
A powerful and adaptive machine 
with PTO drive and the patented 
Constant Velocity Hitch (CVH).
400 or 500 gallon tank. 

REARS POWERBLAST 

Service, Parts & Accessories for MOST Sprayers

SMARTSPRAY from DW
On board computer and tractor
mounted controller. Targets trees
that need spraying.

REARS PAK TANK
50, 100, 150 or 200 gallon tank. 
PTO 3PT hitch. D30-2 diaphragm, 
9 GPM/550 PSI pump.

NEW!!! Small trailer sprayers
36" wide sprayer, Vanguard engine, 
20" fan. Hypro D30 diaphragm pump.
50 or 100 gallon tank. Great for use
with ATV or small garden tractor!
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Adams County Nursery, Inc. • Aspers, PA  
(800) 377-3106 • (717) 677-4124 fax • email: acn@acnursery.com • www.acnursery.com

Adams County Nursery recognizes the
importance of starting with quality 
nursery stock. We know it is your goal 
to produce high quality fruit. We strive to 
produce quality trees for the commercial 
industry. Let us help you get started. 

Begin with us. Begin well.

Begin well.

End well.

Property/casualty insurance products offered by United Farm Family Insurance Company, Glenmont, NY, in MD and PA, and 

Farm Family Casualty Insurance Company, Glenmont, NY, in CT, DE, MA, ME, NH, NJ, NY, RI, VT, and WV.

In this business, money 

does grow on trees.

When crops are your livelihood, you can’t afford to eat a 
loss for something that could have been covered by insurance.

Have you reviewed your coverage lately? 
Farm Family’s Special Farm Package®

 can be customized to meet your specific needs.

We Take A Personal Interest — Protecting What You Value Most.

For more information call:
James Gray Agency

98 South Main Street
Manchester, NY 14504

(866) 573-1344
Members of the American National  
family of companies

PAYMENT PLANS AVAILABLE
CALL US NOW TO DISCUSS YOUR OPTIONS

(585) 278-1142 or toll free (866) 467-2133 
E-mail: lifts@onecommail.com

A DIVISION OF WNY LIFTS, LLC

HYDRALADA Twin Lift

98 Halstead Street
Rochester, NY 14610

from 5' to 8.5'.

One of the 
pieces of machinery in today’s modern orchard.
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N
utrient management plays a more important role in 

ensuring good tree growth, cropping and fruit quality 

for apple trees on dwarfi ng rootstocks in high-density 

plantings than for 

those on vigor-

ous rootstocks as 

dwarf apple trees 

crop earlier and 

have higher yield 

and smaller root 

systems. With the 

development of 

leaf nutrient anal-

ysis and its wide 

adoption for diag-

nosis of tree nutri-

ent status (Bould, 

1966; Stiles and 

Reid, 1991; Neilsen 

and Neilsen, 2003), 

fertilization prac-

tices in orchards 

are now routinely adjusted by comparing leaf analysis results 

against the optimal range of leaf nutrient concentrations. How-

ever, eff ective nutrient management to these dwarf trees still 

requires a good understanding of their nutrient demand in terms 

of amount and timing because optimal leaf nutrient concentra-

tions do not refl ect the actual amount and timing of tree nutrient 

requirements.

 Due to the diffi  culty of destructive sampling of entire trees 

multiple times during the annual cycle of tree growth and de-

velopment, the actual demand of dwarf apple trees for all the 

macro- and micro-nutrients in terms of timing and amount has 

not been examined in detail. In this study, we took an approach 

of growing apple trees in sand culture to achieve optimal tree 

nutrient status, high yield and good quality, and using sequential 

excavation of entire trees to determine the magnitude and sea-

sonal patterns of the accumulation of macro- and micro-nutrients 

in apple trees on dwarfi ng rootstocks. Th e sand culture system 

eliminates competition for nutrients between any adjacent trees 

grown in the fi eld in high-density plantings, and allows good 

control of nutrient supply and better recovery of the entire root 

system at excavation.

