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Abstract. Scion and rootstock circumferences of seven male and 26 female cultivars or
potential cultivars of pistachio trees (Pistacia vera L.) were measured at 16 locations
in the San Joaquin Valley of California. The trees were of variable age and on Pistacia
integerrima-type or UCB1 (a P. atlantica Desf. · P. integerrima Stewart hybrid)
rootstock. Differences were found in the ratio of scion to rootstock circumference
(SRR) between the standard industry female cultivar Kerman and the other cultivars
collectively. ‘Kerman’ produced a smoother trunk with a SRR closer to one than other
cultivars. The SRR was also affected by rootstock with values closer to one for UCB1 as
compared with higher values for P. integerrima rootstocks. The relationship between
SRR and tree age demonstrated here can be a tool for comparing, evaluating, and select-
ing new rootstocks with growth rates to match those of newly developed or introduced
scion cultivars.

Similar scion and rootstock growth rates
produce strong graft unions in fruit and nut
trees. A SRR close to one provides a strong
graft union as well as a uniform exterior surface
for trunk-shaking harvesters. ‘Kerman’, which
has been the standard pistachio industry female
cultivar for many years, produces a scion that
increases in trunk circumference faster than
that of the rootstocks commonly used in the
San Joaquin Valley of California. Typically,
a trunk shaker harvests four to six trees per
minute. The rapid clamping and unclamping of
the shaker head is less efficient and can produce
trunk damage, called ‘‘barking,’’ if it connects
with an uneven graft union (Adrian et al., 1965;
Affeldt et al., 1988, 1989; Fridley et al., 1970;
Mobli and Rajabipour, 2005). For this reason,
general recommendations have suggested that
trees should not be grafted below 400 mm
from the ground where harvest shakers typ-
ically grasp the tree (Beede et al., 2008; Coe
Orchard Equipment, personal communica-
tion). However, unlike most other fruit and
nut trees, pistachio rootstocks are first planted
in the field during late winter and scion grafted,

by t-budding (also known as shield budding),
in July or August (Beede et al., 2008). Fre-
quently, the diameter of the rootstock trunk is
too small to place the scion bud above the
height that will be in the zone of shaker
attachment. Identifying scion rootstock com-
binations that produce smoother graft unions
would reduce bark damage and improve
harvester efficiency through more rapid at-
tachment to the trunk.

As trees age, differences in the respective
growth rates may result in possible incom-
patibility between the scion and rootstock.
Although there is no evidence to suggest that
pistachio tree health, growth, or yield have
been affected by differences in scion/rootstock
growth rates, pistachio is a long-lived tree and
the oldest trees of the scion/rootstock com-
binations pioneered in the United States are
only 30 years old (Ferguson et al., 2008). The
causes of graft incompatibility in woody
plants remain poorly defined (Andrews and
Marquez, 1993; Santamour, 1988). In stone
fruit trees, smoother graft unions have been
associated with greater tree longevity (Kester
et al., 1964; Tshokoeva and Tsonev, 1995).
Schneider and Pehrson (1985) found that the
smoother bud unions of 21-year-old ‘Frost
Nucellar’ navel orange scion on Rubidoux
trifoliate rootstock as compared with Pom-
eroy trifoliate rootstock were consistent with
better phloem organization and tree health.
Generally, in woody perennial plants, a smooth
trunk through the graft union appears to be
a desirable trait (Beckman et al., 2008) and
overgrowth is a concern (Nessel and Gruppe,
1985; Wagner and Gruppe, 1985).

Scion cultivars are Pistacia vera L. and in
the United States are grafted almost exclu-
sively to Pistacia integerrima rootstock or
UCB1, which is a Pistacia atlantica · P.
integerrima hybrid. These rootstocks are
chosen because of P. integerrima resistance
to soilborne Verticillium wilt (Verticillium
dahliae Kleb.) and its ability to produce a rap-
idly growing, early-fruiting tree (Ferguson,
et al., 2002, 2008). P. integerrima rootstocks
have a longer history in U.S. production than
UCB1 with the first use in 1980. UCB1 was
first introduced commercially in 1989. The
female cultivar Kerman and the male pollen-
izer ‘Peters’ are the primary cultivars grown
in California. Newer scion cultivars are
important to the industry for extension of
the harvest season, pest avoidance, nut quality,
and yield. These alternative P. vera cultivars
have been reported to show increased scion
overgrowth compared with ‘Kerman’ when
grafted to existing commercial rootstocks with
P. integerrima parentage. Little information is
available in the literature on how SRR changes
with time for any woody perennial. The ratio
of the circumference of the scion to that of the
rootstock has been used to measure equality
in growth rate of the scion and rootstock in
citrus, grapes, avocado, and other woody
crops (Emmanuelli and Clingeleffer, 2006;
Mickelbart et al., 2007; Roose et al., 1989).

