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“In recent years, several new herbicides 
have been registered for use in tree fruit 
crops with different spectrums of weed 
control and safer environmental profiles. 
We have evaluated these new options 
in newly planted and established apple 
orchards.”

Thousands of acres of new orchards have been planted in 
NY State at high densities of 1000-2000 trees per acre. 
These intensive systems are giving rise to questions about 

ground cover man-
agement strategies 
and the need to 
update the current 
Cornell research 
information based 
on semi-dwarf or-
chards.  The driv-
ing  fac tors  for 
these questions 
include the devel-

opment of simazine and glyphosate-resistant weeds, potential 
groundwater pollution with older residual herbicides, the newly 
reported risk of glyphosate application resulting in bark injuries 
and tree death, and the concern for soil health in orchards with 
such restricted root systems.  The goal of this project is to adapt 
the Cornell recommendations for semi-dwarf systems to the 
more intensive high-density systems and measure the impact of 
different ground cover treatments between the rows and various 
herbicide strategies in the tree row on tree growth, tree health, 
and soil health. This article will focus on the results of the weed 
control options in 2011. 
 NY growers rely heavily on a limited number of older, less 
expensive herbicides.  The continued use of simazine and/or 
diuron has led to herbicide resistance in several broadleaf weeds.  
Additionally, there are concerns in the export market about the 
older herbicides with the potential for leaching into water sources.   
In recent years, new herbicides have been registered for use in 
tree fruit crops with different spectrums of weed control and safer 
environmental profiles.  Several organic herbicide products have 
also appeared on the market.  These new options for organic and 
conventional growers are best evaluated in side-by side demon-
strations in replicated plots. The newer herbicides, formulations, 
and tank mixes were tested in our recent trials.  This article will 
focus on the results of various herbicide programs in these young 
plantings in 2011.  

Materials and Methods
With the help of 2 growers, 2 on-farm demonstration sites were 
set up in Spring 2011 where the sustainability of treatments can 
be evaluated in replicated plots for the short term, and potentially 
for a longer term after they are established. 
 Rod Farrow of Lamont Fruit Farm planted Gala on M.9 root-
stock at 2 x 11 ft. on May 12, 2011.  Herbicide applications had to 
wait for a window for treatment after soil settled and applicators 

Figure	1.	 One	year	old	orchard	of	Snappy	Mac	on	B.9	at	Mason	Fruit	Farm	
used	for	herbicide	experiment.

could walk on open ground after the heavy rains.  The residual 
herbicides were applied May 23.  There were 3.5 in. of rain dur-
ing the first 30 days after the application, and 7.2 in. of rain over 
the 3-month period after residual herbicides were applied.  This 
orchard also had trickle irrigation installed and was operated 
during the month of July when there was no precipitation.  
 Doug Mason of Mason Farms planted Snappy Mac on B.9 
rootstock in 2010 at a spacing of 3.5 x 14 ft (Figure 1). Herbicide 
test plots were established in 2011 and pre-emergence treatments 
were applied April 22 followed by nearly 6 in. of rain the follow-
ing 30 days and a total of 10 in. of rain for the 3.5 month period 
after the residual herbicides were applied.  Before the residual 
herbicide applications, this orchard had a carpet of winter annual 
weeds mainly annual bluegrass (Poa annua) and hairy bittercress 
(Cardamine hirsuta).  
 Herbicide treatments at both plots were applied with a CO2 
R&D sprayer using 2 L bottles for each treatment using a single 
Spraying Systems 8004 110o EVS nozzle, 0.28 gallons per minute 
at 30 psi, at 2 mph resulting in 34 gpa at Lamont’s and 23 gpa at 
Mason’s.  Herbicide strips in rows at Lamont’s were 2 ft. wide, 
and at Mason’s, 3 feet.  
	 Percent weed cover was evaluated every 2-3 weeks.   When 
weed cover reached a threshold of 20-30%, post-emergence 
treatments were made using paraquat in most treatments or 
glyphosate in 2 treatments.   The number of days before the first 
paraquat application was needed (DAT) was recorded.  Statisti-
cal analysis was conducted using Anova, and Tukey HSD mean 
separation, to look for differences in weed control on each date 
sampled.
 The impact on tree growth was evaluated by measuring the 
tree caliper 12 inches above the graft union in April and after leaf 
fall.  The trunk cross-sectional area was calculated for each mea-
surement and the % increase was calculated.  Statistical analysis 
was conducted using Anova, and Tukey HSD mean separation.  

