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Abstract. Pansy (Viola ·wittrockiana Gams.), petunia (Petunia ·hybrida hort. Vilm.), and
gerbera daisy (Gerbera jamesonii Bol. ex Adlam.) plants were grown hydroponically
to characterize the deficiency symptoms caused by the absence of calcium (Ca) or boron
(B). Primary symptoms occurred on the youngest tissue for both elements, but distinct
differences between Ca and B deficiencies were observed. Plants responding to Ca
deficiency exhibited discoloration and upward rolling of leaves and ultimately necrosis.
Plants responding to B deficiency exhibited minor chlorosis, upward curling, and
thickening of leaves, distorted meristems, and strap-like leaves. A second experiment
investigated how a temporary disruption of Ca or B affects the plant throughout the crop
cycle. Either Ca or B was removed from the nutrient solution for a 7-day period from
Day 15 to Day 21, Day 22 to Day 28, or Day 29 to Day 35 after sowing. After the 7-day
disruption, the respective element was reintroduced to the plants. Regardless of when the
plants were deprived of Ca or B, the symptoms of the respective deficiency were present
at the end of the experiment. These studies have shown that a temporary disruption of
either Ca or B can cause lasting symptoms throughout the plug production cycle. Also,
the symptoms that have been observed in plug production were most similar to those
symptoms caused by B deficiency, not Ca deficiency.

Reports of distorted terminal growth of
pansy, petunia, and gerbera plants have
become more prevalent, specifically in plugs
grown in the high heat and humidity con-
ditions of summer. The problem, considered
to be a deficiency of calcium (Ca) or boron
(B), could not be confirmed by tissue sam-

pling. The occurrence and severity of the
problem can vary by year, season, stage of
plant development, geographical area, and
cultivar, especially in pansy.

Calcium and B deficiencies can occur as
a result of the lack of the respective element in
the growing medium. In greenhouse produc-
tion, however, it is common practice to use
constant liquid feed using a complete fertil-
izer. Deficiencies of both of these elements
can also be induced by drought conditions,
reducing the movement of Ca or B through the
soil solution (Kluge, 1971; Pilbeam and
Morely, 2007). Both deficiencies can also be
the result of low transpiration rates that limit
the movement of Ca or B through the xylem
(Clarkson, 1984; Jones, 1991; Kochian, 1991;
Kohl and Oertli, 1961; Marschner, 1995;
Raven, 1980). Plants grown in a high sub-
strate pH are more susceptible to B deficiency

because B is less available as pH increases
(Marschner, 1995).

Calcium is considered to be the key
element in the primary walls of plant cells
(Pilbeam and Morely, 2007). As a result of
only being mobile in the xylem and depen-
dent on the loss of water through transpiration
to take it up, Ca is classified as an immobile
element (Clarkson, 1984). Because of these
characteristics of Ca, shoot deficiency symp-
toms appear primarily on the upper leaves.
Visual symptoms include deformed, strap-
like leaves; chlorosis; and leaves that develop
yellow-to-tan margins, eventually becoming
necrotic (Nelson, 2003).

Boron is primarily moved from the roots
to the shoots passively through xylem (Jones,
1991; Kochian, 1991; Kohl and Oertli, 1961;
Raven, 1980). Once in the shoot, B is reported
to complex with the cell wall and many of its
constituents (Marschner, 1995; Matoh, 1997;
Römheld and Marschner, 1991; Taiz and
Zeiger, 2002; Thellier et al., 1979). Symp-
toms of B deficiency typically manifest in the
young leaves and, unlike other micronutrient
deficiencies, in the roots (Gupta, 1993a).
Many of the visible symptoms include
aborted growing tips, fast-growing auxiliary
shoots, and leaves that are strapped, crinkled,
stunted, thickened, and/or upward-cupping.
Chlorosis of upper leaves and restricted leaf
expansion have also been observed (Jiao
et al., 2005; Laffe and Styer, 1989; Mengel
and Kirkby, 1987; Stuart, 1991).

