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Abstract. ‘Redskin* peach (Prunus persica Batsch.) trees, planted at a high-density spacing (3 x 5 m), were fertilized 
annually with urea at rates of 45,90, or 135 kg-ha-1. Trees were trained to a trapezoidal hedge by annual, mechanized, 
summer pruning. Within each fertilizer plot, subplots of five summer-pruning treatments were applied. Single pruning 
treatments were made at 120 days after full bloom (DAFB) and 150 DAFB. Paired pruning treatments were applied 
30 + 60 DAFB, 60 + 120 DAFB, and 60 + 150 DAFB. Pruning at 120 DAFB alone, and in combination with 
pruning at 60 DAFB, decreased trunk cross-sectional area (TCA), fruit soluble solids content, and weight, while 
increasing the percentage of surface that was red. Pruning at 30 DAFB followed by a second pruning at 60 DAFB 
decreased leaf Ca concentration in comparison to pruning treatments applied later in the season. Increasing N 
fertilization also decreased leaf Ca. Year, N level, and pruning treatments gave a statistical interaction on mean fruit 
weight and yield.

Peach trees grown in the mid-Atlantic region of the United 
States are excessively vigorous under most commercial situa-
tions. Since there are currently no acceptable size-controlling 
peach rootstocks, growers rely on heavy, annual dormant hand- 
pruning to control tree size. To minimize the cost of hand- 
pruning, growers are also using mechanized summer pruning. 
While this practice has been used commercially for more than 
2 decades, few replicated studies have investigated the long-
term effects of summer pruning on tree growth and productivity.

Studies of mechanically pruned trees at high densities have 
shown increased early yields (Bargioni et al., 1983; Chalmers 
et al., 1978; and Leuty and Pree, 1980). However, long-term 
studies were less conclusive, as many of the locations where 
the work was done had poor bud survival from mid-winter cold 
temperatures (Emerson and Hayden, 1975; Hartman and Hill,
1984), which led to erratic cropping. Studies have also com-
pared the seasonal effects of summer pruning and dormant prun-
ing on fruit quality and bud survival. Marini (1985) noted that 
summer pruning and topping treatments had an inconsistent ef-
fect on fruit size and quality, yield, or date of maturity, sug-
gesting a potential interaction of treatment and season. In addition, 
observations on winter injury may have confounded the issue 
(Marini, 1986). In studies of non-bearing, potted peach trees, 
Rom and Ferree (1985) found that an increase in shoot regrowth 
occurred at the expense of other growth components following 
green pruning. This regrowth led to the eventual restoration of 
“ functional equilibrium” within the pruned trees. Despite many 
comparisons of pruned and unpruned trees, there is little known

Received for publication 27 Apr. 1987. Contribution no. 7776, and Scientific 
Article no. A-4772, of the Maryland Agricultural Experiment Station, Dept, of 
Horticulture. We thank Mary Anne McDonough for her assistance in the prep-
aration of this manuscript, and the Computer Science Dept, for their support 
with the statistical analyses. The cost of publishing this paper was defrayed in 
part by the payment of page charges. Under postal regulations, this paper there-
fore must be hereby marked advertisement solely to indicate this fact. 
‘Associate Professor.
2Faculty Research Assistant, Western Maryland Research and Education Center, 
Keedysville, MD 21756.

^Graduate Research Assistant. Presently Assistant Professor, Dept, of Horti-
culture, Oregon State Univ., Corvallis, OR 97331.

4Emeritus Professor.

on the role of the timing used on tree development. This study 
was conducted to test the effect of the time of summer pruning 
on tree growth, long-term productivity and fruit quality over the 
range of N fertility commonly used in commercial peach or-
chards.

Materials and Methods

Field plot design. The peach orchard used in this study was 
planted in 1979 at the Western Maryland Research and Edu-
cation Center, in Keedysville. ‘Redskin’ trees on Halford root- 
stock were set at a 3 x 5-m spacing (667 trees/ha; 271 trees/ 
acre). The soil series at this location is Hagerstown loam (typic 
hapludalf, fine, mixed, mesic), which is a well-drained, lime-
stone-derived soil well-suited for fruit production.

Nine whole plots, consisting of 20 ‘Redskin’ trees each and 
surrounded by a buffer-row of ‘Redhaven’ trees, were used for 
fertility management. Three whole plots each received 45, 90, 
or 135 kg-ha_1 («40, 80, and 120 lb N/acre) applied annually 
as urea.

