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Influence of Various Rates of C a(N 03)2 Fertilizer 
and Soil Management on Young Apple Trees
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Abstract. Calcium nitrate applied annually at rates ranging from 22.5 g actual N per tree (0.5 N, one-half the 
recommended rate) to 363 g/tree ( 8  N) and adjusted according to tree age did not influence the growth of 4 apple 
{Malus domestica Borkh) cultivars (‘Golden Delicious’, ‘Triple Red Delicious’, ‘Red Yorking’, and ‘Stayman 201’) 
on EM 7a rootstock. There was a significant soil management (herbicide, clean cultivation, or mowed sod) x rate 
interaction; trees in mowed sod responded to additional N with growth and leaf N levels comparable to the vegetation- 
free management systems at 4 times (4 N) the recommended rate (45 g N/tree/year age). Soil management and rate 
of fertilization influenced leaf N levels but not leaf Ca. Leaf N and Ca differed significantly among the 4 cultivars. 
Cumulative yield after 4 growing seasons was influenced by tree size and soil management, but not rate of fertilization. 
Soil pH was significantly higher under sod than under cultivated or herbicide strip culture. Soil Ca levels were not 
affected in the 0 to 30 cm profile. Residual soil N 0 3-N did not accumulate in the surface 30 cm for any of the 
management systems except at the highest rate ( 8  N) under the cultivated and herbicide systems. Data for residual 
N 0 3-N in the 0 to 120 cm soil profile indicated that the tree demand and leaching potential for NO3 -N was met at 
the 0.5 N rate when competition was eliminated and between the 2 N and 4 N level in mowed sod.

Of the essential elements, N is the most important, and it 
must be added annually for adequate performance of deciduous 
fruit trees. A considerable amount of research has been focused 
on application and utilization of N fertilizers in apple orchards
(8). Much of this work relates to low density orchards with 
established cultivars on seedling rootstocks under sod manage-
ment. Recent studies (2, 14, 21, 26) have provided information 
on the use of N fertilizers with high density plantings on clonal 
rootstocks. Miller (26) has shown that a significant interaction 
exists between rate of fertilization (up to twice the recommended 
rate) and the soil management system; N source or rate alone 
did not influence growth. Increasing N generally will result in 
increased growth (3, 5, 6 , 14), but not always (10, 15, 16, 25, 
26).

In the east and particularly in Appalachia, the most common 
cultivars suffer from low Ca disorders. Calcium nitrate has been 
recommended for fruit trees as a readily available source of Ca 
and N (11, 22). In a recent study, however, Lord et al. (21) 
reported no increase in soil Ca levels with 8 annual applications 
of Ca(N03)2. In their study, trees received 114 g of N in the 
4th year and 136 g N in the 8th year. Hogue et al. (20) increased 
leaf and fruit Ca on apples grown in nutrient solution with in-
creasing Ca levels in the nutrient solution. They concluded that 
if higher levels of Ca are made available to apple trees, leaf and 
fruit Ca would be increased significantly. Apple cultivars differ 
in their ability to accumulate Ca (12).

Haynes’ (18) recent review of the influence of soil manage-
ment practices on the orchard agro-ecosystem illustrates the var-
iation in response obtained under different climatic and soil 
conditions. Research on the interaction of fertilizers and soil 
management for trees on clonal rootstocks in the United States
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is still limited despite recent work by Lord et al. (21), Crabtree 
and Westwood (9), and Miller (26).

The present study was designed to evaluate long-term effects 
of Ca(N03)2 as a broadcast fertilizer source, applied at 5 levels 
adjusted annually to tree age, under 3 soil management systems 
on 4 apple cultivars. Soil and climatic conditions differed from 
those in previous experiments. This report describes the influ-
ence on growth, yields, and tree and soil nutrient levels, in-
cluding residual nitrate during the 1st 4 years.

Materials and Methods

The research plot was established in 1979 on a Hagerstown/ 
Frederick cherty silt loam soil (fine, mixed, mesic Typic Ha- 
pludalf). This soil is considered to be deep, well drained, with 
a high moisture holding capacity and high natural fertility. Soil 
pH ranged from 6 .1 to 6.7 in the top 30 cm. One-year-old whips 
of ‘Triple Red Delicious’, ‘Golden Delicious’, ‘Stayman-201’, 
and ‘Red Yorking’ on EM 7a rootstock were planted in May 
with a mechanical tree planter at a spacing of 5.5 x 5.5 m. All 
trees were headed at 72 ± 2 cm at planting and subsequently 
trained to the central leader system. A permanent cover crop of 
‘Kentucky 31’ tall fescue was established in the orchard drive 
middles. In the 1st year weeds were controlled in a 1.5 m strip 
on each side of the tree planting with a Smitty tree hoe. Per-
manent soil management systems were established later.

