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SEASONAL EFFECTS ON TRANSPLANTABILITY OF
SCARLET OAK, GREEN ASH, TURKISH HAZELNUT

AND TREE LILAC

by J. Roger Harris and Nina L. Bassuk

Abstract. Quercus coccinea (scarlet oak), Fraxinus
pennsylvanica (green ash), Corylus colurna (Turkish hazel-
nut) and Syringa reticulata ‘lvory Silk’ (tree lilac) trees were
transplanted bare-root throughout the spring and fall planting
season. Post-transplant response was compared with the root
growth activity of established trees at the time of transplanting.
Root growth rate of established trees at transplanting was not
related to transplantability. Green ash and treelilac transplanted
well at all dates. Scarlet oak and Turkish hazelnut transplanted
poorly during the late spring and early fall, but survival was
good in early spring and mid fall.

Street trees probably experience more physi-
ological stress and mortality in the establishment
phase than any other time during their life span.
Gilbertson and Bradshaw (5) concluded that 39%
of newly planted trees in London died within five
years after planting and that the even a higher
percentage of replacements died. This was pri-
marily a result of unfavorable water balance due to
poorly established root systems. The half-life of
street trees in London was concluded to be only
10 - 15 years. High temperatures and low relative
humidities in inner cities impose high evaporative
demands (17), and this undoubtedly exacerbates
establishment problems. Rapid transpiant estab-
lishmentis essential in orderto facilitate transplant
survival and the longevity of our urban forests. A
better understanding of the effect that time of year
has on transplanting will aid the city forester in
managing tree installations to achieve quick plant
establishment.

Evaporative demands are greatest on trans-
planted trees in late spring and summer as tem-
peratures increase, leaves develop, and transpi-
ration increases. However, warmer temperatures
and photosynthesizing leaves promote root growth,
and the capacity for plant establishment, if favor-
able water balance is maintained, may be greater
than when the plant is dormant (12).

Since shoot growth is readily observed, the
relationship between shoot activity of the tree at
transplanting and eventual transplant success
may be easily observed. However, determination
of root growth rate at the time of transplanting is
considerably more difficult, particularly for large
trees. For this reason, comparisons between
transplantability and root growth rate at trans-
planting have not been made for landscape-sized
trees. The purpose of this research was to test the
hypothesis that periods of active root growth in
established trees willbe periods of quick transplant
establishment. An additional objective of this re-
search was to determine if observations of shoot
growth could be used to predict active periods of
root growth during which transplanting would be
most successful.

Materials and Methods

Root and shoot growth periodicity. Foureach
of Quercus coccinea (scarlet oak), Fraxinus
pennsylvanica (green ash), Corylus colurna
(Turkish hazelnut) and Syringa reticulata ‘Ivory Silk'
(tree lilac) trees were established on a rhizotron
(9) in spring, 1991. Height and caliper of all trees
were taken one year after transplanting to the
rhizotron, just prior to spring, 1992 bud break, and
shoot and root growth data were taken throughout
the 1992 growing season. Five shoots with the
greatest diameter were marked on each tree for
periodic measurement of shoot extension. The
mean of the five shoots at each measurement
date was the shoot extension for that tree. At the
end of the growing season, the rate of increase in
shoot extension for each measurement day (SE)
was calculated for each replicate by:
SE = (Agg /Tgg )/t x 100 ; where Agg = increase
in extension between measurements, Tgg = total
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shoot extension for the season and t =time (days)
between measurements. Units for SE are %/day.

Root extension was measured on the rhizotron
by marking with colored marking pens several
individual roots which were growing most vigor-
ously. Root extension at each measurement for
each replicate was the maximum extension
measured on a single root. At the end of the
growing season, the rate of increase in root ex-
tension for each measurement day (RE) was
calculated for each replicate by: RE = (Agg /Tre
)/t x100 ; where Agg = increase in maximum root
extension between measurements, Tgeg = total
increase in maximum root extension for the sea-
son and t = time (days) between measurements.
Units for RE are %/day. Means of all replicates for
each species and the standard error of the means
were then calculated for RE and SE and graphed
for depiction of seasonal shoot and root growth
patterns.

Spring and fall transplanting. Eighty trees of
both green ash and scarlet oak trees were obtained
from Schichtel’s Nursery, Springville, New York
and established on a research field near the
campus of Cornell University in Ithaca, New York,
in the spring of 1991. Beginning in April of 1992,
four replicates of each species were chosen at
random and harvested bare-root according to
American Association of Nurserymen standards
(1). Plants were stored in an enclosed barn on site
for two days before planting. Root-balls were
covered with burlap and watered at the time of
storage. No additional water was applied before
planting. Within three days of harvesting the
green ash and scarlet oak, four replicates of
Turkish hazelnut and tree lilac were picked at
random and harvested in the manner described
above from Schichtel’'s Nursery, Springville, New
York. Trees were then immediately transported in
an enclosed van to Ithaca and stored in the
manner as described for green ash and scarlet
oak. At the end of the respective two-day storage
period, trees were planted in a randomized com-
plete block design and irrigated. Irrigation was
appliedthereafter when weekly precipitation totals
were negligible.

