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Minimal Nutrient Flux in Leaves of 

'Fuji' Apple Trees on Two Rootstocks 
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Abstract 

The goal of this study was to monitor the seasonal trends of different nutrients in 'Fuji' apple leaves 

on M.9 337 and M.7 EMLA rootstocks for two years, and to determine 'Fuji's' period of minimal flux 

using regression analyses. The effects of rootstock on 'Fuji' seasonal trends and the interactions among 

leaf and fruit minerals were examined. The period of minimum flux for nitrogen in 'Fuji' apple leaves 

occurred at 40-140 days after full bloom (DAFB). Nitrogen (% d.wt), K (% d.wt.) and Zn (p.p.m.) con 

centrations in leaves from trees on both rootstocks decreased during both growing seasons. Calcium 

(% d.wt.) and Mn (p.p.m.) concentrations increased in leaves from trees on both rootstocks throughout 

both years. Magnesium, Fe and Cu trends were inconsistent from year to year. However, seasonal fluc 

tuations in leaves from trees on both rootstocks were always similar regardless of differences between 

years. Trees on M.7 EMLA had lower leaf N, but higher leaf K and Ca, than those on M.9 337 through 

out both growing seasons. Rootstock effect on K levels was significant during both years. Calcium con 

centrations were not affected by rootstock in 1995, when the crop load was very light, but in the heavy 

cropping year 1996, the effect was significant. The period of minimal flux of N in 'Fuji' leaves from 

mid-June until September is little affected by crop or rootstock. The stable sampling period for foliar 

analysis of 'Fuji' apple extends from 40-140 DAFB, providing growers more time to respond to ana 

lytical results than the August-only sampling period appropriate for some other cultivars. 

Introduction flux. However, most cultivars that have 

The period of minimal nutrient fluctu- been examined do not exhibit this early 
ation within the growing season is the summer N gain. After steeply dropping 

preferred time for foliar analysis. Miner- from spring highs, leaf N in 'Bramley's 

al concentrations within the leaves are Seedling,' 'Lord Lambourne' and 'Gold-

most variable during shoot growth and en Delicious' all have flat or declining 

just before leaf abscission. Minimal flux trends throughout the summer (11, 12). 

was determined for 'Red Delicious' and 'Mclntosh' leaf N declines from spring 

a few other cultivars by examining the highs into a stable plateau period that lasts 

fluctuations of leaf nutrient elements until early autumn (3, 4). 

over a number of full growing season _ . , „ . . 
(11, 22, 27). The period of minimal flux for 'Fuji' 

Foliar nutrient element fluctuations has not been determined.'Fuji'apple has 
during the growing season reflect specific been Wldelv planted and topworked onto 
physiological states. Apple leaf N concen- older trees in the Pacific Northwest in the 
trations are highest when leaves first ap- last ten years. Its unique flavor and tex-
pear (12, 14, 20). Apple leaf N levels gen- ture characteristics make it a high value 

erally stabilize as shoot growth ceases and fruit, but its unique qualities make it 

shoot tips harden. 'Red Delicious' leaves among the most difficult apples to grow 

have a distinctive increase in N concen- (17). 'Fuji's' fruit characteristics, includ-

trations from 45-65 days after full bloom ing long life in common storage, are in-

(DAFB) (22, 27). This fluctuation in 'Red herited from its 'Rails Janet' parent, not 

Delicious' shortens its period of minimal 'Red Delicious' (1). 

lM.S., University of Idaho. Completed in partial fulfillment for the Master of Science degree. 
2Professor of Pomology; Reprint requests should be addressed to this author at: University of Idaho 
Parma Research & Extension Center, 29603 U of I Lane, Parma, Idaho 83660. 

3Director of Statistical Programs, University of Idaho.4 Professor of Plant Physiology; University of 
Idaho. 

4Professor of Plant Physiology; University of Idaho. 