The experimental design was a split-split plot with soil man-
agement system as the main plot. Main plots were in 2 repli-
cates, subdivided into 10 fertilizer subplots. Each cultivar was 
planted within a subplot with 1 tree/sub-subplot. Fertilizer grade 
Ca(N03)2 was applied annually in March to all trees within a 
subplot at 5 rates beginning in 1980: 22.5 g (0.5 N), 45 g (1 
N), 91 g (2 N), 182 g (4 N), or 363 g (8 N) of actual N per 
tree per year of tree age. Fertilizer treatments were broadcast 
under the dripline of the tree. The fertilized area was extended 
each year with the growth of the tree. During the 3-year period, 
N was applied to an average area of 5.31 X 104 cm2 around 
the tree. For a soil sampling depth of 120 cm and a soil bulk 
density of 1.4 g/cm3, this rate results in a total soil application 
of 22.5, 45, 91, 182, 363 ppm N 0 3-N in the fertilizer subplots.

Three soil management systems (clean cultivation, herbicide,
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and mowed sod), previously described by Miller (26), were 
established in 1980. All cultivation was done with a Smitty tree 
hoe to a depth of 5 cm. Generally, 3 cultivations were required 
per year to maintain a weed-free surface. ‘Kentucky 31’ tall 
fescue was established as a monoculture in mowed sod treat-
ments to cover the entire orchard floor. A combination of pa-
raquat, 1, r-dimethyl-4-4'-bipyridiniumion salts, at 1.1 kg/ha 
and simazine, 6 -chloro-A,A'-diethyl-l,3,5-triazine-2,4-diamine
4.5 kg/ha, was applied annually in April beginning in 1980. 
Glyphosate, N-(phosphonomethyl) glycine, was used as a spot 
treatment to control persistent weed species at 3.4 kg/ha. Except 
for spot treatments, herbicides were applied as a directed spray 
with a tractor mounted boom sprayer to a 1.5-m strip on each 
side of the tree row leaving a 2.5 m wide strip of sod in the 
drive middles. A nonionic surfactant (X77) at 0.125% (v/v) was 
added to all paraquat sprays. A 2.5 m wide strip of ‘Kentucky 
31’ tall fescue was maintained in all drive middles.

A commercial spray schedule was followed for pest control. 
Trunk circumference, canopy width, terminal growth, and yield 
(kg/tree) were determined annually. Leaf samples for analysis 
were taken annually in July from the mid-portion of current 
season’s shoots. Following drying at 70°C and grinding in a 
stainless steel mill to pass a 40 mesh screen, samples were 
analyzed for N by micro-Kjeldahl. Total P, K, Ca, and Mg 
were determined by inductively coupled RF plasma emission 
spectrophotometry. Soil under the trees was sampled with an 
auger at 0 to 30 cm to determine pH and nutrient levels. Soil 
was extracted with 1 n  NH4OAC (pH = 7.0), and K, Ca and 
Mg in the extract were measured by atomic absorption spectro-
photometry. Soil pH was measured in a 1 soil: 1 water mix. 
Available P was determined using the Bray’s extraction proce-
dure. Base saturation was calculated as the meq of Ca + Mg 
+ K/C.E.C. x 100. Main treatment effects were separated 
using analysis of variance for split-split plot design. Dependent 
variables were regressed against fertilizer rate and residual N 03-
N.

Soil cores 4.1 cm in diameter were collected in March of 
1983 to a 120 cm depth to determine residual N 03-N levels. 
One core was taken from a 30 cm band inside the drip line from 
each sub-subplot of the ‘Delicious’ and ‘Golden Delicious’ cul- 
tivars. Soil cores were divided into depth increments of 0-15, 
15-30, 30-60, 60-90, and 90-120 cm. Each increment was air 
dried and ground to pass a 0.2 cm screen. Soil N 03-N was 
extracted by shaking 20 g soil in 100 ml of 0.02 n  KC1 for 30 
min. The solution was filtered through a coarse qualitative filter 
paper and analyzed the same day for N 0 3-N using a nitrate 
selective ion electrode. The reference electrode was a saturated 
calomel electrode with an outer reference solution of 0.04 m  
(NH4)2S 04. The reference blank was 0.02 N KC1, and the di-
lutant served for the reference standards. Measured recovery 
efficiency for this system was 100.3% ± 2.8% for additions of
O, 20, and 40 ppm N 0 3-N in 6 soils ranging in native N 0 3-N 
content from 6-67 ppm.

R esults

Influence on soil. Application of Ca(N03)2 for 3 years did 
not affect soil pH, available P, or exchangeable K, Ca, or Mg 
at the 0 to 30 cm depth (data not presented). Soil pH was 
significantly lower under cultivation and herbicide management 
systems than where trees were grown in sod (Table 1). Ex-
changeable K was reduced significantly by sod culture. Sod 
management tended to increase available P and exchangeable 
Ca and Mg.

