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Nitrate, Phosphate, and Potassium SpathiphyllumMauna Loa Supreme’ from
Leaching from Container-grown polypropylene containera using a 8 pine bark

.y . 4 sedge peat : 1 sand medium (by volume)
Plants Fert|l|zed by Several MethOdS amended with 880 g Micromax (Grace-Sierra,
Milpitas, Calif.), a complete micronutrient
blend, and 4.9 kg dolomitefrthe container

Timomy. K. Brosc_hat . ium). Pots containing one plant each were
University of Florida, Ft. Lauderdale Research and Education Center, Bﬁized with a total of (in grams) 7.65 N—

College Avenue, Ft. Lauderdale, FL 33314 1.37 P-4.5 K per container every 6 months, or

. . . . , ho fertilizer was added (control). Four fertil-
Additional index wordsChrysalidocarpus lutescens, SpathiphylliMauna Loa Supreme’, izer treatments using the same raw material

foliage [uncoated 21N-3P-12K prills derived from

Abstract.SpathiphyllumSchott. ‘Mauna Loa Supreme’ and areca palmGhrysalidocarpus @Mmonium nitrate, ammonium phosphates,
lutescensH. Wendl.) were grown for 6 months in 3.5-liter containers using a pine bark— calcium phosphates, and potassium sulfate
sedge peat-sand container medium or a native sand soil. Plants were fertilized witr{Grace-Sierra)] were applied in the following
equivalent amounts of a 21N—-3P-12K fertilizer applied weekly as a liquid, monthly as amanner: 1) liquid form (LF), 1.4 g prills dis-
soluble granular, bimonthly as a lightly coated controlled-release, or every 6 months as aS°Ived in 50 ml water and applied weekly to
heavily coated controlled-release fertilizer. All leachates were collected and analyzedh® medium surface of each container; 2)
weekly for NO.-N, PO,-P, and K. Amounts of all three nutrients leached per week varied Soluble granular fertilizer (SGF), 6.1 g prills
considerably in response to fertilizer reapplications or high rainfall. Nitrate leaching 2aPplied monthly to the medium surface of
generally decreased over time, P@P leaching increased, and K remained relatively ©ach pot; 3) lightly coated, controlled-release
constant. Shoot dry weights of spathiphyllum were equivalent for all fertilization methods, fertilizer (LCCRF), 13.4 g Osmocote 19N—
but areca palm shoot dry weights were highest with liquid fertilization and lowest with the 3P—10K (3- to 4-month release at 20C) ap-
soluble granular fertilizer. Nutrient leaching for all three ions was highest for the soluble Plied every 2 months to the surface of the

granules and lowest for the two controlled-release formulations. medium; and 4) heavily coated, controlled-
release fertilizer (HCCRF), 45.0 g of Osmocote