The objective of the present analysis was
to quantify differences, if any, in the SRR of
‘Kerman’ and new and potential female
cultivars. Differences in growth rate of scion
and rootstock were measured for a number
of P. vera cultivars on P. integerrima or
UCB1 rootstocks of different ages at multiple
sites in the southern San Joaquin Valley of
California to validate these observations and
demonstrate the significance of any observed
differences. A further objective was to identify
other variables affecting the magnitude of the
SRR for the purpose of producing a tree with
a more uniform circumference through the
graft union.

Materials and Methods

Plant material and measurements. Scion
and rootstock circumferences of seven male
and 26 female cultivars or potential cultivars
were measured at 16 locations in the southern
San Joaquin Valley of California. Thirteen
were in Kern County, two in Tulare County,
and one in Madera County. These locations
include most of the soils and climatic
zones where pistachios are grown within the
southern San Joaquin Valley. Verticillium
wilt is endemic in this area and most com-
mercial plantings of pistachio since 1980
were planted on Verticillium wilt-resistant
rootstocks (Epstein et al., 2004). All of the
individually measured 709 female trees
and 119 male trees were grafted onto one of
four rootstocks resistant to Verticillium
wilt disease. These resistant rootstocks were:
1) UCB1 (P. atlantica · P. integerrima);
2) a commercially available cloned UCB1;
3) PG1 (P. integerrima); or 4) an unnamed
P. integerrima rootstock no longer commercially
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available. Measurements were made in com-
mercial orchards and in randomized and
replicated advanced-selection cultivar eval-
uation trials. Several commercial orchards
were planted to two or more cultivars, in-
cluding Kerman, on two different rootstocks,
growing under similar cultural and environ-
mental conditions. Seven of the 16 locations
were designed as cultivar evaluation trials,
which contained ‘Kerman’ and as many as 10
other cultivars or potential cultivars, and two
of these sites included replicated trials on
UCB1 and PG1.

The graft unions of pistachio trees are
often not parallel to the ground, and the trunk
in this area may be irregular. Scion circum-
ference was measured 10 mm above the graft
union because the largest circumference of
the scion occurred immediately above this
point of connection. This measurement was
made horizontally, parallel to the ground, at
the highest point of the graft union above-
ground level The area of the trunk immedi-
ately below the graft union tended to be
rough, creased, tapered, and the graft union
was not always horizontal to the ground

surface. To ameliorate this non-uniformity,
the circumference of the rootstock was mea-
sured at two points, 100 and 150 mm below
the highest point of the graft union above-
ground level. The SRR is the scion circum-
ference divided by the mean of the two
rootstock circumferences. Additional data
collected for each tree included the follow-
ing: name of cultivar or selection, sex, date
planted, rootstock cultivar, and distance from
the lowest point of the graft union to the
ground surface.

Statistical analyses. Data were analyzed
using analysis of variance and multiple re-
gression statistical packages in Statistica
software (StatSoft, Inc., Tulsa, OK). Multiple
regression analysis was used to evaluate the
relationship between SRR (the dependent
variable) and associated variables measured
in the field (the independent variables). Vari-
ables included in the multiple regression
analyses were selected from scatterplot re-
sults of independent variables plotted against
SRR. Both rootstock circumference and tree
age were correlated with SRR. Multicolli-
nearity among independent variables was
avoided by retaining variables that demon-
strated higher simple correlations with SRR
than other variables. Other variables included
the species composition of the rootstock,
either UCB1 hybrids (arbitrarily assigned
a value of 0) or P. integerrima (assigned
a value of 1), and whether the variety was
‘Kerman’ (arbitrarily assigned a value of
0) or ‘‘not ‘Kerman’’’ and assigned a value
of 1. The first- and second-degree polynomial
iterations and natural logarithms of all vari-
ables were included in the regression ana-
lyses because some relationships in the
scatterplots appeared curvilinear. Interaction
terms, selected as described previously, were
also entered into the regression.