236 



Minimal Nutrient Flux in Leaves of 'Fuji' Apple Trees 237 

Determining 'Fuji's' season-long nutri 

ent fluctuations can improve management 

of this difficult cultivar. Observations of a 

second flush of shoot growth by growers 

in southwestern Idaho suggest a unique 

varietal characteristic that may effect sea 

sonal nutrient levels. Rootstock effects on 

'Fuji' August mineral concentrations have 

been examined (9). But, season-long min 

eral studies can provide fuller, cultivar-

specific standards against which results 

from a single, annual analysis can be com 

pared. In addition, a seasonal study will 

provide early measurements whose values 

and ratios can provide important informa 

tion on tree nutrition and ultimate fruit 

quality characteristics. In this study, the 

main objectives were to investigate the 

seasonal fluctuations of N, K, Ca, Mg, Fe, 

Zn, Cu, and Mn in 'Fuji' apple leaves and 

to determine the period of minimal nutri 

ent fluctuation that is appropriate for sam 

pling. Interactions among leaf nutrient el 

ements and between leaf and fruit 

minerals were also examined. 

Materials and Methods 

Leaves from 'BC-2 Red Fuji' apple 

trees on M.7 EMLA and M.9 337 root-

stocks were analyzed for mineral compo 

sition throughout the growing seasons of 

1995 and 1996. The orchard was estab 

lished at the University of Idaho Research 

& Extension Center at Parma, Idaho, in 

April 1991. The soil was a sandy loam 

with a pH of about 7.5. Tree spacing is 2.4 

x 4.9 meters. The trees were arranged in a 

completely randomized design with six 

single tree replications per rootstock. 

Each tree received identical annual treat 

ments of fall-applied nitrogen at the rate 

of 90 g actual nitrogen, as urea. No mi-

cronutrients were applied in either year 

except Zn-50 (a zinc-containing com 

pound with 50% actual Zn) was sprayed 

in the late dormant season and at stage 3 

on the bud development chart (28), at a 

concentration of 3.1 g per liter to runoff. 

Trees were supported by a 3-wire trellis 

system and the orchard was irrigated with 

a solid set sprinkler system with each riser 

delivering 0.44 liter of water per minute. 

All other cultural practices were similar to 

commercial standards. 

Fourteen leaves were randomly collect 

ed from the mid-shoot region of current-

growth shoots of each tree from late May 

until the first week of November. In both 

1995 and 1996, samples were taken every 

14 days from the last week of May until 

early July. From mid-July until the end of 

August, samples were taken every 7 days. 

From September until early November, 

samples were taken approximately every 

two weeks in 1996; but no samples were 

taken in October, 1995. Trees were in full-

bloom on April 27, 1995, and April 22, 

1996. 

Leaves were weighed immediately 

after sampling, then washed in a mild 

Liqui-nox detergent solution and rinsed 

with distilled water in three steps. Sam 

ples were then dried at 65°C in a forced 

air oven until they reached constant 

weight, and dry weights were recorded. 

The dried leaves were ground in a Cy-

clotec Sample Mill (Model 1093, 

Hoganas, Sweden) to pass through a 40-

mesh screen. Samples were processed 

using a modified Kjeldahl procedure (24), 

and analyzed for N using a Milton Roy 

Spectronic 601 spectrophotometer. Mea 

surement of the other leaf mineral con 

stituents employed a Perkins-Elmer 

1100B (Norwalk, CT) atomic absorption 

spectrophotometer after the tissues were 

ashed and chemically digested as de 

scribed by Chaplin and Dixon (6) and 

Jones (13). 

