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“This project continues to document the 
great payback of a small investment in 
weed control in the early life of high 
density apple orchards, where early 
yields are important to recoup orchard 
establishment costs.”

Critical Weed Control Requirements in Young 
High Density Apple Orchards
Deborah Breth
Cornell	Cooperative	Extension,	Lake	Ontario	Fruit	Program,	Albion,	NY

Weed control is a necessary component of high quality 
apple production systems to prevent competition for 
nutrients and water and remove habitat for voles.  

Weed control is 
not just for cos-
metic purposes.  
A previous article 
in the NY Fruit 
Quarterly (Breth 
2014) showed sig-
nificant growth 
reduction and a 
reduced cropping 
potential in the 

2nd year worth $440–$1188 per acre if weeds were not con-
trolled in the first two growing seasons in the life of the orchard.  
Previous work done by Ian Merwin (1994) identified the critical 
weed-free period as May through July for optimal tree growth 
in semi-dwarfing rootstocks planted at a density of 230 trees/
acre.  This project continues to document the great payback of 
such a small investment in weed control in the early life of high 
density apple orchards, where early yields are important to recoup 
orchard establishment costs.  The objective of this project is to 
study the effect of weed competition at different timings on tree 
growth and potential yield in new high density plantings.  These 
are preliminary results of data analyzed for 3 seasons of growth.  

Materials and Methods
 Two farms established new high-density plantings.  Kast 
Farms had Gala on M9/337, planted at 3’ x 12’ on April 26, 2013 
(1000–2000 trees per acre) (Figure 1).  A second set of plots was 
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Figure	1.		 Kast	test	site,	Orleans	Co.,	NY.		Well-branched	Gala	on	M9	planted	
April	26,	2013.

Figure	2.		 RR	test	site,	Wayne	Co.,	NY.		Gala	on	M9	planted	May	3,	2014

Figure	3.		 Weed-free	treatment	timings.

established in western NY at Reality Research (RR) with Gala 
on M9/337, planted on May 3, 2014 (Figure 2).  Irrigation was 
installed at the Kast site but was not used until 2014.  The Reality 
Research site had no irrigation.  Both Kast Farms and Reality 
Research sites had deer fencing.  
 The treatment timings tested (Figure 3) included weed-free 
1) from planting through September, 2) planting through August, 
3) planting through July, 4) June through August, 5) June through 
July, 6) July through August, 7) August through September, and 
8) an untreated control.  Treatments were randomized in 4 
replicates at Kast Farms and Reality Research.  Each plot had 6 
trees per plot, and the 2 end trees in each plot were buffer trees.  
 After the first soil settling rainfall in the 1st year plantings, 
herbicides were applied based on treatment timings using a CO2 
R&D backpack sprayer at 30 psi, 0.28 gpm, walking at 2.0 mph, in 
1.5-ft bands on 
each side of the 
tree rows.  The 
first treatment in 
all plots in 2013 
was Chateau (12 
oz/A) plus Prowl 
H2O (4 qt/A).  
Gramoxone SL 
(2.5 pt/A) was 
included in the 
tank mix for the 
first applica-
tion to kill any 
emerged weeds.  



12  NEW YORK STATE HORTICULTURAL SOCIETY

Plots were treated subsequently with paraquat to keep the plots 
clean (<20% weed cover) as prescribed in the treatments.  In 
2014, the initial treatment was Prowl H2O (4 qt/A) on May 24 
following the first settling rain after planting in the RR plots, and 
on April 18 at Kast Farms for the 2nd leaf.  The 2015 growing 
season was another late spring, with the first herbicide applica-
tions on April 29 at Kast and May 2 at Reality Research, and sub-
sequent treatments at monthly intervals.
 Percent weed cover was evaluated by estimating the 
percentage of ground covered with weeds in an 18” circle 
between trees in 3 locations in each plot.  The weeds were 
identified in each plot.  The percent weed cover was averaged 
for each date and over the total season.  The data was analyzed 
for statistical differences using ANOVA, and Tukey’s HSD to 
separate treatment effects.   
 Immediately after planting, the trunks were painted and 
trunk circumferences were measured at 30 cm above the graft 
union.  Trunk circumference was measured again in October 
2013 at Kast, and October 2014 and 2015 at Kast and RR.  The 
trunk cross-sectional area (TCSA) was calculated in square 
centimeters (cm2).  Leader growth was measured (cm) for each 
tree.  The number of shoots greater than 30 cm were counted, and 
the current season’s growth was measured (6 shoots in 1st leaf 
plantings, 10 shoots in 2nd and 3rd leaf plantings).  The average 
shoot length was multiplied by the number of shoots, and added 
to the leader growth to calculate the total shoot growth for each 
season.  In 2015, the total tree height above the graft union was 
also measured.  The data was analyzed by ANOVA and Tukey’s 
HSD to separate treatment effects at the 95% confidence level.  
  Soil and leaf analysis samples were collected in early 
August, 2013, 2014, and 2015.  Treatment samples were pooled 
across reps, by collecting 20 leaves from each replicate of each 
treatment.  Without treatment sample replication, no statistical 
analysis was conducted on nutritional impact.  
 To evaluate potential yield, the Robinson (2009) model was 
used to predict that 4 apples could be produced per cm2 of trunk 
cross sectional area (TCSA) measured at 30 cm above the graft 
union.  The resulting potential yield per tree was calculated 
as TCSA x 4 multiplied by 1210 trees per acre, and divided by 
88 (fruit count per bushel) to estimate bushels per acre.  To 