Experimental Procedures
Six-year-old Gala/M.26 trees were grown in 55-L plastic containers 

in acid-washed sand (pH 6.2) at a spacing 3.5 by 11.0 feet (1129 

trees/acre) at Cornell Orchards. Th ese trees were trained as tall 

spindles. Th ey had produced regular crops over the previous three 

years. Nutrient supply to these trees was based on a previous study 

(Xia et al., 2009). Briefl y, all trees were fertigated with four liters 

of 15N-ammonium nitrate (210 ppm N) balanced with all other 

nutrients in Hoagland’s #2 solution twice a week from May 2 to one 

month before fruit harvest except during active shoot growth when 

the trees were fertigated three times per week. Fertigation contin-

ued from one month before harvest to fruit harvest but nitrogen 

was provided at half the concentration for the fi rst two weeks and 

then was completed omitted from the fertigation solution in the 

two weeks immediately preceding fruit harvest. After fruit harvest, 

each tree was fertigated with four liters of the Hoagland’s solution 

at an N concentration of 210 ppm twice (September 22 and Oc-

tober 2). Each tree received a total of 30 grams of actual nitrogen 

during the entire growing season (equivalent to 75 lbs actual N 

per acre). Th e cropload of these trees was adjusted to 8.2 fruit per 

cm2 trunk cross-sectional area via hand-thinning at 10mm king 

fruit (104 fruit per tree), and this cropload was maintained to fruit 

harvest. Irrigation was provided with two spray sticks per tree and 

the trees were well watered throughout the growing season. No 

foliar application of nutrients was applied to these trees. All the 

trees received standard disease and insect control throughout the 

growing season. A copper spray was put on at budbreak to control 

fi re blight, but the spray made it diffi  cult to accurately determine 

the accumulation patterns of total Cu in the new growth and the 

whole tree during the early part of the season.

 At each of the 7 key developmental stages throughout the 

annual growth cycle (budbreak, bloom, end of spur leaf growth, 

end of shoot growth, rapid fruit expansion period, fruit harvest, 

and after leaf fall), a set of four trees was excavated. Each tree 

was partitioned to spurs, shoots, spur leaves, shoot leaves, fruit, 

one year-old stem, branches, trunk, upper shank, lower shank 

and roots. All the samples were dried in a forced-air oven, and 

the dry weight of each tissue was recorded. Each sample was 

ground twice to pass a 40 mesh screen and measured for N, P, K, 

Ca, Mg, S, B, Zn, Cu, Fe, and Mn using combustion analysis and 

inductively coupled plasma emission spectrometry. Total N, P, 

K, Ca, Mg, S, B, Zn, Cu, Fe, and Mn in each organ type and the 

whole tree were calculated based on its concentration and dry 

weight data.

Results
Fruit yield, size and quality at harvest. Fruit yield was 18.8 kg 

per tree (equivalent to 1113 bushels/acre) with an average fruit 

size of 181 g. Fruit soluble solids concentration was 14.5% and 

fruit fi rmness was 16.8 lbs.

This paper was presented at the 2009 Cornell In-depth Fruit School on Mineral Nutrition. 

“Shoots and leaves have a high demand 

period for nutrients from bloom to end 

of shoot growth whereas fruits have 

a high demand period from the end 

of shoot growth to fruit harvest. Our 

research has shown that at harvest, 

fruit contain more K than any other 

nutrient followed by N, Ca, Mg, P, Fe, 

S, Mn, B, Zn, and Cu. Understanding 

tree nutrient requirements will help 

in developing improved fertilization 

programs in apple orchards.”

Nutrient Requirements of ‘Gala’/M.26 

Apple Trees for High Yield and Quality
Lailiang Cheng and Richard Raba

Departments of Horticulture, 
Cornell University, Ithaca, NY 



Figure 1.  The concentration of nitrogen (A), phosphorus (B), potassium (C), 

calcium (D), magnesium (E), sulfur (F), boron (G), zinc (H), iron (I) 

and manganese (J) in leaves and fruit of 6-year-old ‘Gala’/‘M.26’ 

apple trees from bloom to fruit harvest. The fi ve points in each 

line correspond with 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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 Leaf and fruit nutrient status. Th e concentration of N, P, 

K, S, Zn and Fe in both leaves and fruit decreased from bloom 

to fruit harvest, with concentrations being higher in leaves than 

in fruit from the end of shoot growth to fruit harvest (Figure 1A, 

B, C, F, H and I). Th e concentration of Ca, Mg, and Mn in leaves 

decreased from bloom to the end of spur leaf growth, and then 

increased thereafter, whereas fruit Ca, Mg, and Mn concentra-

tions decreased from bloom to fruit harvest (Figure 1D, E, and J). 

