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(7) ABSTRACT

The ‘K146-43° rootstock is an inter-specific hybrid
rootstock, useful primarily as a commercial understock for
peach and nectarine cultivars. The stock has been success-
fully propagated clonally by hardwood cuttings. This root-
stock imparts a substantial degree of vigor control to the
scion cultivar that is propagated on top of it. The utilization
of adapted growth controlling rootstocks in commercial
orchard situations reduces the height of the individual
orchard tree without compromising the quality of the fruit.
This in turn increases the efficiency of various cultural
operations such as pruning, thinning and harvesting by
reducing the need for workers in the field to use tall ladders
when carrying out these operations.

9 Drawing Sheets
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Botanical/commercial classification: Inter-specific hybrid
(Prunus salicianaxP. persica)/Peach and Nectarine Root-
stock.

Varietal denomination: cv. K146-43.

BACKGROUND OF THE INVENTION

Field of the Invention

Over half of the annual production costs for California
peaches involve hand labor for pruning, thinning and har-
vesting which is done on ladders because of the large size of
the trees. It is widely recognized that production costs could
be substantially reduced if the size of the trees could be
reduced enough to eliminate the need for ladders in the
orchard. The benefit of size controlling rootstocks has been
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clearly demonstrated in apples and revolutionized the apple
industries in Europe and the U.S.

The primary factor in limiting the use of size-controlling
rootstocks in stone fruit production is the lack of availability
of suitable size controlling rootstocks with a wide range of
compatibility among cultivars. In particular, there is a tre-
mendous need for size-controlling rootstocks compatible
with peach and nectarine.

SUMMARY OF THE INVENTION

‘K146-43’ is an inter-specific hybrid (Prunus salicianaxP.
persica) rootstock that is graft compatible with peach and
nectarine (P. persica) scion cultivars and confers size-
control (approx. 40-50%) to the peach scions. ‘Flavorcrest’
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peach, the parent peach trees grown on this rootstock, are
productive, smaller and require less pruning than trees
grown on standard commercial rootstock (‘Nemaguard®).

‘K146-43’ is an inter-specific seedling genotype derived
from a cross made in 1979 between Prunus salicina (‘K47-
31’ plum, an un-named selection from the USDA, ARS
Fresno breeding program) and Prunus persica (‘Flavorcrest’
peach) which is not patented. The seed were stratified
germinated in the greenhouse and the seedlings planted in
the field in the spring of 1980 at USDA, ARS, Postharvest
Quarantine and Genetics Research Unit plots at the Univer-
sity of California research plots at Kearney Agricultural
Center, Parlier, Calif. 93648. The plant was subsequently
budded in the nursery in 1982 and planted at USDA, ARS,
Postharvest Quarantine and Genetics Research Unit in
Fresno, Calif. The first propagation trial was done in 1982
from cuttings from the original tree. ‘K146-43’ was first
asexually propagated from hardwood cuttings in Fresno,
Calif. and subsequently in Oakdale, Parlier, Davis, and
Newcastle, Calif. Only 8.3% of the cuttings grew in this first
propagation trial but subsequent propagation trials have
resulted in >80% success. New cultivar ‘K146-43’, in com-
parison with the parent ‘K47-31°, is a peach-plum hybrid
and so has intermediate characteristics between typical
peach and Japanese plum cultivars. ‘K146-43" produces no
fruit and is suitable as a rootstock only. The parent ‘K47-31,’
in contrast, is a Japanese plum (Prunus salicina) and thus
has all the characteristics of typical fruiting Japanese plum
varieties. The propagaules obtained through succeeding
asexual propagation of ‘K146-43’ retain the new distinctive
characteristics and reproduce true to type, as demonstrated
in the statistical data in the Tables. Initial screening of
‘K146-43’ for susceptibility to rootknot nematode indicated
that ‘K146-43 is mildly susceptible.

In November, 1986, cuttings of ‘K146-43’ were made and
planted in a commercial nursery, budded in the nursery in
May 1987, and planted at the University of California,
Kearney Agricultural Center in January 1988. This was a
large rootstock evaluation trial involving more that 80
potential peach rootstock genotypes. The peach scion culti-
var used in this trial was O’Henry. After 7 years of collecting
field data in this trial, ‘K146-43’ was selected for further
replicated field productivity trials based on its ease of
propagation from cuttings, lack of root suckering, compat-
ibility with peach scions and major size-controlling charac-
teristics. Crop productivity of the O’Henry scion cultivar
grown on ‘K146-43’ was excellent considering the reduced
tree stature.

‘K146-43° was propagated again by taking cuttings in
November 1994 and planted in a commercial nursery, bud-
ded in the nursery in June 1995, and planted at University of
California, Kearney Agricultural Center in February 1996.
This was a large, replicated field productivity trial involving
the eight best potential rootstock genotypes from the 1987
trial. The peach scion cultivars for the main part of this trial
were ‘Flavorcrest’ and ‘Loadel’. After eight years of col-
lecting tree performance data, ‘K146-43° stands out as a
rootstock that has major size-controlling potential (tree size
equal to 50-60% of trees on the standard industry rootstock,
‘Nemaguard’) and would be acceptable for commercial use.
Additional field trials in growers’ orchards have been initi-
ated and to date these trials corroborate previous findings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows comparisons of pruning weights (summer
and dormant season combined) for open vase trained
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‘Loadel’ (Top) and ‘Flavorcrest’ (Bottom) peach trees on six
different rootstocks during the first six years in the orchard.

FIG. 2 shows comparisons of pruning weights (summer
and dormant season combined) for ‘KAC-V’ trained,
‘Loadel’ (Top) and ‘Flavorcrest’ (Bottom) peach trees on six
different rootstocks during the first six years in the orchard.

FIG. 3 shows fruit yields (fresh weight) of open vase
trained ‘Loadel’ (Top) and ‘Flavorcrest’ (Bottom) peach
trees on six different rootstocks in years three through six in
the orchard.

FIG. 4 shows fruit yields (fresh weight) of ‘KAC-V’
trained ‘Loadel’ (Top) and ‘Flavorcrest’ (Bottom) peach
trees on six different rootstocks in years three through six in
the orchard.

FIG. 5 shows the seasonal pattern of Trunk Cross Sec-
tional Area (TCA) growth of ‘Loadel’ (A) and ‘Flavorcrest’
(B) and of TCA growth rate of ‘Loadel’ (C) and ‘Flavorcrest’
(D) third leaf open vase peach trees growing on six different
rootstocks. Error bars represent +1 standard error of the
mean.

FIG. 6 shows the seasonal pattern of average length of
basal stems (B) arising from one-year-old wood (A, B),
shoots (S) arising directly from scaffolds (C, D), and termi-
nal shoots (T) arising from one-year-old wood (E, F) in
‘Loadel’ (A, C, E) and ‘Flavorcrest’ (B, D, F) open vase trees
on six different roostocks. Error bars represent +1 standard
error of the means.

FIG. 7 shows the rootstock influence on the diurnal
extension growth rate of terminal shoots (t) and water-
sprouts (w) of ‘Loadel’ open vase trees, for Jun. 22-23,
1999. A=Average air temperature; B=hourly stem extension
rate; C=diurnal pattern of stem water potential. Vertical error
bars represent =1 standard error of the measurement means
and horizontal error bars indicate standard error from the
mean time of measurement.

FIG. 8 shows the total length of watersprouts expressed as
shoot length (including lateral shoot lengths) per tree (A),
and per unit of annual increase of scaffold cross sectional
area (B) in ‘Loadel’ open vase trees on six different root-
stocks. Bars indicate *1 standard error of the mean.

FIG. 9 shows pictures of peach trees grown at the UC
Kearney Agricultural Center, Parlier, Fresno County, Calif.
FIG. 9A shows a ‘Hiawatha’ tree (open pollinated seedling
of P. besseyixP. salicina) FIG. 9B shows a ‘K146-43’ plant
(P, salicina v. P. Persica).

BOTANICAL DESCRIPTION OF THE PLANT

The following horticultural description was developed
from plant material of the new cultivar growing at the
University of California Kearney Agricultural Center (KAC)
in Parlier, Calif. Trees were observed during the year 2002
growing season when they were approximately ten years
old. Color definitions used throughout the following descrip-
tion are from “The Royal Horticultural Society Colour
Chart” 37 edition published in 1995. The new cultivar is an
interspecific hybrid, the result of a cross between Prunus
salicina (cv. USDA Selection ‘K47-31) and Prunus persica
(cv. ‘Flavorcrest’). As a result of this pedigree some phe-
notypic characters of this cultivar resemble the peach parent
and others favor the plum parent.