Various regression models were consid 

ered to evaluate the seasonal trends of 

specified elements across time for each 

year. Depending on the year and element 

being investigated, one of the following 

models provided an adequate fit to the 

data: 

Cubic: y=B0+B1x+B2x2+B3x3+8 (1), 
Quadratic: y=B0+BjX+B^c2+e (2), or 

Linear: y=B0+B1Jt+e (3), 

where: y=nutrient element of interest, 

jc=DAFB (days after full 

bloom), 

Bo, B,, B2, B3=regression coefficients, and 

e=error term. 
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Fig. 1. 'Fuji' leaf nitrogen in 1995 (left) and 1996 (right). Left: 1995 seasonal trends (A), and 
cubic polynomial regression equations for M.7 EMLA (B) and for M.9 337 (C). Right: 1996 
seasonal trends (A), and quadratic regression equations for M.7 EMLA (B) and for M.9 
337 (C). Bars represent ± 1 standard deviation from sample means. Numbers in paren 
theses represent the standard errors of the estimates. August 1,1995 = 95 DAFB; August 
1,1996 = 100 DAFB. 

Model selection was based on the mag 

nitude of residual mean squares, adjusted 

R2 and predicted sums of squares (21). A 

full model Dummy Variable Regression 

(DVR) contrast procedure (26), was used 

to compare parameter estimates of the two 

rootstocks in each year. Pearson first mo 

ment correlation coefficients among leaf 

minerals, and among leaf and fruit miner 

als were calculated to determine nutrient 

interactions. Statistical computations 

were carried out using SAS (23). 

Results 

Nitrogen: 'Fuji' leaves from trees on 

both rootstocks experienced an overall 

^ A Nitrogen 

1995 

M.7 

M.9 

Fig. 2. 

40 60 60 100 120 140 160 180 200 ̂  20 40 60 60 100 120 140 160 160 

Days After Full Bloom Days After Full Bloom 

Contrast of regression curves for 'Fuji* leaf nitrogen 1995 (A) and 1996 (B). 
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Fig. 3. 'Fuji' leaf potassium in 1995 (left) and 1996 (right). Left: 1995 seasonal trends (A), and 
linear regression equations for M.7 EMLA (B) and for M.9 337 (C). Right: 1996 seasonal 
trends (A), and linear regression equations for M.7 EMLA (B) and for M.9 336 (C). Bars rep 

resent ± 1 standard deviation from sample means. Numbers in parentheses represent the 

standard errors of the estimates. August 1,1995 = 95 DAFB; August 1,1996 = 100 DAFB. 

seasonal decline of leaf N in 1995 and 

1996 (Fig. 1). In both years, leaf N con 

centrations in trees on M.9 337 were 

greater than in those on M.7. EMLA root-

stock. Concentrations during both years 

were generally within the sufficiency 

range of 2.0-2.39% d.wt. (8). Statistically 

significant rootstock effects on leaf N ac 

tually indicated only marginal differences. 

The period of minimal N flux in leaves 

from trees on both rootstocks occurred 

from about 40-140 DAFB, or from the 

second week of June to early September, 

although concentrations rose briefly at 

about 110 DAFB, especially in the heavy 

cropping year, 1996. Leaf N and fruit N, 

Ca, Zn and Mn correlations were almost 

as strong on June 14 as on August 2, 1996 

(Table 3). 

Table 1. Regression contrasts for 

'Fuji' leaf nitrogen, 1995 and 1996. 

Contrasts for cubic polynomial 

lines and inflection points (B2 & 
B3) and rate of decline (B^ para 

meters for 'Fuji' leaf nitrogen on 

M.7 EMLA and M.9 337 rootstocks 

in 1995 (C). Contrasts for quadrat 

ic lines and rate of decline (B1 & 
B2) parameters for 'Fuji' leaf nitro 
gen on M.7 EMLA and M.9 337 

rootstocks in 1996 (D). 
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Fig. 4. 'Fuji' leaf calcium in 1995 (left) and 1996 (right). Left: 1995 seasonal trends (A), and 

linear regression equations for M.7 EMLA (B) and for M.9 337 (C). Right: 1996 seasonal 

trends (A), and linear regression equations for M.7 EMLA (B) and for M.9 336 (C). Bars rep 

resent ± 1 standard deviation from sample means. Numbers in parentheses represent the 

standard errors of the estimates. August 1,1995 = 95 DAFB; August 1,1996 = 100 DAFB. 

