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Double vs. Single-Row Pine
Plantations for Wood and

Forage Production
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ABSTRACT. To find ; or growing high vol-
el et Ly i g
habital, slash pine (Pinus elliottd Engelm) was planted i

g thirs omifi . 4 tval,
or greaier in the 4 X & foot double-row configuration
10 feet apart. Double-row configurations produced more forage
than single-row. This configuration offers a high timber volume
and forage mass alternative to the currently favored 8 x 12
fmm@fwwmw

Mmgtr: of timber, wildlife, and cattle need
3o Frows plhipmodnct et Wood o
yields from multiproduct management. Wood pro-
ducers have growth and yield tables for predicting
return from their woodlands, but tables y
available are based on :mcking levels andmgs
ﬂtrid'; optimizt.wbog production. Therefore, tim-
manageérs secking management systems to
include wildlife and cattle want to m’ﬂ‘w much
fiber production’may be reduced when trying to
maintain forage throughout the rotation. By the
same token, cattle operators in Florida will plant
pines on their or pasture lands only if
assured that the added investment will produce
greater returns than those receive from cattle
alone, and that the trees not eliminate the
g‘l‘%?:fng m;,f wildlife resource. "
ects of pine canopies on ve been
correlated with various Pﬁdmum cover
in several forests in the South. In south i
native grass yields on pine-wiregrass range de-
creased with each im:m]:singly denser canopy of
natural pine stands (Halls et al. 1956). In Louisiana
and Texas a_similar. relationship was found on

pine-bluestem range (Cassady 1951) and, in Texas,

under mixed pine-hardwood forests (Halls and
Schuster 1965). However, trends in forage yield
under planted slash pine exhibited a somewhat
different response; yiclds remained high during
the first 10 to 13 years, then began to decline as
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crowns closed and basal area increased (Lewis et
al. 1982, Pearson 1982). : :
.Growth and yield studies for slash pine

tions traditio have been conducted with spac-
ing configurations that ide a uniform areal
distribution of trees. gh square configura-
tions have been modified to re guls to accom-

I tc ! - - inl l' - I - A
cffects of configurations have not received much
.altentinn;.primm:y interest has been in tree density
(Harms and Collins 1965). 4 sy
. The objective of our investigations was to com-
pare growth responses of ted pines to various
tree spacings within and between single. planting
rows, or between double rows at given stocking
levels from three different locations. We. report

here on pine and forage growth at age.13.-: ; ...
METHODS
Alapaha Experimental Range
In January 1965, improved:slash pine and im-

proved loblolly pine (Pmus taeda) were planted on
the Alapaha E:‘;:u-i:ncm:l-hnge near-Ala .

woods of . the. Lower Coastal. Plain occu-
pied by longleaf (Pinus palustris) and

‘pines
with saw-palmetto (Serenoa ), gallberry (flex
fcing ne prciary undernory epecie. Soks on ths

e primary unders on
S-ang: area were Plummmnd ‘Ona fine -sands
which are very wet, acidic; ‘and'light textured.
Water movement through the: surface horizons is
moderately free; nmun% fertility is low. All trees
had been removed and a 7-year rough was burned
in December 1964, - - - e o7 0 e annbises

. - Pine seedlings were hand-planted in double rows

at 6 X .6 fr. with 18 fu. between these strips:of
trees; designated a (6 % 6) ‘18-ft.'spacing ‘config-
uration. This gave a density of 605 treesfac as in
the adjacent tation at 6 % .12 ft. One-half of
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the area was planted to slash pine and one-half to
loblolly. This was a pilot-test for observing the
wth of these improved selections of pines;
therefore, no study designed was involved.
Measurements were made on 36 trees in each
of two subplots from 4 blocks in each. species.
Heights were measured to the nearest ft. and
diameter at breast height (dbh) to the nearest tenth
of an inch.

