HorTtScience 36(2):282—285. 2001.

Ebb and Flow Production of Petunias
and Begonias asAffected by Fertilizers
with Different Phosphorus Content

Erin Jamesand Marc van lerselt
Department of Horticulture, Georgia Sation, TheUniversity of Georgia, 1109
Experiment Sreet, Griffin, GA 30223-1797

Additional index words. ebb and flood, subirrigation, pH, electrical conductivity, EC,
nutrition, Petunia xhybrida, Begonia xsemperflorens

Abstract. Water conservation isincreasingly important for growersin the United States,
but thereislittleinfor mation on theuse of alter nativeirrigation systems, such asebb and
flow, for the production of bedding plants. The objective of thisstudy wasto quantify the
growth of Petunia xhybrida Hort. Vilm.-Andr. ‘Blue Frost’ and Begonia xsemperflorens-
cultorum Hort. ‘ Ambassador Scarlet’ grown in an ebb and flow system in three soilless
mediaand fertilized with Pat 0, 50, or 100 mg-Lin thefertigation solution. After 5weeks,
plantsgrownwith 50or 100mg-L 1P had greater dry weight, height, and widththan plants
grownwithOmg-LP.Begoniasgrownwith 50or 100mg-L P had 38% mor eflower sthan
did thosegrown without P. Petuniasflowered 4to 7 daysearlier when noPincluded in the
fertilizer. Growing mediahad littleeffect on theplants. Begoniasgrown in M etro-Mix 220
had mor e inflorescences than those grown in Metro-Mix 366Coir. Changesin electrical
conductivity (EC) and pH of all threemediawer esimilar over thecour seof theexperiment.
The EC dropped during thethird and fourth week and rose again in thefifth week. The
pH of the leachate from all three media dropped by an average of 1 unit during the
experiment. Theresultsindicate that petunias and begonias may be grown successfully
with ebb and flow irrigation, using a variety of fertilizersand growing media. However,

P must beincluded in thefertigation solution for optimal plant quality.

As the population of the United States
increases, so does the demand on the limited
water supply. We probably will see legdl re-
strictions on both the amount of water used in
greenhouse operations and the amount of fer-
tilizer runoff allowed to reenter the water
supply in the near future (Poole and Conover,
1992). In Europe, aternative irrigation sys-
tems, such as ebb and flow, have long been
usedtoaddresstheseproblems(Malitor, 1990).
Theeconomicimplicationsof using subirriga-
tion systemsinclude lesslabor input required
in comparison with traditional irrigation sys-
tems, and more even applications of water,
leading to amore uniform crop (Elliott, 1990;
Uvaet al., 1998). Subirrigation systems also
reduce runoff (Klock-Moore and Broschat,
1999), thereby reducing water and fertilizer
use and costs. However, the adoption of alter-
nativeirrigation systemsin most of the United
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States has been slow, in part due to alack of
information available to growers.

Although genera fertilization guidelines
are available for bedding plants as a group,
there are many genera, and general recom-
mendations are not adequate for all species
(Joiner et al., 1983). Furthermore, guidelines
that are availablefor traditional watering sys-
tems, such asoverhead or drip irrigation, may
not be appropriate for subirrigation systems,
which areinherently different in the how they
affect the growing environment of the plants.

Much of the research done on begonia
nutrition concerned the use of slow release
fertilizersat different rates and with overhead
watering systems (Chase and Poole, 1987,
Witte and Sheehan, 1974). Using subirrige-
tion, we recently have shown that growth of
begonia is maximized when the fertigation
solution hasan electrical conductivity (EC) of
1.6 dSm™ (225 m-L* N) (James and van
lersel, 2001). Noneof thesestudieshaveeval u-
ated different level sof specific componentsof
the fertilizers.

Several studies have focused on the use of
ebb and flow irrigation in the production of
petunia. Using slow-release fertilizer, Klock-
Moore and Broschat (1999) found that shoot
dry weights of subirrigated and hand-watered
plantsweresimilar. Jamesandvanlersel (2001)
compared different fertilizer concentrationsin
the irrigation solution and found that growth
of subirrigated petuniaswas maximized when
the fertilizer EC was 2.2 dSm™ (320 mg-L~*
N). Baas et al. (1995) reported that a luxury
level of consumption of Poccurredin petunias

growninanebbandflow system. Plant quality
was not affected by varying levels of Punless
no Pwasincorporated in the growing medium
and the level of P applied in the nutrient
solution was <10 mg-L 2, <10% of the recom-
mended Plevelsfor bedding plant fertilization
(White, 1976). Baas et a. (1995) a so investi-
gated the use of different P levels on the
production of other bedding plants and poin-
settias (Euphorbia pulcherrima Willd. ex
Klotsch), using subirrigation, as a potential
method of growth regulation. Only withimpa-
tiens (Impatiens walleriana Hook. f.) was
height reduced without affecting plant quality.
Thisexperiment wasconducted with tank-mix
fertilizers, notthecommercially availableones
used by many small growers.