Evaluation of N data required different 

regression models for each year. A curve 

fitting procedure was used to determine 

the most suitable model to describe the 

fluctuation of leaf N over the growing 

season. In 1995, the cubic polynomial 

equation provided the best fit (M.7 

EMLA: R* = 0.71 and M.9 337: R2 = 
0.72) (Fig. 1 B & C). Coefficients main 

tained their expected signs (+ or -), and 

had similar magnitudes for both root-

stocks. All coefficients in the model were 

significantly different from zero (P = 

0.0001). Further analysis indicated that 

the residuals were uniformly and random 

ly scattered about zero, and that assump 

tions of normality were met. The DVR 

procedure contrasting the regression lines 

of both rootstocks in 1995 (Table 1) re 

vealed a marginally significant difference 

(P = 0.014). Their coefficients were simi 

lar (B2 and B3: P = 0.883; B{: P = 0.659), 

indicating similar seasonal nitrogen fluc 

tuations regardless of rootstock. 

The cubic polynomial regression model 

yielded a sigmoid curve with two inflec 

tion points indicating absolute dates of N 

seasonal fluctuation. Between these 

points of inflection lies the most stable pe 

riod for leaf N concentrations, which were 

similar for leaves from trees on both root-

stocks. The stable plateau delimited by the 

inflection points may be considered the 

period of absolute or statistical minimal 

fluctuation. This period began at 73.6 

DAFB in trees on M.7 EMLA and 76 

DAFB in trees on M.9 337. Absolute min 

imal flux ended on 120 DAFB for trees on 



Minimal Nutrient Flux in Leaves of 'Fuji' Apple Trees 241 

60 BO 100 120 140 l«0 

Days After Full Bloom 

•IS-

N 10 

s 

SO SO 100 120 |40 160 

Oays After Full Bloom 

Zinc 

1996 

M.7 

Y « 19.6063 • .04O35(OAFB) 

(.676939) (-00544) 

40 

35 

30 

IS: 
«io 

5 

0 

60 BO 100 120 140 160 181 

Days After Full Bloom 

Zinc 

1995 

M.9 

Y * 31.6790 - 0.08S37(OAFB) 

(1.1783) (.010667) 

60 30 100 \1Q IAC 160 ISO -£00 

Days After Full Bloom 

Zinc 

1996 

M.9 

Y • 210420 • 0.04163(OAFB) 

(.691718) (.00556) 

60 90 100 120 

Days After Full 

140 160 

Bloom 

JO 90 100 120 140 160 

Days After Full Bloom 

Fig. 5. 'Fuji' leaf zinc in 1995 (left) and 1996 (right). Left: 1995 seasonal trends (A), and lin 

ear regression equations for M.7 EMLA (B) and for M.9 337 (C). Right: 1996 seasonal 
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M.7 EMLA and 114 DAFB for trees on 

M.9 337 rootstocks. For practical horti 

cultural purposes however, the duration of 

physiological minimal flux is longer than 

that derived statistically. 

In 1996, the quadratic model provided 

the best fit (Fig. 1 B & C). The cubic poly 

nomial model applied to this year's data 

yielded insignificant parameter estimates, 

inconsistent signs (+ or -), and dissimilar 

magnitudes. The DVR procedure con 

trasting rootstock effect on seasonal leaf 

N concentrations (Fig.2 and Table 1), in 

dicated that the predicted lines for each 

rootstock were different (P = 0.0001). The 

joint effects of Bl & B2 in the equation 

were similar (P = 0.3816), indicating sim 

ilar timing of the two changes in N con 

centration trends that mark the season. 

The point B1 represents the beginning of 

absolute minimal flux, and B2 represents 

its conclusion. They were very similar for 

both treatments. Leaf N values were con 

sistently higher in leaves from trees on 

M.9 337 than in leaves from trees on M.7 

EMLA rootstock. 