Withlacoochee State Forest

The study was installed on the eastern portion
of the Richloam Unit of the Withlacoochee State
Forest near Brooksville, Florida. The area con-
sisted of a relatively flatwoods site with an
estimated slash pine site index (age 50) of abour
70 fr. based on J:e previous stand. The i
on the study area was typical of wet flatwoods;
slash pine and longleaf pine dominated the over-
story and saw-palmetto and gallberry dominated
the understory. The primary herb was pineland
threeawn, commonly called “wi %

The area had been dearcut and site prepared
by burning and double-chopping in 1969. Follow-
ing site preparation, 12 treatment plots of 330 x
369 ft. (3 ac) were laid out to accommodate two
complete replications of six treatments assi at
random. Two additional replications were planned
for the next year but a change in research priorities
prevented their installation. :

- Treatments consisted of six single-row and six
double-row ing configurations at a uniform
stocking level of 454 trees per acre. Configurations
were: (1) single rows at 8 x 12 fe. (5-1), 4 x 24
ft. (5-2), and 2 x 48 fi. (5-3) and (2) double rows
at (6 x 8) 24 ft. (D-1) (i.e., 6 ft. between trees
within rows, 8 ft. n rows, and 24 ft. between
gg.u{:s ?E-?M%h? x B}!ﬂft.ﬂlﬂ},:;:d{? x 8)

L ) customary spacing of slash pine
planted Egn the Withlacoochee State Farestpior
mtegrated resource management is 8 X 12 fu;
therefore, this spacing is used as the control treat-
ment. Slash pine seedlings were carefully hand
planted in January and February 1970 to assure
accurate spacings within and between rows. Seed-
lings were from an improved selection for high

m yicld. The area was neither mowed nor
gullznd' , and plantations were not thinned. Light
grazing by cattde was allowed during the first 5
;i';aérzs. Prescribed fire was applied in February

A 0.5-ac arca near the center of each $-ac
treatment plot was established for tree measure-
ments. A 200-ft. line across the plot traversed a
minimum of 4 rows of trees which were measured
for 109 fu. along the rows. Heights and diameters
were measured on all trees at age 13 within the
0.5-ac measurement plot. Heights were measured
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to the nearest tt, and dbh to the nearest teiith of
an inch. Survival was determined at 3 months, 4
years, and 13 years. Total tree volumes were
calculated using the formula.

Volume = 0.0399 + 0.002645 (dbh® X ht)

(Mochring et al. 1973).

Because shading by overstory trees tends to
decrease forage yiclds, percentage of land directly
under the pine canopies was estimated ‘for the six
treatment spacings. Shape of the crowns did not
appear to be affected by configuration. Assuming
that crown cover by pines would have maximum
influence in a zone 6 ft. along each side of a tree
row (visually estimated radius of average canopy),

the following percentages of an acre were -
lated to be under the canopy or in the open:
S?acm' E Under Open condi-
configuration Treatment canopy tion
Feet Percent
& x 12 51 100 0
4-x 24 52 53 o7
2x48 53 o] n
6 x 8)24 D4 €0 40
4 x B0 D2 &4 56
Z x 888 D3 - L
Herbaceous tion was cli on 50 ran-

domly located, 0.5 m* quadrats in each measure-
ment plot during Octo 1982, at age 13, one
growing scason following the February prescribed

urning. Half the quadrats were located midway
between rows of trees and half immediately adja-
cent to the tree mw:.‘humonehiamne;n thedo
rows. Individual species or species sam-
pled were pineland En,uu e hlue?dcm
(Schizachyrium stoloniferum), chalky bluestem (An-
dropogon capillipes), other bluestems (A r
spp-), various panicum grasses (Penicum and Di-
cEa.uh'ndm‘ spp.), lopside indi ﬁ:ﬁ’:ﬁfﬂ
secundum), other grasses, gras ( _and
sedges), legumes and other forbs. Oven-drf'(g‘_ned
48 hours at 65°C) weights are reported. -

Tree and vegetation data were analyzed by
analysis of variance for a completely randomized
block. Differences between the control (8 x 12
spacing) and other treatments were tested for
significance at the 0.05 level using Dunnett’s pro-
cedure (Steel and Torrie 1960).

. Avon Park Bombing Range

This study was conducted on the U.S. Air Force's
Avon Park Bombing Range near Avon Park, Flor-
ida. The area is typical of cutover and grazed pine
flatwoods of south Florida. The soil type is Bas-
inger fine sand that is found in -wet
prairics or “sloughs.” The dominant vegetation
was pineland threeawn with scattered saw-pal-
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metto. Creeping bluestem, ﬁm]ky'blueﬂém; pani
cums, and ‘bluemaiden cane (Amphicarpun
.muhlenbergianum) were common throughout the
area

The site had been cleared of trees, periodically
burned, and grazed prior to establishment of the
study. Fifteen treatment plots of 2 ac each (264 x
330 ft.) were identified and randomly assigned to
five treatments with three replications in-a ran-
domized block design. Site preparation consisted
of single-chopping an entire plotorm'ir-dmp ing
only the planting row in November 1970. &h
pine was the fi ing December. and
January at 8 x 12 ft. (control) with single-chop-
E:E. and at (4 x 8) 40 fc. and (2 x 8) 88 ft. with

A 0.5-ac area near the center of each 2-ac
treatment plot was established for tree measure-
ments as in the previous study. Heights and di-
ameters were measured on -all :trees ‘at” age 13
within the measurement plot."Heights;'diameters,
study. Data were analyzed by analysis ofivarianc
treatments were tested for significance at the 0.05
level using Dunnett’s. procedure.

