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“Tall Spindle apple trees need to 
grow well in the first few years to 
produce high early yields to recoup 
the establishment costs as quickly 
as possible. Our results show that 
fertigation and irrigation with the NY 
State climate increased yield and tree 
growth compared to the unirrigated 
treatment. Bending feathers below 
horizontal increased yield early in the 
life of the planting especially for more 
vigorous varieties with upright growth. 
The use of biostimulants did not 
improve tree growth or yield with the 
exception of ‘Honeycrisp’.  ”

Strategies to Improve Early Growth And Yield of Tall 
Spindle Apple Plantings
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The Tall Spindle system is proving to be one of the best 
and most popular options that growers have for replant-
ing orchards.  However, trees need to get into produc-

tion as quickly as 
possible in order 
to recoup the es-
tablishment costs 
as quickly as pos-
sible (Robinson et 
al., 2007). Some 
g r o w e r s  h a v e 
poor tree growth 
the first season 
which limits sec-
ond and third 
year yields.  This 
is in part because 
feathered trees 
have a large above 
ground canopy 
with not enough 
roots to support 
it . Additionally 
many new plant-

ings are left without irrigation especially in Northeastern US 
climates, and this can result in a pronounced stress in some 
years where water supply is not consistent. The use of fertiga-
tion, biostimulant products, plastic mulch, or feather positioning 
below horizontal on highly feathered apple trees could also have 
a positive effect on growth, yield and fruit quality in new Tall 
Spindle apple plantings. 
 Planting feathered trees in high-density orchards is becoming 
a more common practice. The main advantage that growers have 
with the adoption of these highly feathered trees is the potential 
of high early yields compared to the whips. Robinson and Stiles 
(2004) demonstrated that the use of large caliper feathered trees 
was more profitable at high densities of 1000 trees/acre.
 During the year of establishment the feathered tree produces 
more leaves and can potentially generate a greater leaf area 
than the whip tree. On the one hand this could be an advantage 
resulting in an increased production of assimilates that aid with 
the current season structural growth. However, the large leaf area 
combined with a damaged root system at planting, often results 
in drought stress much more quickly than with whip trees. 
 The angle of the feathers also is a factor that affects early 
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cropping.  Bending of branches is a well known management 
practice to reduce vegetative growth and increase flowering and 
fruiting of apple (Luckwill 1970). Bending feathers at planting has 
become a necessary management practice for some high-density 
systems. It has been integrated into the training system of the 
tall spindle (Robinson et al., 2008). This technique can also help 
maintain the tree within its alloted space. 
 In this study we evaluated several management factors for 
their effects on tree growth and cropping of high-density apple 
orchards in the first five years.

Materials And Methods
 This series of studies were carried out at the New York 
State Agricultural Experiment Station in Geneva, NY. The trials 
were planted in 2009 and the experiments were continued 
through 2013. Five apple varieties were used in this experiment: 
‘Crispin’ on M.9T337 rootstock, ‘Brookfield Gala’ on M.9Pajam2, 
‘Rubinstar Jonagold’ on B.9, ‘Honeycrisp’ on M.9Nic29, and 
‘Macoun’ on B.9. The trees were planted at a spacing of 1m (1ft 
3inches) within the rows and 3.5m (12ft) between rows, giving 
2857 trees/ha (1156tree/acre), and were trained as Tall Spindles. 
The four experiments were: 
1) A comparison of irrigation, fertigation and no irrigation, 

each with the same amount for N fertilizer. Calcium nitrate 
was used as the fertilizer at a rate of (113 kg N/ha). With the 
fertigation treatment the fertilizer was dissolved in water and 
then applied through the drip line on a weekly basis.  The total 
annual amount of N was divided into 10 equal amounts applied 
weekly (13 kg of N/ per week every week) starting after bud 
break each spring.  For the irrigation treatment CaNO3 was 
manually applied to the soil surface in a donut shaped band 
around each tree.  The total annual amount of N was divided 
into two equal halves and applied at green tip and late June. 
Irrigation water was then applied weekly at the same times as 
the fertigation water. Additional water if needed was applied 
mid-week without dissolved fertilizer. The amount of irrigation 
water applied every week was dependent on an apple-specific 
ET irrigation model (Dragoni and Lakso, 2011) that estimated 
the amount of irrigation water in any giving week. In the non-
irrigated treatment, CaNO3 was manually applied to the soil 
in a similar manner and at the same timings as the irrigation 
treatment but with no irrigation. 

