Agroforestry is promising for previously

cleared hardwood rangelands ¥

Doug McCreary

Livestock grazing is the
primary economic use of most
hardwood rangelands in the
coastal foothills of California.
But owners of these lands may
be able to increase revenues by
simultaneously producing two
crops, trees and sheep. In 1993,
we initiated an agroforestry
project at the UC Hopland
Research and Extension Center
to study the ability of three pine
species and one hybrid to grow
on cleared hardwood
rangelands that are grazed by
sheep. This study also
evaluated the response of
planted seedlings to auger and
fertilization treatments. After 8
years, tree survival has been
high, growth has been vigorous
and damage from sheep
minimal. Monterey pine and
KMX pine, a cross between
Monterey and knobcone pine,
had the most growth. These
results suggest that some pine
species are promising for
planting on grazing lands in
coastal foothills where oaks
and other hardwoods have
been removed.

| " here are approximately 9 million

| acres of hardwood rangelands in
California, just under 10% of the
state’s total land area (Bolsinger 1988).
They are located mostly in the interior
foothills of the Sierra and Coast
mountain ranges and are generally
characterized by an understory of
grasses and forbs and an overstory
(the uppermost layer in the forest
canopy) of hardwoods. In contrast to
higher-elevation coniferous forests,

which are often publicly owned, about

i

Grazing has been a primary use of California’s hardwood rangelands, but economic

returns are low. By combining tree farming with sheep grazing, producers may be able
to increase their income while limiting the pressure to subdivide open space.

80% of the hardwood rangelands in
the state are in private ownership.
Since European settlement, the pri-
mary agricultural use of these lands
has been livestock grazing, because

they provide excellent forage for sheep

and cattle. However, the returns from
grazing are relatively low; these lands

typically rent for only about $10 to $20

per acre per year. Low returns and

fluctuations in meat and wool prices
have created economic hardships for
some ranchers. As the price of unde-

veloped land escalates, ranchers have
been under increasing pressure over
the past decade to subdivide and con-
vert large ranches to other uses such
as ranchettes or vineyards. The public
costs of such conversions are great.
They include degradation of critical
wildlife habitat, loss of soil stability,
lessening of water quality and drastic
alterations in the visual landscape.
Concern about the accelerated rate of
such conversions has resulted in pub-
lic appeals for increased government
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In a trial at the UC Hopland Research and Extension Center,
three species of pine (Coulter, knobcone and Monterey) and one
hybrid (KMX) were planted in 1993 and 1994, then grazed by

regulation of hardwood rangelands in
hopes that further losses can be cur-
tailed.

It may be possible to increase rev-
enues from these grazing lands by si-
multaneously growing trees on them.
While forest grazing is common in
California, scientists have not seri-
ously tested the establishment of plan-
tations where trees and livestock are
raised together on rangelands. How-
ever, such systems have been exten-
sively — and successfully — used in
New Zealand, Australia and else-
where, primarily with Monterey pine
(Pinus radiata) plantations and sheep
grazing (Reid and Wilson 1985).

The most common trees on typical
hardwood rangelands in California are
native oaks, including coast live oak
(Quercus agrifolia), blue oak
(Q. douglasii) and interior live oak
(Q. wislizenni). These species are
tremendously important for a variety
of reasons including wildlife habitat,
soil stabilization, nutrient cycling and
aesthetics. There is also widespread
public interest in and support for oak
conservation. However, native oaks
generally grow slowly and have little
economic value, other than for fire-

wood. As such, they are poor candi-
dates for use in an agroforestry sys-
tem.

While the importance of maintain-
ing existing stands of native oaks is
well recognized, there are vast areas in
the state where trees have been re-
moved as part of range conversions,
mostly since World War II (Bolsinger
1988). Small plots of these cleared
grazing lands may be suitable for
planting one or more species of coni-
fers that can tolerate relatively harsh
rangeland conditions, yet grow much
more rapidly than oaks. Grazing could
continue for a number of years until
the canopies close and the lack of light
limits the amount of forage produced.
Tree crops could be used for a variety
of products including pulp, lumber,
biomass (fuel to power cogeneration
facilities), Christmas trees or firewood.