Application of different linear regres 

sion models to 1995 and 1996 leaf N data 

underscores the variability across years 

that was also found in other foliar nutri 

ents. Light fruit crop load in 1995, due to 

the effects of 'Fuji's' biennial bearing 

habit and spring frosts, and the heavy crop 

in 1996, strongly influenced leaf mineral 

concentrations. Although samples were 

first collected near the end of May in both 

years, the trees were more physiologically 

advanced in 1996 than in 1995. The de-
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Table 2. Contrasts for regressions 

lines and slope parameters for 
'Fuji' leaf K, Ca and Zn on M.7 

EMLA and M.9 337 rootstocks in 
1995 and 1996. 

scent from early season high leaf N levels 

that occurred in late May 1995, is not re 

flected in 1996, and the data indicates the 

plateau of minimal flux had already been 

reached by the first sampling date. 

Despite yearly N differences, there was 

very little contrast between rootstock 

treatments within years (Figures 1 & 2). 

During both years, leaf N concentrations 

rose briefly at about 110 DAFB. In 1995, 

this rise was modest. In 1996 however, N 

concentrations peaked in all leaves after 

passing through a period of decline over 

the previous three sample dates. In trees 

on M.7 EMLA rootstock, levels increased 

from 2.0% to 2.3% in 14 days. The peaks 

were experienced almost synchronously 

in leaves from trees on both rootstocks, 

and concentrations resumed their decline 

by 125 DAFB. The data points for this 

brief peak episode were of insufficient in 

fluence, and they are missed by the re 

gression line that passes through the data 

clusters for all other sampling dates. 

These peaks may be considered statisti 

cally insignificant, although similar 

abrupt fluctuations occur in other nutrient 

elements at the same time. Minimal flux 

in 1996 precedes this event, and was 40-

110 DAFB. 

Potassium: 'Fuji' leaf K declined sea 

sonally for trees on both rootstocks in 

both years (Fig. 3). In 1995, leaf K levels 

modestly increased prior to a sharp drop 

at about 110 DAFB. The periods before 

and after this event, 55-100 DAFB and 

110-135 DAFB, may be considered times 

of minimal flux in 1995. In 1996, leaf K 

concentrations decreased more rapidly, 

marked by a brief stable period about 110 

DAFB. Minimal flux for K in 1996 was 

approximately 100-140 DAFB. During 

both years, leaves from M. 7 trees had 

higher concentrations, as they did in a pre 

vious study (9), and in both years all leaf 

K levels were within a general sufficiency 

range of 1.2-2.0% (19). 

Regression analysis employed the lin 

ear model in 1995 and 1996 (Fig. 3). Nor 

mality assumptions were tested by resid 

ual assessing techniques. The linear 

model fit was stronger for M. 9 339 in 

both years (1995: rr = 0.78; 1996: r2 = 
0.88) than for M.7 EMLA (1995: r2 = 
0.60; 1996: r2 = 0.63). Rootstocks signifi 
cantly affected leaf K during both years. 

Contrast analysis (DVR) disclosed highly 

significant differences of line and slope in 

1995 and 1996 (Table 2). In 1995, the dif 

ference of rate of decrease due to root-

stock was not great, but in 1996, leaf K 

levels decreased more rapidly in leaves 

from trees on M.9 337 rootstock than 

those from trees on M.7 EMLA. Leaf K 

did not correlate with most fruit minerals 

on June 14 and August 2 sampling dates, 

but on August 16, 1996, during the 110 

DAFB episode, leaf K was strongly asso 

ciated with fruit N, K, Ca, Mg, Zn, and 

Mn (Table 3). 

Calcium: Leaf Ca levels increased 

throughout the growing season in trees on 

both rootstocks in 1995 and 1996 (Fig 4). 

Leaf Ca levels fluctuated little in 1995, ex 

cept at about 110 DAFB. The only decline 

in Ca levels occurred over the one week 

prior to 110 DAFB. A 1995 mid-season 

minimal flux period for leaf Ca, 60-140 

DAFB, was not duplicated in 1996. No pe 

riod of true minimal flux appeared in 1996 

because of the high rate of leaf Ca accu 

mulation throughout the growing season. 

