In-Bed Herbaceous Windbarrier Produced More
Ponderosa Pine Seedlings.

Richard W Tinus?

Abstract.--There are currently no wi ndbreaks at the
A buquerque Tree Nursery, but experience at other nurseries indicates

wi ndbr eaks can be hi ghly beneficial.

To test the concept quickly

wi thout erecting or grow ng anything pernanent, one drill row of oats was
sown per bed when the rest of the bed was sown to ponderosa pine.
The oats, which were naintained at 30 cmhei ght by now ng, reduced w nd

velocity at ground |level by 79%

In spite of a 25% 1 o0ss of

seedbed space (row 8 to planted oats and row 7 to conpetition fromthe
oats), there were 55%nore seedlings per running neter of bed with the
windbarrier (6 rows) than without the wi ndbarrier (8 rows). Wth the
wi ndbarrier, increases in seedling fresh weight and epicotyl height,
and greener color were observed, but variability was too great for the

differences to be significant.

W ndbarriers in adjacent beds

across a section had no significant cumul ative effect.

I NTRCDUCTI ON

Strong wi nds can be highly damagi ng to young
seedl ings. Since npbst nurseries experience strong
wi nds at | east occasionally, sonme formof w nd
protection is usually needed (Tinus 1978). Agrononic
studi es have al so shown inproved crop growh behi nd
wi ndbreaks even in situations where the wind is not
strong enough to cause direct damage (Tinus 1976).
However, the effects of wi ndbreaks are not all
beneficial, and careful planning is needed to maxin ze
benefits while mnimzing unwanted side effects (Read
1964, Stoeckler 1962).

Any wi ndbreak has three primary character-
istics: height, density, and orientation. The
primary effect is reduction of wind velocity on the
| ee side. The pattern of wind velocity reduction is
i ndependent of barrier height, but the protected area
is proportional to the height; therefore, the effect
of a windbreak at any distance fromit can be
neasured in terms of nultiples of barrier height (H
(Read 1964). For conplete protection, the array of
barriers should be spaced about 10 H apart. That neans
a row of trees 15 mtall will protect an area out to
150 mfromthe trees, whereas a 1.3-m snow fence wll
protect only 13 m
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Trees and snow fences have been the nain
wi ndbr eaks used in nurseries. Trees have the
di sadvantage that they take years to growto a
useful size, and they may harbor pests that attack
the crop trees. To be effective, snow fences nust
be erected in the mddl e of each section, where
they tend to get in the way of farmning operations
and are a nuisance to put up and take down.

The Al buquerque Tree Nursery is currently devoid
of wi ndbreaks, but sone small-scal e experinments and
observations indicate that wi ndbreaks m ght be useful. In
a recent nursery study, Douglas-fir, white fir, and
Engel mann spruce seedbeds that were covered with snow
fence on sideboards produced nore and | arger
seedlings, but there was no apparent response by
ponderosa pine. However, for protection fromrabbits,
t he whol e experinment was surrounded by 1-m high, 6-mm
hardware cloth, which is al so an effective w ndbreak; and
the growt h of ponderosa pine within and close to the
encl osure was clearly better than at di stance beyond the
wi ndbr eak i nfluences.

From the apparent benefit of wind protection
wi thout significant shade, without interfering with
cul tural operations and at |ow cost, cane the idea
for an herbaceous wi ndbarrier to be planted in one
drill row of each bed of ponderosa pine. Cats were
sel ected, because it is a cool season grass that woul d
reach an effective height quickly in the 1-0 season and
die overwinter. |If nowed to prevent heading out, it
woul d not becone a weed problem



MATERI ALS AND METHCDS

At Al buquerque Tree Nursery, the beds are
oriented north to south, alnpbst perpendicular to the
strongest winds during the grow ng season.

In May 1983, the seven beds of one nursery section were sown
to ponderosa pine in seven drill rows. The eighth
(westernnost) drill rowin each bed was sown to G nmaron
oats, a tall-stemmed variety of Texas origin (fig. 1). The
oats were sown fairly thick (about 65 seeds per running
meter) to insure a wi ndbarrier of adequate density.
Anot her nursery section sown entirely to ponderosa pine with
no oats served as the control. Wndbreak and control
sections were separated fromeach other and to the
sides by fallow sections. Wndbreak and control sections
were replicated twice, all on about 2 ha of the nursery
that were reasonably uniformin soil texture. In the
m ddl e of each wi ndbreak and control section, a totalizing
cup anenoneter was installed, recessed into the ground so
that the cups were just above ground level at the
expect ed seedling crown height.

Seedling cultural treatnments, such as irri-
gation, fertilization, and weed and pest control, were the
sane as el sewhere on the nursery. Wen the oats began
to head out at 50 cm in height at the end of June
(fig. 1), they were nowed to 30-cm height.

The four anenmoneters were read weekly
t hroughout the first and second growi ng seasons. At the
end of each growi ng season, two randonmly |ocated but
wi dely spaced transects were |aid out perpendicular to the
sections. The two transects across two field replications
were treated as four bl ock replicates for statistical
purposes. Al of the seedlings in a 30-cmstrip were lifted

by hand and kept separate by drill row

igure 1.--Ponderosa pine at
Al burquerque Tree Nursery
in July of the first
season with an oat
wi ndbarrier, just before
mowi ng to 30 cm

The seedlings in each sanple plot (30-cm
strip of drill row) were counted and bed density
computed. On a random subsanple of 10 seedlings (or
fewer, if there were not 10), fresh weight, epicotyl
hei ght, and foliage col or were neasured. Foliage col or
varied fromdark green to yellow
and was neasured by an index keyed to the fol |l owi ng Munsel |

standard colors (Anon. 1977):

Index Color Munsell code
4 dark green 7.5 G 4/4 to 2/4
3 light green 7.5 GY 5/6 to 5/8
2 yellow green 5.0 GY 6/6
1 yellow 2.5GY 7/6 to 7/8

The col or index was treated as a continuous vari abl e, as were
the ot her neasurenents, and anal yzed as a random zed

bl ock design with beds within treatnent and rows
within beds treated as split plot and split-split plot
factors, respectively. Only six rows per bed were

anal yzed to bal ance sanple size between treated and
control bl ocks.