Table 1. Effect of ground cover management on soil pH and nutrient 
levels for apple trees fertilized with Ca(N03)2.z

Management
system PH

P
kg/ha

meq/ 100 g
K Ca Mg

Cultivated 6.1 by 161 a 0.47 a 5.82 c 0.39 b
Herbicide 6.2  b 129 b 0.46 ab 6.60 b 0.48 a
Mowed sod 6.6  a 170 a 0.42 b 7.13 a 0.48 a
zMeans pooled over 5 fertilizer rates and 4 cultivars; values are aver-
ages of 80 cores.
yMean separation, Duncan’s multiple range test, 5% level.
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Fig. 1. The effect of floor management systems and Ca(N03)2 fer-
tilizer level on residual soil N 03-N at 5 depths in a 120 cm profile. 
Values represent an average of 8 cores from ‘Red Delicious’ and 
‘Golden Delicious’ sub-subplots. Probability level equals 0.05 for 
Duncan’s multiple range values.

N 0 3-N did not accumulate in the surface 30 cm except at the 
highest rate of Ca(N03)2 (8 N) (Fig. 1). Even at the 8 N rate, 
N 03-N did not accumulate in the top 30 cm in the sod treatment. 
As the rate of fertilization increased, the amount of residual 
N 0 3-N generally increased throughout the 0-120 cm soil profile 
(Fig. 2). The least amount of residual N 0 3-N was determined 
under sod (Fig. 3). The most dramatic initial increase in soil 
N 03-N occurred at the 2 N fertilizer rate for the cultivated and 
herbicide systems, and at the 4 N level for the mowed sod 
system.

Influence on growth and yield. There were no interactions 
between cultivars and system or N rate with regard to tree growth. 
Ca(N03)2 had no appreciable influence on trunk circumference
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Fig. 2. The effect of C a(N 03)2 fertilizer levels on residual N 0 3-N in 

3 floor management systems. Values represent an average of 8 cores 
from ‘Red Delicious’ and ‘Golden Delicious’ sub-subplots.
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Fig. 3. The effect of floor management systems on residual N 0 3-N 
for 5 levels of C a(N 03)2 application. Values represent an average 
of 8 cores from ‘Red Delicious’ and ‘Golden Delicious’ sub-sub-
plots.

o r canopy  spread after 3 annual treatm ents ( r  =  0 .0 4  and 0 .1 0 , 
respectively; data not presented). Average terminal growth was 
less for ‘Golden Delicious’ than for the other cultivars (Table 
2). After 4 growing seasons, trees in the weed-free plots had 
filled 42% to 45% of their allotted space based on canopy width 
compared to 35% for trees in mowed sod. Differences in mean

Table 2. Influence of ground cover management system on the mean 
growth of 4 apple cultivars on EM 7a rootstock fertilized with Ca(N 03)2 
during the 1st 4 years in the orchard.2

Trunk
circum

(cm)
Terminal growth 

(cm)

Canopy
width
(m)

Main treatment 1982 1980 1982 1982
Management system

Cultivated 20.4 ay 61 a 68 a 2.31 b
Herbicide 20.5 a 60 a 64 b 2.47 a
Mowed sod 16.9 b 42 b 64 b 1.91 c

Cultivar
Triple Red Delicious 19.4 a 63 a 68 a 2.20 b
Golden Delicious 19.5 a 54 b 60 b 2.15 b
Red Yorking 18.8 a 47 c 68 a 2.14 b
Stayman -  201 19.4 a 58 b 66 a 2.44 a

zMeans pooled over rates and main effect. Trees planted May 1979. 
yMean separation for main effect, Duncan’s multiple range test, 5% 
level.

FERTILIZER RATE
CMu 111 p  I •  o f  Recommended R a te )

Fig. 4. Interaction of ground cover management system and rate of 
C A (N 03)2 on trunk circumference of apple (4 cultivars pooled) trees 
on EM 7a rootstock after 4 growing seasons. N =  45 g actual 
nitrogen per year tree age. Vertical bars represent the s e  of the mean; 
absence of bars indicate nonsignificant differences.

terminal growth were less pronounced in 1982 than in 1980, 
the initial year of treatment. Trunk circumference decreased as 
N rate increased in clean cultivated and herbicide strip but in-
creased with sod (Fig. 4).

