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EFFECTS OF VARIOUS SPACINGS ON LOBLOLLY PINE GROWTH 

15 YEARS AFTER PLANTING 

Abstract.-·Four spacings of loblolly pine trees (6 by 6 ft, 8 by 8 ft, 10 by 10 ft, 
II by 12 ft) were studied for 15 years ~t the Calhoun Experlment~l Forest ne.ar 
Union, South carolina. The two wider spacings at 15 years produced trees of 
greater height, larger diometer, <lnd more sawtimber voll.tne while the two narrower 
spacings favored bds4l area growth and total cubfc volume production. More mer­
ch<lntable cord volume was produced at the 8 by 8 ft spacing. The study results 
should offer some guidance to the landowner in the Piedmont In chOOSing a spacing 
for planting to meet his specific production needs. 

INTRODUCTION 

Of all the dec i sions foresters and landowners face at tree planting 
time. one of the most important is to select the best spacing. Species. 
site quality, local survival patterns- -all influence the final decision, 
but another key factor is the landowner's objectives . What products does 
he want to grow--sawtimber, pulpwood, plywood stocK, or a combi nation? 
What rotation length is he planning? 

A 9uide to making this decision for planting l oblolly pine (Pinus 
taeda L.) in the Piedmont is offered by a spacing study established on 
the Calhoun Experimental Forest near Union , South Carolina, by the South­
eastern Forest Experiment Station. The study established during the win­
ter of 1956-57 involves four spacings - -6 by 6 ft. 8 by 8 ft. 10 by 10 ft. 
and 12 by 12 ft--and was replicated four times in a randomi zed block 
design. 

BACKGROUND Of STUDY 

The planting site was a fie ld that produced a cotton crop dur i ng the 
1955 growing season. The soil. in the Helena series. is characterized by 
a layer of sandy loam overlying a compact mot tled yel l ow and red clay. 
Si te quali ty is very good; site i ndex at 25 years is approximately 75. 
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All planting stock was nursery run 1-0 loblolly pine obtained from 
the South Carolina Corrmission of Forestry. Each plot was 0.6 acre in size. 
with the total number of trees per plot varying according to the spacing. 
Interior plots of nine rows of nine trees each ~,'ere establ ished for meas­
urement purposes. Trees that died the first year within the nine-row 
plots were replaced at the end of the first year, bring ing survival in the 
measurement plots to 100 percent. To ameliorate the effects in inter­
planting, transplants consisted of original stock that was planted on the 
site for replacement purposes. Care was taken to move as much soil as 
possible with the replants . 

In February 1972. after 15 growing seasons, measurements of diameter 
breast height (d.b.h.) . total height, and merchantable height were made on 
all surviving trees in the B1 -tree interior pl ots . All data were then 
computed on a per-acre basis. 

RESULTS 

Surviva l.--After 15 years the average number of survlv lng trees per 
acre range from 1,027 for the 6- by 6-ft spac ing to 2B5 for the 12- by 
12-ft spacing . Only the 6- by 6- ft spacing showed the adverse effect of 
stand density on survival (table 1). Survival in that spac ing was 85 per­
cent while in the other spacings survival was 94 to 96 percent. No appar­
ent effects of the interplanting at age one on survival could be detected . 

6 ,6 

Spacing 
(feet) 

'" 
10 ~ 10 

12 )( 12 

Table l.-·Effect of spacfng on survival after 1S year s 

Trees Surviving 
planted trees 
per acre pel' acre 

-- -.--~-. 

1.210 1.027 

681 637 

436 '" 
302 285 

Survival 

Percent 

85 

94 

96 

94 

Oiameter . --Average diameters were strongly affected by spacing 
(fig. 1), At age 15, the average diameter increased approximately 20 per­
cent for each 2- foot increase in spacing from 6 by 6 ft to 12 by 12 ft. 
Between ages 11 and 15 , di ameter growth decreased 1 n ra te ina 11 spac i ngs, 
but more 50 in the 6- by 6-ft spacing than in the others. 

Measurements for age 7 and age 11 were based on 64 trees per spaci ng. 
The age 15 measurements were from all surviving trees in the measurement 
plots. 
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Figure 1. --Average diameter as related to spacing and stand age. 

