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ABSTRACT.-- Quantifies the effect of spacing on sand. _Seedlings were planted at spacings of 5- by
branch diameter, number of branches, and knot 5-, 7- by 7-, 9- by 9-, and 11- by 11-feet. Site index is

' surface in a red pine plantation, estimated at 70 feet. Mean height of dominant and
codominant trees is 32 feet, and mean stand diam-

OXFORD: 245.1:232.43:174.7 Pinus resinosa, eters for the four spacings are 4.3, 5.5, 6.5, and 7.3
KEY WORDS: Pinus resinosa, knot surface, inches, respectively. Total tree age is 23 years.

poles, piling, branch diameter. Six trees from each of the four spacings were
sampled. Only dominant or codominant trees were

The spatial distribution of trees influences not selected because they represent potential crop
only main stem diameter growth but also the trees. Diameter of all branches greater than 0.10
growth of branches. Wide spacing in plantations inch was measured in each whorl up to and includ-
results in greater diameter growth at breast ing the third whorl below the terminal bud. Mea-
height (4.5 feet) than close spacing but the large surements were made 1.0 inch from the tree bole.
branches associated with wide spacing reduces
tree quality. Close spacing results in smaller

branches, but more ofthe branches die due to shad- RESULTS
,, ing and produce .loose knots. The purpose of this

note isto quantify the effect of spacing on number Branch Diameters
of branches and branch diameter, both of which
influence one tree quality characteristic- knot The 5- by 5- and 11- by l 1-foot spacings are
surface. ' significantly 2 different in mean branch diameter

from each other and the other spacings. Compari-
sons between the 7- by 7- and 9- by 9-foot spacings

•METHODS _Study maintained in cooperation with Burnett '
The study area, located in Burnett County in County and Wisconsin Department of Natural

northwestern Wisconsin, was planted in the Resources.
spring of 1958 with 2-1 red pine (Pinus resinosa 2All statistical tests of significance were made at
Ait.) nursery stock on soil described as Plainfield the 5 percent level.
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showed barely nonsignificant differences, and ex- Number of Branches

cept for one or two whorls, the 9- by 9-foot spacing Number of branches per whorl did not differ
consistently had larger diameter branches than significantly between the four spacings (table 1).
_he 7- by 7-foot spacing (table 1). Similar results were observed by Stiell (1964) and

Branch diameter increased with height above Wambach (1967). Whorls above 3 feet averaged 6
.ground to 3 feet for the 5 by 5 spacing and to 8 feet branches per whorl (due to natural pruning, fewer
for the 11 by 11 spacing and remained constant to branches remained below 3 feet). The number of
17 feet for the 11 by 11 spacing and 24 feet for the 5 branches was uniform from whorl to whorl -- prob-
by 5 spacing. The other spacings were intermedi- ability of having < 5 or > 7 branches is 0.07 and
ate between these. Stiell (1964) observed this same 0.14, respectively, and probability of having < 4 or
relation. Wambach (1967) hypothesized this reta- > 8 is only < 0.03.

ti0n as total tree height increases faster than Knot Surface
height to live crown at young ages. Thus, up to a
certain age,. each successive whorl lives slightly Knot surface is defined as the sum of branch
longer than the whorl below it. For this study, diameters and is a recognized standard ofunsuita-
these ages are 5, 6, 7, and 8 years from planting for bility for poles and piling. Eight inches of knot
the 5- by 5-, 7- by 7-, 9- by 9-, and 11- by l 1-foot surface in any linear foot for branches greater
spacings, rspectively. than 0.49 inch is a common upper limit for product

The top whorl measured in this study was 3 acceptance (Panshin et al. 1950). Trees in the 9- by
9- and 11- by ll-foot spacings either have exceeded

years old. Withinthe last 5-year history of this
stand, branch diameter growth decreased mark- or are rapidly a_proaching this 8-inch knot surface
edly for branches 4 years old regardless of spacing, limit (table 1). This is particularly critical in the" live crown because these branches will continue to

Branch diameter growth virtually ceases at grow after the first thinning.branch ages 5 to 7 years, progressing from the 5- by
5-to 11-by l 1-foot spacings. Therefore, branch size The trees in this study have not attained the
in'plantati0ns 15 to 20 years old may be a good minimum top diameter and length for building
indicati0n of branch size for red pine until the first poles, utility poles, natural taper piling, or stan-
thinning, dard piling. Currently, thinnings would yield

Table 1._ Characteristics of dominant trees in a 20-year-old red pine plantation _
(Site Index70)

Spacing(feet)
Characteristic 5 7 9 11

Total height(ft.) 32 32 32 32
Heightto livecrown(ft.) 15 15 13 9
Live branches/tree(No.) 48 48 54 66
Dia. livebranches9 ft. to 17 ft.(in.) .72 1.01 1.01 1.09
,Live-branches> 4 yearsold(No.) 24 24 30 42
Dia. live.branches> 4 yearsold(in.) .73 .93 1.01 1.07
Deadbranches/tree(No.) 60 60 54 42
Dia.deadbranchesabove8 ft.(in.) .73 .91 .93 1.13
Dia.deadbranchesbelow8 ft.(in.) .66 .76 .81 .86
Knotsurface2below17 ft.

Mean(in.) , 3.8 4.9 5.6 6.0
Maximum(in.) 6.5 8.1 9.2 10.6

_2-1 trees planted; tol_al tree age is 23 years.

"Measured 1 inch from bole.
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pulpwood and posts, and knot surface is not a rec- pruned before the first thinning, whereas pruning
ognized standard of unsuitability for these prod- of crop trees in spacings closer than 9 by 9 feet
ucts. Thinnings in 10 years will yield building could be delayed until the first thinning.

poles, in 20 years will yield small utility poles plus In the absence of pruning, plantation spacingsa few natural taper piling, and in 30 years will
yield some standard piling. : 11 by 11 feet and wider would sharply curtail or

eliminate the production of poles and piling.
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