TREE

The trees from which this description has been made were
first planted at KAC as a source of cutting material from
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which to propagate the new rootstock for experimental
plantings. Trees of peach rootstock were planted in 1993 and
grafted later that same year with wood of ‘K146-43". The
propagated trees were grown normally in an open vase
training system for two years. Since that time they have
received a rather severe annual pruning to keep them in a
highly vegetative state. The heavy pruning favors the devel-
opment of many long straight shoots especially suited for the
production of clonal rooted cuttings. The tree of the subject
new cultivar is vigorous and hardy under typical San
Joaquin Valley climatic conditions. Tree form is upright to
upright-spreading. Tree height at the end of the 2002 grow-
ing season ranges from 2.6 to 2.9 meters, with 1.65 to 1.78
meters of that height in new, current season’s growth in the
upper portion of the tree. Lower in the tree, current season’s
growth ranges from 0.38 to 0.64 meters. Tree width across
the crown of the tree ranges from 1.52 meters down the row
to 2.13 meters across the row. The trees are located in a high
density planting with 3.66 meters between the tree rows and
1.52 meters between each tree.

TRUNK

The lower 28 to 31 cm of the trunk of the subject trees is
peach rootstock. The trunk of the ‘K146-43’ topstock at the
point of union with the peach root ranges from 12.5 to 12.8
cm in diameter. The trunk surface is relatively rough and
furrowed with a moderate amount of scarfskin present.
Trunk color ranges from a very dark brown on the oldest
surfaces (Fan#4, Sheet 200-A) to a lighter grey (Fan#4,
Sheet 201-A). Growth cracks in the older wood have a
lighter color, ranging from a brown-tan (Fan#4, Sheet 165-
B) to a darker grey-brown (Fan#4, Sheet 199-A). Bark
lenticels on the trunk are moderately numerous but relatively
small, ranging from 1.5 to 3.5 mm in width and from 0.5 to
1.5 mm in height. Lenticel color ranges from a light grey
(Fan#4, Sheet 201-B) to a grey-brown (Fan#4, Sheet 199-
B). Lenticel shape is a broad oval, substantially flattened
vertically.

BRANCHES

The tree branches are in the normal range of thickness and
appear intermediate in appearance between the peach parent
and the plum parent. The primary scaffolds arising from the
trunk, range from 5.1 to 6.9 cm in basal diameter. Base
diameter of upper spreader limbs ranges from 2.8 to 4.8 cm.
Base diameter of lower and smaller hanger wood ranges
from 0.8 to 1.5 cm. Older branch surfaces are netted and
lightly furrowed with a moderate amount of scarfskin
present. Branch surface color ranges from dark brown
(Fan#4, Sheet 165-A) to a lighter brown (Fan#4, Sheet
165-B). Numerous small and flattened bark lenticels are
present. Lenticel size ranges from 1.0 to 5.0 mm in width
and from 0.5 to 1.0 mm in height. Lenticel color on the older
branches varies from a grayish-brown (Fan#4, Sheet 199-A)
to a lighter brown (Fan#4, Sheet 165-B). Short spurs can
arise along two-year-old or older wood. These spurs usually
fall within a length range of from 5 to 25 mm. Such spurs
usually produce a high number of buds, from 8 to 30,
depending on the length of the spur.

Younger, current-season shoots vary in color from a
medium yellow-green (Fan#3, Sheet 144-B) to a darker
green (Fan#3, Sheet 146-C). These shoots can eventually
become partially or fully brown later in the season (Fan#4,
Sheet 199-C). The surface of younger shoots is relatively
smooth and glabrous, becoming somewhat netted on the
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surface during the latter part of the season. Bark lenticels on
the young wood are numerous, appearing initially as light
greenish colored dots only about 0.5 mm in diameter
(Fan#3, Sheet 144-C). These lenticels darken throughout the
season. Internode length of hanger wood is in the average
range, from 15 to 25 mm between the nodes.

LEAVES

The leaves are medium in size. Measurements have been
taken from leaves growing near the midpoint of upright
vigorous shoots. Leaf length ranges from 12.3 to 15.9 cm,
including the petiole. Leaf width ranges from 4.3 to 5.3 cm.
Leaf thickness is normal. Leaf surface is moderately rugose.

LEAF FORM

The leaf form is lanceolate. The leaf apices are slightly
variable, ranging from acute to at times acuminate.

LEAF COLOR

Color of the upper leaf surface is a dark green (Fan #3,
Sheet 146-A to Sheet 146-B). The lower leaf surface is a
lighter grey-green in color (Fan #3, Sheet 146-D).

LEAF MARGINS

Leaf margin form is crenate. The individual crenations are
medium in size and moderately uniform. The margins are
very slightly undulate. At full maturity, leaf margins often
roll downwards under the plane of the leaf.

LEAF PETIOLE

The leaf petioles are of average size. The petioles range
from 10 to 16 mm in length and from 1.5 to 2.0 mm in
thickness. The petiole surface is pubescent, with an abun-
dance of short pubescence. Petiole color is a light green-
yellow (Fan #3, Sheet 145-B). No stipules are present in late
summer.

LEAF GLANDS

All leaf glands are reniform in shape but vary in position
on the leaf. From O to 2 glands can be present on the leaf
petiole. When present in this position, the glands almost
always are present on a stalk. From 2 to 4 glands can be
present on the leaf blade margins. These glands are always
positioned along the basal portion of the leaf margin and are
not on stalks.

FRUIT

The ‘K146-43° tree is sterile and does not produce fruit.
Most likely the interspecific parentage of this new variety is
the cause of its sterility.

FLORAL DESCRIPTION

The following description was developed from floral plant
material obtained from trees of ‘K146-43’ growing at the UC
Kearney Agricultural Center, Parlier, Fresno County, Calif.
The flowers were described in March of 2002.
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[FLOWER BUDS]

SIZE

The flower buds range from small to medium in size.
Buds range from 3 to 4 mm in length and from 1.5 to 2.0 mm
in width.

FORM

The buds are relatively narrow and pointed. The buds are
moderately appressed to the bearing shoot. The buds are
hardy under typical San Joaquin Valley climatic conditions.

COLOR

The bud scales are a medium brown (Fan#4, Sheet
200-C).

BUD SURFACE

The surface of the buds is lightly pubescent, with the
pubescence most evident along the upper margins of the bud
scales.

BLOOM TIMING

The date of bloom is average in relation to standard peach
cultivars grown commercially in the San Joaquin Valley. The
date of appearance of first bloom was Mar. 3, 2002. Date of
full bloom was March 8, 2002.

FLOWER SIZE

The flower of ‘K146-43’ is of the showy type and is in the
medium range of this specific flower type. Flowers in a fully
expanded condition, range from 28 to 32 mm in diameter.
Many blossoms do not open fully, but remain in a somewhat
cupped position even at full maturity.

BLOOM QUANTITY

The quantity of bloom produced is moderate to slightly
less than average. Initially 2 to 4 buds are present per node,
with 2 to 3 buds most common. Prior to bloom, many buds
abscise from the tree.

FLOWER PETALS

The flower petals are generally of medium size. Petal
length varies from 16 to 18 mm and petal width from 13 to
17 mm. Petal number is five. The petal form is very broadly
ovate. The petal color is generally a very light pink (Fan#2,
Sheet 69-C) over most of the petal surface. A darker pink
color is present basally and over the petal claw (Fan#2,
Sheet 62-C). The petal claw is truncate in form. Claw width
ranges from 1.5 to 2.0 mm and claw length averages 1.0 mm.
The petal margins are moderately undulate and strongly
cupped inwards. The petal apices are variable from generally
rounded to notched.

FLOWER PEDICEL

The flower pedicel is very short. Pedicel length ranges
from 1.0 to 1.5 mm. Pedicel thickness ranges from 1.0 to 1.5
mm. Color of the pedicel is a bright shiny green (Fan#3,
Sheet 144-C). The pedicel surface is glabrous.

8
FLORAL NECTARIES

The floral nectary color is a greenish-yellow (Fan#3,
Sheet 151-B).

CALYX

The calyx surface is glabrous and very rugose. The
underlying color of the calyx and calyx veins is greenish
(Fan#3, Sheet 144-C). Purple speckling is present on the
calyx interveinal areas (Fan#2, Sheet 63-A).

SEPALS

Sepal surfaces are generally glabrous except along the
sepal margins where a moderate amount of pubescence
occurs. The sepals are moderately large, ranging from 4 to
5 mm in length and from 4.0 to 4.5 mm in width. Sepal form
is broadly ovate. Exterior color of the sepals is primarily
dark purple (Fan#2, Sheet 59-C) with occasional areas
where the greenish underlying color shows through the
purple (Fan#3, Sheet 144-C).

ANTHERS AND POLLEN

The anthers are of average size. Anther color both ven-
trally and dorsally is a yellow-orange (Fan#1, Sheet 13-A).
Pollen is moderately abundant. Pollen color is yellow-
orange (Fan#1, Sheet 13-B).

