine 80 W 12.69 grams 

7. Dichlobenil 4% granular 2 5 3 . 2 6  grams 

8, Dichlobenil 5 0  W 13.5 grams 

9. Di phenamid 50 'sl 47 .5  grams 

10. Licorice Root Mulch 2 7  cu. ft. 

1 1  . "Fol i-Cote" 60% 1 gallon 

12. Activated Carbon 2 0  pounds 

1 3 .  Peters 2 0 - 2 0 - 2 0  fertilizer 10 pounds 

11.  "Fol i -Cote" was suppl ied by the Sun O i  1 

12.  ActIvated Carbon was purchased from Thompson- 

Company, Marcus Hook, Pennsylvani a 

Hayward Chemical Company, Kansas Ci ty, Kansas 61 106 

16 



RESULTS AND DISCUSSION 

W E E D  CONTROL - STAND AND V I G O R  

I n  e v e r y  case, weed c o n t r o l  was improved when 

1 i c o r  i ce  r o o t  mu1 ch was appl  i ed ove r  a h e r b i  ci de 

t rea tmen t .  The f o u r  weed spec ies  e v a l u a t e d  were: 

Pan i cum d i cho tomi f 7 orurn ( f a1 1 pani  cum), E r  a,rros t i s 

c i  l i a n e n s i s  ( s t i n k g r a s s ) ,  P o r t u l a c a  o l e r a c e a  (pu rs lane ) ,  

and Jmaranthus r e t r o f l e x u s  ( r e d r o o t  pigweed).  

A comple te  l i s t i n g  of  t h e  F va lues  and s i g n i f i -  

cance l e v e l  of t h e  s t a n d  and v i g o r  o f  a l l - w e e d  spec ies  

,i s ,in Appendi x I .  

1 7  
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Panicum dichotomiflorum - Influence of treatments on 
Stand. 

The 

in control1 

herbicide treatments were an important factor 

ng the stand of this weed, As observed in 

Table I ,  the number of plants in the control treatments, 

and in each mulch treatment without herbicide, was sig- 

nificantly higher than in the herbicide treatments. 

Although all herbicide treatments were highly 

significant without mulch, dichlobenil (6 lbs,/A), the 

simazine - diphenamid combination, and the dichlobenil - 
diphenamid combination, gave the best control o f  fall 

panicum (Table 1) .  

Licorice root was the best mulch for controlling 

the stand of fall panicum in a l l  herbicide treatments, 

Although licorice root was effective in controlling fall 

panicum without herbicides, weed control was improved 

when thi s mulch was appl i ed over a herbicide application, 

except in the simazine - diphenamid combination treatment. 
With licorice root mulch, simazine ( 4  lbs./A), dichlobenil 

(6 lbs./A), diphenamid (6 lbs./A), and the dichlobenil- 

diphenamid combination gave better control of fa1 1 panicum 

than any of the other herbicide-mulch treatments (Table 1 ) .  

"Fo1i:Cote" did result in some control of f a l l  
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panicum in the no mulch, control (no herbicide) treatment. 

However, there was no difference between "Fol i-Cote" and 

no mulch when herbicides were applied for controlling t h e  

stand of fall panicum (Table I ) .  

Panicum dichotorniflorurq - Influence o f  treatments on Vigor. 

The vigor (dry weight in grams) o f  fall panicum 

was greater in the control treatments (no herbicide). 

Simazine (4 lbs./A) and the dichlobenil-diphen- 

amid combination treatments controlled the vigor of f a l l  

panicum better than any other herbicide treatment w i t h  no 

mulch (Table I > .  

Licorice root mulch did control ti;@ vieor of f a l l  

panicum with no herbicides compared to t h e  no-mulch, no- 

herbicide treatment and to the "Fol i-Cote'' no-herbicide 

treatment. However, dichlobeni 1 ( 6  lbs./A), diphenamid 

( 6  lbs./A), and the dichlobenil-diphenamid cornbination 

with licorice root mulch, were the best treatments f o r  

reducing the vigor o f  fall panicum (Table I ) .  

In most cases the vigor (dry weight in grams) d i d  

not directly relate to stand (number of plants) of f a l l  

panicum. Perhaps because of less competition, the fewer 

the number of weeds, the more vigorously t h e s e  weeds grew.  

An example of this may be seen by comparing the simazine- 

4 
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licorice root combination treatment, with slightly above 

two weeds and a dry weight (vigor) of eighty-eight grams, 

with the dichlobenil-no mulch treatment which had almost 

seven weeds and gave a dry weight of eighty grams (Table 1 ) .  

Era,qrostis c ilianensis - Influence of treatments on Stand ,  

Licorice root mulch applied over all herbicides 

was very effective in controlling the stand of stinkgrass, 

There were no differences in the stand of stinkgrass 

among the mulches in the control (no herbicide) treatment, 

This could be because the high stand and vigor of the f a l l  

panicum in the control treatment with no mulch prevented 

the stinkgrass from competing favorably. This could also 

account for the fact that there was no difference in s t a n d  

between the control (no herbicide) with no mulch and t h e  

herbicide treatments with no mulch (Table I > .  

