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Our goal was to develop peach orchards that
can be managed from the ground (“pedestrian
orchards”) with minimal pruning.

In the mid 80’s we became involved in a peach rootstock development program and in
the 90’s we identified some new candidate rootstocks for peach. After 12 growing
seasons trees on Controller 9 had trunk circumferences (cm) that were similar to trees
on Nemaguard but trees on Hiawatha and Controller 5 were substantially smaller.
Trunk circumferences of the KAC-V trees were also smaller than open vase trees..
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Nemaguard

78.1±0.68

54.6±0.96

90.2±1.97

62.6±1.17

Controller 9

72.2±2.11

52.6±2.21

86.3±2.59

63.4±3.75

Hiawatha

63.0±1.28

45.8±1.34

68.7±2.24

49.4±2.31

Controller 5

53.0±0.36

38.1±1.69

61.7±1.18

41.6±0.39

Nemaguard

Controller 9 (P30-135)

Controller 5 (K146-43)

Dry mass of pruning weights corresponded with differences in tree size.
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Differences in vegetative vigor (as reflected by pruning weights) among trees
on different rootstocks were apparent very early in the trial and remained
fairly consistent. The differences in vigor are essentially the selling points of
the size-controlling rootstocks.









Controller
Controller
Controller
Controller
Controller
Controller

9.5 (HBOK 50) root-knot resistant
9 (P30-135)
8 (HBOK 10) root-knot resistant
7 (HBOK 32) root-knot resistant
6 (HBOK 27) root-knot resistant
5 (K146-43)

As a fruit tree physiologist I became very interested in the
dwarfing mechanism involved in these rootstocks.

UC Size-Controlling (ControllerTM series) Peach Rootstocks

Controller 5

Controller 6

Controller 7 & 8

Controller 9

Lovell

Nemaguard

Peach x Almond Hyb.

(K146-43)

(HBOK 27)

(HBOK 32 & 10)

(P30-35)

(STD for N. CA)

(STD for N. CA)

(Hansen, Bright’s,
GF677)

Controller 5 is quite dwarfing (50-60 % of Nemaguard and too dwarfing for commercial production). Is a peach x plum (P. salicina) hybrid), is
quite cold tolerant (did well in trials in the northeast), is not root-knot nematode resistant and tends to illicit heavy fruit set and small fruit
sizes. Should be ideal for potted backyard trees or for consumers who want small garden trees.
Controller 6 is a Harrow Blood peach x Okinawa peach hybrid and has root-knot nematode resistance. It produces a tree that is 60 – 80 % of
Nemaguard depending on how it is pruned. It is attracting the attention of CA commercial peach growers because it produces trees that can
be pruned to reduced tree heights (7-8 ft) without throwing uncontrolled sucker growth and produces good-sized fruit.
Controller’s 7 & 8 are essentially the same as Controller 6 but they produce trees that are slightly larger than tree on Controller 6. They have
received less attention because growers have been more interested in trying Controller 6 that is a little smaller or Controller 9 which is
slightly more vigorous and has been in production systems longer than the other Controller rootstocks.
Controller 9 produces a tree that is slightly smaller than trees on Lovell qand it’s major attribute is that the tree does not throw large
amounts of suckers when pruned to control tree height. It is a peach x plum (P. salicina hybrid), is quite cold tolerant (did well in tests in
North East US), is not root-knot nematode resistant but is not overly susceptible either. Trees on it have produced large fruit and it is
currently the most popular size-controlling commercial peach rootstock in California.





Controller 5 is quite dwarfing (50-60 % of Nemaguard
and too dwarfing for commercial production). Is a
peach x plum (P. salicina) hybrid), is apparently quite
cold tolerant (did well in trials in the Northeast), is not
root-knot nematode resistant and tends to illicit heavy
fruit set and small fruit sizes. Should be ideal for
potted backyard trees or for consumers who want
small garden trees.
Controller 6 is a Harrow Blood peach x Okinawa peach
hybrid and has root-knot nematode resistance. It
produces a tree that is 60 – 80 % of Nemaguard
depending on how it is pruned. It is attracting the
attention of CA commercial peach growers because it
produces trees that can be pruned to reduced tree
heights (7-8 ft) without throwing uncontrolled sucker
growth and produces good-sized fruit.





Controller’s 7 & 8 are essentially the same as Controller
6 but they produce trees that are slightly larger than
tree on Controller 6. They have received less attention
because growers have been more interested in trying
Controller 6 that is a little smaller or Controller 9 which
is slightly more vigorous and has been in production
systems longer than the other Controller rootstocks.
Controller 9 produces a tree that is slightly smaller
than trees on Lovell and it’s major attribute is that the
tree does not throw large amounts of suckers when
pruned to control tree height. It is a peach x plum (P.
salicina hybrid), is quite cold tolerant (did well in tests
in Northeast US), is not root-knot nematode resistant
but is not overly susceptible either. Trees on it have
produced large fruit and it is currently the most
popular size-controlling commercial peach rootstock in
California.

New peach rootstocks limited:
 Shoot length growth
◦ Internode lengths but not number of nodes



Trunk growth
Number and length of water sprouts

There was a hint that trees on dwarfing
rootstocks had lower mid-day stem water
potentials.