STAMENS

Stamen length is quite variable, from 6 to 11 mm in
length. The stamens are much longer when compared to the
poorly developed pistil. Stamen color is a very light pink
(Fan#4, Sheet 56-D). Stamens become somewhat darker
with age.

PISTIL

Pistil length is variable, ranging from 2 to 5 mm including
the ovary. Pistil color is a very light yellow-green (Fan#3,
Sheet 150-D). The pistil surface is glabrous. The pistil
appears thin and essentially undeveloped, probably due to
the interspecific parentage of the subject new cultivar.

COMPARISONS

Comparison #1

In February, 1996 a field rootstock trial was established at
the University of California Kearney Agricultural Center,
Parlier, Calif. The research block consisted of two peach
scion cultivars (Prunus persica L. Batsch cvs. ‘Loadel’
(clingstone) and ‘Flavorcrest’ (freestone) bud-grafted onto
ten different rootstock genotypes. The ten rootstocks were
‘Alace’, ‘Hiawatha’, ‘Sapalta’ (open pollinated seedlings of
Sapa, a Prunus besseyixP. salicina hybrid), ‘K-145-5,
‘K-146-43’, ‘K-146-44°, ‘P-30-135" (P. salicinaxP. persica
hybrids) ‘K-119-50° (P. salicinaxP. dulcis hybrid) and two
control rootstocks, ‘Citation” (P. salicinaxP. persica) and
‘Nemaguard’ (P. persica). A total of thirty-six trees of each
rootstock/scion combination were planted in two different
training systems. Four replications of five trees each were
planted and trained to the ‘KAC-V’ perpendicular V system;
(DeJong et. al. 1994) and four replications of four trees each
were planted and trained to the standard open vase system
(Micke et. al. 1980). Between-row spacing was the same for
all rootstock/scion/training system combinations (4.88 m.)
but in-row spacing varied according to expectations of final
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tree size. In-row tree spacing was 1.98 m (1035 trees/ha) for
trees on ‘Nemaguard’ and ‘P-30-135" and 1.83 m (1120
trees/ha) for ‘K-119-50°, ‘Alace’, ‘Hiawatha’, ‘Sapalta’,
‘K-145-5’, ‘K-146-43" and ‘K-146-44’ in the ‘KAC-V’
system; and 4.88 m (420 trees/ha) for ‘Nemaguard’ and
‘P-30-1357, 4.27 m (480 trees/ha) for ‘K-119-50°, ‘Alace’,
‘Hiawatha’, ‘Sapalta’ and ‘K-145-5°, and 3.66 m (560
trees/ha) for ‘K-146-43" and ‘K-146-44" in the open vase
systems. Replication of the rootstock/scion combinations
were randomized within training system/scion cultivar sub-
plots. In-row tree spacing between replications in the open
vase system was the shortest tree distance within the repli-
cations plus one-half the spacing difference between the
replications (ie. when a ‘Nemaguard’ replication was
planted adjacent to a ‘K-146-43° replication, the in-row
spacing between replicates was 4.27 m).

The soil at the site is a well-drained Handford, fine sandy
loam. The trees were flood-irrigated to maintain 100% of
potential evapo-transpiration prior to harvest and about 80%
after harvest. Fertilizer and pesticides were applied accord-
ing to standard horticultural practices. Weeds were con-
trolled by mowing the row middles and applying herbicides
to maintain a 1.5 wide weed-free strip down the tree rows.

Trees were pruned during midsummer and during the
dormant season according to standard recommendations for
growing the two systems for each year except for years one
and four when they were only dormant pruned (DeJong et al.
1999). Severity of pruning was adjusted according to the
growth characteristics of each rootstock/scion combination
to optimize crop production while developing/maintaining
the desired tree shape. The first significant fruit set occurred
in the third leaf and crop load was adjusted for tree size by
hand thinning to maintain a minimum spacing between fruit.
Because patterns of fruit maturity varied somewhat with
rootstock, fruit were harvested in several picks but data were
combined from all harvests to calculate mean fruit yield.
Data on crop load (fruit per tree and fruit size were also
recorded but are not reported in this paper).

Results From Comparison #1

Rootstock related differences in tree size and vigor were
apparent after the first year of growth in the field. ‘Nema-
guard’ was clearly the most vigorous; followed by ‘K-119-
50°, ‘P-30-135°, ‘Hiawatha’, ‘K-145-5°, ‘K-146-43’,
‘Alace’, ‘Sapalta’, ‘K-146-44" and ‘Citation’, respectively.
However, in the fall of the first year in the field several trees
of ‘Citation’, ‘K-145-5°, ‘Alace’ and ‘Sapalta’ appeared
unhealthy with premature leaf fall and leaf “boating” and
“bronzing”. During the subsequent spring several of these
trees died while others appeared to recover. But by the
following fall, additional trees appeared unhealthy and more
died. As a consequence these scion/rootstock combinations
were eliminated from the formal experiment and no further
data on them was collected. Thus, the remainder of this
specification will only report on data from the remaining six
rootstocks in the trial (‘Nemaguard’, ‘K-119-50°, ‘P-30-
135°, ‘Hiawatha’, ‘K-146-43°, ‘K-146-44").

After six years in the orchard, overall tree size as indi-
cated by trunk circumference was consistently reduced
across all scion/training system combinations by each size-
controlling rootstock. (Table 1). Trees on the two most
size-controlling rootstocks (‘K-146-43’ and ‘K-146-44") had
trunk circumferences that were 61-72% of trees on ‘Nema-
guard’” whereas trees on the least dwarfing rootstock (‘P-30-
135”) had trunk circumferences that were 92-95% of those
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on ‘Nemaguard’. Trees on ‘Hiawatha’ were 76—-87% of those
on ‘Nemaguard’, while trees on ‘K-119-50" were 83%—-86%
of trees on ‘Nemaguard’.

In spite of the differences in tree size and vigor, all trees
were pruned in a manner that was deemed appropriate to
maintain optimum fruiting potential for each scion/
rootstock/training system combination. Although there were
yearly variations in the amount of brush pruned from each
combination over the first six years of the trial, a clear
picture of the effectiveness of each rootstock on reducing
excessive vegetative growth compared to trees on ‘Nema-
guard’ was apparent when the annual pruning weights were
plotted for each rootstock/scion/training system combina-
tion over the six years of the trial (FIGS. 1 and 2). The
effectiveness of the size-controlling rootstocks for reducing
the amount of dry matter that needed to be removed during
pruning relative to trees on the vigorous control
(‘Nemaguard®) was greater in the larger open vase trees than
the higher density ‘KAC-V’ system. Similarly, the effect of
the size-controlling rootstocks on reductions of pruning
weights were greater with the more vigorous scion cultivar
(‘Flavorcrest’, an early fresh marker peach) compared to the
weaker scion cultivar (‘Loadel’, an early processing cling-
stone peach). Perhaps the most interesting aspect of these
data are the relatively large reductions in cumulative pruning
weights with the size controlling rootstocks over the six
years of the trial compared to the more modest differences
in trunk circumference which is also a cumulative measure-
ments. For example, the cumulative pruning weights for
trees on ‘K-146-44° over six years were 17, 23, 32 and 26%
of trees on ‘Nemaguard’ for the ‘Loadel’/!KAC-V’,
‘Flavorcrest’/‘'KAC-V’, ‘Loadel’/‘Vase’, ‘Flavorcrest’/
‘Vase’, respectively, while differences in trunk circumfer-
ences ranged from 61-72% of trees on ‘Nemaguard’.
Similarly, cumulative pruning weights for trees on ‘P-30-
135’ ranged from 57-70% of trees on ‘Nemaguard’ while
trunk circumferences on the same rootstock ranged from
92-95% on trees on ‘Nemaguard’.

Patterns of crop yield per tree during years three through
six in the orchard followed patterns of relative tree size in
each scion/rootstock/training system combination (FIGS. 3
and 4). Trees on the more size controlling rootstocks
appeared to reach full yield potential at about the same time
as trees on the more vigorous rootstocks in the higher
density ‘KAC-V’ system but clearly lagged behind the
vigorous rootstocks in the open vase systems so it is difficult
to make clear judgements about the final relative yield
potentials of the various rootstock/scion combinations in
each system other than to note that annual as well as
cumulative crop yields per tree are at least 30% lower with
the most size-controlling rootstocks compared to trees on
‘Nemaguard’. Crop yields of ‘Flavorcrest’” peaches on
‘K-119-50’ and ‘P-30-135’ tended to be more comparable to
those on ‘Nemaguard’ than for ‘Loadel’ peaches with the
same rootstocks. Although no fruit size data are presented
here, mean fruit sizes among the three most vigorous cul-
tivars were very similar but the three more size controlling
cultivars tended to have somewhat smaller mean fruit sizes.
At this time, it is not clear if the fruit size tendencies are a
real function of the rootstock or a result of a tendency for the
fruit thinners to leave more fruit on the smaller trees relative
to the size of the trees.