However, there were differences when herbicides were 

applied under licorice root mulch f o r  controlling stinkgrass. 

A l l  herbicide treatments were better in controlling this 

weed when applied under licorice root mulch (Table' I ) ,  

Eranrostis cilianesig - Influence o f  treatments on Vigor. 

As with stand, licorice roqt mulch applied over 

most herbicide treatments was very effective in controlling 

the vigor of s t i n k g r a s s  ( T a b l e  I ) .  
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In comparing all treatments tested, the vigor 

o f  stinkgrass was less using licorice root mulch with the 

simazine ( 1 )  lhs./A), dichlobenil (6 lbs./A), diphenamid 

(6 lbs./A), and the dichlobenil-diphenamid combination 

treatments (Table I ) .  

The licorice root mulch-herbicide combinations 

controlled the stand (number of plants) and vigor (dry 

weight in grams) o f  stinkgrass more effectively t han  any 

other treatment (Table 1 ) .  

Portulaca oleracea - Influence of treatments on Stand. 
.Licorice root mulch applied over a herbicide was 

the most effective method of controlling the stand of 

purs 1 ane. 

In the plots receiving no herbicides mulches were 

not effective in controlling the stand o f  this weed (Table 

1 ) .  

With no mulch, simazine ( 4  lbs./A), diphenamid (6 

lbs./A), and the simazine-diphenamid combination treatments 

reduced the stand of purslane (Table I ) .  

With all herbicides tested, licorice root mulch 

reduced the stand o f  purslane (Table I ) .  

"Foli-Cote" mulch alone or with a herbicide 
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treatment had no effect in controlling the stand of 

purslane (Table 1). 

Portulaca oleracea - Influence of treatments on Vigor. 

In some cases the vigor of purslane was inversely 

proportional to the stand. That is, in a treatment with 

fewer weeds, each weed was more vigorous than those in 

a treatment with more weeds, This could be due to less 

competition within the treatment with fewer weeds, 

Mulches alone were not effective in control1 ing 

the vigor of purslane (Table 1). 

However, as with stand (with no mulch) simazine 

(4 lbs,/A), diphenamid (6 lbs,/A), and the simazine- 

diphenamid Combination significant1.y affected t h e  vigor 

of purslane (Table I). 

A1 though not statistical ly significant, 1 i corice 

root mulch with all herbicides tested did appear to reduce 

the vigor o f  purslane, Here again, the stand and vigor of 

the fall panicum may have restricted the growth (vigor) 

o f  the purslane. The same may hold true for the "Foli- 

Cote"-herbicide combinations, which were also not sta- 

tistically significant (Table l l ,  
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Amaranthus retroflexus - Influence of treatments on Stand. 
There was no difference In the stand of redroot 

pigweed among the herbicide and herbicide-mulch treatments. 

This c o u l d  have been d u e  to the high stand and vigor of 

the earlier germinating fall panicum weeds in the control 

treatments with and without mulches. Because of the high 

stand and vigor of the fall panicum, the redroot pigweed 

was not able to compete favorably (Table I ) .  

However, there was a difference among the mulches 

in controlling the stand of this weed. Licorice root mulch 

treatments reduced the stand o f  redroot pigreed compared to 

no mulch and "Foli-Cote" mulch treatments (Table 1 1 ) .  

TABLE 1 1 .  STAND (NUMBER OF PLAXTS9 OF Amaranthus 
retrof 1 exus (REDR30T P i  GCJEED) TREATED W I T H  

DIFFERENT MULCHES 

MEANS 

No mulch 2.28 
Licorice root . 6 7  LSD (.OS) 1.29 
"Fol i -Cote" 3 . 8 3  LSD (.01) 1.55 

Amaranthus y e t  rof 1 exus - Influence of treatments on Vi gor. 

Differences in the vigor of redroot pigweed were 

significant only in the simazine-diphenamid treatment 

between the licorice root and "Foli-Cote" mulches (Table 19. 

There were no significant differences in the vigor 
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of  t h i s  weed among t h e  mulches i n  t h e  c o n t r o l  t r e a t m e n t  

o r  among t h e  h e r b i c i d e  t r e a t m e n t s  and c o n t r o l  w i t h i n  each 

mulch  ( T a b l e  I ) .  

A 1  though not s t a t i  s t i c a l l  y s i  gni f i cant,  1 i c o r  i ce 

r o o t  mu lch  w i t h  a l l  h e r b i c i d e s  t e s t e d  ( i n c l u d i n g  c o n t r o l )  

d i d  appear t o  reduce  t h e  v i g o r  o f  r e d r o o t  pigweed compared 

w i t h  t h e  two o t h e r  mu lch  t rea tmen ts  ( T a b l e  I ) .  
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HERBICIDE I N J U R Y  TO G R O U N D  C O V E R S  

V i s u a l  o b s e r v a t i o n s  o f  h e r b i c i d e  i n j u r y  t o  

g round cove rs  were made by a s s i g n i n g  each ground cover  

p l a n t  a number f r o m  1 t o  5 depending on  t h e  amount o f  

i n j u r y  observed.  See F i g u r e s  2 t h r u  9 f o r  examples, 

A comple te  l i s t i n g  o f  t h e  F va lues  and s i g n i f i -  

cance l e v e l  o f  h e r b i c i d e  i n j u r y  by  v i s u a l  r a t i n g s  i s  i n  

Appendix I I .  

