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Abstract

Root-zone temperature (RZT) is an important environmental fademtiafy growth and performance of woody ornamental plants
the landscape. Research was conducted to comparefehts eff RZTon survival, growth, and root morphology of afidiflt-to-
transplant species, mountain laurkbimia latifolia L.), and an easy to transplant species, Japanese HeXycrenata Thunb.).
Seedlings of mountain laurel or micropropagated liners of mountain |&alehif latifolia L. ‘Sarah’) and rooted stem cuttings o
Japanese hollylex crenata Thunb. ‘Compacta’) were grown hydroponically for 12 weeks in controlled environment conditions ynder
long days at 9-hr days/15-hr nights of 26/22C (79/72F) withsRZTL6, 24, or 32C (61, 75, or 90F). Compared to 16 and 24C (61 fand
75F), percent survival of mountain laurel was reduced by a RZT of 32C (90F), whereas percent survival of Compacta hplly was
unafected by RZTRoot dry weight of mountain laurel was reduced 72% at 32C (90F) while top dry weight wasteddly RZT
Top and root dry weights of Compacta holly were fewé&d by RZTRoot:top ratio of mountain laurel was reduced by increasing RZT
whereas root:top ratio of Compacta holly was tewdéd by RZTRoot area of mountain laurel and Compacta holly were reduced 80
and 64%, respectivelat 32C (90F) compared with 16C (61F). Number of lateral roots in the apical 2 cm (0.8 in) of primary roots of
both taxa increased with increasing RREsults of this research indicate that reducing RZfie landscape may increase survival and
root growth of transplanted mountain laurel.

n

Index words: mountain laurel, Japanese hollyoody ornamentals, transplanting, root:top ratio, root morpholBEggaceae,
Aquifoliaceae, root area.

Species used in this study: mountain laurelalmia latifolia L. ‘Sarah’), Japanese holl{i¢x crenata Thunb. ‘Compacta’).

Significanceto the Nursery Industry as mulching or planting in shade or on northern/eastern ex-

Mountain laurel Kalmia latifolia) is an attractive woody ~ POSUres to accelerate root growth and maintain highRsR
landscape species native to the eastern UnteesS It fre- may increase survival of transplanted mountain laiieg.

quently does not survive transplanting from containers into 9roWth of mountain laurel and Compacta Japanese holly were

the landscape, even in areas where it is indigenous. Increas{nafected by RZ$ indicating cultural practices encourag-

ing transplant survival could encourage increased use in theiNd root growth need not compromise top growth.
landscape industry and appreciation of this attractive native .
species. Research herein compared tfeisfof root-zone ! Ntroduction
temperature (RZT) on growth and survival of mountain lau- ~ Mountain laurel, a member of the Ericaceae, is an orna-
rel and Japanese holliléx crenata), a species which rou-  mental, evegreen shrub native to the eastern Unitedtes.
tinely survives transplantinghen grown at RZ3 of 16, Although its native habitat extends from Maine to Florida, it
24, or 32C (61, 75, or 90F) for 12 weeks, root growth of frequently does not survive transplanting from containers into
mountain laurel decreased with increasing RZT while root the landscape (1O)Vright et al. (29) studied root growth of
growth of Compacta Japanese holly was igtééd by RZT mountain laurel and an easy-to-transplant species, Japanese
Results for root:top ratio (RR) were similari.e., mountain holly, over the course of 1 yeddased on their data, they
laurel decreased with increasing RZT and Compacta holly hypothesized that poor landscape performance of mountain
was undiected. Since maintaining a proper root:top balance laurel at transplanting was related to its slow rate of root
and root growth are critical for landscape establishment at growth. In additionWright et al. (30) reported planting as-
transplanting, this may explain why mountain laurel i-dif ~ pect and root:top ratio (R, root dry weight + top dry weight)
cult to transplant into warm soil. In areas with high soil tem- at transplanting into the landscapdeafed survival and
peratures, cultural practices to reduce soil temperature suchgrowth of containegrown OlympicWedding mountain lau-

