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Evaluation of Own-rooted vs. Budded Prune
(Prunus Domestica L.) Seedling Genotypes
A. MoinG}! R. M. CarLson? J. F. DoyLe? aND T. M. DEJoNG?2

Abstract

Growth characteristics of Prunus domestica
seedlings on their own roots were compared to
the same genotypes budgrafted to vigorous, 1
year-old, commercial ‘Marianna 2624’ rootstock.
Mean shoot growth of budded genotypes on
the rootstock was substantially greater than on
their own roots. Growth of seedling genotypes
on their own roots was only moderately corre-
lated with growth on the rootstock. The 10
tallest seedling genotypes generally had larger,
more active (higher rates o% leaf photosynthesis
and leaf conductance to water vapor) leaves
than the 10 shortest genotypes both on their
own roots and as scions on the rootstock. There
were no consistent, statistically significant dif-
ferences in midday stem water potential be-
tween tall and short genotypes but short geno-
types on their own roots hacf) significantly lower
midday stem water potentials than their coun-
terparts growing as scions. Among the entire
population of 54 genotypes studied, the leaves
of scion grown plants had significantly higher
mean leaf concentrations nitrogen and potas-
sium, but no consistent differences in phos-
phorus. Growth of genotypes as seedlings was

ositively related to leaf nitrogen concentration
gut negatively related to leaf potassium concen-
tration. There was no relationship between leaf
nitrogen or potassium concentration of the same
genotypes grown as scions.

Introduction

Prunus domestica L. European plum
is the primary species of commercial
plum and prune cultivars. It is a hexa-
ploid species that is thought to have
originated as a hybrid between P.
cerasifera Ehrh. and P. spinosa L. (3)
or some other combination of plum
species (15). Most European plum
genotypes are highly heterozygous for
many characters and therefore their
progeny are highly variable (18). This
variability is particularly pronounced
with respect to seedling size and vigor
as shown in progeny being evaluated
in a prune breeding project being

conducted at the Kearney Agricultural
Center of the University of California
near Fresno, California. In the second
year after planting seedling height
varied from 0.1 to 2.0 meters. Similar
seedling size and vigor variation has
been found in P. domestica seedling
populations in France (R. Bernhard,
personal communication) and Italy (C.
Fideghelli, personal communication).

With the current trend in fruit tree
planting systems, large, rapidly grow-
ing commercial fruit tree genotypes
are not necessarily desirable. However,
rapid, uniform tree growth is desir-
able when evaluating seedlings in a
fruit tree breeding program. There is
apparently a relationship between
seedling height and flowering in many
fruit tree species (17). Slow growing
seedlings also require intensive weed
management and herbicide application
is difficult to achieve without damag-
ing the seedlings.

In some tree crops plant breeders
bud-graft genotypes into mature trees
in order to promote rapid growth and
early flowering (11, 17). In 1987 an
experiment was initiated to test the
feasibility of using this method for
grogeny evaluation in a P. domestica

reeding program. The primary goals
of this experiment were to determine:
1) if budding onto a common root-
stock would increase the growth of
seedling genotypes, 2) if there was a
relationship between seedling growth
and growth of the same genotype
budded onto a clonal rootstock and 3)
if there were consistent relationships
between seedling and scion growth
and leaf function, water status or nutri-
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ent content that could explain growth
variability.

Materials and Methods

The seedling genotypes used in this
experiment were obtained by open
pollination of 3 commercial prune cul-
tivars (‘Moyer,” ‘Burton,” ‘Improved
French’) and 3 University of California
P. domestica seedling selections (2-8-
4, 10-7, 3-4) in 1985. In 1986 seedlings
were planted into sandy loam soil at
the Kearney Agricultural Center of
the University of California. The seed-
ling planting density was 0.75 x 3.7
meters. In the spring of 1987 fifty-four
selected genotypes representing a
broad range of tree vigor were budded
onto clonally propagated Marianna
2624 (P. cerasifera x P. munsoniana;
£4]) rootstocks that were transplanted

rom a commercial nursery in the pre-
vious winter. To conserve space in the
evaluation block four to six genotypes
were budded onto separate branches
of each rootstock and each genotype
was represented by one scion. The
rootstock caliper was 1.5 cm when
planted in the winter of 1987 at a plant
density of 3 x 3.7 meters. Seedlings
and budded trees received low volume
irrigation through microsprinklers ap-
proximately every ten days throughout
the growing season. Fertilizer nitrogen