Mechanized summer pruning was begun in the third leaf (1981). 
Within each whole plot, summer-pruning treatments were ap-
plied to sub-plots that contained four ‘Redskin’ trees and two 
‘Redhaven’ buffer trees in a row. Summer pruning treatments 
were made annually at 30, 60, 120 and/or 150 DAFB beginning 
in the third leaf (Table 1).

Pruning at 30 or 60 DAFB removed leaves and shoots before

Table 1. Description of treatments used in the ‘Redskin’ peach sum-
mer pruning trial.

Pruning
treatment

Prunings
Number
during

growing
season

Approximate days 
after full bloom 

(DAFB)
Approximate 
calendar date

1 2 30 + 60 15 May + 15 June
2 2 60 + 120 15 June + 15 Aug.
3 2 60 + 150 15 June + 15 Sept.
4 1 120 15 Aug.
5 1 150 15 Sept.
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full canopy development. Pruning trees at 120 DAFB removed 
much of the fully mature canopy « 2  weeks before harvest. At 
150 DAFB, pruning removed the canopy =3 weeks before nat-
ural defoliation. While new growth developed rapidly following 
pruning at 30 and 60 DAFB, no regrowth was seen after pruning 
at 120 or 150 DAFB. Pit-hardening typically occurs at «50 
DAFB in "Redskin5, and final swell begins at 100 to 105 DAFB.

Trees were trained to a trapezoid hedge configuration using 
a tractor-mounted cutter bar (Durand-Wayland Co., La Grange, 
Ga.). Tree height was maintained at 2.4 m by a cut made hor-
izontal to the ground. The cutter bar was then set at 0.9 m from 
the trunk, and angled at 17° from vertical to create a hedge that 
was slightly narrower at the top than at the bottom.

Measurement o f fruit yield and quality. Fruit were harvested 
annually during the third through the sixth leaf (1981-1984). 
Firm-ripe fruits from each subplot were harvested two or three 
times each season, and the total annual fruit yield was measured 
in the field.

On each harvest date, a 20-fruit subsample was removed ran-
domly from each of the subplots. Subsamples were brought to 
the laboratory, weighed, and assessed for percentage of the fruit 
surface that was red (SR). The percentage was estimated by the 
same observer by placing fruits of each subsample with the 
stem-end down and the suture facing the observer in four rows 
of five fruits each. SR was estimated for each row of five fruits, 
and the mean percentage was then computed for the subsample.

In 1984, a 5-g slice of tissue from the stylar tip to the stem 
end was taken from each of the 20 fruit and frozen immediately 
at -  20C. Samples from each plot and harvest date were ana-
lyzed later for soluble solids concentration (SSC) and flesh color. 
SSC determinations were made on free-run juice with a Bausch 
and Lomb temperature compensated (20C) refractometer after 
the samples had been thawed at 0C. Flesh color measurements 
were made using a Spectrogard Color System color difference 
meter (Gardner/Neotec, Silver Spring, Md.). No visible brown-
ing of the fruit flesh or juice was noted during the time needed 
to make these determinations.

Trunk circumference (TC) measurements were made after leaf- 
fall in 1984 at 20 cm above the soil-line. From these measure-
ments, trunk cross-sectional areas (TCA) were computed for 
each tree. Long-term efficiency data were then calculated as the 
ratio of 4-year cumulative yield to the TCA. Seasonal efficiency 
data were also calculated as the ratio of 1984 yield to TCA.

Mineral nutrition. Before the 120 DAFB shearing in 1984, 
50 mid-shoot leaves were harvested from each subplot. About 
12 leaves were taken at a height of 1.8 m from each tree. Leaves 
were sampled by a research technician who was unfamiliar with 
the treatments, so as to avoid sampling bias. Leaf samples were 
air-dried and analyzed for the following elements: N, P, K, Ca, 
and Mg. Analyses were performed by the Tissue Analysis Lab-
oratory of the Dept, of Agronomy at the Univ. of Maryland 
using standard methods (Steckel and Flannery, 1971).

Statistical analyses. Statistical analyses were performed using 
the SAS GLM procedure. Arithmetic mean values for the mea-
sured dependent variables were first calculated for each season 
of the study. These cumulative mean values were then subjected 
to an analysis of variance (ANOVA).