Figure	4.		 The	 six	 pale	 trees	 in	 the	 center	 of	 the	 photo	 are	 Kast	 Farms	
untreated	weedy	checks,	with	nearly	no	fruit	and	very	low	%	leaf	N.

determine actual yield, the apples per tree were counted and 
weighed, and averaged over treatments at the Kast site in 2014 
and 2015, and in Reality Research site in 2015.    

Results and Discussion
These are preliminary results from the three seasons of data 
collected and analyzed.  
 Percent Weed Cover. At the Kast site, Year 1 (2013) had 
little difference in percent weed cover among weed-free timings 
initiated in May or June, but weed-free treatments that were not 
initiated until July resulted in statistically higher percent weed 
cover and competition.  In 2013, the herbicide treatments using 
the residual of Chateau with Prowl resulted in no difference in 
percent weed cover for the season in treatments initiated in May 
and June, because the Chateau residual weed control did not 
break when expected (approximately 45 days after application).  
With the removal of Chateau from the treatments in 2014, using 
Prowl H2O for the first residual herbicide treatment, there 
was better separation of weed competition among treatments, 
ranging from 2–74% at the Kast site (Table 1), and in 2015, 
4–95% (Table 2).  The best weed control was in the longest 
weed-free treatment timings beginning in April and May, and 
lasting 4–5 months through August or September.  There was 
statistically more weed cover in treatment timings that were 
initiated in July and August.  The untreated check, as expected, 
resulted in statistically more weed competition than any other 
treatment timings.
 The first season at the RR site in 2014 started with a May 
3 planting date and the first settling rainfall on May 16.  Early 
treatment timings initiated on May 22 and June 24 resulted 
in lower percent weed cover, with a seasonal average for the 
first five treatment timings holding at less than 20% (Table 3).  
Weed-free treatment timings initiated in July or later resulted 
in a range of 41–45%.  The untreated check had a statistically 
higher average seasonal weed cover of 62%.  There was better 
separation in percent weed cover between treatments in 2015, 
ranging from 6–78% (Table 4).  
 Impact on tree growth. In the Kast and RR sites, there was 
no difference in TCSA at initial planting time.  Kast trees planted 
in 2013 had a TCSA of 2 cm2, and RR trees planted in 2014 had 
a TCSA of 1.5 cm2.  Kast trees stayed nearly twice as large in 
TCSA as those in the Reality Research plots, showing a potential 
benefit in production when planting larger trees.  
 In 2013 at Kast during 1st leaf, there was a significant increase 
in TCSA among treatments, with weed control starting right 
after planting or as late as June, ranging from 93–108%, compared 
with weed control treatments initiated in late July (64%) or plots 
with no weed control (47%).  There was little statistical difference 
in the length of the leader among treatments, except for the 
untreated check, with 36 cm compared with 47–58 cm for all 
other treatments (30 centimeters = 12 inches).  The average 
shoot growth for the season was 25–32 cm, with total estimated 
shoot growth of 2.6–3.3 m in the early season treatments, 
compared with 20 cm of average shoot growth and 2 m of total 
shoot growth in the late season treatment.  The late season 
treatment was not significantly better than the untreated check, 
with 16 cm average shoot growth and 1.4 m total shoot growth.  
 At Kast during the 2nd leaf in 2014, the percent increase for 
treatments initiated as early as April and as late as June ranged 
from a 315–353% increase.  Waiting until July to clean up weeds 
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Weed-‐free	  
(ming

2014	  
Season	  
AVG

May	  -‐Sep 11 A 6 CD 2 C 6 C 1 C 1 CD 3 CD 1 C 3 DE 2	  e
May-‐Aug 5 B 3 D 3 C 2 C 1 C 0 D 2 D 0 C 3 E 3	  e
May-‐Jul 11 A 6 CD 1 C 1 C 1 C 4 CD 18 B 32 B 27 C 11	  cd
Jun-‐Aug 11 A 13 AB 9 C 2 C 2 C 3 CD 0 D 1 C 5 DE 5	  de
Jun-‐Jul 14 A 15 A	   3 C 5 C 1 C 6 C	   18 B 37 B 39 B 15	  c
Jul	  -‐	  Aug 11 A 14 A 42 A 5 C 6 B 1 CD 1 D 3 C 10 DE 11	  cd
Aug	  -‐Sep 9 AB 9 BC 30 B 79 B 100 A 20 B 8 C	   2 C 6 DE 29	  b
Untreated 12 A 14 A 42 A 96 A 100 A 100 A 100 A 100 A 100 A 74	  a