THE EFFECTS OF F t E K B l C l D E S  

Data  taken  June 15, 1 9 7 0  on  h e r b i c i d e  i n j u r y  t o  

ground,  cove rs  showed t h a t  c e r t a i n  h e r b i c i d e s  were i n j u r i -  

ous t o  sone spec ies  o f  ground cover ,  However, t h i s  

i n j u r y  was o f t e n  o f  a temporary n a t u r e  and i n  some cases 

d i d  n o t  e f f e c t  t h e  g rowth  o f  these p l a n t s  a t  a l a t e r  

21. date.  See F i g u r e s  1 8  t h r u  

Ajuna r e p t a n s  - A 1  h e r b i c i d e  t r e a t m e n t s  except  

d iphenamid (6 lbs . /A)  were i n j u r i o u s  t o  t h i s  p l a n t  a t  

t h i s  t i m e  ( T a b l e  1 1 1 ) .  , 

Hedera h e l i x  - A l though  some s i g n i f i c a n t  r e s u l t s  

were ob ta ined,  t h e  m o r t a l i t y  r a t e  o f  t h i s  p l a n t  made a 

v a l i d  e v a l u a t i o n  d i f f i c u l t .  S imaz ine  ( 4  lbs . /A)  was t h e  

o n l y  h e r b i c i d e  t r e a t m e n t  t h a t  was n o t  i n j u r i o u s  t o  t h  S 
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plant at this time (Table 1 1 1 ) .  

Pachysandra terminalis - All herbicide treatments 

were significantly injurious to this plant at this t i m e  

(Table i l l ) .  

Vinca Minor - This plant was the least injured o f  

all plants tested. Diphenamid (6 lbs./A) and the s i rnaz ine -  

diphenamid combination were not injurious to this plant 

(Table 11 1 ) .  

TABLE I I I . VISUAL OSSERVATtONS OF HERBICIDE 
I JVJURY TO GROUND COVERS TREATED WITH 

DIFFERENT HERBICIDES. J U N E  15,  1970, 

Ajuga Hedera Pach. Vinca 

Control (No herbicide) 1.46 3.23 1 . 6 2  1.15 
3.80 2.51 2.07 Simazine (41 bs/A) 4.41 
4.51 2 .61  2.13 Dichlobenil ( C l b s / A )  3.66 
4.19 2.80 1.12 D i phenami d (6 1 b s / A )  1.89 

Sim.(2lbs/A) & Diph.(4lbs/A) 4.26 3.91 2 . 6 2  1.26 
Dich.(4lbs/A) & Diph.(4lbs/A) 3.17 4 . 5 2  3.14 2.54 

L S D  (.OS) . 6 1  
LSD ( . 01 )  .82 

These numerical values were made using a standard 

based on: 1 = No injury, 2 = Slight injury (some, to 25% 

l e a f  damage), 3 = Moderate injury (25% to 5 0 %  leaf damage),  

4 = Heavy injury ( 5 0 %  to nearly a l l  leaf area damaged), 

and 5 = Complete k t l l  (Tab les  I l l ,  1V, and V ) .  
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THE EFFECTS OF A C T I V A T E D  CARBON 

A c t i v a t e d  carbon was an i m p o r t a n t  f a c t o r  i n  

r e d u c i n g  h e r b i c i d e  t o x i c i t y  t o  a1 1 ground cove rs  t e s t e d  

( T a b l e  1 V ) .  

TABLE I V .  V I S U A L  OBSERVATIONS OF H E R B l C l D E  
INJURY TO GROUND COVERS TREATED WITH 

AND WITHOUT CARBON. JUNE 15, 1970.  

NO CARBON CARBON 

3.83 2 . 4 6  Ajuga r e p t a n s  
4.36 3.52 Jiedera h e l i x  

Pachysandra t e r m i n a l i s  2 .96  2.15 
2 .11  1.31 V inca  m i n o r  

LSD ( . 0 5 )  .31 
LSD ( .01 )  . 4 1  

P r o t e c t i o n  was c o n f e r r e d  on  a l l  ground covers  

t e s t e d  t h a t  were r o o t - d i p p e d  i n  a c t i v a t e d  carbon,  

THE EFFECTS OF A C T I V A T E D  CA.RBON AND H E R R l C l D E S  

A c t i v a t e d  ca rbon  reduced t h e  t o x i c i t y  of a1 1 

h e r b i c i d e s  t e s t e d .  However, t h e r e  was some i n j u r y  t o  

one o r  more o f  t h e  ground cove rs  t h a t  were r o o t - d i p p e d  

i n  a c t i v a t e d  ca rbon  w i t h  a l l  o f  t h e  h e r b i c i d e s  excep t  

p o s s l b l y  d iphenamid  a t  6 lbs./A ( T a b l e  V I .  



