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Abstract. The dwarfing characteristics of St. Julien and Pixy rootstocks, measured by shoot
growth, were evident with ‘AU-Amber’ and ‘AU-Producer’ plum (Prunus salicina Lindl.)
scions. Dwarfing did not occur with ‘AU-Rubrum’. Trunk cross-sectional area (TCA) was
reduced with ‘AU-Amber’, ‘AU-Producer’, and ‘AU-Rubrum’ scions on St. Julien and
Pixy rootstocks. After 3 years, tree survival was 94% for Lovell; 89%, Halford; 57%,
Nemaguard; 75%, Nemared; 83%, St. Julien; and 47%, Pixy. Tree survivability was
significantly lower on Nemaguard and Pixy rootstocks than on Lovell and Halford.
Multiple regression of total shoot growth, TCA, and survivability against foliar nutrient
content resulted in the following significant equations: 0.460Mg - 0.210Mn, 0.236B -
0.487Mn, and 0.359N + 0.398Ca - 0.267P - 0.360Fe for each, respectively. Growth,
survivability, and foliar nutrient content are significantly affected by rootstock in plum
production.
Many fruit crops are grafted onto root-
stocks for asexual propagation, which offers a
quick and efficient method of maintaining
trees true to type for a particular cultivar.
Rootstocks, however, can have profound ef-
fects on scions, such as controlling plant height,
time of flowering, cold hardiness, disease re-
sistance, and nutritional composition of the
plant (Dozier et al., 1983, 1984; Hartmann and
Kester, 1975; Knowles et al., 1984; Misic,
1990; Okie, 1990). Several different rootstocks
are available for plums (Prunus spp.), includ-
ing seedling and asexually propagated mate-
rial.

Most plum rootstocks are regionally
adapted; rootstocks from other parts of the
world are different from those commonly used
in the southeastern United States (Rom and
Carlson, 1982). The Japanese plum cultivars
common to North America are grown on sev-
eral rootstocks including Myrobalan 29C,
Marianna 2624, Nemaguard, Lovell, and
Halford. The latter two are peach (P. persica
L. Batsch) seedling rootstocks common to the
southeastern United States (Rom and Carlson,
1982). ‘Nemaguard’ is a P. persica × P.
davidiana hybrid (Hesse, 1975). Nemared is a
red-leafed seedling rootstock similar to
Nemaguard in rootstock characteristics, in-
cluding resistance to root-knot nematodes
[Meloidogyne incognita (Kofoid and white)]
and chitwood [M. javanica (Treub) Chitwood]
(Rom and Carlson, 1982).
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Dwarfing rootstocks are also available.
Two such dwarfing rootstocks are St. Julien A
and Pixy, which are clonal material of P.
insititia L. (Cummins and Aldwinckle, 1983;
Hartmann and Keter, 1975). Scholtens and
Wertheim (1990) found no advantage in 10
dwarfing rootstocks over St. Julien A using
‘Victoria’ as the scion.

Incompatibility is an important criterion in
rootstock selection. There have been incom-
patibilities between ‘2977AD’ (a new clonal
plum rootstock) and the ‘Martin’ plum and
some other Prunus species in long-term stud-
ies (Tabuenca and Moreno, 1988).

Extensive studies of rootstock effects on
peaches have been performed in the southeast-
ern United States. In studies of ‘Loring’ peach
on Lovell, Elberta, and Vila Fria rootstocks,
Dozier et al. (1983) found that ‘Lovell’ had the
best yield on a per land area basis and had
equivalent survivability to Elberta. Vila Fria
was unacceptable due to low survival and
yield. Dozier et al. (1984) found that Siberian
C was an unacceptable rootstock due to low
survival and fruit yield. Furthermore, they
found that Nemaguard, although promoting
vigorous growth and resistance to root-knot
nematode, was highly susceptible to ring nema-
tode [Criconemella xenoplax (Raski) Luc and
Raski]. Finally, they concluded that Halford
and Lovell were best for replanting southern
peach orchards prone to peach tree short life.