In an effort to develop information concerning the relative
efficiency of each scion/rootstock/training system
combination, we converted fruit fresh weight to dry weight
and calculated a modified harvest increment (kg annual fruit
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dry weight/kg annual pruning weight) for each scion/
rootstock/training system combination for the four years that
we had harvest data (Table 2). Although there was substan-
tial variation between years, all of the experimental root-
stocks had higher mean modified harvest increments than
trees on ‘Nemaguard’ for a given year within each scion/
training system combination. Also there was a general
tendency for trees in the open vase system to have higher
modified harvest increments than trees in the ‘KAC-V’
system. Similarly, the less vigorous, more heavily cropped
‘Loadel’ trees tended to have higher values than the ‘Fla-
vorcrest’ trees for each rootstock/training system combina-
tion. The high amount of variability in these data was due to
variability in pruning and fruit thinning practices as well as
the biological variability inherent in the scion/rootstock/
training systems combinations. However, the general trends
in the data clearly indicate the size-controlling rootstocks
have the potential to increase partitioning of dry matter to
fruit, relative to vegetative growth, for a given scion/training
system combination. Thus, if training systems and tree
densities can be feasibly adjusted so that total annual accu-
mulation of dry matter in an orchard is comparable to what
is currently achieved with trees on ‘Nemaguard’ in
California, it should be possible to increase crop yields with
smaller trees using these size-controlling rootstocks. Inten-
sive studies of growth characteristics of the trees on various
rootstocks indicate that the primary differences between the
scions on the size controlling rootstocks and trees on ‘Nema-
guard’ are related to shoot internode length and shoot
extension growth rate (Weibel et al., 2002). Furthermore,
these factors appear to be related to differences in diurnal
patterns of stem water potential (Basile et al., 2002a) and
root hydraulic conductance (Basile et al., 2002b).
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Comparison #2

Data were obtained in 1998 and 1999 on two peach
[Prunus persica (L.) Batsch] cultivars, ‘Flavorcrest’ (an
early fresh market, freestone cultivar) and ‘Loadel’ (an early
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clingstone, processing cultivar) grafted on six different root-
stocks: ‘Nemaguard’ (P. persica seedling, the standard vig-
orous rootstock for California), ‘Hiawatha’ (open-pollinated
seedling of a P. besseyi BaileyxP. salicina Lindl. hybrid),
‘K-146-43°, ‘K-146-44°, ‘P-30-135 [P. salicina Lindl.xP.
persica (L.) Batsch hybrids] and ‘K-119-50° [P. salicina
Lindl.xP. dulcis (Mill.) D. A. Webb hybrid]. Trees were
planted at Kearney Agricultural Center of the University of
California, Parlier, Calif. in 1996. Trees were trained to the
standard open vase system and spaced in relation to the
anticipated size of rootstock/scion combination. Densities
were 420, 480 and 560 trees/ha for ‘Nemaguard’ and ‘P-30-
135°, ‘K-119-50° and ‘Hiawatha’, and ‘K-146-44’ and
‘K-146-43° trees, respectively. Trees were planted in a
randomized complete block design with four replications
and four trees per replicate. The plot was managed according
to normal commercial practices with a herbicide strip in the
tree row and a mowed cover crop strip between rows. Trees
were flood irrigated to replace 100% of estimated evapo-
transpiration. Seasonal temperature was recorded at a
CIMIS (California Irrigation Management Information
System) station located within 1 km of the plot. Vegetative
growth was monitored by measuring trunk cross-sectional
area (TCA), shoot and internode length, summer and winter
pruning weights, and diurnal extension growth.

Trunk cross-sectional area, shoot and internode growth.
Initial and final trunk diameters at 20 cm from the soil were
measured on all treatment trees at the beginning and after the
end of the 1998 growing season. Trunk cross-sectional area
(TCA) was subsequently calculated assuming a circular
trunk. Seasonal increment in TCA was followed on one tree
per treatment replicate (the tree closest to the mean size) at
intervals of 20-30 days during the growing season. Daily
growth rate and percent of total annual TCA increment were
calculated to compare the cycle of trunk growth among
different rootstocks.

Shoot length growth during the season was measured on
two scaffolds in the same trees of each rootstock replicate
that were selected for measurement of seasonal growth of
the TCA in both varieties. Three different types of shoots
were selected and tagged: shoots arising directly from the
scaffold (S), shoots arising near the base of previous year
hanger shoots (B) and terminal shoots growing from the
same hangers (T). Hangers are defined as unbranched one-
year old shoots from the previous season that were selected
for fruit bearing during dormant pruning. Shoot growth was
recorded every 20-30 days from May to October.

In January 1999, the number of nodes were counted on
each of the tagged shoots in the ‘Loadel’ trees. Mean length
of each type of shoot from the two scaffolds was also
measured. Mean internode length was calculated for trees on
each rootstock based on node number and shoot length data.
One medium-sized scaffold was tagged from each of the
selected trees, and the number and length of one-year old
shoots, new lateral shoots and watersprout shoots were
recorded. Angles of insertion of shoots that came directly
from the scaffold were also measured. All scaffold diameters
of these trees were also measured at the base of the scaffolds
at the beginning and the end of the growing season in 1998
to establish the yearly increase of the scaffold cross-
sectional area (SCA). The number of shoots and laterals per
tree were calculated for each rootstock based on data from
the one scaffold and its SCA compared to the total SCA of
the whole tree. The length of primary growth originating
from dormant buds from the previous season was calculated
for each tree. Secondary and tertiary growth generated from
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buds formed during the current season was also estimated.
By adding these three kinds of growth, the total shoot
growth was calculated per tree considering the total primary,
secondary and tertiary shoot length growth per measured
scaffold and the total SCA of the tree. Shoot growth data
from the measured scaffold was multiplied by the ratio: total
SCA/individual SCA. Additionally, the ratio between the
different measured parameters and the increment in the
scaffold cross-sectional area (SCA) was calculated.

The current-year shoots with lateral shoots and basal
diameters more than 7.5 mm were considered to be water-
sprouts and their diameters, number of laterals, primary,
secondary, tertiary and total length growth were recorded
separately. Number of watersprouts and laterals, and length
of watersprout growth per tree were calculated by the same
procedure used for shoots. Relationships between shoot
length and increase of SCA were compared among root-
stocks.

Diurnal stem extension growth rate. Diurnal stem exten-
sion rate (SER) was measured on well exposed vigorous
shoots on ‘Loadel’ open vase trees. SER was measured by
making fine ink marks with a permanent marker on selected
stems on Jun. 22-23,1999. The distance between fine marks
was measured at approximately 4-h intervals during the day
and 6-h intervals in the night with a digital caliper. SER was
determined by dividing the length increment (amount of
change in distance between marks) by the amount of time
between measurements (Berman and DeJong, 1997b). SER
was studied on two kind of shoots: Terminal shoots on
hangers at ~1.5 m from the soil surface and vigorous upright
watersprouts in the upper part (~3 m) of the trees. The largest
shoots (watersprouts) in each of the trees per replicate (two
trees per replication) were used. For the terminal shoots, one
growing shoot per tree and replicate was selected. Stem
water potential (Wg;) was measured on mature leaves, close
to the scaffolds. Leaves were covered with aluminum cov-
ered plastic bags (McCutchan and Shackel, 1992) at least
one hour before the measurements. After this period, it was
assumed the leaf Wy, was equilibrated with that of the xylem
sap to which the leaf was attached. Then, the leaves were cut
and put in the pressure chamber (model 3005, Soil Moisture
Equipment Corporation, Santa Barbara, Calif. Two leaves
per tree were used to measure stem water potential.

Influence of rootstocks on pruning weights. All trees
except the ones chosen for the previously described seasonal
shoot growth measurements were summer pruned on Aug.
18, 1998. Summer pruning consisted of removing only water
sprouts and competitive, vigorous shoots on the main scaf-
folds. Fresh weight of the harvested material was obtained
from individual trees. Stems and leaves from one tree per
block were dried at 65° C. to convert fresh weight to dry
weight. All trees were also dormant pruned in January 1999.
Samples of fresh weight from each rootstock/scion combi-
nation were dried at 65° C. to convert fresh weight to dry
weight. Dormant pruning consisted of removing vigorous
shoots and shaded limbs. Strong, upright fruiting shoots
were headed and the remaining shoots were thinned as
required for the next season’s fruit production.