17N-3P-10K (12- to 14-monthrelease at 20C)
Environmental contamination from N®  perate woody ornamental plants. Hershey arapplied once to the surface of the medium.
and PQ-Phas become animportantconcerniffaul (1982) measured N leaching losses iBach treatment was replicated 10 times.
many areas of the United States. Nitrate levefstted chrysanthemumsDgndranthema Similar treatments also were applied to
>10 ppm in drinking water are consideredyrandiflorum (Ramat.) Kitamura] fertilized spathiphyllum potted into a Margate fine sand
unsafe for humans (U.S. Environmental Prowith controlled-release and liquid fertilizers.soil to determine if soil type affected leaching
tection Agency, 1982), and R® often is Rathier and Frink (1989) determined totatate. This soil is typical for the Atlantic coastal
associated with algal blooms and eutrophicaNO,-N output from a container nursery fertil- plain in the southeastern United States where
tion of lakes and ponds (Wetzel, 1975). Alizedwith various controlled-release and solublenany ornamental plants are field-grown. Be-
though PQ-P is considered rather immobileN fertilizers, and Cox (1993) performed acause it has little cation exchange capacity (3
within many soils, it is much more readily similar study using marigold¥ égetes erecta meg/100 g), nutrients not absorbed by plants
leached from container media composed df.). However, to our knowledge, there are nare leached readily into the groundwater
pine bark, spaghnum peat, vermiculite, or sanefuivalent studies evaluating PP and K below.
(Marconi and Nelson, 1984; Yeager andutput. Our experiment was performed under typi-
Barrett, 1984). Nitrate is readily leached from  Soluble granular fertilizers are known to becal subtropical production nursery conditions.
most mineral soils and container mediaguickly solubilized in the soil, with many The plants were grown in a shadehouse with a
(Handreck and Black, 1984). Although K isnutrients lost to leaching. High soluble saltsnaximum PPF of 840 and 22&noknr%s?
not usually considered an environmental polnjury also is a common occurrence on plantéor palms and spathiphyllum, respectively.
lutant, K leaching from soil may affect plantfertilized with soluble granular fertilizers. Fre- All plants received=20 mm of water from
growth and quality. qguent applications of liquid fertilizers often overhead irrigation daily. The water used for
Fertilizers often are applied to tropical fo-are used to provide less variable and saférigation contained 0.54 ppm N, <0.5
liage plants at high rates, yet little is knowmutrition for plants. Similarly, controlled- ppm PQ-P, 0.83 ppm K, and 41.5 ppm Ca.
about the leaching of nutrients from containrelease fertilizers have been used to reduddl leachates were collected from each con-
ers into the environment. Yeager and Cashicoluble salts injury and nutrient loss fromtainer by setting each one on a 15-cm azalea
(1993) showed NON concentrations in the leaching. Although many studies (see Maynargdot inverted within a 4-liter polyethylene
leachate from several fertilizer sources at varand Lorenz, 1979) have compared growth anilucket. This system excluded virtually all
ous times during the production cycle of temguality of ornamental plants fertilized with nonpot irrigation and rain water from the
controlled-release, liquid, or soluble granulateachate collection container. The accumu-
fertilizers, to our knowledge, no studies to datéated leachates from each container were mea-
have used the same nutrient sources and ratsred for volume weekly, and a sample was
in their fertilizer treatments. Such compari-analyzed for NQN using an N@N elec-
sons are less valid due to N, P, and K sourdeode, PQ-P using the ascorbic acid method,
Received for publication 6 June 1994. Accepted fodifferences, as well as slightly different el-and K using atomic absorption spectropho-
publication 24 Sept. 1994. Florida Agricultural Expt.emental ratios among the various fertilizetometry. Total milligrams of each nutrient ion
Station Journal Series no. R-03824. | thank Gracgzeatments. The purpose of our study was teached per week was calculated from the total
guerra for providing the fertilizer used in this StUdy(']determine the total amounts of ¥, PO-P,  volume and the sample ion concentrations. At
glesby Nursery for providing plant materials, an . 4 .
S.Thorand A. Durden for their technical assistanc _nq K leached from container-grown tropl.calhe end.of the 6-month p(oductlon cycle, shoot
The cost of publishing this paper was defrayed ifoliage plants during a 6-month productiondry weight was determined for each plant.
part by the payment of page charges. Under postaeriod and to determine if fertilization methodData were analyzed using analysis of variance
regulations, this paper therefore must be heretgffects the amounts of these nutrients leachedth mean separation by the Waller—Duncan k
markedadvertisemensolely to indicate this fact. during that time. ratio method.
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Results and Discussion showed considerable weekly variation inwere often twice as high as the minima.
NO,-N leached, although leaching generall) CCRF-fertilized soil had low levels of NN
Nitrate. Nitrate leached per week from thedecreased over time. This trend toward rdeached during the first 6 weeks, but it eventu-
container medium fertilized with SGF de-duced leaching over time for these controlledally peaked at=300 mg during week 13.
creased rapidly frors350 mg for week 1 to release fertilizers may be due to the increasddiCCRF-fertilized soil had peaks from 200 to
=10 mg for week 5 (Fig. 1). Reapplicationplant uptake by the larger plants coupled wittl800 mg NQ-N leached per week, but minima
during week 5 resulted in a rapid increasa reduced release rate from these fertilizersf =100 mg. After week 17, NEN leaching
followed by another decline 4 weeks laterHershey and Paul (1982) described a similaggradually decreased+0 mg by week 26. This
Subsequent oscillations were reduced consittend in potted chrysanthemums. Our datdecrease was probably due to less N being
erably in amplitude. Container medium fertil-suggest that reducing soluble fertilizer confeleased from the HCCRF plus increased up-
ized weekly with LF showed generally in-centrations during the first part of the growingake by larger plants later in the production
creasing N@N leaching through week 6, cycle could significantly reduce NN leach- cycle.
followed by smaller peaks about every 2 to 4ng losses without reducing plant growth. PhosphateLeached P@P from the con-
weeks. Medium fertilized with LCCRF leached  Nitrate leached from the sandy soil fertil-tainer medium generally increased over time
from 50 to 100 mg NN per week, except ized with SGF peaked every 4 weeks when for all fertilizer treatments, although leachate
during weeks 6, 13, 17, and 22 when somevas reapplied, but quickly dropped to <50 m@O,-P from LCCRF and HCCRF declined
what more N@N was leached, presumably inper week between applications (Fig. 2). Niafter week 22 (Fig. 1). Leachate P® was
response to higher rainfall during those weekisate leaching from LF was relatively constantalmost always higher for LF and SGF than for
(Fig. 1). HCCRF-fertilized medium also although maxima during the first 13 weekghe two controlled-release formulations. Ex-