RESULTS AND DI SCUSSI ON Reduction of W nd

After the oats had reached about 50 cmin
hei ght by the beginning of July (fig. 1), and for
the remainder of the first growi ng season after the
oats had been nowed, the oat wi ndbarrier reduced
surface wind by 74% or to only 26% of what it was
with no wi ndbreak. This result was as expected for a
noderatel y dense w ndbreak at a di stance of about 2.5 H
(Tinus 1976). The oats



remai ned standi ng overwi nter and throughout the second
growi ng season, during which they reduced surface w nd
to 21% of total wind with no protection. Therefore,
for at least 16 nonths, the oats were a highly
effective windbreak within about 10-15 cm of the soil
surf ace.

Main Effects of W ndbreak

Seedl i ng nunbers were strikingly affected by the
oat windbarrier. Conpetition and shading fromthe oats
(in row 8) was so strong that seedlings grew poorly in
row 7. Therefore, for the followi ng conparisons, it was
assuned that no usable trees would be produced in rows 7
and 8 with the windbarrier. To sinplify analysis, rows
1 through 6 with a windbarrier are conpared with rows 1
through 6 without the wi ndbarrier.

At the end of the first season, the differences
in seedling nunber and size, with or without a
wi ndbarrier, were not significant. However, by the
end of the second season, bed density w thout a
wi ndbarrier was 104 seedlings per square neter, but 215 per
square neter with a wndbarrier (106%greater); and
seedlings per lineal neter of bed (which includes rows
7 and 8 where there was no windbarrier) was 127 and
197, respectively, or 55%greater. Fresh weight and
epi cotyl height were greater and foliage col or greener
with a windbarrier than without in sone, but not all, of
the replications. Variability was too great for these
differences to be significant.

Curul ati ve Effect

If linear nultiple w ndbreaks are spaced cl osely
enough so that the effect of one is not conpletely
di ssi pated before the next one is encountered, there
may be a cunul ative effect up to as many as four
wi ndbr eaks (Read 1964, Tinus 1976). In this
experinent, such an effect was sought by conparing
beds within treatnents; however, no significant
di fferences were found, except that at the end of the
first year, foliage color tended to be yellower in
the eastern beds than in the western, and the
difference in color was greater in beds without a
wi ndbarrier than with one. Thus, there is little
evidence of any cunul ative effect.

Wt hin-Bed Effects

At the end of both the first and second seasons,
there were distinct differences in seeding nunber, size,
and color by rowwithin bed (fig. 2). Number of
seedlings followed no pattern

Figure 2.--Nunber, size, and color of 2-0
ponder osa pine seedlings as a function of row
wi thin bed. Bed density, color, and fresh
wei ght showed similar patterns with
or without a wi ndbarrier. Points on a given
line with the sane letter are not significantly
different at p=0.05 by an F-protected LSD test.
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that could be related to the experinment; but the
pattern was the sane with or w thout the w ndbarrier,
in both first and second seasons. It may have been
caused by nonuni formsow ng or seed coveri ng.

Wth the windbarrier, epicotyl height and
fresh weight were largest in the middle rows and
declined on either side creating a distinct
"breadl oaf" effect. This is evidence of the com
petition fromthe oats and was expected. G owth and
tree nunbers were so strongly depressed in row 7
(adj acent the oats in row 8) that this row was del eted
fromcal cul ations of size and nunber of seedlings produced
with the w ndbreak.

Al t hough there were sone significant differences
in beds without a windbarrier, there was not a cl ear
pattern. Sometines a breadl oaf pattern is observed in
beds of not only tree seedlings, but of horticultural and
agrononmic crops (Tinus 1976). As the seedlings gain hei ght and
foliage density, they become a wi ndbarrier in thensel ves and
protect their neighbors to the |ee side.

Seedling col or tended to be greener in the
middle and western rows and nore chlorotic in the
easternnost rows, with or wthout a windbarrier.

Inthe first season, the effect was nore pronounced wi t hout a
wi ndbarrier than with one. Sonetimes growh in the
outernost rows of a bed is poorer because of exposure,
wheel conpaction of the alley between beds, or sloughing of
the edge of the bed. However, there was no evidence for any
such conditions in this experiment. A second possible
expl anation is that the nost detrinental w nds cone
fromthe east. If so, |ocal weather records could
indicate the time of year and circunstances under which

wi ndbarriers woul d be nost useful.

CONCLUSI ONS

More ponderosa pi ne seedlings were producedin
six rows per bed with an oat wi ndbarrier than

were producedin eight rows without it. The

ef fectiveness of the wi ndbreak was due in part to seedbed
orientation, because the beds are |aid out perpendicular to
the prevailing strong winds. This techni que shows
prom se as a neans for a nursery to obtain w nd
protection for the seedbeds quickly with little capital
expenditure. As with all innovations, however, it
should be treated on a snall scale on an area typical
of the nursery as a whole to determne if the benefits
warrant the costs, before being applied to the whol e
nursery.
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