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“ The key to fostering good tree growth 
and cropping without increasing the risk 
of fire blight is to provide just enough 
nitrogen for tree growth and cropping 
while keeping a balance between 
nitrogen, potassium and other nutrients. 
A leaf N:K ratio of 1.25 N : 1 K represents 
a good balance between the two 
elements for McIntosh while a ratio of 
1.5 N :1 K is more appropriate for many 
other varieties. This often requires twice 
as much potassium fertilizer (K2O) as 
nitrogen fertilizer (N).”

Apple tree growth and development requires an adequate 
supply of 14 essential mineral nutrients.  These nutri-
ents fall into two groups: macronutrients that are re-

quired by the tree 
in large amounts: 
N, P, K, Ca, Mg 
and S; and mi-
cronutrients that 
are needed only 
in small quanti-
ties: B, Cu, Zn, Fe, 
Mn, Mo, Cl and 
Ni. Each nutrient 
performs unique 
functions in tree 
growth and de-
velopment, and 
good tree growth, 
cropping and fruit 
quality depend on 
not only the ad-
equate supply of 

each nutrient, but also the proper balance between them.
 Nutrient supply and balance also has a significant impact on 
the susceptibility of apple trees to diseases, including fire blight, 
because it affects the metabolism of the tree, leading to changes 
in cell wall composition and strength, concentrations of defense 
compounds, and abundance of sugars and amino acids. Nitrogen 
and potassium affect the susceptibility of apple trees to diseases 
in opposite directions. When too much nitrogen is provided, 
the vegetative growth of apple trees is enhanced to an excessive 
level. This excessive shoot growth has several consequences in 
terms of disease susceptibility, in addition to negatively affecting 
flower bud initiation, fruit color development and storage qual-
ity: 1) it increases the actively growing surface that is potentially 
susceptible to diseases; 2) it increases the concentrations of free 
amino acids that can serve as a food source for pathogens; 3) 
it decreases secondary metabolism such as phenylpropanoid 
pathway that produces phenolic compounds and lignin for plant 
defense against pathogen attacks; and 4) it increases the needs 
for other nutrients in general and decreases the uptake of K, Ca 
and Cu in particular. If the supply of other nutrients, such as K, 
is low, the imbalance of nutrients would be exacerbated, making 
the trees even more susceptible to diseases.  In contrast, adequate 
K supply enhances the activation of enzymes, protein synthesis, 
cell wall lignification, and translocation of carbohydrates, making 
the tree less susceptible to diseases. Therefore, nitrogen supply 

and potassium supply must be balanced to minimize the risk 
of diseases. 
 In commercial orchards, some soils with high organic 
matter provide a substantial amount of N during the summer, 
heavy N fertilization late in the spring with natural release of 
N from the soil during the summer can elevate tree N status to 
excess levels, leading to vigorous vegetative growth, poor fruit 
color development, storage quality problems, and increased 
disease susceptibility. At the other extreme, lack of N supply 
from soils with low organic matter can result in poor fruit set, 
small fruit size, low yield, and alternate bearing. Because nitro-
gen has differential effects of fruit set and size, fruit color, flesh 
firmness, storage quality, and disease susceptibility (Cheng and 
Wang, 2011; Cheng et al., 2007), nitrogen management has to 
be optimized to balance these various effects with the ultimate 
goal of producing high yield of quality fruit (Cheng, 2010). Since 
most orchard soils in New York have low K supply and fruit 
harvest removes significant amount of K permanently from 
the orchards, K application must be considered along with N 
fertilization and other nutrients.  