The objective of this experiment was to
determine the effect of commercialy avail-
ablefertilizerswith different levelsof Ponthe
growth of petunias and begonias, when ap-
plied through thefertigation sol ution of anebb
and flow system. Whilewater-solublefertiliz-
ersareavailablewith awiderangeof Plevels,
optimum levelsfor bedding plantsasagroup,
or for petunias and begonias specificaly are
not known. Deficient levels of P may lead to
compact, darker green plantsand poor flower-
ing, while P toxicity can interfere with plant
uptake of iron, zinc, or copper, causing defi-
ciencies of those micronutrients (Mills and
Jones, 1996).

Materials and Methods

Treatments. Plug seedlings (288 cellg/flat)
of petunia‘Blue Frost’ and begonia‘ Ambas-
sador Scarlet’ (obtained from Sunbelt Green-
houses, Douglas, Ga.) weretransplantedon 15
Aug. 1997 into 10-cm? pots (510 mL) contain-
ing one of three soilless media, Metro-Mix
220, Metro-Mix 366Cair, or Metro-Mix 500
(The Scotts Co., Marysville, Ohio), which
differintheir ratiosof peat moss, coconut coir,
perlite, vermiculite, and pine bark. Initial nu-
trient concentrations, EC, and pH of thegrow-
ing mediaweredetermined using thesaturated
medium extraction method (Warncke, 1986),
and the physical properties were determined
withtheNorth CarolinaState Univ. porometer
method (Fonteno and Bilderback, 1993). Of
the three media, Metro-Mix 220 is highest in
vermiculite content and water-holding capac-
ity (Table1). Metro-Mix 500 ishigher in pine
bark and lower in water-holding capacity, and
Metro-Mix 366Coir contains coconut coir in-
stead of peat moss, and has a water-holding
capacity in between that of Metro-Mix 220
and 500. The three media also vary in their
initial charge of N, P, and K (Table 1).

The plantswere placed on 12 ebb and flow
benches (24 x 1.2 m, | x w) (Midwest
GroMaster, St. Charles, IIl.) and fertilized
with solutionsof 20N—-0P-16.6K , 20N—4.4P—
16.6K, or 20N-8.8P-16.6K (Peters 20-0—
20 High-Cal Peat Lite, 20-10-20 Peat-Lite
Special, or 20-20-20 General Purpose; The
Scotts Co.). Thesefertilizers were chosen be-
cause they provideidentical N and K concen-
trations, but awide range of P concentrations.
All three fertilizers are recommended for use



Table 1. Chemical and physical properties of MetroMix (MM) 220, MetroMix 366Coir,
and MetroMix 500. Chemical propertieswere determined with the saturated medium
extraction method and the physical properties were determined with the NCSU

porometer method.

EC N P K
Properties Medium (dS'm™?) pH - - —— (mgL?) - - -
Chemical MM220 2.00 6.2 64.50 4.8 88
MM 366Coir 2.60 5.4 76.42 3.4 345
MM500 1.40 5.6 63.17 41 153
Total porosity Air space Container capacity
__________ (%) —_— — — — e — — —
Physical MM220 87.1 6.62 80.4
MM 366Coir 82.1 5.33 76.8
MM500 80.1 6.48 73.6

in bedding plant production by The Scotts Co.
Nitrogen levelsof thefertilizer solutionswere
225 mg-L. This N level was shown in a
previous experiment (James and van lersel,
2001) to result in good growth of both
subirrigated petuniasand begonias. Fertigation
solution ECswere1.2,1.6,and 1.1dS'm*and
P concentrations 0, 50 and 100 mg-L for the
20N-0P-16.6K, 20N-4.4P-16.6K, and
20N-8.8P-16.6K solutions, respectively.
Nitrogen sources varied depending upon
fertilizer. 20N-OP-16.6K contained 11%
nitrate N and 9% urea N, 20N-4.4P-16.6K
contained 12% nitrate and 8% ammonium, but
20N-8.8P-16.6K contained higher levels of
ammoniacal N with 10% urea, 4% ammo-
nium, and 4% nitrate. The potential basicity of
20N-0P-16.6K was equivalent to 10 g-kg*
CaCO,; thepotential aciditiesfor 20N—4.4P—
16.6K and 20N—8.8P-16.6K wereequival ent
to 199 and 279 g-kg™ CaCO;, respectively.