rel. They reported survival was highest on east and north
*Received for publicatioAugust 21, 2006; in revised form December 13, exposures, whereas survival was lowest on a western expo-
2006. Grateful appreciation is extended to Carole M. Saravitz for research sure After 3 years, growth was greatest on an ea$t exposure
assistance, C. David Raper for use of hydroponic uniiam M. Reece and lowest on south and west exposures suggesting soil tem-
and Juan RAcedo for technical assistant#illiam H. Swallow for statisti- peratures may play arolein Iandscape performance of moun-
cal assistance, and the $effthe Southeastern Plant Environment Labora-  t5in |aurel as soil temperatures were higher on the southern

tory (NC Sate University Phytotron), Raleigh, NC. From a portion of a
thesis submitted b&.N.W. in partial fulfillment of the requirements for the and western exposures Compared to the eastern exposure.

PhD degree. Growth and morphological responses known to be influ-
Former Graduatéssistant. CurrentlyAssistant ProfesspDepartment of enced by RZT include root growth and development, root
Horticulture Auburn UniversityAuburn,AL 36849. morphology (elongation and branching), top growth, afid R

$Alumni Distinguished Undgraduate Professor (15). In general, top and root growth, and root elongation
“Alumni Distinguished Graduate Professor tend to increase with increasing RZT until an optimum is
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reached above which growth or elongation is reduced (17). initiation and dried for 72 hr at 70C (160F®p and root dry
Optimum RZB range from > 35C (95F), 20 to 25C (68 to weightswere 4.8g+0.5and 2.4g+0.4,and 3.1 g +0.2 and
77F), and 15 to 20C (59 to 68F) for subtropical, warm tem- 1.9 g £ 0.1 for mountain laurel and Compacta ho#gpec-
perate, and cool temperate plants, respectively (5). In addi- tively. Prior to placement in the units, substrate was removed
tion, RZTs frequently &&ct carbon balance in plants result-  from the roots of each plant by gently subgieg the root

ing in a marked decrease iTR at both low and high R&T system in tap wateGeedlings of mountain laurel had been
(12). In contrast, Cooper (7) indicated the most common re- grown previously in sand to facilitate substrate removal and
sponse was a higheffR at low and high RZ§. minimize root system injury at experiment initiatidime ex-

In previous research where tops and roots of mountain lau- periment was terminated January 10, 2001 (12 weeks after
rel were exposed to the same temperature, the optimal dayinitiation). Survival was recorded, and all living plants were
temperature (air) for top growth of 1-yead seedlings of harvested and separated into leaves, stems, and roots. Root
mountain laurel was 26C (79F) but for root growth it was length and root area were measured using a subsampling tech-
22C (72F) (16). Malek et al. (16) reported root growth of nique (26) utilizing a Monochrom&gVision System 286
mountain laurel was more sensitive to high day temperaturesimageAnalyzer (Decagon Devices, Inc., Pullmw#). Leaf
(air) as days of 18 or 30C (64 to 86F) produced similar top area was measured using a LI-COR 3000 leaf area meter (LI-
growth, but root dry weight was lower at 30C (86F) com- COR, Lincoln, NE)AIl plant tissues were dried at 70C (160F)
pared to 18C (64F) with a subsequent decreas&fih R for at least 72 h and weighed. Dry weights (g), leaf areg,(cm

It appears no research has been conducted to determine theoot length (cm), and root area ®rdata were used to calcu-
effect of RZT independent of top temperature (air), ont sur late top dry weight (stem + leaf), root:top ratioT@ root
vival and growth of mountain laurel. Comparison of the ef- dry weight + top dry weight), specific leaf weight {8]leaf
fects of RZT on survival and growth of mountain laurel and dry weight = leaf area), root area:root length ratio (RA:RL,
Japanese hollg species which transplants readily into the land- root area + root length), specific root weight {8Root dry
scape, may indicate whether RZT is a major factor in trans- weight + root area), and estimated mean root diameter {ERD,
plant performance of mountain laudgker transplanting south- [(root area + root length) + 3.1416]}.
ern highbush and rabbiteye blueberi¢gciniumcorymbosum The experiment was repeated beginning March 16, 2001,
L. andV. ashei Reade, respectively), other members of the using 6-month-old micropropagated liners (Briggs Nursery
Ericaceae, into the landscape, RZT had a greater influence oninc., OlympiaWA) of Sarah mountain laurel and 1-yedd
root growth than irrigation or incorporation ofanic matter rooted stem cuttings of Compacta hollyitial top and root
into the soil (24)Therefore, the objective of this research was dry weights were 0.6 and 0.3 g, and 2.9 and 1.9 g for moun-
to compare the &dcts of RZTon survival, growth, and root  tain laurel and Compacta haqllsespectivelyThe mountain
morphology of mountain laurel and Japanese holly laurel liners of Sarah were in a peat-based substrate, and to