Fruit quality and yield can be influenced by
nutrient levels in the plant, which also can be
affected by rootstock. Knowles et al. (1984)
found that the rootstock Siberian C was corre-
lated with lower Ca levels, particularly impor-
tant in maintaining fruit quality, in ‘Loring’
and ‘Redhaven’ peach scions. Measurements
of N, K, Ca, Zn, and Mn in Italian prune
(Prunus domestica L.) leaves was lower on
peach rootstock then on St. Julien A rootstock
(Westwood, 1993). Furthermore, plum clones
Myrobalan 29C, Myrobalan B, and St. Julien
A were more efficient in Ca uptake than other
plum and peach rootstocks (Westwood, 1993).

Soil type can have an important influence
on rootstock and therefore rootstock selection.
Myrobalan and Marianna plum rootstocks tol-
erate heavy soils better than peach rootstocks
(Westwood, 1993).

Plant nutrient content and its effect on the
tree can be a complex situation in which one
nutrient can influence the concentration of
another. Sanchez-Alonso and Lachica (1987)
found that Mn deficiency affects efficient N
metabolism in the ‘Golden Japan’ plum. This
was studied further by Reeves et al. (1985)
who found chlorosis caused by high Ca levels
in growing solutions was correlated best with
high foliar P : Fe and P : Zn ratios among the
plum rootstocks tested. Studies with prune-
type plums indicated a positive correlation
between N uptake and Ca, Mg, B, and Zn
uptake (Westwood, 1993). There was also a
correlation Ca uptake and Mg or B uptake
(Westwood, 1993).

Because rootstock has such an important
fundamental effect on scion performance, our
study evaluates rootstock effects on establish-
ment and early performance of plum cultivars
adapted to the southeastern United States.

Materials and Methods

Rootstocks chosen for this study included
Lovell, Halford, Nemaguard, Nemared, St.
Julien A, and Pixy. Scion cultivars used in this
study included ‘AU-Amber’, ‘AU-Producer’,
‘AU-Rosa’, and ‘AU-Rubrum’. The trees were
obtained from Cumberland Valley Nursery,
McMinnville, Tenn. This experiment was ar-
ranged in a randomized complete-block de-
sign. Not all rootstock-scion combinations
were included; therefore, it was not possible to
address rootstock x scion interactions. Conse-
quently, rootstock data are presented for each
cultivar separately. There were six single-tree
replications. The soil at the planting site was a
Rustin fine sandy loam and was prepared
according to Alabama Agricultural Expt. Sta-
tion soil test recommendations with trees
spaced 3 m in the row and 6.1 m between rows.
One-year-old budded whips were planted in
Winter 1989 and were trained to an open-
center tree form. Measurements included cur-
rent shoot growth, trunk diameter, and tree
survival, which were recorded in Fall 1990
through 1993. Current shoot growth was the
average of five terminal shoots measured at
random on each tree. Trunk diameter was
measured 30 cm above ground level. Dead
trees were noted each year at the time growth
measurements were taken. Trees that died in
1990 were not counted, thus each cultivar
began the test with 100% survivability. This
was done to minimize cultural practice bias
and to reflect more closely rootstock effects on
survival.

From the midpoint ofcurrent-year’s growth,
mature leaves were collected in Aug. 1991 and
1992 from each tree. These samples were
analyzed for total N by a modified micro-
Kjeldahl method with a selenium catalyst
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Table 1. Plum shoot growth and increase in trunk cross-sectional area (TCA) from 1990 to 1993

zMeans followed by the same letter within a column for a cultivar are not significantly different by Fisher’s
least significant differences at P ≤ 0.05.

Fig. 1. Tree survival by rootstocks. Mean separation for 1993 by Fishers’ protected least significant
difference at P ≤ 0.05. Lovell, 94 a; Halford, 89 a; St. Julien, 83 ab; Nemared, 75 a-c; Nemaguard, 57
bc; Pixy, 47 c.
(Baker and Thompson, 1992). Phosphorus, K,
Ca, Mg, Mn, Fe, B, and Zn concentrations
were determined using an inductively coupled
argon-plasm spectrophotometer (Donohue and
Aho, 1992).