2) A comparison the number of feathers (lateral branches) on the 
tree at planting. Different numbers of branches were achieved 
by starting with similar diameter branched trees which all had 
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10+ feathers and then reducing the number of feathers down 
to 0, 5 or 10 feathers.  The branches to be eliminated were 
preferentially the ones that were lower than 60 cm of height, 
and any feather with excessive vigor (more than ½ the diam-
eter of the trunk) or with a very narrow crotch angle. In the 
case of trees with 5 or 10 feathers, two branch management 
techniques were compared. Branches were either left at their 
natural angle or were bent down below the horizontal to about 
135° from vertical. In the case of the trees with 0 feathers, the 
lateral branches that grew later in the first season were not 
bent down.

3) An evaluation of biostimulant sprays to improve tree perfor-
mance. Each spray contained a tank mix of four bio-stimulating 
products used at the label rate: Stimplex (24oz/100gal), Nu-
triphite (16oz/100gal), Vitazyme (16oz/100gal) and SystemCal 
(32oz/100gal). Trees were sprayed 5 times each year every 2 
weeks starting on June 1st.  

4) The fourth experiment compared black plastic mulch on the 
soil to no soil mulch. Plastic mulch was installed 1 week after 
planting and covered the herbicide strip (1.5m). Regular weed 
sprays were done in the no mulch treatment. The mulch re-
mained in place for the whole experiment. 

Results
 Irrigation and Fertigation: Cumulative tree growth during 
the five years of the experiment showed that the fertigation and 
irrigation treatments increased total leader length, total shoot 
length, pruning weight and average shoot length similarly, and 
significantly more than the unirrigated control treatment. No 
significant interaction was found between variety and cumulative 
tree growth. 
 The irrigation and fertigation treatments also increased 
cumulative yield per tree, and yield per ha compared to the 
unirrigated control (Table 1, Fig. 1). Yield efficiency was highest 
for the control treatment followed by the irrigation treatment 
and lastly the fertigation treatment. Average crop load was very 
similar for the irrigation and fertigation treatments but lower 
than the control treatment. Average fruit size was greatest with 
the irrigation and fertigation treatments.
 Effect of Number of Feathers:  The relationship of the num-
ber of feathers and cumulative leader length or pruning weight 
was a negative linear relationship (Table 2, Fig. 3).
 The relationship of number of feathers and cumulative yield 

per tree and yield per hectare was a clear positive linear relation-
ship while the relationship between the cumulative average shoot 
length and the number of feathers was a quadratic negative rela-
tionship (Table 2, Fig. 2 and Fig. 3). There was an interaction of 
variety and number of feathers, where average crop load showed 
a quadratic relationship for ‘Crispin’ and the 5 feathers had the 
highest crop load. With ‘Macoun’ there also was a quadratic re-
lationship in which the 5 feathers treatment had the highest crop 
load and the 0 feathers had the lowest. There was a significant 
interaction between variety and number of feathers for average 
shoot length in which all the varieties except ‘Jonagold’ had nega-
tive linear relationship with number of feathers.  With ‘Jonagold’ 
the relationship was quadratic.
 Fruit firmness, soluble solids and dry matter were unaffected 
by the irrigation treatments in our study.  During the 2011 season 
bitter pit incidence was higher with irrigation and fertigation for 
‘Honeycrisp’, than the unirrigated treatment.
 Effect of Branch Angle: Feather angle had an effect on 
cumulative tree growth with trees having feathers at the natural 
angle producing more total shoot length and pruning weight than 
trees with feathers below horizontal (Table 3, Fig. 3). 
 Over the entire five years of the experiment, when feathers 
were tied below horizontal the yield per tree, yield per hectare, 
yield efficiency and crop load were significantly greater than 
when feathers were grown at their natural angle (Table 3, Fig. 
3). However when feathers were at their natural angle, fruit 
size and shoot length were greater than when the feathers were 
below horizontal. There was a significant interaction between 
variety and feather angle for yield per tree and yield per hectare. 
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Fig. 1. Effect of irrigation and fertigation on cumulative yield of five apple varieties over 5 year 