avoid injuring the root systems, substrate was not removed
Materialsand Methods from the liners prior to installatioif.he fine root system of

Root-zone temperatures of 16, 24, or 32C (61, 75, or 90F) mountain laurel makes removal ofganic substrates from
were maintained in three 20iter (211-qt) continuous flow the roots diicult. In past experiments, mountain Iau.rel did
hydroponic units that provided aeration and allowed regula- not recover from injury to roots assquated with vigorous
tion of solution temperature to = 0.5C (0.9F) and ensured Washing of the root systemddd Lasseigne, personal com-

uniformity of temperature throughout the root zone (20). Hy- munication).To maintain consistency between the taxa, the
droponic units were located in a controlled environndent  Substrate was also not removed from the Compacta holly for
chamber (27) at the Southeastern Plant Environment Labora-this se_cond experiment. .

tory (NC Sate University Phytotron, Raleigir tempera- I_Enwronmen.tal cond|t.|ons, growth Chambbydropo.nlc

ture in the chamber was maintained at a 9-hr day/15-hr night units, and nutrient solutpns were the same as Qescrlbed pre-
thermoperiod of 26/22C (79/72 F) (16). During the 9-hr high Viously for the first experimenthe second experiment was
irradiance light period, cool-white fluorescent lamps and in- t€'minated June 7, 2001 (12 weeks after initiation), and plants
candescent bulbs provided a photosynthetic photonfi) were harvested as described for the first experinigrier-

of 700 pmol/M/s and photomorphogenic radiation (PR) of mination of this experiment and prior to harvesting, f_lve root
12W/m?. Long day conditions were provided via a night in- sar_nples, ea<_:h consisting of the apical 2 cm (0.8 in) of an
terruption from 2300 to 0206r by incandescent bulbs pro- actively growing primary root, were randomly removed from

viding aPPF of 70 umol//s and PR of 1 W/m?. Atmo-

. . . . . Tablel. Chemical source and concentration of mineral nutrientsin
spheric CQc_oncen;ratlon was maintained at 4Q0liter. the hydroponic nutrient solution.
Hydroponic nutrient solution (hereafter referred to as nu-
trient solution) was prepared using deionized water and was Chemical Concentration  Concentration
replaced weekly @ble 1).The pH of the nutrient solution ~ Nutrient source (mg/L) (mM)
was maintained at 5.5 by manual additions of 5 mM CaOH NO, cang, a1 0.5
as needed. Each hydroponic unit included an upper 100-liter NH, (NH,),S0, 18 1.0
(106-qt) root compartment and a lower 100-liter (106-qt) P KH,PQ, 16 0.5
reservoir with continuous circulation of the nutrient solution é éHﬁPOAv KSO, ‘118 (1)-(2)5
between the two compartments. M‘; MZS% 1 05
Eight-mo_nth-old seedlings of mountain laurel (western gg Fe chelate (10%) 1.0 0.02
North Carolina provenance) and 8-month-old rooted stem cut- Mn MnCl, 0.32 0.006
tings of Compacta holly were placed in the hydroponic units Cu CusQ-5HO 0.09 0.01
on October 20, 20000 determine initial top and root dry 2" ZnSO-HO 0.30 0.005
H,BO, 0.21 0.02

weights, 10 plants of each taxa were harvested at treatment
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each taxon at each temperatuirbe distance from the root  Similar to data herein, root dry weight of dracaebaaf
apex to the first emged lateral root [length >1 mm (0.04 caena marginata L.) decreased with increasing RZfbm
in)] and the number of lateral roots in the apical 2 cm (0.8 in) 28 to 40C (82 to 104F) but top dry weight was tewtéed
were recorded. If there were no lateral roots in the apical 2 (9). However top and root dry weights of Compacta holly
cm (0.8 in), distance from the apex to the first lateral root was were unafiected by RZT This is supported by Ruter and
recorded as 2.1 cm (0.83 in) for use in statistical analysis. Ingram (22) who reported R&T< 38C (100F) did not re-

