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AssTrAcT. Soilless root media have little capacity to retain P£br K, and this contributes to leaching of these nutrients during
greenhouse crop production. The objective of this research was to evaluate the suitability of precharged alumina as a sole
source of PQ and K during greenhouse production of potted chrysanthemumDendranthemaxgrandiflora Kitam. (syn.
Chrysanthemunxmorifolium Ramat.)]. Phosphate and K adsorption and desorption curves were created at ®5for two
particle sizes (0.5to 0.9 and 1.8 to 3.2 mm) of alumina (8k; acid-washed and unwashed), and a medium of 7 peat : 3 perlite
(v/v) using solutions of KHBPO,(P at 0 to 20,000 mg ). Based on these curves, 1.8 to 3.2 mm, unwashed alumina was selected
for use in the studies. Precharged alumina was tested in two greenhouse studies at 10% and 30% (v/v) of a peat—perlite
medium used to produce ‘Sunny Mandalay’ chrysanthemum. Phosphate, K, and pH were determined on unaltered root
medium solutions collected throughout the 10-week cropping cycle, and foliar analyses were conducted on tissue collected
at the middle and end of the cycle. Potassium release was adequate to meet chrysanthemum demand for 4 weeks, but
inadequate for the remainder of the production cycle. Precharged alumina retained and released P&t sustained
concentrations (P at <2 mg-t?) over the course of a 10-week cropping cycle. Growth of plants receiving Pf@om precharged
alumina was not significantly different from the controls receiving liquid fertilizer (P at 46.5 mg-L") at each watering when
precharged alumina comprised 30% of the medium, and only slightly less when precharged alumina comprised 10% of the
medium. A phosphorus budget showed that while 36% (103 mg) of the applied PP was lost in the leachate of the controls,
only 0.1% (2 mg) was lost from plants produced with alumina-P. This research demonstrates that in a soilless medium with
physical properties similar to standard commercial mixes, low but adequate RQoncentrations can be achieved and
sustained using current production practices.

The greenhouse industry currently faces the need to substaren slow-release fertilizers, applied at standard rates, result in
tially reduce the content of nutrients such as iR@reenhouse unnecessarily high P@oncentrations in the root medium solu-
effluent. Eutrophication of surface waters and increasing cdion (Williams and Nelson, 1992) and thus substantialiRay
cern over PQin lakes and near coastal waters are major water lost through leaching. However, if Pi® available for plant
quality issues that are generating national attention (U.S. Enyptake in accordance with the rate of plant removal, equilibrium
ronmental Protection Agency, 1989). This environmental cdR©,-P soil solution concentrations as low as 0.2 mnigale
tamination which results in part from P@noff from agricul- adequate for optimal growth of most plant species (Beckwith,
tural areas is one reason for the enactment of restrictive legi4l@g5), including chrysanthemum (Nishimoto et al., 1975).
tion on a broad scale (Pyle, 1991). Soilless media commonly used for greenhouse crop produc-

Phosphate leaching from containers is a problem becatisa have almost no capacity to adsorb and retaiy Bdike
excessive levels of P@ertilizer are applied commonly duringsoils and soil-based media which predate soilless mixes (Marconi
greenhouse crop production. The typicalR@rition program and Nelson, 1984). The challenge, therefore, is to develop a
of heavily fertilized crops like chrysanthemuBendranthema commercial solid root medium production system in which low
xgrandiflora (syn. Chrysanthemunxmorifolium)] frequently PO, concentrations are achieved and sustained in the medium
includes preplant amendments of superphosphate, followedsbiution. Low, relatively constant root medium solution,PO
liquid fertilizer PQ applications at high rates (Nelson, 1998roncentrations theoretically would be maintained if, R@s