In 1996, leaf Ca levels in trees on M. 9 337 

rootstock rose 0.30% within two weeks, 
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Table 3. Correlation coefficients for 'Fuji' leaf minerals and fruit minerals 

and yield in 1996. 

ZN = 6. Leaf minerals expressed as % d.wt. 

y*. **, ***, ns: Significant at P< 0.005, < 0.01, < 0.001, or nonsignificant, respectively. 

beginning at 110 DAFB. Leaf Ca levels 

were within or above the sufficiency range 

in both years (19). 

Regression analysis employed the lin 

ear model in 1995 and 1996 (Fig. 4). Con 

trast analysis indicated that leaf Ca levels 

were unaffected by rootstock in 1995, 

when few fruit were present. In 1996, the 

slopes and lines were significantly differ 

ent, with leaves from trees on M. 7 EMLA 

accumulating Ca (% d.wt.) at a slower 

rate than those from trees on M.9 337 

rootstock. 

Zinc: Leaf Zn concentrations declined 

over both growing seasons for trees on 

both rootstocks (Fig. 5). Leaf Zn levels 

declined at similar rates within each year, 

but rates between years were different. 

The most striking difference in the trends 

of Zn was an early season accumulation 

by both rootstocks in 1995 that was absent 

in 1996. Zinc concentrations appear to 

have been unaffected by the 110 DAFB 

event that influenced other minerals, al 

though slight increases occurred about 

this time. Minimal flux for Zn occurred 

approximately 85-170 DAFB and concen 

trations remained stable until leaf fall. 

During 1995, Zn levels were at the lower 

end of the sufficiency range of 20-100 

p.p.m., but in 1996, values fell below this 

range (19). Dummy variable regression 

indicated leaf Zn levels were unaffected 

by rootstock in 1995 (Table 2). In 1996, 

the lines are different but the slopes are 

similar, indicating identical rates of de 

crease but different concentrations (Fig. 

5). Throughout both years, leaf Zn con 

centrations were slightly higher in leaves 

from trees on M.9 337 rootstock. 
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Magnesium: Leaf Mg concentrations 

were among the most erratic during both 

years (Fig. 6). In 1995 and 1996, Mg lev 

els were within the sufficiency range of 

0.25-0.45% d.wt. (19). The 1995 trend 

was generally downward, though Mg lev 

els increased at times, especially prior to a 

steep drop just before 110 DAFB. Leaf 

Mg fluctuated the least during the period 

from 55-95 DAFB in 1995, but the entire 

season was very unstable. In 1996, sea 

sonal foliar Mg increased over a some 

what less erratic course than in 1995, and 

minimal flux may be said to have oc 

curred at 85-140 DAFB. Nevertheless, no 

period of true stability occurred for this 

element in either year. 

Iron: Leaf Fe concentrations were very 

changeable in both years, although in 

1995, the period 110-190 DAFB was sta 

ble and represents minimal flux for that 

year (Fig. 6). In 1996, the overall trend 

was of increasing values, whereas in 

1995, the first and last leaf Fe concentra 

tions were virtually identical. Neither 

rootstock maintained higher leaf Fe levels 

than the other throughout either season. 

The period of minimal fluctuation for Fe 

in 1996 was 40-80 DAFB. Leaf Fe fluctu 

ations in trees on both rootstocks were 

alike in 1995. In 1996, leaf Fe fluctuations 

were different for each rootstock. Iron 

concentrations were within the 50-300 

p.p.m adequacy range (19). 

