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Abstract. In reciprocal grafts of tall (‘Elberta’ and ‘Loring’) and dwarf (‘Empress’
and ‘Juseito’) peach (Prunus persica Batsch.) phenotypes, we measured dry-matter
partitioning, resistance to root system water flow, and phytohormone content of xylem
exudate. Scion characteristics determined the phenotype and growth characteristics of
the tree irrespective of the rootstock. Tall phenotypes had higher dry weight and lower
root resistance to water flow than dwarf phenotypes. Cytokinin-like activity and auxin
levels in xylem sap were higher in dwarf than in tall phenotypes; whereas gibberellin-
like activity was unaffected by either rootstock or scion. The scion of peach influenced
phytohormone levels and resistance to water flow in the root system in addition to root
and shoot growth.
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No peach rootstock is available that re-
duces scion size as much as that found in
apple (Malus domestica Borkh.). However,
there are some rootstocks being tested that
reduce size as much as 30% (Rom, 1988).
The mechanisms of dwarfing in tree fruit are
unclear but appear to involve the activity of
endogeneous plant hormones. Studies re-
viewed by Faust (1989) have shown that en-
dogeneous levels of gibberellin (GA), abscisic
acid (ABA), and auxin-like compounds ([in-
dole-3-acetic acid IAA)] may or may not be
correlated with variation in growth habits in
fruit trees. Dwarf peach seedlings used as
rootstocks do not impart a dwarfing char-
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acter to the scion (Suzuki et al., 1988) but
they do alter above-ground dry-matter par-
titioning. DeJong and Doyle (1984) dem-
onstrated that minimally pruned dwarf trees
had more dry-matter partitioning to leaves,
fine branches, and fruit and less to wood,
with lower leaf N compared to “open-vase”
standard size trees. In contrast, Scorza et al.
(1986) found that 3-year-old unpruned dwarf
trees partitioned a higher percentage of dry
weight to l- and 2-year-old wood than did
standard trees, and fruit dry-matter partition-
ing did not differ with tree type. Peach (Na-
tali et al., 1985; Natali et al., 1983; Young
and Houser, 1980) and apple (Olien and
Lakso, 1984) rootstocks also affect plant water
relations. In citrus, the hydraulic conductiv-
ity of the root system is altered by the root-
stock (Ramos and Kaufman, 1979; Syvertsen,
1981).

In this study, we tested reciprocal grafts
of standard and dwarf phenotypes and mea-
sured their effect on cytokinin, IAA, and GA
levels in root xylem exudate, dry-matter par-
titioning, and root resistance to water flow
to further characterize rootstock-scion inter-
actions in peach.
One-year-old seedling rootstocks of ‘El-
berta’ (tall) and ‘Juseito’ (dwarf) were grafted
10 cm above the soil line with buds of ‘Lor-
ing’ (tall), ‘Elberta’, ‘Empress’ (dwarf), and
‘Juseito’. Trees were grown in 7-liter con-
tainers with a peat medium and were fertil-
ized weekly and watered twice daily. Trees
were grafted in Spring 1987 and grown in a
greenhouse until August, when they were
destructively sampled. At the time of sam-
pling, trees were well watered and the tops
cut off 5 cm above the graft union. The study
had five single-tree replications. Leaf and
stem wood weight were measured on an oven-
dry (80C) basis. The root system and 15-cm
trunk were placed into a modified Scholan-
der pressure chamber with the trunk extend-
ing 5 to 10 cm from the chamber. Bark and
phloem were removed from the area and a
tube was attached. A pressure of 0.2 MPa
was applied to the root system for a total of
90 min, and the volume of exudate was mea-
sured by collection in a plastic tube at 30
and 90 min. The initial 30 min of exudation
was considered equilibration time, and only
the volume from 30 to 90 min was used in
the calculations of resistance to water flow.
The volume of exudate per 30 min did not
vary significantly between treatments during
this period. Xylem exudate was frozen upon
completion of the resistance measurement.
Four soil cores (98 cm3 each) of the root
mass were washed and root length density
(cm root/cm3 soil) measured using the line
intersect method (Tennant, 1975). Total root
length per tree was estimated from the four
soil cores. Resistance to water flow was cal-
culated as:
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R = (ΑΨ) (ΑΨ) (Rv)/QA)
where R = root resistance to water flow
(min·cm -1); ΑΨ = pressure head (cm H2O);
Q = exudation rate per unit cross sectional
area (cm3· c m-2·min-1); Rv = total root
length (cm); A = area of xylem (cm2).