While the markets for some of these
products are not well established and
returns may be low, some additional
income is better than none, and inten-
sive management can increase the
value of the wood (Emmingham 1995).
Also, although pine firewood doesn’t
burn as efficiently or fetch as high a
price as oak, plantations established

TABLE 1. Average survival (%) of pine species (averaged over fertilization and auger treatments)
and auger treatments (averaged over species and fertilization treatments), 1994-1999*

Treatments Year

1994 1995 1996 1997 1998 1999
Monterey 94 91 20 90 86 B5
KMX (hybrid) 89 86 85 85 B4 83
Knobcone 74 74 73 73 68 68
Coulter 78 76 76 76 75 75
Auger 88 a 87a 86a B6a 83a 82a
No auger 79b 77b 76 b 76b 73b 73b
Mean of survival 84 82 81 81 78 78

* Auger and no auger treatments with different letters were significantly different by a Tukey's multiple comparison test.
There were no significant differences in survival within species in any year.
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sheep after 1997. Two years after planting, /eft, 81% of the trees
had survived. By September 2001, right, the plot was full of
mature trees.

for firewood could promote oak
woodland conservation by reducing
the demand for oak firewood. Addi-
tional income generated by these
projects could also reduce the pres-
sures to sell and subdivide rangeland.
However, it has not been clear which
conifers will perform well in range-
land environments and whether or not
sheep can graze these lands without
damaging trees.

In southwest Oregon, which has a
climate similar to many hardwood
rangelands in California, a hybrid be-
tween two native California conifers —
knobcone pine (P. attenuata) and
Monterey pine — has been successfully
grown on lands grazed by sheep (Lo-
gan 1983). Monterey pine is native to
only three small stands along the Cali-
fornia coast and two islands off
Mexico but has been planted exten-
sively outside of California, especially
in the Southern Hemisphere. It grows
rapidly and can produce high-quality
lumber if intensively managed.

Knobcone pine is also a California
native, but it grows on much harsher
inland sites, mainly in the northern
coastal mountains. The hybrid be-
tween these two species, called KMX
(P. attenuata X P. radiata), has proved
successful on some marginal lands be-
cause it incorporates the drought and
cold tolerance of knobcone with the
fast growth of Monterey pine (Griffin
and Conkle 1967). Coulter pine (P.
coulteri), another California native, is
also considered quite drought tolerant
and produces wood comparable to
that of ponderosa pine.

Four tree species planted

To evaluate how well Monterey,
knobcone, KMX and Coulter pines



grow on low-elevation hardwood
rangelands, we initiated a study at the
UC Hopland Research and Extension
Center (HREC). HREC is typical of
many woodlands in the Coast Range,
and there was a large cleared field that
was suitable for the planting. These
four pine taxa (known hereafter as
species) were planted within a 4-acre
enclosure, fenced to exclude both
sheep and deer. Two hundred and
forty 1-year-old seedlings from each of
the species were planted 10 feet apart
in early February 1993. The California
Department of Forestry Fire Protection
Nurseries at Davis and Magalia pro-
duced the seedlings. Seed for the seed-
lings originated in California, except
for the Monterey pine, which came
from New Zealand.

The planting site is at an elevation
of approximately 1,500 feet, gently
sloping with a southwesterly aspect
and gravelly loam soil. Average an-
nual rainfall at this site is approxi-
mately 37 inches.

We divided the plot into six blocks,
each containing four groups of 40
seedlings. Each group, which contained
a single species, was randomly posi-
tioned within each block and arranged
in eight rows of five seedlings. Each
block had all four species, each of which
was randomly distributed in that plot
(first split). Within each of the eight
rows, we tested four treatments: (1) an
auger was used to bore 2-foot-deep, 6-
inch-wide planting holes in the ground,
and a 21-gram fertilizer tablet was
placed in the hole; (2) augering, but
no fertilization; (3) fertilization, but
no augering; and (4) no augering or
fertilization.