Results and Discussion

Scion circumference. Scion circumfer-
ences of ‘Kerman’ trees of a given age and
grafted on P. integerrima and UCB1 root-
stocks were less than for other female culti-

vars (Fig. 1). These scion and rootstock
combinations have only been grown for a
maximum period of 30 years in the United
States, where they were developed, and the
eventual size of the trunk and rootstock is
unknown.

Rootstock circumference. Tree age and
rootstock circumference were highly posi-
tively correlated for female cultivars (ad-
justed r2 = 0.77). Correlations between
various independent variables, including
SRR, with tree age showed greater variability
than correlations with rootstock circumfer-
ence (data not shown), probably because
increases in rootstock circumference more
adequately reflect growth limitations of soils,
fertilization, irrigation, weather, and other
factors than tree age.

Scion/rootstock circumference ratio. A
scatterplot of rootstock circumference versus
SRR of each measured female tree demon-
strates the curvilinear nature of the relation-
ship and the range of SRR represented (Fig.
2). SRRs were greater for trees with rootstock
circumferences less than 200 mm (i.e., 1- or
2-year old trees), although values greater than
1.5 were not unusual for older trees with large
rootstock circumferences (Fig. 2).

Variables useful in explaining differences
in scion to rootstock circumference. In gen-
eral, interaction terms between and among
variables did little to explain much of the
variation in the regression and for simplicity
were removed from subsequent regression
analyses.

SRR was greater for non-‘Kerman’ cul-
tivars regardless of rootstock and were
greater for P. integerrima rootstocks than
for UCB1 regardless of scion cultivar (Table 1).
At any given value of the rootstock circum-
ference, the scion circumference was greater
for non-‘Kerman’ cultivars than for ‘Ker-
man’ on the P. integerrima rootstocks (Fig.
3). The greater variability in the relationship
between scion circumference and rootstock
circumference of non-‘Kerman’ cultivars
(r2 = 0.87) compared with ‘Kerman’ (r2 = 0.96,
Fig. 3) on P. integerrima rootstocks was in
part the result of collectively including all of
the non-‘Kerman’ cultivars together in the
analysis.

The difference between the scion and
rootstock circumferences of a tree are less
between ‘Kerman’ and the other cultivars
when on UCB1 (Fig. 3B) than when on
P. integerimma (Fig. 3A). With increasing
UCB1 rootstock circumference, scion cir-
cumference more closely matches that of the
rootstock, creating, on average, a smoother
trunk with time (Figs. 3B and 4). Average
SRR for non-‘Kerman’ trees with rootstock
circumferences greater than 200 mm (i.e.,
trees older than 2 years) were significantly
different between P. integerrima and UCB1
with values of 1.26 and 1.17, respectively
(by t test, n = 262, P < 0.00000). This
difference in the relationship between root-
stock circumference and SRR for ‘non-
Kerman’ cultivars on either UCB1 or P.
integerrima rootstocks is apparent in the
scatterplot of individual tree data points

Fig. 1. The relationship between tree age and scion
circumference of ’Kerman’ (y = –1.2395x2 +
65.35x +110.44; r2 = 0.90) and non-‘Kerman’
(y = –1.4739x2 + 77.21x + 96.05; r2 = 0.87)
female cultivars in the San Joaquin Valley.

Fig. 2. The relationship between rootstock circumference and the scion/rootstock circumference ratio
for individual female pistachio trees of all measured cultivars in the San Joaquin Valley [y = –0.1991
ln(x) + 2.44; r2 = 0.40].
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(Fig. 4). However, the variability present in
SRR, whether on P. integerrima or UCB1
rootstocks, was high (Fig. 4) with SRR values
for trees with rootstock circumferences
greater than 350 mm ranging from 1 to
greater than 1.50 for P. integerrima and
greater than 1.25 for UCB1. This variability
suggests that efforts to develop new rootstock
types with smoother graft unions are worth-
while in addition to seeking further improve-
ments in yield, fruit quality, disease resistance,
and cold and salt tolerance. The function
relating SRR to rootstock circumference
for UCB1 displayed in Figure 4 would be
a useful comparative measurement tool in
a rootstock breeding program. Breeders
would seek to produce a new rootstock with
a smaller SRR for a given rootstock cir-
cumference than UCB1. An advantage of
using the function displayed in Figure 4 is
that breeders would be able to compare
experimental rootstock SRR values with
UCB1, initially, when trees were very
young for an early indication of this perfor-
mance characteristic.