Mean totaitree heightand caliper of all replicates
were taken at the time of transplanting. Beginning
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transplant dates were April 4, April 24, May 16,
June 8, September 6, September 28, October 17,
November 6 and December 8, 1992. This effec-
tively bracketed the spring and fall transplanting
seasons.

At the conclusion of the first shoot flush (bud
set) after transplanting, the longest post-transplant
shoot extension was measured for each tree on
three separate shoots which originated in the
upper 1/3 of the canopy. Shoot extension for each
tree was the mean extension of these three shoots.
Shoot extension of the transplanted trees was
indexed against the concurrent shoot extension of
the trees established on the rhizotron. At the
conclusion of all initial post-transplant shoot ex-
tension (July, 1993), trees were scored for survival
(alive or dead), and the survival percentage at
each planting date was calculated for each spe-
cies. Trees were considered alive if new shoot
growth was evident within the upper 50% of the
above ground height of the tree.

Results and Discussion

Relationship between transplant dates and
seasonal growth patterns of established trees.
Height and caliper of established trees and
transplanted trees are shown in Table 1. Spring
transplanting began before shoot or root growth of
established trees, and continued into the periods
of peak shoot growth for each species (Fig. 1A-D).
Fall transplanting began after cessation of shoot
growth, but during active root growth, and con-
tinued until all root growth had stopped. At the
April 4 planting date there was no visible bud
activity, and slight bud swell was evident at the
April 24 transplanting date (data not shown).
Shoots had begun extension on all species at the
May 16 transplanting date.

Spring and fall transplanting of scarlet oak.
No plants survived late spring (June 8) or early fall
(Sept. 6) transplanting (Fig. 2A). Early spring
(April 4, April 24) and late fall (November 6)
survival, however, was 100%. Survival of trees
transplanted on May 16 was only 25%. This
planting date coincided with the period of maximum
shoot extension (Fig. 1A). Scarlet oak had the
quickest shoot extension of any species observed.
Young expanding shoots are underdeveloped
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structurally and have little resistance to water loss
{4). Water loss through these shoots probably
contributed to whole tree water loss and poor
post-transplant survival, Root growth rate on es-
tablished trees was increasing on the May 16 and
June 8 planting dates, but was decreasing on the
September 6 and September 28 planting dates,
and survival was 100% on trees transplanted on
November 6 when root growth was ending on the
established trees. It appears, therefore, that
transplantability of scarlet oak has little to do with 6
rootgrowthrate of the tree just prior to transplanting. 8 bttt}

Survival of scarlet oak increased steadily in the
fall, which coincided with the lower evaporative
conditions of cooler soil and air temperatures. 4
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December 8, however. Root permeability to water . L i
can be very low for some species when soil T T
temperatures are cold (7), and plants may not 7 1
have been able to take up sufficient water to 8 /124 m /r*/l\ et 4\ i’r 4\4 t /T\'L
Figure 1. (right column) Daily shoot and root Lo Jd 2o 3
growth rates (SE and RE) of established scarlet oak SR8 = B 88> o
(A), green ash (B), Turkish hazelnut (C) and tree lilac DATE Yoo @

(D) for 1992. Transplant dates are indicated by
arrows. n=4,



Journal of Arboriculture 20(6): November 1994

. SCARLET OAK @

< 1004, NS

S

(o'

> 75 L 1

wn

=

Z 50 4 1

(@)

% 25

o T |

é

0

SHOOT EXTENSION INDEX (%)
N
Q
lT

80/7 |

TRANSPLANT DATE

Figure 2. Percent survival (A) and initial post—
transplant shoot extension index (B) of scarlet oak
trees transplanted throughout spring and fall of
1992. Bars represent standard errors of the means.
Shoot extension for transplant dates with 25%
survival are not shown. n = 4.

prevent desiccation. Soil temperature on De-
cember 8 was less than 3°C, but the soil tem-
perature on the November 6 planting date was
around 8°C (data notshown). A dramatic increase
in water flow resistance through some tree species
has been demonstrated to occur when root zone
temperatures drop below 7°C (10,13). Scarlet oak
trees planted on November 6 may have been able
to take up sufficient water to ensure survival
before colder soil temperatures caused a de-
creased root permeability to water, whereas those
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Figure 3. Percent survival (A) and Initial post-
transplant shoot extension index (B) of green ash
trees transplanted throughout spring and fall of
1992. Bars represent standard errors of the means.
n=4.

transplanted on December 8 may hot have.
Intimate root:soil contact is critical for the sur-
vival of bare-root transplants (14). Scarlet oak is a
coarse rooted tree (15) and therefore would have
less total contact with the backfill soil than more
fibrous rooted species. The much reduced coarse
root system of scarlet oak would therefore prob-
ably have more difficulty supplying sufficient wa-
ter under high evaporative conditions or when
cold soils reduced root permeability. This may
partially explain the poor survival rates of scarlet
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oak trees transplanted in late spring, summer and
early fall when air temperatures were high and on
December 8, when soil temperatures were very
cold. Shoot extension the following spring, as well
as survival, was poor on trees transplanted on
September 28 (Fig. 2b). This was probably a
result of water loss through leaves of the transplants
since survival was always less than 100% when
trees were in leaf.

