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Abstract 

In 1990, trees of 'Gala' apple (Malus x domestica Borkh.) on 8 dwarfing rootstocks were planted at 

8 locations in North America according to the guidelines established for cooperative testing by the North 

Central regional cooperative project (NC-140). Rootstocks in this trial included MAC.39, P.I, 0.3, 

M.27, B.9, Mark, M.9 EMLA, and M.26 EMLA. Tree survival was not affected by rootstock. P.I pro 

duced trees with the largest trunk cross-sectional areas, lowest yield and yield efficiency, and smallest 

fruit. O.3 and M.26 EMLA produced trees with similar TCSA, but M.26 EMLA was the least produc 

tive. Mark, MAC.39, B.9 and M.9 EMLA produced trees with similar TCSA, yields and yield efficien 

cies. M.27 produced trees with the smallest TCSA and relatively low yields. 

Introduction 

The North American apple industry is 

moving toward orchard intensification to 

take advantage of the economic benefits as 

sociated with early cropping and manage 

ment of small trees. Tree size-control and 

precocity induced by dwarfing rootstocks 

are necessary for intensive orchards. Unfor 

tunately, all dwarfing rootstocks currently 

available from commercial nurseries exhib 

it weakness, such as susceptibility to cli 

matic stresses and diseases, or the produc 

tion of root suckers that may limit their 

success in certain regions. Dwarfing root 

stocks, possessing greater tolerance to biot-

ic and abiotic stresses, would probably has 

ten the planting of intensive orchards and 

should improve the profitability of such 

orchards. 

During the last 25 years several cooper 

ative rootstock trials have been established 

in North America (4, 11, 12, 13, 14, 15). 

These multi-site trials, utilizing a common 

scion cultivar with uniform experimental 

design, planting material and management 

protocol, rapidly expose promising new 

rootstock candidates to a wide range of 

growing conditions. These trials have 

greatly shortened the time required to iden 

tify rootstocks with superior characteristics 

and those with weaknesses. 

This report summarizes results from 10 

years of a uniform rootstock trial involving 

eight rootstocks at eight North American 

locations. Seven of the rootstocks chosen 

for this trial are in the dwarfing category 

and performed well in earlier NC-140 trials 

(13,14). The Polish (P) rootstock, P.I, orig 

inated at the Research Institute of Pomolo 

gy, Skierniewice, Poland, and produced 

trees about 25% larger than M.26 EMLA in 

the 1984 NC-140 rootstock trial (14). P.I 

was included in this trial because it report 

edly tolerates severe winter cold and pro 

duces a tree similar in size to M.26 (8). 

Materials and Methods 

All trees were propagated by TRECO, 

Inc., Woodburn, OR, with the scion 'Royal 

Gala'. The one-year-old nursery trees were 

planted at eight sites during the late winter 

and spring of 1990. Cooperators and loca 

tions are listed in Table 1. The experiment 

consisted of a randomized complete block 

design at each site with four blocks (five 

blocks at NY). Groups of six trees per root-

stock were assigned randomly to 10 m-long 

sections of row. Data were recorded for the 

four interior trees; the end trees served as 

guard trees. Therefore, there were 16 data 

trees per rootstock, and the experimental 

unit was the four-tree plot. Statistical 

analyses were conducted on data averaged 
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for the four-tree plot, so there was one ob 

servation per block. In-row spacing was 1.6 

m. Between-row spacing varied from 3.25 

to 4.5 m and differed on each side of the 

row, because the trees served as the guard 

rows in the 1990 NC-140 orchard systems 

trial (3). 

Trees were supported with an individual 

metal conduit or bamboo pole which was 

attached to a wire 3 m above ground. Trees 

were trained to the hybrid Tree Cone 

(HYTEC) system (1,2). At each site, man 

agement practices for irrigation, nutrition, 

thinning, and pest control were according 

i to local recommendations. 

Trunk circumference or diameter of 

each tree was measured each fall, and 

trunk cross-sectional area (TCA) was cal 

culated. Some cooperators harvested fruit 

in 1991, but all cooperators harvested fruit 

in 1992. The total cumulative number of 

fruit per plot and cumulative yield 

(kg/plot) were used to calculate average 

fruit weight. Crop density (number of 

fruit(cm2 TCA) and yield efficiency (kg of 
fruit(cm2 TCA) also were calculated. At 
Quebec the experiment was terminated 

after the 1997-growing season (8 years). 