The linear and quadratic response to N level (whole plot treat-
ments) was tested against the Error A term. Pruning treatments 
and the pruning x N interaction were tested against the Error 
B term. Data were analyzed as a split-plot in time and space. 
Where significant year x treatment interactions were observed, 
ANOVAs based on year-by-year changes were also run. Single-

degree-of-freedom planned comparisons were used to test for 
significance among treatments, as suggested by Chew (1980) 
and Little (1978).

Results

Tree size and fruit quality. The effect of N fertilization was 
not significant at P = 0.05. Single-degree-of-freedom analysis 
for the linear effect of N approached significance, however (P 
= 0.06-0.10), for each of these dependent variables. This lack 
of statistical significance (at P  = 0.05) for N level may be 
attributed to the split-plot experimental design used, which can 
frequently lead to a non-significant result when testing for whole- 
plot significance.

Pruning treatments influenced TCA, SSC, and area that was 
red (Table 2). Treatments that included a pruning at 120 DAFB 
(treatments 2 and 4) differed from those that were not pruned 
at 120 DAFB (treatments 1, 3, and 5). Pruning at 120 DAFB 
alone, or in combination with 60 DAFB, significantly decreased 
TCA and SSC, but increased SR.

Pruning at 60 + 120 DAFB decreased tree TCA when com-
pared to pruning at 120 DAFB alone. This difference occurred 
without any significant difference in SR. A single pruning at 
150 DAFB produced trees with a greater TCA than when trees 
were pruned at 60 + 150 DAFB. A significant increase in SSC 
was also noted in trees that were pruned once at 150 DAFB. 
Fruits from trees pruned at 150 DAFB had the highest SSC 
levels of any treatment in the study.

Color measurements of flesh wedges showed no statistical 
differences in "L5 or "a5 values (data not shown). Measurements 
of the "b5 coordinate showed small, but statistically significant, 
differences arising from treatment. The mean "b5 coordinate for 
fruits from trees receiving a single shearing was 24.8, while the 
value for fruits receiving two annual shearings was 23.7 (F 
value = 10.16, P = 0.004).

Mineral nutrient content o f leaves. Increasing the level of N 
increased leaf N concentration and decreased leaf Ca concen-
tration (Table 3). Nitrogen level did not affect P, Mg, or K 
levels (data on Mg and K not shown). Nitrogen levels were 
consistent with previously published data (Ballinger et al., 1966). 
Pruning at 30 + 60 DAFB increased leaf P concentration, but 
decreased Ca concentration when compared to leaves from trees 
pruned at 60 + 150 DAFB or 150 DAFB alone. In addition, a 
single summer pruning at 150 DAFB decreased leaf N levels 
when compared to summer pruning at 60 and 150 DAFB.

Interaction o f nitrogen level, time o f summer pruning, and 
year on fruit size and cumulative yield. There was a significant 
interaction between year, N level, and time of summer pruning 
on fruit weight and cumulative yield. The interaction of N level, 
treatment, and year (F = 3.41, P -  0.003) on fruit weight 
arose from a change in significance of N level and in rank 
among treatments over time (Table 4). Initially, there was no 
difference among pruning treatments. However, in 1983 and 
1984, treatments 1 and 2 switched ranks. ANOVA of the 3- 
year mean fruit weight results showed a significant decrease in 
weight between treatments 2 and 4, which received pruning 
alone, or in combination at 120 DAFB, and the mean of the 
other three treatments.

The interactions of N level, treatment, and year on yield were 
highly complex. A significant treatment x year interaction, and 
N x treatment x year interaction were found. Initially, neither 
fertilizer level nor treatment affected yield (Table 5). In 1983 
and 1984, a large change in the performance of treatment 4 was 
noted. In addition, in 1984 N level interacted with treatment.
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Table 2. Effect of summer pruning treatment on tree trunk cross-sectional area (TCA) and
fruit quality of ‘Redskin’ peach.

