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Abstract 

Cattle injure young pines by defoliating, browsing, and tram- 
pling them. Little is known about how these injuries at various 
levels and in various combinations will affect survival and growth 
of planted pines. Therefore, such injuries were simulated once on 
slash pine at 6, 18, and 30 months after planting by (1) hand 
clipping to remove needles, (2) clipping off the shoots, and (3) 
bending the stem at a right angle to the vertical. Survival was 
poorest when treatments were applied to seedlings within 6 months 
after planting, whereas mortality was low when older seedlings 
were treated. Only the severest treatments, especially combinations 
of injury, caused extreme mortality. Seedlings treated at 6 months 
after planting suffered greater reductions in height growth than did 
the older seedlings. Only the severest combinations of injury per- 
manently reduced height growth. 

Although cattle have been known to destroy young pine 
plantations, such stands suffer little damage if cattle 
numbers are balanced with the forage supply (Wahlenberg 
et al. 1939; Wakeley 1954; Smith et al. 1958; Hilmon et al. 
1963; Pearson et al. 1971; Adams 1975). However, cattle 
sometimes graze pine foliage (Pearson 1976; Williston 1974; 
Cassady et al. 1955) and some injury can be expected from 
trampling and browsing of twigs. 

Rating the types of livestock damage that prevent young 
pines from achieving normal growth and form has proved 
difficult. Thus, no quantitative data are available on the 
relationship of mortality, slow growth, or poor form to the 
kinds of injury sustained by seedlings and saplings. 
Moreover, researchers generally have failed to distinguish 
between injury and damage (that is, the loss of growth 
resulting from injury). 

This study represents an attempt to solve these problems 
by simulating injury by cattle to seedlings of slash pine 
(Pinus elliottii Engelm.). Grazing, browsing, and trampling 
were simulated by clipping needles, removing new shoot 
growth on stems and branches, and bending stems. The 
treatments were applied systematically in combinations 
encompassing the range of each type of injury. Survival and 
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height growth for six growing seasons after treatment are 
reported. 

Methods 

Study Location 
A 1.2-ha typical flatwoods site in the Lower Coastal Plain was 

selected on the Alapaha Experimental Range in Berrien County, 
Georgia. This site was an old field that had not been cultivated or 
fertilized since about 1920. Frequent burning and almost continu- 
ous grazing had produced a uniform cover of carpet grass (Axono- 
pus uffinis Chase) with a few scattered pines. 

Soil at the study site is classified as Plummer fine sand, which is 
very wet, acid, and light-textured. Water movement through its 
surface horizons is moderately free; natural fertility is low. The 
Plummer series is a member of the loamy, siliceous, thermic family 
of Grossarenic Paleaquults (formerly classified as Low-Humic 
Gleys). 

In 1958, all large pines were removed from the site and burning 
was curtailed. The area was prepared in January 1960 for installa- 
tion of the study by removing all stumps; cutting all weeds, grass, 
and small trees with a rotary mower; and installing a fence to 
prevent grazing. Thereafter, unplanted areas were mowed before 
each new planting. 

Experimental Design 
The design was a split-plot, randomized block. Each treatment 

was applied to seedlings of three ages and was replicated in three 
blocks and in three separate years. Year of planting was the main 
plot effect. The three ages at time of treatment were handled as 
separate tests. Treatments were assigned at random to transects of 
five trees that were separated by two or more trees. Each transect 
was permanently identified. 

Treatments 
Healthy, l-year-old slash pine seedlings were machine planted at 

a spacing of 1.2 by 2.4 m in January of 1960, 1961, and 1962. 
Treatments were applied from late April to early June during 1960 
through 1964 at 6,18, and 30 months after planting as soon as new 
needles were fully developed. 

Needle removal consisted of hand clipping 0,50, and 100% of the 
length of all needles on a seedling (Fig. 1). 

Shoot removal involved clipping the current year’s growth from 
0, 50, and 100% of the shoots on the main stem and branches. For 
the 50% treatment, removal began with the terminal leader and 
then proceeded on each even-numbered branch, moving clockwise 
from the topmost branch on the north side of the tree. When young 
seedlings lacked lateral branches, the 50 and 100% treatments were 



identical. 
Stem bending or breakage, such as may occur from trampling, 

was accomplished by stepping cm a seedling and bending it at a 
right angle to the vertical. A heavy wire hook placed behind each 
seedling facilitated a 90° bend. Unbent seedlinesservedascontrols 
for this treatment. 

The treatments were applied in all possible combinations, result- 
ing in 18 treatment combinations in a 3 X 3 X 2 factorial. 