Plants were fertigated simultaneoudly in
the morning as needed, about two or three
timesaweek. Fertilizer solutionswereheldin
200L opaguetanksadjacenttoeachtable. The
solutionwas pumped onto thetablesto adepth
of =2 cm, and then drained back into thetanks.
The fertigation solution was in contact with
the bottom of the pots for =13 min. When the
solution in the tanks was replenished, the EC
was readjusted to the set EC level. The water
used to mix the solution was low in C&* (10
mg-L*) and Mg* (1.7 mg-L™?), had alow EC
(0.1 dS'm™) and total akalinity (50 mg-L™
CaCQO,), and apH of 6.4.

Measurements. Shoot height, width, num-
ber of flowers (or inflorescences on begonia),
and dry weight were measured weekly for 5
weeks. Height was determined asthe distance
from the surface of the medium to the top of
the plant, width was measured at a place rep-
resentativefor thewhole plant, and number of
flowers included any buds developed to the
point of showing flower color. Four begonia
and five petunia shoots were harvested each
week anddriedinaforced-air ovenat 70°Cfor
a minimum of 72 h before dry weight was
determined. Medialeachate EC and pH read-
ingsweretaken periodically over thecourseof
theexperiment, usingthe pour-through method
(Wright, 1986). About 150 mL of water was
poured onto the top of the growing medium
(within 1-3 hof irrigation) and thefirst 75 mL
of leachate was collected. The EC and pH

were measured with a portable meter (M90;
Corning, Corning, N.Y.). The pour-through
method was used, because most of the root
growth in subirrigation systems normally oc-
cursin the lower half of the growing medium
(Argo and Biernbaum, 1995; Kent and Reed,
1996), and the conditions in that part of the
container are most important for the physiol-
ogy of the plants (van lersel, 2000). The pour-
through method (Wright, 1986; Yeager et al.,
1983) isasimpleand easy method for collect-
ing leachate from the bottom part of the grow-
ing mediumand canbeusedtoquantify changes
in the EC and pH. It is a good technique for
monitoring EC and pH of subirrigated grow-
ing media, becausetheresultsarebased onthat
part of the medium where most of the root
growth occurs.

Nutritional analysis was performed on the
entire shoots of plants harvested 5 weeks after
transplanting. Total N was determined using
the Dumas method (Mills and Jones, 1996)
using a CNS 2000 analyzer (LECO Corp., St.
Joseph, Mich.), whilePand K weredetermined

by dry ashing and inductively coupled plasma
spectrophotometry (Jarrell-Ash ICAP 9000;
Thermo Jarrell Ash Corp., Franklin, Mass.).
Experimental design. The experiment was
asplit-plot with four replicationsand repeated
mesasures, with fertilizer P levels as the main
plotand growing mediumasthesplit-plot. The
experimental unitwasagroup of 20begoniaor
25 petunia plants. Data were analyzed sepa-
rately for both species with repeated measure
analysis of variance and regression analysis.
Plant weight and height data were log-trans-
formed before analysis to stabilize the vari-
ances. If there was an interaction involving
time, data were analyzed by sampling time.

Results and Discussion

Through the first 4 weeks of the growing
period, both species showed similar trendsin
their shoot dry weight. Begonias and petunias
grown with either 50 or 100 mg-L=* P had a
significantly higher dry weight than those
grownwith O mg-L= starting at 3 and 4 weeks
after transplanting (WAT), respectively (Fig.
1). During the 5th WAT, both species contin-
ued toincreasein dry weight, but the increase
in petunias was not as large as in previous
weeks. Therewas no significant differencein
dry weight between plants grown with 50 vs.
100 mg-L=* P throughout the experiment, nor
was there a significant difference in shoot
weight among plants in the three growing
mediafor either speciesat 5 WAT.