released from the root medium exchange sites in direct propor-
—_— o o tion to plant removal and leaching losses from the medium
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resulted in growth comparable to traditionally fertilized corcentrifuged at 5856, and the supernatant solution was removed
trols, while decreasing Rdbsses through leaching. and analyzed for PP using an ultraviolet/visible (UV/VIS)
Alumina can also retain cations through pH-dependent negpectrophotometer (Perkin-Elmer, Norwalk, Conn.) following
tive surface charges. The capacity to do so increases whithmethods of Chapman and Pratt (1961) for concentrations >10
increasing pH and increasing amounts of specifically adsortmad-L* or Murphy and Riley (1962) for concentrations <10
anions, such as ROThe negative surface charge of oxideng-L. Potassium was analyzed using atomic absorption spec-
minerals increases substantially as the pH is raised abovettbscopy. pH measurements were taken with a combined pH and
point of zero net proton charge (PZNPC), the pH where 50%teimperature meter (Extech Instruments Corp., Waltham, Mass.).
the surface hydroxyl groups are deprotonated and negativiehosphorus that disappeared from solution was considered to be
charged. The PZNPC of alumina (gammae#) is 8.2 + 0.5 sorbed by the alumina.
(Sposito, 1984). Although the bulk solution from a soilless root To create desorption curves, untreated alumina was charged
medium should not have a pH this high, the higher pH with PQ, from KH,PQ, at a P concentration of 20,000 mgds
localized zones around each alumina particle could be lowedascribed for the adsorption curves. After a 10 d equilibration
by the effects of the bulk medium solution. Thus, K would kgeriod and volumetric removal of 15 mL supernatant solution,
released and available for plant uptake. Therefore, when aluntimaremoved solution was replaced with 15 mL @@aC}. To
is precharged with P@rom a soluble P source such as,RB,, further reduce the concentration of Pi@ the solution and
K retention, as well as B@dsorption, is possible. Potassiunencourage release of Pfiom the solid phase, a second aliquot
retention and release from alumina during crop productiofsupernatant solution was then removed after inverting the tube
requires evaluation. The objectives of this research were taséyeral times by hand and centrifuging. Fifteen milliliters ®.01
determine the PQand K release patterns and concentratio@aCL and two drops toluene was added, and the tubes were
from precharged alumina used as a component of a soilleagped and placed on the shaker for a minimum of 9 h for
medium during a 10-week cropping cycle, 2) to determine taguilibration. Desorption sampling continued twice daily until
guantity of PQ leached over time from this medium, and 32 desorption events, each consisting of two replacements of=
determine the effectiveness of precharged alumina in providsupernatant solutions, had been completed. Phosphate, K, andy
PO, and K during chrysanthemum production. pH were determined in all supernatant solutions for calculation
(by mass balance) of R@nd K sorbed, but only results from the
Materials and Methods first supernatant solution of each desorption event are presenteds
GREENHOUSE EXPERIMENTS . GENERAL PROCEDURES. TWO €X-
TREATMENT MATERIALS . The following particle sizes of alu- periments were conducted with the following procedures in
mina were obtained from Alcoa, Vidalia, La.: grade F-1, 0.5 tmmmon. Alumina was precharged with Z@d K as described
0.9 mm (28 to 48 mesh) and 1.8 to 3.2 mm (8 to 14 mesh). Himve for adsorption curves except that larger batches of
0.5t0 0.9 mm particle size has been used in previous studies (prgcharged alumina were produced by using the same 1 : 6 soli
Linetal., 1996; Lynch et al., 1990); the larger patrticle size of 8lume : solution ratio in Erlenmeyer flasks. The concentration
to 3.2 mm would allow substitution of alumina for other roaif P from KH,PO, at which the materials were precharged was
medium components and maintain physical properties compt3,510 mg-t&. The precharged alumina was taken through two
rable to commercial root media. Acid-washed alumina wessorption events before drying and incorporation into the media 2
prepared by soaking in 1 motHHCI (1 g alumina: 2.5 mL HCI) for the greenhouse experiments. Appropriate volumes of root <
for 0.5 h, decanting, and repeating once. The alumina was ringeztlium components were measured with a graduated cyllndero
with dlstllled water 10 times and dried at@ The purpose of and then mixed by hand to create the treatment root media. ;
acid pretreatment was to standardize the surface charge effecooted stem cuttings of ‘Sunny Mandalay’ chrysanthemum
of alumina on PQretention, which affects equilibrium desorpwere potted one cutting per 0.5-L pot. Root medium was amendedM
tion PQ concentration and solution pH (Elliott, 1989). Unwith the following materials and rates per liter: 6 g dolomitic
washed alumina received no preparatory treatment. Unwasliegstone; 0.9 g gypsum; and 0.074 g FTE-555 micronutrient
and acid-washed alumina were tested in the laboratory expsrix (Frit Industries, Ozark, Ala.) in Expt. 1 or 3.3 g Esmigran
ments; only unwashed alumina was used in the greenhomseronutrient mix (Scotts-Sierra Horticultural Products,
experiments. Marysville, Ohio) in Expt. 2. The water source had a pH = 7.0,
LABORATORY EXPERIMENTS. Initial extractions of P and K Ca at 10 mg-t, Mg at 3 mg-t, and Ca-carbonate equivalent
were conducted on aluminato determine levels of these elemaikalinity of 25 mg-LE. Pots were spaced 228 cm. Day/night
present before sorption. Dilute acids (0.05 moI#HiCl and greenhouse temperatures were set at 2&/1Treatments were
0.0125 mol-E* H,S0O,) were used for P extraction (Olsen andrranged in a randomized complete block design with three
Sommers, 1982) and K was extracted with,8Bc (Knudsen et blocks and two pots per experimental unit. Data were subjected
al., 1982). Phosphate and K adsorption and desorption cuneeanalysis of variance procedures (PROC ANOVA, SAS Insti-
(also known as isotherms) were obtained by modifying thete, Cary, N.C.). Least significant differencaspg) were
procedures of Fox and Kamprath (1970). To create adsorptiatculated to separate treatment means as follows. If the percent-
curves, 5 crhsamples of the treatment materials were measuigge alumina level by fertilizer treatment interaction was signifi-
into 50 mL centrifuge tubes (sample weight was the same foraalht, a singlesp was calculated to compare means across both
replications of each treatment material). Thirty milliliters gbercentage alumina levels and fertilizer treatments. If the per-
0.01m CaCl}, which contained P at 0, 500, 1000, 1500, 3008entage alumina by fertilizer interaction was nonsignificant, two
5000, 10000 or 20000 mgifrom KH,PO, was added to eachseparatasp values were calculated, one to compare means
tube, as well as two drops of toluene to limit microbial growthcross percentage alumina levels and one to compare means
The tubes were capped and placed on their sides on a circataoss fertilizer treatments.
motion shaker (100 rpm) for 10 d atZ3 Next, the tubes were  Unaltered bulk root medium solution was sampled by vacuum
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removal. To accomplish this, fertilizer solutions were applied E&, Mn, Zn, and Cu was conducted using atomic absorption
pots, allowed to equilibrate for 1 h, then pots were sealed ispectroscopy. Phosphorus determination was accomplished by
suction funnel and a vacuum was drawn on the base of the pu. previously mentioned colorimetric methods. Sulfur was
Ten milliliters of solution was collected from each of the twdetermined by a turbidimetric procedure in which BajStas
pots within an experimental unit and combined. Solutions wetispersed with polyvinyl pyrolidine (A.H. Hunter, personal
collected on days 1 (first day after planting), 5, 8, 15, 22, 29, £8mmunication), and colorimetric analyses were performed for
57,and 70 in Expt. 1 or day 66 in Expt. 2. Media solution samp&¢Grinstead and Snider, 1967).
were analyzed for PEP, K, and pH. Soluble Al was determined Physical properties of bulk density (BD), particle density
on unfiltered root medium solution samples collected in Expt(RD), air-filled porosity at container capacity (AFP), container
using an inductively coupled argon plasma emission spectropbapacity (CC), and total porosity (TP) were determined on four
tometer (Fisons Instruments, Dearborn, Mich.). replications of fallow pots of each unique medium by using the
Plant height, width, and quality ratings were recorded weektybe method of Niedziela and Nelson (1992).
Height was measured from the rim of the pot to the top of the GREENHOUSE EXPERIMENT 1. PHOSPHATE AND K RELEASE FROM
foliage or flower canopy and width was the average of tweecHARGED ALUMINA . Rooted stem cuttings were potted on 2
measurements taken at right angles to each other. Plant qu&ily. 1994. Plants received 2 weeks of long days (lighted from

