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Abstract. Nitratepollution and water conser vation ar etwo of themost important environ-
mental concer nsfor greenhousegrowers. Closed irrigation systems, such asebb and flow,
can minimize these problems. The objective of this study was to determine optimal
fertilizer concentrations for petunia (Petunia xhybrida Hort. Vilm-Andr.) and begonia
(Begonia xsemperflorens-cultorumHort.) grown with ebb-and-flow irrigation. ‘ Ambassa-
dor Scarlet’ begonia and ‘Dreams Mix’ petunia were grown as bedding plantsin three
soilless media. Plants were fertilized with solutions of a 20N—4.4P-16.6K water-soluble
fertilizer with electrical conductivities (EC) of 0.15, 0.6, 1.2, 1.8, 2.4, or 3.0 dSm™.
Maximum growth occurred with afertilizer EC of 2.2 dS-m~ for petuniaand 1.6 dS-m=
for begonia. Petuniagrowth wasbest in themedium with the highest por osity (M etr o-Mix
220), but choice of medium had little effect on begonia growth. L eachate EC and pH were
determined throughout the experiment, using the pour-through method. L eachate EC
rose with increasing fertilizer concentration, and increased over time. The pH of the
leachate decr eased with increasing fertilizer concentration and dropped 0.5to 1 unit over
the cour se of the experiment with the higher fertilizer concentrations (0.6 dS-m™). Plant
growth wasnot very sensitivetoleachate EC. Begoniaand petunia grew well when theEC
at the end of the production cycle was between 1.7 to 6.1 and 2.1 and 54 dSm,

respectively.

Fertilizer and pesticide runoff from green-
houses can contaminate ground and surface
water. Nitrate runoff is currently one of the
largest pollution problems for the floriculture
industry. The EPA estimates that nitrates are
present (>0.15 mg-L™) in over one-half of the
wells in the United States that are used for
drinking water (National Pesticide Survey,
1990). The continued increase in population
anddemandfor water inthesoutheasternUnited
States are also concerns because of limited
water resources. The amount of water con-
sumed and the amount of fertilizer allowed in
runoff from greenhouse operations will prob-
ably be regulated in the future (Poole and
Conover, 1992). Alternativeirrigation systems
that allow no runoff into the environment, such
as ebb and flow, are widely used to reduce
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production costsand runoff in Europe(Malitor,
1990). Growers report labor, water, and fertil-
izer savings, more uniform crops, and better
productivity when zerorunoff systlemsareimple-
mented, ascompared to moretraditiond irriga
tion systems (Uva et a., 1998). Plant growth
wasasgood or better with ebb-and-flow irriga-
tion than with overhead irrigation in most com-
parisons of irrigation systems (Blom and Piott,
1992; Morvantetal., 1997, 1998; Y elanich and
Biernbaum, 1990). However, growersstill lack
information as to optima production condi-
tionsin ebb-and-flow systems.

Theuse of subirrigation changesthe grow-
ing environment as compared to overhead or
drip irrigation. Because excess nutrients are
not removed by leaching, medium electrical
conductivity (EC) of subirrigated plants nor-
mally increasesover time(deKreij and Straver,
1988; Morvant et a., 1997; Yelanich and
Biernbaum, 1990). Fertilizer guidelines de-
veloped for overhead irrigation systems may
not beapplicablefor subirrigation. Inaddition,
information is needed on the fertilization re-
quirements of specific bedding plants; the
general guidelinesavailablecannot adequately
cover therequirementsof suchadiversegroup
of genera (Joiner et a., 1983).

Available information on the fertilization
requirements of begonias is not comprehen-
sive (Chase and Poole, 1987). Research com-
pleted in the 1970s involved production of
plants in soil-containing media (Mikkelsen,
1973; Nelson et al., 1978; Whiteet a., 1973)
and is not applicable to current greenhouse

practices. Several experimentshavebeen con-
ducted using begoniasinsoillessmedia. Chase
and Poole (1987), Gidergd and Mortensen
(1990), and Witte and Sheenan (1974) all
found that there is an optimal fertilizer con-
centration for growth. Similarly, Frett et al.
(1985) compared growth of petuniasfertilized
with 0, 100, 200, or 400 mg-L-tN; dry weight,
branch length, and flowering were greatest
with 200 mg-L*N. Noneof these experiments
was conducted using closed subirrigation sys-
tems. Theonly known study on fertilizer rates
with subirrigated begonias was conducted by
Lemaire et al. (1995), who determined the
effect of fertilizer concentration on begonia
growth. They found that shoot weight was
maximized at a fertilizer EC of 1.36 to 1.5
dsSnrt. However, they did not quantify the
effects of fertilizer concentration on growing
medium EC and pH. Theseparametersmay be
better indicators of whether medium fertility
levels are adequate for optimal plant growth,
because the optimal fertilizer concentration
depends on the water use efficiency of the
plants (Bugbee, 1995), and thus on environ-
mental conditions.