TCA was not recorded at Washington in 

1999, so TCA, crop density, and yield ef 

ficiency are reported for only nine years. 

The cooperator from Washington per 

formed data collection and analyses until 

1995, thereafter the cooperator from Vir 

ginia served as the planting coordinator. 

Data were analyzed by analysis of vari 

ance using SAS's Mixed procedure and 

least squares means were compared with 

the probability of the difference (Pdiff) (P 

= 0.05) (10)'. The probability of the differ 
ence is the least significant difference, 

modified for unequal sample size, and has 

a comparison-wise error rate of 5%. Each 

site was analyzed separately because sites 

had unequal variances. Additionally, there 

were open cells due to 0.3 and P.I not 

being planted at all locations, and two co-

operators did not collect data for all 10 

years. Main effect means are presented in 

the tables to facilitate comparisons of lo 

cations and rootstocks. These means 

should be viewed cautiously because Illi 

nois did not have O.3 and Washington did 

not have P.I. Had all rootstocks been eval 

uated at Washington, mean TCA would 

have been higher, and yield, yield efficien 

cy, and crop density would have been 

lower. Additionally, means for P.I would 

probably have been different: mean TCA 

would have been smaller, and means for 

yield, yield efficiency, and crop density 

would have been higher. 

Results and Discussion 

Tree survival. Some tree mortality oc 

curred at every location and some mortal 

ity occurred on every rootstock Michigan 

reported the highest tree losses (Table 2). 

Tree survival was significantly (P=0.05) 

influenced by rootstock only at North Car 

olina and Virginia. Rootstocks with the 

most mortality were MAC.39 at North 

Carolina (caused by black root rot, Xylar-

ia ssp.), M.26 EMLA at Michigan, and 

M.27 at Virginia. Although not significant 

at most locations, tree death on M.27 oc 

curred at all locations except Washington. 

MAC.39 has not been widely tested, and in 

earlier trials tree survival was inconsistent. 

In Washington tree survival was at least 

90% for three cultivars on MAC.39 (5). In 

Ohio survival of MAC.39 was 80%, 40%, 

and 83% for 'Macspur' Mclntosh', 

'Lawspur Rome', and 'Redchief Deli 

cious', respectively (7). Fire blight was 

probably the cause of tree death in Ohio. 

Of the 15 rootstocks evaluated in the NC-

140 1984 rootstock trial, survival of 

MAC.39 ranked 11th and, depending on 
the location survival varied from 0% to 

90% (14). In previous trials, survival of 

M.27 EMLA and Mark generally was at 

least equal to that of M.9 (5, 7, 11, 14). 

Trunk cross-sectional area. Trunk 

cross-sectional area (TCA) was highest at 

Virginia and Illinois and lowest at North 

Carolina, New York and Ontario (Table 3). 

Based on TCA, the 8 rootstocks can be 

grouped into 4 vigor classes (more vigor 

ous than M.26 EMLA, similar to M.26 

EMLA, similar to M.9 EMLA, and less 

vigorous than M.9 EMLA). At 5 of 7 loca 

tions, P.I had TCA significantly larger than 

M.26 EMLA. In earlier trials at Ohio and 
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Table 1. Location and cooperators in the 1990 dwarf rootstock trial. 

Cooperators Latitude Longitude Planting Location 

and abbreviations 

(IL) Urbana, Illinois 

(Ml) Clarksville, Michigan 

(NC) Fletcher, North Carolina 

(NY) Geneva, New York 

(ONT) Simcoe, Ontario 

(QUE) St. Jean, Quebec 

(VA) Blacksburg, Virginia 

Mosbah M. Kushad 

Ronald L. Perry 

Michael Parker, Richard Unrath 

Terence Robinson 

John Cline 

Raymond Granger, Shahrokh Khanizadeh 

John A. Barden, Richard Marini 

(WA) Wenatchee, Washington Bruce H. Barritt 

Washington, trees on P.I had TCA similar 

to trees on M.7 EMLA (5,7,14). After five 

years, the TCA of 'Gala' tress was higher 

for P.I than for M.26 EMLA at 7 of 20 lo 

cations (12). Averaged over 30 locations, 

the TCA of 10-yr-old 'Starkspur Supreme 

Delicious' was 103, 98, and 77 cm2, re 
spectively for M.7 EMLA, P.I, and M.26 

EMLA (14). In Poland, the TCA of trees on 

P.I was similar to or less than on Mark (6), 

but Karychev (8) considered P.I to be in 

the same size class as M.26. At most loca 

tions, O.3 had TCA similar to M.26 

EMLA. These results contradict those of 

earlier rootstock trials. In previous trials 

both B.9 and O.3 produced trees with TCA 

30 to 80% that of M.26 EMLA (5, 7, 14). 

