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Abstract

Selection of under-used taxa of birchBst(ilaL.) and aldersAInusMiller) for use in managed landscapes can be guided by information

on their responses to moisture extremes in the root zone. Our objective was to compare the photosynthesis, leaf sutthce area, a
subjective health ratings of eight relatively obscure birches and alders when treated with drought and flooding in a gi¥ergisoise
treated ‘Whitespire Sr.’ birchBtulapopulifolia) to demonstrate responses of a cultivar common in the nursery trade. Plants u
controls were irrigated daily, whereas pots of flooded plants were immersed. All water was withheld from the droughixtne sited ta
showed the least evapotranspiration each day, while amounts of water less than that lost to evapotranspiration eachdddytevefre ad
plants of the other taxa subjected to drought. After three cycles of drought that induced wilting and a reduction in ghictcstaith
leaf surface area @ . hirsutahad decreased the least, 12%, among the alders. While drought reduced the photosynthesis of all birches
during the study, mean photosynthetic rate of drought-tr&tederwas higher than that &. albosinensiandB. davuricasubjected
to drought. Flooding for 7 days did not influence photosynthetic rate of any alder but reduced photosynthesis of allstlesdeqmthe
B. davurica After 21 days of flooding, only plants Bf albosinensiandB. costatavere killed, and\. maritimawas the only alder that
fully sustained photosynthesis. While our data support the idea that most alders and birches are adapted to wet and wsigdisdraine
respectively, responses to drought varied among the four alders, and the four uncommon birches we grew responded differently to
flooding. Specifically, additional evaluations under field conditions should be done to confirm the resiliéndarsfitaand A.
maritimato recurrent drought and to verify whether the comparatively promiBindg{/uricaandB. ube) and poor B. albosinensis
andB. costata flood resistance we observed among the birches is meaningful in the landscape.

ed as
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Species used in this studyAlnushirsuta (Spach.) Turcz. ex Rupr. (Manchurian aldédpusincana(L.) Moench subspenuifolia
(Nutt.) Breitung (white alder)Alnus japonicaThunb.) Steud. (Japanese aldédpus maritima(Marshall) Muhl. ex Nutt. (seaside
alder),BetulaalbosinensiBurkill (Chinese red birchBetula costatarautv. (Amur birch)Betula davuricaPall. (Asian black birch),
Betula uber(Ashe) Fernald (Virginia round-leaf birctBetula populifoliaMarshall (gray birch) ‘Whitespire Sr.’

Significance to the Nursery Industry these taxa to stressors in the field and for identifying promis-

Trees that thrive after installation in managed landscapes N9 9ermplasm for breeding and selection.
commonly tolerate or avoid stresses caused by extremely dry
or wet soil. Primarily because of moisture extremes in the
root zone, only a small number of taxa are recommended for About 60 species of alder&laus Miller) and birches
the harshest sites, such as those along city streets. Frequer{BetulalL.) are native to temperate, boreal, and arctic regions
use of a few taxa raises concerns about overuse and the conef the Northern Hemisphere, with a few species also found
sequences of limited diversity. The nursery industry and the in high elevations in Central and South America and sub-
consumers it serves will benefit from an improved under- tropical Asia (5). Although these diverse trees and shrubs of
standing of drought and flood resistance of less common the Betulaceae inhabit a wide range of habitats and have many
species with horticultural merit. We focused on eight such attractive characteristics, relatively few are commonly culti-
species in the family Betulaceae and have demonstrated dif-vated in North American nurseries and landscapes (2, 4).
ferences among their responses to root-zone inundation and Alders form symbioses withrankia Brunchorst, an acti-
moisture deficit under conditions in a greenhouse. These ini- nomycete that fixes atmospheric nitrogen (5). This rare trait,
tial data provide a basis for further research on responses oftombined with the capacity of many alders to tolerate poorly

