YHRI

Horticultural Research Institute

This Journal of Environmental Horticulture article is reproduced with the consent of the Horticultural
Research Institute (HRI — www.hriresearch.org), which was established in 1962 as the research and
development affiliate of the American Nursery & Landscape Association (ANLA — http://www.anla.org).

HRI’s Mission:

To direct, fund, promote and communicate horticultural research, which increases the quality and value of
ornamental plants, improves the productivity and profitability of the nursery and landscape industry, and
protects and enhances the environment.

The use of any trade name in this article does not imply an endorsement of the equipment, product or
process hamed, nor any criticism of any similar products that are not mentioned.

Copyright, All Rights Reserved

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



Below Ground Pot-in-Pot Effects on Growth of Two
Southwest Landscape Trees was Related to Root
Membrane Thermostability

Chris A. Martin 2, L. Brooke McDowelF, and Shiela Bhattacharya
Department of Plant Biology, Arizona State University
Box 871601, Tempe, AZ 85287-1601

Abstract

Two southwestern desert landscape tr@eacia smalliiL. (sweet acacia) ar@ercidium floridumBenth. ex A. Gray (blue palo verde)
were grown outdoors in full sun during Summer 1997 in 19-liter (#5) containers placed either pot-in-pot (PIP) below grqund or
unshielded in above-ground containers (AGC). Soil moisture sensors wired to electronic solenoid valves regulated ocsixrence of
cyclic micro-irrigation pulses per day (0600, 0900, 1200, 1500, 1800, and 2100 HR) such that container substrate maistirg tensi
were continuously maintained between —0.005 to —0.01 MPa (90% of water holding capacity) in both PIP and AGC. Mean
recorded root-zone temperatures in PIP containers were 19C (34F) lower than for AGC. Micro-irrigation volumes were 40% less for
trees grown PIP compared with those in AGC. Growth of sweet acacia was enhanced by PIP placement while in containearand one ye
after transplanting trees into field plots in 1998. Only caliper growth of blue palo verde was increased by PIP placemant
containers, but had no effect on blue palo verde growth one year after transplanting into field plots. The critical kittiregues ()
for root tissues of sweet acacia and blue palo verde were 45.3 + 1.8C (113.5 + 3.2F) and 49.4 + 0.8C (120.9 £ 1.4F)yrespective
indicating differences in root membrane thermostability. Based on our data, we suggest that sweet acacia trees beneffted from
placement more than blue palo verde trees because root-zone temperatures in PIP containers were lower than for AGC|in central
Arizona, and sweet acacia roots were more susceptible to injury by supraoptimal root zone temperatures.

Index words: container production, pot-in-pot, cyclic micro-irrigation, heat stress, membrane thermostability.
Species used in this studysweet acaciaAcacia smalliiL.), blue palo verdeGercidium floridumBenth. ex A. Gray).

Significance to the Nursery Industry ground container (AGC) production methods, PIP methods

Two southwestern desert landscape trees responded dif-can e less costly to nursery operators due to less intensive,
ferently to below ground PIP placement compared with those '@P0r-saving cultural practices and the ability to grow larger
in AGC in Tempe, AZ. Compared with guth in AGC, trees quickly (1). .
growth of Acacia smallii(sweet acacia) was enhanced by Recent studies have shown that PIP methods can increase

PIP placement, whereas growthQsfrcidium floridum(blue tree growth (11, 12, 14), insulate roots from high and low
palo verde) generally was not. Enhancement of sweet acacial€mperature extremes (15, 16), increase fertilizer longevity
growth by PIP placement was still evident one year after trans- (12), and decrease daily container evapotranspiration (3),
planting trees into field plots. Roots of blue palo verde were tN0ugh one study reported a gross increase in evapotranspi-
more heat tolerant than sweet acacia roots as quantified byation water loss due to increased tree size (14). In each of
electrolyte leakage techniques. Maximum root-zone tempera- 1€S€ studies, irrigation volumes applied to PIP and AGC
tures of PIP containers were 19C (34F) lower than for AGC. WE'€ similar, even though evapotranspiration water loss by
This study suggests that sweet acacia roots have a lower tolPIP and_AGC might vary. In order to eluc_|date PIP effects on
erance of supraoptimal root-zone temperatures than blue palgd©Wth independent of effects on container substrate mois-
verde and will benefit more from PIP placement because the ture availability, it is important to maintain similar substrate