Th e B concentration was higher in fruit than in leaves at bloom, 

but both had similar B concentrations from the end of spur leaf 

growth to fruit harvest (Figure 1G). 

 Leaf samples taken at the regular time recommended for 

nutrient analysis (90 days after bloom), and fruit samples taken 

at harvest, showed that both leaf and fruit nutrient status were 

in the satisfactory range for this cultivar (Table 1).

 Dry matter accumulation and partitioning. Total dry 

matter of the tree showed an expolinear increase from budbreak 

to fruit harvest, with a net dry matter gain of 4.3 kg (Figure 2). 

Total dry matter of shoots and leaves increased rapidly from 

bloom to the end of shoot growth in early July, and then remained 

unchanged till fruit harvest. Th e total dry matter in shoots and 

leaves at fruit harvest only accounted for about 17.3% of the net 

dry matter gain of the whole tree from budbreak to fruit harvest. 

Total dry matter of fruit increased slowly from bloom to the end 

of shoot growth, then rapidly in a linear fashion till fruit harvest. 

Th e total dry matter of fruit accounted for about 72.2% of the net 

dry matter gain of the whole tree. At fruit harvest, approximately 

10.5% of the net dry matter gain was found in the woody peren-

nial parts (branches, central leader, shank and roots) of the tree. 

No signifi cant increase was observed in the dry matter of roots 

between budbreak and fruit harvest.

 Accumulation of nutrients in the whole tree. Total tree N 

increased very rapidly from bloom to the end of shoot growth, 

and then continued to increase, but at a slower rate to fruit har-

vest (Figure 3A). Total P, K, Ca, Mg, S and B in the tree increased 

slightly from budbreak to bloom and then in a near linear manner 

from bloom to fruit harvest, although accumulation of Ca, Mg, 

and B slowed starting from one month before harvest (Figure 

3B-G). Both total Zn and total Mn in the tree showed a gradual 

increase from budbreak to the end of spur leaf growth, and then 

a rapid increase till one month before fruit harvest, followed by 

a slow increase to fruit harvest (Figure 3H, J). Total Fe in the 

tree increased rapidly from bloom to the end of shoot growth, 

followed by a slower 

increase till fruit har-

vest (Figure 3I).

 Th e net gains of 

total N, P, K, Ca, Mg, 

and S from budbreak 

to fruit harvest were 

19.8, 3.3, 36.0, 14.2, 

4.4 and 1.6 g/tree, and 

those for B, Zn, Cu, 

Mn, and Fe were 93.6, 

60.9, 46.5, 184.8 and 

148.7 mg/tree, which 

were equivalent to 

49.3, 8.2, 89.4, 35.4, 

10.9 and 4.0 lbs/acre 

for N, P, K, Ca, Mg, 

and S, and 105.7, 68.8, 

52.5, 208.6 and 167.9 

grams/acre for B, Zn, 

Cu, Mn, and Fe at a 

Table 1.  Leaf and fruit nutrient status.  Leaf nutrients were from samples 

taken on August 9, 2006.  Fruit nutrients were from the samples 

taken at harvest (September 13, 2006). Macronutrients are 

expressed as % dry weight whereas micronutrients are in ppm. 

Macronutrients (%)

Tissue N P K Ca Mg S 

Leaves  2.00 0.18 1.61 1.10 0.39 0.13 
Fruit 0.25 0.06 0.80 0.05 0.04 0.02 

Micronutrients (ppm)

Tissue B Zn Cu Mn Fe 

Leaves 27.3 27.3 8.3 143.8 83.5 
Fruit 21.8 3.5 3.8 7.8 25.3

Figure 2. Dry matter accumulation of the 

whole tree, shoots and leaves, and 

fruit of 6-year-old ‘Gala/M.26’ trees 

from budbreak to fruit harvest in 

the 2006 growing season. The six 

points in each line correspond with 

budbreak, 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.