(2009-2013) at Geneva, NY 
Figure	 1.	 Effect	 of	 irrigation	 and	 fertigation	 on	 cumulative	 yield	 of	 five	

apple	varieties	over	5	year	(2009-2013)	at	Geneva,	NY

Figure	 2.	Yield	 of	 fertigated	 Gala/M.9	 apple	 trees	 with	 10	 initial	 feathers	
positioned	below	horizontal	in	the	second	year	(2010)	(A),	third	
year	(2011)	(B),	fourth	year	(2012	(C)	and	fifth	year	(2013)	(D)	at	
Geneva,	NY
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With ‘Crispin’, ‘Honeycrisp’, ‘Jonagold’ 
and ‘Macoun’ feather angle did not affect 
yield. However for ‘Gala’ yield was higher 
when feathers were tied below horizontal 
feathers compared to when the feathers 
were at their natural angle treatment. Crop 
load for ‘Crispin, ‘Gala’, ‘Jonagold’ and 
‘Macoun’ was higher with feathers below 
horizontal. However ‘Honeycrisp’ did not 
show any differences in crop load due to 
feather angle. Fruit size with ‘Crispin’ was 
the largest with feathers at the natural 
angle, while with the rest of the varieties 
there were no significant differences in 
fruit size. Trees with feathers at the natural 
angle had the highest average shoot length 
for ‘Crispin’, ‘Honeycrisp’, ‘Jonagold’ and 
‘Macoun’. However for ‘Gala’ there was no 
difference in average shoot length due to 
feather angle.
 Effect of Biostimulants:  During the 
five years of this experiment, biostimu-
lants increased the average shoot length 
significantly compared to the control 
(Table 4). However no more differences 
were observed for the other cumulative 
variables between the biostimulant treat-
ment and the control.
 Over the five years of the experiment 
biostimulants increased cumulative yield 
per tree, yield per hectare and fruit size 
significantly compared to the untreated 
control treatment (Table 4, Fig. 4). How-
ever, there was a significant interaction be-
tween variety and biostimulant treatment 
with yield per tree and yield efficiency and 
crop load. Biostimulants increased yield 
significantly for ‘Honeycrisp’. However for 
‘Crispin’ ‘Gala’, ‘Jonagold’ and ‘Macoun’ no 
effect of biostimulants was found.  Yield 
efficiency and crop load with ‘Honey-
crisp’ were significantly higher with the 
biostimulant treatment than the control 
while with ‘Gala’ the untreated control had 
higher yield efficiency and crop load. With 
the other varieties (‘Crispin’, ‘Jonagold’ 
and ‘Macoun’) there were no differences 
between the treatments.
 Effect of Plastic Mulch:  During the 
five-year duration of this experiment the 
cumulative growth variables did not show 
differences due to the plastic mulch treat-
ment compared to the no plastic control 
treatment. However the plastic mulch 
increased cumulative yield per tree and 
yield per hectare significantly compared 
to the no plastic control treatment (Table 
5, Fig. 5). Other variables did not show 
any differences between the treatments.

Table	1.		Effect	of	irrigation	and	fertigation	on	cumulative	tree	growth	and	fruiting	of	five	apple	
varieties	over	5	year	(2009-2013)	at	Geneva,	NY.

Irrigation	Treatment

Leader	
Length	

(cm)

Total	
Shoot	

Length	
(cm)

Pruning	
Weight	

(g)

Yield	
(kg/
tree)

Yield	
(t/ha)

Yield	
Efficiency	
(kg/cm2	

TCA)

Average	
Fruit	

Size	(g)
Unirrigated 142 b 4223 b 1030 b 43.7 b 125 b 3.14 a 218.1 b
Irrigated 156 a 5580 a 1479 a 49.7 a 142 a 2.94 b 222.8 a
Fertigated 157 a 5294 a 1475 a 47.1 a 135 a 2.74 c 220.8 ab

Treatment	Significance ** ** ** ** ** ** NS

zMeans within columns and sections with the same letter are not significantly different using Duncan’s at 
MRT P≤0.05. *, ** or NS indicate treatment had a significant effect at P≤0.05 or P≤0.01 levels, or had a non 
significant effect, respectively.

Table	2.		Effect	of	number	of	feathers	below	horizontal	on	cumulative	tree	growth	and	fruiting	of	five	
apple	varieties	over	5	year	(2009-2013)	at	Geneva,	NY.