aerated or flooded soils, indicates that this genus should be

investigated as a source of trees tolerant to the infertile soils

and inadequate drainage of urban landscapes. Their moder-
'Received for publicatioBeptember 7, 2001; in revised fobacember 12 ate-SIZe' I’apld rat_e of de-V-GIOpment' flne texture, an-d the win-
2001. Supported in part byhe Hortic’ulturaI’ Research Institute, 1000’ ter Int.ereSt of thelr strobili are_ also.hortlcu“ural attributes. A
Vermont Avenue, NW, Suite 300, Washington, DC 20005 he USDA- few birch species, such as river birée{ula nigral.), pa-
Agricultural Research Service, National Program Staff, also provided fund- Per birch Betula papyriferaMarshall), and European white
ing. J.A. Schrader collected seed#\ofmaritima J.K. lles provided health birch Betula penduld&Roth), are widely cultivated for their
ratings, and M.S. Dosmann measured leaf area. Journal Paper No. 3‘1955‘striking bark characteristics. Other birches also have very

of the lowa Agriculture and Home Economics Experiment Station, Ames, - . . .
IA, Projects No. 3603 and 1018, and supported by Hatch Act and State of attractive bark in a wide range of colors and textures or dis-

lowa funds. Mention of commercial brand-name products does not consti- Play attrfiCtive leaf color during autumn (2). The natwal hE_lbi-
tute an endorsement of any products by the USDA-ARS or cooperating agen-tats of birches range from rocky or sandy, well-drained sites

Introduction

cies. to peat bogs and marshes (5), indicating a wide range of tol-
#Professor, Department of Horticulture. erances to inundation and drought. Given the ornamental
*Assistant Scientist II, Department of Horticulture. potential of this genus, surprisingly few birches are widely

“Horticulturist, USDA-Agricultural Research Service.
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used, in part because of the potential for plants of many spe-taxa, we began with 24 plants from one accession per
cies to be attacked by bronze birch borkgr{lus anxius taxon. ForA. japonicaandA. maritimg two accessions
Gory) (6). were combined to create a population of 24 plants per

Birch species commonly cultivated in North America vary taxon (Table 1). Three plants of each taxon chosen ran-
widely in their responses to flooded soils (7). Alders gener- domly were harvested destructively on the day treatments
ally are recommended for use on wet soils (4), but their re- began to assess differences in initial size among the taxa.
sponses to long-term root-zone inundation is unclear. Al- Mean shoot dry weight when irrigation treatments began
though many birches thrive on well-drained soils, their re- on June 21, 2000, ranged from 2.6 g Bmtula uberto
sponses to drought have received little formal attention; like- 18.0 g forAlnus hirsuta(Table 2). Seven additional plants
wise, the drought tolerance of most alders is poorly under- of each taxon were selected and assigned randomly to each
stood. Therefore, our objective was to screen eight relatively of three moisture treatments: drought, flooding, and con-
uncommon alder and birch species for their responses totrol. Plants were arranged in a completely randomized
drought and flooding by comparing the photosynthetic rates design in a glass-glazed greenhouse where a data logger
of young plants held in containers subjected to three mois- recorded air temperature and photosynthetically active ra-
ture regimens. We also measured leaf surface areas and suldiation (PAR every 15 min. Mean daily minimum and
jectively rated the overall health of plants at the end of the maximum air temperatures during the treatment period
moisture treatments. A widely grown bir@detula populifolia were 22 and 30C (72 and 86F), respectively. Supplemen-
Marshall ‘Whitespire Sr.") (9) was included in the study to tal irradiance was not used, and mé2AR during the
demonstrate responses of a cultivar common in the nurserymiddle of the photoperiod was 619 mmotisr? (range =
trade. 460-843 mmol3-nr?).