Yield and yield efficiency were not influenced by fertilizer 
rates (r = 0.14 and 0.12, respectively) (Table 3). Cumulative 
yields for 1981 and 1982 were significantly increased with the 
herbicide strip system; clean cultivation was more than mowed 
sod. Herbicide treated trees were the most efficient among the 
3 soil m anagem ent system s, based  on 1982 y ield  and the ca l-
culated trunk cross sectional area. ‘Stayman-201’ was the most 
precocious of the cultivars tested. There was a signficant inter-
action of soil management system X cultivar for yield/tree in
1982. Yields were equal for ‘Delicious’ regardless of manage-
ment system; ‘Golden Delicious’, ‘Red Yorking’, and ‘Stay-
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Table 3. Cumulative yield and yield efficiency of 4-year-old apple 
trees fertilized with Ca(N03)2 and maintained under 3 orchard floor 
management systems._____________________________________

Main treatment

Cumulative yield 
(kg/tree) 

1981-1982

Yield efficiency2 
(kg cm- 2 TCSA2) 

1982
Management system

Cultivated 5.56 bx 0.037 b
Herbicide 7.04 a 0.049 a
Mowed sod 2.97 c 0.034 b

Cultivar
Triple Red Delicious 4.52 be 0.042 ab
Golden Delicious 4.18 c 0.029 b
Red Yorking 5.70 ab 0.042 ab
Stayman-201 6.95 a 0.047 a

N ratey
0.5 N 4.83 0.037
1.0 N 5.82 0.041
2.0 N 5.75 0.040
4.0 N 5.01 0.042
8.0 N 5.20 0.040
Corr. coeff. (r) 0.14 0 .12

ZTCSA trunk cross sectional area.
yN = 45 g actual nitrogen per year tree age; trees planted May 1979. 
xMean separation, Duncan’s multiple range test, 5% level.

man-2 0 1 ’ had reduced yields under sod and higher yields with 
herbicide stip management. ‘Delicious’ bore no fruit until 1982, 
the 4th growing season.

Influence on leaf nutrient levels. Trees growing in weed-free 
plots accumulated a maximum amount of leaf N at the 1 N rate 
(45 g actual N/tree/year age), whereas trees in mowed sod re-
quired at least 4 N (181 g actual N/tree year age) to reach an 
equal leaf N content (Fig. 5).

Trees growing in cultivated or herbicide strip had signifi-
cantly higher N and Mn levels and lower P than those in sod. 
Leaf Ca was not affected by soil management (Table 4). Leaf 
N levels in the mowed sod were correlated with the level of 
residual soil N 0 3-N for both ‘Delicious’ and ‘Golden Delicious’ 
(r = 0.84 and r = 0.71, respectively) (Fig. 6 and 7). No 
relationship was evident between leaf N level and residual soil 
N 0 3-N for the cultivated and herbicide management systems. 
Rate of fertilization had a significant effect on leaf nutrient level 
(Table 4). Phosphorus, Mg, and B decreased as the rate of 
Ca(N03)2 was increased. Leaf Mn, Cu, and Zn were not af-
fected by rate. Leaf Ca levels were not affected by ground 
applications of Ca(N03)2 even when 2.3 kg of actual Ca [9.3 
kg actual Ca(N03)2] was applied in the 4th growing season. 
Leaf N increased linearly with increasing N rate when data was 
pooled over main effects. Cultivars differed in leaf nutrient lev-
els, but no one cultivar was consistently higher or lower than 
another for those elements measured (Table 4). Among cultivars 
pooled over rate and soil management systems, ‘Delicious’ and 
‘Golden Delicious’ had significantly increased levels of leaf N. 
Ca levels were significantly reduced in ‘Delicious’ and ‘Red 
Yorking’ leaves.

Discussion

Positive responses in growth and yield from increased N fer-
tilization in tree fruit, particularly apple, are documented (3 ,5 , 
6 , 8 , 13). Such a response can be expected when leaf N is a
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Fig. 5. Interaction of ground cover management system and rate of 

Ca(N03)2 fertilizer on the percentage of leaf N in apple (4 cultivars 
pooled) on EM 7a rootstock in the 4th growing season. N = 45 g 
actual N per year tree age. Vertical bars represent the s e  of the 
mean; absence of bars indicate nonsignificant differences.

limiting factor, competition from cover crops is great, or mois-
ture levels are adequate (16).

Soil moisture and leaf water potential/stomatal resistance 
measurements were not determined in this study. Observations, 
coupled with local rainfall, temperature, and relative humidity 
data, suggest that moisture stress may have occurred twice dur-
ing the months April through July of the 1st 4 growing sea-
sons—June 1980 and May 1982. Only the latter was probably 
severe enough to affect growth (3.0 cm measured precipitation 
vs. 9.5. cm mean normal, average noon day temperature = 
22°C, 49% RH). Traditionally the months of August and Sep-
tember are the driest in this area. Except for the year of planting, 
precipitation for these months was below the recorded 50-year 
mean in each year. Rainfall measured during the 6 -week period 
after fertilizer was applied each year was considered sufficient 
to dissolve and carry the material to feeder roots. Broadcast 
placement of the Ca(N03)2 was considered optimum for max-
imum uptake (2).

