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The correlation data presented in this paper support the
idea that future harvests can in the short term be reliably
estimated from existing or projected planting data. With this
information, growers can make better decisions regarding
the numbers and species of trees to produce and be able to
choose an appropriate marketing approach. However, future
research on the production and marketing of Christmas trees
in southern states must address the issue of growing practices
and the effect of selection of species on tree supply. Tree
pricing and competition between retail tree outlets and choose-
and-cut farms in urban areas will allow us to address the
issue of Christmas tree market efficiency.

Literature Cited

1. Anonymous. 1989. United States standards for grades of Christmas
trees. USDA Agricultural Marketing Service. FR DOC 89- 23043. pp. 9.

2. Davis, T.S. 1976. Market acceptance of Pinus virginiana as a Christ-
mas tree. Limbs and Needles 4(2):1-3.

3. Davis, T.S. 1981. Shearing, shaping and pruning Christmas trees.
Limbs and Needles 15(3):6-11.

4. Lindstrom, O.M., D.J. Moorhead and G.W. Kent. 1989. Propa-
gation and care of Leyland Cypress Christmas trees. University of Georgia
Coop. Extension Service Publication MP350. pp. 7.

5. Mitcham-Butler, E.J., L.E. Hinesley, and D.M. Pharr. 1988. Effects
of harvest date, storage temperature, and moisture status on postharvest
needle retention of Fraser Fir. J. Environ. Hort. 6(1):1-4.

6. Moorhead, D.J. 1986. Survey of the 1986 Georgia Christmas tree
producers survey. Georgia Christmas Tree Assn. Newsletter 1(4):8-9.

7. Murray, B.R., J.W. Demski, T.S. Davis and D.C. Bachtel. 1981.
Christmas tree production in the state of Georgia. Amer. Christmas Tree
J. 25(4):21-24.

8. Rodgers, J.L. and W.A. Nicewander. 1988. Thirteen ways to look
at the correlation coefficient. The American Statistician, 42(1):59-66.

Response of Periwinkle to Composted Sewage Sludge Used
as a Soil Amendment’
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Abstract

An experiment was conducted in the greenhouse to investigate the effects of composted sewage sludge as a soil amendment on
growth and mineral composition of ‘Bright Eyes’ periwinkle (Catharanthus roseus (L.) G. Dn.). Three desert soils (loamy sand,
sandy loam, clay) were amended with two different composted sewage sludges (city and county) at rates of 0, 7.5, 15, 30 and
60% by volume. Plants were grown in the amended soils for four months. Composted city sludge had a positive effect on size,
growth rate and number of flowers per plant in all three soils. Plants grown in soils amended with the county sludge grew poorly
and developed an interveinal chlorosis. Tissue analysis suggested chlorosis was due to a calcium-induced manganese deficiency.
Whole plant tissue Mn declined to as low as 23 mg/kg when the calcium in the soil extract exceeded 25 meq/liter.

Index Words: Catharanthus roseus, desert soils, tissue analysis, manganese

Significance to the Nursery Industry

The landscape/nursery industry has a growing need for
high quality organic material for use as soil amendments,
particularly in the desert southwest where soils are very low
in organic matter. One promising source of organic matter
is composted municipal sewage sludge. Cities across the
country are seeking ways to dispose of their sewage sludge,
with composting being one method that is both cost effective
and environmentally sound. However, the commercial suc-
cess of using composted sewage sludge as a soil amendment
will depend on acceptance of the practice by horticultural
and agricultural industries, which will, in turn, depend on
positive experimental results.

'Received for publication December 26, 1990, and in revised form June
3, 1991. The authors thank Jeff Andersen and Linda Austin for their skillful
assistance and the Clark County Sanitation District for their support of this
research.