O
ratings were assigned subjectively after consideration of pl&200 to 0206ir with incandescent bulbs) followed by 8 weeks £
volume, form, foliage color, and number and size of flowers ofinatural short days, and were pinched 2 weeks after potting to =
a scale of 1 to 10 with 7 to 10 representing quality meetiteave nine nodes. Lateral flower buds were removed 5 weeks§
commercial standards and 10 as optimum. Shoot fresh weiglfter pinching. The production cycle was 71 d. <
and shoot dry weights (dried for a minimum of 48 h aCjjQvere The control plants were grown in a medium of 7 low-humified g
recorded at the end of the crop. sphagnum peat : 3 coarse perlite (v/v) (Krum, Silbrico Co., =

Tissue samples consisted of the youngest, fully expandéadgkins, Ill.). Alumina was incorporated into the medium as 5
leaves at midcrop and whole shoots at the end of the crop. Shoets 10%, or 30% (v/v) of the mix by replacing perlite. The 10% =
were sampled at the end of the experiment so that total nutriamii 30% volumes were large compared to those used in others
uptake (shoot dry weightconcentration) could be determinedstudies (Lin, et al.,1996; Lynch et al., 1990) in an effort to

-1p

Mobile elements suchas N, P, and K are generally lower in whdbxrease the occurrence of localized 8€pletion in the rhizo-
shoots compared to recently mature leaves; thus, if whole sheptiere. Previous studies indicated that these different volumes of§
levels of mobile nutrients are equal to or greater than standakti®; in the medium should result in the same equilibriumg PO
for recently matured leaves, it follows that these nutrients are nohcentration (Coltman et al., 1982). The treatment structure
deficient. Plant tissue was rinsed under warm tap water, wasthed factorial with alumina at three rates (0%, 10%, and 30% by
for 30 s in 0.2 mol-t* HCI, rinsed under warm tap water, andolume of the root medium) by three fertilizer treatments:
rinsed for 30 s in distilled water. Dried tissue was ground ipeecharged alumina fertilized with —P fertilizer, precharged
stainless steel Wiley mill to pass a 20-mesh (1.3-mm) screalumina fertilized with —K fertilizer, and uncharged alumina
Tissue used for P, K, Ca, Mg, S, Fe, Mn, Zn, and Cu analyses feaslized with complete fertilizer. The treatment termed com-
dry-ashed at 50, dehydrated in 6 mol-LHCI, and dissolved plete control consisted of the medium by fertilizer combination
in 0.5 mol-L* HCI. Tissue used for S and B analysis was ashefl0% alumina [7 peat : 3 perlite (v/v)] and complete fertilizer.
in the presence of Mg(N{2 and ethanol at 43C and dissolved  The three fertilizer treatments used each provided N at 210
in 0.5 mol-* HCI. Total N was determined using a micromg-L* from the following fertilizers at each watering: the
Kjeldahl procedure after pretreatment with salicylic acid to atbmplete fertilizer consisted of 4.5KNO;, 1.5 mu NH,H,PO,,

in the reduction of nitrate (Eastin, 1978). Analysis of K, Ca, Mgnd 4.5 nn NH,NO; (2 NH,-N : 3 NO-N); the —P fertilizer
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Fig. 1. @) Phosphate andB} K adsorption curves an€) pH of supernatants during adsorption for the control medium and alumina at two particle sizes, large (1.8
to 3.2 mm) or small (0.5 to 0.9 mm), and unwashed or acid-washed. In each figathe) for every data point is smaller than the graphed synsbor, peat
: 3 perlite control medium;e()alumina, large, unwashed] § alumina, small, unwashed;} alumina, large, acid-washed; a®dl &lumina, small, acid-washed.
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60000 consisted of 4.5 mKNO; and 5.25 na NH;NO; (7 NH,-N : 13