In the present study, leaf N levels were considered adequate 
(2.24% mean, pooled over all systems) even at the lowest rate 
of fertilization (0.5 N), except for trees grown in sod. Those 
trees had only 1.91% leaf N. Trees fertilized at the 2 N or above 
rate had adequate leaf N levels regardless of the soil manage-
ment system. However, since growth was not increased by in-
creasing rates of N fertilization, the main effect of N rate was 
not considered to be a limiting factor. The data, however, sug-
gest that cover crop is a limiting factor when trees are grown 
in sod and fertilized at the normal recommended rate (1 N = 
45 g actual N/tree/year age) and this limitation can be overcome 
partially with additional N application. Sod competition for lim-
ited water continues to restrict growth. Crabtree and Westwood
(9) recently reported that apple trees grown under irrigation 
could perform normally under various soil management sys-
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Table 4. Main effects of ground applied Ca(N03)2 fertilizer under 3 orchard floor management systems on leaf
nutrient levels in 4 apple cultivars on EM7a rootstock in the 4th growing season.2

Dry wt (%) ppm
Main treatment N P K Ca Mg Mn B
Management system

Cultivated 2.39 0.17 by 1.79 a 1.43 a 0.25 c 102 a 21 .0  a
Herbicide 2.46 0.18 b 1.70 b 1.43 a 0.27 a 101 a 20 .0  a
Mowed sod 2.26 0.26 a 1.80 a 1.38 a 0.26 b 88 b 20 .0  a

Cultivar
Triple Red Delicious 2.47 a 0.22  a 1.79 b 1.27 b 0.26 be 93 b 21.5 a
Golden Delicious 2.42 a 0.21 ab 1.94 a 1.53 a 0.25 c 109 a 20.8  ab
Red Yorking 2.33 b 0 .20  be 1.55 c 1.35 b 0.28 a 82 c 19.8 b
Stayman-201 2.26 c 0.19 c 1.76 b 1.52 a 0.27 ab 104 a 19.6 b

N rate
0.5 Nx 2.24 0.28 1.80 1.41 0.27 97 22.1
1.0 N 2.34 0.20 1.77 1.40 0.27 95 21 .0
2.0 N 2.38 0.19 1.72 1.40 0.26 93 20.8
4.0 N 2.43 0.18 1.70 1.42 0.26 99 19.4
8.0 N 2.47 0.17 1.82 1.45 0.25 100 18.8
Corr. coeff. (r) 0.31 0.44 0.18 0.08 0.22 0.08 0.33

2Trees planted May 1979; fertilized annually beginning 1980.
yMean separation, Duncan’s multiple range test, 5% level. Absence of letters indicates significant interaction between 
main effects (management system x N rate for leaf N level).
XN = 45 g actual N per year tree age (1982 = 4-years-old).

RED DELICIOUS

RESIDUAL SOIL NO3-N CppnO
0-120 cm

Fig. 6 . The effect of residual N 03-N and floor management, system 
on leaf N levels for ‘Triple Red Delicious’.

terns, although yield efficiency was significantly reduced for 
trees growing in sod.

The present results support earlier findings (26) regarding soil 
management for apples on dwarfing rootstocks: competition for 
available moisture, not N fertilizer rate, is the principle limiting 
factor in the growth and initial yields of young apple trees. The 
presence of a rate x management system interaction indicates 
that any fertilizer program must consider the soil management 
system as well as the needs of the tree. Application of Ca(N03)2 
at a rate above that required by the tree and crop in a weed-free

management system is not justified. Further studies are needed 
to answer the questions of moisture as a limiting factor in eastern 
production areas.

Limited information (19) is available concerning the effect of 
fertilizer rates on leaf nutrient levels of apple on clonal root-
stocks. However, rootstocks influence leaf nutrient levels (29).

RESIDUAL SOIL NO3-N (ppm)
0-120 cm

Fig. 7. The effect of residual N 03-N and floor management system 
on leaf N levels for ‘Golden Delicious’.
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Except for K and Mg (5, 7, 16, 33), changes in leaf nutrient 
levels generally were consistent with other published reports 
when N fertilizers were applied (5, 6 , 7, 8 , 14, 25), i.e., leaf 
N increased while P and B decreased. Failure to detect a con-
sistent decrease in K may be due to a high availability of soil 
K. The slight but significant decrease in Mg may be the result 
of excess Ca from high rates of Ca(N03)2 (475 kg/ha actual at 
the 8 N rate in 1982). Increasing the rate of Ca(N03)2 main-
tained or increased leaf N but did not affect leaf Ca. On sandy 
soils, applications of Ca(N03)2 increased leaf Ca significantly 
(28). Lord et al. (21) found no consistent effect on a sandy loam 
from 8 annual applications of Ca(N03)2 on leaf N, K, Ca, or 
Mg.