2Associate Professor, Cooperative Extension Agent, and Assistant Pro-
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In the present experiment, composted sewage sludge had
contrasting effects on the growth and quality of periwinkle
cultured in three different desert soils, depending on the
source of the sludge. Because of the addition of large amounts
of lime to the county sludge, an apparent calcium-induced
manganese deficiency developed. This suggests that sludges
with high lime content may not be appropriate for use as a
soil amendment, at least with periwinkle. The greatest re-
sponse to the sludge amendment was observed in the sandy
soil, where water holding capacity increased dramatically.
Based on flower production, a 30% composted sludge ap-
plication rate of a low-lime sludge would be recommended.

Introduction

Municipalities across the country are increasingly faced
with the challenge of sewage sludge disposal. Adding to
this challenge, government agencies are closely regulating
the disposal of such waste products to reduce the risk of
environmental contamination, and actively promote the ben-
eficial reuse of waste products whenever possible. As ex-
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isting sanitary landfills close and new landfills are opened
at greater distances from waste treatment facilities, the use
of composted sewage sludge in horticulture will become a
more viable and attractive solution. In the arid southwestern
United States, desert soils are typically low in organic matter
(<1.0%) macro- and micronutrients, and water holding ca-
pacity, making plant production difficult. Amending these
soils with organic matter generally improves soil physical
properties and plant growth and vigor (14), providing that
heavy metals, salts, toxic ions and pH are not excessive in
the organic matter.

Several studies have demonstrated the value of composted
sewage sludge to the nursery industry as a component of
container soil mixes (4, 7, 11, 16). However, few studies
have reported the complete tissue analysis of plants at dif-
ferent sludge application rates (1, 9, 11, 13) and, to our
knowledge, only one has examined plant response to desert
soils amended with sewage sludge (3). Therefore, an ex-
periment was conducted to determine the growth and nu-
trition of periwinkle in response to soil type, source of
composted sewage sludge, and sludge application rate.

Materials and Methods

The experiment was conducted from January 10 to May
10, 1989 in the research greenhouse located at the Southern
Nevada Field Laboratory in Logandale, Nevada. The green-
house temperature was maintained above 18°C (65°F) at all
times. Photosynthetically active radiation (PAR) in the
greenhouse was approximately 70% of ambient.

Two sewage sludges, composted by the aerated pile method
(15) were provided by the Las Vegas Sanitation District
(designated city sludge) and by the Clark County Sanitation
District (designated county sludge). The city sludge was an
anaerobically digested sludge to which alum was added at
160 mg/l during the clarifier step. The county sludge was
a raw organic secondary sludge chemically conditioned to
20% lime and filter pressed. Wood chips were used as the
bulking agent with both sludges to bring each to 40% solids.
Each sludge was composted for thirty days and aged for an
additional six months. Characteristics of these two sludges
are presented in Table 1.

Three desert soils, a Jean loamy sand, a Calico sandy
loam, and an Overton clay (Table 2), were first leached to
reduce the level of soluble salts to a final EC, of less than
3.3dS m~ L. The soils were then amended with each sludge
at rates of 0, 7.5, 15, 30 or 60 percent by volume. A
fertilized control was included for comparative purposes.
This treatment consisted of applying a granular 15N-6.5P-
12.5K (15-15-15) commercial fertilizer to the soil surface
at a rate of 0.6 g/pot preplant and again at six and twelve
weeks.

Standard greenhouse pots, 15 cm (6 in) in diameter by
18 cm (7 in) deep, were filled with each of the thirty six
soil/composted sludge treatments. Periwinkle (Catharan-
thus roseus (L.) G. Nd. ‘Bright Eyes’) was seeded at a rate
of 20 seeds/pot. Plants were thinned to three uniform seed-
lings two weeks after germination. The experimental design
was a3 X 2 X 6 factorial with three replicates, arranged
as a randomized block.

All pots were irrigated with tap water having an EC =
0.8 dS m™! and containing (in meg/liter) 3.2 Ca’*, 2.4
Mg2*, 3.4 Na*, 0.2 K* and 3.5 Cl™. Irrigations were
scheduled based on tensiometers (Irrometer, Riverside CA)
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Table 1. Characteristics of the two composted sewage sludges used
as an amendment in the experiment.