(-180 kg N per irrigated hectare) was
applled umfp rmly within the research
blocks through the irrigation system.
Pest and weed control were achieved
using standard nursery practices. Prun-
ing was minimal in both plots. The
budded trees were pruned only to
eliminate competing rootstock shoots
and seedlings were pruned lightly to
encourage vertical upright growth of
a dominant shoot in a few multi-
stemmed seedlings. No pruning was
performed between May and Novem-
ber of 1988 when growth measure-
ments were made.

Growth Measurements. Tree height
was measured in spring and fall of
1988. Seedling height attained in 1986
and 1987 was estimated from the loca-

tion of terminal bud scars on the trunk
in the spring of 1988.

Current season growth was measured
every two weeks from May through
September 1988. The three most vigor-
ous shoots on the seedlings and scions
were tagged in May and these same
shoots were measured on each sam-
pling date. While making shoot length
measurements, notes were also taken
on the growth status of the terminal
buds. A genotype was considered to
be “actively growing” when at least
two of the three shoot tips were still
active. In September, lateral shoots
more than 10 cm long were counted
on these same three shoots and the
number of lateral shoots per meter of
main shoot was calculated to provide
a measure of the branching character-
istics of the genotypes.

Leaf Measurements. At monthly in-
tervals 10 leaves were collected from
the seedling and scion trees of each
genotype. Leaf area of the harvested
leaves was determined with an elec-
tronic leaf are meter (1.1-3000, Li-Cor
Inc. Lincoln, NE). The leaves were
oven-dried (75°C), weighed, ground
and analyzed for nitrogen, phospho-
rus, and potassium. Nitrogen content
was determined by modified Kjeldahl
analysis as developed by Carlson (2).
Phosphorus analysis was performed
with an vananomolybdate reagent (10)
and K was measured by flame emis-
sion spectrophotometry after extrac-
tion in 2% acetic acid.

Leaf chlorophyll content was deter-
mined in May on leaf disk samples
taken from fully expanded sun ex-
posed leaves. Chlorophyll was deter-
mined as described by Moran and
Porath (12) and modified by Inskeep
and Bloom (8).

Measurements of leaf conductance,
photosynthesis and stem water poten-
tial were restricted to 10 of the tallest
and 10 of the shortest seedling geno-
types grown as seedlings and scions.
At periodic intervals from May through
September leaf conductance to water
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vapor was determined with a LiCor
1600 steady state porometer (LiCor
Inc., Lincoln, NE). These measure-
ments were made during mid-morning
and/or mid-afternoon under clear
skies. Three mature, exposed leaves
were measured on each of the 20 sub-
selected genotypes growing as seed-
lings and scions. On 3 dates (May 18,
July 14, and July 20) leaf net CO,
assimilation rate and leaf conductance
to water vapor were measured on the
same plants with a portable gas ex-
change system (LCA-2, DL-2 and
Parkinson leaf cuvette; Analytical De-
velopment Corporation, Hoddeson,
England).

Stem water potential measurements
were limited to three measurement
dates because of limited stem tissue
available for measurements on the
smallest genotypes. The measurements
were performed with a pressure cham-
ber (16) on lateral shoot tips, and
made on clear days after water was
withheld a few days more than usual
so that any genotype potential dif-
ferences in water status would be
accentuated.