Research on fertilization in ebb-and-flow
systems is limited. Kent and Reed (1996),
using concentrations ranging from 0 to 450
mg-L™*N inthefertigation solution, found that
shoot dry weight of New Guinea impatiens
(Impatiens xhawkeri Bull.) and pesace lily
(Spathiphyllum Schott) was highest when
grownwith 120-150 mg-L 2 N. Optimal nitro-
gen concentration in the fertilizer solution for
subirrigated pansies (Viola xwittrockiana
Gam.) was 150 to 250 mg-L 2, while the opti-
mal EC of the leachate (collected using the
pour-through method) was 1.5 to 4 dSm™
(van lersel, 1999).

Informationisalso lacking on the effect of
the growing medium on plant growth in
subirrigation systems. De Kreij and Straver
(1988) found maximum Codiaeum growth in
an ebb-and-flow system in media with the
highest volumetricair content. Blom and Piott
(1992) obtained better growth of chrysanthe-
mum[Dendranthemaxgrandiflorum(Ramat.)
Kitamura] in compacted peat than in
noncompacted peat. Argo and Biernbaum
(1994) compared Easter lily (Lilium
longiflorumThunb.) grownwith ebb-and-flow
irrigation and five commercially available,
peat-based media, and found that the water-
holding capacity of the mediahad more effect
than the chemical properties. Although the
growing medium can affect the growth of
subirrigated plants, no studies have compared
commercially available soillessmediafor use
with bedding plants in subirrigation systems.
Since coconut (Cocos nucifera L.) coir has
been considered asapossible replacement for
peat in soilless media (Evans and Iles, 1997;
Stampsand Evans, 1997), wewanted to deter-
mine its suitability for use in subirrigation
systems.

The objectives of this experiment wereto:
1) determine the effects of different fertilizer
concentrations on the growth of petunias and
begonias throughout the growing period; 2)
quantify how the composition of soilless me-



diaaffectsgrowth; and 3) establishtheoptimal
rangefor theleachate EC and pH of thegrowing
media.

Materials and M ethods

Treatments. Plug seedlings (288 cellg/flat)
of ‘Dreams Mix’ petunia and ‘ Ambassador
Scarlet’ begonia were obtained from a
commercial producer and transplanted into
10-cm square plastic pots (510 mL) on 21 and
23 Apr. 1997, respectively. The pots were
filled with oneof threesoillessmedia, Metro-
Mix 220 (MM 220), MetroMix 366 ScottsCoir
(MM366C), or MetroMix 500 (MM500)
(ScottsCo., Marysville, Ohio). Seedlingswere
watered in thoroughly after transplanting.
All plants were then placed on 2.4 x 1.2 m?
(I x w) ebb-and-flow benches (MidWest
GroMaster, St. Charles, 1ll.), and fertigated
with a 20N—4.4P-16.6K water-soluble fertil-
izer solution (Peter’ s20-10-20 Peat-L ite Spe-
cial, Scotts Co.) with an EC of 0.15, 0.6, 1.2,
1.8, 2.4, or 3.0 dS'm™. This provided =0, 70,
165, 255, 350, or 440 mg-L*N (60% NO;-and
40% NH,*), 0, 15, 35, 55, 75, or 95 mg-L1 P
and 0, 60, 135, 210, 290, or 365mg-L* K. The
tap water used to mix the fertilizer solutions
was low in C&* (10.5 mg-L™t) and Mg* (1.7
mg-L™*), had alow EC (0.15 dS:-m™) and total
alkalinity (50 mg-L* CaCQO,), and apH of 6.4
and therefore was of excellent quality for
greenhouseirrigation (Bunt, 1988). Plantswere
irrigated asneeded, ranging fromtwiceaweek
at the beginning to daily at the end of the
experiment.