Composted Sludges

Soil City County
Characteristic Sludge Sludge
EC.(dS/m) 3.13 8.30
pH 6.93 7.04
Moisture content (%) 25.0 9.0
% (dry weight)
Nitrogen 1.57 1.27
Phosphorus 2.94 0.99
Potassium 0.18 0.10
Calcium 0.55 9.13%
Magnesium 0.12 0.48
Sodium 0.09 0.07
Sulfur 0.40 0.62
mg kg~ ' (dry weight)

Iron 3290 2830
Aluminum 44770Y 2790
Manganese 121 134
Copper 270 140
Zinc 680 410
Chromium 92 80
Lead 136 33
Nickel 13 16
Cadmium 3.1 1.1

2Due to addition of lime in sludge processing.
YDue to addition of alum in sludge processing.

installed at a depth of 7.5 ¢cm (3 in) in one pot of each soil/
sludge treatment. Tensiometers were read three times per
week and irrigation of all pots within a given treatment took
place whenever the measured soil matric potential exceeded
0.02 MPa (20 centibars). Initially, 183 ml of tap water/pot
(1 cm, 0.4 in depth) was applied at each irrigation; this was
increased during the seventh week to 365 ml/pot (2 cm, 0.8
in depth). The redox potential was measured weekly in each
pot at a depth of 7.5 cm (3 in) using platinum electrodes
and a calomel electrode-portable pH/mV recorder (Orion
Research ionanalyzer, model 399A, Cambridge, MA). Ox-
ygen diffusion rates (ODR) were also recorded weekly at a
depth of 7.5 cm (3 inch) in those pots equipped with the
tensiometers, using platinum electrodes and an ODR rate-
meter (Jensen Instruments, Tacoma, WA).

Plants were harvested at the end of the four month ex-
periment by cutting at the soil line. Plant height was mea-
sured on a representative plant from each pot. The number
of flowers and the maximum diameter of the flowers were
also recorded for all plants. The three plants per pot were
bulked and divided into the most recently expanded leaves

Table 2. Characteristics of the three unamended desert soils used in
the composted sludge application experiment.

Unamended Soils

Chemical Loamy Sandy

characteristic sand loam Clay
Organic matter (%) 0.4 0.8 2.5
pH 8.0 8.4 7.9
CEC (meq/100 g) 8.4 10.3 27.5
Clay content (%) 12.0 16.0 46.0
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and into lower leaves plus stems. All fresh tissue was then
washed in distilled water, oven dried at 70°C (158°F) for
48 hrs, weighed and ground to pass a 40 mesh screen. Tissue
samples were analyzed commercially for N (Kjeldahl),
P (colorimetric), K, Ca, Mg, Na, Zn, Fe, Mn, Cu, B, Al,
Ni, Mo, Cd, Cr, and Pb (atomic absorption). Saturated paste
extracts of soil samples [cores from each pot taken to a
depth of 15 cm (6 in)] were analyzed for pH and EC, by
standard methods (14), and Ca and Mg by titration (14).
Water content at saturation was calculated as grams of water
per gram of dry soil required to bring the soil paste to
saturation (14).

All data were analyzed using ANOVA to test for statistical
significance of main effects and interactions. When signif-
icance was indicated, treatment means were compared by
the least significant difference method. A general linear
models procedure (SAS) was used to contrast sludge treat-
ments. The model included all three soils, and all five com-
posted sludge levels for both sludges plus the fertilizer control.

Results and Discussion

Soil Conditions: Oxygen diffusion rate (ODR) measure-
ments varied from week to week, but no significant trends
were found with either composted sludge application rate
or soil type. Average ODR values for all treatments ex-
ceeded the critical value of 0.20 ug cm ™~ 2 sec ! suggested
by Stolzy and Letey (10), and did not decrease with in-
creased application rate. Similarly, no significant trends
were observed for soil redox potentials. Average redox po-
tential (Eh;) of all treatments was equal to or greater than
+445 mV, indicating that oxygen in the soil was not lim-
iting.