rooting substrate is insulated from supraoptimal temperature Water contents for trees rg};rowygj n enk;}er production rgethod.
extremes. In contrast, nursery production of blue palo verde NUrsery operators in the arid, southwestern United States

trees in a below ground PIP system appears less beneficial.cpntend with supraopf[imal air and root-zone temperatures,
high surface evaporation rates, and limited water resources.

In this region, daily maximum air temperatures above 38C
i o , (100F) occur from May to October. Temperatures as high as
Pot-in-pot (PIP) production is increasingly used by nurs- goc (140F) have been recorded in AGC substrates in central
ery operators to grow trees in large containers (4, 5, 10). In @ Arizona during the summer months (15). Because of extreme
below ground PIP system, a holder or socket pot is perma-symmer heat, many southwestern nursery operators cycli-
nently positioned in the ground and a container plant is then caly jrrigate [daily water allocation in more than one appli-
placed inside the socket pot. Compared with traditional above- ¢ation (2)] container grown nursery trees during the mid-day
and afternoon hours to cool container substrates, maintain
adequate substrate moisture levels, and conserve water re-
‘Received for publication February 1, 1999; in revised form March 16, 1999. gqyrces (5). Under southwest condition, below ground PIP

This research was funded, in part, by a grant ffdm Horticultural Re- p . p
search Institute, Inc., 1250 | Street, N.W., Suite 500, Washington, DC placement of containers mlght insulate tree roots from

Introduction

20005. supraoptimal root-zone temperatures common in AGC, and
2Associate Professor. conserve water resources via less evapotranspirgtion.
3Graduate Research Assistant. Objectives of this research were to 1) determine growth
“Research Scientist, address: Desierto Verde Nursery, 910 North Aima School €ffeCts of two southwest landscape trees in response to place-
Rd., Scottsdale, AZ 85284. ment below-ground PIP compared to AGC, and 2) to ascer-
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tain if there is a relationship between PIP-related growth substrate water tensions at 20 cm (8 in) below the substrate
enhancement, insulation of roots from supraoptimal root-zone surface and 10 cm (4 in) inside the container wall were main-
temperature extremes which normally occur when contain- tained between —0.005 to —0.01 MPa (about 90% of WHC or
ers are positioned above ground, and tree root membraneconsistently moist) for both above ground and below-ground
thermostability. In this paper, we report on our use of soil PIP container substrates. Container substrate moisture ten-
moisture sensors to regulate pre-programmed pulses of cy-sions were monitored throughout the duration of the study
clic micro-irrigations by overriding a scheduled irrigation by soil tensiometers. The position of the soil moisture sen-
event if substrate moisture levels were above a preset condi-sors and tensiometer ceramic tips within the container pro-
tion. Using this technology, we were able to maintain similar file were identical. Both tree species were arranged in a com-
substrate moisture levels in PIP and AGC despite the differ- pletely randomized block design of two container placement
ential evapotranspiration rates associated with these two pro-(PIP and AGC) treatments and 10 single tree replications
duction methods. Using electrolyte leakage techniques, we which equaled 40 total trees.

guantified tree root membrane thermostability expecting that  Cyclic micro-irrigation application volumes and container
trees most benefitting from PIP placement would have lower substrate temperatures were recorded on September 3 to 10,

root membrane thermostability. 1997; all were cloudless days with a mean daily air tempera-
ture range of 40C (104F) max/28C (83F) min, and mean daily
Materials and Methods dew point temperature range of 21C (69F) max/16C (60F)

min. Container substrate temperatures were recorded with a
21x micrologger and AM32 multiplexer (Campbell Scien-
tific, Inc., Logan, UT) using copper constantan thermocouples
positioned one-half way down the container profile at the
east and west cardinal coordinates, 2.5 cm (1 in) from the
rooting substrate/container wall interface, and at the center
locdion. Temperatures were logged every 5 min and aver-
aged for each 30-min interval.