Weed-‐free	  
(ming

2015	  
Season	  
AVG

May	  -‐Sep 10 d 2 de 8 c 6 c 22 cd 1 c 0 d 1 c 3 c 8 d 6	  e
May-‐Aug 8 d 1 e 2 c 4 c 11 de 2 c 1 d 1 c 2 c 6 d 4	  e
May-‐Jul 12 d 4 de 12 c 3 c 5 e 0 c 0 d 1 c 3 c 3 d 4	  e
Jun-‐Aug 14 d 14 cd 59 ab 21 b 40 b 21 b 2 cd 2 c 7 c 9 d 19	  d
Jun-‐Jul 30 c 18 c 33 bc 10 c 35 bc 14 b 4 c 13 b 22 b 25 bc 20	  d
Jul	  -‐	  Aug 57 b 26 bc 64 ab 92 a 100 a 20 b 8 b 3 c 10 c 14 cd 39	  c
Aug	  -‐Sep 50 b 35 b 67 ab 93 a 100 a 100 a 100 a 0 c 13 bc 30 b 59	  b
Untreated 100 a 52 a 94 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 95	  a

26-‐May 8-‐Jun

1.0	  	  	  D
1.4	  	  	  D
1.2	  	  	  D
1.4	  	  	  D
2.3	  	  	  D
20.9	  	  	  C
42.1	  	  	  B
53.8	  	  	  A

Numbers	  followed	  by	  the	  same	  lePers	  are	  not	  sta(s(cally	  different,	  Tukey	  HSD,	  	  alpha=0.05

17-‐Jul 31-‐Jul 11-‐Aug 1-‐Sep 18-‐Sep

Table	  1.	  	  	  Kast	  %	  Weed	  Cover	  2014

25-‐Jun 11-‐Jul 25-‐Jul 12-‐Aug 27-‐Aug21-‐Apr 1-‐May 13-‐May 10-‐Jun

2013	  
Season	  
AVG

Table	  2.	  	  Kast	  %	  Weed	  Cover	  2015

29-‐Jun21-‐Apr 8-‐May

Weed-‐free	  
(ming

2014	  
Season	  
AVG

May	  -‐Sep 11 A 6 CD 2 C 6 C 1 C 1 CD 3 CD 1 C 3 DE 2	  e
May-‐Aug 5 B 3 D 3 C 2 C 1 C 0 D 2 D 0 C 3 E 3	  e
May-‐Jul 11 A 6 CD 1 C 1 C 1 C 4 CD 18 B 32 B 27 C 11	  cd
Jun-‐Aug 11 A 13 AB 9 C 2 C 2 C 3 CD 0 D 1 C 5 DE 5	  de
Jun-‐Jul 14 A 15 A	   3 C 5 C 1 C 6 C	   18 B 37 B 39 B 15	  c
Jul	  -‐	  Aug 11 A 14 A 42 A 5 C 6 B 1 CD 1 D 3 C 10 DE 11	  cd
Aug	  -‐Sep 9 AB 9 BC 30 B 79 B 100 A 20 B 8 C	   2 C 6 DE 29	  b
Untreated 12 A 14 A 42 A 96 A 100 A 100 A 100 A 100 A 100 A 74	  a

Weed-‐free	  
(ming

2015	  
Season	  
AVG

May	  -‐Sep 10 d 2 de 8 c 6 c 22 cd 1 c 0 d 1 c 3 c 8 d 6	  e
May-‐Aug 8 d 1 e 2 c 4 c 11 de 2 c 1 d 1 c 2 c 6 d 4	  e
May-‐Jul 12 d 4 de 12 c 3 c 5 e 0 c 0 d 1 c 3 c 3 d 4	  e
Jun-‐Aug 14 d 14 cd 59 ab 21 b 40 b 21 b 2 cd 2 c 7 c 9 d 19	  d
Jun-‐Jul 30 c 18 c 33 bc 10 c 35 bc 14 b 4 c 13 b 22 b 25 bc 20	  d
Jul	  -‐	  Aug 57 b 26 bc 64 ab 92 a 100 a 20 b 8 b 3 c 10 c 14 cd 39	  c
Aug	  -‐Sep 50 b 35 b 67 ab 93 a 100 a 100 a 100 a 0 c 13 bc 30 b 59	  b
Untreated 100 a 52 a 94 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 95	  a

26-‐May 8-‐Jun

1.0	  	  	  D
1.4	  	  	  D
1.2	  	  	  D
1.4	  	  	  D
2.3	  	  	  D
20.9	  	  	  C
42.1	  	  	  B
53.8	  	  	  A

Numbers	  followed	  by	  the	  same	  lePers	  are	  not	  sta(s(cally	  different,	  Tukey	  HSD,	  	  alpha=0.05