The pH of both sludges was near neutral, whereas all
three soils had pH values greater than 7.9 (Table 1, 2). The
general linear models procedure indicated that the addition
of either composted sludge significantly decreased soil pH
(P = 0.01). For example, addition of 60% composted county
sludge to the clay soil reduced the pH from 8.3 to 7.4.

Soil salinity varied between soil types and increased with
composted sludge application rate in all three soils (Table
3). The composted county sludge had a higher initial salt
content than the composted city sludge (EC, = 8.30 vs.
3.13dS m™!). By the end of the experiment, there was no
significant difference in soil salinity between the city and
county sludge treatments, suggesting that soluble salts were
effectively leached from the county sludge treatments during
the experiment. However, all composted sludge amended
soils had higher EC_’s than the controls.

The water holding capacity increased linearly with com-
posted sludge application rate for all three soils (P = 0.05,
data not presented). The largest change in water holding
capacity was observed in the loamy sand soil between the
30% and 60% county sludge treatments, where water hold-
ing capacity increased from 0.39 to 0.80 g water/g dry soil.

Growth: Growth, as measured by plant height, was af-
fected by the two composted sludges (Table 4). In the case
of the city sludge treatments, growth increased with addition
of composted sludge, exceeding the fertilizer control at the
7.5% rate. By contrast, growth was either not affected or
reduced by addition of composted county sludge. In the
sandy loam soil, plant height in the composted city sludge
treatments exceeded that in the composted county sludge
treatments by as much as a factor of three.
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Table 3. Soil salinity (EC,) expressed as dS/m at five sludge appli-
cation rates on three different soils, measured before and
after the experiment, and pH of the soil extract measured
after the experiment.

ECe (dS/m) pH
Soil Sludge City Sludge County Sludge City County
type rate (%) before after before after sludge sludge
Loamy sand
0 1.57 1.81 157 181 773 171.73

7.5 277 227 354 328 810 8.36
15.0 502 356 546 262 79 824
30.0 5.57 4.08 7.18 256 7.52 17.25
60.0 591 365 1278 393 749 17.60

Sandy loam
0 321 372 321 372 82 826
7.5 291 4.13 487 425 779 1.82
15.0 443 422 630 394 7.8 8.13
30.0 6.01 519 7.65 622 7.8 792
60.0 6.97 4.55 13.15 6.74 7.60 744
Clay
0 2.48 370 248 370 833 833
7.5 3.15 471 5.14 405 8.21 821
15.0 4.06 424 502 531 812 8.17
30.0 6.75 437 6.84 529 7.68 780
60.0 7.31 472 11.59 500 795 7.36
LSD (0.05) * 1.55 * 1.5 022 022

*No LSD because single samples from the bulk soil mixes were analyzed.

Composted sludge application rate and cation exchange
capacity (CEC) accounted for 74% of the variability in plant
height in the city treatments (P = 0.001). In the county
treatments, separation was by cation exchange capacity only
(coeff. of determ. 0.52, P = 0.01), with application rate
not improving the coefficient. The linear models procedure
indicated that the city and county treatments were signifi-
cantly different in their effect on plant height (P = 0.001).
Additionally, the city treatments were also significantly dif-
ferent from both the plus-fertilizer or minus-fertilizer con-
trols, whereas no differences were found with the county
treatments.

Dry weights of periwinkle followed a similar pattern as
plant height, increasing with composted city sludge appli-
cation rate (Table 4). However, dry weight showed either
a negative or no response to application rate of the com-
posted county sludge. In the sandy loam soil, dry weights
were up to twenty times greater in the city as opposed to
the county treatments. Composted sludge application rate
and CEC again accounted for a large portion of the varia-
bility in the dry weights with the city treatments (coeff. of
determ. 0.59, P = 0.001), whereas CEC alone accounted
for 64% of the variability in the county treatments (P =
0.001).

