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Abstract 

In the 1990 NC-140 Apple Systems Trial (4, 5), the treatments included Slender Spindle (SS)/ 

M.9EMLA, B.9, and Mark; Vertical Axis (VA)/ P.I, M.26EMLA, 0.3, M.9EMLA, and Mark; and Cen 

tral Leader (CL)/M.26EMLA and Mark. In the Illinois and Ontario trials the cultivars were 'Empire'and 

'Jonagold'; in North Carolina and Virginia the cultivars were 'Empire' and 'Early Red One Delicious'(a 

non-spur strain). At the termination of the trial in 1999, above-ground tree weight data were collected 

by cooperators at four sites. In combination with data collected previously, these data provided the op 

portunity to evaluate the relationship between scion weight and trunk cross-sectional area (TCA) as well 

as to calculate the ratio of cumulative crop (C) to scion weight (S). Although the regression equations 

varied somewhat among sites, at each location TCA explained from 94 to 97% of the variation in scion 

weights. Scion weights in North Carolina were approximately one-half of the mean for the other three 

sites. Compared to cumulative yield in Virginia, yields at the other three sites ranged from 45-55%. The 

C/S ratio, calculated by dividing the cumulative crop by scion weight, was more than twice as high in 

North Carolina and Virginia as in Illinois and Ontario. The treatments were ranked within each site from 

high to low for both C/S ratio and yield efficiency (YE). The relationships among the treatments were 

very similar at all sites using either the YE or C/S ratio as the basis of comparison. A logical conclusion 

is that the readily obtained and commonly utilized parameter YE is essentially as informative as the more 

destructive and difficult to obtain and therefore rarely measured parameter C/S ratio. 

Introduction this relationship. Barden and Marini (3) 

The evaluation of apple rootstocks con- provided additional evidence of the strong 

tinues to be a research priority in most relationship between TCA and scion 
apple-growing regions of the world. Many weight. Recent research reports on root-
characteristics of rootstock candidates are stock evaluations have typically contained 
evaluated, but certainly one of the most data on TCA and also yield efficiency (YE) 
important is a measure of productivity, which is calculated as cumulative kg of 

Over the past several decades various mea- croP Per cm final TCA. Barden and Mari-
sures of fruiting and tree efficiency have ni (3) calculated cropping efficiency both 
been used. Preston (6, 7, 8) suggested sev- on the basis of YE and crop/scion ratio 
eral possibilities including the ratio of crop (C/S ratio), and reported that the relative 
weight to tree weight, trunk cross-section- differences in C/S ratio were considerably 
al area (TCA), canopy height, and canopy greater than the differences in YE. An ad-
spread. A strong linear relationship be- vantage of the C/S ratio is that it allows for 
tweenTCAand scion weight was reported the comparison of annual yields to final 
by Westwood and Roberts (10), and they scion weights. The termination of the 1990 

suggested that TCA could be used to esti- NC-140 Orchard Systems Trial in multiple 
mate potential bearing surface of any or- sites (4,5) offered the opportunity to fur-
chard tree. They did, however, express a ther evaluate the various measures of tree 
concern that severe pruning might alter size, yield, and yield efficiency. 
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Materials and Methods 

In 1990 an apple orchard systems trial 

was established at nine sites across North 

America. The details of the experiment as 

well as the resulting data are presented in 

reports published in 1997 (4) and 2001 (5). 

There were two cultivars at each location 

and the cultivars varied among locations. 

In Illinois and Ontario the cultivars were 

'Empire' and 'Jonagold'; in North Caroli 

na and Virginia the cultivars were 'Em-

pire'and 'Early Red One Delicious' (a 

non-spur strain). The training systems con 

sisted of a cental leader (CL), vertical axis 

(VA), and slender spindle (SS). The root-

stocks varied with the training system as 

follows: CL/M.26EMLA, CL/Mark , 

VA/P.l, VA/M.26EMLA, VA/M.9EMLA, 

VA/0.3, and VA/Mark; SS/M.9EMLA, 

SS/B.9, and SS/Mark. 

At the end of the trial, four of the coop-

erators obtained data on above-ground tree 

(scion) weight. During the dormant season 

following the tenth growing season, trees 

were cut just above the bud union and the 

fresh weight determined. These data were 

combined with the data on TCA and yield 

to calculate additional measures of tree ef 

ficiency. 