Similar trends were seen in shoot height.
At 5 WAT, petunias and begonias fertigated
with 50 or 100 mg-L=* P were significantly
taller than plantsreceiving no P. Therewasno
significant height difference between plants
grownwith 50 vs. 100 mg-L~ (Table 2). Baas
et al. (1995) also found that petunia height is
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Fig. 1. Main effects of variouslevelsof Pin the fertigation solution on the shoot dry weight and the number
of petuniaflowers and begoniainflorescences of subirrigated plants. Plants were fertigated with 0, 50,
or 100 mg-L* P (from 20N-0OP-16.6K, 20N—-4.4P-16.6K, and 20N-8.8P-16.6K fertilizers, respec-
tively) with every irrigation event for 5 weeks. Each point represents the mean of 15 (petunia) or 12
(begonia) observations averaged over three growing media. Bars indicate the Lsp, o5 val ues.



reduced only when very little P is used (<2
mg-L~* and no P incorporated in the growing
medium). The width of petunias grown with
50 or 100 mg-L* Pwasgreater than the width
of those grown with none. Width of begonias
was highest with 50 mg-L = P and lowest with
0 mg-L™ (Table 2). Plant height, width, dry
weight, and flowering of begonias and petu-
niaswere adequate with fertilizers containing
Pat either 50 mg-L~* or 100 mg-L~, but omis-
sion of P reduced plant quality.

Flowering of begoniawas not affected by
the fertilizers until 4 WAT, when plants not
fertilized had the fewest inflorescences. At 5
WAT, begonias fertigated with P (50 or 100
mg-Lt) had 38% more inflorescences, than
didthosegrownwithout P(Fig. 1). Incontrast,
petunias not fertilized with P flowered 4 to 7
daysearlier, and had moreflowersat 4 WAT,
than did those with Pin the fertilizer solution
(Fig. 1). At 5 WAT, there no longer was a
significant differenceinthenumber of flowers
among petunias fertigated with the three lev-
els of P. The earlier flowering of petuniasin
the absence of P in the fertilizer solution is
noteworthy information for the bedding plant
industry, asit potentially gives growersatool
to shorten the production period. However,
Baas et al. (1995) reported fewer flowers on
petunia plants fertigated with 2 mg-L=* Pat 7
WAT, in comparison with those fertigated
=210 mg-L* and no effect ontimeto flowering.

Begonias and petunias showed similar
trends in tissue levels of N and P (Table 2).
Nitrogen levels were 9% higher in petunias
grown with 100 or 50 mg:L=* P than in those
grown with none. As expected, increasing P
concentrations in the fertilizer solution in-
creased shoot tissue concentrations of P. Tis-
suePlevelsin petuniasgrownwith 50 and 100
mg-L=t P were 218% and 268% higher than
those grown without P, respectively. There
werevisual differencesinplant sizeamongthe
treatments at 4 and 5 WAT, but no nutrient
deficiency symptoms were seen. Combined
with the findings of Baas et al. (1995), these
results suggest that minimal addition of P in
the fertilizer is needed for petunias and that
luxury consumption takes place when extra P
is provided. Luxury consumption of P also
occursinpetuniaplugs(vanlersel etal., 1998).

There also were significant differencesin
tissue N and P levels among begonias grown
withthethreedifferentlevelsof P. Total N was
24% and 11% higher and total P 180% higher
in begonias grown with 100 mg-L~* and 50
mg-L=* P than in plants grown with none,
respectively (Table2). BegoniasgrownwithO
mg-L=t Pweremarginally low in tissue levels
of P according to the guidelines of Mills and
Jones (1996). There were no visible defi-
ciency symptoms, but, as with the petunias,
begonias grown with 0 mg-L=* P were visibly
smaller than those with P in the fertigation
solution at 4 and 5 WAT.

Differences also were seen in tissue K
levels. Petunias grown with 50 or 100 mg-L*
P had similar levels of K, but they were 11%
higher thanthosegrownwithno P. Therewere
no significant differencesinthelevelsof K in
begoniasasaresult of Plevel (Table 2). Why

Table 2. The effects of different levels of P (0, 50, and 100 mg-L from 20N-0P-16.6K,
20N—4.4P-16.6K, and 20N-8.8P-16.6K fertilizers) in the fertigation solution on the
height and width and N, P, and K levels in the tissue of subirrigated petunias and

begonias at 5 weeks after transplanting.

Phosphorus Height Width N P K

Species  (mgl?)  — -~ (cm)- - - ~ -~ ~(mgg’DW)- ~ - -
Petunias 0 155k 254b 54.2b 30c 60.2 b
50 165a 27.3a 58.2a 95b 67.1a

100 16.3a 273a 59.6 a 11.0a 66.9 a

Begonias 0 15.7b 214c 331c 24b 38la
50 18.8a 27.0a 36.7b 65a 40.3a

100 181a 252b 410a 69a 38.7a

“Means separation within species and columns by Lspg gs.

the different fertilizers affected the N and K
concentrations in the shootsis not clear.