Statistical analysis was conducted using
Systat 5.2.1. Multiple linear regression analy-
sis was done in a backward stepwise fashion,
with the probability to enter or remove a pre-
dictor set to 0.05 and the tolerance set to 0.1
(Wilkinson et al., 1992).

Results and Discussion

Growth

‘AU-Amber’. In 1990, ‘AU-Amber’ shoot
growth was similar for all rootstocks. In 1991,
its shoot growth was significantly lower on St.
Julien and Pixy than on Lovell, Halford,
Nemaguard, and Nemared (Table 1). Shoot
growth in 1992 was similar on all rootstocks.
In 1993, however, shoot growth on St. Julien
was significantly lower than on Nemared.
Finally, the increase in trunk cross-sectional
area (TCA) over 3 years was significantly lower
on St. Julien or Pixy than on other rootstocks.

‘AU-Producer’ In 1990, ‘AU-Producer’
shoot growth was significantly higher on St.
Julien than on Love11 or Pixy. This was some-
what reversed in 1991, with shoot growth
being greater on Lovell and Nemaguard than
on St. Julien and Pixy. Shoot growth in 1992
was lower on St. Julien than on Lovell or
Halford, and in 1993, it was lower than on
Nemared. The 3-year TCA increase was sig-
nificantly lower on Pixy than on Lovell,
Halford, Nemaguard, and Nemared but did
not differ from that of St. Julien (Table 1).

‘AU-Rosa’. In 1990 and 1992, shoot growth
was not affected by rootstock. In 1991, how-
ever, shoot growth was significantly greater
for scions on Nemared than on Nemaguard,
and in 1993, shoot growth was greater with
scions on Nemared or Nemaguard compared
to those on Halford. The 3-year TCA increase
was not affected by the four rootstocks evalu-
ates with ‘AU-Rosa’.

‘AU-Rubrum’. Nemaguard was not in-
cluded as a rootstock with ‘AU-Rubrum’, and
there were no differences in shoot growth for
any year among the remaining rootstocks
(Table 1). Final TCA increase, however, was
significantly lower with St. Julien and Pixy
than with Nemared.

After 3 years, tree survival on Nemaguard
and Pixy was significantly lower than on Lovell
or Halford, with most deaths on Nemaguard
occurring in the first year, whereas those on
Pixy occurred over 2 years (Fig. 1).

Although neither shoot growth nor increase
in TCA was controlled in every year with each
cultivar, in the aggregate, Pixy and St. Julien
were dwarfing. Dwarfing can be an important
characteristic in fruit tree production. If fruit
productivity per length of shoot or tree longev-
ity are not decreased relative to vigorous trees,
dwarfing allows more trees per unit area and
may increase the amount of fruiting wood for
the same unit of area. This aspect has been
explored and exploited more fully with other
220
fruit trees, most notably apples (Malus
domestica Borkh.). Our study suggests that
the rootstocks may reduce growth of plum
cultivars in some years, but effects on fruit
yield, yield efficiency, and fruit quality have
not been evaluated. However, in this study
possible dwarfing effects are offset by the high
death rate for Pixy. With 83% surviving after
3 years, St. Julien may be a better rootstock
candidate for high-density plum plantings.

Nutrients

There were no significant foliar nutrient
level x year interactions for any of the ele-
ments measured; therefore, the analysis was
conducted on data combined for the two years.

‘AU-Amber’. ‘AU-Amber’ exhibited no
difference in foliar N, P, Fe, B, or Zn based on
rootstock. Potassium levels were significantly
higher on Pixy rootstock compared to
Nemaguard or Nemared (Table 2). Calcium
and Mg were significantly lower on Pixy and
St. Julien compared to Lovell, Halford, or
Nemaguard. Manganese levels were higher on
Pixy than on all but St. Julien.