RESULTS AND DISCUSSION

\apihi £ sntal
_Atage 15 the improved slash pine and iniproved
by in doubl .

slash pine plant&d at 6 x 12 ft. (Table 1), Currently
seage 13 thereis it diffrense i ree responsc

Atage 15, theca of both double-row plant-
-ings remained open in the 18 ft. between rows.
Hwﬂﬂ,bf:gelﬁitmubumdthatthcm
had closed in these areas by the loblolly pine but
were still relatively open in the slash pine.’Self-
pruning by both species has been normal.”

Tmt: there seems to be no. disadvantage to
planting in double rows as compared to a standard
configuration of 6 X 12 ft. However, the a

verage
annual rate between ages 13 1019 indicate
the single-row may be experiencing less

periencing
tree-to-tree competition. Height growth was 2.50
vs. 2.85 and 2.08 . and gll:meter was
0.28 vs, 0.20 and 0.22 inJyr. for sin and
double-row slash and loblolly pines, respectively.

Withlacoochee State Forest

Survival percentages were not statistically dif-
fmntmnnglh:ﬁx:pa&n‘i’umm at age 13
(Table 2). Survival 3 mon fnﬂmﬂngm
ranged from 80 to 90%. Survival at age 4 indi

an overall survival rate similar to that at 15.A
" portion of the mortality by age 4 was ted to

'ailr.éidﬂiﬂe by hunters driving across theseud
.. _; - - 2 _':: . :\. 3 -

r (Fi € Yar. suogeus con-

. Table 1. Pine responses to planting in double-row.as.compared to single-row spacings at a density

“of 605 trees per acre in south Georgia.

Frunation A7 Pne 1+ 22 AR R RRR
_cage Ui Sspeces T Survival itii= . - Diameter
Ve “Percert R i,
1 :Loblolfy®. £ 347 47
Slash? . 83 323 4.5
- iSlagh? ;-g 30.9 ;A~
Loblolly’ 438 ‘59
' Slash’ 69 4“8 5.9
Slash? -85 45.9 S8
¥ Improved loblolly stizh pine planted at (6 x €) 18 ft,

and Improved
¥ Normal slash pine planted at 6 x 12 f1.
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Table 2, hveralge survival, tree hei

t, diameter, basal area, and total-tree volume at age 13 of

pine planted in single-row and double-rov configurations at 454 trees/ac, Withlacoochee State
Forest, Brooksville, Florida." :
Spacing : ;
configuration - . Survival - Height Diameter Basal area Volume
Percent f. in. 5q. ftdac Cu, ft.fac
$-1,8 x 12 61 6 57 50.4 903
52,4 x M &8 LMy 52 45.6 866 -
S53,2x 48 ; 68 - 364 5.1 : ‘52 93
D-1, (6 x 8)24 &7 - 321 50 : 9.8 - - 658*
D-2, (4 x 8440 &7 36.1 5.5 . 59.2 1086
-D-3, 2 x 8)88 74 1ns 43 3ar 580"
Average N - S 52 472 B4

¥ Means in a column marked with an asterisk ane significantly different from the control {5-1) treatment at the 0.05 level according to Dunnett's

among trees within closely spaced rows apparently
was beginning to reduce mcﬁ-?-idualtrcegmmh by
-age 13. : -

_ g'?'hcmmﬂpmrergmwﬂmfthen-.hreaunmt
. is especially apparent in the basal area and volume
dm{'I‘ahf:: ). Basal area was considerably less
than that of the other treatments. The poor growth

rate of D-1 is probably related to site differences
rather than spacing configuration. The.D-2 con-
figuration (Figure 1) yicld of wood (1,086 cu. ft./
ac) approached the level of yields from the double-
row configurations on the Alapaha Experimental
Range. X g

'I‘Ee diameter distribution in the 8 x .12 ft.