Demand-supply Relationship of Nitrogen and 
Potassium
 When developing a nutrient management program, the 
demand-supply relationship of nutrients in apple trees must 
be taken into consideration. Early season canopy development 
and fruit growth require high N supply whereas fruit quality 
development only requires baseline N supply.  Our work with 
6-year-old ‘Gala’/M.26 trees grown in sand culture showed 
that total tree N increased very rapidly from bloom to the end 
of shoot growth, and then continued to increase but at a much 
slower rate until fruit harvest (Figure 1A).  In contrast, total K 
in the tree increased slightly from bud break to bloom and then 
in a near linear manner from bloom to fruit harvest (Figure 2A). 
(Other nutrients such as P, Ca, Mg, S and B showed a similar 
trend as K. See Cheng and Raba, 2009b for details). The net gain 
of total N and total K from bud break to fruit harvest is 20g and 
36g per tree, which is equivalent to 50 lbs actual nitrogen and 90 
lbs of potassium per acre, respectively (Cheng and Raba, 2009a, 
b). Shoots and leaves and fruit have differential requirements 
for N and K (Figures 1B, 2B).  Both total N and K in shoots and 
leaves increased very rapidly from bloom to the end of shoot 
growth, and then remained unchanged until fruit harvest. In 
contrast, total N and K in fruit increased gradually from bloom 
to the end of shoot growth, and then increased rapidly until 
fruit harvest. At harvest, total N and K in fruit accounted for 
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37.6% and 71.3% of the total N and K in the 
new growth, respectively, indicating fruit has 
a much higher requirement for K than for N.  
 There are three sources of nitrogen supply.  
The first source is the reserve nitrogen that 
has accumulated in the tree from the previ-
ous growing seasons.  This pool of nitrogen is 
readily available for the initial growth during 
spring. 15N-labelling studies clearly indicated 
that the majority of the N required for spur 
leaf growth of apple trees is supported by tree 
reserve N (Neilsen et al., 1997). Better N supply 
to spur leaves and young fruits may improve 
spur leaf development and early fruit growth 
by promoting cell division.  The second source 
is the natural N supply from soil mineralization 
process.  The supply capacity of this process 
depends on soil organic matter content, soil 
temperature, moisture, and aeration of the soil. 
This process provides substantial amount of 
nitrogen for trees growing on soils with high 
organic matter (Stiles and Reid, 1991).  The 
third source is nitrogen supply from fertilizers, 
either applied into the soil or to foliage. Similar 
to N, K is mobile in the phloem and there are 
three sources of K (reserve K, soil K, and fertil-
izer K) for the new growth as well.   
 The demand-supply relationship of N and 
K is reflected in tree N and K status. Through-
out the growing season, an ideal pattern of tree 
nitrogen status is that trees have relatively high 
nitrogen status early in the season to promote 
rapid leaf area development and early fruit growth.  As the season progresses, 
nitrogen status declines gradually to guarantee fruit quality development and 
wood maturity. For K, the concentration in both leaves and fruit also decreases 
as the season progresses, but it does not decrease to the same extent as N (Cheng 
and Raba, 2009a).  

Tree Nutrient Status
 Determining tree nutrient status is important for making decisions about 
whether and how much fertilizer should be applied.  Leaf analysis is highly rec-
ommended for this purpose as it indicates nitrogen and other mineral nutrients 
present in the foliage.  If leaf samples are taken correctly and the results are in-
terpreted properly, it provides a good tool for developing an effective fertilization 
program. Apple leaf analysis standards are listed in Table 1.
 Tree growth is directly related to its N status. Rapid growth of young trees 
is highly desirable for developing the canopy to capture sunlight for promoting 
early cropping. The optimum leaf N for the growth of young apple trees is ap-
proximately 2.4 to 2.6%.  As trees mature, less vegetative growth is desired and 
the optimum leaf N level should decrease to improve fruit color, firmness, and 
storage quality.
 Varietal difference in fruit coloring and/or flesh firmness and storage qual-
ity is another important consideration.  Apple varieties can be categorized into 
two groups, soft varieties and hard varieties, based on their optimum N status 
required for fruit quality. 
 Soft varieties include Cortland, Empress, Golden Delicious, Honeycrisp, 
Jerseymac, Jonagold, Jonamac, Jonathan, Macoun, McIntosh, Mutsu, Paulared, 
Spartan, Tydeman Red, and other early ripening varieties. 
 Hard varieties include Delicious, Empire, Gala, Idared, Liberty, Melrose, R.I. 
Greening, Rome, Stayman and York Imperial.