Spring and falltransplanting of green ash. In
contrast to scarlet oak, green ash survival was
good for trees transplanted on all dates (Fig. 3A).
Trees were apparently somewhat more stressed,
however, when transplanted in the late spring and
early fall, since initiai post-transplant shoot growth
ontreestransplanted atthese dates was generally
less than those transplanted on other dates (Fig.
3B). These were the warmer transplant dates, and
trees were in full leaf. Unlike scarlet oak, survival
was excellent for green ash trees transplanted in
December. Green ash has a more fibrous root
system than scarlet oak and would therefore have
more absorptive surface exposed to the backfill
soil. In addition, roots of green ash appeared
much less darkened than scarlet oak. This sug-
gests a higher concentration of suberin deposits
for scarlet oak (11), which could hinder water
uptake on scarlet oak as compared to green ash.
Thereis also evidence that green ash has a higher
root initiation rate than scarlet oak (2,16). Green
ash would probably therefore regenerate new
roots faster under unfavorable environmental
conditions, increasing survival. These dataindicate
that landscape contractors can transplant green
ash bare-root successfully at all fall and spring
dates. This is in spite of the fact that shoots may
be in active growth or that the capacity for root
growth is low (Fig. 1B).

Spring and fall transplanting of Turkish ha-
zelnut. Turkish hazelnuttransplanted poorly when
in full leaf or in December (Fig.4A), similar to
results for scarlet oak. However, contrary to scarlet
oak, survival was 75% when transplanted during
active shoot extension (May 16). Survival was 0%
when most buds had begun to set and root growth
was well underway (June 8) (Fig. 1C). This is
contrary to popular thought which says that trees
should not be planted during shoot extension, but

only after buds are set. The low survival on June
8 was perhaps due to the higher evaporative
conditions created by warm temperatures after
the June 8 transplant date. Alternatively, shoot
extension or leaf size may have been reduced on
the expanding shoots of Turkish hazelnut at trans-
planting because of reduced turgor, and subse-
guent post-transplant water loss may have been
reduced because of the lowered plant evaporative
surface area. The much more rapid shoot exten-
sion of scarlet oak (Fig.1A) was probably less able
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Figure 4. Percent survival (A) and initial post-
transplant shoot extension index (B) of Turkish
hazelnut trees transplanted throughout spring and
fall of 1992, Bars represent standard errors of the
means. n=4,
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to adapt to the moisture stress created by the
massive root removal at transplanting than the
more sustained shoot extension of Turkish ha-
zelnut (Fig. 1C).

Turkish hazelnut, similar to scarlet cak, has a
coarse root system and would probably encounter
the same limitations supplying water to the shoots
on the warmer transplant dates, as discussed
above for scarlet oak. Post-transplant shoot ex-
tension of surviving trees was lower for all fall
transplanting dates (Fig. 4C). Turkish hazelnut
expressed the same 100% survival pattern as
scarlet oak on November 6, but very low survival
on trees planted one month later on December 8.
Early November may be the latest that many tree
species can be successfully transplanted in the
northeastern United States. Turkish hazeinut,
similar to scarlet oak, did not transplant with more
success when root growth rates were high on
established trees. Instead, environmental condi-
tions such as high air or low soil temperatures
were a better indicator of transplant success.

Spring and fall transplanting of tree lilac. In
contrast scarlet oak and Turkish hazelnut, tree
lilac had 100% survival on all transplanting dates
(Fig. 5A). Surprisingly, as evident by the post-
transplant shoot extension (Fig. 5B), trees seemed
to transplant very well in the late spring (6/08).
Tree lilac trees are apparently able to exploit the
potential for active root growth which exists in the
warmer months (Fig. 1D).

Overall relationship to periodic growth rate
of established trees. Established trees broke bud
prior to new root growth (Fig. 1A-D). The scarlet
oak, green ash, Turkish hazelhut and tree lilac
trees transplanted in the spring therefore likely
began spring shoot growth with only the resource
gathering capabilities of the transplanted rootball,
without the aid of new roots. Others have also
reported that spring bud break preceded root
growth. Arnold and Struve (2) reported spring bud
break before root growth for green ash seedlings
in Indiana, and Struve and Joly (15) reported
similar results for red oak (Quercus rubra) seed-
lings, also in Indiana. Headley and Bassuk (8)
reported that root growth did not precede bud
break for Norway maple (Acer platanoides), red
maple (Acer rubrumj, pin oak (Quercus palusttis)
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Figure 5. Percent survival (A) and initial post—
transplant shoot extension index (B) of Tree Lilac
trees transplanted throughout spring and fall of
1992. Bars represent standard errors of the means.
n=4.

or northern red oak (Quercus rubra) in upstate New
York.

Trees transplanted on November 6 were trans-
planted at the end of the root growth period, and
those transplanted on December 8 were clearly
beyond the period when root growth occurs. A
longer period was available for root growth for
those trees transplanted on September 6 and
September 28 compared to those transplanted on
October 17. However, temperatures, and thus
potential water loss, were higher at this time of