Figure 3.  Total accumulation of nitrogen (A), phosphorus (B), potassium 

(C), calcium (D), magnesium (E), sulfur (F), boron (G), zinc (H), 

iron (I) and manganese (J) in 6-year-old ‘Gala/M.26’ apple trees 

from budbreak to fruit harvest. The six points in each line 

correspond with budbreak, 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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tree density of 1129 trees/acre (Table 2).

 Accumulation of nutrients in the new growth (fruit, shoots 

and leaves).  Because fruit and shoots and leaves are the most dy-

namic parts of the tree, determining their nutrient accumulation 

patterns may help us understand their diff erential requirements 

for nutrients.

 Total N in shoots and leaves followed the same pattern as 

dry matter (Figures 2, 4A). It increased slowly from budbreak to 

bloom, very rapidly from bloom to the end of shoot growth, and 

then remained unchanged till fruit harvest. In contrast, total 

N in fruit increased gradually from bloom to the end of shoot 

growth, and then increased rapidly till fruit harvest. Th e increase 

of total N in fruit from the end of shoot growth to fruit harvest 

made up 65.4% of fruit N accumulation, and accounted for all of 

the increase in total N in the new growth, because the total N 

in shoots and leaves did not change during this period. At fruit 

harvest, total N in fruit accounted for 37.6% of N in new growth. 

Total N in new growth showed almost the same pattern as total N 

in the whole tree (Figs. 3A, 4A), and total N in new growth at fruit 

harvest accounted for 100% of net N accumulation in the whole 

tree from budbreak to fruit harvest. Th e accumulation patterns 

of total S in shoots and leaves and fruit were similar to those for 

total N (Figure 4F). At fruit harvest, total S in fruit accounted for 

42.6% of S in new growth, and total S in new growth accounted 

for 91.8% of its net gain in the whole tree from budbreak to fruit 

harvest.

 Total P, K, B and Fe in shoots and leaves increased very rapidly 

from bloom to the end of shoot growth, then remained unchanged 

till fruit harvest (Figure 4B, C, G, I). In contrast, total P, K, B and 

Fe in fruit increased gradually from budbreak to the end of shoot 

growth, and then rapidly in a linear fashion till fruit harvest. Th e 

increase of P, K, B and Fe in fruit from the end of shoot growth 

to fruit harvest made up 74.9%, 77.4%, 77.2%, and 61.0% of their 

total amount at fruit harvest, respectively. Total P, K, B and Fe in 

fruit at fruit harvest accounted for 60.7%, 71.3%, 77.7% and 60.4% 

of their total amount in new growth, respectively. Total P, K, B, 

and Fe in new growth showed a linear or near linear increase 

from bloom to fruit harvest. Total P, K, B, and Fe in new growth 

at fruit harvest accounted for 97.6%, 96.7%, 93.3%, and 87.2% of 

their net accumulation in the whole tree from budbreak to fruit 

harvest, respectively. 

 Total Ca and Mn in new growth showed a slight increase 

from budbreak to bloom, then a very rapid increase from bloom 

to one month before harvest, followed by a slow increase to fruit 

harvest (Figure 4D, J). Total Ca and Mn in shoots and leaves ac-

counted for most of the total Ca and Mn in new growth. Total 

Ca and Mn in fruit increased throughout the entire fruit growth 

period, with 61.7% and 73.3% of their respective accumulation 

occurring from the end of shoot growth to fruit harvest. However, 

total Ca and Mn in fruit at harvest accounted for only 14.0% and 

17.8% of the total Ca and Mn in new growth, respectively. At fruit 

harvest, total Ca and Mn in new growth accounted for 77.8% and 

73.2% of their net accumulation in the whole tree from budbreak 

to fruit harvest, respectively. 