The root hydraulic resistance measure-
ments assume an undisturbed root system.
In the case of Juseito/Juseito, only a single
tree could be measured with confidence that
the roots had not been broken as the tree was
fitted into the pressure chamber. For all other
rootstocks-scion combinations, at least three
of the five replications were measured with
confidence that no roots were broken during
installation. In cases where root breakage was
suspected, exudate was collected and all
growth variables measured, but hydraulic re-
sistance was not calculated. We are assum-
ing that the phytohormone content of xylem
sap expressed at a 0.2 MPa potential reflects
the concentration of phytohormones carried
in the transpiration stream.

Trans-zeatin riboside (t-ZR) was mea-
sured in undiluted xylem exudate using pre-
pared immunoassay test kits (Phytodetek, San
Bruno, Calif.). Due to cross reactivity with
other cytokinins, the data are referred to as
t-ZR-like activity levels. Serial dilution of
four samples representing the range of phe-
notypes indicated there was no statistical
evidence of nonspecific binding in the xylem
exudate.

Gibberellin-like activity was determined
using a dwarf-rice bioassay (Murakami,
1968). Seeds of ‘Tan-ginbozu’ (Oryza  sativa
L.) were germinated at 27C for 3 days. Ten
seeds were placed in a paper cup containing
242
0.4% agar and grown for 3 days at 27C in a
growth chamber with relative humidity ap-
proaching 100% and fluorescent lights of in-
tensity ≈ 100 µmol·m -2·s-1. Gibberelic acid
standards were prepared from GA, in 95%
ethanol. The standard curve included un-
treated plants, 95% ethanol, water, and GA,
(0.2, 2, 20, and 200 ng/µl). A 0.5-µl aliquot
of sample or standard was placed between
the coleoptile and first leaf using a 10µl sy-
ringe. Plants were grown an additional 3 days
and the length of the second leaf measured
as the bioassay response variable. Prelimi-
nary tests indicated that the dwarf rice re-
sponse was insensitive to ABA, N-6-
benzyladenine and IAA (2 × 10-4 

M). A
serial dilution of four samples spiked with
100 ng GA,, representing the four rootstock
: scion phenotypes, indicated no statistical
evidence of inhibitors of the bioassay were
present in the xylem exudate.

Indole-3-acetic acid (IAA) was measured
in xylem exudate using gas chromatography
with a mass spectrometer detector (GC-MS)
(Hewlett Packard 5871 A). Samples for IAA
analysis were spiked with 10.5 ng 13Cs IAA
(Cohen et al. 1986) before high performance
liquid chromatography (HPLC) purification.
Xylem sap samples were eluted through a
10-cm Spherisorb ODS-1 (Thomson Instru-
ment Co., Springfield, Va.). HPLC column
with 30% methanol/water containing 1%
acetic acid. The flow rate was 1 ml·min-1.
Peak identification of IAA used a fluores-
cence spectrophotometer (EX 285 nm and
EM 360 nm) (Sandberg et al., 1981). The
HPLC fraction was methylated (Cohen, 1984)
and analyzed using selected ion monitoring
at m/Z 130, 136, 189, and 195. Quantifi-
cation of endogenous IAA levels by isotope
dilution analysis was based on the relative
abundance of 12C (m/Z 189 and 130) and 13C
(m/Z 195 and 136) IAA ions, as described
by Cohen et al. (1986).

All data. were analyzed as a completely
randomized design with five replications,
except for hydraulic resistance, which had a
variable number of replications (Table 1).
Linear contrasts were constructed to test
rootstock (‘Elberta’ vs. ‘Juseito’) and phe-
notype (tall vs. dwarf) for growth and phy-
tohormone level. Mean separation of
rootstock-scion combinations by Duncan’s
multiple range test and Ryan-Einot-Ga-
briel-Welsch are presented at P = 0.05 and
0.10, respectively. Regression analysis and
linear contracts used a significance level of
P = 0.05.