Once or twice a year the study area was mowed tocontrol weeds 
and grass. Fall mowing facilitated measuring and protected against 
a killing wildfire. 

A heavy infestation of tipmoths (Rhyocionia sp.) and spider 
rmtes (Oligonychus sp.) developed during the summer of 1960 in 
spite of spraying cm May 23 with a mixture of DDT (I% solution) 
and Kelthane (14.8 ml per 3.8 liter of water)‘. Therefore, all trees 
under 1.5 m tall were sprayed at monthly intervals during March 
through August of 1961 through 1964 with a mixture of benzene 
hexachloride (0.5% solution) and Kelthane (14.8 ml per 3.8 liter of 
water). This combination of insecticide and miticide eliminated 
these pests as a confounding factor affecting survival and growth. 

Measurements 
All trees were measured at time of treatment to establish initial 

tree heights at the beginning of the growing season and again in 
October for six growing seasons thereafter. Survival was deter- 
mined from records of living trees in each five-tree transect every 
October. In 1960, mortality was assessed on .five dates in July, 
August, and September to determine how soon treatmentsaffected 
seedlings. 

Statistical Analyses 
Data on tree survival and height growth for each age-at- 

treatment were subjected to an analysis of variance for a split-plot 
design of a 3 X 3 X 2 factorial. Percentage of survival was analyzed 
after arc sine transformation of the data. Tukey’s w procedure at 
the 0.05 level was used to test differences among means when the 
analysis for variance indicated that significant differences were 
present (Steel and Torrie 1960). 

Survival 

Results and Discussion 

Most mortality occurred shortly after treatment. In 1960, 
overall survival was 69%. Among the seedlings that died 
after being treated on June 13 of that year, 50% had died by 
July 5, 30% more the July 27, 12% more by August 18, 5% 
more by September 12, and the final 3% by October 17. 

Table I shows that few deaths occurred during the second 
through the sixth year. Apparently a slash pine seedling that 
survives an injury for a month or two can live a normal 
lifespan. 

Treated at 6 Months 
Slash pine treated 6 months after planting suffered con- 

siderable mortality (Table I), which was partially caused by 
tipmoth and spider mite attacks in 1960. However, seedlings 
transplanted recently would be expected to be sensitive to 
these harsh treatments. Foliage removal and stem bending 
had the strongest impact, especially when applied in combi- 
nation at the highest intensities (Fig. 2). Although the higher 
intensities of each treatment increased mortality, only the 
most severe treatments caused mortality to be significantly 
greater than the control. 

Stem bending combined with foliage removal caused far 
greater mortality when all foliage was removed than when 
only half was removed. This interaction wassignificant only 
in the sixth year, but similar differences were present 
previously. 

When treatments were applied at less than the highest 
intensity, survival was at levels that would result in ade- 

Treatments~ 
Foliage Shoot Stelll 
mncwa, remOVal bending Treated 6 mo. after planting 
(%) (%) (%) 

Treated 18 mo. after planting Treated 1 30 mo. after 

yr. 
2 

yr. 6 yr. I 
planting 

yr. 2 6 
0 All yr. All yr. 2 

90.4a 
I yr. 

89.6a 
yr. 

88.k 
6 yr. 

50 All 98.l.a All 
98.la 

87.Oa 
97.4a 

86.3a 
99.6 

82.2.a 99.3a 
99.6 

98.9a 
97.4 

100 AI, All 5O.Ob 
All 

47.8b 
96.33 

0 45.6b 
99.6 99.6 97.4 

All 89.3b 81.5a 
87.4b 

All 
80.7a 

83.7b 

50 
78.k 

98.1 

AI, 
97.4a 

98. I 94.4 

76.&b 97.4a 
75.26 

95.6a 100.0 100.0 97.4 

All 100 72.6ab All 
97.4a 

69.6b 
96.3a 

67.8b 
93.k 98.5 98.5 95.2 

All AI, 
65.2b 

0 
91.9b 

88.4a 
90.7a 

86% 
88.,a 

83.7a 
98.9 

98.0a 
98.9 

All All 100 62&b 
97.8a 

96.7 

62.2b 
95.8a 

6OSb 
1OO.Oa 

93.lb 
lOO.Oa 

91.9a 
96.5 

89.lb 98.3b 98.3b 96.3 

caw different vx.05) ~~~or+in~ 10 the analysis of variance performed on arc sine trans*ormat,onn of the data. 
‘For ~4 sUw~ai ~crce”tage, lnkated treatment was averaged BCCOSS all levels of the other two treatments. 



quately stocked stands. However, the highest level of each 
individual treatment averaged across all levels of the other 
treatments always resulted in survival of less than 70% 
(Table 1). Combining all three treatments at the highest 
intensities resulted in survival of less than 18% (Fig. 2). 