Tap water was applied once daily to saturate the root zones
of plants in the control treatment. Root zones of flooded plants
were immersed continuously in tap water by preventing drain-

Plants of 11 accessions representing the nine taxa wereage from their pots. Drought was imposed by withholding
propagated from seed, stem cuttings, or tissue culture irrigation through three drought cycles. The cycles were sepa-
(Table 1). Taxa produced from seed and stem cuttings wererated by irrigation of all plants, including those in the control
propagated in 1999, potted, held in a greenhouse, over-and flood treatments, to container capacity with water to
wintered in coolers, and treated in 2000. Propagul® of  which N at 10.8 mol-m (150 ppm) was added from Peters
populifolia ‘Whitespire Sr.” were obtained in 2000. All  Excel All-Purpose 21N-5P —~20K,0 and Peters Excel Cal-
plants were grown singly in 700 éf%3 irf) of field Mag Special 15N-5P~15K,0 (Scotts, Marietta, GA). All
soil:sphagnum peat moss:perlite (1:3:1 by vol) in plastic subsequent fertilizations were done with these materials, in
containers with a top diameter of 15 cm (6 in). For seven which about 63% of the N was from the Cal-Mag Special

Materials and Methods

Table 1. Accession, origin, and mode of propagation of fouklnus and five Betula taxa evaluated for responses to root-zone inundation and deficit
irrigation. Plants of two accessions each &lnus japonicaand Alnus maritima were combined to equal the number of plants used for the
other taxa. In these cases, plants of the two accessions were randomly assigned in the same proportion among the three ioigaéat-

ments.
Mode of
Taxon Accessioh Origin propagation
Alnus
hirsuta(Spach.) Turcz. ex Rupr. P1 479294 Japan, Tokyo Univ. Furano Forest Arboretum,Yamabe, stem cuttings
Furano-shi, Hokkaido
incana(L.) Moench subsgenuifolia(Nutt.) Breitung PI 495875 United States, Kremmling, Grand Co., CO stem cuttings
japonica(Thunb.) Steud. P1 479297 Japan, 7 km east of Kushiro, Kushiro-shi, Hokkaido stem cuttings
Ames 25022 Russian Federation, Primorye stem cuttings
maritima(Marshall) Muhl. ex Nutt. DE 216 Marshyhope Creek, Dorchester Co., MD seed
OK 13 Pennington Creek, Johnston Co., OK seed
Betula
albosinensiBurkill Ames 23593 China, Ningxi Forest Bureau, Pu He Forest Station, seed
near Lan Ni Hu, Ning Shan District, Shaanxi Province
costataTrautv. Ames 24086 China, along Yalu River, Changbai County, Jilin Province seed
davuricaPall. Ames 10079 China, Forest Botanical Garden, Renjiagiao, Harbin, stem cuttings
Heilongjiang Province
uber (Ashe) Fernald Ames 12981 United States, Virginia stem cuttings
populifolia Marshall ‘Whitespire Sr.”  United States, Univ. of Wisconsin Arboretum, Madison  microshoots

zAccession numbers prefixed by Pl and Ames were supplied by the North Central Regional Plant Introduction Station, Amasg lfgresstved there as part
of the U.S. National Plant Germplasm System. Accessions DE 216 and OK 13 were collected from the wild by J.A. Schra&ataf ldviva ‘Whitespire Sr.’
was supplied by Knight Hollow Nursery, Inc., Middleton, WI.
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Table 2. Shoot weight when treatments began, total volume of water applied to the seven plants of each taxon subjected to dtpagt leaf surface
area and visual health score of plants as irrigation treatments ended. Values for initial shoot dry weight are means and (SE}hoee
replicates. Values for leaf area and health score are means of seven replicates. Means for leaf area followed by the sanmedétian rows are
not different according to Fisher’s least significant difference test at the 5% level. Means for health score followed by thene letter within
rows are not different according to the Kruskal-Wallis test at the 5% level.