Our results would support and strenghthen the contention that 
Ca(N03)2 is a satisfactory source of N but unsatisfactory for 
Ca. Lack of a leaf Ca response may be related to the high N 
rates which increased growth and consequent demand on the Ca 
pool, or to a lack of movement of Ca in the soil (32). Our field 
studies do not support a recent nutrient solution study (20 ) which 
indicated that leaf Ca will be increased significantly if high 
levels of Ca are made available to apple trees. In the field many 
factors influence nutrient uptake, unlike nutrient culture studies 
as reported by Hogue et al. (20).

The influence of soil management system on leaf nutrient 
levels can be attributed to the effect of competition for N, changes 
in the organic matter under vegetation free culture, and the 
change in soil pH. In this study, an additional 45 to 135 g of 
N/tree/year age was necessary to overcome the effect of grass 
competition (Fig. 5). These results support findings from other 
fruit growing regions with regard to the influence of various 
soil management systems (4, 17, 24). Herbicide treated plots 
had significantly increased leaf N levels. Simazine has been 
reported to increase N levels in fruit trees, possibly through an 
effect on N metabolism (23, 30, 31). Leaf Ca levels were not 
influenced by vegetation free management, even though these 
trees made significantly more growth than those grown in sod. 
Such growth often leads to reduced Ca levels (31).

It is not readily apparent why fertilizer rates failed to influ-
ence soil P, K, Ca, or Mg. The soil type in this study is con-
sidered to be well drained. Soil moisture generally is near field 
capacity after spring fertilizer applications in this area. Leaching 
may account for the failure to elicit a Ca response. However, 
the soil in this study had a relatively low C.E.C. (mean of 10.3 
meq/100  g) and a high precentage of base saturation (mean of 
75%); about 65% of the latter was attributed to Ca. Under these 
conditions added Ca may not increase soil Ca levels.

Soil management system clearly influenced soil nutrient lev-
els, pH and percentage of base saturation in the surface 30 cm. 
These results are consistent with previous reports where grass 
was the cover crop (19).

Nitrogen fertilizer applied in excess of crop needs and leach-
ing potential, will accumulate in the soil profile (1, 27). The 
standard N rate ( I N )  for the cultivated and herbicide floor 
management systems demonstrated no significant increase in 
residual N 03-N over the 0.5 N level after 3 years (Fig. 2, 3). 
Doubling this rate (2 N) did result in an increase in residual 
N 0 3-N in the 120 cm soil profile, suggesting that at the 2 N or 
greater levels the application rate was greater than the tree’s 
demand and the leaching potential. The sod management system 
demonstrated no appreciable accumulation of N 03-N until the 
4 N rate of Ca(N03)2 was applied. Young trees growing in a 
mowed sod culture require additional N to meet the demand of 
both the tree and the sod (17). These results also suggest that a

soil N survey of orchards in Appalachia would show whether 
previous N applications have been excessive, resulting in an 
accumulation of soil N.

Our results indicate that competition from a grass sod may 
be a significant limiting factor in the growth of young apple 
trees on EM7a rootstocks. The N demand of these trees and the 
leaching potential of a well drained silt clay loam soil may be 
met with 22.5 g of actual N per tree/year age (at least in the 
1st 4 growing seasons) when competition is eliminated by cul-
tivation or with herbicides. Four to 8 times this rate is needed 
to achieve comparable growth and leaf N levels when trees are 
grown in sod. Ca(N03)2 is a satisfactory source of available N, 
but even at high rates (2.32 kg actual Ca(N03)2/tree) leaf Ca 
levels are not affected. Excess rates of Ca(N03)2 may increase 
the N:Ca ratio which could lead to severe Ca related physiolog-
ical disorders. Cultivars can be expected to respond similarly to 
the various rates of Ca(N03)2 fertilizer and soil management, 
except for yields, where elimination of the grass cover may not 
improve early yields for some cultivars like ‘Delicious’.

Literature Cited
1. Alessi, J. and J.F. Power. 1977. Residual effects of N fertiliza-

tion on dryland spring wheat in the northern plains. I. Wheat 
yield and water use. J. Agron. 65:1007-1011.

2. Atkinson, D., M.G. Johnson, D. Mattan, and E.R. Mercer. 1978. 
The effect of orchard soil management on the uptake of nitrogen 
by established apple trees. J. Sci. Food Agr. 30:129-135.

3. Batjer, L.P. 1963. Effects of pruning, nitrogen, and scoring on 
growth and bearing characteristics of young ‘Delicious’ apple 
trees. Proc. Amer. Soc. Hort. Sci. 82:5-10.

4. Baxter, P. and B.J. Newman. 1971. Orchard soil management 
trials. 2. Effect of herbicides and nitrogen on growth and yield 
of young apple trees in permanent pasture. Austral. J. Expt. Agr. 
Animal Husb. 11:105-112.