Number	of	
Feathers

Leader	
Length	

(cm)

Total	
Shoot	

Length	
(cm)

Pruning	
Weight	

(g)

Yield	
(kg/
tree)	

Yield	
(t/ha)

	Yield	
Efficiency	
(kg/cm2	

TCA)

Average	
Fruit	

Size	(g)

Shoot	
Length	

(cm)
0 Feathers 158 4682 1250 44.4 126.9 3.01 218.8 26.3
5 Feathers 156 4967 1014 48.5 138.5 3.08 217.5 22.5
10 Feathers 142 4980 1047 48.7 139 2.98 220.4 20.9
Regression	
Significance L NS L L L NS NS Q

zMeans within columns and sections with the same letter are not significantly different using Duncan’s MRT 
at P≤0.05. *, ** or NS indicate treatment had a significant effect at P≤0.05 or P≤0.01 levels, or had a non 
significant effect, respectively. L, Q or NS indicate the number of feathers was related significantly to the 
response variable either linearly, quadratically or not related, respectively.

Table	3.		Effect	of	feather	angle	on	cumulative	tree	growth	and	fruiting	of	five	apple	varieties	over	5	year	
(2009-2013)	at	Geneva,	NY.

	

	 	 Total	 	 	 	 Yield	 Crop	Load
Feather		 Leader	 Shoot	 Pruning	 	 	 Efficiency	 (Fruit	 Fruit
Angle		 Length	 Length	 Weight	 Yield	 Yield	 	(kg/cm2		 number/cm2	 Size
Treatment	 (cm)	 (cm)	 (g)	 (kg/tree)	 (t/ha)	 TCA)	 TCA)	 (g)
	

Below Horizontal 149 4974 b 1031 b 48.6 a 138.7 a 3.03 a 4.8 a 218 b
Natural Angle 151 5263 a 1662 a 46.3 b 132.1 b 2.81 b 4.3 b 223 a
	

Treatment	
Significance	 NS ** ** * * ** ** **

zMeans within columns and sections with the same letter are not significantly different using Duncan’s MRT 
at P≤0.05. *, ** or NS indicate treatment had a significant effect at P≤0.05 or P≤0.01 levels, or had a non 
significant effect, respectively.

Discussion
 Irrigation and Fertigation: Our results show that that early apple tree growth in 
humid climate is improved by irrigation in the first few years even when both treat-
ments had the high nitrogen fertilization. Irrigation and fertigation also had significantly 
higher cumulative yields over the first 5 years than the unirrigated control. These re-
sults are similar to those obtained by (Robinson and Stiles 2004) on ‘Redchief ’, ‘Mutsu’ 

Table	4.		Effect	of	biostimulants	on	cumulative	tree	growth	and	fruiting	of	five	apple	varieties	over	
	 5	year	(2009-2013)	at	Geneva,	NY	

Biostimulants	
treatment

Leader	
Length	

(cm)

Total	
Shoot	

Length	
(cm)

Pruning	
Weight	

(g)

Yield	
(kg/
tree)

Yield	
(t/ha)

Yield	
Efficiency	

(kg/cm2	TCA)
Fruit	

Size	(g)

No Biostimulants 165 4975 1238 47.0 134.2 2.86 219
Biostimulants 162 5420 1478 49.8 142.3 2.89 225

Treatment	
Significance NS NS NS * * NS NS

zMeans within columns and sections with the same letter are not significantly different using Duncan’s MRT 
at P≤0.05. *, ** or NS indicate treatment had a significant effect at P≤0.05 or P≤0.01 levels, or had a non sig-
nificant effect, respectively. 
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and ‘Empire’.  This study coupled with 
previous studies we have done indicate 
that even in the humid New York State 
climate irrigation can make a substantial 
improvement in early tree growth and 
yield. 
 Fertigation also improved tree growth 
over the non-irrigated treatment; how-
ever when N input was the same, fertiga-
tion was not different from irrigation. For 
the irrigation treatment N was applied 
to the soil manually per tree, and the ir-
rigation water likely moved the fertilizer 
into the soil profile for root uptake. This 

Table	5.		Effect	of	plastic	mulch	on	cumulative	tree	growth	and	fruiting	of	five	apple	varieties	over	5	
year	(2009-2013)	at	Geneva,	NY

Plastic	Mulch	
Treatment

Leader	
Length	
(cm)

Total	
Shoot	
Length	
(cm)