Results

Growth of the seedling population.
At the beginning of the third growing
season there was a large variability
among the 54 seedlings growing on
their own roots (Fig. 1). The shortest
seedling was 15 cm tall and the tallest
was 260 ocm. Most were between 25
and 180 cm.

There was a statistically significant
positive correlation (r = 0.623, p =
0.01) between the length of the central
shoot after the first (1986) growing
season and the increment of growth
attained during the second (1987)
growing season (data not shown). Sim-
ilarly there was also a significant posi-
tive correlation (r = 0.447, p = 0.01)
between the growth increments of the
central leader in the second (1987)
and third (1988) growing seasons (data
not shown).
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Figure 1. A frequency distribution of the Prunus
domestica seedling population divided into 9
height classes. The range of each height class
is equal to one-half the standard deviation
about the mean of the total population.

Comparison of seedling

and scion shoot growth
Mean shoot growth of bud-grafted
seedling genotypes on Marianna 2624
was substantially greater than on their
own roots. By the fall of 1988, 65% of
the grafted trees had mean shoot
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Figure 2. The correlation between mean shoot
ength of seedling genotypes on their own
roots and the same genotypes on a Marianna
2624 rootstock on 2 May 1988 (r = 0.398) and
8 September 1988 (r = 0.251).
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Figure 3. The seasonal pattern of mean cumula-
tive shoot length of the 10 shortest (A) and
tallest (O) seedling genotypes on their own
roots (solid symbols) or bud-grafted onto
Marianna 2624 rootstock (open symbols).
Vertical bars indicate + SE.

lengths more than double those of
seedling trees and for 43% it was more
than tripled. A weak correlation be-
tween tagged-shoot growth of seedling
and grafted trees was evident in May,
1988 (Fig. 2a) and was maintained
through the season until September,
1988 (Fig. 2b). Although these positive
correlations (r =0.398 and 0.251) were
statistically significant (p = 0.05) there
was substantial scatter in the data,
particularly in September. Although
substantial growth occurred on both
the seedlings and the grafts between
May and September 1988, the slope of
the relationship between the two did
not change. This indicates that the
relative rate of growth of seedlings
compared to grafts of the same geno-
type remained fairly constant through
the growing season.

This same pattern is reflected in the
cumulative growth of 20 selected
genotypes. The 10 shortest seedlings
at the beginning of the 1988 growing
season maintained the lowest mean
shoot growth throughout 1988 (Fig.
3). Similarly, the mean cumulative
shoot growth of the 10 tallest seedlings
at the beginning of the 1988 season
was always greater than the short seed-
lings. The mean cumulative scion shoot
growth was always greater than the

seedling shoot growth of the same
two groups of genotypes, respectively.

Not only did the grafted scions grow
longer shoots than the seedlings, they
also exhibited substantial more lateral
branching. By September, 1988 the
mean (* SE) number of lateral shoots
more than 10 cm long per meter of
main shoot length was significantly
larger for the 54 genotypes growing as
scions (5.25 &+ 0.51) as compared with
seedlings (1.49 £ 0.32).

Genotypes growing as scions on
Marianna 2624 rootstock maintained
higher mean growth rates later into
the season than did seedlings growing
on their own root (data not shown).
Part of the reason for a higher mean
growth rate of all scions compared
with all seedlings is because more
scions continued active growth late in
the growing season than did seedlings
(data not shown). More than 50% of
the scions were growing on any given
sampling date until mid-September.
The growth of seedlings appeared to
be more susceptible to growth flushes
and after the first of July there were
always less than 40% of the seedlings
?lctively growing on any one sampling

ate.

Comparisons of leaf characteristics

The mean area per leaf of all 54
seedlings, collectively, remained con-
stant from May through the middle of
July while the mean leaf mass per unit
leaf area increased substantially over
the same period (Table 1). Conversely,
the mean area per leaf of the same
genotypes on the Marianna rootstock
increased 28% but mean leaf mass per
unit area remained constant.