17-‐Jul 31-‐Jul 11-‐Aug 1-‐Sep 18-‐Sep

Table	  1.	  	  	  Kast	  %	  Weed	  Cover	  2014

25-‐Jun 11-‐Jul 25-‐Jul 12-‐Aug 27-‐Aug21-‐Apr 1-‐May 13-‐May 10-‐Jun

2013	  
Season	  
AVG

Table	  2.	  	  Kast	  %	  Weed	  Cover	  2015

29-‐Jun21-‐Apr 8-‐May

Weed-‐free	  
(ming

2014	  
Season	  
AVG

May	  -‐Sep 3 A 1 C 0 C 0 C 2 D 1	  c
May-‐Aug 2 A 0 C 0 C 0 C 1 D 1	  c
May-‐Jul 3 A 0 C 0 C 0 C 1 D 1	  c
Jun-‐Aug 2 A 20 AB 0 C 0 C 17 B 8	  c
Jun-‐Jul 1 A 12 B 0 C 0 C 11 C 5	  c
Jul	  -‐	  Aug 2 A 22 A	   97 A 11 b 96 A 46	  b
Aug	  -‐Sep 3 A 15 AB 88 B 100 A 1 D 41	  b
Untreated 2 A 15 AB 93 A 100 A 100 A 62	  a

Weed-‐free	  
(ming

2015	  
Season	  
AVG

May	  -‐Sep 0 d 1 d 1 c 3 e 0 c 0 c 1 d 0 c 0 b 0 d 3 e 58 d 6	  d
May-‐Aug 5 bcd 8 bcd 3 c 16 de 0 c 1 c 6 bcd 1 c 1 b 0 d 6 de 55 d 8	  d
May-‐Jul 5 bcd 6 bcd 4 bc 26 cd 0 c 1 c 3 cd 1 c 3 b 5 d 7 de 66 bcd 11	  cd
Jun-‐Aug 15 a 16 abc 24 ab 45 b 1 c 5 c 14 b 6 c 11 b 10 cd 22 cd 63 cd 19	  c
Jun-‐Jul 10 abc 12 abcd 13 abc 49 b 2 c 5 c 13 bc 3 c 10 b 12 bcd 26 c 87 abc 20	  c
Jul	  -‐	  Aug 11 ab 19 ab 18 abc 68 a 100 a 100 a 100 a 16 b 9 b 27 b 47 b 88 ab 50	  b
Aug	  -‐Sep 1 cd 4 cd 7 abc 36 bc 83 b 92 b 96 a 99 a 100 a 26 bc 36 bc 48 d 52	  b
Untreated 12 ab 24 a 26 a 80 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 78	  a

Table	  4.	  	  Reality	  Research	  %	  Weed	  Cover	  2015
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25-‐Sep14-‐Apr 28-‐Apr 12-‐May 27-‐May 9-‐Jun 23-‐Jun 9-‐Jul 22-‐Jul 4-‐Aug 22-‐Aug 2-‐Sep
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2014	  
Season	  
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May	  -‐Sep 3 A 1 C 0 C 0 C 2 D 1	  c
May-‐Aug 2 A 0 C 0 C 0 C 1 D 1	  c
May-‐Jul 3 A 0 C 0 C 0 C 1 D 1	  c
Jun-‐Aug 2 A 20 AB 0 C 0 C 17 B 8	  c
Jun-‐Jul 1 A 12 B 0 C 0 C 11 C 5	  c
Jul	  -‐	  Aug 2 A 22 A	   97 A 11 b 96 A 46	  b
Aug	  -‐Sep 3 A 15 AB 88 B 100 A 1 D 41	  b
Untreated 2 A 15 AB 93 A 100 A 100 A 62	  a

Weed-‐free	  
(ming

2015	  
Season	  
AVG

May	  -‐Sep 0 d 1 d 1 c 3 e 0 c 0 c 1 d 0 c 0 b 0 d 3 e 58 d 6	  d
May-‐Aug 5 bcd 8 bcd 3 c 16 de 0 c 1 c 6 bcd 1 c 1 b 0 d 6 de 55 d 8	  d
May-‐Jul 5 bcd 6 bcd 4 bc 26 cd 0 c 1 c 3 cd 1 c 3 b 5 d 7 de 66 bcd 11	  cd
Jun-‐Aug 15 a 16 abc 24 ab 45 b 1 c 5 c 14 b 6 c 11 b 10 cd 22 cd 63 cd 19	  c
Jun-‐Jul 10 abc 12 abcd 13 abc 49 b 2 c 5 c 13 bc 3 c 10 b 12 bcd 26 c 87 abc 20	  c
Jul	  -‐	  Aug 11 ab 19 ab 18 abc 68 a 100 a 100 a 100 a 16 b 9 b 27 b 47 b 88 ab 50	  b
Aug	  -‐Sep 1 cd 4 cd 7 abc 36 bc 83 b 92 b 96 a 99 a 100 a 26 bc 36 bc 48 d 52	  b
Untreated 12 ab 24 a 26 a 80 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 100 a 78	  a

