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INTRODUCTION 

Tree improvement workers are interested in developing strains of pines resistant to
destructive insects. The objectives, methods, possibilities, and limitations of pest-re-
sistance improvement in trees have been discussed thoroughly by Holst and Heimburger (1955),
Schreiner (1960), and Soegaard (1964). We shall present evidence of resistance of individual
slash pines, Pinus elliottii Engelm., to cone and stem infestation by Dioryctria spp.
Lepidoptera: Phycitidaei. In these studies, mature cones were attacked by  Dioryctria abietella
(D. & S.) and D. amatella (Hulst), whereas stem infestation was by the latter species only.

Dioryctria larvae are very destructive to the seed crops in southern pine seed orchards
and natural seed-production areas. Annually they destroy from 20 to 50 percent of the slash
pine seed crop in such areas in north Florida, where chemical control is not used. Although
extensive reliable data on the economic importance of stem attacks is lacking, D.  amatella 
is known to cause serious damage to young plantations of either seedlings or grafted trees.
Larvae bore meandering galleries in the phloem of the main stem and eventually enter the
xylem, particularly in tissues infected with southern fusiform rust. The larval galleries
frequently girdle young trees resulting in their death; whereas larger stems often become
weakened and break during high winds. Crooked trees may also result from larvae destroying
the terminal shoots.

CONE ATTACK

Evidence of inherent resistance of mature cones to infestation by  Dioryctria coneworms
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was obtained in a 4-acre, 21-year-old,
natural slash pine-seed production
area at Olustee, Florida. The area had
been thinned to 33 seed trees per acre
in late 1953. For 3 consecutive years,
starting in 1956, all mature cones
were harvested from 10 trees, and
total numbers of cones attacked by
coneworms were determined (table 1).

It should be noted that our re-
corded data for Dioryctria cone attack
represent only that portion of the
second-year cones infested during the
period from early June through cone
harvest time (mid-September). Second-
year cones attacked prior to June have

usually dried up and dropped off the tree by cone harvest. Coneworms also kill many first-
year cones.

RESULTS AND DISCUSSION

Correlation analysis of data in table 1 showed that the number of Dioryctria attacks on
mature slash pine cones were positively correlated with the total mature cone crop. The
pooled correlation coefficient (0.62), within years, was highly significant. Covariance an-
alysis showed that the numbers of cones attacked among trees, after adjusting for the effect
of cone-crop size, was highly significant.

Further analysis showed that percent cones infested was also related to the size of the
mature cone crop per tree. The within-years pooled correlation coefficient (-0.51) was neg-
ative but still highly significant. As in the case of numbers of cones attacked, covariance
analysis of percent infestation (transformed to arcsin angles) showed highly significant

L tree effects.

It is difficult to explain the biological significance of the negative relationship be-
tween percent infestation and size of mature cone crop. Hansberry and Richardson (1935)
found a similar relationship between the percent apples infested with codling moth larvae
and the total apple crop per tree.

The apparent resistance and susceptibility of certain trees to cone attack by Dioryctria 
spp. is shown in table 2. The data in
table 2 were computed by adjusting the
percent cones infested for cone crop
size by covariance analysis and ex-
pressing the adjusted percent as a de-
parture from the yearly average percent
infestation for all trees. On this
basis, trees 10 and 59 showed fairly
consistent below-average coneworm at-
tack for 3 consecutive years and might
be judged relatively resistant. Con-
versely, trees 14 and 61 demonstrated
consistent susceptibility to attack.

Although inherited resistance of
cones to Dioryctria attack is not
proven by these data, it is strongly
suggested. Progeny tests are needed
to verify or nullify this hypothesis.

STEM ATTACK

Evidence of inherent differences
among trees in susceptibility to stem
attack by Dioryctria amatella was ob-
tained in three plantations at Olustee,
Florida. These plantations are briefly



described below:

1. Progeny Plantation G-48-
A.--This is a 4-year-old progeny test
of selections for either high gum
yield or rapid growth rate. It in-
cludes 36 progenies, most of which were
wind-pollinated (table 3). The design
is a randomized block type, with 40
trees per progeny planted in 4-tree
row-plots in each of 10 replications.