Treatment
Pruning time 

(DAFB)
TCA
(cm2)

Fruit quality
Soluble solids Portion of 

concn red surface 
(°Brix) (%)

1 30 + 60 83.8 11.8 44
2 60 + 120 71.8 10.9 47
3 60 + 150 83.0 11.2 40
4 120 79.4 10.7 49
5

ANOVA
150 102.4 12.4 36

Nitrogen NS NS NS
Treatment ** *** *

T2 vs. 4 * NS NS
T3 vs. 5 ** *** NS
T1 vs. 3 + 5 NS NS NS
T2 + 4 vs. 1+3 + 5 * * * * **

N x T interaction NS NS NS
ns . -, **, ‘"Nonsignificant or significant at P  = 0.05, 0.01, or 0.001, respectively.

Table 3. Effect of nitrogen fertilization level and summer pruning
treatment on the mineral content of ‘Redskin’ peach leaves.

Mineral element (% dry wt)
Treatment N P Ca
Nitrogen level (kg-ha-1)

45 2.75 0.170 2.45
90 3.15 0.211 2.26
135 3.30 0.192 2.20

Pruning
1 (30 + 60 DAFB) 3.21 0.186 2.01
2 (60 + 120 DAFB) 3.13 0.177 2.30
3 (60 + 150 DAFB) 3.20 0.173 2.31
4 (120 DAFB) 2.91 0.164 2.46
5 (150 DAFB) 2.89 0.153 2.44

ANOVA
Nitrogen * NS *

N linear ** NS **
N quadratic NS NS NS

Treatment * * *
T2 vs. 4 NS NS NS
T3 vs. 5 * NS NS
T1 vs. 3 + 5 NS * * *
T 2  + 4 vs. 1+3 + 5 NS NS NS

N x T interaction NS NS NS
n s , * , ♦ * ,* * * Nonsignificant or significant at P = 0.05, 0.01, or 0.001, 
respectively.

During that season, yields were greatest at 90 kg N in single-
shearing plots (treatments 4 and 5). In contrast, yields in plots 
receiving more than one pruning (treatments 1, 2, and 3) were 
greatest at 135 kg N. Cumulative yield figures were similar to 
those observed in 1984. No significant difference in cumulative 
yield efficiency or annual yield efficiency was measured, how-
ever (data not shown).

Discussion

Peach tree and fruit development is a complex process that 
is still poorly understood. In this study, TCA, SSC, and SR 
were interrelated variables. TCA correlated positively with SSC 
(r = 0.3025, P  = 0.04) and negatively with SR (r = -0.7147,

Table 4. Interaction of nitrogen level, pruning treatment, and year
on ‘Redskin’ peach fruit weight.

Fruit wt (g)

Treatment 1982 1983 1984
Cumulative

mean
Nitrogen level (kg-ha_1)

45 146 126 200 157
90 147 125 215 172
135 167 120 222 170

Pruning
1 (30 + 60 DAFB) 146 127 200 158
2 (60 + 120 DAFB) 161 123 219 168
3 (60 + 150 DAFB) 156 130 237 175
4 (120 DAFB) 154 112 185 151
5 (150 DAFB) 149 127 218 165

ANOVA
Nitrogen * * NS NS NS
Treatment NS ** * * * * *
Nitrogen x treatment NS NS NS NS
ns , *>**.***Nonsignificant or significant at P = 0.05, 0.01, or 0.001, 
respectively.

P  = 0.0001). This suggests that a potential trade-off exists with 
summer pruning. While preharvest pruning (120 DAFB) can be 
used to increase light penetration into the canopy and improve 
SR (Marini, 1985; Table 2), it appears to decrease total car-
bohydrate availability needed for fruit quality and tree growth.

Delwiche and Baumgardner (1983) suggested that tristimulus 
colorimeter differences and fruit maturity could be judged by 
measurements of the Hunter ‘a’ coordinate. This measures changes 
from green to red. No significant differences in ‘L’ or ‘a’ values 
were noted among treatments; visually determined SR and ‘a’ 
values shown were highly correlated (r = 0.31, P = 0.01). A 
slight, but significant, decrease in ‘b’ value was noted with 
pruning at 120 DAFB. These data infer that, although SR was 
increased by pruning before harvest, flesh yellowness was de-
creased. Sims and Comin (1963) suggested that changes in flesh 
yellowness occured with maturation and correlated with an im-
provement of quality. SSC and ‘b’ values were also correlated 
(r = 0.37, P  = 0.01). Since these small differences in ‘b’ 
values appear to be related to differences in fruit quality, it is
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Table 5. Interaction of nitrogen level, pruning treatment, and year 
on ‘Redskin’ peach fruit yield.