Within the population of seedlings
the 10 tallest seedlings had significantly
greater mean area per leaf than the 10
shortest seedlings aﬁeady in early May
and these difference increased with
time (Table 2). Although the same 10
tall and small genotypes grafted on
Marianna rootstock started the season
with similar mean area per leaf in
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Table 1. A comparison of mean (+ se) leaf size (cm?) and leaf mass per unit
area (mg-cm-2) between all 54 seedling genotypes growing on their own
roots and on Marianna 2624 rootstock at 3 sampling dates.

Leaf Size (cm?)

Leaf Mass per Unit
Area (mg-cm-2)

Date Seedlings Scions Seedlings Scions

May 10 8.94 + 0.38 9.43 £ 0.36 ns 9.76 + 0.14 9.54 £ 0.15 ns
June 6 847 £ 0.51 9.86 £ 0.65 ns 12.80 £+ 0.20 920+ 020 ®
July 12 8.82 £ 0.66 12.04 £ 064 ° 11.44 + 0.26 9.50 £ 0.19 *

°Indicates a significant difference (= 0.05) between seedling and scion on each date.

May, significant differences developed
as the season progressed.

Although there were definite trends
in leaf size, measurements of leaf func-
tion were more variable. When all of
the data for the season were analyzed
as paired comparisons for each mea-
surement time, tall genotypes had sig-
nificantly higher leaf conductances
than the short genotypes both when
grown as seedlings or as scions on the
Marianna rootstock (Table 3). In gen-
eral, the tall genotypes on the root-
stock also maintained significantly
higher leaf conductances than the same
genotypes grown as seedlings. How-
ever, there were no significant differ-
ences in leaf conductance between
short genotypes grown in the two
ways (Table 3).

Field measurements of leaf photo-
synthesis were made less frequently
and measured differences were less
consistent. The tall genotypes grown
as scions consistently maintained high-
er leaf photosynthetic rates than the
short genotypes but there were no

other consistent significant differences
between any of the other plant com-
binations (Table 4).

Stem water potential data were quite
variable and the only consistent differ-
ences were between the short geno-
types growing as seedlings and scions
on the Marianna rootstock (Table 5).
The 10 small genotypes grown as scions
had consistently higher stem water
potentials than the same genotypes
grown as seedlings.

Mean leaf concentrations of nitrogen
and potassium in all 54 genotypes
were significantly higher when grown
as scions compared with seedlings
(Table 6). Similarly, mean leaf chloro-
phyll concentrations per leaf unit area
in all 54 genotypes were significantly
higher when grown as scions (564 £
12 mg m™?) compared with seedlings
(431 £ 12mg m%). There were no
consistent significant differences in leaf
phosphorus content.

Within the population of 54 seedlings
there was a significant positive correla-
tion between mean shoot length and

Table 2. A comparison of mean (+ se) leaf size (cm?) of the 10 tallest and 10
shortest seedling genotypes growing on their own roots and on Marianna

2624 rootstock at 3 sampling dates.

Leaf Size (cm?)

Seedlings Scions
Tall Short Tall Short
Date Genotypes Genotypes Genotypes Genotypes
May 10 10.37 £ 2.25 736 +181° 9.70 £ 2.22 9.29 + 2.66 ns
June 8 10.46 + 2.38 6.15 + 2.51 °© 14.59 + 4.92 760+ 252 °
July 12 10.59 + 4.25 451 £185° 14.13 + 3.45 9.66 + 4.27 °

°Indicates a significant difference (0.05) between tall and short seedlings as determined by a Student’s t-test.
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Figure 4. The relationship between mean shoot
enght and leaf nitrogen concentration in
June 1988 of 54 P. domestica genotypes
rown as seedlings (A, r = 0.53) and as scions

B, r = 0.12).

leaf N concentration in June (Fig. 4).
There was no significant correlation
between the same factors in the same
genotypes when grown as scions. There
was a significant negative correlation
between leaf K concentration and
mean shoot length in June in the 54
seedlings, but again no significant cor-
relation between the same two factors
in the scions. (Fig. 5). Measurements
made in May and July indicated similar
patterns but the correlations were
lower (data not shown).