The herbicides that were evaluated were:
	 Prowl	H2O is a newer formulation of an older herbicide, 
pendamethalin.  Prowl H20 kills weeds by root uptake and inhibits 
cell division at growing points.  There is no contact activity.  The 
higher the rate used, the longer the weed control duration.  It is 
good for control of grasses, lambs quarters and pigweed, but poor 
on ragweed.  Prowl needs rainfall to move the herbicide into the 
weed germination zone.  
	 Surflan	AS, oryzalin, is an older pre-emergent herbicide that 
was unavailable for a time and is available again on the market.  
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Oryzalin is safe for new trees to control many annual grasses and 
broadleaf weeds.  Oryzalin is absorbed by roots of germinating 
weed seedlings and interferes with cell division.  It is weak on 
ragweed and PA smartweed.  It needs ½-1 inch of rainfall to move 
the herbicide into the weed germination zone before the weed 
seeds germinate.    
	 Sinbar, terbacil, is also an older herbicide which was rela-
beled years back to include ½ lb. per acre use rates on new tree 
plantings to control annual grasses and broadleaf weeds and 
some partial control or suppression of perennial weeds such as 
quackgrass, horsenettle, and nutsedge.   Rainfall is needed within 
3-4 days of application to move it into the weed germination zone.  
	 Diuron	and	simazine are used as the traditional reference 
standard for comparison.  Diuron is absorbed by roots of germi-
nating weed seed and translocated to leaves where it interferes 
with photosynthesis.  The diuron label does not recommend its 
use on fully dwarf rootstocks or in trees established less than 1 
year.  Simazine is a photosynthesis inhibitor.  Simazine is labeled 
for use in orchards established for 1 year or more.    
	 Chateau	 WDG, a relatively new herbicide that has been 
on the market since 2008 in NY.  Chateau WDG	– flumioxazin, 
is a residual (PPO) herbicide that will also provide burndown 
(consequently if drifted will leave spots on leaves and fruit).  It 
will control many broadleaf weeds and grasses, but the first to 
break through are grasses.  Chateau is best when mixed with a 
material that will enhance grass control, Prowl H2O or Surflan.  
The label allows up to 6-12 oz./acre with 24 oz./acre per season.  
The label requires a nonporous protective trunk barrier on new 
plantings, but not on trees established for 1 year.  The label also 
requires application before pink bud.  
	 GoalTender is a new formulation of Goal (oxyfluorfen) 
registered since 2006.  GoalTender, oxyfluorfen is in the PPO 
family (Goal, Galligen).  It is a pre-emergent and post-emergent 
herbicide, best on annual broadleaf weeds and must be tank 
mixed with a grass herbicide.  This group must be applied to the 
soil under trees before bud swell since it vaporizes and can burn 
the buds.  
	 Matrix, rimsulfuron, is a sulfonylurea herbicide, which 
causes a rapid cessation of growth at the tips of both roots and 
shoots of sensitive plants, eventual plant death. It was registered 
in NY in 2009 for use in tree crops established for at least one 
full growing season.  Matrix has pre and post-emergence activity 
if weed seedlings are small, and will control many annual and 
perennial broadleaf weeds and grasses.  The application rate is 
2-4 oz., with 4 oz./acre limit per season.  It requires rainfall for 
incorporation within a couple of weeks of application for best 
results
	 Alion is a new herbicide registered by EPA in 2011, but 
awaiting NY registration.  Alion,	indazaflam, is a new herbicide 
mode of action that inhibits cellulose biosynthesis, and cellulose 
deposition in the plant cell wall, only affecting the actively grow-
ing root and shoot tissues.  It will provide long lasting residual 
control of a broad spectrum of annual grasses and broadleaf 
weeds, including glyphosate resistant weeds such as marestail 
and fleabane.  Registered by EPA in April of 2011, and still wait-
ing for approval for NYS.  The current EPA label only allows use 
in pome and stone fruit trees established for at least 3 year.
	 GreenMatch is an organic certified (OMRI) burndown 
herbicide, d-limonene, a citrus oil extract and powerful, natural 
degreasing agent that strips away the waxy cuticle from leaves, 