Yield (kg/tree)
Treatment 1981 1982 1983 1984 Cumulative
Nitrogen level (kg-ha-1)

45 11.6 15.2 17.4 24.3 68.5
90 13.4 16.7 20.8 29.6 80.5
135 15.6 14.8 23.8 24.3 78.5

Pruning
1 (30 + 60 DAFB) 13.9 16.3 21.9 26.6 78.7
2 (60 + 120 DAFB) 13.6 14.2 17.5 21.4 66.7
3 (60 + 150 DAFB) 12.5 16.4 21.0 22.8 72.7
4 (120 DAFB) 12.7 14.0 18.3 31.4 76.4
5 (150 DAFB) 15.0 16.6 24.8 28.1 84.5

ANOVA
Nitrogen NS NS NS NS NS
Treatment NS NS *** * ***
Nitrogen x treatment NS NS NS * * *

Ns-****’*^Nonsignificant or significant at P -  0.05, 0.01, or 0.001, 
respectively.

suggested that, while pruning at 120 DAFB increased SR, flesh 
yellowness and overall quality were decreased.

Treatment effects on mean fruit size and long-term produc-
tivity were more complex. Differences in fruit weight and yield 
may be caused by treatments differentially affecting fruit growth 
rate at various times during the season (Batjer and Westwood, 
1958; Byers et al., 1984). Single-pruning treatments generally 
decreased fruit size (Table 4), which could have occurred merely 
by retaining weak wood and removing vigorous wood with a 
single pruning.

Decreased leaf Ca and increased leaf P were noted in trees 
pruned at 30 + 60 DAFB, suggesting that early season canopy 
removal may have affected a range of critical developmental 
processes. Both early season fruit development and root uptake 
of Ca may require high amounts of photosynthate. Pruning at 
30 + 60 DAFB may have caused a severe reduction in pho-
tosynthate at times that are critical in fruit, seed, and root de-
velopment (Faust, 1979; Kirkby, 1979). Application of N 
fertilizers (such as urea) that release ammonium are known to 
affect Ca levels in various ways (Shear, 1975). For example, 
acidification of ammonia to nitrate can promote the rapid leach-
ing of Ca. In addition, ammonium ions can reduce Ca uptake 
through competitive absorption.

Theoretically, the expected optimum overall timing for a 
summer-pruning treatment would be during Stage II. Chalmers 
and van den Ende’s (1979) observations of peach fruit growth 
showed a decreasing rate of dry weight gain by the fruit during 
FWII/DWII and FWIII/DWII. This time spans the period be-
tween the endosperm attaining full size and the embryo attaining 
full size. In studies of dry-weight partitioning in bearing peach 
trees, Miller and Walsh (1988) observed an increased absolute 
growth rate in peach shoots and wood during Stage II.

The optimum timing pattern for mechanized pruning in this 
study appeared to be 60 + 150 DAFB. It avoided reduced leaf 
Ca levels, measured in trees pruned at 30 + 60 DAFB, but 
produced high-quality fruit of desirable size. We do not suggest 
that commercial growers abandon hand-pruning. Rather, we 
suggest that mechanized pruning may be most useful during 
Stage II, when dry matter allocation to shoot growth is greatest. 
From these results, mechanized pruning at 60 DAFB, coupled 
with dormant hand-pruning, might be the most useful for com-

mercial peach production. This timing parallels the work of 
Mitchell and Chalmers (1982), who noted an increase in yield 
by reduced-irrigation scheduling during Stage II. During early 
Stage II, total carbohydrate needs of the crop are relatively low, 
as fruit numbers have been greatly diminished by both June 
drop and hand-thinning (Byers et al., 1984; Lombard and Mitchell, 
1962). At that time, the re-allocation of carbohydrate to new 
shoot growth following mechanized pruning may have less del-
eterious effects on the crop and tree, but yet control tree size.

It also appeared that when trees are pruned more than once 
annually, N fertilizer needs were greater. While trees pruned 
twice did not display a yield increase plateau, those pruned once 
did.