Table	  4.	  	  Reality	  Research	  %	  Weed	  Cover	  2015

Table	  3.	  	  Reality	  Research	  %	  Weed	  Cover	  2014

22-‐May 11-‐Jun 30-‐Jun 4-‐Aug 29-‐Sep

25-‐Sep14-‐Apr 28-‐Apr 12-‐May 27-‐May 9-‐Jun 23-‐Jun 9-‐Jul 22-‐Jul 4-‐Aug 22-‐Aug 2-‐Sep

resulted in a small-
er 269% increase in 
TCSA, and only 196% 
in the untreated check.  
The early season treat-
ment timings resulted 
in 27–29 shoots longer 
than 30 cm; in late sea-
son timings there were 
only 22, which is not 
significantly different 
from only 18 shoots in 
the untreated checks.  
After Year 2, the TCSA 
for early season weed-
free timings were gen-
erally equal, ranging 
from 8.8– 9.6 cm2, 
compared with 8.0 cm2 
if weed control was 
started in July, and 6.3 
cm2 after 2 years of no 
weed control.    
      Table 5 shows the total percent increase in TCSA for the 
1st through 3rd year.  After the 3rd leaf, the best numerical 
TCSA of 14 cm2 was in the May-Sept, May-July, and June-
July treatments.  The smallest TCSA values were recorded 
in the latest treatment timing and the untreated plots.  The 
number of branches longer than 30 cm ranged from 15 in 
untreated plots to 23–27 in early treatments.  The aver-
age shoot growth was significantly different, but showed 
that the fewer the branches, the longer the average shoot 
growth, with the exception of the untreated weedy check, 
which had the fewest branches.  The untreated check trees 
were much shorter (721 cm) than the plots with early and 
late weed control treatments (795–850 cm). 
 At the RR site for 1st leaf in 2014, there was no difference 
in weed pressure among the early season treatments 
initiated in late May and late June; therefore, there was 
no expectation of differences in tree growth among those 
early treatments.  The percent increase in TCSA among 
early season treatments ranged from 59–72%, the number 
of shoots longer than 30 cm was 5.2– 6.5, compared with 
late season treatments and the untreated check, with 
only 2.9–4.2 shoots.  The average shoot length in early 
treatments ranged from 22–30 cm with a total growth of 
1.6–2.2 m.  The late season treatments and untreated checks 
had significantly less shoot growth than early treatments, 

but late season and untreated checks were not statistically different 
from each other, with 16–17 cm average shoot growth and 0.8–1.0 
m in total shoot growth.  In the 2nd leaf, Table 6 shows the best 
increase in TCSA was in the treatments that began when weed-free 
timing started in May, but was not statistically better than weed-free 
timings starting in June or July, all ranging from 5–6 cm2. Treatments 
that were weed-free in August and the untreated plots resulted in 
the smallest TCSA at the end of the 2nd leaf.   The total tree height 
was not different among treatments ranging from 650–809 cm, but 
much greater than the untreated checks (only 429 cm).  
 Nutrient Analysis. The leaf nutrient analyses are shown in 
Table 7 for the least weedy plots, the untreated check, and a mid-
season weedy treatment.  The leaf analysis results showed higher 
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N at the Kast site in the longest weed-free 
treatment for both 1st through 3rd leaf 
seasons.  In the first season it was 2.4% 
N, and in the second season 2.8%, which 
can result in higher risk of fire blight, and 
2.28% in the 3rd leaf.  Other treatments 
showed slightly deficient N according to 
standard recommendations in young trees 
(2.4–2.6%).  The untreated check had more 
yellow leaves, with 1.87% N in the 1st leaf, 
2.03% in the 2nd leaf, and 1.52% in the 3rd 
leaf, showing serious N starvation from 
three years of no weed control shown in 
Figure 4.  The same results were obtained 
in the RR site for the first season, with 2.46% N in 
the longest weed-free treatment vs. 1.8% N in the 
untreated check.  In the second season, the N level 
was higher in the early season weed-free timings than 
in late season weed-free treatments and the untreated 
weedy check.  The correlation coefficient of the 
seasonal average percent weed cover and percent leaf 
N was -0.82, indicating the higher the seasonal weed 
cover, the lower the leaf N.  No significant soil nutrient 
effects stand out for the Kast or RR sites; however, the 
Reality Research site has more organic matter than 
the Kast site and a lower soil pH of 5.5. 
 Impact on fruit production. If using a suggested 
guide of thinning to 4 apples per cm2 TCSA, the po-
tential crop for the 2nd leaf was predicted at 12–13 apples per 
tree in the late season weedy treatments and untreated check, 
compared with 16 apples per tree in early weed-free treatments; 
there was 165 bu/acre in “weedy” treatments compared with 233 
bu/acre in the better early season weed control plots initiated 
in May or June.  In 2014, the trees were harvested to see if there 
was an effect on yield.  Since the trees were thinned with chemi-
cal thinners and hand-thinned uniformly (and not according to 