causing fast wilting, dehydration, and death.  But it only works 
on very small seedlings, and like paraquat, if too large, they will 
continue to grow past the burned treatment.  It is effective for 
about 2-3 weeks between treatments.  It is a bit expensive at the 
company’s suggested retail price of $300 per treated acre per 
application.   
 Other new herbicide options which were not tested in this 
project are:
	 Sandea	–	newly registered in apple and blueberries in NY and 
will be a good alternative for nutsedge control with post-emergent 
treatment of 0.75-1 oz./acre when nutsedge is between 3-5 leaf 
stage.  Do not apply to trees established less than 1 year.  Do not 
apply more than 2 oz. per year, and for pre-emergent control, the 
area must be free of weed residue to get good contact with soil.  
	 Tree	Vix,	 a broadleaf burndown in the PPO family, inhibits 
chlorophyll biosynthesis in broadleaf weeds.  It will help to control 
glyphosate resistant weeds, but must be tank mixed with a grass 
herbicide for more complete control.  Pome fruit trees must be 
established for 12 months prior to application.  It is like Aim and 
Venue.  

Results and Discussion
The longer growing season in Mason’s 1-year old established 
orchard resulted in 8 of the 12 herbicide treatments needing 2 
paraquat applications compared to a single paraquat application 
in 5 out of the 9 Lamont treatments.  
 Percent weed cover was evaluated at 2-3 week intervals and 
when weed cover reached a threshold of 20-30%, post-emergence 
treatments were made using paraquat or glyphosate as prescribed 
in the treatment plan (Tables 1 and 2, Figures 2 and 3).   The 
number of days the residual herbicide was effective before the 
first post-emergent herbicide application was needed  is in the 
column titled DAT.
 The first treatments to fail under the intense rainfall of 2011 
were Prowl and Surflan with ragweed and foxtail the first to ger-
minate (Tables 3 and 4).  The higher the rate used, the longer the 
effective residual.  These herbicides have no burndown activity, so 
if any weeds were already germinated at the time of application, 
they would not killed.  More rainfall at Mason’s shortened the 
effective weed control period compared to Lamont’s (Figure 4).  
 The next treatments to fail were Prowl/Surflan with Cha-
teau at 8 oz./acre.  If a higher rate of Chateau had been used, it 
would have lasted longer.  At Lamont’s the Surflan + Chateau 
lasted longer than Prowl + Chateau, but not in the Mason plots.  
Treatments with Chateau burned back the winter annual weeds 
at Mason’s but the first weeds to break through the treatments 
were the grasses. 
 The Prowl/Surflan combination with Goaltender (PPO, with 
pre- and post-emergent control) added 2-3 weeks of control 
to Prowl/Surflan alone providing almost 2 months of control 
at Lamont’s and 2.5 months at Mason’s.  GoalTender also has 
burndown activity which took care of winter annuals present.  
 There were 3 treatments at Mason’s that included Matrix, but 
only 2 treatments with Matrix at Lamont’s. At the newly planted 
Lamont orchard, Matrix was applied in combination with Surflan 
to observe any impact on tree growth since the label restricts its 
use to orchards established at least 1 year.  The 2 Matrix treat-
ments with Surflan at Lamont’s lasted 57-65 days, but all 3 treat-
ments with Matrix at Mason’s lasted nearly 3 months.  The Matrix 
application alone was sufficient for control with potential for 
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Table	1.		 Treatments,	rates	and	timings	of	herbicides	applied	at	Lamont	Fruit	Farm	on	newly	established	apple	trees.