'.': i NO;-N); and the —K fertilizer consisted of 1..wiH,H,PO, and
o 20000t 6.75 ma NH,NO; (11 NH-N : 9 NO-N). The leaching fraction
E 40000 | (LF), defined as the volume of leachate divided by the volume of
° : solution applied, was estimated at 0.2. Plants were watered just
£ 30000 [ as the first plants began to express visible stress symptoms (loss
3 g of foliage turgidity).
o 20000 f GREENHOUSE EXPERIMENT 2. PHOSPHORUS BUDGET. Rooted
o [ stem cuttings were potted on 17 June 1994. Plants received 2
o 10000 f weeks of natural long days followed by 8 weeks of short days
0 - T (covergd \t/]vitg 1blackkclofth frcIJm gbout I1700 to OSOOdHR)Il and I
were pinched 1 week after planting to leave nine nodes. Latera
01 ! 10 100 1000 “:000 100000 buds were removed 5.5 weeks after pinching. The production
Equilibrium P04-P (mg'L") Cyc|e was 67 d.
Control plants were grown in the same medium as Expt. 1, 7 5
60000 ¢ peat : 3 perlite (v/v). Precharged alumina was incorporated into 2
50000 :_ the medium to comprise 0%, 10%, and 30% of the volume, but §
— 3 the peat : perlite ratios were adjusted to result in physical o
' 40000 [ properties more similar to the complete control treatment: 0 <
'g i alumina: 7 peat : 3 perlite, 1 alumina : 6.5 peat : 2.5 perlite, and g
~ 30000 [ 3 alumina : 5.5 peat : 1.5 perlite (by volume). =
b [ Two fertilizer treatments were used. The complete fertilizer %
'g 20000 |- was identical to the formulation used in Expt. 1 and the —-P =
; g fertilizer consisted of 4.5 mKNO;, 4.5 mu NH,NO;, and 0.75 el
10000 - mm (NH,),SO.. Both fertilizers contained 2 NFN : 3 NO-N. 2
o leo . S A There were a total of four treatments. The complete fertilizer was %
1 10 100 10600 10000 100600 applied as the complete control, and the —P fertilizer was applied &
to plants grown in media consisting of 0%, 10% or 30% precharged &
Equilbrium K (mg'L™) alumina. Plants were watered when the weight of the pots ©

decreased by 40% of container capacity. A measured volume ofg

Fig. 2. @) Phosphate andj K adsorption and desorption curves for alumina e o : ; : =
two particle sizes, large (1.8 to 3.2 mm) and small (0.5 to 0.9 mm). Unattac e@t 200 mg-t fertilizer solution was applled at each watering 3

. [0}
desorption points are amounts of For K calculated to be adsorbed befordO r€sult in a controlled LF of 0.2. To collect the leachate, pots
beginning desorption. In each figure tizén = 3) for every data pointis smaller were placed over a 600-mL glass beaker. After allowing the pots g
than the graphed symbok J adsorption, large particle siz&)) adsorption, to drain completely, leachate was collected in plastic milk jugs 2

small particle sizex() desorption, large particle size, ang flesorption, small g which phenylmercuricacetate was added to prevent microbial &

particle size. growth and stored at°&. o)

Table 1. Growth measurements for shoot growth at the end of the crop (day 71) of ‘Sunny Mandalay’ chrysanthemums growrneith alu'<§

comprising 0%, 10%, and 30% of the medium (Expt. 1). 3

Q

Fresh Dry N

Alumina Ht Width wt wt N

(%) (cm) (cm) @) ) Rating =

—P fertilize¥ »

0 8.0 8.5 6.4 1.0 1.0 £

10 16.6 25.3 101.3 10.6 7.7 )

30 17.7 26.7 124.5 13.3 8.7 g

—K fertilizer 8

0 10.4 154 39.2 3.0 1.7 §
10 17.5 24.5 99.3 9.8 7.0
30 17.0 26.2 108.7 11.3 7.7

Complete fertilizer

(0 20.2 30.0 162.6 16.3 10.0
10 19.1 29.0 141.0 13.5 9.3
30 16.1 22.2 79.6 7.9 6.0
LSD, . ¥ 1.4 2.4 27.1 24 1.2

0.05

“Scale of 1 to 10 with 1 = death and 10 = optimum commercial growth.

YUsed with precharged alumina.

*Used with uncharged alumina.

WComplete control.

VLsp used to compare fertilizer treatment (—P, —K, or complete) for a given percentage alumina level (0%, 10%, or 30%) agd pemgensa
level for a given fertilizer treatment. Fertilizer treatment, percentage alumina level, and fertilizer by percentage tduagtiarirare significant
atP = 0.0001 for height, width, fresh weight, dry weight, and rating.
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Table 2. Mineral nutrient content (dry weight basis) of the youngest fully expanded leaves collected at midcrop (day 4% ahdotdhat end

of the crop (day 71) of ‘Sunny Mandalay’ chrysanthemums grown with alumina comprising 0%, 10%, and 30% of the medium (Expt. 1).

