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LITERATURE REVIEW

Bedding plante are the leading floricultural crop in terms
of dollar value in the United States (2), In 1978, the wholesale
value of bedding plants was estimated at $250 million (14), Bedding
plants provide an inexpensive, effective way to lntroduce color
and beauty to the landscaps, Increased interest ln flower gardens
and container growing of flowering plants are two reasons why the
vholesale value of bedding plants increased 37% from 1959 to
1970 (2).

Up until the early 1960s, bedding plants were produced by
planting epproxinately 100 plants per flat, Plants were dug and
wrapped for the qustone: at the time of the sale, This method
of digging plants from a 8,6 or 9.4 ca flat led to many injured
plants (2,11). To avoid damage to the root system, production was
shifted to use of smaller containers (11), Flante are now produced
in peat, plastic, clay, and many other types of containers, Recent
trends sre toward individually potted plants rather then production
in multicelled paks (2).

Clay pots have provided years of customer satisfaction. The
}pprqpa nature of clay helps to prevent overwatering since moisture
can move out of the s0il mass through the pot walls, Clay pots,
however, are heavy, breakable, costly, and require more frequent
waterings (2).

One of the most popular peat contalners is the "Jiffy" pot.



The Jiffy pof, first marketed in 1954 by George J. Ball, Inc.,
ie composed of 70% European peat, 30% wood fiber, and a soluble
fertilizer,

Psat pots allow the gardener to plant both the plant and the

ﬂﬂodegradable cbntainer. Problems can be encountered with peat

pots, For example, they tear easlly when wet., Also, it is
desirable to remove the upper edge of the pot when planting, as
the pot rim acts as a wick by drawing moisture out of:the root
mass when left exposed above the soil surface (2).

Plastic pots are another option in bedding plant production.
They are attractive, light welght, can bemolded into a varlety
of shapes, and are low to moderate in cost., Overwatlering may be a
problem when plants are grown in plastic, since no water escapes
through the pot walls (2). Some customers are critical of plastic
containers because they feel plastic pots allow the plants to
"heat up too much" while in the sales area, resulting in unsatis-
factory transplants (10).

The Todd planter flat, a reglstered trademark product of the
Speedling Corporation, is a molded styrofoam flat with an inverted
pyramidal root cell, Each cell has a small opening at the bottom,
By suspending the Todd flat over wire benches or metal runners,
alr circulation beneath the flats allows air movement into the
flat, This "air pruning"” causes root growth to becoﬁe more
tranched, The combination ¢f "air pruning"” and inverted pyramidai
cells cuts down on transplant shock (1),

Currently the Todd flat is used for production of vegetable

transplants, woody plants, and follage plants, It 1is ealso used



for production of seed geranium planis that are grown in Florida
for shipment %o northern states, The Todd flat provides an option
for institutions such as parks, gardens, arboreta, etc,, that
Iroduce their own bedding plants yearly, and could benefit mome- /
tarily from the use of recyclable containers,

Balmer (3) has reported on the use of styrofoam flats for the
production of forest tree seedlings (“plugs”). However, few
studies have been directed toward bedding plant production,

Biermann (4) reported Pelargonium cov. Konigin ¥Wilhelmine
rooted better in clay and plastiic pots than in Jiffy pots. Shoot
development was best for geraniums grown in Jiffy pots. Vandemark
and Splittstoesser (15) found tomatoe, cabbage, and pepper growm in
peat pots weighed less than plants grown in plastic or clay pots,
Pepper plante were more compact when grown in clay pois as compared to
plestic and peat pots.