Plants with either Ca or B deficiencies
can produce similar symptoms, leading to
confusion. However, Ca-deficient plants will
typically develop necrosis earlier in the
deficiency syndrome, whereas B-deficient
plants do not become necrotic. The initial
objective of this study was to characterize Ca
and B deficiencies in pansies, petunias, and
gerbera plugs to improve the process of
differentiation of the two deficiencies. The
second objective of this study was to deter-
mine if a temporary disruption of Ca or B
availability results in lasting visible defi-
ciency symptoms of that element throughout
the crop cycle.

Materials and Methods

Expt. 1: Characterizing deficiencies in
seedlings. Oasis foam (Smithers-Oasis, Kent,
OH) was used as the growing medium. The
foam was cut to fit into a 2-mL microcen-
trifuge tube that had approximately the bot-
tom 3 mm removed. Before sowing, the
growing medium was leached three times
with deionized water. ‘Dynamite Yellow’
pansy, ‘White Storm’ petunia, and ‘Festival
Apricot’ gerbera were sown, one seed per
tube. Once sown, seeds were placed in a
germination chamber with a constant tem-
perature of 20 �C. Light was provided by
fluorescent bulbs with a photosynthetic pho-
ton flux (PPF) of 24 to 75 mmol�m–2�s–1 at the
surface of the growing medium for 12 h per d.
Oasis foam was kept moist using deionized
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water until seeds germinated. After germina-
tion, plant tubes were transferred into 2.3-L
plastic containers with holes drilled in the lids
to hold the microcentrifuge tubes. Plants
were then moved into a greenhouse with
day/night temperature set points of 23.9/
17.8 �C. High-pressure sodium lights were
used to supplement natural light to provided
a minimum PPF of 100 mmol�m–2�s–1 at the
plant canopy for 12 h per day. Plants were
grown in a complete, modified Hoagland’s all
nitrate solution, minus Ca or B, and 0.25· Ca
or B: (macronutrients in mM) 15 NO3-N, 1.0
PO4-P, 6.0 potassium, 5.0 Ca, 2.0 magne-
sium, and 2.0 SO4-S (Hoagland and Arnon,
1950) plus mM concentrations of micronu-
trients, 72 iron, 9.0 manganese, 1.5 copper,
1.5 zinc, 45.0 B, and 0.1 molybdenum. The
following reagent-grade chemicals: KNO3,
Ca(NO3)2, KH2PO4, MgSO4, NaNO3,
FeDTPA, MnCl2, ZnSO4, CuCl, H3BO3,
Na22MoO4, and deionized water were used
to formulate treatment solutions. When Ca,
supplied in the form of CaNO3, was removed
from the solution, the nitrate was replaced
with NaNO3. The plants were small and did
not use large quantities of nutrient solutions;
therefore, solutions were replaced every 2
weeks. At this time, the pH was adjusted to
5.8 using 0.1 M NaOH; electrical conductiv-
ity was also measured; no difference was
observed between any treatment solution
(data not shown). Unlike the pansy plants
that were treated with a complete, minus
Ca or B, and 0.25· Ca or B, petunias and
gerberas were only treated with a complete,
minus Ca, or minus B solution. The experi-
ment was a completely randomized design
with three replications of each treatment.
There were 36 tubes per replication. Plants
were inspected weekly for deficiency symp-
toms and plant tissue was harvested 35 d after
sowing (DAS); plants from 36 tubes (one
replication) were combined to obtain a suffi-
cient amount of dry tissue to conduct analy-
sis. Tissue samples were taken by removing
the two most recently mature leaves from the
control, 0.25· B and Ca treatments, and the
entire plant, excluding the cotyledons, for the
minus B and Ca treatments.