Measurements for age 7 and age 11 were based on 64 trees per spacing . 
The age 15 measurements were from all surviving trees in the measurement 
plots. 

Distribution of tree diameters at age 15 was related to spacing 
(table 2). Only the 12- by 12-ft spacing had a significant number of trees 
(nearly 100 per acre) with diameters large e,lOugh for sawtimber (9.6 inches 
d.h.h. or larger). Nineteen percent of the trees on the 6- by 6-ft spac­
ings were less than 4. 5 inches d.b.h .• but in the other three spacings only 
1 to 2 percent of the trees in the spacing were of this size . 

total heights (fig. 2) for the 6- by 6-ft 
spacing e5S at age 15 than for other spacings . with 
no significant among the three wider spacings. Through 
age 7 there was difference in average height . A trend 
began to appear by age 11 and. i f it continues as it had through age 15. 
the difference in average height between the 6- by 6~ft spacing and the 
wider spacings will become greater. 
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Table 2.- -NUDber of trees at age 15 by dl~ter cll$s and inftial plantation spacing 

O.b.h . class 
(inches) 

6 , 6 

Spacing (feet) 

8 , 8 10 )( 10 12)( 12 

- - - - - - - - - - - - Number per acr e - - - - - - - - - - - - -

3 

4 

5 

6 

7 

8 

, 
10 

11 

11 

No. l i ving 

No. dead 

Total ~ 

34 (3) I 

161 (16) 

277(27) 

324(32) 

167( 18) 

41 {4} 

4 

1.028 

183 

',211 

1 

14 (2) 

57 (9) 

164(26) 

191(31 ) 

153(24) 

48 (8) 

635 

44 

I Numbers In plrentheses indicate percentages. 

5 (1) 

10 (2) 

35 (8) 

109(26) 

129(30) 

117(28) 

15 (4) 

3 (1) 

413 

15 

438 

2 (J) 

5 (2) 

22 (7) 

66(23) 

98(34) 

75(26) 

20 (7) 

190 

18 

308 

; Because of roundi ng procedure, t otals per acre vary slightly from those in tabl e 1. 
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Figure 2.--Average heights by spacing and stand age. 
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Not on ly was average height affected by spacing. but total height of 
dominant trees was also affected (table 3). Wider spacing produced taller 
dominant trees. The 10- by 10-ft spacing had the most trees in the 55- and 
60-ft class whereas the 12- by l2-ft spacing had the highest percentage of 
trees in these height classes. 

Table 3.--Number of trees at age IS by he ight class and initial pl~ntation spacing 

Height class 
(feet) 

I 

Spacing (feet) 

8 )( 8 I I 

" 
JO 

35 

" 
" 
50 

55 

60 

No. I ivill1l 

No. de~d 

Tota l 2 

6 , 6 10 )( 10 12 )( 12 

- - - - - - - - - - - - - - Humber per acre - - - - - - - - - -

• 3 (1 ) 

12 (1) I 6 (I) 4 (1) 

123(12) 10 (2) , 2 (1) 

213(21) 36 (6) 9 (2) 18 (6) 

340(33) 177(28) 71(17) 50(17) 

276(27) 302(47) 228(54) 112(39) 

60 (6) 104(16) 106(25) 97(34) 

3 (1 ) 7 (2) 

1,028 615 '" ,9<1 

183 .. 15 IS 

1,211 '" ". 308 

'Nl.I!1bers in parentheses indicate percentages. 

2Because of round i ng procedure, totals per acre vary slightly fron those In t able I. 