5. Beattie, J.M. 1958. Nitrogen fertilization of apples. Ohio Agr. 
Expt. Sta. Res. Bui. 817.

6 . Benson, N.R., R.M. Bullock, I.C. Chmelir, and E.S. Degman. 
1957. Effects of levels of nitrogen and pruning on ‘Starking’ and 
‘Golden Delicious’ apples. Proc. Amer. Soc. Hort. Sci. 70:27- 
39.

7. Boynton, D. and L.C. Anderson. 1956. Some effects of mulch-
ing, nitrogen fertilization and liming on ‘McIntosh’ apple trees, 
and the soil under them. Proc. Amer. Soc. Hort. Sci. 67:26-36.

8 . Boynton, D. and G.H. Oberly. 1966. Apple nutrition. In: N.F. 
Childers, (ed). Mineral nutrition of fruit crops. Horticultural pub-
lications, Rutgers Univ., New Brunswick, N.J.

9. Crabtree, G.D. and M.N. Westwood. 1976. Effects of weed 
control method and rootstock on flowering, growth and yield of 
apple. J. Amer. Soc. Hort. Sci. 101(4):454-456.

10. Dancer, J. 1963. A study of the effect of two levels of nitrogen 
on the growth of young apple trees under grass and under aerable 
conditions. Hort. Res. 2:65-73.

11. Eggert, R., G. Percival, and D. Josselyn. 1967. Culture and 
nutrition of New Hampshire apple orchards. N. Hamp. Coop. 
Ext. Serv. Bui. 165.

12. Faust, M., C.B. Shear, G.B. Oberly, and G.T. Carpenter. 1971. 
Calcium accumulation in fruit of certain apple crosses. Hort- 
Science 6(6):542-543.

13. Fisher, V.J., E.H. Ralph, and D.B. Williams. 1961. Effect of 
apple soil management practices upon growth, fruitfulness, and 
fruit quality. Delaware Agr. Expt. Sta. Tech. Bui. 336.

14. Forshey, C.G. 1982. Effects of fruiting, pruning, and nitrogen 
fertilization on shoot growth of ‘Empire’ apple trees. J. Amer. 
Soc. Hort. Sci. 107(6): 1092-1097.

15. Goode, J.E. and K.H. Higgs. 1977. Effects of time of application 
of inorganic nitrogen fertilizers on apple trees in a grassed or-
chard. J. Hort. Sci. 52:317-334.

242 J. Amer. Soc. Hort. Sci. 110(2):237-243. 1985.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-11-29 via O
pen Access. This is an open access article distributed under the C

C
 BY-N

C
-N

D
license (https://creativecom

m
ons.org/licenses/by-nc-nd/4.0/). https://creativecom

m
ons.org/licenses/by-nc-nd/4.0/



16. Goode, J.E., K.H. Higgs, and K.J. Hyrycz. 1978. Nitrogen and 
water effects on the nutrition, growth, crop yield and fruit quality 
of orchard-grown ‘Cox Orange Pippin’ apple trees. J. Hort. Sci. 
53:295-304.

17. Goode, J.E. and K.J. Hyryez. 1976. The effect of nitrogen on 
young, newly planted apple rootstocks in the presence and ab-
sence of grass competition. J. Hort. Sci. 51:321-327.

18. Haynes, R.J. 1980. Influence of soil management practice on the 
orchard agro-ecosystem. Agro-Ecosystems 6:3-32.

19. Haynes, R.J. and K.M. Goh. 1980. Some effects of orchard soil 
management on sward composition levels of available nutrients 
in the soil, and leaf nutrient content of mature ‘Golden Delicious’ 
apple trees. Scientia Hort. 13:15-25.

20. Hogue, E.J., G.H. Neilsen, J.L. Mason, and B.G. Drought. 
1983. The effect of different calcium level on cation concentra-
tion in leaves and fruit of apple trees. Can. J. Plant Sci. 63:473- 
479.

21. Lord, W.J., J.H. Baker, and R.A. Bamm, Jr. 1981. Soil, tree, 
and fruit responses to lime and to type and timing of nitrogenous 
fertilizer application under ‘Sturdeespur Delicious’ apple trees. 
J. Amer. Soc. Hort. Sci. 106(5):616-619.

22. Lord, W.J. and J. Costante. 1977. Establishment and manage-
ment of compact apple trees. Mass. Coop. Ext. Serv. Circ. 107.

23. Lord, W.J., R.A. Damon, and D.E. Robinson. 1970. Compar-
ative response of three apple rootstocks to soil-incorporated sim- 
azine. J. Amer. Soc. Hort. Sci. 95(6):737-739.

24. Mage, Fi. 1982. Black plastic mulching, compared to other soil 
management methods. Scientia Hort. 16:131-136.

25. Mason, J.L. 1964. Yield and quality of apples grown under four 
nitrogen levels in uncultivated grass sod. Proc. Amer. Soc. Hort. 
Sci. 85:42-47.