Males, other than ‘Peters’, the industry
standard male cultivar, also demonstrated
greater SRR than ‘Peters’ (data not shown).
However, male trees are not shaken and
therefore do not present a problem with re-
spect to ‘‘barking,’’ although longevity may
remain a concern.

The distance from the ground to the graft
union varied from 160 to 1120 mm. The SRR
was greater for all cultivars and rootstock
as distance from the tree graft union to the
ground increased (Table 1). However, the
variability present in the relationship and flat
response curve between graft distance and
SRR (Fig. 5) suggests that this variable has
limited use in improving SRR with existing
rootstocks. The feasibility of lowering graft-
ing height must also be balanced with the
need to minimize placement of the graft
union in the area of the attachment of the
shaker to the trunk and not so low that disking
and other farm operations might bury the
graft union.

Conclusions

The pistachio industry has used only
‘Kerman’ as a female cultivar. Only recently
as new cultivars have reached bearing age has
the difference in growth rates of ‘Kerman’
versus other cultivars become apparent. Cur-
rently, the rootstocks used in pistachio pro-
duction in the United States produce SRRs
greater than one. Non-‘Kerman’ cultivars
show greater SRRs than ‘Kerman’ on P.
integerrima rootstocks. Non-‘Kerman’ culti-
vars have smaller SRRs on UCB1 rootstock
than on P. integerrima rootstocks. The degree
of variability in the SRRs of non-‘Kerman’
cultivars, whether on P. integerrima or
UCB1 rootstocks, suggests that efforts to-
ward developing a rootstock with a growth
rate that more closely matches that of newer
P. vera scions would be of benefit to the
pistachio industry.

Fig. 3. (A) Relationship between rootstock circumference and the scion circumference of individual
‘Kerman’ trees (y = 0.00002x2 + 0.985x + 58.69; r2 = 0.95) or female cultivars other than ‘Kerman’ (y =
0.00010x2 + 1.0873x + 64.91; r2 = 0.87) on P. integerrima rootstocks. (B) Relationship between
rootstock circumference and the scion circumference of individual ‘Kerman’ trees (y = 0.00027x2 +
1.108x + 57.16; r2 = 0.98) or female cultivars other than ‘Kerman’ (y = –0.00004x2 + 1.065x + 50.69;
r2 = 0.97) on UCB1 rootstocks.

Table 1. Multiple regression summary of significant independent variables regressed against scion/
rootstock circumference ratio (SRR) of all female trees.z

Variable Beta SE of beta B SE of B P level

Intercept 2.36428 0.097 <1 · 10–6

Kerman or not-Kermany 0.2793 0.027 0.09624 0.009 <1 · 10–6

Rootstock species compositionx 0.3493 0.029 0.12792 0.011 <1 · 10–6

Ln (rootstock circumference, mm) –0.7210 0.030 –0.23105 0.010 <1 · 10–6

Ln (graft distance to ground, mm) 0.0650 0.029 0.02139 0.010 0.028
zn = 709, adjusted r2 = 0.55.
y‘Kerman’ trees were assigned a value of 0, wherease any cultivar that was not ‘Kerman’ was assigned
a value of 1.
xThe P. atlantica · P. integerrima hybrid UCB1 was assigned a value of 0 and all P. integerrima rootstocks
a value of 1.
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Fig. 4. Relationship between rootstock circumference and the scion/rootstock circumference ratio for in-
dividual non-‘Kerman’ pistachio trees with circumferences greater than 200 mm on either UCB1 [y =
–0.049 ln(x) + 1.69; r2 = 0.144] or P. integerrima [y = –0.086 ln(x) + 1.57; r2 = 0.012] rootstocks.

Fig. 5. The relationship between graft distance from the ground and the scion/rootstock circumference ratio
for individual female pistachio trees in the San Joaquin Valley [y = 0.1128 ln(x) + 0.51; r2 = 0.12].
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