 Both total Mg and total Zn in shoots and leaves increased rap-

idly from bloom to the end of shoot growth, and then increased 

slowly till fruit harvest (Figure 4E, H). In contrast, total Mg and 

total Zn in fruit increased slowly from bloom to the end of shoot 

growth and then rapidly from the end of shoot growth to fruit 

harvest, with 67.8% and 58.1% of the total accumulation taking 

place during the latter period. Total Mg and total Zn in fruit at 

fruit harvest accounted for 31.3% and 30.8% of the total Mg and 

total Zn in new growth, respectively. Total Mg and total Zn in 

new growth at fruit harvest accounted for 90.4% and 58.1% of 

Table 2.  Net accumulation of nutrients in the entire tree from budbreak 

to harvest, and the total accumulation of nutrients in new 

growth (shoots, leaves and fruit) at harvest at a fruit yield of 

1113 bushels/acre (52.45 metric tons per hectare).

Macronutrients (lbs/acre)

 N P K Ca Mg S 

Net gain  49.3 8.2 89.4 35.4 10.9 4.0 
New growth 50.7 8.0 86.5 27.5 9.9 3.7 

Micronutrients (grams/acre)

 B Zn Cu Mn Fe 

Net gain 105.7 68.8 52.5 208.6 167.9 
New growth 98.6 40.0 23.0 152.6 146.5
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their net accumulation in the whole tree from budbreak to fruit 

harvest, respectively.

Discussion
Since the trees used in this study had optimal nutrient levels 

in both leaves and fruit (Table 1, Figure 1) and they produced 

a high fruit yield (equivalent to 52.45 metric tons per hectare) 

with good fruit size and quality, the observed accumulation of 

nutrients represents the nutrient requirements of these trees. 

Th e net accumulation of N, P, K, Ca, Mg, and S in the whole tree 

from budbreak to fruit harvest was 19.8, 3.3, 36.0, 14.2, 4.4 and 

1.6 g/tree and that for B, Zn, Cu, Mn, and Fe was 93.6, 60.9, 46.5, 

184.8 and 148.7 mg/tree, which was equivalent to 49.3, 8.2, 89.4, 

35.4, 10.9 and 4.0 lbs per acre for N, P, K, Ca, Mg, and S and 105.7, 

68.8, 52.5, 208.6 and 167.9 grams per acre for B, Zn, Cu, Mn, and 

Fe at a tree density of 1129 trees per acre. Th is study, for the fi rst 

time, has generated a comprehensive nutrient accumulation data 

Figure 4.  Total accumulation of nitrogen (A), phosphorus (B), potassium 

(C), calcium (D), magnesium (E), sulfur (F), boron (G), zinc (H), iron 

(I) and manganese (J) in shoots and leaves, fruit, and new growth 

(fruit plus shoots and leaves) of 6-year-old ‘Gala’/‘M.26’ apple 

trees from budbreak to fruit harvest. The six points in each line 

correspond with budbreak, 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.

set for ‘Gala’/‘M.26’ trees trained in tall spindle. It is interesting 

to note that the accumulation of nutrients in new growth (fruit 

plus shoots and leaves) accounted for over 90% of the net gain for 

total N, P, K, Mg, S, and B in the entire tree and a large propor-

tion of the net gain for Ca, Zn, Mn, and Fe (ranging from 58.1% 

in Zn to 87.2% in Fe) from budbreak to fruit harvest in this study 

(Table 2). Th erefore, future studies of this type might gain most 

of the information on tree nutrient needs by just focusing on new 

growth (fruit, shoots and leaves).

 Although the trees we used in this study were grown in sand 

culture, our data on total nutrient accumulation in fruit (or fruit 

nutrient removal at harvest) are very similar to those reported by 

Palmer and Dryden (2006) on ‘Royal Gala’, ‘Fuji’ and ‘Braeburn’, 

and Drahorad (1999) on several apple cultivars for commercial 

apple orchards (Comparison of our data with the data from 

Palmer and Dryden on Gala are shown in Table 3), when the fruit 

yield was adjusted to the same level. Th is high similarity indicates 

that the estimates of nutrient requirements obtained in this study 

may be applicable to fi eld-grown trees. If we assume the ratio 

between net accumulation of each nutrient in the whole tree from 

budbreak to fruit harvest and its amount in fruit remains constant 

across the range of fruit yield encountered in commercial apple 

production, one can readily calculate the total requirement for 

each nutrient at any expected fruit yield by using the data gener-

ated in this study (See Table 4 for an example). It’s clear that the 

requirement for each nutrient increases as fruit yield increases.