Treated at I8 Months 
Trends in mortality of slash pine treated 18 months after 

planting were similar to but much less than that for seedlings 
treated at 6 months (Table 1). Stem bending significantly 
lowered survival by 5 percentage points, but foliage and 
shoot removal had an even greater effect. Combining all 
three treatments at the highest intensities resulted in first- 
and sixth-year survival rates of 68 and 62% (Fig. 2). 

Treated at 30 Months 
Almost all trees treated at 30 months after planting lived 

(Table 1). The only significant mortality occurred with stem 
bending, which killed approximately 270 of the trees. 

As was the case with younger trees, combining all treat- 
ments at the highest levels caused the greatest mortality, but 
it was much less than in younger trees (Fig. 2). Although 
older slash pine apparently can live through even the sever- 
est injury, Hughes (1976) reported that South Florida slash 
pine (Pinus eliottii var. densa Little and Dorman) suffered 
considerable mortality after receiving similar injuries at this 
age. 

Heights and Growth Rates 
Treated at 6 Months 

Seedlings treated within 6 months after planting fre- 

TREATED TREATED 
AT 18 MO. 

TREATED 
AT 30 MO. 

C D E ABC 
TREATMENT 

D E A 

Fig. 2. Survival of slash pine treated with representative combina tic ons of 
foliage removal, shoot removal, and stem bending at various intensities. 
Total length of bars indicates survival at I year; hatched portions show 
subsequent mortality and survival 6 years after treatment. 

Table 2. Annual height growth (meters) of slash pine as affected by various intensities of foliage removal, shoot removal, and stem bending applied at three 
plantation ages.’ 

Foliage 
removal 

(%I 

Treatments2 
Shoot Stem 
removal bending Growing seasons since treatment 

(%I (%) 1 2 3 4 5 6 Total 

Treated at 6 months 
0.52a 0.67a 
0.49a 0.64a 
0.37b 0.49b 
0.49a 0.70a 
0.43a 0.61b 
0.43a 0.55b 
0.46 0.61 
0.43 0.61 

Treated at 18 months 
0.76a 0.98a 
0.73a 0.94a 
0.58b 0.82b 
0.76a 0.98a 
0.67b 0.88b 
0.64b 0.85b 
0.70 0.91 
0.67 0.91 

0.91a 
0.85a 
0.67b 
0.88a 
0.79ab 
0.76b 
0.85 
0.79 

1.01a 
l.Ola 
0.88b 
1.04a 
0.94ab 
0.91b 
1.01a 
0.91b 

1.07a 
1.04ab 
0.98b 
1.07a 
1.04ab 
0.98b 
1.04a 
l.Ola 

1.16a 
1.13ab 
l.lOb 
1.13 
1.16 
1.10 
1.16a 
1.13a 

1.16 1.16a 
1.16 1.13ab 
1.10 1.07b 
1.16 1.13 
1.13 1.13 
1.13 1.10 
1.13 1.13 
1.13 1.10 

3.45a 
3.35a 
2.65b 
3.6Oa 
3.14b 
2.90b 
3.32a 
3.11a 

4.88a 
4.6Ob 
4.02~ 
4.82a 
4.48b 
4.21~ 
4.57a 
4.42a 

5.40a 
5.15a 
4.51b 
5.24a 
5.00ab 
4.79b 
5.03 
5.00 

0 
50 

100 
All 
All 
All 
All 
All 

All 
All 
All 

0 
50 

100 
All 
All 

All 
All 
All 
All 
All 
All 

0 
100 

0.15a 
0.13ab 
O.llb 
0.21a 
0.13b 
0.06~ 
0.15a 
0.13a 

0.30a 
0.24b 
0.15c 
0.27a 
0.24a 
0.18b 
0.24a 
0.21a 

0 
50 

100 
All 
All 
All 
All 
All 

All 
All 
All 

0 
50 

100 
All 
All 

All 
All 
All 
All 
All 
All 

0 
100 

0.30a 
0.24b 
0.21c 
0.34a 
0.27b 
0.13c 
0.27a 
0.24b 

0.58a 
0.52b 
0.34c 
0.57a 
0.46b 
0.46b 
0.49 
0.49 

Treated at 30 months 
0.91a 1.04ab 
0.88a 1.07a 
0.73b 0.94b 
0.88 1.04a 
0.82 0.98a 
0.82 1.04a 
0.85 1.01 
0.85 1.01 