No significant correlations were found for any of the soils
between dry weights and initial soil salinity, final soil sal-
inity, or their average. Thus, although growth may have
been reduced by soil salinity early in the experiment, treat-
ment differences could not be attributed to the final soil
salinity, consistent with the response of other bedding plants
to salinity (2).

Flowers. The number of flowers at final harvest was
strongly correlated with the dry weight of the plant material
(flower number = —0.97 + 2.42 X dry weight,r = 0.91,
P = 0.001). More flowers were produced with composted
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Table 4. Plant height, dry weight, and total number of flowers per
treatment for periwinkle grown in three desert soils amended
with composted city or county sewage sludge. Values are

means of 3 compeosite samples.

City Sludge

Sludge Plant Dry Number
rate Soil height weight of
(%) type (cm) (g/pot) flowers
Loamy sand
0 5.4 0.93 0
7.5 9.3 0.80 8
15.0 17.1 6.76 22
30.0 15.8 7.20 17
60.0 18.7 4.03 16
Fert. 8.2 0.30 0
Sandy loam
0 7.8 1.93 0
7.5 8.7 0.73 0
15.0 14.5 5.17 11
30.0 18.0 11.87 32
60.0 19.4 8.50 22
Fert. 8.0 1.80 3
Clay
0 11.4 3.13 0
7.5 15.7 10.70 22
15.0 18.4 6.00 26
30.0 23.1 14.33 33
60.0 21.9 14.20 25
Fert. ‘ 13.6 2.93 1
County Sludge
Loamy sand
0 5.4 0.93 0
7.5 10.1 1.20 4
15.0 7.8 2.07 0
30.0 6.8 1.37 0
60.0 10.1 1.00 0
Fert. 8.2 0.30 0
Sandy loam
0 7.8 1.93 0
7.5 8.9 2.20 2
15.0 8.6 2.07 10
30.0 7.1 1.47 0
60.0 6.5 0.37 0
Fert. 8.0 1.80 3
Clay
0 11.4 3.13 0
7.5 10.1 3.83 5
15.0 12.9 5.30 14
30.0 10.8 2.20 0
60.0 11.9 3.73 14
Fert. 13.6 2.93 1
LSD (0.05) 2.9 1.84 —

city sludge amendment, since plants grown in the city treat-
ment were larger. No correlation was found between the
number and size (diameter) of flowers, and only in the clay
soil was there a significant positive correlation between plant
size and flower size (r = 0.82, P = 0.001).

Tissue Analysis. Tissue analysis for both upper leaves
and lower leaves plus stems is presented in Table 5. Whole
shoot concentrations of N, Zn and Mn were also calculated
based on a weighted average. ANOVA indicated that of all
the elements tested, only N, Zn and Mn were significant
with treatment. However, it should be noted that both Cd
and Pb were below 1.0 and 5.0 mg/kg (ppm) respectively,
reflecting the non-industrial origin of both sludges.
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Nitrogen concentration in the tissue was positively cor-
related with application rate of the composted county sludge
in all soils (for the 7.5% through 60% application rate,
r = 0.85, P = 0.01 for the upper leaves and r = 0.71,
P = 0.01 for the lower leaves plus stems) but not with the
composted city sludge treatments. This response to the county
treatments is likely due to the reduction in plant dry weight
concentrating the N rather than increased N absorption.
ANOVA revealed significant differences between the city
and county application rates on tissue N in both the upper
(P = 0.01) and lower (P = 0.001) leaves. Percent N in
the upper leaves of plants grown with composted city sludge
was approximately 1% higher than that in comparable leaves
from county treatments. Upper leaf N was also approxi-
mately 1% higher than lower leaf plus stem N when ANOVA
was performed without regard to sludge source.

Tissue concentrations of Mn and Zn were not significantly
correlated with dry weight in any treatment. However, whole
plant concentration of Zn was correlated with composted
sludge application rate in both the city (P = 0.01) and
county (P = 0.05) treatments. Zinc concentration in both
upper leaves and lower leaves plus stems increased signif-
icantly with composted sludge application rate (P = 0.05).