Shoot N and K concentrations of begonia
werewithintheoptimal rangesgiven by Mills
and Jones (1996), suggesting that the differ-
encesin shoot N and K concentration among
the three fertilizer treatments probably were
not responsible for the differences in plant
growth. Shoot P concentrations of begonias
fertilized with 0 mg-L* P were below the
recommended minimum (2.9 mg-g* P; Mills
and Jones, 1996). There appear to be no reli-
able sufficiency ranges for petunias in the
literature. The fertilizer treatments had large
effects on tissue P concentrations, but rela-
tively small effects on N and K, while no
symptoms of micronutrients deficiencies or
toxicities were observed. Thus, most of the
fertilizer effects probably were caused by the
differencesintheir P content, even thoughthe
fertilizersalsodifferedinN-form, EC, pH, and
potential acidity.

Leachate EC and pH of petuniasand bego-
niaswere affected similarly (Fig. 2). Leachate
pH of plantsfertigated with the acidic fertiliz-
ers (20N—4.4P-16.6K and 20N-8.8P-16.6K)

consistently was lower than that of plants
fertigated with the dlightly basic 20N—OP-
16.6K fertilizer. The pH was linearly corre-
lated with time after transplanting in all fertil-
izer treatments, and dropped by an average of
1unit over the course of the experiment. The
leachate EC in the 20N—0P-16.6K treatment
tended to be higher than in the 20N—4.4P—
16.6K and 20N-8.8P-16.6K treatments. In
most cases, leachate EC was quadratically
associated with time after transplanting. The
ECinall fertilizer treatmentswas similar at 2
and 5 WAT, but a drop in leachate EC was
observed during 3 and 4 WAT followed by a
rise5WAT (Fig. 2). Leachate of plantsgrown
in Metro-Mix 366Coir had the highest EC,
while that of plants grown in Metro-Mix 220
had the highest pH (results not shown).

The effects of the media on plant growth
were much smaller than those of the different
fertilizers. No significant differences among
mediawerefound in petuniashoot dry weight
or number of flowers at 5 WAT, but plants
grown in Metro-Mix 366Coir were signifi-
cantly taller than those grown in Metro-Mix
500. Petunias grown in Metro-Mix 366Coir
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Fig. 2. Main effects of variouslevels of P (0, 50, or 100 mg-L* from 20N-0P-16.6K, 20N—4.4P-16.6K or
20N-8.8P-16.6K fertilizers) in the fertigation solution on the EC and pH of growing media, as
determined with the pour-through method. Petunias and begonias were fertigated with every irrigation
event for 5 weeks. L and Q indicate significant linear and quadratic values for EC or pH vs. time after
transplanting. Data are averaged over three growing media. Bars indicate Lsp, s values.



and 220werewider thanthosegrowninMetro-
Mix 500, and begonias grown in Metro-Mix
220had significantly moreinflorescencesthan
those grown in Metro-Mix 366Coir (results
not shown).

Growing medium had little effect ontissue
nutrient concentration. Petunias grown in
Metro-Mix 220 had 7% more N than those
grown in Metro-Mix 366Coir. Potassium lev-
els in begonias differed significantly in all
threemedig; shoot K concentrationswere19%
and 8% higher in plants grown in Metro-Mix
366Coir and Metro-Mix 500, respectively,
than in plants grown in Metro-Mix 220 (data
not shown). These differences in shoot K
concentrationsare consistent with differences
intheamount of K inthestarter fertilizer of the
three media (Table 1).

Conclusions

Subirrigated petunias and begonias were
grown successfully with three different com-
mercially availablefertilizers, in three differ-
ent growing media. However, plants grown
with P in the fertilizer solution had greater
shoot dry weight, height, and shoot P levels
than did those grown with no P. Begonias had
more inflorescences with P in the fertilizer
solution, whilepetuniasflowered earlier with-
out P. There were no visual nutritional defi-
ciency or toxicity symptoms in plants grown
in any of the treatments, although plants of
both species grown without added P were
smaller and their quality wasreduced. Theuse

of different growing mediahad little effect on
plant growth or tissue nutrient content, indi-
cating that these bedding plants can be grown
inavariety of media
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