0 
50 

100 
All 
All 
All 
All 
All 

All 
All 
All 

0 
50 

100 
All 
All 

All 
All 
All 
All 
All 
All 

0 
100 

0.43a 
0.37b 
0.3oc 
0.49a 
0.43a 
0.18b 
0.37 
0.37 

0.67a 
0.61b 
0.4oc 
0.58a 
0.52b 
0.58a 
0.55 
0.55 

‘Within treatment groups in each column, means identified by different letters are significantly different at the 0.05 level according to Tukey’s test. Unidentified means are not 
statistically different (ZPO.05) according to the analysis of variance. 
*For each growth mean, indicated treatment was averaged across all levels of the other two treatments. 
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Significant interaction betweenfoliageand shoot removal 
during the first growing season indicated that combining 
either degree of shoot removal with complete foliage remo- 
val had a much greater impact on height growth than did 
combinations involving a lesser degree of defoliation. The 
most persistent interaction occurred from combining foliage 
removal with stem bending; combining the highest levels of 
each treatment produced a stronger response than did com- 
binations involving lower levels. Overall, the young seed- 
lings withstood considerable injury before any real damage 
occurred (Fig. 4). 

Treated at 18 Months 
Treatments applied 18 months after outplanting signifi- 

cantly reduced annual height growth(Table 2). Shoot remo- 
val had the greatest impact during the first growing season; 
thereafter, foliage removal had the greatest impact. 

Growth loss from removing 50% of the shoots was small, 
despite removal of 0.2 m of the initial growth during the year 
of treatment. Removing 100% of the shoots resulted in 
growth loss of only 0.6 m after 6 years. 

Complete foliage removal from seedlings at 18 months 
after planting reduced tree heights about 0.9 m after six 
growing seasons, while 50%foliage removal reduced heights 
by less than 0.3 m. The major impact from removing 100% 
of the foliage disappeared after the fourth vear. 

Fig. 3. I*hial height of time of moment (bum,, segrnenr of bors),finol 
heights. and annual growth for 6 years ofrer wvious combi,,nr;ons of 

Stem bending at 18 months after planting-had little effect 

fo,iage rmm4 shoot remowl, ondstem bendingofslashpine treoredoz 
on heights or height growth. Although statistically signifi- 

3 nga afler Planfig. Delniled tables are ovailoble from rhe nurhor. 
cant during the first year, the differences were “ever m”re 
than 0.03 m in any year and only reduced heights by 0.2 m in 
6 “ears. 

quently exhibited reduced height growth throughout the 
study (Table 2). During the first year, shoot removalcaused 
the greatest reduction because the first flush of growth had 
been removed with the terminal bud. Thereafter, needle 
removal caused the greatest reduction in height growth, 
especially when combined with either shoot removal or stem 
bending (Fig. 3). Only defoliation at the highest intensity 
significantly affected height growth after the first 2 years. 
Any early losses in height persisted throughout the study. 
After 6 years, trees that had received the most severe treat- 
ments in combination were only half as tall as the untreated 
controls. 

‘Combining treatments placed considerable stress on the 
trees, but only theseverest levels orcombinationsdrastically 
reduced height growth (Fig. 3). Combining all treatmentsat 
the highest level reduced heights byjust over 1.5 m in 6 years, 
with a” observable decrease in tree diameter. However, this 
combination had little effect on tree form. Some trees that 
received the most severe combination of treatments made 
excellent recovery, although mat were stunted. Regardless 
of treatment, nearly normal growth rates were ~&Jly 
attained after the third growing season. 

Treated nt 30 Months 
Reductions in height growth were less when treatments 

were applied 30 months after planting than when they were 
applied to younger seedlings (Table 2). Shoot removal at 30 
months had the greatest impact during the year of treat- 
ment, while foliage removal was more important in remain- 
ing years. Stem bending did not affect growth. 

Total defoliation reduced growth somewhat throughout 
the study, but removal of half the needle length reduced 
growth for only 2 years. After 6 years, maximum growth 
losses from defoliation were slightly less than 0.9 m. 