Tree speciesSweet acaciadcacia smalli) and blue palo
verde Cercidium floridum) were used in this research. Both
species are in the FamiBabaceaeand are common urban
landscape accent trees in lower Sonoran Desert cities. Swee
acacia is native to upland seasonally-moist regions of cen-
tral Mexico and in the urban landscape grows into an ever-
green, small, multiple-trunk tree [7.6 m (25 ft) mature height]
having a highly fragrant, orange winter blossom. Blue palo

verde is native to riparian washes in the lower Sonoran Desert_ Monthly measurements of tree height and trunk caliper at
and in the urban landscape grows into a medium-sized, mul-2 €M (2 in) above the substrate surface were made. A visual

tiple-trunk tree [10.6 m (35 ft) mature height]. It has bluish- evaluation of root presence on the root ball surface was made

green photosynthetically active stems, drought deciduous _by three indepe_ndent qbservers_ on September 17, 1997 us-
leaves, and lemon yellow flowers in April. ing a pre-established visual rooting scale. The rooting scale

was as follows: 0 = no surface roots present; 1 = surface

PIP production Research was conducted outdoors under "0°tS on bottom surface only; 2 = surface roots present on
full sun in quarantined field plots at Desierto Verde Whole- Pottom and one wall quadrant; 3 = surface roots present on

sale Nursery in Tempe (33.5N 112W), AZ, idgrApril 1997 bottom and two wall quadrants; 4 = surface roots present on
to October 1998. On April 21, 1997, six-month-old, uniform bottom and three wall quadrants; and 5 = surface roots present

seedlings [20 cm (8 in) in height] of sweet acacia and blue ©N Pottom and all wall quadrants. On October 1, 1997, half
palo verde were transplanted into #5 (19-liter) black poly- of the plants were harvested and dry weights determined.

ethylene containers filled with a regionally common substrate . -
mixture of forest mulch, silt and sand (6:1:1 by vol) amended __POSt production The remaining unharvested trees were

with 3.1 kg/ni (9 IblycF) 20N—3.0P—8.3K (custom blend 20— transplanted into field plots at 3 m (10 ft) on center to assess
7-10, N derived from urea-formaldehyde) controlled-release (e Post-transplant growth response of trees for one year to

fertilizer plus micronutrients formulated for a 8 to 9 month  container placement trements. Tansplant field soil (clay

release. Physical characteristics of the container substrate/®@M, PH = 8.0, EC = 2.78 dS/m, available N = 129 Ibs/A,

mixture at the start of the experiment were as follows; 661 + 0rganic matter = 0.6%) was unamended and plants were not
31 kg/n? (1908 + 89 Ib/yé) dry bulk density, 56.0 + 0.6% fertilized. Each tree was drip irrigated once every week for

total porosity, 43.1 + 0.4% water holding capacity (WHC), eight h_ours with three 3.8-liter (_1 gal)/hr drip emit_ters per
and 12.8 + 0.3% aeration porosity, n = 5. tree. Final measurements of height and trunk caliper were

After transplanting, all containers were placed 1.1 m (4 fty made on November 5, 1998. All growth data were analyzed
on center either PIP or above-ground, unshielded on a gravel-USing the GLM procedure of SAS (SAS version 6.03, Cary,
covered surface and grown for 5 months. The #10 (38-liter) NC) t0 test for significant treatment main effects and inter-
PIP holder or socket pots were placed in the ground. A Sprayactlons_. Statistical comparison of temporal changes_m height
stake (Terracotta Spot Spitter, Roberts Irrigation Products, &"d caliper data as affected by treatments combinations were
San Marcos, CA) micro-irrigation delivery system was elec- Made by repeated measures analysis (8).
tronically controlled to deliver 3-min cyclic pulses of water