T A B L E  V. VISUAL OBSERVATIONS OF HERBICIDE 
I N J U R Y  TO GROUND COVERS I N  DIFFERENT 

HERBICIDE TREATMENTS WIT9 AND NITHOUT CARBON, 
J U N E  15, 1370. 

NO CARCON CARBON 

Control (No herbicide) 
S imaz i ne (41 b s / A )  
Dichlobeni 1 (6lbs/A) 
D i phenami d (6 1 bs/A) 
Sim.(2lbs/A) & Diph.(Clbs/A) 
Di ch. (41 bs/A) & D i  ph. ( 4 1  bs/A) 

LSD C.05) .40 
LSD (.01) .56 

2.03 1.70 
3.81 2.56 
3.68 2.77 
2.76 2 . 1 6  
3.52 2.53 
3.96 2.74 
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STAND, VIGOR,  AND GROWTH OF G R O U N D  COVERS 

The s t a n d  (number o f  p l a n t s )  and v i g o r  ( f r e s h  

w e i g h t  i n  grams) o f  each ground cover  was measured i n  

each p l o t .  

Growth (pe rcen tage  o f  ground covered)  o f  t h e  

ground cover  p l a n t s  i n  each p l o t  was e s t i m a t e d  t o  

e v a l u a t e  t h e  e f f e c t s  of herb i c ides ,  mulches, a c t i v a t e d  

carbon, and t h e i r  combina t ions .  A g r i d  1 4 "  X 16"  was 

used. T h i s  g r i d  was p laced  ove r  t h e  ground cover  p l a n t s  

i n  each carbon s p l i t  and t h e  amount o f  ground covered 

b y  t h e  p l a n t s  w i t h i n  t h i s  g r i d  was e s t i m a t e d  as a p e r -  

centage. For  examples see F i g u r e s  10  t h r u  17.  

A comple te  l i s t i n g  of t h e  F va lues  and s i g n i f i -  

cance l e v e l  of stand, v igor ,  and pe rcen tage  o f  ground 

cove red  b y  t h e  v a r i o u s  spec ies  of ground cover  i s  i n  

Appendix  1 1 .  
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THE EFFECTS OF F I E R R I C I D E S  

Certain herbicides affected the stand (number o f  

plants), vigor (fresh weight in grams), and growth (?et-- 

centage of ground covered) o f  certain ground cover s 2 e c i e s  

(Tables V I ,  VII, V l l l ) .  

Ajuna reptans - Diphenamid at 6 lbs,/A was t h e  only 

herbicide treatment that did not reduce the stand, vigor'  

and growth o f  this plant. 

Hedera helix - Simazine at 4 Ibs./A and the sim- 

azine-diphenamid cornbination treatments did not effect 

the stand o f  this ground cover. Eecause o f  the high 

mortality rate, a valid evaluation of vigor and growth 

of this-plant was not possible. 

Pachysandra terminalis - Dichlobenil (6 lbse/,41,. 

diphenamid (6 lbs./A), and the simazine-diphenamid combi- 

nation treatments did not effect the stand of this grolund 

cover. Although no herbicide tested was injurious to 

vigor, the dichlobeni 1-diphenamid combination treatnen,t 

was injurious to the growth of this plant. 

Vinca minor - Simazine ( 4  lbs./A), diphenamid 

(6 lbs./A), and the simazine-diphenamid combination 

treatments were the only herbicides tested that did n o t  

effect the stand, vigor, and growth o f  this plant. 
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TABLE VI. STAND (NUMBER OF PLANTS) OF GROUND 
COVER PLANTS TREATED WI TH D I FFERENT HERB I C I DES 

/\juga Hedera Pach. Vinca 

Control (No herbicide) 3.67 1.72 2.78 4.00 
Simazine (41 b s / A )  .e3 1.50 1.89 3.61 
Dichlobeni 1 (6lbs/A) 1 .06  .50 2.22 2.94 
Diphenamid (6lbs/A) 2.94 .72 2.28 3.78 
Sim. (2lbs/A) 8 Diph. (4lbs/A) .89 ' 1.17 2.78 3.83 
Dich.(4lbs/A) & Diph.(4lbs/A) 1.94 .67 1.22 3.11 

LSD (.05) .64 
. LSD (.01) .86 

TABLE VI1. VIGOR (FRESH WEIGHT IN GRAMS) OF 
GROUND COVER PLANTS TREATED WITH DIFFERENT 

H ER3 1 C I D ES 

Ajuga Hedera Pach. Vinca 

Control (No herhicide) 622.75 35.56 40.11 208.33 
S imazi ne (41 bs/A) 109.89 56.44 44.22 270.56 
Dichlobenil (Glbs/A) 174.45 12.33 40.72 90.28 . 
Diphenamid (Glbs/A) 560.67 16.57 33.78 198.33 
Sim,(2lbs/A) & Diph.(4lbs/A) 170.56 34.41 39.56 251.94 
Dich.(4lbs/A) & Diph.(4lbs/A) 362.22 19.73 17.44 76.67 