Container volume influences plant growth, Vandemark and
Splittstoessar (15) found that tomatces grew larger in 6.4 cm
diameter clay pots and 10 cm plastic containers than plants in peat
containers, In the 10 cm containers cabbage grew larger in clay pots.
vik (16) found cnions raised in peat pots ylelded as well as plants
grown in two types of paper pots even though the paper pots had
larger volumes,

The geranium (Pelargonium X hortorum L, H., Balley) is the

sixth most popular flower crop in the United States, and is sven
more populsar in some areas within the United States (2), Bedding
geraniums comprised 14,7% of the 1970 United States bedding plant
flower valus (17)., "Ceraniums, & native of South Africa, are known

and loved by more people than any other flower in the world,"”
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according to James Undexrwood Crockett (7). Geraniums are populaxr
because of their colorful flowers and adaptation to a wide variety
of environmental conditions and uses (2),

The first commercial variety of geranium to come true from
seed was ‘Niiteny Lion Red', An inlred line, it was introduced by
the Pennsylvania State University in 1964 for use as a bedding plant.
Originally introduced as green or non-blooming bedding plants,
years of treeding have developed seed geraniums that are marketed
with colorful blooms (13). By 1979 it was estimated that 60 million
plants of sesd geraniums are produced annually in the United States (5).

A mejor advantage in seed geranlums over vegetatively propagated
geraniums is freedom from viruses, which enables the grower to
start with a dissase free plant (13). The need for stock plants or
purchesed cuttings is also eliminated, Seed geraniume are vigorous,
fres-blooming plants svellable in a variety of colors, They are
especlally noted for thair late summer flowering,

A disadventage in seed geraniums is the cost involved in hand
labor needed to produce Fl hybrids, Seed geraniums also require
strict adherence to production schedules to produce flowering
plants for early sales (2),

One of the more populsr serles of seed geraniums is the Sooner
suries, ‘'Sooner Hed' is a red flowering cultivar of the series,
of the plants flowered was 109,56 days, ‘Sooner Red' flowered
eerlier, at 101 days (5),

Plant studies involve not only vegetative growth and flowering,

but root devslopment., Since 1t is advantageous to be able to observe



the rooting patterns in additlon to taking weight measurements of

the root system, many plant scientisis have used root observation
boxes, In an 1888 New York Agricultural Expsriment Station Bulletin,
Comstock (6) reported on studies of soll insects at Cormell University,
His root cage consisted of a box with iwo plate glass sides used

for viewing, The box was filled with scil and planted wilth the

plant to be studied,

The root qggs/ér root observation box was modified by Dean (8),
who also used glass sides with wooden shutters to keep cut 1light,
Mugick and Whitworth (12) used root boxes with glass on only ore side
for periodic observation of root systems, They alsoc discussed the
use of vermiculite or sand as medie in substitution for seil.
Vermiculite was superior because it was light and sterile,

Hurd (9) used root boxes with sloping sides in his wheat studies,
The sloping sides encoursge roots to come in contact with the pene
of giass and follow the glass as they grow., A wax peacil was used

to mark growth mads from one observaticn to the next,
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Bedding plants are the leading dollar value florlculture
crop in the United States (1), with a wholesale value of $250
million in 1978 (5). Untll the early 1960s, bedding plants were
produced 100 plants per flat, Flants were dug and wrapped for the
customer at the time of sale, which resulted in many injuries (1,4).
To avold damage to the root system, smaller contalners such as
peat, plastic, clay and others, were used in production (4). 4
recent trend has been toward individually potted plants rather
than paks of several plants (1).

The Todd planter flat3 is constructed from molded styrofoam
with inverted pyrauidal root cells, each having a botiom dralnage
hole, Air contact prunes the roots, encouraging & more hranched
root system. "Air pruning” in conjunction with the inverted
pyramidal cell cuts down on transplant shock, Also, the Todd
flat provides an option of recyclable containers,

Balmer (2) has reported on the successful use of styrofoam
flats for the production of forest tree seedlings ("plugs").
However, limited research information 1s avallable on uee of styro-
foam flats for bedding plant mwoductlon,

Biermann (3) reported clay and plastic pots wure‘loro satis-

factory than Jiffy pots for rooting of Pelargonium cv. Konigin Wilhelmine

3he Todd planter flat is a registered trademark product of the

Speedling Corporation, Sun City, Florida.