With the exception of the mountain laurel seedlings used in duce root growth of Rotundifolia hollyllex crenata
the first experiment [greenhouse grown under conditions of ‘Rotundifolia’). Even though Cooper (7) and others reported
natural photoperiod, irradiance, and days/nights of 24/16C (75/ RZT affects top dry weight, top dry weight of both taxa in
60F)], all plants were brought into the Phytotron at experi- the present study were ufefted by RZT
ment initiation from conditions of natural photoperiod, irradi- Carbon balance within mountain laurel wdeetled as the
ance, and temperaturéhe experiments were a completely RTR of mountain laurel grown at REDf 24 or 32C (75 or
randomized design with treatments in a factorial combination 90F) decreased 48 and 65%, respectivadynpared to the
of RZT and plant taxaThere was one hydroponic unit per RTR of plants grown at 16C (61F) indicating top growth was
RZT, and plant taxa were arranged randomly within each unit favored over root growth at higher RZ {Table 2).This is
for a total of six single plant replications per taxon per tem- also supported by no statistical reduction in top dry weight
perature per experiment. Each experimental unit consisted ofwhile root dry weight decreased 72% with increasing RZT
a single plantll data were analyzed for significance of treat-  Likewise, Malek et al. (16) reportedR decreased with in-
ment main décts and interactions via analysis of variance (23). creasing air temperature. DecreasifigRRould contribute to
Prior to analysis, percent survival was arcsine transformed. decreased survival and growth at transplanting/aght et
Results for percent survivaleresimilar for transformed and  al. (30) reported Olympidedding mountain laurel with the
untransformed data so untransforraegpresentedireatment highest 'R at transplanting had the best growth after 3 years
and interaction means were generated using LSMEANS, andin the landscape. Currenttiere is no good quantitative theory
their separation was performed using PDIFF procedi®eat  on what determines distribution of assimilates between roots
0.05 (23). For simplicitybothKalmia taxa will be referredto  and tops at diérent RZTalthough various empirical models
collectively as mountain laurel in the results and discussion. have been developed for distribution of assimilates (5).

] ] In contrast, RR of Compacta holly was urfatted by

Resultsand Discussion RZT indicating growth of tops and roots responded similarly

Although there were statistical flifences betweenthe two  to increasing RZTRuter and Ingram (22) also reportetiRR
experiments, responses to RZT were consistent within eachof Rotundifolia holly was unéécted by increasing RZTbut
experiment (significance was not qualitative), so data were it was a short-term experiment (21 days). Ingram et al. (8)
pooled. Survival of mountain laurel averaged 67% when reported root dry weight of Helleri hollyiéx crenata Thunb.
grown at RZE of 16 or 24C (61 or 75F) but survival de- ‘Helleri’) decreased with increasing RZT which subsequently
creased to 42% when grown at a R#T32C (90F) (@ble reduced RR. Maintaining a consistenfliR may be particu-
2). Similarly Wright et al. (29) reported decreased survival larly important for providing adequate water via the roots to
of OlympicWedding mountain laurel when grown in the land-  replenish water lost via transpiration. Maintainsugh a water
scape on a west and south aspect compared to a northerivalance within the plantis critical for transplant survival (13).
aspectThey speculated elevated soil temperature on the west ~ Similar to top dry weight, leaf area of mountain laurel was
and north aspect was responsible for decreased survival. Inunafected by RZT(data not presented); howey&LW of
contrast, survival (mean = 97%) of Compacta holly was un- mountain laurel decreased from 0.014 g/fetil6C (61F) to
affected by RZT 0.012 g/cmat 32C (90F) indicating leaves were getting thin-