Pruning	
Weight	
(g)

Yield	
(kg/
tree)

Yield	
(t/ha)

	Yield	Ef-
ficiency	(kg/
cm2	TCA)

Average	
Fruit	Size	
(g)

No Plastic 158.4 5149 1236 47.6 b 135.9 b 2.8 220.0
Plastic 166.2 5834 1590 51.7 a 147.7 a 2.87 221.4

Treatment	
Significance NS NS NS * * NS NS

zMeans within columns and sections with the same letter are not significantly different using Duncan’s at 
MRT P≤0.05. *, ** or NS indicate treatment had a significant effect at P≤0.05 or P≤0.01 levels, or had a non 
significant effect, respectively. 

is very similar to fertigation where the only difference is that the fertilizer 
is added and dissolved in the irrigation water before application. In both 
cases water moved the N very similarly into the soil profile.
 We found no effect of irrigation or fertigation treatment on fruit 
quality. However, during the 2011 season bitter pit incidence was higher 
with irrigation and fertigation for ‘Honeycrisp’, than the unirrigated treat-
ment. We assume that more nitrogen was moved into fruit by the use 
of irrigation, although the fruit was never tested for nitrogen content in 
this trial. Shoot growth was more pronounced on the irrigated-fertigated 
trees; hence we can assume that some of the calcium absorbed by the soil 
moved to the shoots rather than the fruit.
 A calculation of the economic benefit of having irrigation in tall 
spindle orchards showed that the increase in crop value was greatest for 
‘Crispin’ followed by ‘Gala’ and then ‘Honeycrisp’ (Table 6). The benefit 
to Macoun and Jonagold was much less but still greater than the cost of 
the irrigation system. The adoption of this technology by NY State apple 
growers will improve their profitability. 
 Effect of Number of Feathers: The number of feathers on a tree at 
planting had a positive effect on tree growth. The 5 and 10 feather treatments 
at either the natural angle or when tied below horizontal had a positive effect 
on TCA over the five-year duration of this experiment. We assume that the 
reason for this increment in TCA is because there are more shoots with 
significantly more leaves that are intercepting more of the available light, 
which would increase dry matter accumulation by the tree. Trees with 10 
feathers bent below horizontal were consistently larger than trees with 5 
feathers. However when feathers were left at their natural angle, TCA and 
pruning weights were very similar between the 5 and 10 feathers. 
 The increased yield associated with increased number of feathers is 
consistent with the work of Van Oosten (1976) who tested feathered trees of 
two varieties, ‘Cox’s Orange Pippin’ and ‘Golden Delicious’, and found that 
trees with more feathers had higher yields in the early life of the plantings.
 Effect of Branch Angle: Bending the feathers below horizontal is one 
of the management practices that growers often do not do since the cost that 
this practice about 70 to 80 man hours/ha or $800/ha. However our study 
shows that bending the feathers below horizontal had a positive effect on 
yield in the first 5 years especially with vigorous varieties with more upright 
growth such, ‘Crispin’, ‘Gala’ and ‘Macoun’. Our economic estimates indicate 
that this increase in yield could potentially result in a economic benefit 
of $4,000-7,000/ha (Table 7). Therefore the cost of bending the feathers 
could be easily repaid by the increase in yield. However this is not true for 
weak cultivars with naturally flat angle feathers such as ‘Honeycrisp’ where 
bending of the original feathers did not result in yield improvement. In our 
study the trees where the feathers grew at a natural angle had more growth 
than trees with the feathers bent down below horizontal. The feathers at 
the natural angle required significantly more pruning weights than when 
feathers were bent below horizontal, since the feathers bent down resulted 

Table	7.		The	effect	of	feather	angle	and	feather	number	on	cumulative	crop	
value	over	the	first	five	years	of	a	Tall	Spindle	planting	averaged	
over	five	apple	varieties	at	Geneva,	NY.

Feather	angle	
treatment

Number	of	
feathers

Cumulative	
yield	(t/ha)

Cumulative	
crop	value	

($/ha)

Difference	
between	
10	feath-
ers	and	0	
feathers	

($/ha)

Natural angle
0 126.9 82,485z

5 130.8 85,020 $4,290

10 133.5 86,775

Below hori-
zontal

0 126.9 82,485
5 138.5 90,025 $7,865

10 139.0 90,350

zThe economic analysis utilized fruit prices of $0.65/kg for ‘Crispin’, ‘Gala’, ‘Jonagold’ 
and ‘Macoun’ while the fruit price for Honeycrisp $1.3/kg.