Fruit yield measurements. Standard yield studies were
done on ‘Loadel’ and ‘Flavorcrest’ trees on the various
rootstocks. All trees were normally (commercially) thinned.
Fruits were harvested following standard commercial pro-
cedures. In ‘Loadel’ trees, harvest was done in five picks
(Jul. 6, 10, 15, 21 and 28, 1998) while ‘Flavorcrest” was
harvested in three parts (Jun. 19, 23 and 30, 1998). Number
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of fruits per tree and total fruit weight per tree were
recorded. Means were compared using Tukey test (P=0.05).

SAS software (SAS Institute, Cary, N.C.) was used for
analyses of variance to test for differences among treat-
ments. Multiple mean separations were carried out using
Tukey’s multiple range tests (P<0.05).

RESULTS FROM COMPARISON #2

Trunk cross-sectional area (TCA) measurements. The
initial TCA and yearly increment were comparable in
‘Loadel” and ‘Flavorcrest’ trees. Trees on ‘K-146-44" and
‘K-146-43’ had the smallest increment in TCA, while trees
on ‘Nemaguard’ had the largest increase with both cultivars
(Table 3). During the growing season, ‘K-146-44’ and
‘K-146-43° had a clear negative effect on the TCA growth
rate relative to the other rootstocks (FIG. 5). Trees on
‘Nemaguard’ had the largest relative increase of TCA. Trees
on ‘Nemaguard’, the most vigorous rootstock, had the
highest percentage increase in TCA during the first and
middle part of season. Trees grafted on ‘P-30-135° and
‘K-119-50° grew at an intermediate rate during the whole
vegetative growing period (FIG. 5).

Seasonal shoot growth pattern. In general, basal shoots
(B) on one-year-old fruiting shoots (hangers) reached close
to their final length early in the season but ‘Loadel’ shoots
of ‘Nemaguard’ kept growing later into the season compared
to the other rootstocks (FIG. 6A). Shoots on ‘Loadel’ trees
on ‘K-146-44° grew early, slowed down and then resumed
growth toward the end of the season (FIG. 6A). Shoots on
‘Flavorcrest’ trees on ‘Hiawatha’ grew later in the season
than the rest of the rootstocks. Shoots on trees grafted on the
two most dwarfing rootstocks, ‘K-146-44° and ‘K-146-43’
grew mostly at the beginning of the season (FIG. 6B).

New shoots arising directly from the scaffold branches (S)
in ‘Loadel’ trees on ‘Nemaguard’ grew more rapidly than the
other rootstocks, especially at the beginning of the vegeta-
tive season (FIG. 6C). ‘Nemaguard’ stimulated ‘Flavorcrest’
S shoot growth more than ‘Loadel’. ‘Flavorcrest’ trees on
‘K-146-44° and ‘K146-43" had significantly reduced S shoot
stem length relative to ‘Nemaguard’ (FIG. 6D).

Terminal shoots on fruiting hangers growing from termi-
nal buds (T) on ‘Loadel” and ‘Flavorcrest’ trees continued
growing almost to the end of the vegetative period. On
‘Nemaguard’, the ‘Loadel’ shoots initially grew rapidly and
this initial growth was related to the final length. The most
size controlling rootstocks, ‘K-146-44° and ‘K-146-43°,
produced trees with the shortest shoots during the vegetative
period and consequently at the end of the year (FIG. 6E). No
statistically significant differences were found among root-
stocks for growth of T shoots with ‘Flavorcrest’, although
the measurement means had the same general seasonal
pattern as ‘Loadel’ (FIG. 6F).

Diurnal stem extension growth. On Jun. 22-23, 1999,
diurnal growth was measured on two kinds of shoots;
terminal shoots and watersprouts. Growth of terminal shoots
did not statistically differ, however the mean general trend of
terminal shoot growth of trees on ‘Nemaguard’ was slightly
higher than trees on ‘K-146-43°, especially at midday and
early afternoon (FIG. 7B). Stem water potential of trees on
‘Nemaguard’ was generally less negative than trees on
‘K-146-43’ (FIG. 7C). Diurnal watersprout shoot growth
followed a similar trend as terminal shoots although the
absolute growth values of watersprouts were higher (FIG.
7B). Trees on ‘K-146-43’ tended to have the least growth
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during the period when stem water potential was recovering
and temperature was decreasing. (FIG. 7C).

Shoot growth per tree. ‘Loadel’ trees on ‘Nemaguard” had
the highest number of one-year-old shoots per tree and were
statistically different from ‘K-146-44", which had the lowest
number of shoots per tree. Trees on ‘Nemaguard’ and
‘K-119-50° had the most laterals per tree, while trees on
‘K-146-44° and ‘K-146-43" had approximately one-sixth the
number of laterals per tree compared to ‘Nemaguard’ (Table
4). Trees grafted on ‘Nemaguard’ produced about three
times more primary growth per tree than trees on the most
dwarfing rootstock, ‘K-146-44". Growth generated by lateral
shoots (secondary and tertiary growth) showed clear differ-
ences among rootstocks. Secondary and tertiary growth in
trees on ‘K-146-44’ was less than one-sixth of trees on
‘Nemaguard’ (Table 4). Total length growth (primary, sec-
ondary and tertiary growth) per tree was markedly influ-
enced by rootstocks and followed the same pattern as TCA
increment. Growth on ‘Nemaguard’ was substantially
greater than on all the other rootstocks while growth on
‘K-146-44° and ‘K-146-43" was the least. The amount of
one-year-old wood in trees on ‘K-146-44° and ‘K-146-43°
was about one-third that of trees on ‘Nemaguard’ (Table 4).
Between 4.6% and 6.6% of the total estimated numbers of
shoots per tree (Table 4) were watersprouts with a basal
diameter >7.5 mm. There was a clear trend toward increas-
ing water sprout growth per tree with the more vigorous
rootstocks (FIG. 8A) but when expressed on a scaffold
cross-sectional area basis, only the smallest rootstocks
appeared to differ from ‘Nemaguard’ (FIG. 8B). On a shoot
length basis, watersprout growth of trees on ‘P-30-135°,
‘K-119-50°, ‘Hiawatha’ and ‘Nemaguard’ represented
48%—53% of the total annual extension growth. In contrast,
watersprout growth only represented 26%—32% of the total
extension growth per tree for trees on ‘K-146-44" and
‘K-146-43".

Insertion angle of shoots arising from scaffolds. The angle
between the insertion of one-year-old shoots and scaffolds
from which they originated appeared not to be influenced by
the rootstocks. Similar values for all the rootstocks were
recorded at the end of the season. The mean angle of
insertion varied between 50.4 and 54.9° relative to the
scaffold across trees on the various rootstocks.

Number of nodes and internode length of one-year old
shoots. Shoots were measured at the end of the season to
determine shoot and internode length in ‘Loadel’. The mean
internode length of the shortest tagged shoots (basal shoots
from hangers, B), differed among rootstock (Table 5).
Although mean internode lengths only differed significantly
between ‘Nemaguard® (the longest) and ‘Hiawatha’ (the
shortest), the general pattern among all branch types indi-
cated that internode length was the longest on shoots that
grew on trees grafted on ‘Nemaguard’. The number of nodes
was similar in the different rootstocks, so most of the
variation in shoot length was attributable to internode length
(Table 5). In the shoots from scaffolds (S), mean internode
lengths were largest on trees on ‘Nemaguard’ and ‘K-119-
50°, and they were statistically different from trees on
‘K-146-44" and ‘K-146-43’. Trees on ‘P-30-135° and ‘Hia-
watha’ had intermediate internode lengths. Trees grafted on
‘Nemaguard’ and ‘K-119-50° had the longest shoots, how-
ever there were no significant differences in the number of
nodes among trees on the different rootstocks, so again most
of the variation was due to mean internode length (Table 3).
The longest shoots, T shoots, had the shortest mean intern-
ode lengths on trees on ‘K-146-44" and ‘K-146-43". Trees on
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‘Nemaguard’ produced the longest T shoots and the differ-
ences in length were primarily related to differences in
internode length rater than number of nodes. (Table 5).

Pruning weights. In ‘Loadel’ trees, dry and fresh weight
per tree of leaves and stems from summer pruning was
highest in trees on ‘Nemaguard’, followed by trees on
‘K-119-50’ and ‘P-30-135". Trees on ‘K-146-44’ and K-146-
43 needed just a light pruning (Table 6). With ‘Flavorcrest’,
rootstocks could be separated into three groups on the basis
of dry and fresh weight obtained from the summer pruning
in August. The greatest vegetative material was taken from
trees on ‘Nemaguard’, and the least from ‘K-146-44" and
‘K-146-43’ trees. Trees on ‘K-119-50°, ‘P-30-135’ and ‘Hia-
watha’ were intermediate (Table 6).