Compared to root dry weight of mountain laurel grown at ner with increasing RZTTable 3). Even though SV of
16C (61F), root dry weight of mountain laurel grown at RZT Compacta holly was reduced 13% at 24C (75F) compared to
of 24 or 32C (75 or 90F) decreased 58 and 72% respectively 16C (61F), SW at 32C (90F) was not dérent from 16C
whereas top dry weight was ufeafted by RZT(Table 2). (61F).Thus, there was no apparent trend with increasing RZT

Table2. Effect of root-zonetemperatureon survival, top and root dry weights, and root:top ratio (RTR) of mountain laurel (M) and Compacta holly

(H).

Survival (%) Top dry wt (g) Root dry wt (g) RTR?
Taxa

Temperature (C) M H M H M H M H

16 75& 92a 4.3a 11.8a 3.6a 2.9a 0.81a 0.25a

24 58a 100a 2.7a 10.3a 1.5b 2.6a 0.42b 0.28a

32 42b 100a 4.4a 11.6a 1.0b 1.6a 0.28b 0.14a
P-value

Temperature 0.50 0.75 0.01 0.05

Taxa <0.0001 <0.001 0.44 0.007

Temperature x taxa 0.16 0.99 0.15 0.12

ZRoot top ratio (RR) = root dry weight + top dry weight.
YLowercase letters denote mean separation among temperatures within taxa by FDBFEFO&t
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The RA:RLratio was undécted by RZTfor both taxa of 15-20 cm (6-8 in)] in Raleigh (lat. 33°N, long. 80°25'
indicating root area and root length werfeeted similarly W, ARS heat zone 4) frequently average > 30C (86F) during
by RZT (data not presented)herefore, only root area will summer months (25Fhe similarity of top growth of moun-
be presented. Compared to mountain laurel grown at a RZT tain laurel across R&lindicates poor landscape performance
of 16C (61F), root area was reduced 45 and 80%, when grownof this species may be related to reduced root growth at el-
at RZTs of 24 or 32C (75 or 90F), respectivelplfle 3).The evated soil temperatures.
pattern of root area suppression was reflective of the 72% Tops of Compacta holly were most attractive visually at a
reduction in root dry weight from 16 to 32C (61 to Q0RB\(€ RZT of 24C (75F), whereas mountain laurel had the best
2). Reduced root area in combination with increasif@ R  visual appearance at a RZT of 16C (61F) (personal observa-
with increasing RZT could reduce the potential for water and tions).At 32C (90F), roots of both taxa were brown, stunted,
mineral nutrient uptake in the landscape by limiting the vol- and stubbywhereas at 16 and 24C (61 and 75F), roots of
ume of soil that can be exploited resulting in poor landscape both taxa were white, succulent, and vigorous (personal ob-
performance (21). Even though root dry weight of Compacta servations). Likewise, roots of bentgradgrostis palustris
holly was undkcted by RZT(Table 2), root area was re- Huds.) remained white and succulent when grown at 16C
duced 64%, as RZT increased from 16C (61F) to 32C (90F) (75F), but turned brown and withered after 35 days at 27C

(Table 3). Root area can be more sensitive to BZdve or (81F) (2).Visual appearance of roots at 32C (90F) (brown
below the optimum than root dry weight (1¥right et al. and lacking tugor) was likely due to death of root cortical
(29) also reported root dry weight and root area do not al- tissue. In an experiment with appkldus Mill. sp.) and
ways follow the same trend. peach grown at R&Tranging from 7 to 35C (45 to 95F),

SRW increased for both taxa from 16C (61F) to 32C (90F) cortex death was observed in roots grown at ZP24C
indicating thicker roots were produced at 32C (90F). How- (75F), while no cortex death was observed in roots grown at
ever estimated mean root diameter for mountain laurel [mean < 18C (64F) RZT (19). Most reports regarding root matura-
=0.50 mm (0.02 in)] and Compacta holly [mean = 0.51 mm tion and turnover in response to RZT is qualitative (5).