LSD ( . 0 5 )  67.83 
L S D  (.01) 93.44 
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TASLE VI I I .  GROWTH (PERCENTAGE O F  GROUND 
COVERED) OF GROUND COVERS TREATED 

WITH DIFFERENT HERB1 CIDES 

Ajuga Hedera Pach. V i n c a  

Control (No herbicide) 83.33 12.78 22.50 75.55 
Simazine (4lbs/A) 11.39 16.11 15.00 63.23 
Dichlobeni 1 (Glbs/A) 24.17 3.34 13.61  3 0 . 2 3  
Diphenamid (Glbs/A) 79.44 5.27 14.72 75.30 
S i m .  (21 b s / A )  t3 D i  ph. ( 4 1  bs/A) 19.44 12.22 17.22 75.00 
Di ch. (41 b s / A )  ti Di ph. (41 bs/A) 38.89 3 . 6 1  7 . 2 2  3 0 . 8 3  

LSD ( . 0 5 )  10.61 
LSD (.01) 14.42 

THE E F F E C T S  OF PIJJLCY 

Certain mulch treatments did effect the stand 

(number of plants), vigor (fresh weight in grams), and 

growth (percentage of ground covered) o f  the ground covers 

tested (See Table 1 x 1 .  

Aiuna reptans - T h e  stand, vigor, and growth of 

t h i s  plant: was increased b y  the use o f  licorice root mulch. 

The stand and growth was higher in the no mulch treatments 

when compared to the "Fol i-Cote" treatment. 

l - iedera heliy - The stand of this plant was,higher 
in the no mulch and licorice root mulch treatments when 

compared with "Fol i-Cote" mulch. This plant showed no 

differences in vig0.r or growth in any of the mulch 

treatments. 
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Pachysandra t e r m i n a l i z  - 'the s t a n d  of  t h i s  p l a n t  

was higher  i n  t h e  l i c o r i c e  root  mulch t r e a t m e n t  compared t o  

t h e  o t h e r  mulch t rea tments .  T h i s  p l a n t  showed no d i f f e r e n c e s  

i n  v igor  o r  growth i n  any o f  t he  m u l c h  t r e a t m e n t s .  

V i n c a  M i n o r  - The s t a n d  of t h i s  p l a n t  was n o t  a f -  

f e c t e d  b y  any o f  t h e  mulch t rea tments .  However, l i c o r i c e  

r o o t  mulch d i d  i n c r e a s e  t h e  vigor and growth o f  t h i s  p l a n t .  
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THE E F F F C T S  O F  A C T I V A T E D  CSRROPJ 

I n  a l l  i n s t a n c e s  of h e r b i c i d e  damage, except  f o r  

t h e  v igor  of P a c h y s a n d r a  term i n a l i s ,  roo t -d ips  o f  a c t i v a t e d  

carbon reduced i n j u r y  t o  a l l  ground cover p l a n t s  t e s t e d .  

T h e  s t a n d  (number of p l a n t s ) ,  v igor  ( f r e s h  w e i g h t  

i n  grams), and growth (pe rcen tage  o f  ground covered) ,  of 

t h e  c a r b o n - t r e a t e d  p l a n t s  was h i g h e r  than t h e  s tand ,  vigor ,  

and growth o f  p l a n t s  not  t r e a t e d  w i t h  a c t i v a t e d  carbon 

( T a b l e  X I .  

THE EFFECTS OF A C T I V A T E D  C A R S O N  P.ND HERSICIDES 

For every  h e r b i c i d e  t rea tment  ( n o t  c o n t r o l ) ,  t h e  

s t a n d  ( n u m b e r  of p l a n t s ) ,  v igor  ( f r e s h  Meight i n  grams), 

and growth ( p e r c e n t a g e  o f  ground covered)  of t hose  p l a n t s  

t h a t  were root-dipped i n  a c t i v a t e d  carbon was h i g h e r  than 

t h e  s t and ,  v igor ,  and growth o f  those  p l a n t s  not  t r e a t e d  

w i t h  carbon (Tab le  X I ) .  

I 
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SUMMARY OF RESULTS 

THE EFFECTS OF H E R B I C I D E S ,  MULCHES, AND ACTIVATED CARSON 
FOR CONTROLLING W E E D S  I N  NFW PLANTINGS OF GROUND COVER. 

Different herbicide and mulch treatments tested in 

this study did control weed populations in new plantings o f  

ground cover. However, in sone cases these treatments were 

injurious to certain ground cover plants tested. 

From the basis of this study, the following is a 

list of ground covers with recommended treatments for con- 

trolling certain weeds in new plantings of ground cover, 

while minimizing herbicide injury. 

See Figures 1 8  through 21 for growth (percentage 

of ground covered) of ground covers in relation to 

herbicide, mulch, and activated carbon treatments. 