Mineral
Alumina N P K Ca Mg Fe Mn Zn Cu
(%) (%) (g-g?)
Midcrop
—P fertilizef
0 4.19 0.06 3.52 0.62 0.41 23 192 111 4
10 5.51 0.26 6.09 1.02 0.53 47 184 108 2
30 5.76 0.31 5.93 1.15 0.54 42 117 86 4
—K fertilizer
0 7.49 0.88 1.06 1.09 0.85 20 295 177 7
10 6.53 0.67 1.06 1.69 1.46 39 186 136 4
30 6.31 0.49 3.44 1.67 0.92 40 146 87 7
Complete fertilizer
(0a 6.29 0.90 5.39 0.96 0.72 69 230 56 3
10 6.15 0.41 5.95 0.88 0.65 49 221 42 5
30 5.61 0.35 5.77 0.66 0.48 44 157 41 4
Standard$ 4.00 0.25 4.00 1.00 0.25 50 50 20 6
LSD, s 0.53 0.0% 0.54 0.20 0.13 12 39 35 NS
NS' 2
Significance
Fertl|lZ€I’ treatment *kkk *kk%k *kkk *kkk *kk%k *kkk NS *% *
% a|UmII'Ia |eve| NS *kkk *kkk *kkk *kkk NS *k% *kk%k NS
Fertlllzerx alumlna (%) *kkk *kkk *kkk *kkk *kkk *kkk NS * NS
End crop
—P fertilizef
0 3.23 0.14 3.18 0.65 0.27 74 116 214 5
10 3.66 0.29 491 1.35 0.46 100 87 107 5
30 3.78 0.34 5.25 1.59 0.46 77 62 80 5
—K fertilizer
0 5.65 1.04 0.66 2.00 1.12 97 266 361 8
10 4.72 0.76 0.87 1.93 1.09 75 99 147 5
30 4.25 0.62 1.67 181 0.84 77 71 89 7
Complete fertilizer
(0a 4.40 0.84 4.29 0.96 0.53 63 194 93 9
10 4.73 0.45 4.95 0.96 0.51 85 201 48 6
30 4.36 0.38 4.89 0.97 0.45 88 223 55 8
Standard$ 4.00 0.20 1.00 0.50 0.10 20 25 5 5
LSD, o5 0.58 0.08 0.50" 0.27 0.1r Ng/ 34 61’ ut
Significance
Fertl|lZ€I’ treatment *kkk *kk%k *kkk *kkk * NS *kkk *kkk *%
% alumlna |eve| NS *kkk *% *% *kkk NS *kkk *kkk *
Fertilizer x alumina (%) ** Fhkx NS Fkkk ** NS Fkkk rrx NS

2Used with precharged alumina.

YUsed with uncharged alumina.

*Complete control.

WMinimum critical standards for recently matured leaves, for comparative purposes only (Mills and Jones, 1996).

Visp used to compare fertilizer treatment (—P, —K or complete) for a given percent alumina level (0%, 10%, or 30%) and pénedpialdfor
a given fertilizer treatment; fertilizer percent alumina interaction is significant.

Y sp used to compare percent alumina levels for a given fertilizer treatment; ferifeecent alumina interaction is nonsignificant.

'Lsp used to compare fertilizer treatments for a given percent alumina level; fertifieecent alumina interaction is nonsignificant.
NSETEEE - Nonsignifcant or significant & = 0.05, 0.01, 0.001, or 0.0001, respectively.

Results and Discussion indicated little difference in the amount of P®@ K retention at
lower P concentrations (Fig. 1A and B). Similarly, acid-washed

L ABORATORY EXPERIMENTS. The adsorption curves (Fig. 1)and unwashed alumina resulted in comparable curves for PO
indicated that the 7 peat : 3 perlite medium did not retaind@ and K retention, although the curves differed at a P concentration
capacity to retain K was limited in the pH range of supernatait20,000 mg-t! (K at 25,250 mg-t!), whereas acid-washed
solutions in this study (Fig. 1). All alumina treatments hadaumina resulted in lower sorbed Pahd K.
higher capacity to retain R@nd K (Fig. 1). The overlapping Acid pretreatment resulted in a slightly lower pH in the
curves for treatments with large and small particle size fracticfigoernatant solution than unwashed alumina (Fig. 1C). The

752 J. AvEeR. Soc. Horr. Sci. 125(6):748-756. 2000.
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suggested that as the pH decreased and pH-dependent charge
became more positive, K was released—t exchange) from
the alumina. The desorption curves suggested thaROK
would be released by alumina during greenhouse production,
and the sorption capacity of this mineral suggested that it could
maintain PQand K at dissolved concentrations <1 mgaind 10
mg-L2, respectively.