Manganese was the only nutrient found to be consistently
higher in the tissue of plants from the city treatments as
compared to the county treatments, in spite of similar Mn
concentrations in the two composted sludges. The concen-
tration of Mn in the upper leaves was significantly affected
by application rate (P = 0.001) and composted sludge source
(P = 0.001), with means for the composted city and county
sludge treatments of 123 and 59 mg kg™ !, respectively.
Manganese concentration in the lower leaves plus stems was
also affected by soil type (P = 0.001) and the interaction
between soil type and composted sludge source (P = 0.001).
Mean concentrations for Mn in the lower leaves plus stems
were 101, 94 and 75 mg kg ™! for the clay, sandy loam and
loamy sand soils, respectively. Sanchez et al. (8) reported
that extractable Mn decreased with increasing peat content
in a limed sandy loam soil, but was not affected by peat
content in the unlimed control. It is possible that the present
results were at least partially due to a similar interaction of
lime and organic matter.

The Ca concentration in the county sludge was approx-
imately 16 fold greater than that in the city sludge, due to
the addition of lime to the county sludge during the de-
watering process. Because of the similar nutrient analysis
of the two sludges (Table 2), it is difficult to ascribe the
different growth response to different nutrient contents, ex-
cept possibly for Ca. Calcium in the soil extract increased
linearly (P = 0.001) with composted sludge application
rate. High concentrations of tissue Mn, averaging 175 mg
kg™!, were found at low concentrations of Ca in the soil
extract, but decreased rapidly to a low of approximately 23
mg kg~ ! with increasing soil Ca. This relationship is de-
scribed by the equation: Mn = 216 — 5.40(Ca) + 0.05(Ca)?
— 0.0002(Ca)? (r = 0.83, P = 0.001) where Mn is whole
plant Mn (mg/kg) and Ca is soil extract Ca (meq/l). The
possibility of a Ca induced Mn deficiency was also sup-
ported by the observation of interveinal chlorosis. Because
there was a very strong correlation between Ca concentration
in the soil extract and soil salinity (r = 0.94, P = 0.001),
it was not possible to separate the effect of these two vari-
ables on tissue Mn. It was interesting to note that, for plants
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Table 5. The effects of sludge application rate and soil type on elemental composition (dry weight basis) for both upper and lower leaf tissue.
Values are means of 3 composite samples.
City Sludge
Nitrogen Zinc Manganese
Shudge Soil % mg/kg mg/kg
rate type Upper Lower Upper Lower Upper Lower
Loamy sand
0 4.16 2.56 * * * *
7.5 2.52 0.72 57 57 161 128
15.0 2.14 2.31 41 46 134 153
30.0 1.08 1.01 35 39 78 74
60.0 4.02 2.73 83 101 105 75
Fert. 491 2.98 * * * *
Sandy Loam
0 4.44 2.76 27 29 172 189
75 3.69 2.75 53 58 173 164
15.0 1.33 1.96 48 50 162 142
30.0 2.18 0.67 33 35 124 98
60.0 3.59 3.02 67 78 95 93
Fert. 3.89 1.95 33 32 154 109
Clay
0 3.15 2.17 38 45 164 177
7.5 1.79 1.90 30 33 104 101
15.0 5.13 3.28 79 101 93 94
30.0 2.37 1.98 56 71 130 105
60.0 4.14 3.23 86 93 99 101
Fert. 5.16 3.36 56 71 131 140
County Sludge
Loamy sand
0 4.16 2.56 * * * *
1.5 1.84 1.18 44 53 76 64
15.0 1.84 1.01 80 76 41 31
30.0 2.37 1.21 68 79 70 57
60.0 3.50 1.62 75 89 31 20
Fert. 4.90 2.98 * * * *
Sandy Loam
0 4.44 2.76 27 29 172 189
7.5 1.29 0.98 44 46 36 42
15.0 1.43 1.39 72 80 32 19
30.0 1.32 0.82 54 53 35 31
60.0 2.43 1.42 48 51 39 27
Fert. 4.90 1.95 33 32 154 109
Clay
0 3.15 2.17 38 45 164 177
7.5 1.37 1.09 62 78 172 191
15.0 1.63 1.27 62 69 73 80
30.0 1.80 1.42 92 131 31 27
60.0 3.31 1.99 56 71 30 25
Fert. 5.16 3.36 56 71 130 140
LSD (0.05) 2.84 1.75 51 73 69 30