cuttings, hewever, shoot development was best for plants growm in
Jiffy pote, Vandemerk and Splittstoesser (6) reported tomatoes,
cabbages, and peppers welghed less when grown in peat pois when
compared to plants grown in plastic or clay pots,

The purpose of this stiudy was to determine the effect of 4
bedding plant containers on the initial growth and development of
seed geraniums and the fleld growth response following transplanting,
and to study the influence of containers on root development after
transplanting in & controlled environment,

The investigation was conducted in 3 phases a) a fleld study to
measure growth and development, survival, and blooming response,

b) & greenhouse study to measure initial root development following
transplanting, and c) a root observation box study to obeerve root
development following transplanting., Contalners used as treatments
were clay, square plastic, square peat, and Todd planter flats each
approximately 5.1 cn in diameter, Container volumes were 90.3 cm3
(clay), 130.3 n’ (peat), 168,3 o (plastic), and 76,3 cn” (Todd flat),

Ceraniums (Pelargonium X hortorum cv, Sooner Red) were seeded

February 24, 1973, and transplanted on March 24 into the 4 treatment
containers in s peatlite artificial mix, containing shredded sphagnum
peat, horticultural grade vermiculite with 0,38 kg ¥, 0,93 kg P, and
0.1% kg K fertiliger per m3. Fertilizer was injected into the watering
system during transplant growth using a solution of 20% N, 8.6% F,

and 8,3 K fertilizer at = rate of 100 ppm. On May 17 the plants

were set in & Sarpy fine sandy loam soll at the KSU Ashland
Horticulture Ferm snd watered with a starter fertiliser, Fexrtilizer

2

at the rate of 0,48 kg N per 100 n° and 0.32 kg P per 100 n° vas
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broadcast and incoryporated prior to planting, Eight plants per
experimantal unit were randomized within 3 replications. Conventlional
growing procedurss, culilvation, and irrlgatlion practices were used
during the 12 week growth period,

Plant height and bloom counts were determined at weekly intervals,
By the end of the 12th week plant heights and bloom numbers were
similar regardless of the treatment container, Shoot welght and
root weights (two plants of each unit) were determined at the
termination of the study on August 8,

For the greenhouse phase, 'Sooner Red' geraniums were seeded on
August 27 and transferred September 17 to the 4 treatment containers,
Two growing medias were used; peatlite and a mix of one part each soil,
peat, and vermiculite., On November 30 the geraniums were tranaplanted
into 15.3 cm diameter plastic pots containing 2 parts soil, 1 pext
peat, and 1 part vermioulite, Four replications of 2 plants per
experimental unii were arranged in a randomiged complete block
design, At weekly intervals, plant helght was measured from the
s80il level and roots removed in 3 cm increments were dried and
weighed, On December 21 the study was terminated,

On November 26, 24 geraniums were transplanted from the
treatment containers into root view boxes containing 2 parts soil,

1 part peat, and 1 part vermiculite, Each box was 61 cm wide, 30 cm
desp, by 8.5 cm wide at the upper surface, Glass 0,65 ca thick was
set at a 15° slent on one side of the box, Three replications were
used, with each box containing 1 plant of each of the 4 treatments,
The glass surface was kept derk except when measurements were taken,

Shoot heights were measured esch week, Exposed roots along the glass
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surface wers ﬁacd weskly with a wax pencil, Final total length
of all visable roots was calculated on December 2k,

All dsta were analyzed with a SAS ANOVA program with means
separated by Duncan's Multiple Range Test at the 5% level,

In the field study &8s shown in Table 1, survival rates and
shoot and rooi dry welghts were similar with all types of contalners,
At the beginning of the field study, the tallest plants were
those grown in the plastic and peat pots; the smallest plants were
recorded in clay pets, Shoot growth was similar over the course of
the study, Similar geranium heights were recorded at the end of
the 12 week study, regardiess of container typa,

Flowering followed & similar trend, Although pleastic pot
plants flowered about 2 weeks earlier than cther plants, by the
termination date bloom numbers per plant were consistent for all
container typss (Figure 1),

In the gresnhouse study root develorment after transplanting
followed a nearly linear increase over time (Table 2), Media nor
container treatment alone significantly influenced root welghts,
however, certain container-media interactions did affect the root
welghts taken the final week of the study (Table 3, Figure 3).