Within each 40-seedling group, two
adjacent five-seedling rows were ran-
domly assigned to each of these treat-
ments. On the perimeter of the plot, a
row of buffer seedlings was also
planted to ensure that all seedlings
had the same level of competition
from adjacent trees.

Holes were made with the auger
and the soil was placed back in the
holes 2 months prior to planting. The
planting was done by hand using
shovels and post-hole diggers. For the
trees receiving fertilizer, we placed

Trees were planted with or without both an §

auger treatment and fertilization tablets,
and none were irrigated. From 1997 to
1999, lower branches were pruned to
promote clear, knot-free wood.

slow-release 21-gram fertilizer tablets
(20-10-5 nitrogen, phosphorous, potas-
sium) approximately 10 inches deep in
planting holes. The seedlings were
never irrigated after planting. How-
ever, during the first 4 years of the
study, we used herbicides, including
glyphosate and pendimethalin, and
we mowed to control weeds around

seedlings. This was done to reduce soil

moisture loss and eliminate habitat fa-
vorable to animals that could damage
trees, including grasshoppers and
voles.

Initial survival was high; 2 months
after planting, only 12 of 960 trees had
died. The first summer, however, we
failed to mow until we noticed a grass-
hopper infestation; by fall, approxi-
mately 22% of the seedlings were de-
foliated and subsequently died. This
defoliation was especially severe on
the perimeter of the plot. We were
concerned that the low initial survival
would affect the data as the trees ma-
tured, because those trees surrounded
by open spaces would have less com-
petition than those surrounded by
other trees. Also, because entire rows
of seedlings had been killed, resulting
in large data gaps, we decided to re-
plant all the seedlings that died the
first year with 1-year-old stock in win-
ter 1994. While we kept records indi-
cating planting year for each seedling,
all of the results reported are averages
for seedlings planted in both 1993 and
1994.

Maintenance. In early spring 1997,
we put sheep inside the fenced enclo-
sure to graze the forage between the
rows. They have grazed the plot every
spring since. During these grazing in-
tervals, sheep had equal access to all
trees. When we first introduced the
sheep, the average tree height in the
plot ranged from approximately 12
feet for Monterey pine to about 5 feet
for Coulter pine. The number of ani-
mals and length of grazing period
each year varied depending upon an-

nual forage production, but on aver-
age, about a dozen sheep were kept in
the plot for a month. We took care to
monitor the animals and remove them
before the forage was grazed down so
much the animals might start chewing
on the trees.

Beginning in 1997 and continuing
for the next 3 years, we began pruning
the lower branches off trees that were
at least 10 feet tall. Such pruning is
used to promote clear, knot—free
wood, which is much more valuable
(Emmingham 1995). In general we
pruned the branches off the bottom
half of the trees up to a maximum
height of approximately 8 feet.

We measured the year-end height
of each surviving tree in January or
February of each year following the
second year of planting. Average
height measured at this time is re-
ported as year-end height for the pre-
ceding year. Year-end survival
percentages were also calculated.

Tree survival and height

The data for all analyses were aver-
ages of the two five-seedling rows con-
sisting of single auger and fertilization
treatments within species within
blocks. The survival percentages were
transformed by an arcsin transforma-
tion prior to analysis to normalize the
data. The experimental design for the
study was a doubly nested three-way
ANOVA. Whenever we found signifi-
cant differences among treatments, we
compared treatment means using a
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may be better suited to survive peri-
odic droughts or unseasonable cold

cantly taller than
Coulter. By the end

of 1999, the Monterey  snaps than Monterey pine. Also,
pines averaged over Monterey pine is reportedly particu-
23.5 feet tall, while larly susceptible to western gall rust
the Coulters were (Endocronartium harknessii), especially
only 10.7 feet. when planted outside its native range.

Although the incidence of gall rust in
this study was low (approximately 3%
of trees exhibited galls), it was three
times more common on Monterey pine
than on KMX pine.

