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Dronght Effect on Radial Growth of Trees in the William L. Hutcheson
Memorial Forest

Mugreay¥ F. Buery, Hekew F. BueLy, Jouw A, Smarl, and Cari D, Mowk

Radial changes in tres trunks based on dendrometer measurements 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,
annuzl increments, 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 study of one specles in gue habitat or to
comparisons of one species occurring in wvarious habitats {Friesner 1941, Friesner and
Walden 1346, Byram and Doolittle 1850, Daubenmire 1950, Fritts 1956 and 1958), Other
studies invelved a number of species, usually showing up a variety of responses of the
different, species in the same envirenment or coutrasting responses in different environ-
ments (Ahlgren 1957, Cantlon 1953, Daubenmire 1946, Daubenmire and Deters, 1947,
Eggler 1935, Fowells 1941, Friesner 1842, Jackson 1952, Reimer 1959). Radial growth
studies have been used in farestry research where radial changes have been related fo
forest thinning and pruning experiments (Brown, Rose, and Spurr 1947, Stevens and
Spurr 1947). Some of the radial stem changes observed in studies with the dendrometer
have heen somewhat elarified through the use of eomcurrent histological studies (Fraser
1952 and 1956, Monk 12592} which have shown that, in the early spring, initial enlarge-
ment is the result of swelling of tissues, followed later by ecambial aefivity. These and
other studies of radial growth using dendrometers have been undertaken as specific prob-
lems of stem growth.

In 1980 dendrometer measurements were initiated not in an effort to solve any
specific prohlems hut as one of 2 number of types of ohservations on growth and perio-
dieity in the oak foreat of ecentral New Jersey. These measurements have served to doeu-
ment growth phenomena of a variety of hroadleaf tree species characteristic of this area.
One of the most striking results of the study so far is the influence of the severe summer
drought of 1857 on the radial ehanges of the species involved. The presentation of that
pheromenon 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 central New Jersey. The topography is gently
rolling, In part it is well-drained and in part the drainage is poor, having a pattern that
iz especially well shown by the shrub distribution (Monk 1957). The seil, derived pri-
marily from the Triassic red shale of the Brunswick formation is eomparatively shallow.
The forest consists principally of white, black and red oaks {Buell 1957, Monk 1959h).

Metheds, The dial gauge dendrometer as deseribed by Daubenmire {1945} was used.
Herews were set at about 4 feet from the ground on the north and the east sides of the
trees. Readings were taken at weekly intervals and in the carly part of the morning.

Twelve species of trees were being measured in 1857, At last two trees of each species
were included and in every case where possible one of the pair oecurred on low ground
and one on well-drained land. Those included were: deer platanotdes, A, rubrim, 4. sac-
charum, Carya ovalis, Fagus grandifolia, Frozinus americgna, Quercus alba, ¢. rubra
{on upland and lowland) ; Nyssa sylvatica {on lowland only); Prunus avium, Q. coceinea,
and Q. welutina {on upland only).

Certain of the species reacted to the serews either by developing vertical eracks ahove
and below the screws or by excess cambial growth in their immediate vieinity. Such effects
were primarily evident on Acer plafancides and deer rubrum. Prunus avium produced a
gumpny exudate at the location of the screws. Regardless of how such responses may effeet
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grawth, drought effects on these species were parallel with the effects on other species.
Nomenelature follows that of Grays Manual, 8th ed. (Fernald 1930).
Results. Typical growth curves of the trees show a period of fluetuation during the
winter and early spring (fig. 1}, followed by a more or less consistent increase in radins
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Fia. 1. Growth curves of individual trees of several species during years of normal
rainfall. Numbers after species names are individual free identifieations in the growth
studies in the forest. Weekly readings are plofted to produce the curves.

until ahout mid-summer after which there is only a gradual increase until fall, or some-
times no inerease. Late summer and fall are marked by moderate radial fluctuations. By
late fall the trees are commonly slightly less than the maximum previously aftained, a
phenomenon noticed by Byram and Doolittle (1950). The winter js a period of fluctuating
trea size. The point where consistent radial expansion starts in the spring varies with the
species, and the species vary from year fo 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 inerement. Actually far the purposes of this paper it is not essen-
tial te do so. It will appear from inspeetion of figure 2 that as a result of the drought
the contraction of the stem in some species equalled or even exceeded the starting point
of growth in the spring as for example Corya ovalis.

The summer of 1957 was one of extreme drought far this climate (Table 1}. The
growth curves for all species in that yeatr are quite different from all other years (fig. 2).



178

BULLETIN OF THE TORREY BOTANICAL CLURB

[Var. 88

TABLE 1. Precipitafion Records of the Weather Burcay Station at New Brunswick, N. J.,
& Miles East of the Study dreg.