The growing mediavaried in their chemi-
cal and physical properties. Initial nutrient
concentrations, EC, and pH were determined
using thesaturated medium extraction method
(Warncke, 1986) and the physical properties
were determined with the NCSU porometer
method (Fonteno and Bilderback, 1993). They
all had similar starter charges of N and P, but
K varied widely (Table 1). The media also
differed intheir ratios of peat moss, pinebark,
vermiculite, perlite, and coconut coir. MM500
had the highest percentage of pine bark, and
was lowest of the three in water-holding ca-
pacity and total porosity. MM 220 had signifi-
cantly more vermiculite than MM366C and
MM500, and was highest in total porosity and
water-holding capacity. MM366C contained
coconut coir instead of peat moss.

Measurements. Shoot dry weight, height,
width, and number of flowerswere measured
weekly for petunias and biweekly for bego-
nias on four plants per experimental unit.
Height was determined as the distance from

the media surface to the highest point of the
plant. Begonia width was not measured at 1
week after transplanting. Leachate EC and pH
readings were taken periodically throughout
theexperiment using the pour-through method
(Wright, 1986) ontwo plantsper experimental
unit. About 150 mL of tap water was applied
to the surface of the medium in the container,
1to 3 h after anirrigation event. The first 75
mL of leachate was collected for evaluation.
Leachate pH and EC were measured with a
Corning M 90 portable meter (Corning, Corn-
ing, N.Y.). Although begonias and petunias
reached a saleable size at 5 and 3 weeks after
transplanting, respectively, measurements
werecollected for 2moreweeks. Thisallowed
the quantification of more long-term treat-
ment effects.

At the end of the experiment, total N of
dried plant shoots(leaves, stems, and flowers)
was determined with a LECO CNS 2000
(LECO Corp., St. Joseph, Mich.) (Mills and
Jones, 1996). Total P and K were determined
by dry ashing and inductively coupled plasma
spectrometry, using a Jarrell-Ash ICAP 9000
(Thermo Jarrell Ash Corp., Franklin, Mass.)
(Jones and Case, 1990).

Experimental design. Thiswasasplit-plot
experiment withtworeplicationsand repeated
messures. Fertilizer EC level was the main
plot and growing medium was the split, i.e.,
every bench received one of six fertilizer con-
centrations, whileeach bench contained plants
grown in al three media. The experimental
unit was a group of 20 petunia or 16 begonia
plants. Growth data were analyzed by sam-
pling time, using analysis of variance and
linear regression. When there were no signifi-
cant interactions between growing medium
and fertilizer concentrations, growth param-
eters were averaged over growing media be-
fore testing for significant fertilizer effects.
The regression equations were used to deter-
minewhich EC would be expected toresultin
maximum growth. For practical purposes,
determining an EC range in which growth is
acceptable is more important than determin-
ing the exact EC at which growth ismaximal.
For this study, acceptabl e growth was defined
as at least 90% of the maximal growth. The
acceptableECrangea sowasdeterminedfrom
the regression equations.

Theeffects of fertilizer EC on leachate EC
were analyzed separately for each sampling
time using linear regression. Significant dif-
ferences in EC of leachates were determined
withtestsfor homogeneity of slopesandinter-
cepts. Changesin leachate pH over time also
were analyzed by linear regression.

Table 1. Chemical and physical properties of the three soilless growing media used to grow petunias and
begonias. Chemical properties were determined using the saturated medium extraction method and the
physical properties were determined with the NCSU porometer method.

Total Air  Container
EC N K porosity space  capacity
Medium dSm? pH (mg-L™Y) (%)
MM220 2.00 6.2 64 89 87.1 6.6 80.4
MM366Coir 2.60 5.4 76 345 82.1 5.3 76.8
MM500 1.40 5.6 63 154 80.1 6.5 73.6

Results and Discussion

Throughout the experiment, begonia and
petunia showed similar trends in the shoot dry
weight (Figs. 1A and 2A). Regression analysis
indicated asignificant linear effect of fertilizer
concentration on begonia shoot dry weight 3
weeks after transplanting (WAT). At5and 7
WAT, quadrétic effects were significant. At 7
WAT, dry weight of begoniawasmaximal at a
fertilizer solution EC of 1.7 dS-nm?, and accept-
able from 1.0 to 2.4 dS:m* (Fig. 1A). Thisis
comparableto resultsreported by Gidergd and
Mortensen (1990), who found that dry weight
of begonia was higher when plants were
fertigatedat 2dS'm—*thanat 1or4dS'm. Dole
et ad. (1994) found that poinsettia (Euphorbia
pulcherrima Willd. Ex. Klotzsch) grown with
ebb and flow with 20N—4.4P-16.6K grew
most rapidly at 175 mg-L N, and growth
declined at higher fertilization rates, just asin
begonia. The shoot dry weight of New Guinea
impatiensalso declined with N concentrations
above 150 mg-L (Kent and Reed, 1996).