each day at 0600, 0900 1200, 1500, 1800, and 2100 HR at 0ot membrane thermostabilifglectrolyte leakage pro-
the rate of 210 ml (0.05 gal)/min/container. Soil moisture Cc€dures, as described in detail by Ingram and Buchanan (6)

sensors (Intellisense100 Soil Moisture Sensor, Rainbird ~ 2nd Martin et al. (9), were used to quantify root membrane
Irrigation, Tucson, AZ) were inserted vertically into the con- thermostability of sweet acacia and palo verde trees grown
tainer substrate 20 cm (8 in) below the substrate surface aanUtdoorS in #5 (19-liter) black polyethylene containers dl.”'
10 cm (4 in) inside the container wall. Moisture sensors were N9 Summer 1998. Seven 1-gram samples of non-suberized
directly interconnected to the electronic solenoid valves by 00t tissue from each tree species were harvested at random
electrical wire, and calibrated to allow or prevent pulses of from the inner portion of an outdoor nursery production block,

water to each plant at the programmed time so that containerenclosed in test tubes with de-ionized water, and exposed to
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one of nine temperature treatments [25.0C (77F), 40.5C
(105F), 45.6C (114F), 47.5C (118F), 50.5C (123F), 53.0C
(127F), 57.0C (135F), 62.0C (144F), and 70C (158F)] for
35 min in a temperature-controlled circulating water bath.
Electrical conductivity, representing the solutes lost or mem-

brane leakage caused by the water bath treatments, was mea=

sured for each sample with a conductivity bridge. Root
samples were then autoclaved for 15 min at 100C (212F)
and 15 psi. Electrical conductivities were re-measured and
percent electrolyte leakage jlwas computed as the con-
ductivity measurement after water bath temperature treat-
ments divided by the conductivity measurement after auto-
claving multiplied by 100. Any additional solute loss from
sample root tissue after the autoclaving was attributed to to-
tal membrane dysfunction. Theirom excised roots graphed
against bathing temperature (T) resulted in a sigmoidal re-
sponse curve. A sigmodial equation:

Le=[(x-2) /(1 +expT - T,)]] +z

where L. was percent leakage, z = baseline level of electro-
lyte leakage, x = maximum proportion of electrolyte leakage
or asymptote, J= critical killing temperaturek = slope of

the predicted response curve gt @nd T = water bathing
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Fig. 1. Mean daily container substrate temperature patterns in the
east, center and west quadrants of #5 black polyethylene con-
tainers (A) unshielded, above ground, or (B) placed PIP be-
low ground during September 3 to 10, 1997. Data are mean
values, n = 6.
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Table 1. Repeated measures analysis of variance of significant poly-
nomial time trends and treatments contrasts for increases in
height and caliper of sweet acacia and blue palo verde in re-
sponse to container placement treatments

Source of variation MS F P valué

Sweet acacia
Height increase

Time 6745.3 531.6 0.0001L

Time x Placemen®IP vs AGC 47.2 5.1 0.0425C
Caliper increase

Time 2258.8 834.9 0.0001L

Time x Placemen®IP vs AGC 10.9 30.1 0.0001C

Blue palo verde
Height increase

Time 6080.1 271.2 0.0001L

Time x Placement 11.3 0.5 0.4911
Caliper increase

Time 5.0 10.9 0.0058Q

Time x Placemen®IP vs AGC 2.4 5.4 0.0364C

“Container placement treatments were PIP = below ground pot-in-pot or
AGC = unshielded above ground.

YLinear (L) or cubic (C) fitted line responses across time.

temperature, was used to fit the data. The NLIN procedure
of SAS (SAS version 6.03, Cary, NC) was used to estimate
the equation parameters. There were 63 sample observations
per tree species.