Full production was attained rapidly in this study due to the 
high-density system used, which agrees with previous reports 
(Bargioni et al., 1983; Chalmers et al., 1978). It is interesting 
to note, however, that our annual yields of «10 t*ha_1 (which 
is less than 200 bushels per acre) differed little from those re-
ported by Rogers (1967) for unirrigated peach trees grown on 
standard spacings in western Maryland. Tree efficiency also was 
low. In 1984, yield efficiency ranged from only 0.08 kg*cm 2 
to 0.33 kg*cm~2. While these are typical for peach trees (Layne 
and Tan, 1984), they are relatively low when compared to other 
deciduous tree fruits. To increase peach orchard efficiency, it 
appears that improved mechanisms to increase the allocation of 
dry matter to the fruit are needed.
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Nutrition and Yield of Young Apple Trees 
Irrigated with Municipal Waste Water
G.H. Neilsen1, D.S. Stevenson1, J.J. Fitzpatrick2, and C.H. Brownlee3
Agriculture Canada Research Station, Summerland, B.C. V0H120, Canada
Additional index words, nitrogen, phosphorus, potassium, trickle irrigation
Abstract. ‘Macspur McIntosh’ and ‘Red Chief Delicious’ apple (Malus domestica Borkh.) on M.7a rootstock were 
subjected to treatments involving all combinations of two types of irrigation water (well-water or municipal effluent) 
from 1983, the year of planting, through 1987 and three rates of N fertilization (0, 200, 400 g NH4N(ytree per year), 
from 1984 through 1987. The zero N treatment was increased to 100 g NH4N0 3 /tree per year in 1986 due to low vigor 
of these trees. Effluent irrigation increased leaf N, P, and K concentration in 4 of 5 years for ‘McIntosh’, while leaf 
N, P, and K increased in 1, 4, and 2 years, respectively, for ‘Delicious’. Effluent irrigation increased trunk diameter 
increment in all years and fruit number and yield in 1985-86 for both cultivars. No major horticultural limitations 
to the use of effluent irrigation were observed. Nitrogen fertilization increased leaf N in 3 years for ‘McIntosh’ and 
2 years for ‘Delicious’, while leaf P and K were decreased at the highest N rate in 2 years for each cultivar. Nitrogen 
fertilization did not increase trunk diameter and increased fruit number and yield only in 1986 after 3 years of a zero 
N treatment. The results implied a role for P in the establishment and early growth and yield of young apple trees.

Successful growth of several crops (5, 6, 12), especially trees 
(10, 11), has been achieved after wastewater application, de-
spite the possibility of plant damage from toxicity (8) or salinity
(23). It has been suggested that, under proper management, 
wastewater irrigation of fruit trees could produce economic gains 
of 25% to 30% (2). Despite this suggestion, and a recent work-
shop to stimulate the use of wastewater in horticulture (20), few 
case studies have been reported concerning the consequences of 
wastewater application on fruit trees.

Although the chemical composition of wastewater varies be-
tween locations, it is recognized as a possible important source 
of the major plant nutrients, such as N, P, and K (4, 8). Irri-
gation with wastewater could thus be similar in effect to con-
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tinuous fertigation with a dilute concentration of several important 
plant nutrients. In the Okanagan Valley of British Columbia, 
replanting problems and slow growth, especially of newly planted 
apples, has been recognized as a potential limitation to the suc-
cessful development of high-density apple orchards. Several so-
lutions are currently being researched, including the use of 
fertilizers containing P at planting time (15, 22). Local waste- 
water is already known to be an effective source of P for the 
production of vegetables (18).

We, therefore, assessed the effects of irrigation of apples with 
secondary municipal effluent through a project initiated by the 
rural town of Osoyoos, B.C., Canada. Emphasis was placed on 
comparing the nutrition, growth, and yield of apple trees estab-
lished under wastewater and well-water irrigation and under a 
range of N fertilization.

The experimental site was located on a virgin Osoyoos loamy 
sand (Typic Haploxeroll). Land leveling had removed parts of 
the surface soil over much of the area. The exposed soil had 
properties typical of the B horizon of a virgin Osoyoos loamy 
sand with low organic matter content (organic C, 0.15%), coarse 
texture (70% to 80% sand), and limited water-holding capacity 
[15% (w/w) content at 33 kPa]. The pH (0.01 m  CaCl2) of 
composite soil samples from 0- to 15-cm depth collected in 1983 
from both blocks averaged 7.0.

Experimental blocks of ‘Macspur McIntosh’ and ‘Red Chief
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