Water applied during cycle (ml)  Leaf area by treatment (dni) Health score by treatment
Initial shoot
Taxon dry weight (g) one two three drought  control flood drought  control flood
Alnus
hirsuta 18.0 (1.7) 9031 9226 7582 29.8a 34.0a 27.2a 4.3a 4.4a 3.7a
incanasubsptenuifolia 14.2 (3.4) 4977 5273 4446 22.6b 35.0a 14.8b 3.6a 3.9a 2.8b
japonica 3.6 (0.7) 1034 1051 1306 9.8a 18.0a 13.6a 2.9a 3.4a 3.4a
maritima 3.3 (0.2) 1276 1898 2573 12.4b 18.0a 12.0b 3.7a 4.2a 3.6a
Betula
albosinensis 13.2 (2.9) 4264 2434 2405 15.3a 23.8a 0.0b 3.1a 3.6a 1.4b
costata 4.7 (0.6) 32 0 0 3.2a 4.9a 0.0b 2.5a 2.5a 1.0b
davurica 6.0 (1.1) 963 614 1059 5.8a 10.6a 7.1a 2.9a 3.2a 2.2a
uber 2.6 (0.3) 347 788 843 6.0a 5.0a 1.4b 3.3a 2.9a 2.3a
populifolia ‘Whitespire Sr.’ 7.2 (1.8) 944 1625 1521 10.0a 16.3a 8.1a 3.6a 3.7a 3.1a

ZHealth of plants was subjectively rated by two evaluators whose ratings were averaged before analysis. A rating of led/&s dsadiplants, and 5 was
ascribed to plants that appeared in excellent health. Ratings of 4, 3, and 2 were ascribed to plants based on progressapglggrance of foliage due
primarily to necrosis and chlorosis.

fertilizer. We wished to have drought-treated plants of all by using a LI-COR 6400 Photosynthesis System (LI-COR,
taxa exposed to similar, low percentages of root-zone water, Lincoln, NE). Measurements were made before plants were
and we sought to have these percentages achieved at similairrigated for the day, and moisture content of the upper 6 cm
rates for all taxa. Achieving these goals was complicated by of the root medium of each plant was measured with a model
differences in water use among taxa, which were due, in part,HH1 Theta Probe equipped with a model ML1 sensor (Delta-
to the differences in the size of shoots (Table 2). We attemptedT Services, Cambridge, England). Health of shoot systems
to minimize differences in daily evapotranspiration rates was subjectively rated on the day cycle 3 ended by two evalu-
among taxa, thereby treating plants of disparate size with ators whose ratings were averaged before analysis. A rating
similar percentages of moisture in the root zone. Water use of 1 was ascribed to dead plants, and 5 was ascribed to plants
was estimated by tracking the total weight of the seven rep- that appeared in excellent health. Ratings of 4, 3, and 2 were
licates of each taxon in the drought treatment within all ascribed to plants based on progressively poorer appearance
drought cycles. Decreases in weight were assumed to be duef foliage due primarily to necrosis and chlorosis. Health-
to evapotranspiration. rating data were analyzed and means were separated by the
Evapotranspiration values for each taxon were determined Kruskal-Wallis test at the 5% level of probability (1). All
once daily during drought cycles. The taxon that showed the leaves of plants then were removed to determine the total
lowest evapotranspiration served as a baseline for that dayleaf surface area of each plant by using a model 3100 area
Nothing further was done to the plants of that taxon. Tap meter (LI-COR). Data on photosynthesis and leaf surface
water was added to the root zones of the other taxa in thearea were analyzed by analysis of variance for a completely
drought treatment to replace the amount lost to evapotrans-randomized design. Each plant was considered an experi-
piration in excess of the baseline value. Additions of water mental unit. When F tests showed significant treatment ef-
were done by placing the seven drought-treated plants of afects, means were separated by using Fisher’s least signifi-
taxon in a tray that contained the specified amount of water. cant difference test at the 5% level.
Plants were kept in the trays until all water was absorbed in
the root zones via drainage holes in the pots. Absorption re- . .
quired 1 to 3 hours. Total volumes of water added during all Results and Discussion
drought cycles ranged from 32 to 25,839 ml (1.1 to 874 0z) Relative to the plants of the various taxa in the control
(Table 2). Drought cycles were ended the first day when treatments, drought reduced photosynthetic rat&stifsuta
leaves of at least five of the nine taxa were wilted before a A. japonica B. costataB. populifolia‘Whitespire Sr.’, and
daily irrigation. Drought cycles 1, 2, and 3 each lasted 7 days. B. albosinensisit the end of the first drought cycle (Fig. 1).
All plants were irrigated once daily to container capacity with Flooding did not influence photosynthesis of any alder after
tap water that contained fertilizer during a 7-day recovery the first treatment cycle, but flooding did reduce mean pho-
period between cycles 1 and 2, but cycle 3 began the daytosynthetic rate of all the birches excBptlavurica relative
after cycle 2 ended. Roots of flooded plants were inundated to their respective control plants (Fig. 1). After the third
with water during the same cycles that irrigation was with- drought cycleA. hirsutawas the only alder that showed a
held from plants in the drought treatment. Flooded contain- drought-induced decrease in photosynthesisAantaritima
ers were drained during recovery periods between droughtwas the only alder for which photosynthesis was unaffected
cycles, and all plants were irrigated during these periods with by flooding (Fig. 1). Photosynthesis of all birches ex@&pt
tap water that contained fertilizer. albosinensisvas reduced by drought, and photosynthesis of
Photosynthetic rate of the youngest fully expanded leaf all birches decreased in response to flooding, relative to their
on each plant was measured on the days cycles 1 and 3 endeckspective control plants (Fig. 1). Leaf senescence of flooded