After five years, the TCA of 'Gala' trees on 

B.9 and O.3 was similar to M.9 EMLA and 

less than that of M.26 EMLA (11). At most 

locations Mark, B.9, and MAC.39 were in 

the same vigor class as M.9 EMLA. In 

earlier trials, Mark and MAC.39 had 

slightly smaller trunks than M.9 EMLA (5, 

7, 12). Although not always significantly 

smaller than M.9 EMLA, M.27 produced 

the smallest trunks at all locations. In earli 

er trials, trees on Mark and MAC.39 usu 

ally had slightly smaller trunks than M.9 

EMLA, and trees on M.27 had the small 

est trunks (5, 7, 12). 

Yield. Cumulative yield varied greatly 

from one location to another (Table 4). 

Trees on several rootstocks produced more 

than 200 kg/tree at IL, MI, and VA, where 

as all rootstocks produced less than 100 

kg/tree at NC. Cumulative yield was influ 

enced by rootstock at all locations, and the 

performance of a given rootstock varied 

dramatically from one location to another 

(Table 4). At most locations yields were 

relatively low for MAC.39, P.I and M.27. 

In general, the highest yielding rootstocks 

were B.9, Mark, and M.9 EMLA. The in 

teraction between rootstock and location 

was so strong that no rootstock ranked in 

Table 2. Survival (% alive) of 'Royal Gala', trees on 8 dwarfing rootstocks after 

10 years. All values are least-squares means, adjusted for missing cells.2 

zLeast-squares means followed by common letters do not differ at the 5% level, by probability of the difference. 

YData for Quebec are for only 8 years. 
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Table 3. Trunk cross-sectional area (cm2) of surviving 'Royal Gala', trees on 
8 dwarfing rootstocks after 10 years. All values are least-squares means, 

adjusted for missing cells.2 

zLeast-squares means followed by common letters do not differ at the 5% level, by probability of the difference. 

YData for Quebec are for only 8 years. 

xTCAwas not measured in 1999, so data are for 1998. 

the top four at all locations. After the first 

five years of this trial, trees on Mark, B.9 

and O.3 tended to have the highest yields 

at most locations, whereas M.27 had low 

yields (3). In several other trials P.I and 

M.26 had similar cumulative yields (5, 7, 

8, 14), but in one trial P.I produced about 

20 to 25% less than M.26 (6). In a semi-

dwarf rootstock trial with 'Gala', P.I was 

less productive than M.26 EMLA at 8 of 

18 locations (12). In an earlier trial in 

Washington, M.9 EMLA had higher yields 

than MAC.39 for one of three cultivars (5) 

but, when averaged over three cultivars, 

the two rootstocks had similar yields in 

Ohio (7). 

Crop density tended to be highest at NY 

and lowest at NC and VA (Table 5). Yield 

efficiency was highest at MI and lowest at 

NC and QUE (Table 5). Trees on P.I had 

the lowest crop density and yield efficien 

cy regardless of location. In other trials P.I 

consistently had low yield efficiencies (5, 

7,14) Trees on B.9,0.3 and M.26 had sim 

ilar TCSA, but both B.9 and O.3 had high 

er crop densities than M.26, and B.9 had 

the highest crop density at 3 of 7 locations. 

Within this group yield efficiency was 

generally highest for B.9 and lowest for 

M.26 EMLA. With 'Golden Delicious' 

and 'Delicious' as scion cultivars, the 

ranking for yield efficiency was 

B.9>O.3>M.26 EMLA (5). After five 

Table 4. Cumulative yield (kg/tree) of surviving 'Royal Gala' trees on 8 

dwarfing rootstocks after 10 years. All values are least-squares means, 

adjusted for missing cells. z 

zLeast-squares means followed by common letters do not differ at the 5% level, by probability of the difference. 