cept for a peak around week 7, leachatg PO

25 T T T T levels remained quite low for the first 16
" weeks for all fertilization methods on the sandy
g 20 - ! Y ] soil (Fig. 2). Leachate B levels for all
2 15k £ | fertilization methods increased from week 16
= ! | to week 22 but decreased thereafter. Fixation
“E 10 / "\ » - within the soil might have caused these ini-
= - 4 /-\ A tially low PO,-P leachate levels, with R®
= 5 / | / Y P / ,-’f i /F Y - leaching at higher rates only after saturation of
P S | W FERY. l‘\__/ v | I e the soil's adsorption capacity.
- PotassiumIn the container medium, the
T T T T T amount of K leached per container fertilized
400 - ®, — with LF gradually increased to a maximum of
— w ! \r =190 mg K at week 6, but from weeks 8 to 22,
E‘” 300 - La - it remained relatively constant a80 to 80
— . i @ mg/week (Fig. 1). After week 22, K leached
E w0l "\J’.f.-’g&\ ! N . - | from all fertilizer treatments decreased to <25
o fr X fimy ig X /jav"/ e mg/week, presumably in response toincreased
a i FEARR ! e, ] ; ay p .
& 100 P{f/ . “\ i e’ n{i\ f/’ T, X T o4 7 plant uptake at that time. As with N® and
z. - / ™y \d‘é ;{ _ eff b PO,-P, K leached from SGF-fertilized con-
-t tainer media peaked every 4 weeks as it was

Phosphate P (mg)

reapplied. The height of these peaks decreased
somewhat over time as plant size and uptake
increased. The LCCRF-fertilized containers
showed rather low (<50 mg K/week) but con-
stant K leaching, except for a higher peak at
weeks 6 and 7. Potassium leached from the
HCCRF-fertilized containers at higher rates
than LCCRF for the first 16 weeks but at lower
rates thereafter. Similar responses were re-
ported by Rathier and Frink (1989) and Cox
(1993) for NQ-N leaching from a single ap-
plication vs. multiple applications of con-
trolled-release fertilizers.

In the sandy soil, K leaching generally

L Mo - 2 Control ® LCCRF L& | g varied between 40 and 120 mg K/week for
of T ! . _ o LCCRF-, HCCRF-, and LF-fertilized contain-
g 150 |- ) A A v Lt = HCCRK _ ers (Fig. 2). Containers fertilized with SGF,
E /w B JIAN F 7 however, showed monthly peaks and valleys
s p i el | _ A ; L b ;
= 100 Vs i ! Fou = AN - associated with its reapplication and depletion
@ k faN i | 4 oo i i i i
= AR R N2 SRy SR ER due to leaching. As in the container medium,
£ 50 _. ' =y e A ) 5w K leaching declined for all treatments during
v i oo S _#4,\@?’—’;1— 3 ¥  thelast 3 or 4 weeks.
0 il T S =S S NN b o B 2 Leaching data from this experiment gener-
0 5 10 13 20 25 ally indicated variable rates of N®, PQ-P,
Weeks and K leaching over time for most of the

fertilization methods. Unusually high rainfall
starting on week 6 resulted in larger amounts