Results and Discussion 

Trunk cross-sectional area. Because 

O.3 was not planted at all locations, the 

data for VA/O.3 are not included in calcu 

lating the various treatment means (Tables 

1- 5). TCA varied with location, cultivar, 

and the system/rootstock treatment, here 

after referred to as treatment (Table 1). On 

the basis of decreasing TCA, the locations 

ranked as follows: Virginia > Illinois > 

Ontario > North Carolina. Trees of 'Jon 

agold' had larger trunks than trees of 'Em 

pire' in both Illinois and Ontario. In North 

Carolina, trees of 'Empire' had larger 

trunks than trees of 'Delicious', but in Vir 

ginia, 'Empire' and 'Delicious' trunk sizes 

did not differ. 

Only in Ontario was there a significant 

cultivar x treatment interaction. Rankings 

of treatments were quite similar with 'Jon 

agold' and 'Empire'. The interaction was 

likely significant because the range among 

treatment means was greater for 'Empire' 

than for 'Jonagold'. The range of TCA for 

'Empire' was 71.5 cm2 for VA/P.l to 25.3 
cm2 f.*>r SS/Mark, and for 'Jonagold' was 
77.2 cm2 for VA/P.l to 39.5 cm2 for 
VA/Mark (data not shown). 

The ranking of the treatments varied to 

some degree among the four locations, but 

the overall trends were similar. The largest 

trunks were consistently on VA/P.l fol 

lowed by CI7M.26 and VA/M.26, which on 

average, were approximately equal. Differ 

ences among the other treatments were nei 

ther large nor consistent across locations. 

Scion weight. Scion weights were influ 

enced by location, cultivar, and treatment 

(Table 2). Mean tree weights in Illinois, 

Ontario, and Virginia were relatively sim 

ilar, but those in North Carolina were 

about 50% lower. For comparison, mean 

TCA of trees in North Carolina was about 

35% lower than the mean for the other 

three locations. The smaller trees in North 

Carolina likely resulted from the extensive 

summer and dormant pruning done at that 

location in attempts to control vigor. 

In both Illinois and Ontario, trees of 

'Jonagold' weighed more than trees of 

'Empire', whereas trees of 'Empire' and 

'Delicious' did not differ in either North 

Carolina or Virginia. Ontario was the only 

location in which there was a significant 

treatment x cultivar interaction. The inter 

action was likely due to the greater range 

among treatment means for 'Empire' than 

with 'Jonagold'. The range in scion weight 

for 'Empire' was from 50.0 kg for VA/P.l 

to 11.0 kg for SS/Mark and for 'Jonagold' 

was from 48.3 kg for VA/P.l to 20.9 kg for 

VA/Mark (data not shown). 

The trees of VA/P.l and CL/M.26 were 

the heaviest at all four locations and were 

followed by VA/M.26. The other treat 

ments did not differ consistently nor in 

most cases, significantly. 

Cumulative yield. Cumulative yield per 

tree was strongly affected by location, cul 

tivar, and treatment (Table 3). There were 

no significant interactions between culti 

var and treatment. Yields were greatest in 

Virginia and lowest in Ontario; those in 

Illinois and North Carolina were interme-
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Table 1. Influence of location, training system/rootstock, and cultivar on 

trunk cross-sectional area (TCA) of apple trees after 10 years in the 1990 

NC-140 Orchard Systems Trial. 

Treatment 
System/Rootstock 

(S/R) 

TCA (cm2) at following locations 

SS/M.9EMLA 

SS/B.9 

SS/Mark 

VA/P.1 

VA/M.26EMLA 

VA/O.3 

VA/M.9EMLA 

VA/Mark 

CL/M.26EMLA. 

CL/Mark 

Location MeanY 

Cultivar (CV) 

'Empire' 

'Jonagold' 

'Delicious' 

ANOVA P-value 

S/R 

CV 

S/R x CV 

59.9 

51.8 b 

68.1 a 

<0.0001 

<0.0001 

0.36 

47.6 

38.0 b 

54.0 a 

<0.0001 

<0.0001 

0.004 

38.3 

41.5 a 

37.4 b 

<0.0001 

0.03 

0.95 

67.0 

66.8 a 

68.1 a 

<0.0001 

0.58 

0.59 

zMean separation within columns and groups by Duncan's multiple range test, P=0 05 