Pre-emergent	Herbicide	 Date	applied	 Post-emergent	Herbicide	 Dates	applied

Prowl H2O (4 qts./a)   May 23  Gramoxone Max (2 pts./a) Jul 2, 19
Prowl H2O (4 qts./a)   May 23  Touchdown IQ (2 qts./a)  Jul 2, Aug 24
Prowl H2O (4 qts./a) plus Chateau WDG (8 oz./a)   May 23  Gramoxone Max (2 pts./a)  Jul 2, 19
Prowl H2O (4 qts./a) plus Chateau WDG (8 oz./a)   May 23  Touchdown IQ (2 qts./a)  Jul 14
Prowl H2O (4 qts./a) plus GoalTender (3 pt./a)   May 23  Gramoxone Max (2 pts./a)  Jul 19
Surflan (4 qts./a)   May 23  Gramoxone Max (2 pts./a)  Jul 2, 19
Surflan (3 qts./a) plus Chateau WDG (8 oz./a)   May 23  Gramoxone Max (2 pts./a)  Aug 24
Surflan (3 qts./a) plus GoalTender (3 pt./a)   May 23  Gramoxone Max (2 pts./a)  Jul 19
Surflan (3 qts./a) plus Matrix (4 oz./a)   May 23  Gramoxone Max (2 pts./a)  Jul 19, Aug 24
Surflan (3 qts./a) plus Matrix (4 oz./a) plus GoalTender (3 pt./a)   May 23  Gramoxone Max (2 pts./a)  Aug 24
Sinbar (8 oz./a) on   May 23 Gramoxone Max Jul 2, 19 , Aug 24
No Pre-emergent herbicide  Green Match (~20 gal/a)   Jun 20, Jul 2, Aug 24
Untreated control  Hand weeded Aug 18

Table	2.		 Treatments,	rates	and	timings	of	herbicides	applied	at	Mason	Farms	on	1	year-old	apple	trees.

Pre-emergent	Herbicide	 Date	applied	 Post-emergent	Herbicide	 Dates	applied

Prowl H2O (4 qts./a)   Apr 25  Gramoxone Max (2 pts./a)  May 25, Jul 13, Aug 17
Prowl H2O (4 qts./a)   Apr 25  Touchdown IQ (2 qts./a)  May 25, Jul 21
Prowl H2O (4 qts./a) plus Chateau WDG (8 oz./a)   Apr 22  Gramoxone Max (2 pts./a)  Jun 3, Aug 12
Prowl H2O (4 qts./a) plus Chateau WDG (8 oz./a)   Apr 22  Touchdown IQ (2 qts./a)   Jun 3, Aug 17
Prowl H2O (4 qts./a) plus GoalTender (3 pt./a)   Apr 22  Gramoxone Max (2 pts./a)  Jul 7, Aug 12
Surflan (4 qts./a)   Apr 25  Gramoxone Max (2 pts./a)  May 25, Jul 13, Aug 17
Surflan (3 qts./a) plus Chateau WDG (8 oz./a)   Apr 22  Gramoxone Max (2 pts./a)  Aug 24
Surflan (3 qts./a) plus GoalTender (3 pt./a)   Apr 22  Gramoxone Max (2 pts./a)  Jun 3, Aug 17
Surflan (3 qts./a) plus Matrix (4 oz./a)   Apr 25  Gramoxone Max (2 pts./a)   Aug 12
Surflan (3 qts./a) plus Matrix (4 oz./a) plus GoalTender (3 pt./a)   Apr 22 Gramoxone Max (2 pts./a)  Aug 17
Sinbar (8 oz./a)    Apr 25 Gramoxone Max (2 pts./a) Jul 21, Aug 17
Matrix (4 oz./a) on   Apr 25 Gramoxone Max (2 pts./a)  Aug 17
Alion (5 oz./a) on,   Apr 25 Gramoxone Max (2 pts./a)  Jul 13
Diuron 4L (1.6 pt./a) plus simazine 4L (1 qt./a)   Apr 25 Gramoxone Max (2 pts./a)  Jul 7, Aug 12
No Pre-emergent herbicide  Green Match (~20 gal/a )   Jun 3, Jun 20, Jul 7, Jul 21
Untreated control  Hand weeded  Aug. 17

cost savings.  This 
was the longest 
lasting treatment 
with bindweed, 
prostrate knot-
weed, and foxtail 
breaking through 
after 3 months.  
 Sinbar plots 
had foxtail, lambs 
quarters and pig-
weed breaking 
through treat-
ment.  Note at 
Masons, 87 days 
passed between 
p r e - e m e r g e n t 
treatment and 
post-emergent 
t re atment ;  40 
days at Lamont’s 
with lambs quar-
ters, purslane and 
bindweed break-
ing through.
 A l l  t r e a t -
ment s  at  Ma-
son’s except for 
the Matrix and 
Alion treatments 
required 2 post-

Figure	2.			Untreated	control	plot	at	Lamont	Fruit	Farm	on	Aug.	15,	2011.