Weed-‐free	  (ming

2015	  AVG	  
%	  weed	  
cover

TCSA	  	  	  	  	  	  
FALL-2013

TCSA	  	  	  	  
FALL-.2014

	  	  	   TCSA	  	  
FALL-2015

%	  Increase	  
TCSA

May	  -‐Sep 6	  e 4.1	  b 9.7	  a 14.7	  	  a 607	  	  ab
May-‐Aug 4	  e 4.3	  b 9.0	  a 13.2	  	  ab 516	  	  ab
May-‐Jul 4	  e 4.2	  b 9.7	  a 14.6	  	  a 608	  	  ab
Jun-‐Aug 19	  d 4.1	  b 9.0	  a 13.5	  	  ab 602	  	  ab
Jun-‐Jul 20	  d 4.6	  a 9.5	  a 14.1	  	  a 627	  	  a
Jul	  -‐	  Aug 39	  c 4.0	  b 8.9	  a 13.1	  	  ab 525	  	  ab
Aug	  -‐Sep 59	  b 3.4	  	  c 7.7	  b 11.8	  	  	  	  	  b 473	  	  	  	  b
Untreated 95	  a 3.0	  d 6.2	  c 8.6	  	  	  	  	  	  	  	  	  	  c 308	  	  	  	  b

Weed-‐free	  (ming

2015	  AVG	  
%	  weed	  
cover

TSCA	  	  	  	  	  	  
Fall-2014

TCSA	  	  	  	  	  	  
Fall-2015

%	  Increase	  
TCSA

May	  -‐Sep 6	  d 2.5	  a 5.9	  a 296	  a
May-‐Aug 8	  d 2.7	  a 6.1	  a 295	  a
May-‐Jul 11	  cd 2.4	  a 5.7	  a 295	  a
Jun-‐Aug 19	  c 2.4	  a 5.7	  a 283	  ab
Jun-‐Jul 20	  c 2.4	  a 5.5	  ab 264	  ab
Jul	  -‐	  Aug 50	  b 2.0	  b 5.3	  ab 276	  ab
Aug	  -‐Sep 52	  b 1.9	  b 4.6	  bc 217	  bc
Untreated 78	  a 2.0	  b 4.1	  c 152	  c

Table	  5.	  	  Kast	  Tree	  Growth	  -‐	  1st	  through	  3rd	  leaf

Table	  6.	  	  Reality	  Research	  Growth	  -‐	  1st	  through	  2nd	  leaf

Weed-‐free	  (ming

2015	  AVG	  
%	  weed	  
cover

TCSA	  	  	  	  	  	  
FALL-2013

TCSA	  	  	  	  
FALL-.2014

	  	  	   TCSA	  	  
FALL-2015

%	  Increase	  
TCSA

May	  -‐Sep 6	  e 4.1	  b 9.7	  a 14.7	  	  a 607	  	  ab
May-‐Aug 4	  e 4.3	  b 9.0	  a 13.2	  	  ab 516	  	  ab
May-‐Jul 4	  e 4.2	  b 9.7	  a 14.6	  	  a 608	  	  ab
Jun-‐Aug 19	  d 4.1	  b 9.0	  a 13.5	  	  ab 602	  	  ab
Jun-‐Jul 20	  d 4.6	  a 9.5	  a 14.1	  	  a 627	  	  a
Jul	  -‐	  Aug 39	  c 4.0	  b 8.9	  a 13.1	  	  ab 525	  	  ab
Aug	  -‐Sep 59	  b 3.4	  	  c 7.7	  b 11.8	  	  	  	  	  b 473	  	  	  	  b
Untreated 95	  a 3.0	  d 6.2	  c 8.6	  	  	  	  	  	  	  	  	  	  c 308	  	  	  	  b

Weed-‐free	  (ming

2015	  AVG	  
%	  weed	  
cover

TSCA	  	  	  	  	  	  
Fall-2014

TCSA	  	  	  	  	  	  
Fall-2015

%	  Increase	  
TCSA

May	  -‐Sep 6	  d 2.5	  a 5.9	  a 296	  a
May-‐Aug 8	  d 2.7	  a 6.1	  a 295	  a
May-‐Jul 11	  cd 2.4	  a 5.7	  a 295	  a
Jun-‐Aug 19	  c 2.4	  a 5.7	  a 283	  ab
Jun-‐Jul 20	  c 2.4	  a 5.5	  ab 264	  ab
Jul	  -‐	  Aug 50	  b 2.0	  b 5.3	  ab 276	  ab
Aug	  -‐Sep 52	  b 1.9	  b 4.6	  bc 217	  bc
Untreated 78	  a 2.0	  b 4.1	  c 152	  c

Table	  5.	  	  Kast	  Tree	  Growth	  -‐	  1st	  through	  3rd	  leaf

Table	  6.	  	  Reality	  Research	  Growth	  -‐	  1st	  through	  2nd	  leaf

Farm TRT N K P Ca Mg Mn Fe Cu B Zn
Kast	  1st	  leaf	   May	  thru	  Sep 2.4 1.64 0.284 0.53 0.238 37 104.3 68.3 23.2 40.5
Kast	  1st	  leaf	   Jun	  thru	  Aug 2.27 2.02 0.212 0.69 0.254 34 77.9 61.7 31.5 19.2
Kast	  1st	  leaf	   Untreated	  check 1.87 1.53 0.207 1.17 0.392 41 226.3 112.2 30.6 28.4