Changesin begoniashoot height and width
were similar (Fig. 1, B and C). At 3 WAT,
height was greatest for plants at an EC of
2.2dSmt At5and 7 WAT, plant height was
maximal in plants grown with fertilizer at 1.4
and 1.3dS'm™, respectively. Maximumwidth
occurred at 1.6 dS:mr. Since the ECs for
maximal dry weight, plant height, and width
of begonia were similar, managing the fertil-
izer concentration to produce compact bego-
niaplantsdoesnot appear tobepossiblewithout
sacrificing growth.

Petunia growth was affected by fertilizer
concentration as early as the first week of
growth (Fig. 2A). At 1, 3, 4, and 5 WAT, the
relationship between fertilizer EC and dry
weight was quadratic, with maximum dry
weight at =2.3 dS'm™ (330 mg-L* N). At 5
weeks after transplanting, shoot dry weight
was acceptable with a fertilizer EC ranging
from1.4t02.9 dS-m. Frett et al. (1985) also
found areduction in shoot dry weight of petu-
niawith high N concentration (400 mg-L™) in
the fertilizer.

Height of petunia was maximized at a
slightly lower EC (1.8 dS:m™) than was shoot
dry weight (Fig. 2B). Width of petunias was
linearly correlatedwithfertilizer ECat 2WAT
and quadratically at 3, 4, and 5 WAT. Maxi-
mum width (Fig. 2C) occurred at similar EC
levelsasmaximum dry weight (2.35dS'm™ at
3WAT and2.0dS'm™ at 5 WAT). Generally,
maximum growth rate (weight, height, width)
occurred at higher fertilizer EC for petunia
than for begonia (Figs. 1 and 2).

Begonia flowering at 3, 5, and 7 WAT
responded quadratically to fertilizer concen-
tration (Fig. 1D). Plants grown with fertilizer
a EC 1.9, 1.7, and 1.6 dS'm™ produced the
maximum number of inflorescences at 3, 5,
and 7 WAT, respectively. At 7 WAT, the
number of inflorescences was =10% less in
plants grown with a fertilizer EC < 0.85 or
>2.3dS'm™, thaninthosegrownwithan EC of
1.6 dS'm™. These results differ from those of
Gislergd and Mortensen (1990), whofound no
declineinflowering of begoniaat their highest
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Fig. 1. Theeffect of fertilizer EC onthedry weight, height, width, and number of inflorescencesof begonias.
Plants were fertigated with 20N—4.4P-16.6K at 0, 0.6, 1.2, 1.8, 2.4, or 3.0 dS:m* with every irrigation
event for 5 weeks. Each point represents the mean of 24 observations, pooled over three media types.
Where linear or quadratic effects were significant (P < 0.05), lines indicate the calculated regression,
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Fig. 2. Theeffect of fertilizer EC onthedry weight, height, width, and number of flowersof petunias. Plants
were fertigated with 20N—4.4P-16.6K at 0, 0.6, 1.2, 1.8, 2.4, or 3.0 dS:-m with every irrigation event
for 7 weeks. Each point represents the mean of 24 observations, pooled over three mediatypes. Where
linear or quadratic effectsweresignificant (P < 0.05), linesindicatethe cal cul ated regression, otherwise

no lines are shown.

fertilizerrate(350mg-LN). Petuniaflowering
also was quadratically related to fertilizer
concentration (Fig. 2D), but the maximum
number of flowersoccurredat ahigher fertilizer
EC (2.1dS'm™) thaninbegonia. At5 WAT, a
10% or greater reduction in flowering of
petuniaoccurred atan EC<1.3dS'm™ or >2.8
dS-m. Frett et al. (1985) reported less
flowering of petunias grown with 400 than
with 200 mg-L N.