The auger treatment resulted in sig-

There were no sig-
nificant differences in
height between seed-
lings that were
planted in augered
holes and those that

Less than 8 years after planting, many trees were more than 20
feet tall. The Monterey pine and KMX hybrid performed best,
although pitch canker could be a risk, especially to Monterey pine.

Tukey’s test. All results reported as
significant were at the P < 0.05 level.
As indicated previously, there was
considerable mortality the first sum-
mer after planting, largely the result of
grasshoppers. By the end of 1994,
however, after we replanted all seed-
lings that died the previous winter, av-
erage survival was much higher and
ranged from 74% for knobcone pine to
more than 94% for Monterey pine.
During the next 6 years, additional
mortality amounted to only 6%, and
by the end of 1999, the average sur-
vival rate for the entire planting was
78%. For all years of the study, sur-
vival for different species was not sig-
nificantly different, and there were no
significant differences between fertil-
ized and unfertilized plants (table 1).
However, for each year (1994 through
1999), seedlings that had been planted
in auger-treated holes had signifi-
cantly higher survival than those with-
out the auger treatment, with the dif-
ferences ranging from 9% to 10%
higher (table 1). But survival rates de-
pended on the species: Knobcone pine
seedlings without the auger treatment
had higher survival than those with
auger treatment, while the opposite
was true for the other three species.
The average height of surviving
seedlings at the end of 1994 ranged
from 4.3 feet for Monterey to 1.7 feet
for Coulter pine (table 2). In every year
of evaluation, Monterey pines were
the tallest, followed by KMX, knob-
cone and Coulter. In every year,
Monterey pines were significantly
taller than the other three species, and
in all years but 1994, KMX was signifi-

weren’t during any
year of the study.
However, there were height differ-
ences between fertilized and
nonfertilized trees in each year, with
fertilized trees significantly taller
(table 2). In 1997, 1998 and 1999,
Monterey pines that did not receive
auger treatments were slightly taller
than those that did. For the other three
species, there was either no difference
between auger and no auger treat-
ments, or the seedlings in holes with
auger treatments were slightly taller.

Sheep grazing resulted in little no-
ticeable damage to the trees. In some
instances, lateral branch tips were
clipped, but no trees appeared to be
killed by the sheep.

Planting choices

There were significant differences
among the pine species evaluated.
While overall survival rates among the
species were similar, Monterey pine
grew significantly taller than the others.
This is consistent with a companion
study of trees planted two years earlier
at the Sierra Foothill Research and Ex-
tension Center (McCreary 1996). The ad-
vantage of Monterey pine, at least in
terms of total height, also appears to in-
crease over time. Average annual
growth between 1994 and 1999 was
nearly 4 feet, with some trees in indi-
vidual years growing nearly double this
rate. By the end of 1999, there were 26
trees (out of the 240 Monterey pines
initially planted) over 30 feet tall.

KMX did not grow as tall as
Monterey pine, but generally per-
formed better than the other two spe-
cies. Over the course of a tree crop ro-
tation — about 20 to 25 years — KMX
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nificantly improved survival but did
not affect growth. The gains in sur-
vival were noted the first year, but did
not change thereafter. Apparently this
treatment allowed plants to grow
deeper roots immediately after plant-
ing, reducing mortality from desicca-
tion, but once the trees were
established — with or without auger
treatment — their survival rates were
not affected.

By comparison, fertilization re-
sulted in significantly greater overall
height in each year of the study, rang-
ing from an average increase of 9% in
1999 to 18% in 1996. Since the fertilizer
tablets used in this trial cost only
5 cents per plant and did not add ap-
preciably to planting costs, the gains
in height from fertilization suggest
it is well worth the cost for similar
plantings in similar soils.

Economic returns

A critical question that must be an-
swered before embarking on any
large-scale planting of conifers on
hardwood rangelands is, What are the
likely economic returns from the trees?
Clearly this will depend on a host of
factors including distance to markets
(for firewood, pulp or biomass), ex-
pected market prices, risk of crop loss
from diseases and environmental
events such as severe storms that blow
down trees.