Discussion

Most seedling genotypes grafted
onto the Marianna 2624 rootstocks
clearly grew better than the same geno-
types on their own roots during the
1988 growing season. There was some
correlation between seedling growth
and scion growth of the same geno-
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Figure 5. The relationship between mean shoot
ength and leaf potassium concentration in
June 1988, of 54 P. domestica genotypes
grown as seedlings (A, r = -0.36) and as
seedlings (B, r = -0.21).

types and this relationship was estab-
lished early in the growing season.
Total mean shoot growth rates and
percent of genotypes growing at any
one time indicate that the young seed-
lings may be more susceptible to peri-
odic growth flushes during the season
than the grafted trees.

Seedling and grafted trees were
growing in adjacent plots with the
same soil type, irrigation and fertilizer
treatments, but leaf N and K concen-
trations of the seedlings were consis-
tently lower than the scions. The mean
tissue N and K concentrations for both
seedling and scions were in the range
thought to be adequate for prune
trees growing in California (1). There
were significant positive correlations
between seedling mean shoot length
and leaf N concentration and negative
correlations with leaf K concentration.
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Table 3. Comparisons of leaf conductance to water vapor (cm's-!) between
the 10 tallest and 10 shortest seedling genotypes growing on their own root or

on the Marianna 2624 rootstock.

Leaf conductance (cm-s-!)

Seedlings Scions
Tall Short Tall Short
Datet Time genotypes genotypes genotypes genotypes
May 5 1000 0.85 0.60 0.78 0.71
1500 0.68 0.57 0.81 0.65
May 11 1000 0.89 0.77 0.98 0.87
1500 0.54 0.46 0.89 0.71
May 18* 1000 0.89 0.76 0.87 0.72
1500 0.79 0.72 0.76 0.55
May 30 1000 1.12 0.88 1.11 0.0
1500 0.82 0.67 0.84 0.65
June 20 1000 1.34 0.96 1.78 148
June 29 1000 1.01 0.74 1.27 0.90
July 14° 1000 0.89 0.82 0.96 0.88
1500 0.81 0.89 1.03 0.86
July 20° 1000 1.19 1.12 1.50 1.30
D 0.01---------~ X D 0.01----eemo-- X
X 0.05. X

+On most dates measurements were made twice, once during tgid morning and a second time during mid afternoon (Pacific

Standard Time). Each value is the mean of 30 ts (

on 10 genotypes). Data were analyzed using a

paired t-test to determine seasonal differences within and between seedling and grafted populations. The values at the bottom of
the table indicate the level of significant differences between the various populations.
°Data from ADC apparatus, all other data from LI-COR instrument measurements.

The lower leaf N concentration in the
slow growing seedlings could be par-
tially related to the dilution effect of
increased leaf mass per unit area (Table
1) that is associated with alterations in
carbohydrate metabolism associated
with N stress (5, 14). The correlation
between shoot growth and leaf N

concentration in the seedlings may
represent an adaptive response to ni-
trogen supply similar to that reported
for birch by Ingestad and Lund (7).
Previous research with plum rootstocks
has indicated significant genetic dif-
ferences in root K uptake rate (R.M.
Carlson, unpublished data) but little is

Table 4. Comparisons of mean leaf photosynthetic rates (umol CO,m-2s-!)
between the 10 tallest and 10 shortest seedling genotypes growing on their
own root or on Marianna 2624 rootstock. See Table 3 for details.

Leaf Photosynthetic Rates (umol CO2'm-s-1)

Seedlings Scions
Tall Short Tall Short
Date Time genotypes genotypes genotypes genotypes
May 5 1000 144 12.9 13.5 10.0
1500 . 128 10.4 12.0 8.3
July 14 1000 11.0 114 12.1 114
1500 10.7 10.9 114 9.8
July 20 1000 14.8 12.7 14.4 132
D N§------===-= X Xemmmmmmnesd 0.05---------- x
X ns X
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Table 5. Comparisons of stem water potentials (mpa) between the 10 tallest
and 10 shortest seedling genotypes growing on their own root or on
Marianna 2624 rootstock. (See Table 3 for details.)