Figure	2.		 Total	K	accumulation	in	the	entire	tree	(A)	and	in	new	growth	(B)	of	6-year-old	‘Gala’/M.26	
trees	grown	in	sand	culture	under	a	complete	nutrient	supply	regime.	The	six	points	
correspond	with	bud	break,	bloom,	end	of	spur	leaf	growth,	end	of	shoot	growth,	rapid	
fruit	expansion	period,	and	fruit	harvest,	respectively.	Each	point	is	mean	±	SE	of	four	
replicates.
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Figure	1.		 Total	 N	 accumulation	 in	 the	 entire	 tree	 (A)	 and	 in	 new	 growth	 (B)	 of	 6-year-old	
‘Gala’/M.26	trees	grown	in	sand	culture	under	a	complete	nutrient	supply	regime.	The	
six	 points	 correspond	 with	 bud	 break,	 bloom,	 end	 of	 spur	 leaf	 growth,	 end	 of	 shoot	
growth,	rapid	fruit	expansion	period,	and	fruit	harvest,	respectively.	Each	point	is	mean	
±	SE	of	four	replicates.

Table	1.	 	Apple	leaf	analysis	standards	on	a	dry	weight	basis	
(from	Stiles	and	Reid,	1991)

Nutrient	 Desired	level

Nitrogen 
 Young non-bearing apples 2.4 – 2.6%
 Young bearing apples 2.2 – 2.4%
 Mature soft apples 1.8 – 2.2%
 Mature hard apples and processing 2.0 – 2.4%
Phosphorus 0.13 – 0.33%
Potassium 1.35 – 1.85%
Calcium 1.3 – 1.8%
Magnesium 0.35 – 0.50%
Boron 35 – 50 ppm
Zinc 35 – 50 ppm
Copper 7 – 12 ppm
Manganese 50 – 150 ppm
Iron 50+ ppm

Table	2.		 Amount	 of	 K	 removed	 by	 fruit	 harvest	 and	 the	
minimum	 K2O	 application	 needed	 in	 relation	
to	 fruit	 yield	 in	“Gala/M.26’	 based	 on	 the	 data	
obtained	by	Cheng	and	Raba	(2009a).

Yield	(bushels/acre)	 K	(lbs/acre)	 K2O	(lbs/acre)

500 27.7 33.3
1000 55.3 66.6
1500 83.0 100.0
2000 110.7 133.3
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 Care must be taken when interpreting leaf analysis results, 
as many factors influence leaf composition, especially, crop load 
and tree vigor.  Leaf N tends to be higher on trees with a heavy 
crop than those with a light crop.  Off-year trees are generally 
lower in leaf N than on-year trees.  This is because more vegeta-
tive growth of the light cropping trees dilutes the nitrogen in 
leaves. In contrast, trees that are spur-bound with very limited 
new growth tend to have higher than desired levels of nitrogen 
in their foliage, a result of N accumulation caused by the limited 
growth. To properly diagnose tree N status, one needs to combine 
leaf analysis with careful examination of tree growth.
 When interpreting leaf K analysis results, it should be kept in 
mind that an inverse relationship exists between leaf K level and 
crop load.  This is because K is mobile in the phloem and fruit 
is a stronger sink for K than leaves after shoot growth stops. For 
trees with a heavy crop load, competition for K between leaves 
and fruit and between fruits themselves lowers both leaf and fruit 
K concentration.  So, a leaf K level of 1.3% may be adequate for 
trees with a heavy crop, but might indicate a marginal supply for 
trees with a light crop. Because of the inverse relationship, leaf K 
level typically decreases as trees mature and the level of cropping 
increases. 
 For both Empire and McIntosh, fruit size and color is posi-
tively correlated with leaf K level, and levels in the range of 1.5 
to 1.8% are needed for optimal production, fruit size and color 
(Stiles and Reid, 1991). Because fruit requires more K than any 
other nutrients, the amount of K removed by fruit harvest is 
closely related to fruit yield (Table 2).  However, it should be kept 
in mind that excessive K supply can negatively affect fruit Ca level, 
leading to Ca-deficiency induced disorders such as bitter pit.  
For many apple cultivars, fruit K to Ca ratio should not exceed 
25.  The negative effect of K on fruit Ca is exacerbated under low 
crop load conditions because more vigorous shoot growth and 
dilution of Ca in larger fruit both contribute to lower fruit Ca 
level as well.
 The requirement for K increases as the supply of N increases. 
A proper ratio between N and K is important for good tree 
growth, fruit quality, and tolerance to low temperature stress and 
diseases. A ratio of 1.00-1.25:1 (N:K) represents a good balance 
between the two elements for McIntosh while a ratio of 1.25-1.5:1 
is more appropriate for Delicious. 

