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Radial changes in tree trunks based on dendromete1· mea.surements have been given 
considerable attention. However, the studies have taken various approaches and have em· 
ployed a variety of methods. Considerable interest has centered around growth rates, 
annual inerements, dates of growth inception and cessation, and attempts to relate these 
to temperature, moisture and sometimes photoperiod and phenological data. In some 
cases work has been limited either to intensive Mudy of one species in one habitat or to 
comparisons of one species occurring in various habitats (Friesner 1941, Friesner and 
Walden 1946, Byram and Doolittle 1950, Daubenmire 1950, Fritts Hl56 and 1958). Other 
studies mvolved a number of species, usually showing up a variety of responses of the 
different species in the same environment or contrasting responses in d1ffernnt environ• 
ments (Ahlgren 19.57, Caution 1953, Daubenmire 1946, Daubenmi1·e and Deters, 1947, 
Eggler 1955, Powells 1941, Friesner 1942, Jackson 1952, Reimer 1959). Radial growth 
studies have been used in forestry research wliere radial changes have been related to 
forest thinning and pruning experimeuts (Brown, Rose, and Spurr 1947, Stevens and 
Spurr 194 7). Some of the radial stem changes obsen·ed in studies with the dendrometer 
have been somewhat clarified through the use of coMurrent histological studies (Fraser 
1952 and 1956, Monk 1959a) which have shown that, in the early spring, initial enlarge· 
ment is the result of swelling of tissues, followed later by cambial activity. These and 
other studies of radial growth using dendrometers have been undertaken as specific prob· 
!ems of stem growth. 

In 1950 dendrometer measurements were initiated not in au effort to solve any 
specific problems but as one of a number of types of observations on growth and perio· 
dicity in the oak forest of central New Jersey. These measurements have served to docu· 
ment growth phenomena of a variety of broadle.af tree species charae,teristic of this area. 
One of the most striking results of the study so far is the influence of the severe summer 
drought of 1957 on the radial changes of the species involwd. The presentation of that 
phenomenon is the objective of this paper. 

The trees used in the study were all located in the William L. Hutcheson Memorial 
Forest which is on the Piedmont Plain of centr.al New Jersey. The topography is gently 
rolling. In part it is well·drained and in part the drainage is poor, having a pattern that 
is especially well shown by the shrub distribution (Monk 1957). The soil, derived pri• 
marily from the TriMsic red shale of the Brunswick formation is comparatively shallow. 
The forest consists principally of white, black and red oaks (Buell 1957, Monk 1959b). 

Methods. The dial gauge d<Sndrometer as described b~0 Daubenmire (1945) was used. 
Screws were set at about 4 feet from the groLJnd 011 th~ uorth and the east sides of the 
trees. Readings were taken at weekly intervals and in the early part of the morning. 

Twelve species of trees were being mea.sured. in 1957. At last two trees of ea,,.h species 
were included and in every case where possible one of the pair occurr<'d on low ground 
and one on well·drained land. Those included were Ace,· plataaoides, A. rubrnm, A. sac· 
eharwn, Garya ovalM, Fagus grandif()lUJ, Fr1JXin11s americana, Quercus alba, Q. rubra 
(on upland and lowland); Nyssasylvatica (on lowland only); Pm.nus avium, Q. C()ccinea, 
and Q. velidtna (on upland only). 

Certain of the species reacted to the screws either by developing vertical cracks above 
and below the screws or by excess cambial growth in their immediate vicinity. Such effects 
were primarily evident on Acer platanoides and Acer rubrum. P,·unus avium produced a 
gummy exudate at the location of the screws. Regardless of how such responses may effect 

176 

https://centr.al
https://broadle.af
https://Hutches.on


1961] 'I'ORREYA 177 

grawth, drought effects on these species were parallel with the effects on other species. 
Nomenclature follows that of Grays Manual, 8th ed. (Fernald 1950). 
Results. Typical growth curves of the trees show a penod of fluctuation during the 

winter and early spring (fig. l)i followed by a more or less consistent inerea.se in radius 
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FJG-. 1. Growth curves of individual trees of several species during years of normal 
rainfall. Numbers after species names are mdividual tree identifications in the growth 
studies in the forest. Weekly readings are plotted to produce the curves. 

until about mid-summer after which there is only a gradual increase until fall, or some• 
times no 1nerease. Late summer and fall are marked by moderate radial fluctuations. By 
late fall the trees are commonly siightly less than the maximum previously attained, a 
phenomenon noticed by Byram and Doolittle (1950). The winter is a period of fluctuating 
tree size. The point where consistent radial expansion starts in the spring varies with the 
species, and the species vary from year to year. Because of the fluctuations of the curves 
during the winter and spring, it is especially difficult to determine for certain a starting 
date for annual radial increment. Actually far the purposes of this paper it is not essen
tial to do so. It will appear from inspection of figure 2 that as a result of the drought 
the contraction of the stem in some species equalled or even exceeded the startmg point 
of growth m the spring as for example Carya. ova.tis. 

The summer of 1957 was one of extreme drought for this climate (Table 1). The 
growth curves for all species in that year are quite different from all other years (fig. 2). 
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TABLE 1. Precipitation Records of the Weather Bu,·ean Sto.twn at New Brunswieic, N. J., 
8 Miles East of the Study Area. 