‘AU-Producer’. ‘AU-Producer’ had higher
levels of P on Pixy than on all rootstocks but
St. Julien; it had higher K levels on Pixy and
St. Julien than on Nemaguard, Halford, or
Lovell. Calcium levels were lower on Pixy
than on Nemaguard or St. Julien. Magnesium was
lower on Pixy than on all rootstocks but St.
Julien. Iron concentrations were lower on Pixy
than St. Julien. Boron was higher in foliage of
‘AU-Producer’ grafted on Lovell than on
HORTSCIENCE, VOL. 30(2), APRIL 1995



Table 3. Multiple regression results of foliar nutrient
concentrations as predictors of shoot growth
(1990 to 1993), increase in trunk cross-sectional
area (TCA), and survivability.z

zEquations are adjusted so the constant (y-intercept)
equals 0.
trees grafted to Nemared, St. Julien, and Pixy.
‘AU-Rosa’. ‘AU-Rosa’ grafted on Halford

had higher foliar P concentrations than when
grafted on Nemaguard or Nemared. Also, K
levels were higher on Halford than on
Nemaguard. Calcium levels were higher on
Halford and Nemaguard than on Nemared.
Foliage Mg levels were higher on Lovell and
Halford than on Nemaguard and Nemared.
Finally, Zn levels on Halford were higher than
on Lovell, Nemaguard, or Nemared.

‘AU-Rubrum’. ‘AU-Rubrum’ foliage N
levels were higher on St. Julien than on Lovell
or Pixy. On St. Julien rootstock, ‘AU-Rubrum’
had higher K levels than on all other rootstocks
(Table 2). Calcium levels were significantly
lower on Pixy than on Nemared or St. Julien.
Magnesium levels on St. Julien and Pixy were
significantly lower than on Halford or
Nemared. Also, Mn levels were higher on St.
Julien and Pixy than on the other rootstocks
(Table 2).

None of the nutrient concentrations mea-
sured in this study were below or above the
normal range for the nutrient in question for
plums (Childers, 1983; Westwood, 1993). To
better clarify the relationship between foliar
nutrient levels and growth and survivability,
multiple linear regression was conducted with
the foliar nutrient levels as the predictors of
total shoot growth for 1990 to 1993, TCA, and
survival (Table 3). A stepwise analysis indi-
cated that Mg and Mn were positive and nega-
tive predictors of shoot growth, respectively.
The R2 value indicated that ≈32% of the vari-
ability in total shoot growth is predicted by the
applicable equation (Table 3). Of TCA, ≈34%
was predicted by changes in Mn and B. Fi-
nally, N and Ca as positive predictors and P and
Fe as negative predictors accounted for ≈30%
of the survivability in plum trees in this study.
Table 2. Rootstock effect on foliar nutrient content o

zMeans followed by the same letter within a column fo
least significant difference at P ≤ 0.05.
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Calcium levels, which have been impli-
cated in peach tree survival are of particular
interest (Knowles et al., 1984). Calcium levels
were lower on Pixy than on other rootstocks
but not always significantly so. This low con-
centration may be partially responsible for the
high death rate of trees on Pixy rootstock.
These results are similar to those with peaches,
where there was a positive correlation between
Ca levels and tree survival (Knowles et al.,
1984). This factor does not explain the high
death rate of Nemaguard, which led to rela-
tively high Ca levels in scion leaves. In studies
on prunes, the correlation between N and Ca
(Westwood, 1993) is particularly interesting
in regard to our study: these two elements
were important predictors of tree survival.

Knowles et al. (1984) also found a correla-
tion between low K concentrations and poor
survival. This relationship was not present
with scions on Pixy rootstock, which had
relatively high K levels; however, Nemaguard,
which had low foliar K levels (not always
significantly so), also had low survival.

Although these equations are significant in
predicting total shoot growth, TCA, and sur-
vival, we cannot offer any satisfactory expla-
nation for these results, which should be inter-
preted as exploratory. More elaborate experi-
ments are required to fully characterize the
relationship between foliar nutrient content
and these growth characteristics.

Based on this study, Nemaguard and Pixy
should not be used as rootstocks for plum in
the southeastern United States because of poor
survival. Further study of yield, survival, and
tree growth will have to be conducted before
alterations of current recommendations con-
cerning plum rootstocks can be made and the
continued widespread practice of using seed-
ling peach rootstocks is altered.
f plum cultivars.
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