GREENHOUSE EXPERIMENT 1. Plants receiving PQonly from
10% and 30% precharged alumina grew less than the complete

PO,-P (mg-L")
PO,-P (mg-L")

T 71 T . .
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 controls based on all criteria (Table 1). However, less growth

was not due necessarily to a deficiency of B€rause levels of
@ P above the accepted standard minimum critical levels of 0.25%
at midcrop and 0.23% at end of the crop were recovered in the
tissue of plants receiving R@nly from precharged alumina
(Table 2). The higher P levels recovered in the complete control 5
may indicate luxury consumption from overapplication of.PO
Adequate levels of all other essential nutrients were found at
midcrop and end of the crop in the complete control and plants
grown with PQ only from precharged alumina with inconse-
e 20 30 M 50 o 7o quential exceptions, including S gnd B (data not presented).
Thus, it can be argued that reduction of growth in plants grow
with PQ, from precharged alumina was possibly not due to lack
@ of nutrient availability.
The root medium solution BCconcentrations for plants
grown with PQ only from precharged alumina were apparently
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above the minimum critical P level of 0.2 mg-&stablished by
Beckwith (1965) and Nishimoto et al. (1975) (Fig. 3A and B).
One possible explanation for reduced growth was the effect on
I nutrient availability of the elevated pH levels of the medium %
0 10 20 30 40 50 60 7o  Solutions of plantsfertilized with the —P fertilizer (0%, 10% and 30%
precharged alumina) as compared to the complete control (Fig. 3C).,
High pH may resultin decreased availability of,pOnicronutrient s
Fig. 3. Mineral nutrient concentrations of unaltered bulk root medium solutigations. While the elevated pH level could have been a direct effectc
gllm% gr?g'r‘]g‘és)ep%p; (15 sf_“ioé)mg;‘agﬁgiedr;‘g‘hhafri%“g{g;?ﬂi“ﬁi‘tﬂ‘cgaﬁe%e uncharged alumina, it might also have been due to the &
fertilizer and uncharged treatmen& € 8.2), DF)) solublg Al for precharged qlfferences in fertilizer fprmulatlons of the g:omplete and —P fertil-
alumina with —P fertilizer treatmentsg€ 0.1), €) K for precharged alumina iZ€rs. The complete fertilizer contained a higher percentagéNNH
with —K fertilizer and uncharged treatmentsg € 7.3), and ) pH for than the —P fertilizer. This would tend to result in development of a
precharged alumina with —K fertilizer treatmentss; € 0.2); @) complete  |ower pH over the course of the cropping cycle due to the acidifying

control, @) 0% precharged alumind,l§ 10% precharged aluminas X 30% P ;
precharged aluminady 10% uncharged alumina, and)(30% uncharged effects of nitrification and release of Hy the plant into the root

alumina. In all figures each symbol is based on three observations (two pi&Adium solution during NKi uptake. In Expt. 2, these fertilizers
were used to obtain each observation). were altered to provide the same/NNQ; ratio; the ions that were

varied were Ca and SO

higher initial pH level of unwashed alumina could potentially To explore the possibility that toxic concentrations of Al from
enhance retention of K by increasing negative surface cha@emina reduced growth, Al in the root medium solution was
and eliminating the acid pretreatment would make the usenogasured (Fig. 3D). Results showed that Al recovered in the
alumina easier and more commercially feasible. Thereforegdium solution of the treatments with precharged alumina was
unwashed alumina was used for the greenhouse experimen@uyer than in the nontreated complete control, indicating that

The curves for P@P and K desorption from alumina (Fig. 2)s0luble Al and/or Al-organic matter complexes were not likely
showed that large and small particle-size fractions have simigeroblem at the pH of the medium solutions in this study. Based
sorption characteristics (Fig. 2); therefore, the large particle siggn observations of root systems, Lin et al. (1996) reported that
was used in greenhouse studies because at 10% and 30%Aldiexicity may have occurred in their studies when the root
umes, it resulted in more suitable physical properties in mediedium consisted of 12% and 16% (v/v) alumina. Their obser-
The difference between the adsorption and desorption phaseggibns are not supported by results herein.
the curves demonstrated that for alumina, R@lubility is Differences in physical properties existed between the con-
greater when P{s being added to the system than when it igol mix and those consisting of 10% and 30% alumina (Table 3)
being withdrawn. thus providing a third possible explanation for reduced growth.

For the large particle size, the pH of the supernatant solutlorgeneral, AFP decreased and BD increased as percentage of
during desorption ranged from a high of 6.5 on the seco@dmina in the mix increased, making the mixes tighter and less
desorption event to an equilibrium pH around 5.8 after desogerated. This was accentuated by watering all plants on the same
tion event 8 (data not presented). Release of K from the alunsehedule instead of when a specific gravimetric water content
decreased as the pH approached equilibrium. These trends reached. The mixes were reformulated for Expt. 2 by

ylewlsiem-
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Table 3. Physical property characteristics of root medium formulations used in Expts. 1 and 2 as measured in a 10-crmdeemd] 0-&-L
plastic pot following the procedures of Niedziela and Nelson (1992).

Bulk Particle Air-filled Container Total
Medium density density porosity capacity porosity
(viv) (g-cnd (g-cnd) (% by vol) (% by vol) (% by vol)
Expt. 1
7 peat : 3 perlite 0.17 0.96 11.7 68.0 79.7
7 peat : 2 perlite : 1 alumina 0.29 1.91 8.5 74.2 82.7
7 peat : 3 alumina 0.50 3.06 6.6 74.9 81.5
LSD, s 0.06 0.49 3.4 3.0 NS
Expt. 2
7 peat : 3 perlite 0.20 2.20 13.3 74.8 88.1
6.5 peat : 2.5 perlite: 1 alumina 0.24 2.48 16.9 69.8 86.6
5.5 peat : 1.5 perlite : 3 alumina 0.40 2.35 12.1 68.6 80.7
LSD 0.04 NS NS 45 NS

0.05

“sNonsignificant.