Fig. 1. Weekly rainfall and total NEN, PQ-P, and K leached per container per week from spathiphyliufi{ all three ions being leached from these
grown in a pine bark-sedge peat-sand medium when fertilized by four methods. LF = liquid fertilf@ptainers, but other factors also may have
LCCRF = lightly coated, controlled-release fertilizer; HCCRF = heavily coated, controlled-releg@gtributed to the week-to-week variation.

fertilizer; and SGF = soluble granular fertilizer.
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Based on these data, it seems that leachate
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sampling at any one time may not be a goospathiphyllum grown in the container mediunplants fertilized with LF were larger than those
predictor of total nutrients leached during thend fertilized by the four methods were equivatfertilized with SGF (Table 1). The controlled-
production cycle. lent, and all fertilizer treatments producedelease fertilizers produced palms equal in size
Plant dry weight and total N, P, and Kmuch larger plants than the nonfertilized conto those grown with LF but no better than those
leached. After 6 months, dry weights of trols (Table 1). For areca palms, howevemeceiving SGF. Thus, in terms of plant growth
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response, there was relatively little difference
among fertilization methods in the container
medium.

When spathiphyllums were grown in a
sandy field soil with virtually no cation ex-
change, growth was superior for plants fertil-
ized with either of the controlled-release fertil-
izers, although LF produced plants equivalent
in size to those receiving LCCRF (Table 2).
Plants receiving SGF had lower dry weights
than those fertilized by any other method.

The total amount of NEN leached from
the container medium was significantly greater
for spathiphyllum (Table 1) and areca palms
(data not shown) fertilized with SGF. LF con-
tributed the second most N® in the leachate
for both species and the controlled-release
fertilizers the least. For the sandy field soil,
NO,-N leached at equivalent rates for all fertili-
zation methods. On averag®7% to 54% of
the applied N was lost from the containers
during the 6-month production for the sandy
soil. The percentage of N lostto leaching in the
container medium ranged from 28% for
LCCREF to 52% for SGF.

Relatively little PQ-P leached from any
fertilizer treatment, and total leached F®©
levels were similar for the medium and the
sandy soil. Because R® is not retained in
either soil type, plant use or precipitation must
be responsible for most R® losses. Between
11% and 28% of the applied RPB® was lost
due to leaching from the containers. Leachate
PO,-P amounts, however, differed among the
fertilizer treatments. For spathiphyllum on
sandy soil, SGF resulted inthe highestamounts

o 350 - I © Comwol & BCCRF ¥ SGF 1 o5t pOP in the leachate. Among fertilizer
E 300 - P ¥ LF T HCCRF - treatments, LCCRF resulted in the leas}-PO
“é’ 250 | leaching for both species and both soil types.
= 200 | For both soil types and species, the highest
§ 150 L amounts of K leached from containers fertil-
2 10l ized with SGF (Tables 1 and 2). LF resulted in
& osp L significantly less K leaching than SGF, and
0 LCCREF resulted in the least K leaching. The
0 percentage of applied K lost to leaching ranged

Weeks

from 19% for LCCRF in the container me-
dium with spathiphyllums to 59% for SGF on
the sandy field soil.

Fig. 2. Weekly rainfall and total NEN, PQ-P, and K leached per container per week from spathiphyllum Although the levels of NGN and PQ-P
grown in a Margate fine sand soil fertilized by four methods. LF = liquid fertilizer; LCCRF = lighfiyached from the two soil types seem to be

coated, controlled-release fertilizer; HCCRF = heavily coated, controlled-release fertilizer; and SRt

soluble granular fertilizer.

ughly equivalent, K generally leached from
the sandy soil at a higher rate than from the
container medium. Potassium deficiency is a

Table 1. Spathiphyllum and areca palm dry weights and totaNN®Q,-P, and K leached per spathiphyllumserious problem on this sandy soil due to rapid
container over 6 months when grown in a pine bark-sedge peat-sand medium and fertilized bjefstiing of this ion (Broschat, 1990); such

methods. leaching occurred in the spathiphyllums as
Dry wt (g) Leachate/container (mg) well. Plants receiving no fertilizer in this soil