Basile B., et al. Tree Physiology 23:695-704, 2003

Basile B., et al. Tree Physiology 23:695-704, 2003

We then experimentally manipulated stem water potential and shoot extension growth rate on
three different rootstocks by temporarily covering 0, 30 and 60 % of the canopy of peach
trees to confirm that the two factors were related across rootstocks.

Solari et al. 2006

Midday stem water potential of 0, 30 and 60 percent of canopy covered peach trees on Nemaguard, Hiawatha and
K146-43 rootstocks. Individual bar values represent the mean of 10 trees ± standard error bars (n = 45). Values
not connected by the same letter are significantly different among rootstocks and canopy coverage treatments
with a 0.05 level of significance according to Tukey’s mean comparison test.
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Relative shoot extension growth rate of 0, 30 and 60 percent of canopy covered peach trees on Nemaguard,
Hiawatha and K146-43 rootstocks. Individual bar values represent the mean of 10 trees ± standard error bars (n =
45). Values not connected by the same letter are significantly different among rootstocks and canopy coverage
treatments with a 0.05 level of significance according to Tukey’s mean comparison test.
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Relationship between midday stem water potential and relative shoot extension growth rate of control and partial
canopy covered peach trees on Nemaguard, Hiawatha and K146-43 rootstocks. Individual points represent data
values from the mean of two trees on a given measurement day (n = 45). The solid line represents the fitted
simple linear regression for all the rootstock and canopy coverage treatments.
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Scion, rootstock and tree leaf area specific hydraulic conductance of one year old peach trees on
Nemaguard, Hiawatha and K146-43 rootstocks. Individual bar values represent the fitted linear
regression slopes for the relationship among leaf area, scion, rootstock and tree hydraulic
conductance for each rootstock of 15 trees ± standard error. Values not connected by the same
letter are significantly different among rootstocks with a 0.05 level of significance according to
linear contrast test.
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The size-controlling rootstock maintained lower leaf water potentials and relative
extension growth rates at all pressures that were artificially applied to the roots.

The rest of the story:

Relationships between xylem vessel
characteristics, calculated axial
hydraulic conductance and sizecontrolling capacity of peach rootstocks.
Sergio Tombesi , R. Scott Johnson, Kevin R.
Day and Theodore M. DeJong

Vessel characteristics of xylem tissue
obtained from shoots, trunks and roots of
three rootstock genotypes: ‘Nemaguard’
(vigorous), ‘P30-135’ (modestly dwarfing),
‘K146-43’ (dwarfing).

Comparison of weighted mean vessel diameters of trunk xylem tissue obtained from a vigorous
scion above the graft union with tissue obtained from below the graft union of trees on three
rootstock genotypes: ‘Nemaguard’ (vigorous), ‘P30-135’ (modestly dwarfing), ‘K146-43’ (dwarfing).

Comparison of calculated conductance of trunk xylem tissue obtained from a vigorous scion
above the graft union with tissue obtained from below the graft union of trees on three
rootstock genotypes: ‘Nemaguard’ (vigorous), ‘P30-135’ (modestly dwarfing), ‘K146-43’
(dwarfing).

When dwarfing rootstock genotype is used as an interstem the
rootstock genotype maintains its xylem characteristics and causes
some scion dwarfing.

O’Henry

K146-43
Nemaguard

Tombesi et al. 2010 AoB Plants plq013

Xylem tissues of the HBOK rootstocks and their vessel characteristics appear to
linked to rootstock vigor in a manner similar to Controller 5 and 9.

Controller 9.5

Controller 8

Controller 7

Controller 6

Tombesi et al. 2011. Sci. Hort. 127:353

There is increasing evidence that water transport in trees with ring
porous xylem relies primarily on the most recently formed ring of
xylem. A recent scaffold girdling experiment appeared to confirm
this for peach trees.

Tombesi et al. 2014, Funct. Plant Biol.

Early spring girdling also decreased water sprout shoot growth
somewhat similar to what we saw with dwarfing rootstocks.











Diameter of the water conducting (xylem) vessels of dwarfing
rootstocks are smaller
This causes the hydraulic conductance of the rootstock water
conducting tissue (xylem) to be lower particularly in Spring*
This causes the water availability (water potential) in the
stems and leaves to be slightly lower*
This causes the elongation of stems to be slightly less* and
overall vigor of tree is decreased over time
This decreases the amount of pruning needed
Decreased pruning reduces the number of water sprouts and
this decreases the need for pruning even more, etc.
This also decreases internal canopy shading and thus
increases shoot quality and flower bud development
*This effect may to be transient in mature trees until new layer of xylem is
in excess of what is needed to meet transpirational demands of the tree.

Can we simulate it?
Rootstock effects were simulated by simply
reducing the hydraulic conductance of the
rootstock by 50% in the L-Peach model (50%
was similar to the reduction caused by on of
our new dwarfing peach rootstocks).
This caused a 30% reduction in stem weight
after the 4th simulated year and 29% reduction
in dormant pruning weight after the 4th year in
the field experiment.

1st leaf on Controller 6 (finished trees)
2nd leaf on Controller 6 (grafted in place)

1st leaf on Controller 9 (grafted in place)
3rd leaf on Controller 9 (grafted in place)

Third leaf trees of a late peach on Controller 9 (>1500 boxes/acre)
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