Kast	  2nd	  leaf May	  thru	  Sep 2.8 1.91 0.211 1.06 0.227 120 44.6 10.0 23.5 14
Kast	  2nd	  leaf May	  thru	  Jul 2.39 1.35 0.193 1.21 0.367 31 37.4 32.7 22.3 13.9
Kast	  2nd	  leaf Jul	  thru	  Sep 2.28 1.19 0.231 1.25 0.366 28 36.1 41.2 23.7 14
Kast	  2nd	  leaf Untreated	  check 2.03 1.34 0.243 1.34 0.359 26 35.1 32.9 25.3 15.4

Kast	  3rd	  leaf May	  -‐	  Sep 2.28 1.16 0.17 1.21 0.375 31 47.1 6.1 24 11.5
Kast	  3rd	  leaf Jun-‐Aug 2.27 1.19 0.186 1.32 0.357 32 46.4 5.7 24 11.6
Kast	  3rd	  leaf Jul	  -‐	  Aug 2.04 1.34 0.217 1.21 0.35 31 45.2 5.7 26 12.7
Kast	  3rd	  leaf Untreated 1.52 2.08 0.363 1.05 0.251 34 44.4 4.6 31 15.1

RR	  1st	  leaf PlanMng	  thru	  Sept 2.46 1.33 0.181 1.04 0.381 32 41 32.0 22.6 16.9
RR	  1st	  leaf Jul	  thru	  Aug 2.17 1.36 0.201 1.4 0.293 138 48 6.8 23.5 21.3
RR	  1st	  leaf Untreated	  Check 1.8 1.45 0.153 1.18 0.263 108 41.6 6.9 22.9 23.1

RR	  2nd	  leaf May	  -‐	  Sep 2.48 1.81 0.158 0.85 0.219 76 66.6 21.7 23 17.5
RR	  2nd	  leaf Jun-‐Aug 2.5 1.83 0.172 0.77 0.214 73 67.1 21.2 21 17.7
RR	  2nd	  leaf Jul	  -‐	  Aug 2.21 1.82 0.264 1.01 0.222 67 68 19.9 25 17.7
RR	  2nd	  leaf Untreated 2.16 1.86 0.357 1.02 0.227 70 74.6 21.4 23 21.7

Table	  7.	  	  Leaf	  analysis	  results	  for	  Kast	  (1st	  -‐3rd	  leaf)	  and	  Reality	  Research	  (1st	  -‐2nd	  leaf).

TCSA), the average number of fruits per tree was not statistically 
different, ranging from 12–16 apples per tree.  Therefore, there 
was no statistical difference in fruit size or total weight per tree 
detected among treatments.  After two seasons of growth, Table 
8 shows the potential yields if they had been thinned based on 
TCSA; the best treatments with good weed control could yield 
495 bu/acre for 2015, a 12.5% increase over the late season weedy 
treatments, and a 43% increase over the untreated check.  This 
translates into a return (assuming $8 per bushel) of $3960/acre 
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in good weed control 
treatments, $3520/
acre in late weed con-
trol treatments, and 
$2772/acre in poor 
weed control treat-
ments. 
 The actual yield 
in the 3rd leaf Kast 
orchard was much 
higher than predicted 
in the early season 
and June treatments, 
and much lower than 
predicted in the late 
season weed-free 
timing and untreated 
weedy checks.  Based on TCSA, 
treatments initiated in May or 
June resulted in higher potential 
yields for the 4th leaf, compared 
with yields in the treatments 
initiated in July or later.  
 Table 9 shows the potential 
and actual yield for the 2nd leaf 
and potential yield for 3rd leaf 
in the Reality Research planting.  
Because there was no difference 
in percent weed cover and TCSA 
in treatments initiated in May 
and Jun, there was no difference 
in potential yield among those 
treatments, but they were 20–40 
bushels per acre higher than treatments initiated in July or later, 
an extra $160–320/acre.  However, owing to a late May frost, the 
actual yields were much lower in all treatments than the potential 
yields.  The potential yield for 3rd leaf based on TCSA holds the 
trend for higher yields if weed-free timing is initiated in May 
or June and runs most of the season.  Treatments with weeds 
being cleaned up for two months as well as the untreated weedy 
check resulted in lower potential yields.  The loss in returns to 
this grower could be $600–800 per acre in the 3rd leaf.  

Conclusions
 Although it was suspected that the new plantings of high 
density dwarf apple plantings are more sensitive to weed 
competition, the analysis of this data does not show any 
difference in tree growth or potential fruit production, as long 
as the weed competition is initiated in May and June after 
planting.  If weeds are allowed to establish into July or later, there 
is significant growth reduction and a potential for $440–1188 
per acre lost in yield in the 2nd leaf.  The Kast Farms site had an 
actual reduction in return of $2500–5500 per acre in the 3rd leaf 
in the more weedy treatments, and a potential of $1200–2600 
per acre loss in potential returns in the 4th leaf.  
 It is expected that more differences would be detected in 
a non-irrigated orchard in a dry season.  Although the latest 
weed-free treatment in the RR site without irrigation showed 
the effects of weed debris in treatments started in July, and 
conditions in August acted as a mulch, slowing weed growth the 

Weed-‐free	  (ming

2015	  
Average	  %	  
Weed	  
Cover

3rd	  leaf	  
Poten(al	  
apples/	  	  	  
tree

3rd	  leaf	  
Poten(al	  
yield	  Bu/	  
acre

3rd	  leaf	  
actual	  
yield	  Bu/	  
acre	  2015

3rd	  leaf	  
actual	  
apples/	  
tree

3rd	  leaf	  
Tot	  fruit	  
weight	  
(lb.)/tree

Avg.	  apple	  
weight	  
(lb.)