Rootstocks also markedly influenced fresh and dry mass
removed during dormant pruning. ‘Loadel’ trees required
less dormant pruning than ‘Flavorcrest’ trees. Fresh and dry
weights of prunings per tree were greatest for trees on
‘Nemaguard’ and the least for ‘K-146-44°. Prunings from
trees on ‘P-30-135 and ‘K-119-50" had greater dry and fresh
weights than prunings from trees on ‘Hiawatha’, ‘K-146-44°
and ‘K-146-43" (Table 6). ‘Flavorcrest’ trees on ‘Nema-
guard’ required significantly more pruning than the other
rootstocks. In contrast, trees on ‘K-146-44 and ‘K-146-43’
had the least dormant prunings. (Table 6).

Crop yields. ‘Loadel’ trees on ‘Nemaguard’ rootstocks
had the largest mean fresh fruit yield per tree. Similarly,
‘Flavorcrest’ trees on ‘Nemaguard’ also had greater yield per
tree than trees on all the other rootstocks but less than the
‘Loadel’ trees (Table 7). The differences in crop yield
between trees on the various rootstocks corresponded fairly
well to differences in tree size with both the ‘Loadel’ and
‘Flavorcrest’ trees on the two most size-controlling root-
stocks (‘K-146-43’ and ‘K-146-44’) carrying the least num-
bers of fruit and producing the lowest yields (Table 7). The
mean fruit size on the smaller rootstocks also tended to be
less than for trees on the more vigorous rootstocks (data not
shown).

Pictures of peach trees on ‘Hiawatha’ rootstocks (FIG.
9A) and ‘K-146-43’ (FIG. 9B) illustrate the differences
between the two rootstocks.

DISCUSSION

Trunk cross-sectional area: Annual TCA increment and
seasonal TCA growth rate. The results of this trial provide a
good example of a wide range of vigor induced by peach
rootstocks. It has been reported that rootstocks affect not
only the absolute growth of the TCA but also the seasonal
growth rate pattern of the scion trunk (Bernhard, 1985;
Forshey and Elfving, 1989; Swarbrick, 1929; Tustin et al.,
1997). Although TCA is not the only parameter used to
describe the vegetative growth (Forshey and McKee, 1970;
Preston, 1958; Wilcox, 1937a), it is indicative of cumulative
growth from planting (Heinicke, 1922; Murray, 1927; West-
wood and Roberts, 1970). Based on the initial trunk cross-
sectional area (TCA), the six different rootstocks in both the
‘Loadel’ and the ‘Flavorcrest’ open vase trees could be
grouped in three distinctive categories: [—semi-dwarf or
dwarfing rootstocks (‘K-146-44’ and ‘K-146-43"),
[I—intermediate rootstocks (‘Hiawatha,” ‘P-30-135" and
‘K-119-50’), and III—the most vigorous rootstock
(‘Nemaguard®) which is the control (Table 3).

‘Loadel’ and ‘Flavorcrest’ open vase trees grafted on
‘K-146-44" and ‘K-146-43’ grew only 25%—37% as much as
trees on ‘Nemaguard’ (control). In apples, “dwarfing
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rootstocks”, such as ‘M9’ and ‘M27° may produce a tree
15%—-35% the size of trees on seedling rootstocks (Rom and
Carlson, 1987; Westwood, 1978) so ‘K-146-44" and ‘K-146-
43’ rootstocks appear to have effects on peach that are
similar to ‘M9’ and ‘M27’ on apple.

The yearly TCA increment of both ‘Loadel’ and ‘Flavor-
crest’ open vase trees followed a pattern similar to the initial
TCA except that trees on ‘P-30-135°, with the ‘Flavorcrest’
scion, had a high growth rate that was comparable to trees
on ‘Nemaguard’ (Table 3). During 1998, the seasonal TCA
growth rate of ‘Loadel” and ‘Flavorcrest’ open vase trees had
different patterns depending on the rootstocks (FIG. 5). TCA
of trees on the two most dwarfing rootstocks, ‘K-146-44"
and ‘K-146-43°, had almost continuous growth during the
season, until October, but the TCA increase during August in
the other rootstocks declined when the highest seasonal
temperatures were recorded. The reduction in TCA growth
in the largest rootstocks could have been a consequence of
decreased water status after harvest caused by high
temperatures, and relatively larger tree canopies, which
would have the highest transpiration rate per tree. Canopy
size induced by the more vigorous rootstocks also covered
the “assigned” surface area more quickly than the smallest
rootstocks. This could have reduced the available soil water
content for the larger trees more than the smaller trees.
Despite the reduction of August TCA growth in trees grafted
on the invigorating rootstocks, the daily growth rate
throughout the season was lower in trees on ‘K-146-44" and
‘K-146-43’ than in the other rootstocks.

Seasonal shoot growth rate. Several reports indicate that
rootstocks markedly affect scion shoot growth and this
parameter can be used as an indicator of vigor differences
among rootstocks (Barlow, 1964; Forshey and Elfving,
1979; Khatamian and Hilton, 1977). The general growth
pattern of shoots in each category (shoot type B, T and S)
was similar among the different scion/rootstock combina-
tions with an initial rapid growth and then a slowing growth
rate after the middle of the summer. In general, shoots on
‘Nemaguard’ initially grew faster than on the other
rootstocks, while shoots of the trees on ‘K-146-44’ and
‘K-146-43" trees had the lowest growth rates (FIG. 6). More
available carbohydrates may have been present in branches,
scaffolds, trunk and roots of the large trees at the beginning
of the season to allow the faster development of shoots and
leaves on the more vigorous rootstocks compared to the
dwarf rootstocks. However, no carbohydrates were analyzed
in this study. No general differences were noted in the length
of the growing season among the different rootstocks. Only
‘Hiawatha’ appeared to have an earlier slow-down of shoot
growth which was accompanied with a decline of TCA
increment and earlier leaf fall. Therefore, the observed
differences in total shoot length between most rootstocks
were attributable to rate of growth rather than length of the
shoot growth period. The differences in internode length
among the trees on various rootstocks were consistent with
this hypothesis.

Diurnal extension growth rate affected by rootstocks.
Since shoot growth rate must be a function of diurnal shoot
growth and Berman and DeJong (1997b) documented that
diurnal shoot growth is a function of temperature and
changes in stem water potential, we attempted to determine
if differences in stem extension growth rate were related to
diurnal patterns of stem water potential. The effect of
changing water status on plant growth has been demon-
strated by many studies (Acevedo et al., 1971; Hsiao and
Jing, 1987). Water potential patterns and diurnal shoot
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growth in the current study were similar to those observed
by Simonneau et al (1993) and Berman and DeJong (1997b),
with stem dehydration occurring in the morning and rapid
hydration occurring in the evening when the transpiration
rate decreased. On Jun. 22-23, 1999, trees on ‘K-146-43’
tended to have lower mean stem water potential and shoot
extension growth rate than trees on ‘Nemaguard’, especially
in the afternoon (FIG. 7). In general, trees grafted on
dwarfing rootstocks had lower stem water potential which
may be related to low stem extension growth during the day.
The observed reduction in diurnal stem extension growth
rate in the dwarfing rootstocks may indicate the reason for
the lower average shoot length of trees grafted on the more
size-controlling rootstocks (Table 5). The higher stem water
potential found on trees grafted on ‘Nemaguard’ compared
to the more size-controlling ones, in particular ‘K-146-43°,
could be the consequence of differences in hydraulic resis-
tance at the bud union or in the root system (Olien and
Lakso, 1984). Further studies related to this particular point
could help in the understanding of a diurnal stem extension
growth rate mechanism related to dwarfing rootstocks.

Winter measurements: shoots, laterals, watersprout and
internode length. It has been reported that rootstocks directly
affect the total growth of shoots (Murase et al., 1990;
Salvatierra et al., 1998; Stutte et al., 1994; Wilcox, 1937b),
and one of the most important parameters is the number and
length of shoots and watersprouts because they are related to
hand labor activities (pruning, thinning and harvest).

Although only trees on ‘Nemaguard’ differed significantly
from trees on ‘K-146-44’ in the number of one-year old
shoots per tree, there was a tendency for larger trees to have
more shoots than smaller trees. The same trend was apparent
in the estimated number of lateral shoots per tree, where
trees on ‘K-146-44’ and ‘K-146-43" had fewest, while trees
on ‘Nemaguard’ and ‘K-119-50’ had the most (Table 4).
Total shoot length and primary, secondary and tertiary
growth per tree were significantly higher in trees grafted on
‘Nemaguard’ than on ‘K-146-44° and ‘K-146-43". Trees on
‘K-119-50°, ‘Hiawatha’ and ‘P-30-135’ had intermediate
values (Table 4). Average shoot length also indicated a trend
related to tree vigor, where trees on ‘Nemaguard’ had the
longest shoots and trees on the dwarfing rootstocks, ‘K-146-
44’ and ‘K-146-43’, had the shortest shoots.