(0.02 in)] were undécted by RZTand were surprisingly simi- For both taxa, distance from the root apex of primary roots
lar in size (Bble 3).This is in contrast to Cooper (7) who to the most recently enged lateral root decreased with in-
reported root diameter is inversely related to Riils could creasing RZT(Table 4). SimilarlyBowen (4) reported that

be an artifact of growing in a hydroponic solution. However for radiata pine Finus radiata D. Don) the most recently
AbbasAl-Ani and Hay (1) reported RZfrom 5 to 25C (41 emeged lateral root was 108 mm (0.4 in) at 14C (57F) and
to 77F) had only a small impact on root diameter 51 mm (0.2 in) at 25C (77F) from the apex.

Lower root dry weight and root area for mountain laurel at  In the present investigation, the number of lateral roots
a RZT of 32C (90F) [compared to 16 or 24C (61 and 75F)] for both taxa in the apical 2 cm (0.8 in) of primary roots

were similar to results reported for pittosporRittosporum increased dramatically at 32C (90F). Influence of RZT on
tobira Thunb.) which had lower root and top growth at 40C root architecture has been reported by other researchers with
(104F) compared to 27C (81F)Lj1 Similarly rose Rosa L. number of lateral roots increasing with increasing K

sp.) and peachPfunus persica (L.) Batsch. (Peach Group)]  18) However response of number of lateral roots to RZT
had reduced root growth when RZWere> 30C (86F) (28). differs dramatically among species and among genotypes with

Vigorous root growth of mountain laurel at 16C (61F) in the species (12). Bowen (5) suggested caution regarding-gener
present investigation suggests that in warmer climates suchalized conclusions regarding théset of RZTon lateral root

as Raleigh, NC, mulch or shade could be particularly impor production.

tant to reduce soil temperatuviéight et al. (30) dered simi- High RZTs have been correlated with higher rates of cell
lar recommendations based on landscape research with Olym-elongation, but shorter periods of elongation (3A6)a re-

pic Wedding mountain laurel. Daily soil temperatures [depth sult, maturation and dérentiation of root tissue occurs closer

Table3. Effect of root-zone temperature on specific leaf weight, root area, specific root weight, and estimated root diameter of mountain laurel (M)
and Compacta holly (H).

Specific leaf weight? Root area Specific root weight? Root diameter*
(g/em?) (cm?) (g/em?) (mm)
Taxa

Temperature (C) M H M H M H M H

16 0.014& 0.008a 2606a 1421a 0.001b 0.002b 0.48a 0.45a

24 0.013ab 0.007b 1432b 1170ab 0.001b 0.002b 0.53a 0.52a

32 0.012b 0.009a 512b 503b 0.002a 0.003a 0.51a 0.53a
P-value

Temperature 0.11 0.002 0.01 0.07

Taxa <0.0001 0.14 0.0002 0.78

Temperature x taxa 0.03 0.18 0.07 0.79

zSpecific leaf weight = leaf dry weight + leaf area.

ySpecific root weight = root dry weight + root area.

*Estimated root diameter = [(root area + root length) + 3.1416].

“Lowercase letters denote mean separation among temperatures within taxa by FF3FFO&L
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Table4. Effect of root-zone temperature on distance from the root
apex of primary rootsto most recently emerged lateral root
[length > 1 mm (0.04 in)] and the number of lateral rootsin
the apical 2 cm (0.8 in) of the primary roots of mountain
laurel (M) and Compacta holly (H).

Distance from apex No. of
(mm) lateral roots

Temperature (C) M H M H

16 19& 21a 0.8c Ob

24 12b 18a 8b 1b

32 2c 4b 1l4a 12a
P-value

Temperature 0.001 0.001

Taxa 0.001 0.002

Temperature x taxa 0.15 0.06

7. Cooper A.J. 1973. RootTemperature and Plant Growth.
Commonwealttgr. Bur, Slough, U.K.

8. Ingram, D.L., C. Martin, and B. Castro. 1988. Container spacing
treatments influence temperature fluctuations and holly growth. Proc. Fla.
State Hort. Soc. 101:328-331.