 Of the macronutrients required by ‘Gala’ apple trees, K is the 

one whose amount in the fruit at harvest accounted for the largest 

proportion of its net gain in the entire tree from budbreak to fruit 

harvest, i.e. more than two thirds of the total tree K requirement 

was found in fruit although fruit K concentration was only about 

half of that in leaves on a dry weight basis (Table 1, Figure 4C). 

Because of this large demand for K by fruit, apple trees on dwarf-

ing rootstocks need adequate K supply to achieve high yield and 

good quality. However, it is possible that too much K can negatively 

aff ect fruit quality as K may compete with the uptake of Ca and 

Mg. It should be noted that the widely cited work of Haynes and 

Goh (1980) on nutrient budget of apple orchards signifi cantly over-

estimated the amount of K in fruit. Based on the amount of K in 

fruit and fruit dry matter reported in Haynes and Goh (1980), the 

calculated fruit K concentration would be over 2% on a dry weight 

basis. Either the trees used in their experiment were in luxury 

consumption of K, or an error was made by the authors (Haynes 

and Goh, 1980) in measuring or calculating the total amount of K 

in fruit. However, the former does not seem to be the case as leaf 

K concentration was only 1.2% at the end of the season.

Table 3. Comparison of total amounts of nutrients in ‘Gala’ fruit at harvest 

obtained in this study with those obtained in the Nelson region 

of New Zealand by Palmer and Dryden (2006) at a fruit yield of 

1113 bushels/acre (52.45 metric tons per hectare).

Macronutrients (lbs/acre)

Study N P K Ca Mg S 

Palmer & Dryden (2006) 18.7 4.6 57.8 3.0 2.7 N/A 
Cheng & Raba (2009) 19.1 4.9 61.6 3.9 3.1 1.5 

Micronutrients (grams/acre)

Study  B Zn Cu Mn Fe 

Palmer & Dryden (2006) 54.5 10.3 30.7 9.1 31.0 
Cheng & Raba (2009) 76.5 12.3 13.3 27.2 88.5 
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 Fruits, shoots and leaves have diff erential nutrient accumula-

tion patterns (Figure 4). Our data indicate that the most rapid ac-

cumulation of all nutrients in shoots and leaves took place during 

active shoot growth, from bloom to the end of shoot growth, and 

the accumulation pattern of most nutrients corresponded well 

with the accumulation of dry matter, with continued accumula-

tion observed only in total Ca and Mn in shoots and leaves after 

the end of shoot growth. Nutrient accumulation in fruit largely 

followed its dry matter accumulation, and a large proportion of 

the nutrient accumulation (ranging from 58.1% of Zn to 77.4 % 

of K) occurred from the end of shoot growth to fruit harvest. 

Th e diff erential patterns of nutrient accumulation between fruit 

and shoots and leaves, and the similarity between dry matter ac-

cumulation and accumulation patterns of most nutrients within 

each organ (Figures 2B, 4), indicate that nutrient accumulation is 

demand-driven. Th e linear increase in both P and K in the whole 

tree, and in new growth from bloom to harvest (Figures 3B, C, 

4B, C) indicates a constant demand for both nutrients during this 

period. Th e demand by shoots and leaves before the end of shoot 

growth accounted for a larger proportion of the total demand 

for both P and K, whereas the demand by fruit from the end of 

shoot growth to fruit harvest made up nearly the entire demand 

for new growth and for the whole tree. At fruit harvest, shoots 

and leaves had more N, Ca, Mg, S, Zn, and Mn, whereas fruit 

had more P, K, B, and Fe. It should be noted that B had the high-

est proportion (77.7%) partitioned to fruit among all nutrients 

(Figure 4G) and was the only nutrient that had a much higher 

concentration in fruit (fl owers) than in leaves at bloom (Figure 

1G), which clearly indicates the importance of B to fruit growth 

and development.