-

o

Figure 1. Slash pine planted with 454 treeslac in double rous at (4 X 8) 40 ft. averaged 36.1 fi. in height with

3.5 in. diameter at 13. Tree growth
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form and natural pruning were similar in all spacing configurations.
Open spaces betuween the double rows allowed full grousth ] g

of herbaceous plants.
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control (Table 8) is similar to that re by

Bennett and Clutter (1968) for. old-fi 1 planta-.

tions on a comparable site at age 15, However, the
S-ltreesla behind about one size class because

they were two years younger. Comparing the other

configurations with the diameter distribution of S-
1 shows that D-2 is the most similar while the D-3
has the greatest departure. The other configura-
tions were fairly similar but contained more trees
in the smaller size classes. The S-1 and D-2 con-
figurations had 31 and 35%, respectively, in size
classes below a merchantable size for pulpwood (5
in. used here). The $-2, S-3, and D-1 contained
about 45% below merchantability

rows in the $-3 and D-3 configurations a parently

was beginning to affect diameter by age
.ls,apcdaﬂrwhmduubkmmweu. b
Height distributions were not y different

among most co ions except for D-1 in which
ahoul:. ﬁof the.trees below the 30- to 35-fi
-height encompassed the mean height of 34.5
thi'rabk 8). All other configurations had 80 to
90% of the trees.in the mean or larger height
dasses. The $-3 and D-2 confi ions contained

ese distributions of heights and diameters are
directly reflected in total wood - yields ‘(Table 2).
Since the diameter distribution patterns were sim-
ilar to those reported by Bennewt and Clutter

L ek .'-“:"-.I:-’-'i,:"f e i
“Table 3. Height and diameter’ ns by size
classes at age 13 of slash pine in single- and dou-

configurations at 454 trees/ac, Withlacoo-

Ty wmid

chee State Forest, Brooksville, Florida.

Spacing configuration
Size class 51 52 53 D1 D2 D3
i Percent,
Diameters {in.)

1-2 00 00 00 00 00 03

2-3 11 35 25 15 1.7 92

34 78 N7 127 109 84 247

4-5 23 1¥3i n2 36 251 39

56 290 3 N2 56 314 273

=7 193 196 173 333 AT 46

7-8 133 57 58 1.0 98 00

8-9 56 09 12 00 23 00

910 1.5 00 03 00 06 0.0

Heights (L)

510 00 00 040 00 00 03
10-15 00 0.0 0.0 00 03 07
15-20 1.1 03 06 0.7 06 23
20-25 52 44 29 69 26 82
25-30 119 136 73 29 64 B2
30-35 20 341 187 BS5 275 M5
3540 364 314 487 284 434 378
4045 1.2 129 Hna 22 188 79
45-50 22 13 0% 04 06 00
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while the D-3 -
contained 68%. Planting as close as 2 ft. within

(1968), .our planting configurations could be ex-
pected 10 yield pulpwood, poles, and sawtimber
volumes similar to that of old-field slash pine
plantations in Florida. ;
Tot:!__forag: yields were similar between the
canopy (1290 lb/ac) vs. open condition (1300 It/
ac). Only | es were significantly more produc-
tive undtrel:gl;“;:inc canopy (202 Ibfac) than in the
open area (68 Ib/ac). However, a significant inter-
action showed that the higher legume production

roccurred primarily under the D-2 and D-8 config-

urations, where s;::srs;: paTrItIridgfpc; (Cassia gl‘:-
titans) was abundant. This response y
was-the-ruv:::urf a concentration of nee%f&ﬂ
under these spacings which would produce a hotter
fire when burned. High temperatures have been
suggested as an important condition for increasing
the germination of partrid ‘(Martin and
Cushwa 1966, Harshbarger et al. 1975).
. Total herbaceous yields were significantly higher
in the D-3 configuration than in the control (5-1)
(Table 4). Yields in the other double-row config-
urations were higher than the single rows but not
significanty so. The low.yield in the $-2 treatment
ap to be the result of dense gallberry, which
is to reduce yields of h r
(Lewis and Hart 1972). These levels of orage
production are fairly typical of thdse: for
a ing: pine tation at age 13 (Lewis et
al. .1982). The yields in D-3 are-similar to open,
cutover pinelands. : o HRe o
rilndividual forage species having*significantly

‘greater yields than in the control ‘were pineland

threcawn and other bluestems in the widest spac-
ings. However, distinct trends in yields as related

to spacing configuration or degree of.openness
'were not apparent. - L A

Table 4. Forage yields at plantation age 13 of slash
pine planted in single- and double-row configu-
rations at 454 trees/ac.!