Timing of Application
 The best timing for N application should be considered in 
the context of the seasonal pattern of tree N demand, that is, 
early season canopy development and fruit growth require large 
amounts of N while fruit quality development only requires 
baseline supply of N.  We reasoned that there are two windows 
for regular soil N application that would fit the tree nitrogen 
demand pattern: one is from bud break to the beginning of 
rapid shoot growth and other is late in the season when soil N 
application no longer affects fruit quality (just before or shortly 
after fruit harvest). Over three years (2000 to 2002), we used 
15N-labelled ammonium nitrate to determine the effect of timing 
of N fertilization on fertilizer N uptake and fruit N status, and 
found that apple trees grown under New York climate conditions 
were able to take up significant amount of fertilizer N between 
bud break and end of spur leaf growth (For details, see Cheng 
and Schupp, 2004).  An advantage of early N application is that 
when it comes to harvest, fruit N status has decreased to a similar 

level found in control trees, suggesting no negative effect on fruit 
quality.  It appears that both N applications early in the season 
(bud break to petal fall) and late in the season just before fruit 
harvest fit the seasonal pattern of tree nitrogen demand. Nitrogen 
applied early in the season contributes directly to the spur and 
shoot leaf development and fruit growth in the current season 
while N applied late in the fall helps to build up nitrogen reserves, 
which is used to support leaf development and fruit growth the 
following year. Considering the uncertainty of N leaching loss 
during the winter, early soil application of nitrogen between bud 
break and petal fall is probably the most practical way to meet the 
tree N demand early in the season.  If more than 40 lbs actual N/
acre is to be applied, a split application, half at a couple weeks after 
bud break and the other half at petal fall or shortly thereafter, is 
recommended.  If nitrogen is provided via fertigation, application 
should be targeted to the high demand period from bloom to end 
of shoot growth.
 For soils that have low cation exchange capacity, such as 
sandy soil with low organic matter, or varieties whose fruit quality 
is not sensitive to N, multiple split applications during spring-
summer period may be desirable.
 In addition to soil application, nitrogen can be applied to 
foliage directly during the growing season to help meet the tree 
nitrogen demand (Cheng, 2010). An advantage of foliar nitrogen 
application after shoot growth stops is that it does not stimulate 
shoot growth, thereby reducing the risk of diseases. So, one 
strategy for minimizing fire blight risk associated with rapid 
shoot growth is to provide just enough nitrogen to the soil in 
the early part of the season to achieve minimum shoot growth 
required for tree vigor and cropping and then use foliar nitrogen 
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applications later to satisfy the tree nitrogen needs.  Applying high 
concentrations of foliar urea at the end of the growing season not 
only increases tree reserve nitrogen, but also directly reduces the 
ascospore counts of apple scab (Sutton et al., 2000).  
 Timing of ground K application is not as critical as N 
application because tree requirement for K is essentially constant 
from bloom to fruit harvest.  However, because K movement in 
soil is fairly slow and K+ is easily adsorbed onto soil clay particles 
and organic matter (therefore leaching loss is minimal), fall 
application of K is preferred especially large amounts of K must 
be applied. If fertigation is used, it should target the period from 
petal fall to about a couple weeks before fruit harvest (Robinson 