YData for Quebec are for only 8 years. 
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Table 5. Cumulative crop density (fruit cm2) for surviving trees of 'Royal 
Gala' on 8 dwarfing rootstocks after 10 years. All values are least-squares 

means, adjusted for missing cells.z 

zLeast-squares means followed by common letters do not differ at the 5% level, by probability of the difference. 

YData for Quebec are for only 8 years. 

XTCA was not measured in 1999, so data are for 1998. 

years of a trial involving four cultivars on 

five rootstocks, the rootstock x cultivar in 

teraction was significant, but the overall 

ranking for yield efficiency was 

B.9>O.3>M.26 EMLA (15). In the present 

trial Mark, MAC.39 and M.9 EMLA had 

similar TCAs and* they had similar crop 

densities and yield efficiencies. Within this 

group Mark had highest crop densities at 2 

of the eight locations. In a Washington trial 

involving three cultivars, the ranking for 

yield efficiency was Mark>M.9 

EMLA>MAC39 (5). When averaged over 

three cultivars in Ohio, the ranking for 

yield efficiency was Mark>MAC.39>M.9 

EMLA (7). 

Fruit weight. Average fruit weight was 

influenced by rootstock only at MI, VA, 

and WA, but the influence of rootstock var 

ied for the three locations (Table 7). At MI, 

trees on Mark produced larger fruit than 

trees on P.I and O.3. At VA, trees on B.9 

produced larger fruit than Mark and trees 

on P.I produced the smallest fruit. At WA, 

trees on O.3 and M.9 EMLA produced the 

largest fruit and trees on M.27 and Mark 

produced the smallest fruit. 

Analyses of covariance were performed 

for each location to evaluate the potential 

influence of crop load on fruit weight. 

Crop density and then cumulative number 

of fruit per tree was evaluated as a covari-

ate. A requirement for analysis of covari-

Table 6. Cumulative yield efficiency (kg cm2) for surviving 'Royal Gala' 
trees on 8 dwarfing rootstocks after 10 years. All values are least-squares 

means, adjusted for missing cells. z 

zLeast-squares means followed by common letters do not differ at the 5% level, by probability of the difference. 

YData for Quebec are for only 8 years. 

XTCA was not measured in 1999, so data are for 9 years. 
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Table 7. Average fruit weight (g) of all fruit harvested from surviving 

'Royal Gala'trees on 8 dwarfing rootstocks after 10 years. All values are 

least-squares means, adjusted for missing cells. z 

zLeast-squares means followed by common letters do not differ at the 5% level, by probability of the difference. 

YData for Quebec are for only 8 years. 

ance is that the relationship between fruit 

weight and the covariate must be similar 

for all rootstocks; therefore the slopes 

must be equal (9, 10). The rootstock x co 

variate interaction term was included in 

the model to test homogeneity of slopes. 

The interaction was significant at IL for 

number of fruit per tree, so fruit weight 

could not be adjusted with analysis of co-

variance. Covariates were significant at 

only NC, NY, and QUE and least squares 

means, adjusted for the covariate are pre 

sented in Table 8. At NC, fruit weight was 

influenced by cumulative number of fruit 

per tree, but not crop density. After ac 

counting for number of fruit per tree, trees 

on P.I, M.27 and M.26 EMLA produced 

the largest fruit and trees on M.9 EMLA 

produced the smallest fruit. At NY, fruit 

weight was significantly related to both 

covariates, and after adjusting the means 

for the covariates, rootstock did not influ 

ence average fruit weight. At QUE, after 

adjusting the means for crop density, trees 

on 0.3, MAC.39, M.9, and B.9 produced 

the largest fruit and trees on P.I and M.26 

EMLA produced the smallest fruit. When 

data were analyzed for individual years in 

the fourth and fifth years of this trial, root-

stock did not influence fruit weight at 

most locations. When means were adjust 

ed for crop load, fruit from trees on P.I 

were smaller than on other rootstocks in 

NY, ONT and QUE in year 4 and QUE in 

year 5 (4). Small fruit has also been re 

ported for P.I (5,16) and for Mark (5,13). 

In another NC-140 trial, with four culti-

vars and five rootstocks, the effects of 

rootstock on fruit size varied with year 

and scion cultivar (15). In the third season, 

regardless of scion cultivar, trees on O.3 

produced the smallest fruit. Averaged over 

four cultivars and three seasons, the rank 

ing for fruit weight adjusted for crop den 

sity was M.9 EMLA > B.9 > M.26 EMLA 

> Mark > O.3 (15). 