3 8  
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Ajuwa reptans (Figure 18) 

The only herbicide treatment without carbon 

root-dip that did not seriously reduce the area of ground 

covered by Ajuaa  reptans was diphenamid (6 lbs./A) i n  

combination with licorice root mulch (Figure 18). 

With carbon root-dip, satisfactory growth as 

measured by ground covered was obtained with diphenamid 

( 6  lbs./A), the diphenamid-dichlobenil combination, and 

dichlobenil (6 lbs./A) when used without licorice root 

mulch; and with diphenamid (6 lbs./A) and the combination 

of diphenamid with either dichlobenil or simazine when 

used with licorice root mulch. 

The best cantro.1. o f  all weeds i n  plantings 

of Aiuaa reptans was obtained with diphenamid (6 lbs./A) 

and the diphenamid-dichlobeni 1 combination both used with 

licorice root mulch (Table 1 ) .  

It would appear then that the best treatments 

for establishing A l u ~ q  reotau in weed-free beds were the 

use of carbon root-dip, licorice root mulch, and either 

diphenamid (6 lbs./A), or the dichlobeni 1-diphenamid 

combination. Since the diphenamid resulted in less 

initial injury (Table I l l ) ,  it should be the recommended 

treatment. 

I 
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Hedera heliy (Figure 1 9 )  

All herbicide treatments without carbon root- 

dip reduced the area of ground covered by Hedera he1 i x  

(Figure 19). 

With carbon root-dip, satisfactory growth as 

measured by ground covered was obtained with simazine 

( 4  lbs./A), and the simazine-diphenamid combination .when 

used with or without licorice root mulch, and diphenamid 

(6 lbs./A) when used with licorice root mulch. 

The best weed control of all weeds in plantings o f  

Hedera heliy was obtained with simazine ( 4  lbs./A), diphen- 

amid (6 lbs./A), and the dichlobenil-diphenamid combination 

when used with licorice root mulch (Table I ) .  

It would appear then that the best treatments for 

establishing Hedera heliy in weed-free beds were the use 

of carbon root-dip, licorice root mulch, and either 

simazine ( 4  l b s . / A ) ,  diphenamid (6 lbs./A), or the 

d i  chlobeni 1 -di phenamid combi nation. Since simazine 

resulted in less initial injury (Table I l l ) ,  it should be 

the recommended treatment. 

1 
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Pachysandra terminalis (Figure 2 0 )  

A1 1 herbicide treatments without carbon root- 

dip reduced the area of ground covered by Pachysandra 

terminaliq (Figure 20). 

With carbon root-dip, satisfactory growth as 

measured by ground covered was obtained with simazine 

(4 lbs./A), diphenamid (6 lbs./A), the simazine-diphen- 

amid combination, and the dichlobeni 1-diphenamid combi-. 

nation when used without licorice root mulch; and all 

herbicide treatments with licorice root mulch except 

the dichlobenil-diphenamid combination treatment. 

The best weed control of all weeds in plantings 

of Pachysandra termi nal 15 was obtained wi t h  s imazi ne 

(4 lbs./A), diphenamid (6 lbs./A), and the dichlobenil- 

diphenamid combination when used with licorice root mulch. 

It would appear then that the best treatments 

for establishing Pachysandra terminalis in weed-free beds 

were the use of carbon root-dip, licorice root mulch, and 

either simazine ( 4  lbs./A), diphenamid (6 lbs./A), or the 

dichlobenil-diphenamid combination. Since simazine 

resulted in less initial injury (Table 1 1 1 1 ,  it should be 

the recommended treatment. 

I 
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Vinca minor (Figure 2 1 )  

The herbicide treatments without carbon root- 

dip that did not seriously reduce the a r e a  of ground 

covered by Vinca minor were diphenamid ( 6 lbs./A) 

without mulch, and simazine (4 lbs./A), diphenamid 

(6 lbs./A), and the simazine-diphenamid combination 

with licorice root mulch. 

With carbon root-dip satisfactory growth as 

measured by ground covered was obtained with simazine 

( 4  fbs./A), diphenamid (6 .Ibs./A), and the simazine- 

diphenamid combination when used with o r  without licorice 

root mulch. 

The best weed control of  all weeds i n  plantings 

of Vinca’ minor was obtained with simazine (4 lbs./A) and 

diphenamid ( 6  lbs./A) when used with licorice root mulch. 

It would appear then that the best treatments f o r  

establishing Vinca minor in weed-free beds were the u s e  of 

carbon root-dip, licorice root mulch, and either simazine 

( 4  lbs./A), or diphenamid ( 6  lbs./A). Since diphenamid 

resulted in less initial injury (Table 1 1 1 ) ,  it should be 

the recommended treatment. 
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A S C H E M A T I C  D R A W I N G  O F  T H E  HERBICIDE, MULCI-I, CARBON, 

A N D  VARIETY TREATMENTS O F  O N E  REPLICATION. 