and Stiles, 2004).
Amount of Application
 The amount of N fertilizer application depends on three 
factors: 1) tree nitrogen requirement; 2) natural supply of ni-
trogen from soil; and 3) uptake efficiency of applied fertilizers. 
The annual N requirement is estimated to be about 50 to 80 lbs 
for mature apple trees on dwarfing rootstocks in high-density 
plantings. The actual N requirement varies from block to block 
and fruit yield should be taken into account (Cheng and Raba, 
2009b). The N supply from soil mineralization process depends 
on soil organic matter content, soil temperature, moisture, and 
aeration of the soil.  Because orchard soils are not disturbed fre-
quently, the annual mineralization of soil organic nitrogen is less 
than 1% of the total organic nitrogen pool in the soil (Lathwell 
and Peech, 1964). For a soil that has a 3% organic matter, the 
amount of nitrogen released from soil mineralization process is 
about 50 to 70 lbs.  However, only a proportion of the released 
nitrogen is taken up by the tree.  Assuming 60% of the 50 to 70 
lbs of N is taken by the tree, this would contribute about 30 to 
40 lbs N to the tree.  The difference between the total demand 
and the contributions from soil N is the amount of N the trees 
need from the fertilizer.  Because not all the fertilizer nitrogen 
is taken up by the trees, nitrogen fertilizer use efficiency should 
be factored in when determining the actual amount of fertilizer 
nitrogen to be applied.  For soils with high organic matter, the 
natural supply of N from soils may be sufficient to meet the tree N 
demand and there is no need to apply any N fertilizer.  Generally 
speaking, for orchard soils in New York and the Northeast, the 
amount of fertilizer N required is anywhere between 0 and 80 lbs, 
which would contribute 0 to 30 lbs of N to the trees, assuming 
the fertilizer uptake efficiency is between 30 to 40%.  As a rule 
of thumb, every 10% increase in N fertilizer application results 
in a 0.1% increase in leaf N.  If N is provided via fertigation, less 
N is needed as N uptake efficiency is higher in fertigation than 
in regular soil application.
 Since apple trees have a higher requirement for K than for 
N and most soils in New York have low natural supply of K, the 
rate of K fertilizer application is higher than N. Unless the soil 
supply exceeds the recommended values in soil analysis interpre-
tations, a minimum rate of K in the range of 80 to 100 lbs of K2O 
should be applied (maintenance application) because significant 
amount of K is removed from fruit harvest each year in high 
density plantings and the removal rate increases with increasing 
fruit yield (Table 2). For soils with low K supply, higher rates of 
K application (150 to 250 lbs of K2O) are needed.

 Because each orchard soil is unique and all the fertilizer 
field trials are site specific, the best way to fine-tune the rate of 
N and K fertilizer applications is to have your own fertilizer rate 
trials on your farm based on leaf analysis, soil analysis and tree 
indicators.

Summary
 The key to fostering tree growth and cropping without 
increasing the risk of fire blight is to provide just enough ni-
trogen for tree growth and cropping while keeping a balance 
between nitrogen, potassium and other nutrients. This can only 
be achieved by understanding the demand-supply relationship 
of nitrogen, potassium and other nutrients, and developing a 
fertilization program that addresses the timing and amount of 
fertilizer inputs based on tree nutrient needs, soil and tree nutri-
ent status. Controlling nitrogen supply and balancing nitrogen 
with potassium and other nutrients helps reduce the risk of fire 
blight and improve fruit quality. 
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