*Indicates insufficient tissue for analysis.

grown in the loamy sand soil, there was a significant mul-
tiple correlation between whole plant Ca (increased), whole
plant Mn (decreased) and the number of flowers produced
(decreased), accounting for 90% of the variability in flower
production (No. flowers = 61.7 — 38.4(Ca) + 0.11(Mn);
coefficient of determination 0.90, P = 0.01; tissue Ca is
expressed as % and tissue Mn as mg kg~ ").

Decreased availability of micronutrients such as Fe, Zn
and Mn in the soil are often attributed to increasing soil pH
(12). In the present study, the decrease in soil pH with
composted sludge application might be expected to increase

180

micronutrient availability. However, it appears that the op-
posite occurred. When soil extract Ca and pH, and com-
posted sludge application rate were regressed against whole
plant Mn, using a backward stepwise procedure with vari-
ables removed when P > 0.05, the pH and application rate
variables were both eliminated from the multiple regression.
Calcium accounted for 48% (P = 0.001) of the variability
in whole plant Mn. Thus, the decrease in tissue Mn was
apparently not the result of high soil pH reducing soil Mn
availability. Rather, these findings suggest that the increased
Ca at the lower pH values was inducing a Mn deficiency,

J. Environ. Hort. 9(4):176—181. December 1991

S$S900E 981} BIA §1-/0-SZ0Z 1e /woo Alojoeignd-poid-swid yiewlsrem-jpd-awiid;/:sdiy woly papeojumoq



possibly due to competition between the two divalent cations
during the absorption process. A similar competition has
been reported by Kannan (5) and Maas (6).
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Effects of Growing Media and Aerial Environments on
Acclimatization of In Vitro-Grown Miniature Rose Plantlets'

R.B. Rogers, S.L. Knight, and M.A.L. Smith
Department of Horticulture
University of Illinois
Urbana, IL 61801

to Jiffy-9 pellets resulted in the highest plant losses.

miniature rose, tissue culture

Abstract

Initial acclimatization of in vitro-rooted plantlets of miniature rose (Rosa chinensis var. minima ‘Red Ace’) in high humidity and
continuous light (most similar to the in vitro environment) increased plant growth (33% greater root area and 34% greater shoot
area) relative to plants acclimatized under intermittent mist during early ex vitro growth stages, but later transfer to standard
greenhouse conditions caused a temporary lag in continued growth. Direct transfer from in vitro culture conditions to a greenhouse
mist bench inhibited growth during acclimatization, but permitted more rapid growth rate (28 and 30% more shoot and root area,
respectively) during transition to the greenhouse growing environment. Direct transplant of in vitro rooted microcuttings to a growing
medium containing soil resulted in high survival rate and circumvented the need for an interim potting medium, whereas transplant

Index words: greenhouse production, image analysis, micropropagation, Rosa chinensis var. minima ‘Red Ace’, ‘Red Ace’

Significance to the Nursery Industry

Procedures used by individual growers to acclimatize
miniature roses produced in vitro to greenhouse conditions
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vary from use of high humidity tents or fog chambers to
intermittent mist. During the transition from in vitro culture
conditions to the ex vitro growing environment, any abrupt
changes in the production environment will exert significant
influence on the growth and quality of the final product.
While miniature rose plantlets acclimatized in a low light,
high humidity chamber exhibited superior overall survival
and growth during the initial acclimatization process, plant-
lets transferred directly from in vitro culture to a greenhouse
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