Mean 
for the1950 1951 1952 1953 19-54 1955 1956 1957 1958 9 yr. 
period 

January 2.37 3.02 4.81 5.31 UH 0.71 2.22 2.02 5.46 
February 3.82 4.16 2.18 2.26 Ul8 2.52 5.09 2.51 4.10 
Mareh 3.53 4.75 3.82 7.84 3.54 4.86 3.31 2.98 4.53 
April 2.19 3.21 5.84 5.46 3.64 2.45 3.23 5.66 5.97 
Moy 
June 

2.87 
2.28 

4.02 
3.62 

5.87 
4.65 

4.64 
3.25 

3.67 
UH 

1.84 
2.63 

2.84 
3.15 

0.96 
2.19 

4.09 
2.99 

3.42 
2.93 

July 6.78 4.26 4.90 2.96 1.11 1.43 3.93 1.31 5.86 3.61 
Tofa\ for May, 

June,JuJy 11.93 11.90 15.42 10.85 6.42 5.90 9.92 4.46 12.94 9.97 

August 4.57 2.98 7.35 2.86 7.'74 13. 77 4.67 3.66 3.27 
September 1.76 0.87 3.36 1.09 5.66 1.83 3.19 2.32 3.28 
Oetober 1.42 4 99 0.63 3.88 2.83 6.80 3.50 2.03 6.26 
November 5.10 3.58 1.98 5.46 2.21 4.33 3.92 2.33 
De.cember 3.42 6.67 2.74 4.24 3.32 0.17 4.12 5.71 1.67 
Annual 40.11 49.73 45.77 42.40 41.04 43.58 35.27 49.81 
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The radial increment i11 the sp11ng followed the usual course but the growth curves had 
leveled aff ;,nd started to decline by mid•July. On August 7 an abrupt radial decrease of 
astaundrng magnitude occurred. The readrngs were taken in early morning as usual, but 
it takes about an hour to m;,ke the readings on all af the trees. Before the hour was up, 
a strong hot, dry wind beg::m to blow through the tops -of the trees. The last few trees 
to be read showed such a pro11011n<:Bd drop from the readrng of the preceding week that 
one of the trees visited before the breeze came up was reread, and it had decreased since 
the earlier reading that morning. The growth curves in Jigure 2 are plotted from data 
collected by the initial reading on August 7. Quereus cocclnea 2 and Prttnus 2 were among 
the hist which were read and hence shaw the precipitous shnukuge recorded on August 7. 
It first appears as the August 14 reading iu the others plotted in the figure. What 1s 
especially interestrng is that, followrng this, weekly readings were consisteutly low until 
mid-December. On Dec,;mber 18 the trees had returned ta their previous m:,ximum, and 
most of thern to a size even larger than they had been before. The size attained by De
cember 18 was maintained. In the 10 years of ,·ecord, 1957 is the only year that has shown 
this phe11omenon of pronounced shrinkage. 

Discussion~The period of rapid radial expansion in spring and early summer, 
commonly referred to as the grand period of growth, is of especial concern in this 
study. It usually extends through most of May, June, and part or all of July. Since 
late summer moisture conditions are usually favorable for plant growth (Table 1), 
slowing up of growth at the end of this period may sometimes be related to photo
period as Eggler (1955) has suggested for trees in Lousiana or to a chauge in the balance 
between growth regulators (Phillips and Wareing 1958). It is also likely that a change 
in water balance can often influence the term111at10n of the grand period of growth. 
It certainly seems to have been the major contnbuLing factor during the summer of 
1957 when the development of an extremely unfavorable water balance resulted first 
in a cessation of growth, next a slight decrease in radius, and finally an abrupt and pro
nounced reduction in size. The remarkable recovery of the trees in December af Hl57 
following tho drought is probably related to the complete return of normal moisture 
relations. 
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Drought Respons,e in William L. Hutcheson Memorial Forest, 1957 
JOHN A. SMALL 

When many trees, of many species, showed brown aud dry leaves on some or all of 
their branches by September 1, 1957 in Hutcheson Forest, it see.med nn opportune time 
to record the effect of draughtiness on individuals, species, and on the forest as a whole. 

The forest is controlled by a grid system providing sections of 100 meters on each 
side. A reeonnaisance was made, trees were noted, the d.b.h. and the loe[\,tion of those 
trees with apparent top injury was recorded, in September·Oetober 1957. In 1958 the 
reeonnaisance was repeated between July 31 aad September 5. At this time au estimate 
of the degree of injury (leafless branches) was attempted. It appeared possible to sepa
rate this injury from dead branches of earlier years. The purpose af the second survey 
was to: 1. determine. the possibility of relocating the trees, Z. increase the l\,C(uracy of 
the data since the 1957 survey ran into autumn coloration as a confusing factor, 3. check 
upon the possibility that the trees might have escaped into early dormancy and sun·ived, 
at least to some extent, the drougl,t effects, and 4. ascertain, on the other hand, if drought 
injury had occurred in 1957 which was not expressed or at least not recognized in the 
appeara.nee of the foliage at the time. of that reconnaisauce. Some further (heeking was 
done 111 August of 1959. An attempt was made to assemble any pertinent records af the 
environment of the forest during 1957 and to make pertinent comparisons. 

1. All but two of the trees were relocated, out of a total of 188. 
Z. As wa.s expected, the number of trees injured or killed proved to be greatei· when 

cheeked in 1958 tlrn.n was recorded in 1957, but tl1e increase was even mare than expected. 
It also appeared that in some instances the injury had nat been as serious as it appeared 
in 1957. Subsequent observation has earroborated this in some eases, but in oth<lrs the 
apparent recovery or survival was a failure. For inst[\,nee, tl1e largest Q. alba in the forest 
(location 195 x 290) was recorded as killed in 1957. All af its lenv<ls were brown and 