38 J. Environ. Hort. 20(1):36—40. March 2002

$S900E 981) BIA §1-/0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



Alders Alders
11 -
9 L L

L

CYCLES3

LSD = 2.6

Birches Birches
11 -

Rate of Net Photosynthesis (umol/ns)

1 | | | | | | | | | | | |
0 10 20 30 40 50 600 10 20 30 40 50 6

Root-zone Water Content (%)

—— A. hirsuta ——— A.japonica —0— A. maritima —0— A. incana tenuifolia
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Fig. 1. Rate of net photosynthesis of four speciesAlihus and five taxa ofBetulatreated with drought and flooding. Additional plants were irrigated
once daily as controls. Drought was imposed by withholding irrigation from potted plants until the end of a drought cycle, wihigvas defined
as the first day when at least five of the nine taxa showed wilted leaves. Three drought cycles were imposed; photosynthegithamoot-zone
moisture content of each plant were measured at the end of the first and third cycles. Root zones of flooded plants were coaotisly im-
mersed in water during the drought cycles. Each point is a mean of seven replicates. Within each line, the data point on tfieilethe center,
and on the right represent the mean for plants in the drought, control, and flood treatments, respectively. Vertical bars repent Fisher’s least
significant difference values (5% level) for comparing any two means within cycles.

B. albosinensigndB. costatavas evident after 3 d, and all  be interpreted. For example, whie albosinensisvas the
flooded plants of these species died during treatment. All only birch that showed fully sustained photosynthesis after
flooded plants of the other taxa survived, but leaf aréa of  three cycles of drought, mean photosynthetic rate of control

incanasubsptenuifolia A. maritimg andB. uber and sub- plants of this taxon was low at that stage of treatments (Fig.
jective visual health score Af incanasubsptenuifolia were 1). Low rates among controls make the relevance of a lack
reduced from those of the respective control plants (Table of a drought-induced decrease in photosynthesis of this taxon
2). Leaf area was reduced by drought for plants. @ficana unclear. Consideration also should be given to the differences

subsptenuifoliaandA. maritimaonly, yet the health scores among taxa in the root-zone water content at the time photo-
of all taxa were similar for control and drought-treated plants synthetic data were collected. Root zones of flooded plants
(Table 2). contained 55 to 57% water regardless of taxon (Fig. 1), so

The data on photosynthesis should be considered with re-data on photosynthesis among taxa can be compared easily.

gard to the differences among control plants of the various In contrast, water in the root zones of plants in the drought
taxa that existed after both cycles 1 and 3. These differencestreatment ranged from 7 to 20% (cycle 1) and 8 to 24% (cycle
affect how the data on drought and flooding effects should 3) among taxa (Fig. 1). The mean rates of photosynthesis of
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~9 (cycle 1) and ~7 (cycle 3) umoFis of A. hirsutasub- remain less than 15 m (50" in height and may display vi-

jected to drought were particularly noteworthy considering brant yellow leaves in the autumn (2).