Expt. 2: Temporary disruption of calcium
and boron availability. Seeds of the same
cultivars were sown and grown similarly,
except for fertilization, to those in Expt. 1.
All plants were provided with a complete,
modified Hoagland’s solution except from 15
to 21 DAS (Week 3), 22 to 28 DAS (Week 4),
or 29 to 35 DAS (Week 5). At those times, the
complete solution was replaced with minus
Ca or minus B solutions. At the beginning
and end of the fertilization disruption phase,
the oasis was flushed three times with the
replacement solution to leach the substrate. A
control treatment that received a complete
solution for the entire duration of the exper-
iment was also included. After plants had
been deprived of Ca or B for 7 d, a complete
solution was reintroduced. Visual observa-
tions for deficiency symptoms were done
weekly. Plants that were deprived of Ca
during Week 3 were harvested 28 DAS as a

result of the severe effects the treatment had
and the decline of the plants. For the other
two treatments, tissue was harvested 42 DAS
after germination by removing the entire
plant excluding the cotyledons. Each repli-
cation consisted of a tub holding 36 seed-
lings. The experiment was a completely
randomized design with four replications of
each treatment.

Tissue analysis. The tissue samples for
both experiments were collected at termina-
tion and were first rinsed in deionized water,
then washed in 0.2 N HCl for 30 s, rerinsed
with deionized water, and dried at 70 �C for
72 h. Dried tissue was ground in a stainless
steel Wiley mill through a 1-mm screen (20-
mesh) and 0.15 g was digested in a micro-
wave digester (MARS; CEM Corp, Mat-
thews, NC) using a modified EPA method
(EPA method 3051; Nelson, 1988; HNO3

digestion at 200 �C with an additional per-
oxide digestion step). Nutrient concentration,
except nitrogen, was determined with induc-
tively coupled plasma optical emission spec-
troscopy (ICP-OES; Model IRIS Intrepid II;
Thermo Corp., Waltham, MA). The lower
detection limits for B, copper, iron, and
manganese were 1.70, 0.55, 46.00, and

16.00 mg�L–1, respectively, and were not
detectable below these limits

Data analysis. Data were tested by anal-
ysis of variance using general linear model
(SAS Institute, Cary, NC) and means were
separated by least significant differences at
P # 0.05.

Results and Discussion

Expt. 1
Pansies minus calcium. Plants with initial

Ca deficiency turned purple–brown on the
petioles and leaf tips and had a upward leaf
curl (Fig. 1A). Moderate symptoms included
greater discoloration and more prominent
upward leaf curling as well as necrosis of
the leaf tips. At advanced stages of the
deficiency, whole leaves and the apical mer-
istem became necrotic (Fig. 1B). Plants
receiving treatments of 0.25· Ca and minus
Ca had tissue concentrations of 0.27% and
0.03% Ca, respectively, which were signifi-
cantly (P # 0.001) lower than the control
(Table 1). These values for plugs were below
previous reported tissue concentrations for

Fig. 1. ‘Dynamite Yellow’ pansy plants 39 d after sowing with initial (A) or advanced (B) calcium
deficiency symptoms, control (C), initial (D), or advanced (E) boron deficiency symptoms (Expt. 1).
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early and advanced Ca deficiency symptoms
for fully expanded mature leaves from trans-
planted pansies (46 DAS), which were 0.45%
and 0.61%, respectively (Pitchay, 2002). The
tissue concentration of sulfur, magnesium, B,
and zinc were inversely related to the amount
of Ca in the solution (Table 1). The lower
concentration of magnesium, B, and zinc
may be attributed to the known antagonistic
role Ca has on those elements (Gupta, 1993b;
Jones and Scarseth, 1944; Marschner, 1995;
Robson and Pitman, 1983).

Pansies minus boron. Plants with initial B
deficiency had leaves that exhibited upward
curling (Fig. 1D). Plants with moderate B
deficiency symptoms were thicker and had
leaves more prominently curled upward.
Advanced deficiency symptoms included
thickened, smaller leaves as compared with
the control and distorted meristems and
young leaves (Fig. 1E). Plants receiving treat-
ments of 0.25· B had tissue concentrations
of 12.64 mg�L–1 B, which was significantly
(P # 0.001) lower than the control; tissue
concentrations of B were non-detectable
(ND) for plants receiving treatment of minus
B. These concentrations were to be expected
because Pitchay (2002) reported symptoms
appearing when tissue concentrations of B
were between 9.7 and 10.9 mg�L–1 for fully
expanded mature leaves from transplanted
pansies (72 DAS). When B was excluded
from the solution, the tissue concentration of
phosphorus, potassium, Ca, sulfur, and mag-
nesium increased (Table 1). Mishra et al.
(2009) reported similar results with geranium
tissue wherein lower concentrations of B led
to higher concentrations of phosphorus and
sulfur. However, in their study, potassium,
Ca, and magnesium decreased with de-
creased B concentrations.