Such an analysis is beyond the
scope of this paper, but some insights
and valuable information about
agroforestry systems throughout the
world are available (Reid and Wilson
1985). However, potential markets are
somewhat limited in California be-
cause so few landowners are planting



trees, except in commercial forest situ-
ations. But as we have seen with the
recent California energy crisis, things
can change quickly. For instance, it
may turn out that agroforestry prod-
ucts have a high value for energy if
plantations are located near cogenera-
tion facilities.

Pitch canker

A debilitating disease of Monterey
pines called pitch canker, caused by
the fungus Fusarium subglutinans, has
raised concern about whether
Monterey pine should be planted at all
in California outside of its limited
natural range. This pathogen was first
discovered in the state in 1986, but it
became a major concern just after our
planting was established (Storer et al.
1994). While most virulent in
Monterey pine, it infects a wide range
of other pines and is reported to natu-
rally infect all species tested in our
study. Pitch canker has caused signifi-
cant losses in Monterey pine Christ-
mas tree plantations and has deci-
mated the small remaining stands of
native Monterey pine along the Cali-
fornia coast. There is an additional fear
that the disease could infect other
more commercially important conifer
species such as Douglas fir and ponde-
rosa pine. This concern is heightened
because in California, insects includ-
ing bark and twig beetles are the major
mechanism for the pathogen’s spread
(Storer et al. 1997). Since these insects
have broad host ranges, insect vectors
could result in expansion of the pitch
canker’s geographic range.

Although pitch canker has never
been isolated from Douglas fir trees in

their native range, it has been found on
Douglas fir trees planted in an arbore-
tum in Monterey County. Douglas fir
is a tremendously important timber
species in the western United States,
and it is feared that the disease could
spread inland or north through iso-
lated plantings of Monterey pines or
other suitable hosts, eventually infect-
ing coastal and Sierran Douglas fir for-
ests. The possibility of breeding variet-
ies of Moriterey pine that are
genetically resistant to pitch canker is
currently being investigated, but this
could take years. Until resistant stock
is produced or effective control meth-
ods developed, planting Monterey
pine outside its natural range poses the
risk of expanding the range of pitch
canker.

Promise of agroforestry

Our study indicates that several
pine species can survive and grow, at
least initially, on unirrigated hard-
wood rangelands in California. Once
the trees are established and several
feet tall, the pastures they are planted
in can be grazed by sheep with little
damage to the trees, as long as the ani-
mals are removed before forage be-
comes limited. (Sheep will clip the
shoots of conifer trees if there is noth-
ing else to eat.) Auger treatments with
2-foot-deep holes prior to planting re-
sulted in significant increases in sur-
vival, but had no effect on height
growth. Fertilization, on the other
hand, improved height growth by
about 10% but had no effect on sur-
vival. Both treatments therefore appear
to aid in the establishment of conifers
planted on hardwood rangelands.

TABLE 2. Average height (feet) of pine species (averaged over fertilization and auger treatments)
and fertilization treatments (averaged over species and auger treatments), 1994-1999*

Year

Treatments 1994 1995 1996 1997 1998 1999
Monterey 43a 72a 112a 15.7a 200a 235a
KMX (hybrid) 25b 43b 69b 9.9b 13.2b 16.3b
Knobcone 20b 34bc 5.3 bc 7.5bc 10.6 be 13.1 be
Coulter 1.7b 27c 42c¢c 6.1¢c B.3c 10.8¢
Fertilized 28a 47a 73a 103a 136a 16.5a
Unfertilized 24b 41b 6.5b 92b 125b 15.3b
Mean of height 2.6 4.4 6.9 9.8 13.0 15.9

* Species and fertilization treatments with different letters were significantly different by a Tukey's multiple comparison test
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These results suggest that
agroforestry systems using pines and
sheep are promising on California’s
oak woodlands, especially for
Monterey and KMX pines. However,
more time is needed to evaluate the
long-term survival and growth rates in
these environments, and to determine
if the potential benefits of such sys-
tems outweigh the risks of pitch can-
ker and other diseases. We are con-
tinuing to study these issues.
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