With the peatlite medium plants grown in peat pots had the greatest
root weights in the bottom two layers of the media (6.,1-12 cm).

In the soil media, planis in plastic contalners exhiblted the
greatest root weight. Root weighie were greatest in the upper
two layers (0-6 cm), Todd flat plants grown in the soil mix had
lese extensive root systems in the 0-6 cm zone than the plastioc

potted plants, However, the overall root weights of the Todd and
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plastic container plants were not significantly different (Figure 3).
For both peat and plastic pots, significant differences were seen
with the two types of media. Peatlite was best when peat pots
were used, however, the soll mix ylelded greater root weights in the
plastic pots (Table 3), Although the data do not indicate a
specific reason for this, the "lighter™ media resulted in greater
root growth in porous containers while the "heavier™ media in-the
nonparous containers had grester root growth,

Although diameter measuremeats of the 4 treatment containers were
aimilar, container volumes varied, as did contalner surface area,
The root growth of geraniume grown in clay, peat, and Todd contalners
were related to surface area and volume (Figure 4)., Actual geranium
root weights in plastic pots were less than the anticlipated root
weights for ths ziver surface area and container volume, Because of
the relationship between container volume and root welght, differences
in growth of plants in clay, peat, and Todd containers should be
studied with containers of egual volumea, The resulis of this study
compiiment findings of previous work, VYandemerk and Splittstoesser (6)
found that container volum= as well as composition influenced plant
growth, Vik (7), found onions raised in Jiffystrips yielded as
well as planis grown in two types of paper pots even though the
peper pots had larger volumes,

Root growth during the first week in the root boxes was greater
in plastic pots than in clay pots (Table L), The third week plastic
and peat pot plants initiated more new root growth than plants growm

in clay or Todd containers, The second and fourth weeks root growth
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wag similar for all container types. Growth during the third week
was depressed, possibly due to reduced light intensity during the
period, Medla differences observed at the end of the root siudy
basically confirm the findings of the greenhouse study, with some
data indicating peatlite media root lengths were greater than soil
mix,

For conteiners with approximate diameters of 5,1 cm, plastic
or peat pots were better than clay pots or Todd flats when growing
'Sooner Red' geraniums, Although shoot helghts and bloom numbers per
plant ‘wers similar after 12 weeks ln the fleld, 1nitlally greater
heights were noted for plants grown in plastic and peat pots. FKEarlier
flowering was exhibited with the plastic pots; an edvantage because of
the late flowering tendency of seed geraniums, Root welights of
plants grown In the greenhouse and root box studies were greatest whem
peat and plastic pots were used, Root growth responses depended

upen the container and media combinatlons,
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Table 1. Influence of container type on initial plant height, finzl plant helght, final number of

blooms per plant, dry shoot weight, dry root weight, and percemnt survival of ‘'Sooner Red'

gevaniums during a 12 week field a&cmw.u

DRY ROOT

CONTAINER INITIAL PLANT FINAL PLANT FINAL NUMBER OF  DRY SHOOT SURVIVAL
HEIGHT HEIGHT BLOOMS PER PLANT  WEIGHT WEIGHT
(cm) (cm) (e) (&) (%)
Clay (24) 3.3 ¢ (22) 20,0 a (22) 10.9 a (22) 36.8 a (6) 45.0a (24) 92 =
Peat (24) 5.4 ab (23) 20,62 (23) 9.8 a (23) 38.3 a (6) .22 (24) 96 a
Plastie (24) 6.3 a (23) 20,2 2 (23) 10.4 a (23) #3.3 e (6) 3.92 (24) 96 a
Todd (24) 4.6 ® (20) 20,6 «  (20) 13.% a (6) 3.6 & (2%) 83 a