Petunias minus calcium. Plants not
receiving Ca were smaller than those receiv-
ing Ca (visual comparison). Plants exhibiting
an initial deficiency were chlorotic and
beginning to become necrotic (Fig. 2A).
Plants with moderate Ca deficiency symp-
toms had distinct necrotic regions on the
leaves, primarily on the tips. Plants that
exhibited advanced Ca deficiency symptoms
were almost completely necrotic (Fig. 2B).
Tissue concentrations of Ca in plants treated
with a nutrient solution minus Ca were

significantly (P # 0.01) lower than those
treated with a complete nutrient solution
(Table 2). These values were below previous
reported tissue concentrations for early and
advanced Ca deficiency symptoms, which
were 0.32% and 0.38%, respectively, for
fully expanded mature leaves from trans-
planted petunias (88 DAS) (Pitchay, 2002).

Tissue concentrations of zinc were signif-
icantly (P # 0.01) greater in plants treated

with a nutrient solution minus Ca, which
could be the result of the lack of Ca antago-
nism previously mentioned (Table 2); how-
ever, potassium values in plants treated with
the minus Ca solution were significantly (P #
0.05) lower than those treated with the
control (Table 2).

Petunia minus boron. Plants not receiving
B were smaller than those receiving B. Plants
exhibiting early signs of B deficiency had

Table 1. ‘Dynamite Yellow’ pansy tissue concentrations at 35 d after sowing treated with a complete, 0.25· calcium (Ca), minus Ca, 0.25· boron (B), or minus B
modified Hoagland’s solution.

Treatment

Percent dry wt mg�L–1 dry wt

Phosphorus Potassium Calcium Magnesium Sulfur Boron Copper Iron Manganese Zinc
Calcium treatments

Complete 0.63 bz 3.24 a 0.97 a 0.32 b 0.30 b 31.76 b 2.98 190.51 62.16 12.46 b
0.25· Ca 0.78 a 2.91 b 0.27 b 0.33 b 0.31 b 33.76 b 3.96 198.16 58.09 15.72 b
Minus Ca 0.57 c 3.41 a 0.03 c 0.48 a 0.46 a 46.15 a 5.07 164.70 45.95 24.42 a
P valuey *** ** *** *** *** ** NS NS NS **

Boron treatments
Complete 0.63 b 3.24 b 0.97 b 0.32 b 0.30 b 31.76 a 2.98 190.51 62.16 12.46
0.25· B 0.68 b 3.17 b 0.89 b 0.30 b 0.30 b 12.64 b NDx 152.51 59.37 15.15
Minus B 0.81 a 3.55 a 1.30 a 0.35 a 0.40 a ND c 3.54 169.79 53.43 22.50
P valuey *** * ** ** *** *** NS NS NS NS

zMean separations are shown by Ca or B treatment and are in columns under each element.
y
NS, *, **, ***Nonsignificant or significant at P # 0.05, # 0.01, or # 0.001.

xNot detectable.

Fig. 2. ‘White Storm’ petunia plants 39 d after sowing with initial (A) or advanced (B) calcium deficiency
symptoms, control (C), initial (D), or advanced (E) boron deficiency symptoms (Expt. 1).
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thickened, brittle leaves (Fig. 2D). Moderate
symptoms also included distortion and strap-
like young leaves. Plants exhibiting advanced
symptoms were the smallest in size; all leaves
and the apical meristem exhibited signs of
distortion (Fig. 2E). Tissue concentrations of
B were ND in plants treated with the minus B
solution and control plants had B tissue
concentrations of 29.70 mg�L–1, which is
within the acceptable range reported by
Pitchay (2002) for fully expanded mature
leaves from transplanted petunias (102

DAS) (Table 2). Treatments had no effect
on any other analyzed element.