Copper: Leaf Cu trends were very dif 

ferent from year to year (Fig. 6). Concen 

trations on the first 1995 sampling date 

were about 40 p.p.m., well above the suf 

ficiency range of 6-25 p.p.m (19). Levels 

subsequently fell to about 10 p.p.m. by 

about 120 DAFB, and remained stable 

until the end of the season. In 1996, leaf 

Cu concentrations were approximately 10 

p.p.m. all season. Trends for leaves from 

trees on both rootstocks were very similar 

in both years. Minimal flux for Cu lasted 

the entire season in 1996, but because of 

early high levels in 1995, it began about 

80 DAFB in that year. 

Manganese: Trends for leaf Mn were 

erratic in 1995 and 1996, but overall both 

rootstocks had increasing Mn levels dur 

ing both years (Fig. 6). Concentrations 

were within the adequacy range of 25-200 

p.p.m (19). A relatively stable mid-season 

plateau was preceded and followed by in 

creasing accumulations, and minimal flux 

was 80-135 DAFB. Fluctuations in 1995 

were very similar for both rootstocks and 

leaves from trees on M. 7 EMLA had the 

highest concentrations throughout. 

Discussion 

Management of orchard N nutrition 

strongly affects horticultural and eco 

nomic outcomes, and determining apple 

leaf N concentrations is often a priority 

concern of those using leaf analysis. The 

period of minimal nutrient fluctuation for 

N in 'Fuji' apple leaves was determined 

to last from 40-140 DAFB, weeks longer 

than for some other cultivars. Reliable N 

concentration data could be found by leaf 

analysis of 'Fuji' in mid-June. Positive 

correlations between leaf N and fall-har 

vested fruit N, Ca and Mg (% d.wt.) and 

Zn and Mn (p.p.m.) were found on June 

14, 1996 (Table 3). 'Fuji' leaf N was 

weakly effected by rootstock regardless 

of year-to-year variations in climate or 

crop load. 

Seasonal nutrient concentrations in 

leaves vary with the year and crop, and 

these influence some rootstock effects. 

Although leaf N curves were very differ 

ent from year-to-year, within years, leaves 

from trees on both rootstocks exhibited 

very similar patterns (Fig. 1). In an earlier 

Tuji' study (9), foliar N was unaffected 

by three rootstocks in one out of two 

years. The rootstock effect on seasonal 

leaf K was the most significant difference 

found among all elements in this experi 

ment and it was greatest in the year of 

abundant fruit. The absence of fruit may 

have suppressed expression of rootstock 

influence on other leaf minerals in 1995. 

In 1996, the rootstock effect on leaf Ca 

accumulation was significantly greater 

than rootstock differences produced in the 

low crop year of 1995. Leaf Zn was ef 

fected by rootstock in 1996, but not in 

1995. No rootstock effect was found for 
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Fe, Cu, Mn and Mg levels in leaves dur 

ing either year. 

Erratic yearly trends were found among 

the micronutrients and Mg. Most foliar 

nutrient concentrations were determined 

to be within the adequacy range, but Fe 

and Zn were notably low, probably due to 

an abundance of Ca++ cations in the pH 

7.5 soil. Nutrient element trends were the 

same for both rootstocks in both years ex 

cept for Mg, Fe and Cu. Among Mg, Fe 

and Cu, overall seasonal trends were dif 

ferent in 1995 versus 1996, and in all 

three of these cases, the trend change was 

experienced in trees on both rootstocks. 

The need for different regression mod 

els to describe leaf N for each year owes 

something to the advanced physiological 

state of the trees in 1996. The 1996 data 

does not include the earliest weeks of high 

concentrations that provide the early high 

values of the 1995 sigmoid curve. Com 

prehensive sampling should begin within 

2 weeks of full bloom, to monitor the sta 

tus of leaf N at early stage of a growing 

season. Unlike 'Red Delicious', which 

has increasing N concentrations from 45-

65 DAFB (22, 27), 'Fuji' has already en 

tered the plateau of minimal flux by 40 

DAFB. 