Basa l area and volume growth .--Basal area increased as spac ing de­
creased (table 4) . The greatest volume of pulpwood was produced on the 
8- by 8-ft spacing and the least on the 12- by 12- ft spacing . At the 
6- by 6-ft spacing, overcrowding and the resultant smaller diameters and 
shorter stems produced less merchantable volume than the 8- by 8-ft spac­
i ng despite an initia l plant ing of 77 percent more trees per acre . At the 
8- by 8-ft and wider spacings, essentially all trees were of merchantable 

SpaCing 
(feet) 

6 , 6 

'<8 
10 x 10 

12 x 12 

Table 4. - -Basal are~ and merchantable and total cub ic-foot yo lumes at age 15 
( Inside bark) by inltial pla ntation spacing 

Basal aru Merchantable yoll/ll'll" Total yolu.e 

Square feetlacre Cubic feetlacre Cordslacre Cubic fee t lacre 

17. 2,4B4 27 .6 2,940 

166 2,764 30 .7 2,971 

I" 2,392 26 .6 2,584 

125 2.11 0 23.4 2,325 

'Min l_ mercl\ilnuble diameter was 4 .6 inches d.b.h. The equations used to compute tile 
lllerchantable cubic feet (1nside ba rk ) and total cubic feet (inside bark) are fl"1)ll : McOOnald, R. 8., 
J. H. Rampi ng, and C. S. Brlgtltwell. 1963. Southern pi ne cubic foo t fOnJIJlae for th@Soutl\ust@l"fl 
United States. USDA For. Servo Southeast. Area, Sute' PrIY. For . , Atlanta . G~. 
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size and quality. At the two wider spacings. however. the number of trees 
was apparently not sufficient to fully utilize the site in these early 
years . 

CONCLUSIONS AND RECOMMENDATIONS 

At this Piedmont site. it appears that the 6- by 6-ft spacing ;s too 
close. Mortality because of suppression is high and seems to be increasing. 
Only the 6- by 6-ft spacing had a significant number of trees (19 percent) 
below 4.5 inches d. b. h. (considered minimum merchantable size), and many of 
these smaller trees appear to have little chance of ever prOducing merchant­
able wood. Too , average height for the 6- by 6-ft spacing was significantly 
l ess than for the otner three spacings. 

The 8- by 8-ft spacing had the greatest merchantable volume. though 
only statistical ly greater than the 12- by 12-ft spacing . The 8- by 8-ft 
spacing had few trees that will not meet present merchantability specifi­
cation for pulpwood. 

Therefore , if one of the landowner's ob·ectives· is to th in at an 
earl a e an ave as ew sub-merchantab e trees as OSS1 e , t e - b 
- t spacing appears best on such sites. 

The wider spacings (10 by 10 ft and 12 by 12 ft) offer the advantage 
of larger trees, but at the expense of some early pulpwood volume produc­
tion. At age 15 the 10- by lO-ft spacing had produced little merchantable 
sawtimber volume. The large trees of sawtimber size are general ly too 
rough to be of merchantable quality. Nevertheless, this spac i ng has numer­
ous trees approaching sawtimber size and within a few years will have 
substantial volume. 

The effects of compet i tion on survival. diameters, and heights on 
this good site are evident and appear to be increasing with time . A com­
parison of the number of trees by diameter and height classes for each of 
the spacings gives an indication of the time required to reach merchant­
able s ize and the potentia l for reaching varied sized products within a 
given rotation. Only the 12- by 12-ft spacing had trees sufficientl y 
l arge to make sawtimber, but even on these plots the average volume on a 
per acre basis was less than 2.000 board feet per acre (International 
t-;nch scale). 
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On poorer sites. where available moisture and nutrients generally 
would be less. wider spacings may be necessary to grow trees to merchant­
able s i ze within an acceptable period of time. However. any spacing of 
10 by 10 ft or wider should be used with caution for areas where good 
survival is not expected. A few trees lost through mortality will leave 
substantial amounts of under-used land . 

W. E. Balmer . Forestation Specialist 
Southeastern Area. State & Private Forestry 

Atlanta. Georgia 

E. G. Owens. Research Center leader 
Westvaco Corporation 

Summerville. South Carolina 

J. R. Jorgensen. Principal Soil Scientist 
Forestry Sc iences Laboratory 

Research Triangle Park, North Carolina 
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The Forest Service, U. S. Department 

of Agriculture, is dedicated to the 

principle of multiple use management 

of the Nation's forest resources for 

sus1ained yields. of wood, water, for­

age, wildlife, and recreation. Through 

for!Stry researeh-, eooperatKm with 

the States and private forest owners, 

and management of the National 

Forests and National Grasslands, It 

strives-as directed by Congress.­

to provide increasingly greater service 

to a growing Nation. 