Annual TCA increase was related with total shoot growth
per tree. Apparently, the total increase in shoot length
followed patterns similar to yearly TCA increment (Tables 3
and 4). These results are consistent with reports for apples
(Heinicke, 1922; Khatamian and Hilton, 1977; Westwood
and Roberts, 1970).

Before initiating the experiment, the presence of the
largest shoots, watersprouts, was suspected to be associated
with tree vigor. The shoot growth data made it clear that the
largest trees, especially trees on ‘Nemaguard’, had the
greatest watersprout growth per tree, including primary,
secondary and tertiary growth (FIG. 8). These results sug-
gest that about 50% of the extension growth in the largest
trees went into watersprouts, but much of this was removed
by summer and dormant pruning (Table 6) representing an
inefficiency in the peach production system.

Previous reports have found differences in the insertion
angle of shoots induced by apple rootstocks (Crabbé, 1984;
Preston, 1968; Warner, 1991). However, there were no
significant differences or even trends supporting this concept
in this peach experiment (data not shown).
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Shoot internode length was associated with tree size. In
general, the more size-controlling the rootstock, the shorter
the internode length (Table 5). These results agree with
Murasse et al. (1990) who reported that peach trees on less
vigorous rootstocks produce shorter shoots with shorter
internodes. In the present study, trees on more-size control-
ling rootstocks had shorter internode lengths than trees on
the vigorous rootstocks, independent of the size of the
shoots.

A noteworthy aspect of the individual shoot growth
studies was that the variation in number of nodes of all B
shoots arising from the basal nodes of the previous season
lateral shoots (hangers) was very low (9.8+0.2). There was
slightly more variability in node number of S shoots (laterals
shoots arising directly from scaffold wood) (16.3x0.6) and T
shoots arising from the terminal vegetative bud on hangers
(31.9+0.6). The consistent number of nodes of B shoots may
reflect the number of “preformed” nodes inherent in lateral
vegetative buds in this position on shoots of this cultivar
(‘Loadel’). If this is the case it would indicate that shoot
growth in specific locations in peach trees is more determi-
nate than commonly thought (Kramer and Kozlowski,
1979). The fact that the three different types of shoots had
three different but relatively consistent node numbers per
shoot may indicate that individual shoot node number is
more dependent on point of morphological origin on the tree
than the environmental condition/exposure during growth
(Sabatier and Barthelemy, 2001).

Influence of rootstocks on summer and winter pruning.
Previous studies have indicated that pruning (summer and
winter) is correlated with the size of the trees and particu-
larly with rootstock vigor (Barlow, 1964, 1971; Forshey and
McKee, 1970). Required summer and winter pruning was
directly associated with the size of trees. It was necessary to
remove more material from trees on ‘Nemaguard’, espe-
cially watersprouts. Dry weight removed from summer
pruning of ‘Loadel’ and ‘Flavorcrest’ open vase trees on
‘K-146-44° was approximately 3% and 14%, respectively, of
trees on ‘Nemaguard’ (Table 6). Dormant pruning dry
weight differences were similar. It is clear that dwarf peach
rootstocks have advantages over more invigorating root-
stocks relative to reduced summer and dormant pruning, and
it is encouraging that major differences in vegetative growth
between these roostocks may be classified as “excessive”
since much of it is growth that is removed during commer-
cial pruning procedures.

Influence of rootstocks on tree yield. The fruit yield
responses in this study are comparable to other research on
peach rootstocks (Felipe et al., 1997, Minguzzi and Poli,
1988; Murase et al., 1990) where the general trend of the
larger the tree the higher the yield per tree appears to fit. In
California, ‘Nemaguard’ rootstock is known for producing
trees with high vigor and high yields of large fruit. Clearly,
the size-controlling rootstocks in this study produced trees
with less vigor but unfortunately also less yield. However,
since the trees in this study were only in their third year in
the orchard it is too early to draw too many conclusions
about the ultimate production efficiency of the various
rootstocks. Longer-term yield data have been collected and
reported elsewhere (DeJong et al., 2003).

The differences in tree yield and crop load between the
‘Loadel’ and ‘Flavorcrest’ scion cultivars on the various
rootstocks may account for the tendency toward the apparent
greater vigor of the ‘Flavorcrest’ trees compared to the
‘Loadel’ trees in some of the vegetative growth measure-
ments. However, clearly most of the differences in vegeta-
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tive growth among rootstock with the same scion cultivar
are due to rootstock differences and not crop load since crop
load and yield were least on tree of the smaller rootstocks.

This experiment demonstrated significant effects of the
tested rootstocks on vegetative growth of two peach culti-
vars. Annual TCA increment was related to the annual shoot
growth in all the rootstocks. No marked differences were
found in the general seasonal pattern of shoot growth among
the studied rootstocks, but trees on the more vigorous
rootstocks initially grew more rapidly than trees on the
smallest rootstocks. Variations in shoot growth length were
attributed to variations in the daily extension shoot growth,
where the invigorating rootstocks induced the scion to grow
faster than trees on the more size-controlling rootstocks.
Correspondingly, average shoot and internode lengths were
reduced in trees on the more size-controlling rootstocks. No
differences were found in the insertion angle of shoots
among trees on all the rootstocks. Total shoot growth per tree
was proportional to the induced size, where watersprouts
contributed to half of the growth with the vigorous root-
stocks and only one-third to one-fourth of the growth on
dwarfing rootstocks. However, shoot growth per unit of
scaffold cross-sectional area was comparable among all but
the smallest rootstocks. Summer and winter pruning was
related to tree size so that trees grafted on the more size-
controlling rootstocks, ‘K-146-44" and ‘K-146-43°, required
the least pruning.
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TABLE 1

Trunk circumferences (cm) of Flavorerest and Loadel scion cultivars
on six rootstocks and two training systems at the end of the sixth
growing season (December 2001). Values represent the mean (V SE) of
measurements of the four replications in the high density ‘KAC-V’
and standard density “open vase” parts of the trial.
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TABLE 2-continued

Caleulated mean modified harvest increments (kg fruit dry weight/kg
pruning weight) of years three through six for two peach scion cultivars
(Loadel and Flavorcrest) in two training systems
(KAC-V and Open Vase) on six root stocks.

Year 3 Year 4 Year 5 Year 6

P-30-135 0.95 2.55 1.27 1.05
Hiawatha 0.81 2.29 0.70 1.21
K-146-43 1.07 4.36 1.75 212
K-146-44 1.26 412 1.59 1.79

Flavorcrest, KAC-V

Nemaguard 0.20 0.47 0.66 0.42
K-119-50 0.30 0.94 1.13 0.56
P-30-135 0.23 0.79 1.00 0.51
Hiawatha 0.24 0.76 1.06 0.60
K-146-43 0.74 1.53 2.14 0.76
K-146-44 0.50 1.26 1.74 0.97

Loadel, Open Vase

Nemaguard 0.85 2.10 1.32 1.31
K-119-50 1.19 3.43 1.81 2.08
P-30-135 1.25 2.91 1.81 1.75
Hiawatha 1.57 3.47 2.00 2.09
K-146-43 1.85 4.46 1.79 3.21
K-146-44 3.13 4.41 — 3.08

Flavorcrest, Open Vase

Nemaguard 0.33 0.80 1.06 0.61

K-119-50 0.36 1.18 1.30 0.88

P-30-135 0.32 1.01 1.10 0.81

Hiawatha 0.44 1.59 1.23 1.09

K-146-43 0.57 1.79 1.88 1.68

K-146-44 0.62 1.38 1.34 1.42
TABLE 3

Mean annual TCA increment of three-year-old ‘Loadel” and ‘Flavorcrest’
open vase trees grafted on six different rootstocks.