The season of maximum stability for N, 

K, Mg, and Ca was interrupted in one or 

both years by a brief fluctuation at about 

110 DAFB. The impact of the 110 DAFB 

episode was greater for K and Mg and less 

so for Ca, and may be related to shoot 

growth periodicity in 'Fuji'. Habit varies 

among apple cultivars, and 'Fuji' has been 

found to produce fewer sylleptic shoots 

than four other cultivars, including 'Impe 

rial Gala' and 'Granny Smith' (7). Syllep 

tic shoots are those that emerge from axil 

lary buds while the apical shoot is also 

growing, especially in young, newly 

planted trees. These shoots become the 

low scaffold branches of modern orchard 

trees. This relatively weak sylleptic ten 

dency is likely not 'Fuji's only cultivar-

specific shoot growth trait. 

Among the Rosaceae, recurrent shoot 

growth, known as lammas growth, has 

been reported in Sorbus (15, 16), Prunus 

(5, 25), and Mains (25). Apical growth 

iresumed' on 'Rails Janet' trees in the first 

week of August (20). In M.7 stoolbed 

rows, smooth seasonal trends of leaf K, 

Mg, and Ca were disrupted when recur 

rent growth was observed in late summer 

(18). Because of this physiological insta 

bility, Mason recommended leaf sampling 

for analysis in mid- or late September. 

Given the very narrow range for foliar 

N, the 110 DAFB fluctuation could yield 

deceiving analytical results. While each 

element's abrupt fluctuation at this time is 

statistically insignificant, the combined 

weight of all occurring together signifies 

physiological significance, and the possi 

ble role of lammas growth should be con 

sidered. The second flush of shoot growth 

reported for 'Rails Janet' was associated 

with a rapid decline in leaf N, (20). Grow 

ers in southwest Idaho have observed 

lammas growth on 'Fuji' trees, but no sys 

tematic examination of the phenomenon 

was undertaken in this study. Because of 

the increased fluctuations associated with 

shoot extension, it may be prudent for 

'Fuji' growers to avoid sampling in the 

week preceding and following the 110 

DAFB event (August 14, 1995 and Au 

gust 9, 1996). 

Nevertheless, a period of minimal nu 

trient flux for leaf N suitable for sampling 

'Fuji' apple leaves was found from 40-

140 DAFB. A stage of minimal flux for 

leaf K of 55-135 DAFB was interrupted 

by the 110 DAFB event in 1995. Minimal 

flux for leaf Ca in the light fruit crop year 

1996 was 60-140 DAFB, but both K and 

Ca trends were much less stable with 

abundant fruit. 

The finding of inconsistent rootstock ef 

fects that are influenced by crop and exter 

nal factors suggests that long-range moni 

toring of nutrient trends in orchards has 

more value than an isolated analysis. Data 

logging that tracks nutrient levels from 

season to season over the course of years 

can be an effective warning system against 

developing imbalances in apple orchards 

(19). Because of cultivar variability in sea 

sonal leaf mineral utilization, each re 

quires a specific trend determination. 



Minimal Nutrient Flux in Leaves of 'Fuji' Apple Trees 247 

In a four year study (2), the correlation 

between leaf K+Mg/Ca and incidence of 

bitter pit was about as strong in early Au 

gust (r = 0.76, p = 0.0001) as it was at har 

vest. Among fruit mineral concentrations 

(Table 3), fruit Ca levels were lower than 

the threshold of 'Starkspur Golden Deli 

cious' (10). Nevertheless, no bitter pit was 

observed in the fruit from trees on either 

rootstock in 1996, perhaps indicating that 

'Fuji' has a lower threshold for fruit Ca 

than other cultivars. Valuable nutritional 

data can be found in the analysis of leaf 

minerals before August, and June foliar N 

correlated well with some ultimate fruit 

mineral concentrations (Table 3). 

The duration of N minimal flux in 

leaves on 'Fuji' apple trees extends the 

period during which valid leaf nutrient 

analysis can be conducted for this cultivar. 

Further studies of 'Fuji' seasonal mineral 

trends that commence sampling about 14 

DAFB will test the validity of the cubic 

polynomial regression model as a reliable 

description of this cultivar's seasonal nu 

trient fluctuations. In addition, systematic 

examination of recurrent growth in 'Fuji' 

may reveal physiological information 

with important cultural implications. 
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