‘Juseito’ and ‘Empress’ are dwarf and
‘Loring’ and ‘Elberta’ have a tall stature when
self-rooted or when used as the scion. The
expression of a dwarf or tall phenotype re-
sulted in differences in root length density
(RLD), leaf, stem, and total above-ground
dry weights (Table 1). Leaf, stem, total above-
ground dry weights, and RLD were unaf-
fected by rootstock. Scion characteristics de-
termined the phenotype of the tree, tall or
dwarf, irrespective of the rootstock.

The leaf weight : stem weight ratio or total
weight : RLD ratio was not significantly re-
lated to the tall or dwarf phenotype, indi-
cating overall dry-matter partitioning in these
young trees was not altered by the rootstock-
scion combination. However, dwarf trees did
tend to have a lower total weight : RLD ratio
and a higher leaf weight : stem weight ratio
than tall phenotypes. DeJong and Doyle
(1984) reported that 6-year-old dwarf peach
allocated a large percentage of above-ground
dry weight to leaves and fine branches and
a smaller percentage to the larger wood com-
ponent, compared to standard size trees.

Root resistance to water flow (R) was lower
in the tall rootstock-scion combinations (Ta-
ble 1). While there was not a significant phe-
notype effect on the total weight : RLD ratio,
there was a significant curvilinear relation-
ship between the total weight : RLD and
hydraulic resistance (Fig. 1). Rootstock-scion
combinations with high total weight : RLD
ratios (generally tall phenotypes) had lower
HORTSCIENCE, VOL. 27(3), MARCH 1992
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hydraulic resistance than combinations with
low total weight : RLD ratios (generally dwarf
phenotypes). We did not make anatomical
observations of the roots but observed that
the dwarf phenotypes had a finer root system
than the tall phenotypes. The total weight :
RLD ratio relationship with R ignores root
diameter, and it is possible that root diameter
and the number of xylem vessels were re-
duced by the dwarfing scions.

t-ZR-like activity and IAA levels in the
xylem sap were higher in the dwarfing scion
combinations (Table 2). Elevated cytokinin
levels have been associated with dwarfing in
peach and apple. Nii and Kuroiwa (1986)
found that exogenous sprays of 6-benzylam-
ino purine reduced main leader growth in
peach and promoted lateral branching, re-
sulting in a more compact growth habit.
Looney and Lane (1984) showed that shoot
tips of dwarfing and spurry mutants of
‘McIntosh’ have high endogeneous cytoki-
nin levels and lowered gibberellin-like activ-
ity. Similar to Looney and Lane (1984), we
found elevated levels of t-ZR-Iike activity
associated with dwarf growth habit, irre-
spective of the rootstock. We found no dif-
ference in GA3-like activity between
phenotype or rootstock (Table 2), but activ-
ity was measured midseason when gibber-
ellin activity is generally low in peach xylem
(Christoferi and Filiti, 1981; Grochowska et
al., 1984). Levels of IAA were also highest
in the dwarf scion on Juseito rootstock and
tended to be high for the dwarf scions on
‘Elberta’ rootstock. Grochowska et al. (1984)
found similar results with low-vigor apple
phenotypes. Since the root system is a major
site of cytokinin synthesis (Incoll and Jewer,
1987), it is possible that the scion can influ-
ence cytokinin synthesis in the root system
in addition to root hydraulic resistance and
root and shoot growth. The elevated levels
of t-ZR-like activity and IAA in xylem ex-
HORTSCIENCE, VOL. 27(3), MARCH 1992
udate of dwarf phenotypes suggest an insen-
sitivity of growth to these phytohormones in
respect to growth response or an inhibition
by elevated levels. The elevated cytokinin
and IAA activity in dwarf phenotypes dem-
onstrates that the scion influenced cytokinin
and IAA concentration in the xylem.
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