 Although the Ca concentration in leaf samples taken in early 

August was at the lower end of the optimal range, fruit had a 

good Ca level with a Ca to Mg ratio at 16 in this study. However, 

it should be pointed out that the net accumulation of Ca for the 

whole tree from budbreak to fruit harvest obtained in this study 

might be an underestimate of Ca requirements for apple cultivars 

Table 4. Calculated requirement for each nutrient as a function of fruit 

yield (bushels/acre) based on the nutrient requirement data 

obtained in this study, assuming that the ratio between net 

accumulation of each nutrient in the whole tree from budbreak 

to fruit harvest and its amount in fruit remains constant across 

the range of fruit yield.

Macronutrients (lbs/acre)

Fruit yield (b/a) N P K Ca Mg S 

500 22.1 3.7 40.2 15.9 4.9 1.8 
750 33.2 5.5 60.2 23.9 7.3 2.7 
1000 44.3 7.4 80.3 31.8 9.8 3.6 
1250 55.4 9.2 100.4 39.8 12.2 4.5 
1500 66.4 11.1 120.5 47.7 14.7 5.4 
1750 77.5 12.9 140.6 55.7 17.1 6.3 

Micronutrients (grams/acre)

Fruit yield (b/a) B Zn Cu Mn Fe 

500 47.5 30.9 23.6 93.7 75.4 
750 71.2 46.4 35.4 140.6 113.1 
1000 95.0 61.8 47.2 187.4 150.9 
1250 118.7 77.3 59.0 234.3 188.6 
1500 142.5 92.7 70.8 281.1 226.3 
1750 166.2 108.2 82.5 328.0 264.0
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that are more susceptible to Ca-defi ciency induced disorders rela-

tive to ‘Gala’. 

 Ca accumulation in ‘Gala’ fruit was found to continue through-

out its entire growth period from bloom to harvest, with 61.7% 

of total accumulation occurring from the end of shoot growth to 

harvest in this study (Figure 4D). Th is contrasts with some of the 

earlier studies suggesting that Ca accumulation primarily takes 

place in the fi rst few weeks after bloom (Faust, 1989; Wilkinson, 

1968). Th e lack of continued increase in fruit Ca content previ-

ously observed in New York (Faust, 1989) may have been related 

to drought conditions during the summer, as most orchards were 

not irrigated then. Th e continued accumulation of Ca throughout 

fruit growth observed in central Washington under irrigated con-

ditions (Rogers and Batjer, 1954) is also consistent with the idea 

that soil moisture may play an important role in determining Ca 

accumulation patterns in apple fruit. Wilkinson (1968) observed 

that more Ca was accumulated during the cell expansion stage of 

fruit development in wet years or under irrigation than in dry years 

without irrigation. Th e fact that Ca accumulation occurs during the 

entire fruit growth period suggests a wide window for enhancing 

fruit Ca levels via irrigation and foliar applications of Ca. 

Conclusions
Nutrient requirements of ‘Gala’/M.26 trees from budbreak to fruit 

harvest are estimated to be 49.3, 8.2, 89.4, 35.4, 10.9 and 4.0 lbs per 

acre for N, P, K, Ca, Mg, and S, and 105.7, 68.8, 52.5, 208.6 and 167.9 

grams per acre for B, Zn, Cu, Mn, and Fe at a density of 1129 trees/

acre to achieve high yield and good fruit size and quality. Shoots 

and leaves and fruit have diff erential patterns of nutrient require-

ments: the high demand period for shoots and leaves is from bloom 

to end of shoot growth whereas that for fruit is from the end of 

shoot growth to fruit harvest. At harvest, fruit contains more P, K, 

B, and Fe whereas shoots and leaves have more N, Ca, Mg, S, Zn, 

and Mn. When developing fertilization programs in apple orchards, 

soil nutrient availability and tree nutrient status must be taken into 

consideration along with tree nutrient requirements. 
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