Table	6.			The	effect	of	irrigation	on	cumulative	crop	value	over	the	first	five	
years	of	a	Tall	Spindle	planting	of	five	apple	varieties	at	Geneva,	
NY.

Variety
Irrigation	
treatment

Cumulative	
yield	(t/ha)

Cumulative	
crop	value	

($/ha)

Difference	
between	

best	treat-
ment	and	

unirrigated	
control	
	($/ha)

Crispin

Unirrigated 144 $93,795z

Irrigated 179 $116,610 $22,815

Fertigated 171 $111,085

Gala

Unirrigated 146 $94,900

Irrigated 170 $110,630 $15,730

Fertigated 159 $103,155

Honeycrisp

Unirrigated 107 $138,710

Irrigated 116 $151,320 $12,610

Fertigated 105 $136,240

Jonagold

Unirrigated 141 $91,455

Irrigated 144 $93,730 $2,275

Fertigated 144 $93,340

Macoun

Unirrigated 85 $55,250
Irrigated 99 $64,155 $8,905

Fertigated 93 $60,190

zThe economic analysis utilized fruit prices of $0.65/kg for ‘Crispin’, ‘Gala’, ‘Jonagold’ 
and ‘Macoun’ while the fruit price for Honeycrisp $1.3/kg.

in less total shoot growth. This effect is desirable for 
high-density systems such the Tall Spindle, in which the 
tree needs to be kept in a very close space with long-
term reproductive branches. Therefore, feathers that 
are not bent down could potentially have more shoot 
growth, which could represent a problem in managing 
the trees at very close spacings.
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 In some of the varieties we tested, bending of the feathers was more 
beneficial than in others, in terms of blossom number and fruiting. In our 
trial, bending feathers below horizontal resulted in increased cumulative 
yield for ‘Crispin’ ‘Gala’ and ‘Macoun’, however, for ‘Honeycrisp’ and ‘Jona-
gold’ bending the feathers below horizontal did not improve yield compared 
to the feathers at natural angle. Based on the work of Lespinasse (1992) the 
growth and fruiting habit of ‘Honeycrisp’ and ‘Jonagold’ in our study sug-
gests that these two varieties tend to have very flat horizontal branches in 
the first year of growth even with no feather management. In the second 
growing season the weight of the crop helped maintain those branches flat 
and even below horizontal. 
 A main hypothesis in our study was that managing the feathers below 
horizontal would increase the leader growth to attain the goal of desired 
tree height quicker. With the Tall Spindle system that goal is 3-3.3m tall. 
However our data did not support that hypothesis, as there was no differ-
ence in leader length between trees with feathers at a natural angle and 
those with feathers tied below horizontal.
  When the feathers were managed below horizontal, TCA was larger 
because very little pruning was done, allowing resources to be allocated to 
storage organs. Trees with 0 feathers (whips) always required more pruning 
than the trees where feathers were trained below horizontal.  In this treat-
ment, as a consequence of the relatively high nitrogen fertilization during 
the growing season, some of those shoots grew strong and upright with very 
narrow crotch angles, and were competing with the leader. This required 
them to be pruned away, resulting in more pruning with the whips.
 Effect of Biostimulants: In our trial the use of biostimulants as foliar 
sprays did not improve tree growth consistently over the five-year duration 
of observations. We used a combination of a seaweed extract (Stimplex), 
vitamins and enzymes (Vitazyme), phosphite and organic acids (Nutriphite 
Magnum) and foliar Ca fertilizer (System-Ca). We used the products in 
combination due the individual positive effects on growth that had been 
reported by other authors in different crops. We hypothesized that their 
combined use would result in better growth than when used individually.  
It is important to point out that our trees with or without biostimulants 
received the same amount of nitrogen through fertigation. Cheng et al. 
(1999) tested the application of foliar urea to increase nitrogen reserves and 
improve growth. He found that if the nitrogen level in the trees was initially 
high, urea application did not have a significant effect in N reserves and 
growth. This also could explain why the use of biostimulants did not have 
a positive effect on growth in our study, because our trees were receiving a 
constant amount of N throughout spring and early summer and probably 
reached their maximum potential growth given the weather and climate 
conditions we had.
 The effect of biostimulants on cumulative yield was variable among 
varieties. Although ‘Honeycrisp’ was the only variety for which the use of 
these products improved yield significantly from the control, with ‘Crispin’, 
‘Jonagold’ and ‘Macoun’ there was a numeric improvement in yield but it 
was not statistically different from the control. However with ‘Gala’ the un-
treated control treatment had more crop than the biostimulant treatment. 
Thalheimer and Paoli (2001) tested 3 different biostimulant products on 
‘Braeburn’, ‘Golden’ and ‘Fuji’, and found no differences in yield or return 
bloom. However Spinelli et al. (2009) found that the use of an algae base 
product decreased the oscillation in yield between the on and the off year 
and increased yield in the off year.
 It is important to note that our work and the previously cited work were 
done in climates with very favorable conditions. In addition trees were ir-
rigated properly, in our case fertigated and with the standard cultural and 
disease management practices. However the use of biostimulants products 
in a more stressful environment could potentially have a positive effect in 
yield. 