(20) ¥4 .4 &

YNumber of observations in each msen,

* BHeans separated within columns by Duncan's Multiple Range Test, 5% level.
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Mean dry root weights (g) of 'Sooner Red' geraniums taken

at 3 ca layers over a 4 week ;pex.'il.m:l..qs

WEEK
De(nztml; 1 2 3 b

0-3 (15)Y 0,06 a .(16). 0,08 & (16) C.22a (18) 0.14 a
3.1-6 (15) 0,03 b (16) 0.08 a (16) 0,16 a (16) 0,18 &
6,1-9 (15) 0,00 ¢ (16) 0,02 b (16) 0,10a (16) 0,09 b
9.1-12  (15) 0.00 ¢ (16) 0,01 b (16) 0,04 b (16) 0,05 b

“Means sepaerated within columns by Duncan's Multipls Range Test,

5% level,

}'Humber of ohservatioms in each mean,
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Table 3. Final mean root weights (g) of 'Sooner Red' geranlums grown in 4 types of transplant containers.”

MEDIA CONTAINER - |

CLAY PEAT PLASTIC TODD _ MEAN"
PEATLITE (2)* 0.44 be (2) 0.81 a (2) 0.35 ¢ (2) 0,24 ¢ (8) 046 a
SOIL MIX (2) 0.3l ¢ (2) 0.32 ¢ (2) 0.70 ab (2) 0.47 be (8) 0,45 a
MEANY (&) 0.37 & (4) 0,57 a (4) 0.53 a (&) 0,3 =

ZA11 means separated by Duncaa's Multiple Range Test, 5% level,
YMain effect means are ssparated independently from interaction means.

qu-dB.. of observations in each mean,
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Table 4. Influence of 4 transplant containers on mean root growth (ca)
of 'Sooner Red' geraniums grown in root view boxes,~ (Date indicates

the weekly non-cumulative root lengths observed on the glass surface,)

WEEK CONTAINER
CLAY PEAT PLASTIC TODD
i 4,8 v¥ 8.8 ab 12,3 a 7.8 ab
2 .7 a 50,3 & 62.2 a 39.7 &
3 18,5 b 36,8 a 38,0 a 19.5 b
4 52.2 & 67.8 a 53,5 a 63.3 a

®Means separated by Duncan's Multiple Range Test, 5% level,

Ysix observations in each mean,



Figure 1, Influence of container type on shoot heights of

'Sooner Red' geraniums during a 12 week field study,
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Figure 2, Effect of transplant container on bloom number per. plant

of 'Sooner Red' geraniums during a 12 wesk field study,
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Figure 3, Final mean root weight (g) taken at 4 depths as influenced

by contaliner type and mediunm,
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Figure 4, Final dry root weight of 'Svoner Red' geraniums in

relation to container volume (cu3) and surface area (cm<),
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Seed geraniums (Pelargonium X hortorum L. H, Bailey) cv. Sooner Red

were grown in U4 types of transplant containers--clay, peat, and
plastic pots, and a molded styrofoam flat, All contalner dlameters
were approximately 5.1 cm, FPlants were studied under field and
greenhouse conditions, and in root view boxes, FPlants grown in
plastic and peat pots were initially taller than clay or styrofoam
container plants, Flastic pot plants flowered sooner than other
similar plants grown in clay, peat, or styrofoam containers. At
the end of a 12 week Tleld study, survival rates, shoot dry weights,
root dry weights, and bloom numbers per plant were similar regard-
less of the container type. Four weeks after being shified to.15.3 cm
diameter plastic pots, peat pot transplants that had been grown

in peatlite mix, and plastic and styrofoam container plants grewm
in & soil mix had the largest root dry weights, Rool view boxes
indicated plastic pot planis initiated more roots during the first
week after transplanting than did clay pot plants. The third

week peat and plastic pot plants had more new roots than plants

grown in clay or styrofoam containers,