26. Miller, S.S. 1983. Response of young ‘Topred Delicious’ apple 
trees to orchard floor management and fertilization. J. Amer. 
Soc. Hort. Sci. 108(4):638-642.

27. Pearson, R.W., H.V. Jordan, O.L. Bennett, C.E. Scanbrook, 
W.E. Adams, and A.W. White. 1961. Residual effects of fall 
and spring applied nitrogen fertilizers on crop yields in the south-
eastern United States. USDA Tech. Bui. 1254:1-19.

28. Pienaar, W.J., A.V. Betts, and K.H. Gurgen. 1971. Uptake of 
calcium by ‘Golden Delicious’ apple trees after soil applications 
of calcium nitrate. Deciduous Fruit Grow. 21:38^-0.

29. Poling, E.B. and G.H. Oberly. 1979. Effect of rootstock on 
mineral composition of apple leaves. J. Amer. Soc. Hort. Sci. 
104(6):799-801.

30. Pulver, E.L. and S.K. Ries. 1973. Action of simazine in increas-
ing plant protein content. Weed Sci. 21:233-237.

31. Ries, S.K., R.P. Larsen, and A.L. Kenworthy. 1963. The ap-
parent influence of simazine on nitrogen nutrition of peach and 
apple trees. Weeds 11:270-272.

32. Vang-Petersen, O. 1980. Calcium nutrition of apple trees: a re-
view. Scientia Hort. 12:1-9.

33. Weeks, W.D., F.W. Southwick, M. Drake, and G.W. Olanyk. 
1965. Relation of differential N and K fertilization to tree per-
formance, fruit quality and storage disorders of ‘Delicious’ ap-
ples. Mass. Agr. Expt. Sta. Bui. 552.

J. A m e r . So c . Ho r t . Sc i . 110(2):243-248. 1985.

Composition and Color of Fruit and Juice of 
Thornless Blackberry Cultivars
G era ld  M . S a p e rs , A n ita  M . B u r g h e r , a n d  J o h n  G . P h illip s
Agricultural Research Service, U.S. Department o f  Agriculture, Eastern Regional Research Center, 
Philadelphia, PA 19118

G en e  J . G a lle tta
Agricultural Research Service, U.S. Department o f  Agriculture, Beltsville Agricultural Research  
Center, Beltsville, MD 20705
Additional index words. Rubus, anthocyanins, processing
Abstract. Ripe fruit of 40 thornless blackberry cultivars and selections, and juice samples obtained therefrom, were 
compared to determine differences in color and composition after freezing, thawing, and heating. Color changes 
(reddening) during frozen storage were associated with within-sample variability in ripeness. Red subsamples of 
frozen blackberries were lower than black subsamples in soluble solids and total anthocyanin contents and higher in 
titratable acidity and anthocyanin recovery in the pressed juice. When juice samples were standardized to compensate 
for differences in pH and anthocyanin concentration, ripeness and cultivar effects on juice tristimulus parameters 
were small. Rapid thawing of frozen fruit resulted in less anthocyanin loss than did slow thawing. Heating darkened 
blackberry juice samples and increased values of A4 4 0 /A513 .

Considerable interest has been shown in the breeding, pro-
duction, and utilization of thornless blackberries (2 , 6 , 20 ). 
Information on composition, quality, and processability is needed 
to guide breeders and to expedite the commercialization of this 
crop. Limited data are available on the sugars, nonvolatile acids,

Received for publication 5 July 1984. Reference to brand or firm name does
not constitute endorsement by the USDA over others of a similar nature not 
mentioned. The authors acknowledge the technical assistance of Barbara Flis, 
Gavin R. Graff, Sandra P. Graham, and Lester W. Greeley. The cost of pub-
lishing this paper was defrayed in part by the payment of page charges. Under 
postal regulations, this paper therefore must be hereby marked advertisement 
solely to indicate this fact.

phenolics, and anthocyanins of thornless blackberry cultivars 
(12, 13, 21, 23, 24). Jennings and Carmichael (7) described the 
tendency of frozen blackberries to turn red, a phenomenon they 
attributed to cellular disruption and intracellular pH changes in 
fruit that were not fully ripe. Crivelli and Rosati (1) studied the 
suitability of ‘Smoothstem’ and ‘Thomfree’ blackberries for 
freezing but did not report a color change during frozen storage. 
Comprehensive evaluations such as those performed with the 
fruit of thorny cultivars, ‘Cherokee’, ‘Comanche’, and ‘Chey-
enne’ (10 , 11 , 17) have not been reported for thornless cultivars.

Our objective in this study was to investigate the composition 
of fruit and juice of thornless blackberry cultivars and selections
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