Conclusions. This was the first NC-140 

rootstock trial utilizing sub-sampling, 

where more than one tree per rootstock 

was planted in a block. Normally the pri 

mary advantage of having more than one 

observation per plot is that the experiment 

remains balanced when at least one tree 

per cell survives. However, this requires 

that the analysis be performed on the aver 

age of surviving trees within a plot. This 

approach does not allow the evaluation of 

the within-plot variation. Unfortunately, 

this experiment was not balanced because 

IL did not plant O.3 and WA did not plant 

P.I. In addition, all trees on MAC.39 died 

in two blocks at NC. Therefore, in this par 

ticular instance there was no advantage of 

planting more than one tree per rootstock 

in each block. The major disadvantage of 

planting several trees per block is a loss of 

replication. In this experiment, there were 

six trees per rootstock per block, but only 

the middle four trees were used to collect 

data. There were 24 trees per rootstock at 
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Table 8. Average fruit weight (g), 

adjusted for the covariates crop 

density (CD) or fruit per tree 

(FPT) for 'Royal Gala' trees on 8 

dwarfing rootstocks after 10 

years. All values are least-

squares means, adjusted for 

missing cells.2 Both covariates 

were significant for NY, so two 

analyses of covariance were per 

formed. 

zLeast-squares means followed by common letters do not differ 
at the 5% level, by probability of the difference. 

YData for Quebec are for only 8 years. 

each location, but there were only four 

blocks per location, resulting in only 21 

degrees-of-freedom in the error term. Had 

there been only one tree per rootstock per 

block, the same number of trees could 

have provided 24 blocks and 161 degrees-

of-freedom in the error term. Additional 

analyses of this data set would be benefi 

cial to evaluate the between-block and 

within-block variation to determine if sub-

sampling would be beneficial in future 

rootstock trials. 

Most of the rootstocks included in this 

trial except P.I and MAC.39 have been 

tested in several NC-140 trials. Based on 

our results and those of previous trials, P.I 

probably has limited commercial poten 

tial. Compared to M.26 EMLA, P.I pro 

duces larger trees, is less productive, and 

has lower yield efficiency. MAC.39 seems 

to have no real advantage over M.9 EMLA 

in terms of size control, productivity, yield 

efficiency, or tree survival. Therefore, 

MAC.39 should not be considered for 

commercial production and should not be 

included in future rootstock trials. The 

rootstocks O.3 and B.9 seem comparable 

to M.9 EMLA in many ways. Decisions 

concerning the commercial viability of 

these rootstocks can be made at the com 

pletion of the NC-140 1990 cultivar/root-

stock trial and the NC-140 1994 dwarf 

rootstock trial, where they are being com 

pared to M.9 EMLA. 
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Promising Native Walnut Genotypes 

(Juglans regia L.) of The East Black Sea 

Region of Turkey 

I. Balci1, F. Balta1, A. Kazankaya1 and S.M. Sen1 

Abstract 
In order to select promising native walnut genotypes, characteristics of trees situated on the Black 

Sea Region of Turkey during 1997 to 1999 were examined with regard to fruit properties. The walnut 

population consisted of 4200 seedling trees. Fifteen native genotypes selected were evaluated as promis 

ing. The genotypes exhibited a range of 11.8-18.7 g for inshell fruit weight, 6.25-9.23 g for kernel 

weight, 48-60% for kernel percentage, 1.02-1.75 mm for shell thickness, 65-100% for terminal fruit-

fulness and 30-75% for lateral fruitful ness. 

Introduction 

As the main commercial species 

Juglans regia L. is native to a large area 

in the world (1, 2, 3). In most parts of 

Anatolia, this species is cultivated in scat 

tered populations since ancient times (3, 

4). Continuous seed propagation for 

thousands of years has given rise to the 

occurrence of a great number of seedling 

walnut trees and valuable walnut genetic 

resources. Native trees, the numbers of 

which are estimated to be over 4.5 mil 

lion, posses large genetic variability 

which might contribute to breeding pro 

grams desiring high yield, good nut and 

kernel characteristics, high lateral bud 

fruitfulness, late bud breaking, late flow 

ering, winter hardiness and tolerance to 

diseases. Selection studies in Turkey 

were conducted in the Marmara Region 

1 Yuzuncu Yil University, Department of Horticulture, Faculty of Agriculture, 65080-Van-Turkey. 