YLocation means do not include data for VA/O.3. 

diate (Table 3). In Illinois 'Empire' yields 

exceeded those of 'Jonagold', but in On 

tario, the reverse was true. As a means of 

evaluating yield differences among sites, 

the number of years (from 1992-1999) in 

which average yield was less than 19 kg 

(one bushel) per tree was counted. Aver 

aging the two cultivars at each site, the 

number of such years was 6,7,7, and 1 for 

Illinois, Ontario, North Carolina, and Vir 

ginia, respectively. The reasons for the 

low yields at three sites varied but were re 

lated to low precocity, overcrowding, 

spring frosts, problems with chemical 

thinning, alternate bearing, and in North 

Carolina with heavy pruning resulting 

from high vigor and low precocity. 

At all locations CL/M.26 was among 

the most productive treatments. In two of 

four locations CL/Mark, VA/M.9, and 

VA/M.26 were not different than 

CL/M.26. The other treatments were gen 

erally lower in production. Averaged over 

0 20 40 60 80 100 120 140 

TCA (cm2) 

Figure 1. The relationship between scion 

weight and trunk-cross-sectiona! area 

(TCA) of ten-year-old 'Empire* apple trees 

on multiple rootstocks and in different 

training systems in four locations. Regres 

sions as follows: Ontario: y = -5.98 + 0.80x; 

r2 = 0.97; North Carolina: y = -7.66 + 0.58x; 
r2 = 0.94; Illinois: y = 9.12 + 0.47x; r2 = 0.96; 
Virginia: y = -9.66 + 0.55x; r2 = 0.97. 
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Table 2. Influence of location, training system/rootstock, and cultivar on 

scion weight (kg/tree) of apple trees after 10 years in the 1990 NC-140 Or 
chard Systems Trial. 

all four locations, CL/M.26 produced 

about twice the yield of each of the three 

SS treatments which were all very similar. 

It must be kept in mind that in this paper 

we are evaluating cumulative yield per 

tree. When calculated on a per hectare 

basis, the much higher tree populations of 

the SS treatments dramatically altered the 

relationship among treatments (5). 

Crop I scion-weight ratio. The cumula 

tive crop to scion-weight ratio (C/S ratio) 

was strongly influenced by location, culti 

var, and treatment (Table 4). The only sig 

nificant interaction between cultivar and 

treatment was at Ontario and appeared to 

be due to a greater spread among treatment 

means with 'Empire'than with 'Jonagold'. 

The C/S ratio for 'Empire* ranged from 4.9 

for VA/Mark to 1.7 forVA/P.l and with 

'Jonagold' was from 5.0 for VA/Mark to 

2.7 for VA/P.l (data not shown). 

In Illinois and Ontario the C/S ratios 

were similar (Table 4) because the some 

what larger trees in Illinois (Tables 1, 2) 

produced proportionally more fruit than 

did the smaller, lower yielding trees in On 

tario (Table 3). Although yields in North 

Carolina were only about 56% as high as 

in Virginia (Table 3), the C/S ratio in North 

Carolina was similar to that in Virginia be 

cause the mean tree size in North Carolina 

was also proportionally smaller (Tables 1, 

2). Of particular interest is the greater than 

2:1 difference in C/S ratios in North Car 

olina and Virginia compared to those in 

Illinois and Ontario. This difference is due 

largely to the relatively large trees and rel 

atively low cumulative yields in Illinois 

and Ontario. Perhaps most noteworthy of 

all is that in spite of the large differences in 

C/S ratio among the four sites, the relative 

ranking of treatment means for the C/S 

ratio is quite similar. This would seem to 

be good evidence that the C/S ratio is an 

excellent means of ranking relative pro 

ductivity of rootstock/training system 
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Table 3. Influence of location, training system/rootstock, and cultivar on 

cumulative yield (kg/tree) of apple trees after 10 years in the 1990 NC-140 
Orchard Systems Trial. 

treatments in both high- and low-yielding 

sites. 

The C/S ratio was higher for 'Jonagold' 

than 'Empire' at Illinois, primarily due to 

much higher yields for 'Jonagold'. The 

C/S ratio for the two cultivars did not dif 

fer in Ontario. In both North Carolina and 

Virginia the C/S ratio was higher for 'Em 

pire' than for 'Delicious', due primarily to 

higher yields for 'Empire' while tree sizes 

differed little. 