Combining all treatments at the highest intensities caused 
the greatest loss in tree growth during the first year (Fig. 5) 
and some loss during the second year. Removal of all shoots 
with any level of foliage removal was especially detrimental 
during the first year but not during the second year (Fig. 3). 
After 3 years, growth rate returned to normal, regardless of 
the treatment. Six years after treatment, untreated trees 
were almost 6.4 m tall, whereas treated trees were as much as 

Fig. 4. Slashprneseedl~ngspinnredondrreorrdin 1960exhibirgoodgrowrh 1.2 m shorter. 
andform. The fwo rrcw infronr of the mhnicion were subjected 10 50% 
foliage removal, 100% shvor removal, and stem bending; the six ,rees 

Year of Planting 
behind him were unlreared. The years of planting and of applying treatments in this 



study encompassed the wettest and driest years during the 
IO-year period. In 1962, rainfall during the growing season 
was 25.4 cm below the long-term average. In 1964, heavy 
rainfall kept the soil saturated throughout the growing sea- 
son. No temperature extremes occurred in any year. 

There was some significant variation in height growth and 
survival among seedlings planted and treated on thevarious 
dates, even though the seedlings had been graded prior to 
planting in order to provide uniform stands. Yearly differen- 
ces in weather undoubtedly accounted for some of this 
variation. For example, among seedlings treated at 30 
months, those planted in 1962 were significantly shorter at 
the end of the sixth growing season than those planted in 
1960 and 1961. Presumably, the former were stunted by the 
reduced rainfall during their initial growing season and by 
the heavy rainfall during the first growing season after treat- 
ment. However, weather did not explain other differences in 
growth and survival. Some of these may have resulted from 
differences in seedlots. Thus, differences in weather during 
the years of planting were apparently not of paramount 
importance in determining seedling response. 

Summary and Conclusions 

Seedling mortality after injury occurred almost immedi- 
ately. Of the first-year deaths recorded on seedlings treated 6 
months after planting, 50% died in less than a month, and 
92% died within 2 months. Little mortality occurred in 
following years. In grazing trials, Pearsonet al. (1971) found 
that 80% of tree mortality occurred in the months imme- 
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diately after planting; suggested withholding heavy grazing 
until about June I of the first year. If grazing can be withheld 
during the first year after planting, almost no mortality will 
occur. In later years, the primary injury comes from cattle 
rubbing the lower branches or riding down saplings to rub 
insects off themselves (Wakeley 1954). 

Survival was excellent when treatments were applied at 30 
months after planting and was only slightly poorer at 18 
months. Greatest mortality occurred at 6 months after 
planting when the highest intensities of each type of injury 
were applied, especially when they were combined. Slash 
pine seedlings apparently can take a tremendous amount of 
injury before they are killed. Pearson (1931) reached similar 
conclusions for ponderosa pine (Pinus ponderosa Laws,) 
after a 14.year study in northern Arizona. Cassady et al. 
(1955) reported that only 2% of southern pine seedlings died 
in a broad survey of cattle damage in Louisiana. Pearson et 
al. (1971) reported 4 to 5% mortality to both planted and 
seeded slash pine on rangeland being grazed continuously. 

Injuries to seedlings had a greater impact on heights and 
growth rates when inflicted within 6 months after planting 
then when inflicted on older seedlings. Shoot removal had 
the greatest effect on height growth during the first year, but 
foliage removal had the greatest effect overall. 

Growth rates were not greatly affected unless combina- 
tions of injuries at the higher intensities were applied. 
Removing all foliage and all shoots and then bending the 
stem parallel to groundline reduced the growth of h-month- 
old seedlings by one-half, but lower levels of injury were 



much less damaging. Similar trends occurred when treat- 
ments were applied to older trees, however, the losses in 
height were less. Thus, it is not surprising that grazing has 
been reported to have no detectable effect on slash and 
longleaf pine except under conditions of heavy stocking or 
concentration of animals (Wahlenberg et al. 1939; Halls et 
al. 1952; Pearson et al. 197 1). Currie et al. (1978) reported 
similar responses by ponderosa pine in Colorado. However, 
since rates of cattle stocking are not always controlled, 
world-wide examples of extreme damage are common 
(Adams 1975). 

Yearly replication of all plantings and treatments proved 
advantageous in this study. Although trends in response to 
treatment were similar each year, the magnitude of the 
responses sometimes differed. Growth rates exhibited varia- 
tions associated with year of planting, but usually these were 
small. Some differences, however, equalled those measured 
in response to treatments. 

Slash pine demonstrates a tremendous ability to survive 
extreme forms and intensities of injury. It also exhibits 
strong resiliency to injury and rapid recovery of growth. 
These characteristics have contributed to the compatibility 
between livestock, deer, and pines in the southern forests. 
Other southern pines, indeed most pines, probably possess 
these characteristics to a similar degree. If cattle stocking is 
kept in balance with available forage, little damage to pines 
will occur. When injuries do occur, this study provides data 
for determining what type of injury is truly damaging and 
the growth loss that can be expected. 
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