Spacing configuration

Species 51 52 53 DI D2 D3

..................... ({71 T ———
Pineland threeawn 660 27 512 919 B4 1532*
Creeping bluestem 4 34 M 13 5
Chalky bluestem a 4 4 0 37 6
Other bluestems 21 5% 108 M4 12 70
Panicums 126 9% 8 13 5S4 9%
Lopside indiangrass 3 1 4 12 1B T
Other grasses 4 14 N Iin 7
Grasslikes ] 4 X 6 30 6
Legumes 161 48 3 146 16 131

Other forbs 58 55 177 51 10 173
Total herbaceous 1138 542 1069 1347 1264 2573

! Means In 2 row marked with an asterisk are significantly ditferent from
the control treatment (51} at the 0.05 level according to Dunnett’'s pro-
cedure.
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Table 5. Average survival, height, diameter, basal area, and total-tree volume at age 13 of slash e
planted in single- and double-row configurations at about 454 trees/ac, Avon Park, Florida.} b

Spacing Living e Basal

configuration? trees Survival® Height Diameter area "+ Molume ..
No. Percent Ft. In. Sq. flac Cu. fr.iae:™

8 x 12 C 342 &4 (75) 302 4.8 - 450 700

4§ x840 C 282 75 (62} 3.8 4.7 I54* 581

{4 x 840 SC % &7 (60) M. 4.9 38.0 665

2x58 C 264 58 (58) 29.9 43 28.8* 455"

(2 x 888 5SC 276 52 (61) 29.4 4.5 20 497

Average- 288 63 (63) 34 4.6 35.8 580

Dunnetr's g : - L
?Sp&qshﬂawadhrac“udmpmmhmmmthnumuhdicamermipwmmlmm.-

Percentages indicate survival rate &t if planted at 454 trees/ac while the
trees. ’

Avon Park Bombing Range

Survival was nut significantly different between
the double-row configurations as compared to the
8 x 12 fi. control (Table 5). However, slash pine
density was not rigidly controlled at planting, and

the control (Table 5). These trees had avera
Emwingﬂ.{ ft/yr. as compared to the 2.7 fufyr.
y the plantings on the Withlacoochee State Forest
and the 2.5 ft/yr. on the Alapaha- Experimental
Range. Trees planted on this wet-prairie site grew
somewhat more rapidly than anticipated, although

the control was planted much more closely than no site index figures were available, -

had been planned, which resulted in a density of Diameters a 4.6 in. (Table 5). Only the
539 trees/ac. If survival is calculated on the basis (2 x 8) 88 C treatment was significantly different
of living trees as related to the planned density of  from the control. These diameters were somewhat
454 treeslac, the 75% survival of the control is  smaller (0.6 in.) than similar spacings on the With-

significantly (P < 0.05) better than the other
spacings. At age 4, survival averaged 64%; there-
fore, little morality occurred from age4to 13, -
. Heights at age 13 avéra 31.1 fr. with only
the (4 X 8) 40 SC being significandy taller than

lacoochee State Forest. . - g
Basal areas and volumes reflect the original

- planting density and make comparisons between

configurations difficult. The control was planted
more densely and had about 70 more living. trees

Table 6. Height and diameter distributions by size classes at age 13 of slash pine planted in single-
and double-row configurations at 454 trees/ac, Avon Park, Florida. D N S

Spacing configuration
Fizr rlaee &z 4 x 8M0C {4 x BM0SC (2 = 8)8acC @ x 8)8as5C
......... Percent
Diameters @in.)
01 02 0.0 0.0 0.0 0.0 ;-
1=2 0.2 0.5 0.5 13 1.9 =
2-3 24 52 3.6 9.6 897"
34 16.5 16.7 1241 259 ng
4-5 3232 349 Ma 33.2 30.8
5—6 36.1 3le 326 239 26.0
&7 10.4 9.7 15.2 4.8 9.6
7-8 1.8 1.4 1.9 1.3 07
8-9 0.2 0.0 0.0 0.0 0.0
Heights (ft.) : s
5-10 0.2 oo -+ 0.0 0.0 A 0.0 .,
10-15 0.2 0.0 0.2 1.3 12
15=20 0.6 2.1 1.0 5.8 34 ..
20-25 6.7 61 - 2.7 7.6 > L
25-30 k] 14.6 9.7’ 19.1 19.0
30-35 54.0 9.1 9 52.9 61.0
35-40 10.0 25.5 4.7 11.6 6.0
4045 0.4 B ;] 9.4 1.8 02
45-50 0.0 0.0 0.5 0.0 0.0
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