Stem Water Potential (mpa)

Seedlings Scions
Tall Short Tall Short
Date Time genolypes genotypes genotypes genotypes
May 5 1000 -0.67 -0.89 -0.82 -0.61
May 11 1000 -0.73 -1.20 -0.74 -0.77
1500 -1.32 -1.67 -1.27 -1.14
July 22 1500 -1.83 -1.63 157 -1.50
D NS-----mnm-=- X Xommmmemnas N§----=----- X
X ns X
X 0.05 X

known regarding genetic differences
in N uptake capacity in Prunus.

The tall genotypes maintained higher
leaf conductance and photosynthetic
rates than the short genotypes when
both were grown as scions. This oc-
curred even though there were no
apparent differences in leaf water po-
tential or leaf nutrient content between
these particular genotypes grown as
scions. Thus there appears to be a
genetic difference in leaf photosyn-
thetic potential between genotypes that
was related to the differences in seed-
ling growth. Although it has been dem-
onstrated for other species (9) this
type of relationship is relatively rare
in studies of crop physiology (13).
Plant growth and crop productivity
are generally found to be more strongly
related to light interception and re-
source partitioning than individual leaf

photosynthesis under light saturated
conditions (6). Perhaps one of the
reasons why the relationship was ap-
parent among the genotypes grown as
scions was because differences in car-
bon partitioning to the root may have
been minimized by using a common
rootstock.

Because the correlation between
seedling growth and scion growth of
the same genotypes was limited it
would appear unwise at this time to
use seedling vigor (as reflected by
height) in closely planted breeding
populations as selection criteria in a
breeding program of P. domestica.
Seedling height appears to be substan-
tially affected by environmental fac-
tors not directly related to their poten-
tial as scions and therefore its use for
selection could eliminate genotypes
with good scion growth potential and

Table 6. Mean (+ se) leaf concentrations (% dry wt.) of nitrogen, phosphorus
and potassium of the populations of 54 genotypes grown as seedlings and
scions on Marianna 2624 rootstock on 3 different sampling dates in 1988.

Sample Nitrogen Phosphorus Potassium

Date Seedlings Scions Seedlings Scions Seedlings Scions
May 5 2.24 0.04° 3.30 0.06 0.24 0.01° 0.30 0.01 1.74 0.06° 2.45 0.04
June 8 2.37 0.04° 3.50 0.04 0.32 0.01lns 0.34 0.01 1.80 0.07° 2.33 0.05
July 13 2.43 0.05° 3.29 0.04 0.36 0.01ns 0.33 0.01 2.11 0.08° 2.48 0.06

°Indicates significant differences (0.05) between seedlings and scions as determined by Student's t-test.
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fruiting characteristics that are not ex-
pressed due to poor root adaptability
or other factors.

It would appear that grafting or
budding P. domestica seedlings onto
adapted rootstocks shortly after germi-
nation may be an efficient means of
evaluating highly variable progeny.
Although this method is labor inten-
sive during the establishment phase, it
should insure a more uniform evalua-
tion of progeny potential. Furthermore,
experience indicates that it is easier to
maintain grafted trees than seedlings.
At this point we do not know if geno-
types treated as scions are more preco-
cious than their seedling counterparts.
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Mcintosh “Stamped”

The Mclntosh apple was featured on the cover and described in Fruit
Varieties Journal, Volume 44, Number 2, 1990. Subsequently, Canada issued,
on December 27, 1991, three definitive staml;:s in a series entitled “Fruit Trees

in Canada”; Mclntosh apple is featured on t

e 48-cent stamp.
John T. A. Proctor
University of Guelph