Figure	5.	 Effect	 of	 plastic	 mulch	 on	 cumulative	 yield	 of	 five	
apple	varieties	over	5	year	(2009-2013)	at	Geneva,	NY
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Fig. 3. Effect of the number of feather and feather positioning angle on pruning weight and 
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Fig. 4. Effect of biostimulants on cumulative yield of five apple varieties over 5 year (2009-
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 In general fruit quality or pack out was not improved by the 
use of biostimulant products in our trial. This is similar to the 
results of Thalheimer and Paoli (2001) who found no significant 
improvement in the internal or external fruit quality (size, color, 
fruit firmness, soluble solids and acidity). However in our data 
‘Macoun’ showed an improvement in Fancy grade fruit with the 
use of these products. 
 Effect of Plastic Mulch:  In our trial, plastic mulch did not 
improve the overall tree growth except with ‘Gala’ where shoot 
length and pruning weights were significantly higher than the 
non-plastic control treatment. The use of black plastic mulch-
ing typically increases soil temperature as well as maintaining a 
constant moisture condition on the root zone. We found that the 
use of black plastic mulch did not improve the cumulative yield 
for ‘Crispin’, ‘Gala’ and ‘Macoun’; however for ‘Honeycrisp’ and 
‘Jonagold’ the black plastic mulch improved yield significantly. 
These results are in agreement with the results from Måge (1982) 
where trees under plastic mulch yielded twice as much as trees 
growing in a herbicide strip. In a humid climate, the use of or-
ganic and plastic mulches was tested by Merwin et al. (1995). 
They concluded that organic mulches can provide long-term 
improvements in soil fertility and water conservation. However 
these benefits sometimes do not compensate for the additional 
costs of the mulches. Fruit quality, pack out and storage disorders 
were not affected by the use of black plastic mulch.

Conclusions
 This study was intended to provide fruit growers with man-
agement strategies to improve growth and yield of new high 
density apple orchards.  Of the management strategies we studied 
irrigation or fertigation had the greatest effect on tree growth.  
Even in humid climates such as NY State, growers should not 
rely solely on rain since in some years it is sporadic and will not 
provide sufficient water. These results are especially important 
with highly feathered trees, where the water stress can be more 
pronounced due the extensive leaf area and limited root system. 
This type of tree is the one with the highest yield potential in the 
first five years if managed under irrigation. (Fig. 2)
 Bending the feathers below horizontal had a lesser effect on 
growth and yield than irrigation but the economic value of branch 
bending still exceeded the cost of this operation for most variet-
ies. However this is not true for weak cultivars with naturally flat 
angle feathers such as ‘Honeycrisp’ where bending of the original 
feathers did not result in yield improvement. 
 Biostimulant products had no effect on tree growth and in-
duced only a small improvement in yield for most varieties. This 
was especially true when the orchard already had in an adequate 
nutritional status. However with the weak growing variety ‘Hon-
eycrisp’ cumulative yield was improved by 36 t/ha compared to 
the control. It seems that the use of biostimulants may help this 
variety in the off year, resulting in better yields. 
 The use of synthetic black plastic in apple orchards had only 
a small beneficial effect. However if yields are improved for high 
price varieties such as ‘Honeycrisp’ this could be a feasible alter-
native to the conventional systems.
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