SpEOJUMO(]

adjusting the peat : perlite ratios to increase AFP in the alumitess based on three of the five growth measurements when it made:
containing mixes. up 10% of the medium (Table 4). The medium solution PO S
Although the LF was estimated to be 0.2 in Expt. 1, the methamhcentrations were again below 1.5 mbjrk treatments with
of watering did not allow for careful control. In Expt. 2, to improvprecharged alumina (Fig. 4A and B). These low medium solution
the accuracy of leaching and to water each treatment based@nconcentrations were evidently sufficient to meet chrysanthe-
individual need, the method of watering was changed as descritmesin demand based on tissue P concentration, which exceeded:
in the materials and methods. By doing this, any differencesnimimum critical levels at both midcrop and end of the crop (Table <
available water of the different media were corrected. 5). This confirms that P@oncentrations do not have to be highin =
Medium solution K levels show thatrelease of K from prechargtiee medium solution to achieve optimal plant growth, but they must £
alumina is substantial, but not excessive for the first 25 d of theesustained. Elliott (1989) reported that dry matter accumulationin 3
cropping cycle (Fig. 3E) based on the standards of Warncke aath (Zea maysL.) increased with increasing percentage of
Krauskopf (1983). By day 43, soluble concentrations of K dprecharged alumina in sand : alumina mixes while theeB@en-
creased below 10 mgifor both treatments which received K onlytrations in the medium solutions were not significantly affected by
from precharged alumina, a level that was inadequate to meet gi@ntentage alumina. Results of this experiment reaffirmed that
demands. During the initial period of K release, pH of the mediwhservation. While the B@oncentrations in the medium solution
solution in treatments of precharged alumina with —K fertilizer wagere not substantially different (Fig. 4B), it is speculated that the
between 6.7 and 7.5 (Fig. 3F). By day 25 to 30, pH was 5.5 to 5.Bitrease in distribution of the precharged alumina particles through-
these treatments. Near the end of the experiment, pH of thaigethe medium at 30% volume may have increased the effective-5
treatments had increased to between 6.5 and 7.5 (Fig. 3F). It mess of PQdiffusion to the plant and reduced the occurrence of 7
possible that the precharged alumina released K into the medioealized zones of P@epletion in the rhizosphere. A similar result
solution during the pH decline of the first part of the cropping cyctaay occur if lesser volumes of a smaller particle size alumina (e.g., ©
and as the sites which initially held K were emptiedfrbim the 0.5 to 0.9 mm) are used because the smaller particles can be3
medium solution was sorbed by the alumina. This may have resuttistiibuted more uniformly throughout the medium at lesser vol- &
in the pH increase observed in the medium solution. Growth amdes. Tissue K concentrations in plants grown with precharged
tissue data (Tables 1 and 2) verify that while precharged alumina afemina (Table 5) were significantly greater than in the complete
some ofthe K needs of the crop, it could not sustainits release to meet
Chrysanthemum demands at midcrop and later. Table 4. Plant g rowth characteristics for shoots at end ofthe
Growth characteristics of plants grown in 10% uncharged alu- ~ CroP (day 670 of ‘Sunny Ma”da'ay'.‘?hrysﬁ‘mhe;“”ms
mina were significantly different from the complete control in only gg;}’"” f"‘;'rt]h pre%harged a'g'g'“acompr's'”g 0%, 10%, and
dry weight. However, plants grown in 30% uncharged aluminawere 6 of the medium (expt. 2).
significantly smaller based on all growth characteristics (Table 1). Alumina  Ht  Width  Freshwt Dry wt
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Graphs of medium solution R@nd K levels (Fig. 3A, B,and E) (%) (cm)  (cm) (9) (9) Ratin
suggested that the uncharged alumina removed portions of these Complete fertilizer

nutrients from solution until sorption sites were saturated, making ¢y 223 385 144.7 16.1 10.0
them unavailable for plant uptake. Plants may have been deficient —_P fertilizex

in PQ, and K until the alumina became saturated. Although data are

not available to support this supposition, the uncharged alumina’ a7 17.2 13.7 33 2.0
could also have retained other cations from the soluble fertilizer 1° 206 330 109.8 13.8 9.3
applications early in the cropping cycle, such ag-NHendering 222? 317 '3? 11481'27 125; %Oéo

them unavailable for plant uptake. Such a sorption process would-Poos

help explain the reduction in growth of plants in uncharged alumina. “Scale of 1-10 with 1 = death and 10 = optimuim commercial
GREENHOUSE EXPERIMENT 2. Growth of plants that received PO growth.