9. Ingram, D.L., C. Ramcharan, affdA. Nell. 1986. Response of
containergrown banana, ixora, citrus, and dracaena to elevated root
temperatures. HortScience 21:254-255.

10. Jaynes, R.A. 199Kalmia: Mountain Laurel and Related Species.
Timber Press, Inc., Portland, OR.

11. Johnson, C.R. and D.L. Ingram. 19&4ttosporum tobira response
to container medium temperature. HortScience 19:523.

12. KasperT.C. andV.L. Bland. 1992. Soil temperature and root growth.
Soil Sci. 154:298299.

13. Kozlowski, T.T. andW.J. Davies. 1975. Control of water balance in
transplanted trees. Arboricult. 1:1:-10.

14. Loffroy, O., C. Hubac, and J.B.¥a Silva. 1983. Eéct of temperature

2L owercase letters denote mean separation among temperatures within taxeon drought resistance and growth of cotton plants. Physiol. Plant. 59:297

by PDIFF atP < 0.05.

to the root apex at higher RZ{3).When maturation occurs

closer to the root apex, branching also occurs closer to the

apex. In addition, a decreased period of root elongation usu-
ally results in shorter roots overall. In the landscape, lack of
root elongation and thus extension into the surrounding soil

301.

15. MacKay, A.D. and S.A. Barberl984. Soil temperaturefetts on
root growth and phosphate uptake by corn. Soil Sci./Svoer. J. 48:818
823.

16. Malek,A.A., F.A. Blazich, S.LWarren, and J.E. Shelton. 1992. Initial
growth of seedlings of mountain laurel as influenced by day/night
temperature. Amer. Soc. Hort. Sci. 17:736-739.

17.McMichael, B.L. and J.J. Burke. 1998. Soil temperature and root

may hinder transplant establishment. For example, uptake of growth. HortScience 33:94851.

phosphorus (P) from soil is dominated by root length and
reduced root growth was the primary reason for a 40% re-
duction in P uptake by cord¢amaysL.) at 18C (64F) com-
pared to 25C (77F) (15). Johnson and Ingrah) (éported
reduced foliar K, Fe, and Zn content in pittosporum when
exposed to a RZ&f 40C (104F)Thus, increasing RZmay
impact water and mineral nutrient uptake.

Inhibition of root growth and decrease@RRof mountain
laurel by high RZ§ may explain, in part, poor landscape per
formance of this species. Even though Compacta holly also
experienced a decrease in root area, the ability to maintain
similar RTR when grown in RZ§ from 16 to 32C (61 to 90F)
may be a survival mechanism during landscape establishment
Results of this research concur with conclusiona/aght et
al. (30) that reducing RZT in the landscape via mulch, shade,

18. McMichael, B.L. and J.J. Burke. 200Bemperature écts on root
growth. p. 71#728.1n: Y. Waisel A. Eshel, and U. Kafkafi (Editors). Plant
Roots:The Hidden Half. Marcel Dekkeinc., NewYork.

19. Nightingale, GT. 1935. Efects of temperature on growth, anatomy
and metabolism of apple and peach roots. Bot. Gaz. 963381

20.0smond, D.L., E.KYork, and C.D. Raperl981.A system for
independently controlled root and shoot temperatures for nutrient uptake
studiesTobacco Intl. 183:3839.

21.Russell, R.S. 1977. Plant Root Systems. McGraw-Hill, London.

22.Rutet J.M. and D.L. Ingram. 199&'Carbon-labeled photosynthate
partitioning inllex crenata ‘Rotundifolia’ at supraoptimal root-zone
temperatures. Amer. Soc. Hort. Sci. 15:1008-1013.

23. SAS Inst., Inc. 2005. SAS/AT Users Guide: Release 8.2 Ed. SAS
Inst., Inc., CaryNC.

24, Spiers, J.M. 1995. Substrate temperatures influence root and shoot

and/or aspect may increase survival and growth of transmamedgrowth of southern highbush and rabbiteye blueberries. HortScience

mountain laurel. In addition, top growth of mountain laurel
was relatively undécted by RZS indicating cultural prac-
tices promoting root growth need not compromise top growth.
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