Effectsof growing mediaonthegrowth of
petunias and begonias were inconsistent and
much smaller than fertilizer effects. Petunias
grown in MM220 had greater weight and
height at 3 WAT, greater weight and more
flowers at 4 WAT, and greater height at 5
WAT than those in MM366C or MM500
(datanot shown). Theonly growth parameter
affected by mediuminboth specieswaswidth.
With begonia, plants grown in MM 220 had

greatest width at 3WAT, but plantsgrownin
MM366C or MM 500 had greatest width at 5
and 7 WAT. Width of petuniawas greater in
MM 220 thanin MM366C or MM500 at 3, 4,
and 5 WAT.

Tissue N level was not affected by fertil-
izer concentrationin either species(Table2).
Tissue levels of N were adequate in both
species in all fertilizer concentrations, ac-
cording to the guidelines of Mills and Jones
(1996). Thislack of fertilizer effect on tissue
N levels was also seen in production of
subirrigated pansies (van lersel, 1999).

Although the correlation between the con-
centration of thefertilizer andthelevelsof Pin
the petunias was nonsignificant, that in bego-
niaswassignificant (Table 2). With therise of
the fertilizer EC from 0.15 to 0.6 dS'm™ (an
addition of =15 mg-L™ P in the fertigation
solution), begonia tissue P increased 112%.
At the highest fertility rate of 3.0 dS'm™ (95
mg-L7 P), the begonia tissue P level was
185% higher (9.7 mg-g?) than at 0.15 dS-n.
This is substantially more than the upper
level of the sufficiency range (7.5 mg-g?)
reported by Millsand Jones (1996), suggest-
ing luxury consumption. Luxury consump-
tion of P also occurs in petunia plugs (van
lersel et al., 1998).

Tissue K level of both species increased
with increasing fertilizer EC and K concen-
tration in the fertilizer solution (Table 2).
However, the rates of increase differed for
thetwo species. When the concentration of K
inthefertilizer solutionwasincreased from0
to 365 mg-L* (0.15 to 3 dS:m?), the level of
K in petuniatissueincreased only 10%, while
that in begoniatissueincreased 188%. Tissue
K levelsfor petunias and begonias grown in
all fertilizer concentrationswerewithin their
respective sufficiency ranges (Mills and
Jones, 1996).

Sincefertilizer EC had similar effectson
thepH and EC of theleachate of both species,
only results from the begonia leachate are
presented (Figs. 3 and 4). As expected, the
leachate EC increased with increasing fertil-
izer concentration (Fig. 3, Table 3). The
leachate EC increased rapidly in begonias
fertigated at 3.0 dS:'m™ (Fig. 3). At 3 WAT,
the EC of the leachate was 4.7, 4.2, and 3.4
dS'm™ for begonias grown in MM220,
MM366C, and MM 500, respectively. By the
end of thegrowing cycle, thehighest leachate
EC (averaged over the three media) was 8.3
dS'm™in begonias (7 WAT) and 5.5 dS'm™
inpetunias(5WAT). Thisisabovetherecom-
mended range of 3.0t0 5.0 dS-m for leachate
EC levels when using the pour-through
method (Lang, 1996). Poinsettias have also
been grown with ahigher than recommended
growing medium EC (>3 dS'm™, using a1:2
dilution method), with no negative effects
(Morvant et a., 1998).

The leachate EC was similar and low
(=0.3dS'm?) in all three media subirrigated
with tap water. This suggests that the starter
fertilizer had been taken up by the plants or
was leached out when the plants were wa-
tered in after transplanting. At all times and
for al three media, therewasahighly signifi-



Table2. Theeffectsof fertilizer EC on shoot tissue
N, P, and K levels of subirrigated petunias and
begonias, sampled at 5 and 7 WAT, respec-
tively. Regression equations: petuniaK =53.8
+ 1.73-EC, P = 0.04; begonia P = 3.84 +
4.05-EC—-0.752-EC?, P < 0.0001; begoniaK =
26.6 + 23.5-EC — 4.87-EC?, P < 0.0001.

Fertilizer EC N P K
Species  (dSm) (mg-g™)
Petunia 0.15 52.8 7.0 53.8
0.6 55.5 81 55.7
12 53.7 94 55.6
18 53.7 6.6 56.4
24 57.5 81 58.1
3.0 535 105 59.3
Significance NS NS L
Begonia 0.15 54.3 34 254
0.6 51.8 72 45.0
12 53.8 81 49.8
18 53.9 81 50.9
24 534 85 51.0
3.0 54.4 9.7 55.6
Significance NS Q Q