Figure	3.		Untreated	control	plot	at	Mason	Fruit	Farm	on	June	20,	2011.
Figure	4.			The	 daily	 precipitation	 and	 accumulated	 rainfall	 (inches)	 for	

Lamont	Fruit	Farm	and	Mason	Farms	from	NEWA	weather	data.	
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emergence treatments.  The GoalTender 
combinations and Surflan plus Chateau treat-
ments at Lamont Fruit Farm only required 
1 post-emergence application.  The growing 
season at Lamont’s was a month shorter.  
 Tree growth (measured as trunk cross 
sectional area increase - TCA) showed the 
greatest differences at Lamont’s in the Prowl/
Surflan, Chateau, GoalTender, and Sinbar 
plots (Tables 3 and 4).  The  Surflan plus Ma-
trix treatment was numerically better than the 
untreated check but not statistically different, 
but when combined with GoalTender, was 
one of the better (although most expensive) 
treatments.  Green Match and the untreated 
check had the least tree growth due to the 
weed competition.
 Tree growth measurements at Mason’s 
Farm did not show as much difference between 

Table	3.			Effect	of	various	herbicide	programs	on	weed	control	and	tree	growth	of	newly	planted	
apple	trees	at	the	Lamont	Fruit	Farm	(irrigated)

	

	 	 	 	 	 Number	
Treatment	 	 %	Weed	Cover	*	 	 	 Paraquat	 %	TCA	
	 16-Jun	 18-Jul	 18-Aug	 DAT**	 sprays	 increase*	
	

Untreated 48 a 100 a 100 a     32 f
Surflan + paraquat (P)   9 bc   27 b     9bcde 40 2   93 bcde
Prowl + P   1 c   11 b     3 de 40 2 123 abc
Surflan + Chateau + P   0 c     7 b   33 bcd 65 1 130 ab
Prowl + Chateau + P   1 c   16 b     8 cde 40 2 115 abc
Surflan + GoalTender + P   0 c   18 b   12 bcde 57 1 118 abc
Prowl + Goaltender + P   0 c   22 b     7 cde 57 1 110 abc
Surflan + Matrix + P   0 c   27 b   24 bcde 57 2   66 def
Surflan + Matrix + GoalTender + P   0 c     2 b   18 bcde 65 1   97 bcde
Sinbar + P   1 c     9 b   39 b 40 3   91 bcde
Prowl + glyphosate   2  c     6 b   36 bc 40 2 143 a
Prowl + Chateau + glyphosate   0 c     5 b     1 e 52 1 118 abc
Green Match 44 ab   83 a 100 a 12 3   57 ef

*=values	with	the	same	letters	are	not	statistically	different,	Tukey	HSD	All-Pairwise	Comparison
**DAT=the	number	of	days	the	residual	herbicide	was	effective	before	the	first	post-emergent	
herbicide	application	was	needed

Table	4.			Effect	of	various	herbicide	programs	on	weed	control	and	tree	growth	of	1	year-old	apple	trees	at	the	Mason	Farms	(Non-irrigated)	
	

	 	 	 	 %	Weed	Cover*	 	 	 	 Number	Paraquat	 %	TCA	
Treatment	 25-May	 21-Jun	 6-Jul	 13-Jul	 20-Jul	 10-Aug	 DAT**	 sprays	 increase*	
	