4th	  leaf	  
Poten(al	  
yield	  Bu	  /	  
acre

May	  -‐Sep 6	  e 39 534 746 78	  ab 25.9	  ab 0.33	  a 809

May-‐Aug 4	  e 36 495 856 85	  a 29.7	  a 0.35	  a 726
May-‐Jul 4	  e 39 534 703 70	  abc 24.4	  ab 0.37	  a 803
Jun-‐Aug 19	  d 36 495 743 75	  ab 25.8	  ab 0.36	  a 743
Jun-‐Jul 20	  d 38 523 472 51	  cd 16.4	  c 0.33	  ab 776
Jul	  -‐	  Aug 39	  c 36 490 605 65	  bc 21.0	  bc 0.32	  ab 721
Aug	  -‐Sep 59	  b 31 424 300 34	  d 10.4	  d 0.30	  ab 649
Untreated 95	  a 25 341 58 7	  e	   2.0	  e 0.24	  b 473

Weed-‐free	  (ming

Season	  
Average	  %	  
Weed	  
Cover

2nd	  leaf	  
Poten(al	  
apples/	  
tree

2nd	  leaf	  
Poten(al	  
yield	  bu/	  
acre

2nd	  leaf	  
actual	  
apples/	  
tree

Tot	  fruit	  
weight	  

(lb)/	  tree

Avg.	  
apple	  
weight	  
(lb.)

3rd	  leaf	  
Poten(al	  
yield/	  acre

May	  -‐Sep 6	  d 10 135	  a 2.4	  abc 0.86 0.23	  a 323	  a
May-‐Aug 8	  d 11 147	  a 4.7	  a 1.43 0.28	  a 335	  a
May-‐Jul 11	  cd 9 130	  a 1.6	  bc 0.55 0.21	  a 316	  a
Jun-‐Aug 19	  c 10 132	  a 0.9	  c 0.35 0.24	  a 311	  a
Jun-‐Jul 20	  c 10 131	  a 1.3	  bc 0.4 0.18	  ab 300	  ab
Jul	  -‐	  Aug 50	  b 8 109	  b 0.1	  c 0.04 0.04	  b 290	  ab
Aug	  -‐Sep 52	  b 8 104	  b 3.6	  ab 1.3 0.29	  a 255	  bc
Untreated 78	  a 8 113	  b 2.4	  abc 0.62 0.16	  ab 225	  c

Table	  9.	  	  Reality	  Research	  poten(al	  and	  actual	  yield	  for	  2nd	  leaf,	  poten(al	  yield	  for	  3rd	  leaf,	  based	  on	  

4	  apples	  per	  cm	  2	  TCSA.

Table	  8.	  	  Kast	  2015	  poten(al	  and	  actual	  3rd	  leaf	  yield,	  and	  poten(al	  yield	  for	  4th	  leaf,	  based	  on	  4	  apples	  per	  cm	  2	  

TCSA.	  	  
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May-‐Aug 8	  d 11 147	  a 4.7	  a 1.43 0.28	  a 335	  a
May-‐Jul 11	  cd 9 130	  a 1.6	  bc 0.55 0.21	  a 316	  a
Jun-‐Aug 19	  c 10 132	  a 0.9	  c 0.35 0.24	  a 311	  a
Jun-‐Jul 20	  c 10 131	  a 1.3	  bc 0.4 0.18	  ab 300	  ab
Jul	  -‐	  Aug 50	  b 8 109	  b 0.1	  c 0.04 0.04	  b 290	  ab
Aug	  -‐Sep 52	  b 8 104	  b 3.6	  ab 1.3 0.29	  a 255	  bc
Untreated 78	  a 8 113	  b 2.4	  abc 0.62 0.16	  ab 225	  c

Table	  9.	  	  Reality	  Research	  poten(al	  and	  actual	  yield	  for	  2nd	  leaf,	  poten(al	  yield	  for	  3rd	  leaf,	  based	  on	  

4	  apples	  per	  cm	  2	  TCSA.

Table	  8.	  	  Kast	  2015	  poten(al	  and	  actual	  3rd	  leaf	  yield,	  and	  poten(al	  yield	  for	  4th	  leaf,	  based	  on	  4	  apples	  per	  cm	  2	  

TCSA.	  	  

following spring and holding more water.  Figure 4 shows the 
effect of weed competition on leaf N, yield and tree height at 
Kast Farms.  The tree height is statistically lower in the untreated 
check trees in both sites, compared with the weed-free timings.  
The untreated checks at Kast Farms also show more crispy bark, 
indicating some winter injury from low carbohydrate reserves 
going into winter due to low N levels.  
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