8 - A j u g a  r e p t a n s  
4 - r o o t  d i p p e d  i n  
a c t i v a t e d  c a r b o n  

8-Vi n c a  m i  nr3r 
4 - r o o t  d m  i n  
a c t i v a t e d  c a r b o n  

8 - H e d c r a  h e 1  i x 
4 - r o o t  d i p p e d  i n  
a c t  i v a t e d  c a r b o n  

g - r m i  n a l  i s, 
4 - r o o t  d i p p e d  i n  
a c t i v a t e d  c a r b o n  

f 

LICORICE R O O T  I FOLI-COTE I 
8 - P a c h y s a n d s  

4-rOOt d i  p p e d  i n I termi n a l  i s  
8-Vi n c a  m i  n o r  

a c t i v a t e d  c a r b o  

- - - - - -  6’ 
8-Aju~r ; a  r e p t a n s  

“,%%?%iFk!?in 4-root d i p p e d  i n  
a c t i v a t e d  c a r b o n  a c t i v a t e d  c a r b o n  

8 - P a c h y s a n d r  a 8-Vi n c a  m i  n o r  
t e r m i n a l  i s  4 - 7 x d i  p p e d  i n  

4 - r o o t  d i p p e d  i n  a c t i v a t e d  c a r b o n  
a c t i  v a t e d  c a r b o n )  I -r9’ 4 ”  Aluminum e d g i n g  s e p a r a t i n g  each r e p 1  i c a t i o n  , 

a n d  e a c h  m u l c h  s p l i t .  

F I G U R E  I 
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V I S U A L  RATINGS OF HERBICIDE I N J U R Y  

I 

F I G U R E  3. Pachysandra termi nal is ‘2 Slight I n j u r y  



4 5  

, V I S U A L  RATINGS OF HERR I C I D E  

. . . .  

INJURY ( C O N T  1 NU ED 1 

F I G U R E  4. Pachysandra terminalis 3 Moderate lnjury 
..... .... ........... . . . . .  . .  . . - -. - _. - . - . . . . . . . . . . . . . . . . . . . . . . . .  

I 
._I.̂ .___________._--__ - ..- 

F I G U R E  5. Pachysandra terminalis 4 Heavy Injury 
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V I S U A L  R A T I N G S  OF HERBICIDE I N J U R Y  (CONTINUED) 
> 

. . . . . . .  . . .  . .  ...... .- - .  I * 
I 

. -. - .. . . . . . . .  . . . .  ........ .... .I .. ...................... .- . . .  

F I G U R E  6. AiuPa  r e p t a n s  3 Maderate I n j u r y  
............ - .- . . . . . . . . .  . . . . . . . . . . .  . . .  -. 

. . . . . . . . .  . . - . . - .. -. . 

. . _  - I  - 

F I G U R E  7. Hedera  helix 3 M o d e r a t e  Injury 
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V I S U A L  RATINGS OF HERBICIDE I N J U R Y  (CONTINUED) 

I . . -  -1- ___I_.__._rr --_ r -  

F I G U R E  8. V i n c a  minor 3 Moderate Injury 
--- _ _  

1 -' -- 1 

__ I_ - . 
F I G U R E  9. Vinca  m i n o r  4 Heavy I n j u r y  
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PERCENTAGE R A T I N G S  OF GROUND COVER IN GRID 

1 
- .  

. ... . . . .. 

F I G U R E  10. Grid Used 

.F I GURE 1 1  . Pachysandra t e r m 1  nal i s  -: 1 0 %  
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P E R C E N T A G E  R A T I N G S  OF GROUND COVER IN G R I D  (CONTINUED) 

I 

I 

FIGURE 1 3 .  A j u r a  r e p t a n q  - 30% 
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PERCENTAGE RATINGS OF GROUND COVER IN GRID (CONTINUED) 

. .  . 
~~ 

. .  -. . . . . .. . . , .. . 
P 



I- 

.- 

,..I 

5 1  

P E R , C E N T A G E  R A T I N G S  O F  GROUND C O V E R  I N  GRID ( C O N T I N U E D )  

.... - ....... - .  . .- 

F I G U R E  16. V inca m ino r  - 9 0 %  
....... ..... ...... -. . . . . . . . . .  . .  . .  

-~ _ _ ~  ~~~ ~ __ u ...... 

I 

F I G U R E  17,  Ajuna r e D t a n s  - 1 0 0 %  
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FIGURE 18. /-\;una reDtan5 Percentage o f  Ground Covered 

NO MULCH 

100 
_1- 

..I I I I I 

I f I . .  . .  . .  