Untreated 59  a 60 94 a 100 a 93 a 84 a     93 b
Surflan + P 23 bcd 1 13 bcd   27 bc   0 c 11 bc 30 2 148 a
Prowl + P 32 abcd 2 16 bcd   28 bc   0 c 24 bc 30 2 152 a
Surflan + Chateau + P 11 cd 19   3 cd     8 bc   4 bc 19 bc 42 2 129 ab
Prowl + Chateau + P 13 cd 1   1 d     6 c   3 bc 22 bc 42 2 140 ab
Surflan + GoalTender + P   4 cd 11 18 bcd   28 bc   0 c 10 bc 82 2 165 a
Prowl + Goaltender + P 14 cd 35 27 bcd     0 c   1 c 18 bc 76 2 122 ab
Matrix + P   1 d 5   0 d     0 c   1 c 14 bc 90 1 149 a
Surflan + Matrix + P   1 d 2   7 cd     5 c   3 bc 30 bc 90 1 139 ab
Surflan + Matrix + GoalTender + P   1 d 3   0 d     1 c   1 c 14 bc 90 1 126 ab
Sinbar + P   4 cd 1   4 cd   13 bc 11 bc 14 bc 87 2 128 ab
diuron + simazine + P   9 cd 35 46 bc     6 c   0 c 18 bc 73 2 142 ab
Prowl + glyphosate 37 abc 1   9 bcd   24 bc 19 bc   2 c 30 2 141 ab
Prowl + Chateau + glyphosate 13 cd 0   1 d     1 c   0 c 16 bc 42 2 113 ab
Alion + P   6 cd 37 20 bcd   31 bc   0 c   5 c 79 1 158 a
Green Match 52 ab 22 50 b   47 b 42 b 47 ab 17 4 140 ab

*=values with the same letters are not statistically different, Tukey HSD All-Pairwise Comparison
**DAT=the number of days the residual herbicide was effective before the first post-emergent herbicide application was needed
 

the untreated check and the herbicide treatments.  The greatest 
increase was with Surflan/Prowl alone, Surflan + GoalTender, 
Matrix, and Alion plots, with a range of 148-165%.  All other 
treatments were intermediate and not statistically different than 
the untreated control.  The reduced effect on tree growth in this 
plot was likely due to the established root system by the second 
year in the orchard, with roots developing below the weed seed 
germination and root zone, reducing the potential competition 
by the weeds.  
 In plots using glyphosate for post-emergence weed control, 
there was no difference in tree growth compared to plots receiv-
ing paraquat for post-emergence weed control. 

Conclusion 
Choosing a herbicide program will depend on tree age (some 
herbicide labels restrict use to established orchards), rates of 
herbicide, the desired duration of weed control, and how growers 
figure the cost and management of additional post-emergent con-
trol. There were no weed control treatments in newly planted or 

1-year established orchards that lasted season-long.  Treatments 
using Matrix or Alion in the one-year established orchard, and 
some of the combinations with Chateau (Prowl or Surflan) and 
Goaltender (plus Prowl or Surflan) in the newly planted orchards 
required only a single follow-up post-emergence treatment.  
Others required 2 post-emergence applications.  The shortest 
residual treatments were the Prowl or Surflan alone.  The longer 
season in the Mason 1-year established orchard resulted in most 
herbicide treatments needing 2 paraquat applications compared 
to 1 paraquat application in many of the Lamont treatments.  
 GreenMatch, the OMRI certified organic herbicide, provided 
the same weed control as the untreated check in newly planted 
orchard, and slightly better in the 1-year established orchard, 
but the tree growth was the same as untreated check in newly 
planted trees.  It was difficult to keep up with applications of 
GreenMatch which required applications every 2 weeks or more 
often to control succulent germinating weeds.  High rates of 
material and cost will deter use of GreenMatch.  
 Tree growth in the untreated checks was reduced compared 
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to herbicide treatments.  But there was a bigger impact on tree 
growth in the newly planted orchard than the 1-year established 
orchard.  We expect that the difference in tree growth we ob-
served in the first and second year will impact the productivity 
of orchards in the following seasons.  
 No conclusions can be made from this one-year study re-
garding the impact on glyphosate on tree health, but we hope 
to continue this project with an additional focus on controlling 
perennial weeds.  No conclusions can be made regarding soil 
health among treatments, but soil health test in subsequent years 
may influence future weed control recommendations.  
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