Method Spathiphylium Areca paim NEN PO-P were severel_y §tunted dug_to N deflc_lency, but
Control 08B 285 13e 3e 75 o allthose receiving any fertilizer exhibited mod-

LCCRF 313a 77.0 ab 2226 d 156 d 837 erately severe K deficiency symptoms. None

SGE 275a 739b 4160 a 309 b 2106 f the plants of either species growing in the
LF 29.7a 929a 3710 b 382 a 1747 bmedium showed any visible K deficiency

HCCRF 32.6a 75.0 ab 2655 ¢ 237 ¢ 1256 symptoms, suggesting that K retention by the

2 CCRF = lightly coated, controlled-release fertilizer; SGF = soluble granular fertilizer; LF = liq@iation exchange capacity of the container me-
fertilizer; and HCCRF = heavily coated, controlled-release fertilizer. dium is important in the K nutrition of
YMean separation within columns by Waller-Duncan k ratio method at k = 100. spathiphylum.
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Conclusions kg-ha?) 666 NO-N, 49.4 PQ-P, and 337 K. Hershey, D.R. and J.L. Paul. 1982. Leaching losses
Using controlled-release fertilizers can sig-  of nitrogen from pot chrysanthemums with con-
This study showed that NN, PQ-P, and  nificantly reduce these leaching losses. These {rolled release or liquid fertilization. Sci. Hort.
K leaching losses from a typical foliage plantata support the findings of Yeager and Cashio, 17:145-152. .
nursery are substantial. Assuming a density ¢1993), which indicated that leachate N® 2¢oni D.J. and P.V. Nelson. 1984. Leaching of
- . . - . : applied phosphorus in container media. Sci.
80,000 pots/ha, using SGF in the containezoncentrations vary considerably during the Hort. 22:275-285.
medium would result in annual losses of (irproduction period, and sampling at any giveRaynard, D.N. and O.A. Lorenz. 1979. Controlled
time will probably yield misleading results i telease fertilizers for horticultural crops. Hort.
) ) terms of overall N@N or PQ-P input into the Rev. 1:79-140.
Table 2. Spathiphyllum dry weightand total N oyironment. Furthermore, leachate volum@athier, T.M. and C.R. Frink. 1989. Nitrate in runoff

51(3“rfr{smanlﬁsfnhﬁda‘Kférggg?i'ﬁeers and softlSO Must be considered to determine the total from container grown juniper and Alberta spruce
and fertilized by four methods amount of N@N or other ion input into the und_er different irrigation and N fertilization
y ’ environment. regimes. J. Environ. Hort. 7:32-35.

Dry wt Leached/container (mg) U.S. Environmental Protection Agency. 1982.

Method NOQ-N PO-P K . . Manual of individual drinking water systems.
e @ 9 ¢ Literature Cited U.S. Environmental Protection Agency, Office
Control  5.8d 57b 1d  49d of Drinking Water, Washington, D.C. EPA-

LCCRF  24.4ab 3437a 148c 1916 C grogchat, T.K. 1990. Potassium deficiency in south  570/9-82-004.

SGF 182c  3538a 296a 2662a  Fioriga ornamentals. Proc. Fla. State Hort. SodNetzel, R.G. 1975. Limnology. W.B. Saunders,
LF 21.9b  3637a 224b 2309b  102:106-108. Philadelphia.

HCCRF 26.5a 3513a 218b 2317D Cox, D.A. 1993. Reducing nitrogen leaching-losse¥eager, T.H. and J.E. Barrett. 1984. Phosphorus
“Mean separation within columns by Waller-Duncan from containerized plants: The effectiveness of leaching froni?P-superphosphate-amended soil-
k ratio method at k = 100. controlled release fertilizers. J. Plant Nutr. less container media. HortScience 19:216-217.
YLCCREF = lightly coated, controlled-release fertil-  16:533-545. Yeager, T.H. and G. Cashion. 1993. Controlled
izer; SGF = soluble granular fertilizer; LF = liquid Handreck, K.A. and N.D. Black. 1984. Growing release fertilizer affects nitrate nitrogen runoff
fertilizer; and HCCRF = heavily coated, controlled-  mediafor ornamental plants and turf. New South  from container plants. HortTechnology 3:174—
release fertilizer. Wales Univ. Press, Kensingtion, Australia. 177.
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