Data on C/S ratios from multiple long-

term rootstock studies were published by 

Preston (7). He reported that after 20 years, 

the C/S ratios for Cox's Orange 

Pippin/M.9 and Jonathan/M.9 were 13.9 

and 27.0, respectively. In our study, the 

C/S ratio differences between cultivars 

were relatively large in Illinois and North 

Carolina, but smaller in Ontario and Vir 

ginia (Table 4). In comparing the Virginia 

C/S data herein with that published earlier 

from an 18-year study with 'Golden Deli 

cious' (1) and 'Delicious' (2), only two 

rootstocks are common to both studies. 

The C/S ratio for VA/M.26 was about 68% 

of that for VA/M.9; in the earlier study, 

trees on M.26 had C/S ratios about 72% as 

large as trees on M.9. Considering the dif 

ferences in cultivars, training systems, and 

ages, the relationships between M.9 and 

M.26 are quite similar. 

Since trees in this study were defruited 

until the third year, the trees potentially 

cropped for eight years. On the basis of 

C/S ratios, trees in all treatments in Vir 

ginia and North Carolina averaged annual 

yields of approximately the final scion 

weight. This compares favorably with the 

M.9 data published earlier by Barden and 

Marini (3). In comparison, average annual 

yields in Illinois and Ontario were less 

than one-half of the final scion weight. Av 

eraged across all sites, trees on Mark had 

higher C/S ratios than M.9, to a large de 

gree because they essentially stopped 
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Table 4. Influence of location, training system/rootstock, and cultivar on 

cumulative crop/scion ratio (C/S ratio)(kg/kg) of apple trees after 10 

years in the 1990 NC-140 Orchard Systems Trial. 

growing but continued to fruit. The overly 

vigorous P.I had very low C/S ratios and 

trees on M.26 were intermediate. Because 

only the final year's crop was included by 

Strong and Azarenko (9), no direct com 

parison can be made between our data and 

theirs. 

The relationship between TCA and 

scion weight for 'Empire' trees in the four 

locations is shown in Fig. 1. The slopes 

were very similar for North Carolina and 

Virginia. The slopes for Ontario and Illi 

nois were somewhat different from each 

other as well as from North Carolina and 

Virginia. Within each site, however, the 

linear relationship is very strong, offering 

additional support to the findings of West-

wood and Roberts (10). The similarity of 

the relationships in Virginia and North 

Carolina are particularly interesting in re 

lation to the statement by Westwood and 

Roberts (10) that pruning severity may 

alter the scion weight/TCA relationship. In 

comparing the Virginia and North Caroli 

na data, it appears that pruning severity 

may not greatly alter this relationship. 

When the data for all four sites were com 

bined, the resulting regression equation 

was as follows: y = 0.71 + 0.50x; r2 = 0.72. 

From the summary paper for the NC-

140 1990 Systems Trial (5), the YE data 

for the two sites with low C/S ratios (Illi 

nois and Ontario) and the two sites with 

high C/S ratios (North Carolina and Vir 

ginia) were ranked and are presented in 

Table 5. Likewise the C/S ratio data for the 

same pairs of sites were also ranked and 

are presented in Table 5. In comparing YE 

between the low and high C/S ratio sites, 

the mean YE at the high C/S sites averaged 

50% greater at the low C/S sites. Using the 

C/S ratios, this relationship was 2.5 :1. Al 

though the relationships between the pairs 

of sites varied with the measure of produc 

tivity, when the treatments were ranked 

from high to low, the array was surprising 

ly similar whether using YE or C/S ratio 

(Table 5). We can also make the observa-



214 Journal American Pomological Society 

Table 5. Ranking2 (from high to low) of treatments based upon yield effi 
ciency (YE)Y and crop/scion ratio (C/S ratio)x. 

tion that even though the second cultivars 

differed between the low and high C/S 

sites, the rankings are surprisingly consis 

tent. On the bases of these observations, 

certain conclusions seem justified. One is 

that both the YE and C/S ratio data provide 

essentially the same overall conclusion as 

to the relative production efficiency of dif 

ferent system/rootstock treatments. It is 

certainly easier to obtain TCA data than to 

obtain scion weight data and there are also 

many TCA data already in the literature for 

comparative purposes. It seems therefore, 

that the additional time and effort in 

weighing trees may not be routinely justi 

fied. 
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