Loadel
LOADEL FILAVORCREST
Initial TCA Yearly TCA increment

ROOTSTOCK ~ Open Vase ~ KAC-V  Open Vase  KAC-V ROOTSTOCK (em?) (em?)
Nemaguard 56 = 0.5 39 £ 0.7 65 = 1.0 46 = 1.1 K-146-44 18.6 (1.91) ¢* 147 (2.22) ¢
K-119-50 48 + 0.8 33:18 54 £21 3B8+15 K-146-43 25.6 (2.03) c 17.6 (1.81) c
P-30-135 52+15 3622 62 1.5 43 £ 3.1 Hiawatha 54.6 (3.35)b 37.2(244)b
Hiawatha 46 + 0.9 34x12 50 £2.0 37+20 P-30-135 59.6 (2.69) b 37.5(193)b
K-146-43 3605 27 = 0.7 4203 27 £ 0.7 K-119-50 56.3 (1.77)b 36.9 (2.00) b
K-146-44 3517 28 = 0.5 42 £06 28 = 0.6 Nemaguard 74.0 (2.66) a 572 (2.05) a

Flavorcrest
TABLE 2
Initial TCA Yearly TCA increment
Caleulated mean modified harvest increments (kg fruit dry weight/kg ROOTSTOCK (em?) (em?)
pruning weight) of years three through six for two peach scion cultivars

(Loadel and Flavorerest) in two training systems K-146-44 24.3 (0.89) ¢ 274 (0.77) b
(KAC-V and Open Vase) on six root stocks. K-146-43 28.4 (2.24) ¢ 29.0 201 b
Hiawatha 524 (5.97)b 47.7 (4.40) ¢
Year 3 Year 4 Year 5 Year 6 P-30-135 57.6 2.31) b 70.0 (1.94) a
K-119-50 51.8 (6.05) b 54.0 (2.52) b
Loadel, KAC-V Nemaguard 77.4 (2.14) a 75.0 (2.83) a

Nemaguard 0.62 1.62 0.92 0.72
K-119-50 0.72 2.26 1.09 1.07

“Different letters within columns indicate that means differ significantly
(Tukey P < 0.05). Numbers in parenthesis are SE.
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TABLE 4-continued

Calculated mean number of one-year old shoots, new lateral shoots and
growth in length per tree in ‘Loadel” open vase trees,

on six different rootstocks.

Calculated mean number of one-year old shoots, new lateral shoots and
growth in length per tree in ‘Loadel” open vase trees,
on six different rootstocks.

Number of Number of

one year old new lateral
Rootstocks shoots/tree®y shoots/tree®
K-146-44 628.0 (88.1) b 142.0 (34.6) b
K-146-43 809.0 (125) ab 202.3 (47.1) b
Hiawatha 985.5 (107) ab 603.3 (58.1) ab
P-30-135 920.4 (117) ab 429.7 (60.4) ab
K-119-50 1,022.1 (108) ab 599.7 (38.3) a
Nemaguard 1,266.4 (78.5) a 888.7 (253) a

Shoot length per tree

Secondary

Primary growth/ and tertiary

Total growth/tree

Rootstocks tree (m)™ growth/tree (m)”  (m)"
K-146-44 122.39 37.46 159.85
(19.75) d ©.85) ¢ (23.94) ¢
K-146-43 152.31 51.22 203.53
(8.29) cd (15.69) be (14.48) ¢
Hiawatha 238.73 177.11 415.83
(19.74) b (22.02) a (24.18) b

P-30-135 215.48 155.73 354.99
(18.39) be (22.75) ab (35.83)b

K-119-50 247.41 184.66 432.07
(17.63) b (22.20) a (33.67)b

Nemaguard 366.08 231.42 597.50
(24.12) a (38.72) a (60.89) a

“Different letters within columns indicate that means differ significantly
(Tukey P < 0.05). Numbers in parenthesis are SE.
¥One year old shoots.

*Total number of laterals includes laterals of second and third order

gowth.
Growth originated by a dormant bud.
YGrowth originated from lateral and sublateral buds during the vegetative
growth period.
“Primary, secondary and tertiary growth added.

Proposed Field Test of the Lins Method Thermal Oil Recovery Process in
Athabasca McMurray Tar Sands, Husky Oil Company.

What is claimed is:

1. A new and distinct peach and nectarine rootstock plant,
‘K146-43°, as herein described and illustrated.

#* #* #* #* #*



U.S. Patent

Oct. 12, 2004

Sheet 1 of 9 US PP15,228 P2

FIG. 1

—e— Nemaguard
—0— K-119-50
—&— P-30-135
—&- Hawatha
—e - K-146-43
—&— K-146-44

;éAf**

f‘——'{ Loadel (vase)

\o//

. o

Flavorcrest (vase)

20
15 1
10 -
@
Q
S
X 54
wn
18]
k=
5
20
5
0
S 15 -
p=
>
Q
10 4
5.
0
0

3

4 9 6

Tree Age (years)



U.S. Patent Oct. 12, 2004 Sheet 2 of 9 US PP15,228 P2

FI1G. 2
12
~—e— Nemaguard Loadel (KAC-V
0] T
-~ - Hawatha
—» . K-146-43
B4 —— k14644
—~ B -
@
Q
S
<
& 21
=
5
I 0
ks)
w 10 -
(03]
=
> 871
O
6
4 .
2 i
0
0

Tree Age (years)



U.S. Patent Oct. 12, 2004 Sheet 3 of 9 US PP15,228 P2

FIG.3
180
—o— Ne ua
160 - -0~ K-l‘:g?ﬁom
—a— P-30-135
140 A —&- Hawatha _Q
- K-148-43 o—
120 { —o- K-148.44 e
Pre
100 - S
80 A P P 4
o 40 LT
® -
5 9 Loadel (vase)
< 0
o
@ 160 A
>—
140 -
120 -
100
B0 -
60 -
40 1
20 - -~
¥ Flavorcrest (vase)
0 . r ' .
2 3 4 5 b 7

Tree Age (years)



U.S. Patent Oct. 12, 2004 Sheet 4 of 9 US PP15,228 P2

FI1G. 4

60

—#8— Nemaguard
30 {4 - K-119.50

—a— P-30-135

—-- Hiawatha

—o - K-148.43
40 1 o Kiseae
30 A
20 -

10

Yield (Kgitree)
o

60 -
40 -
30 -
20 -

10 | -
o« Flavorcrest (KAC V)

2 3 4 5 : 7
Tree Age (years)



U.S. Patent

TCA growth (cm?2)

TCA growth (cm?)

Time, months

Oct. 12, 2004 Sheet 5 of 9 US PP15,228 P2
FIG. 5
—e— K-146-44
70} A !
0 —— K-146-43 =70 8
- —a— Hiawatha § 60 |
80 } —— P-30-135 NE 50
—a— K-119:50 £
Wr o Nemaguard % 40t
30t £ 30
20} { 32
o
10 | § 10t
0y T . . , . . - 0g . — s . —
Mar Apr May Jun Jul Aug Sep Oct Mar  Apr May Jun Jul Aug Sep Od
Time, months Time, months
60 pGD b
50 Fs0
£
40 540 1
30 g 30 _
20 g 20|
2
10} g‘m »
0 k= T T T T T T T a 0 T T Y T T T
Mar  Apr May Jun Ju  Aug Sep Oct Mar  Apr May Jun Jul Aug Sep Oct

Time, months



U.S. Patent Oct. 12, 2004 Sheet 6 of 9 US PP15,228 P2

FIG. 6
225 225
200 A 200+ B }
T 175 175 A
E 150 ' 150 ':b
5 125 vl 125
3 100 - ) 100
5 75 ‘% 75 I
o 2 1
s 50 50
25 25 ¢
0 - D —
Apr May Jun Jul Aug Sep Oct Apr May Jun Jul Aug Sep Oct
700 | ¢ —— K146-44 : 700
—+— K 146.43 D
£ B00F . Hiawsthe 600
E 500 ——P 30435 : I
= —— K 119-50 500
o 400 o Nemagudd 400
= 300} L 300
= —
2 200} 200 |
100 ¢ 100
a — 0 .
Apr May Jun Jul Aug Sep Oc Apr May Jun Jul Aug Sep Ot
1000 1000
~ GO0} E ] ~ 900 | F
E 800 3 800
= 700 ' 700 ——
§> 600 600 L —
o /00 3 500 —4——4
3 400 ] ! 400
£ 300 1 300
200 200 {
100 1 100
0 & 0 v
Apr May Jun Jul Aug Sep Oct Apr May Jun Jul Aug Sep Oct

Time, months Time months



U.S. Patent

Air temperature °C

Stem water potential (MPa) Extension growth rate (mm K")

] w f- a a3}
T T T

Oct. 12,2004

Sheet 7 of 9

FIG.7

US PP15,228 P2

40
36
32
28
24

{1 20

Bt

——

[ —

[/ — e K-146-43

P-30-135
K-119-50

—eo— Nemaguard

{1-08 A

/e K-146-43
—v— P-30-135
—— K-119-50
~—o-~ Nemaguand

20 24
Time of day

4

8

12 12

June 22-23, 1999

16 20

Time of day

24 4 8 12



U.S. Patent

Length (m) Tree™

Length (cm)/ SCA increment (cm):2

35000 -

30000

25000 -
£ 20000 -
15000 -
10000 -
5000 -

800

700 -
600 -
500 -
400 -
300 -
200 -
100 1

0

Oct. 12, 2004 Sheet 8 of 9 US PP15,228 P2

FIG. 8

1

N
N

" ;
A &6,&*’\ &6&3\_\3 \'@Y\f: ’3‘3 \9.‘30 a@yéd

Rootstocks



US PP15,228 P2

Sheet 9 of 9

Oct. 12,2004

U.S. Patent

. 9B

FIG

. 9A

FIG