Results and Discussion

PIP production Mean maximum recorded root-zone tem-
peratures in containers placed PIP averaged 19C (34F) lower
than for those in AGC (Fig. 1A&B) and failed to exceed 40F
(104F) (7). Earlier studies reported that root-zone tempera-
tures were 13C (23F) lower if containers were placed PIP
compared with those above ground (15, 16). 3.2 liters (0.8
gal)/pot/week or 5.3 liters (1.4 gal)/pot/week if placed PIP
or in AGC, respectively, were required to keep moisture ten-
sions for all rooting substrates between —0.005 and -0.01
MPa using cyclic micro-irrigation. For trees in AGC, soil
moisture sensors usually overrode scheduled cyclic micro-
irrigation during the mornings and permitted cyclic micro-
irrigations during the afternoon or early evening hours. For
trees placed PIP, there were no apparent relationship between
when an irrigation event occurred and time of day. Rainfall
during this container phase of the study totaled 8.0 cm (3.2
in), of which 6.9 cm (2.8 in) occurred during three days in
August. In contrast with an earlier report (11), no incidences
of rooting-out were observed with trees placed PIP below
ground.

Height and caliper growth of all sweet acacia increased
linearly over time (Table 1). Moreover, height and caliper
growth of sweet acacia placed PIP increased cubically and
linearly, respectively, compared with those in AGC. The sig-
nificant cubic contrast in height growth between trees placed
PIP and those in AGC was evidenced as an increase in the
rate of growth of trees placed PIP during the month of July
(Fig. 2). Shoot and root dry weight of sweet acacia placed
below-ground PIP were 2.2 and 1.7 times greater, respec-
tively, than for trees in AGC (Table 2). The visual root index
value was higher for trees placed PIP below ground com-
pared with those trees placed above ground which suggested
that roots of sweet acacia placed PIP were redistributed to-
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ward the rootball surface. Sweet acacia shoot to root ratio Table 2. Shoot and root dry weights, shoot to root ratio (S:R), and

was not significantly affected by container placement. visual root index of sweet acacia and blue palo verde in re-
Height and caliper growth of all blue palo verde increased sponse to container placement treatments.

Iinearly and quadratical_ly over time, respectively (Table_ 1). Shootdry  Root dry SR Root

Container placement did not affect blue palo verde height; Treatments weight (g)  weight (g) index

however, caliper growth of trees placed PIP increased cubi-
cally over tlme_compared v_V|th th_ose in AGC (Table 1). The 3464 167 2 48, 45a
significant cubic contrast in caliper growth between trees  pgc 160b 97b 23a 3.1b
placed PIP and those in AGC was evidenced as an increase

in the rate of caliper increase in trees placed PIP during theBlue palo verde

month of July (Fig. 3). Shoot and root dry weights and shoot igc ifgg fga 2%93 3‘;-83

to root ratio were not affected by container placement, though a 2 '

shoot dry We'ght of trees pIaced_ P_IP tended to be greaterZContainer placement treatments were PIP = below ground pot-in-pot or
than for those in AGC (Table 2). Similar to sweet acacia, the AGc = unshielded above ground.

visual root mdex_ values were h'Qhe_r for those trees placed srooting index specifications were 0 to 5 where 0 = no surface roots present,
PIP compared with those in AGC which suggested that roots 1 = surface roots on bottom surface only, 2 = surface roots present on bot-

of blue palo verde placed PIP were also distributed toward tom and one wall quadrant, 3 = surface roots present on bottom and two wall
the rootball surface (13) guadrants, 4 = surface roots present on bottom wall and three quadrants, and

5 = surface roots present on bottom and all wall quadrants.

. . . . *Treatment means, n = 5. Means separation in columns (within species) b
Post productionOne year after transplanting into field  gispers LSD test, P = 0.005. : ( pecies) by

plots, height and trunk caliper of sweet acacia were greater
for trees previously grown PIP compared with those previ-

Sweet acacia

Sweet acacia Sweet acacia
701 301
—fr— PP
60| 25T
E 50t £ 20
= £
< g
] 2
T 40 - 15}
©
@]
30} 101
20— ' ' ' ' 5 : ' '
Jun  Jul Aug Sep Jun  Jul Aug Sep

Month - Month

Fig. 2. Height and caliper growth of sweet acacia as affected by container placement treatments. PIP = containers placed pgwirbelow; AGC =
unshielded containers above ground. Values are treatment means, n = 5.
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Table 3. Height and trunk caliper of sweet acacia in response to pre-
cedent nursery container placement treatmentsone year
after transplanting into field plots.