“Nonsignificant (ns), linear (L), or quadratic (Q);
P <0.05.
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Fig. 3. Theeffect of fertilizer EC ontheleachate EC
of threedifferent soillessmediaof begoniasat 3,
5, and 7 weeks after transplanting (n = 4). Re-
gression coefficientsand statistical analysesare
presented in Table 3.

cant (P < 0.0001) linear correlation between
fertilizer ECandbegonialeachate EC. L eachate
EC increased more rapidly with increasing
fertilizer EC in MM 220 than in MM 366C (at
5 and 7 WAT) and MM500 (at 3, 5, and 7
WAT) (Fig. 3, Table 3). The higher cation
exchange capacity of vermiculitethan of pine
bark (Bunt, 1988) may have helped MM220to
retain fertilizer salts. This may explain why
theleachatefrom plantsgrownin MM 220 had
the highest EC values. Plant growth was not
very sensitivetoleachate EC. Begoniagrowth
was reduced by <10% (as compared to the
maximumagrowth) intreatmentswithaleachate
EC of 2.1 to 6.3 dSm* at the end of the
experiment (averaged over all three media).
For petunia, thisrange was 2.3t0 5.2 dS-mr2.
This does not necessarily mean that begonia
and petunia can tolerate a leachate EC of 6.1
and 5.4 dS'm throughout the entire produc-
tion period, but rather that they can withstand
it for a short period.

Leachate pH did not differ significantly
among media, and data from all media were
averaged for further analysis. Leachate pH
was negatively correlated with fertilizer EC,
as expected with the potential acidity of the
fertilizer (199g-kg CaCO,). Begonialeachate
pH wascorrelatedlinearly withfertilizer ECat
3 WAT, and quadratically at 5 and 7 WAT
(Fig.4). Leachate pH decreased between 3and
5WAT indl fertilized treatments, but did not
decreasefurther from5to 7WAT. Theleachate
pH of the unfertilized plants (0.15 dS'm™)
remai ned constant throughout the experiment.
Leachate pH ranged from 5.1 to 6.8 for petu-
nias (not shown), and 4.6 to 7.0 for begonias.

The recommended pH range to prevent
micronutrient deficienciesis5.5t0 6.5 (Lang,
1996). Although leachate pH in some of the
treatments became lower than recommended,
this had no obvious negative effect on the
plants. There were no visual symptoms of
nutrient deficiencies, and P- and K-concentra-
tions of the shoots were increased at high
fertilizer EC, while N-concentration was
unaffected (Table 2).

Conclusions

Good quality, subirrigated petunias and
begonias can be grown with arange of fertil-
izer concentrations and in different growing
media. Final dry weight wasmaximizedwhen
begonias and petunias were grown with a
fertilizer solution with an EC of 1.7 and 2.2
dS:mr?, respectively. Thesefertilizer EC lev-
elsresulted inaleachate EC of 3.8 dS:m for
both begonia and petunia at the end of the
growing period (averaged over all three me-
dia). Thereweresomeeffectsfromthediffer-
ent growing media, but they were small com-
pared with the effects of fertilizer concentra-
tion. Petunia grew fastest in MM220, but
growing medium effects on begonia were
inconsistent. An increase of fertilizer EC
from0.15t0 0.6 dS:-m*increasedtissuePand
K levelsin begoniasand K level in petunias,
but further increasesinfertilizer EC had little
effect. Fertilizer EC did not affect tissue lev-
els of N. The EC and pH of the media were
highly affected by thefertilizer EC. Over the
course of the growing period, EC of the
leachate increased and pH dropped.
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Fig. 4. Theeffect of fertilizer EC on theleachate pH of the soilless medium of begoniasat 3, 5, and 7 weeks
after transplanting. There were no significant differencesin leachate pH of different soilless mediaand
datafrom the three mediawere averaged. Linesindicate significant linear or quadratic effects; P < 0.05

(n=12).



Table3. Regression coefficientsof fertilizer EC vs. leachate EC of
three different begonia growing media at three different
sampling times. Data are presented in Fig. 3.

Week Medium Intercept (dS-m?) Slope r?
3 MM220 0.04 & 15la 0.99
MM366C -0.19a 1.39a 0.98
MM500 -0.02a 1.10b 0.98
5 MM220 -0.78a 327a 0.98
MM366C -0.56 a 254D 0.90
MM500 -0.60a 244D 0.85
7 MM220 -1.46a 4.05a 0.93
MM366C -0.77a 274D 0.87
MM500 -054a 224D 0.96

zSeparation within columns and weeks by homogeneity tests

(P <0.05)
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