2. Progeny Plantation G-48-
B.--This is also a progeny test, sim-
ilar to G-48-A, excepting that there
were nine progenies in all. The pro-
genies all had a common female parent
but different male parents (table 4).
The plantation is located adjacent to
G-48-A.

3. Clonal Plantation NS-1l2.--This plantation includes 24 7-year-old ramets of
each of 26 trees (table 5). There are three ramets in each of eight blocks. The ortets of
the clones are located in a progeny test and hence are of known parentage.

The numbers of trees with stems attacked by Dioryctria amatella in these plantations
were recorded in the spring of 1964.

RESULTS AND DISCUSSION

Progeny Test G-48-A.--Percentage trees infested in this plantation varied from 0 for
several progenies (G-29 x W, G-123 x W, and G-163 x W) to as high as 27.5 for progeny G-1
x G-202 (table 3). An analysis of variance of the number of trees infested per plot, showed
that differences among progenies were significant at the 1-percent level. The intraclass

correlation coefficient (r T ) for pro-
genies was .09 (Snedecor, 1956, P.
282).

Progeny Test G-48-B.--In this
plantation, where all progenies had a
common female parent, infestation was
high in seven progenies and low in two
(table 4). An analysis similar to that
conducted in G-48-A showed that dif-
ferences among progenies were highly
significant and r I for progenies was
.20.

Clonal Plantation NS-112.-- Per-
centage of trees infested varied from
0 for clones 1-6-4, 1-1-4, 6-4-7, and
2-9-1 to as high as 42 for clone 1-3-7
(table 5). An analysis of variance
was run on the percentage of trees in-
fested per block. (In this analysis
clones 8-8-1 and 3-8-7 were omitted
because they were represented on only
four of the blocks.) Differences be-
tween clones were highly significant
and r

I 
for clones was .31.

Note that some groups of clones
are full-sibs, having two common par-
ents, and others are half-sibs, having
one common parent. In some of these
families variation among clones was
high. For example, among the 4 clones



of the mating G-1 x G-2 stem attack varied from 4 to 30 percent. In other families, such as
G-1 x G-7 and the G-3 half-sibs, consistency prevailed.

The results suggest that inherent differences occur among individual slash pines in sus-
ceptibility to stem attack by Dioryctria amatella. This conclusion is based mainly on the
fact that significant differences due to clones or progenies were found in all plantations.
However, further evidence is apparent in the degree of infestation of progenies of G-1, which
are represented in all plantations. Although progenies of this tree varied considerably with-
in plantations, the plantation averages were consistently high, as indicated in the following
tabulation:

Average stem attack by D. amatella 

Plantation Progenies having Progenies not
G-1 as a parent having G-1 as

a parent 

Percent Percent 

G-48-A 18.8 7.2
G-48-B 19.7 ---
NS-112 20.0 8.9

Thus, G-1 seems to be relatively susceptible. Among other parents involved in planta-
tion NS-112, G-7 also seems to be relatively susceptible, while G-3 is relatively resistant.

Note also that G-1 x G-196 and G-1 x G-202 were represented in both plantation G-48-A
and G-48-B. In both plantations the latter cross had more stem attacks than the former.

SUMMARY AND CONCLUSIONS 

Cone infestation by Dioryctria amatella and D. abietella were studied on 10 mature slash
pines over a period of 3 years. Covariance analysis revealed that some trees experienced
either consistently low or consistently high cone attack from year to year independent of the
total mature cone crop per tree. This suggests that inherent differences in resistance to
cone worm attack exist in slash pine.

Stem infestation of young trees by Dioryetria amatella was studied in a clonal plantation
and two progeny tests. Large differences in the degree of infestation occurred among clones
or progenies, suggesting some degree of genetic control over this trait also.

Results point to the possibility of selection and breeding for resistance to Dioryctria 
spp.
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