H2 H3 H4 H5 H6 H1 

L 1  COR1 C E  ROOT MULCH 

1 0 0  

% 

1 

H2 H3 H 4  H5 H6 H1 

H1 = Control 

H2 = Simazine 4 lbs./A 

H3 = Dichlobenil 6 lbs./A 

H4 = Diphenamid 6 lbs./A 

H5 = Simazine 2 lbs./A and Diphenamid 4 lbs./A 

H6 = Dichlobenil 4 lbs./A and Diphenamid 4 lbs./A 

' - = Activated Carbon (At left in each treatment) 

No Activated Carbon ----- = 
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,FIGURE 19. Hedera helix Percentage of Gr o u n d  Covered 
\ ~ - ,  

NO MULCH 

% 

H1 H2 H 3  H 4 .  H5 H6 

LI COR1 CE ROOT M U L C H  

% 

I 
I 1  

& I 0 . .  I ! , ! , , ! !  . .. 
H1 

H I  = Control 

H2 = S i m a z i n e  4 

H3 = Dichlobeni 

H4 = D i p h e n a m i d  

H5 = S i m a z i n e  2 

H2 H3 H4 H5 H6 

lbs./A 

6 lbs./A 

I 
6 lbs./A 

lbs./A and Diphenamid 4 lbs./A 

H6 = Dichlobenil 4 lbs./A and Diphenamid 4 lbs./A 
= A c t i v a t e d  C a r b o n  (At left in each treatment) 

----- = No A c t i v a t e d  C a r b o n  
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FI GURE 20. Pachysandra terminal is Percentage of Ground Covered 

NO MULCH 

100 

% 

e 
* 

0 -  I !  I !  
H1 H2 t i  3 H4 H5 H6 

LlCORlCE ROOT MULCH 

% 

c 
* I 

I ,  
. .  , I I * I  . .  . .  i I ;  . .  . ._ 

I 
I 
I . .  0 '  

H1 H2 

H1 = Control 

112 = Simazine 4 lbs./A 

H3 H4 H5 H C  

ti3 = Dichlobenil G lbs./A 

H4 = Diphenamid 6 lbs./A 

H5 = Simazine 2 lbs./A and Diphenamid 4 lbs,/A 

H6 = Dichlobenil 4 lbs./A and Diphenamid 4 lbs./A 

I 

= Activated Carbon (At left in each treatment) 

_-e-- = No Activated Carbon 
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F I G U R E  21. V i n c a  m i n o r  Percentage of G r o u n d  Covered 

NO M U L C H  

% 

H1 H2 H3 H4 H5 H6 

LICORICE R O O T  M U L C H  

% 

H1 H2 H3 94 H5 H6 

~1 = Control 

H 2  = S i m a z i n e  4 Ibs./A - 
H3 = Dichlobenil 6 lbs./A 

~4 = D i p h e n a m i d  6 lbs./A 

H5 = S i m a z i n e  2 lbs./A and Diphenamid 4 lbs./A 

H6 Dichlobenil 4 lbs./A and Diphenamid 4 lbs./A 

= A c t i v a t e d  C a r b o n  (At left in each treatment) 

e_-"- No Ac t i v a t e d  C a r b o n  
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CONCLUSIONS 

WEED CONTROL 

Panicum dichotomiflorurn (fall panicum) - without 
mulch, dichlobenil (6 lbs./A), simazine ( 2  lbs./A) com- 

bined with diphenamid (1) lbs./A), and dichlobenil (4 lbs./ 

A)  combined with diphenamid (4 l h s . / A )  were the best 

herbicides tested for controlling this weed. However, all 

herbicides tested controlled this weed when licorice root 

mulch was applied at a one-inch depth over the herbicide. 

trea tments. 

Erarrostis cilianensis (stinkgrass) - Herbicides 
alone (no mulch) did not control this weed. However, all 

herbicide treatments were effective in controlling this 

weed when licorice root mulch was applied at a one-inch 

depth. 

Portulaca oleracea (purslane) - Without mulch, 
simazine ( 4  lbs./A), diphenamid (6 lbs./A), and simazine 

(2 lbs./A) combined with diphenamid ( 4  lbs./A) were the 

best herbicides tested for controlling this weed. However, 

all herbicide treatments were effective i n  controlling 

this weed when licorice root  mulch was applied at a 

56 
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one- inch  depth.  

Amaranthus Flexus ( r e d r o o t  pigweed) - No 
s i g n i f i c a n t  r e s u l t s  were o b t a i n e d  t o  de te rm ine  w h i c h  

h e r b i c i d e  t r e a t m e n t s  c o n t r o l  l e d  t h i s  weed. However, 

l i c o r i c e  r o o t  mu1 h d i d  s i g n i f i c a n t l y  c o n t r o l  t h i s  weed 

when compared w i t h  t h e  no mulch t rea tments .  
F 

H E R B I C I D E  I N J U R Y  

H e r b i c i d e  i n j u r y  t o  ground cove rs  i n d i c a t e d  t h a t  

a c t i v a t e d  carbon d i d  d e t o x i f y  most h e r b i c i d e s  t e s t e d .  

P l a n t s  r o o t - d i p p e d  i n  a c t i v a t e d  carbon showed l e s s  

h e r b i c i d e  i n j u r y ,  g r e a t e r  f r e s h  weight,  and more g rowth  

( p e r c e n t a g e  ground covered)  than  p l a n t s  t h a t  were  not 

so t r e a t e d .  

I 
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