only from precharged alumina was similar to the complete control YComplete control. _

when alumina made up 30% of the medium, but was significantly “Used with precharged alumina.
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control. This can be attributed to 70
the release of K from the precharged alumina as described in Expt.gg @
1. 1
The pH of the root medium solution from plants grown witf, °
precharged alumina was s#ll.5 to 2 units higher than in the & 40
complete control plants (Fig. 4C), similar to results in Expt. 1 (Fig
3C). Based on these data, we believe that the differences in fertilizer
NH, : NO; ratio had little effect on medium pH compared to th 20
effects of the alumina. 10
In Expt. 1, PQfrom 30% precharged alumina did not result in
growth similar to the complete control (Table 1), but it did in Expt.
2. This success in Expt. 2 may have been attributed to improved, 4

0 10 20 30 40 50 60 70

aeration in the root medium due to the change in media formulation2.2
and/or the more carefully controlled leaching and watering proce- 2.0
dures which resulted in avoidance of overwatering some treatm_ent: 'g
plants. i
The nutrient budget data from Expt. 2 (Table 6) indicated thg’t
36% (103 mg) of the applied R® of the complete control o 1.o—f
treatment was lost in the leachate, compared to only 0.1% (1 mg)p10-8
the precharged alumina treatments. However, the majority of e0'2:
PQ, applied as precharged alumina was fixed in the pots and notg 5

1.4
1.2

utilized during crop production. While this is not an advantage for 0 +—+—+—
production of potted flowering crops, sustained release pfrfi29 o

—T

10 20 30 40 50 60 70

T

T T

be useful in cut flower production and in interiorscapes where the -5 ]
root medium sustains plant growth for several crops or many years., , | @
With 36% of the applied PQrecovered in the leachate of the ]
complete control (P at 46.5 mgtICLF), the budget suggests that
the concentration of RCapplied during routine water-soluble ¢
fertilization could be reduced, perhaps by as much as 40%. 2 6.
Use of precharged alumina in Ifgss container media can
sustain low concentrations of P@at meet chrysanthemum
needs during production. Its potential for use by the floricultural 5.0
industry may be limited by its cost (currently $0.24/kg). In

6.5

5.5

addition, the heavier bulk density may increase shipping and "~ ¢ 1 20 30
handling costs of both media and finished crops. Another limi-
tation of this system is that the majority of applied, Rthained

T

40

T
50

Time (d)

60 70

Fig. 4. Phosphate concentrationand

pH of unaltered bulk root medium
solution during greenhouse Expt.
2 of root media treated with
precharged aluminaA(andB)
PQO,-P (se=1.0), andC) pH (se
=0.1); @) complete control;{)
0% precharged aluminafl(
10% precharged alumina; and
(®) 30% precharged alumina. In
all figures each symbol is based
onthree observations (two plants
were used to obtain each
observation).

Table 5. Mineral nutrient content (dry weight basis) of the youngest fully expanded leaves collected at midcrop (day 8&) stmubigat end of the

crop (day 67) of ‘Sunny Mandalay’ chrysanthemums grown with precharged alumina comprising 0%, 10%, and 30% of the med®um (Expt.

Mineral
Alumina N P K Ca Mg S Fe Mn Zn Cu B
(%) (%) (g-g?)
Midcrop
Complete fertilizer
(03 4.94 0.64 3.88 0.91 0.56 68 503 383 15
—P fertilize¥
0 3.29 0.10 3.93 0.47 0.27 59 487 410 17
10 5.00 0.33 5.47 0.74 0.33 81 450 161 11
30 4.70 0.41 5.57 0.75 0.27 119 244 90 9
LSDy s 0.36 0.04 0.51 0.09 0.04 -- NS 76 74 2
End crop
Complete fertilizer
(02 3.95 0.79 3.79 0.89 0.53 0.21 64 269 439 15 46
—P fertilize¥
0 291 0.09 3.44 0.63 0.33 0.23 58 604 737 23 67
10 3.64 0.25 4.66 0.88 0.38 0.24 61 378 291 15 53
30 3.86 0.31 4.85 1.12 0.32 0.25 58 151 179 13 48
LSD s 0.27 0.08 0.42 0.14 0.04 0.02 Ns 75 96 2 8
ZComplete control.
YUsed with precharged alumina.
“sNonsignificant.
J. AvER. Soc. HorT. Sci. 125(6):748-756. 2000. 755
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Table 6. Average proportion of added P recovered in the leachate, of ‘Sunny Mandalay’ chrysanthemums, or estimated tpaenfiE@min
treatments with alumina comprising 0%, 10%, and 30% of the medium (Expt. 2).

Plants Remaining
Total P Roots in pot
Alumina applied Leachate Shoots (estimate) (estimate)
(%) (mg/pot) (%)
Complete fertilizer
(0a 36.5 45.0 11.2 7.2
(280.9) (102.6) (126.5) (31.6) (20.1)
—P fertilize¥
0 ©0) (2.8) (0.7)
10 0.1 4.4 11 94.3
(797.3) (1.2) (35.2) (8.8) (752.2)
30 0.1 2.0 0.5 97.4
(2391.9) (1.4) (48.7) (12.2) (2329.6)
LSD, o 8.4 2.3 0.6 5.7

0.05

ZLiberal estimation of P in roots was calculated by assuming that root weight was 25% of the shoot dry weight and P colicenttatisas the
same as in tops.

YCalculated by subtracting P recovered in plants and leachate from the total applied.

*Complete control.

YNumbers in parentheses are mg P.
YUsed with precharged alumina.
Ysp calculated for percent values.
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