Height Trunk caliper
Treatments (cm) (mm)
Sweet acacia
PIP 288a 25a
AGC 184b 17b

“Nursery container placement treatments were PIP = below ground pot-in-

pot or AGC = unshielded above ground.

YMean separation in columns (within species) by Fisher's LSD test, P =

0.005,n =5.

ously grown in AGC (Table 3). Conversely, height and trunk

the sigmoidal equation* 0.78). The T, for blue palo verde
roots was 49.4 + 0.8C (120.9 + 1.4F). Thefdr sweet aca-
cia roots was 45.3 + 1.8C (113.5 % 3.2F). In addition to the
higher T,, blue palo verde roots had a narrower temperature
response range than sweet acacia roots. The narrower tem-
perature response of blue palo verde roots was reflected in
theirk values, 1.4 + 0.4 compared with 0.2 + 0.04 for sweet
acacia roots. Becausg, &ndk values were both higher for
blue palo verde roots than for sweet acacia roots, higher tem-
peratures would be required before induction of root mem-
brane leakiness. Therefore, it was concluded that blue palo
verde roots had a higher root membrane thermostability than
sweet acacia roots.

In summary, root-zone temperatures in PIP containers were
lower than for AGC. Micro-irrigation volumes measured
during one week in September were 40% less for trees grown

caliper of blue palo verde trees were not affected by previ- PIP compared with those in AGC. Shoot and root growth of
ous container placement treatments (P = 0.357, data notsweet acacia was enhanced when grown in containers placed

shown).

Root membrane thermostabilifjhe relationship between

PIP below ground, while only caliper growth of blue palo
verde was enhanced by PIP placement. In contrast to an ear-
lier study (11), PIP growth enhancement of sweet acacia

electrolyte loss and temperature was correctly depicted by during the container-phase of the study was still evident af-

Blue palo verde

—&— PIP
- @ - AGC

Height (cm)

20 ' ' '
Jun Jul Aug Sep

Month

30r Blue palo verde

—a&— PIP
—~@ - AGC
25|
€ 20}
£
|
(¢))
2
© 15}
O
101
5L . . .

Jun Jul Aug Sep
Month

Fig. 3. Height and caliper growth of blue palo verde as affected by a factorial combination of container placement. PIP = contais placed pot-in-
pot below; AGC = unshielded containers above ground. Values are treatment means, n = 5.
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ter one year in the field. Blue palo verde roots were more

6. Ingram, D.L. and D.W. Buchanan. 1984. Lethal high temperatures

heat tolerant than sweet acacia roots as evidenced by a highelPr three citrus rootstocks. J. Amer. Soc. Hort. Sci. 109:189-193.

critical killing temperature. Based on our data, we suggest

7. Ingram, D.L., C.A. Martin, and J.M. Ruter. 1989. Heat-stress of

that sweet acacia trees benefitted from PIP placement morecontainer-grown plants. Proc. Intern. Plant Prop. Soc. 39:348-353.
than blue palo verde trees because root-zone temperatures in 8. Littell, R.C. 1989. Statistical analysis of experiments with repeated
PIP containers were lower than for AGC, and sweet acacia Measurements. HortScience 19:524-525.

roots were more susceptible to injury by supraoptimal root-

9. Martin, C.A., D.L. Ingram, and M.A. Jenks. 1991. Response of

zone temperatures. Nursery operators should consider groW_southern magnolia to supraoptimal root-zone temperatures. J. Thermal Biol.

ing sweet acacia in a below ground PIP system; however,
the added expense of producing blue palo verde trees in
below-ground PIP system appears to less beneficial.
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