Mean
1950 1851 1952 1955 1954 1955 1956 1957 1958 fgryt;‘e
period
January 2.37 2.02 4.81 5.31 1.81 .71 2.22 202 5.48
February 3.82 4.16 2.18 2.28 1.88 2.52 5.09 2.51 4.10
Mareh 3.53 4.75 2.582 7.84 3.54 4.84 3.31 2.94 +.53
April 2.13 3.21 h.R4 .46 3.64 2.45 3.23 3.64 5.97
May 2.87 4.02 5.87 4.64 3.67 1.84 2.84 0.96 4.09 3.42
June 2.28 3.62 4.65 3.25 1.64 283 3.15 2.19 2.99 2.93
July 6.78 4.26 4.90 2.96 1.11 1.43 3.93 1.31 5.496 3.61
Tatal for May,

June, July 1193 11.90 1542 10.85 6.42 5.90 9.92 4.46 12.94 9.7
August 4.57 2.98 7.35 2.84 7.74  13.77 4.67 3.66 3.27
September 1.76 .97 3.26 1.09 0.66 1.83 3.19 2.32 3.28
Oectober 1.42 4.99 0.62 2.58 2.83 6.850 3.04 2.03 6.268
Navember 5.10 — 3.58 1.98 5h.48 2.21 4.33 3.92 2.33
December 3.42 6.67 2.74 4.24 3.32 0.17 4,12 5.71 1.67
Annual 40.11 — 49,72 4577 42,40 41.04 4358 25.27 49.R1
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F1a. 2. Growth curves of individual trees duriug drought year of 1957,
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The radial increment in the spring followed the usual course but the growth curves had
leveled off and started to decline by mid-Fuly. On August 7 an abrupt radial deerease of
agtaunding magnitude oceurred. The readings were taken in early morning 2s usual, but
it takes ahout an haur to make the readings on all of the trees. Befora the hour was up,
4 strong het, dry wind began to blow through the tops of the trees. The last few trees
te be read showed such a proneunced drep from the reading of the preceding week that
ane of the trees visited hefare the bresze came up was reread, and it had decreased sinee
the earlier reading that morning. The grewth curves in figure 2 are plotted from data
collected by the initial reading on August 7. Quereus evceinee 2 and Prunus 2 were among
the last which were read and hence show the precipitous shrinkage recorded on August 7.
It first appears as the August 14 reading in the othars plotted in the figure. What is
especially interesting is that, following this, weekly readings were consistently low until
mid-Decemhber. On December 18 the trees had returned ta their previous maximum, and
most of them to a size even larger than they had heen before. The size attained by De-
cember 18 was maintained. In the 10 years of record, 1957 is the anly year that has shown
this phetiomenon of prounounced shrinkage.

Discussion—The period of rapid radial expansion in spring and early summer,
commouly referred to as the grand period of growth, is of especial concern in this
study. It usually extends through wost of May, June, and part or all of July. Since
late summer maoisture conditions are usually favarable for plant growth (Table 173,
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 grawth regulators (Phillips and Wareing 1958}, It is also likely that a change
in water balanee ean often influence the termination of the grand period of growth.
It certainly seems to have been the major contributing 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 Dacemhber of 1457
following the drought is prohably related to the complete return of nermal wmoisture
relations.
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Drought Response in William I. Hutchesen Memorial Forest, 1957
JoHN A. SMaLL

‘When many trees, of many species, showed brown and dry leaves on some ar all of
their branches by September 1, 1957 in Hutcheson Faorest, it seemed an opportune time
to record the effect of droughtiness on individuals, species, and on the forest as u whole.

The forest is eontrolled by a grid system providing sections of 100 meters on each
side. A reconnaisance was made, trees were noted, the d.b.h. and the loeation of these
trees with apparent top injury was recorded, in September-October 1957. In 1958 the
reconnaisance was repeated between July 31 and September 5. At this time au estimate
of the degree of injury (leafless branches) wag attempted. It appeared possible to sepa-
rate this injury frem dead branches of earlier years. The purpose of the second survey
was to: 1, determine the possibility of relocating the trees, 2. inerease the accuracy of
the data sinee the 1957 survey ran into autumn eoloration as a confusing factor, 3. check
upon the possibility that the trees might have eseaped into early dormancy and survived,
at least to some extent, the drought effects, and 4. ascertain, on the other hand, if drought,
injury had oceurred in 1957 which was not expressaed or at least not reeogunized in the
sppearance of the foliage at the time of that reconnaisance. Some further checking was
done in. August of 1959, An attempt was made to assemble any pertinent records of the
envirotment of the forest during 1957 and to make pertinent comparisona.

1. AN but twa of the trees were relocated, out of a total of 188,

2. As was expected, the number of trees injured ar killed proved to be greater when
checked in 1958 than was recorded in 1957, but the increase was even mare than expected.
It also appeared that in some instances the injury had nat heen as serious as it appeared
in 1957, Subsequent cbservation has carrobarated this in some cases, but in gthers the
apparent recovery or survival was a failure. For instanee, the largest §. alba in the forest
{location 195 x 290) was reeorded as killed in 1957. All of its leaves were hrown and