that these plants had the driest root zones among all drought- The drought resistance Af hirsutamerits further atten-

treated plants (Fig. 1). tion. Plants of this taxon had drier root zones than did other
These data revealed several differences among the taxaaxa in the drought treatment (Fig. 1), yet drought-treated

under greenhouse conditions that, if confirmed in the field, plants ofA. hirsutasustained photosynthesis and had only a

could be significant to those who design and manage horti- 12% reduction in leaf area. In contrast, leaf area of the other

cultural landscapes. Among the aldefs,incanasubsp. three alder taxa was reduced 31 to 46% by drought (Table
tenuifoliawas most sensitive to flooding. Drought reduced 2). Although drought reduced the photosynthesis of all birches
photosynthesis of this taxon, along wah hirsutaandA. during one or both cycles when it was measured (Fig. 1), the
japonicag relative to their controls after cycle 3, but flooding leaf area and health-score data were unaffected by drought
reduced the health score of olyincanasubsptenuifolia for all birches (Table 2). While these results are promising,

(Table 2). Despite its sensitivity to flooding relative to the effects of drought on root systems, and responses of these
other aldersA. incanasubsptenuifoliawas quite tolerant of taxa to drought under field conditions are not known. Pos-

flooding compared to the birches and can be a useful orna-sible direct effects of extended drought in the landscape and
mental where soils are wet (2). Althoughincanasubsp. indirect effects on such properties as the capacity to over-

tenuifolia is native along the banks of streams (3), our re- winter or to resist pests and diseases should be investigated.

sults indicated it is more sensitive than other alders to com- The performance d. davuricain dry soils may be superior
plete inundation of the root zone. We have observed indig- to that ofB. nigra(2). If so, the relative sensitivity of photo-
enous populations @&. incanasubsptenuifoliaalong rap- synthesis oB. davuricato drought (Fig. 1) indicates the
idly flowing streams in mountainous areas. Water near the drought resistance of all five of the birches we treated may
roots of trees at such sites may be highly oxygenated, which surpass that d. nigra Mean photosynthetic rate Bf uber
may help to explain the sensitivity of the species to immers- after three cycles of drought was similar to thatBof
ing roots in water that was not stirred during this experi- populifolia ‘Whitespire Sr.’, which is comparatively resis-
ment. tant to drought due to maintenance of turgor at low water
Our data omA. maritimashowed that flooding curtailed  potentials (8), and was higher than thaBofalbosinensis
shoot development but failed to reduce photosynthesis or andB. davurica(Fig. 1). Thus, whild. albosinensiandB.
cause shoots to appear damaged. Photosynthesis was unaflavuricamay be quite sensitive to drought in the landscape,
fected by flooding for one treatment cycle only among plants further evaluation of the drought resistanc@&ofibermay
of A. maritima(Fig. 1), and the health score of flooded plants prove particularly useful.
of A. maritimaalso was sustained (Table 1). Because leaves
lacked necrosis and did not abscise, we attributed the reduc-
tion in leaf area of floodeA. maritima(Table 1) to reduced
growth. The relative insensitivity of photosynthesisAof
maritimato flooding was consistent with the ecology of this 1. Daniel, W.W. 1978. Applied Nonparametric Statistics. Houghton
species. In its native habitats, maritimais found exclu- Mifflin, Boston.
sively on saturated soils, most often in standing water (10). 2. Dirr, M.A. 1998. Manual of Woody Landscape Plants: Their
All the birches were sensitive to flooding, but data on pho- Identification, Ornamental Characteristics, Propagation and Usesitton.
tosynthesis (Fig. 1), leaf area, and health score (Table 2),Stires Publishing, Champaign, IL.
indicated that further screening Bf davuricaandB. uber 3. Farrar, J.L. 1995. Trees in Canada. Fitzhenry & Whiteside, Ltd.,
for superior flood resistance is warranted. Among the flooded Markham, Ontario.
birches, those two species sustained photosynthesis and re- 4. Flint, H.L. 1997. Landscape Plants for Eastern North Ameri€a. 2
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