Gerbera minus calcium. Plants exhibiting
an initial deficiency had leaves that had some
bronzing on the margins of older leaves and
younger leaves were curled and necrotic on
the edges (Fig. 3A). The bronzing color was
more pronounced on plants with moderate
symptoms and necrosis was more pro-
nounced on younger leaves. Plants with
advanced symptoms had fewer leaves and
bronzing on older leaves and younger leaves

were completely necrotic (Fig. 3B). Tissue
concentrations of plants not receiving Ca
(0.10%) were lower than the sufficient range
reported by Jones et al. (1991) and was
significantly (P # 0.001) lower than those
in the control (1.08%) (Table 3). Plants
treated with nutrient solution minus Ca also
had significantly (P # 0.05) higher concen-
trations of Mg and B and significantly (P #
0.01) lower concentrations of sulfur than the
control plants (Table 3). As noted, Ca can
have an antagonistic effect on magnesium
and B; therefore, when Ca is not present,
tissue concentrations of Mg and B would be
expected to be higher (Gupta, 1993b; Jones
and Scarseth, 1944; Marschner, 1995;
Robson and Pitman, 1983).

Gerbera minus boron. Plants not receiv-
ing B that exhibited initial deficiency symp-
toms were chlorotic and had thicker, more
brittle leaves than those receiving a complete
solution (Fig. 3D). Plants with more
advanced symptoms had upward-cupped
leaves that were wavy and uneven (Fig. 3E).
Tissue concentrations of B were ND in plants
treated with the minus B solution and control
plants had B tissue concentrations of 37.39
mg�L–1 (Table 3). The B tissue concentration
of B in the plants treated with the minus B
solution were lower than previously pub-
lished sufficiency range (Jones et al., 1991).
Treatments had no effect on any other ana-
lyzed element.

Expt. 2
Pansies minus calcium. Plants that were

deprived of Ca during the third week of
greenhouse production had to be harvested
after the fourth week (32 DAS) as a result of
the advanced stages of deficiency present
(almost completely necrotic). A set of con-
trols was harvested at the same time. The
tissue Ca concentration of the deficient plants
(0.56%) was significantly (P # 0.05) lower
than the control (0.80%) (Table 4). The tissue
concentration of potassium, sulfur, magne-
sium, copper, iron, manganese, and zinc were
inversely related to the amount of Ca in the
solution (Table 4). Lower concentrations of
magnesium, iron, manganese, and zinc may
be attributed to the known antagonistic role
Ca has on these elements (Gupta, 1993b;
Jones and Scarseth, 1944; Marschner, 1995;
Robson and Pitman, 1983). The quick onset
of Ca deficiency symptoms was similar to

Table 2. ‘White Storm’ petunia tissue concentrations at 35 d after sowing treated with a complete, minus calcium, or minus boron modified Hoagland’s solution.

Treatment

Percent dry wt mg�L–1 dry wt

Phosphorus Potassium Calcium Magnesium Sulfur Boron Copper Iron Manganese Zinc

Calcium treatment
Complete 0.86 7.94 az 1.54 a 0.41 0.31 29.70 7.44 NDy ND 12.76 b
Minus Ca 0.53 3.58 b 0.05 b 0.50 0.35 36.37 7.57 52.40 ND 20.51 a
P valuex

NS * ** NS NS NS NS NS NS **

Boron treatment
Complete 0.86 7.94 1.54 0.41 0.31 29.70 a 7.44 NDz ND 12.76
Minus B 0.58 5.77 1.33 0.34 0.26 ND b 4.55 ND ND 23.44
P valuex

NS NS NS NS NS *** NS NS NS NS

zMean separations are shown by calcium (Ca) or boron (B) treatment and are in columns under each element.
yNot detectable.
x
NS, *, **, ***Nonsignificant or significant at P # 0.05, # 0.01, or # 0.001.

Fig. 3. ‘Festival Apricot’ gerbera plants 39 d after sowing with initial (A) or advanced (B) calcium
deficiency symptoms, control (C), initial (D), or advanced (E) boron deficiency symptoms (Expt. 1).
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that reported by Pitchay (2002) in which 4-
week-old pansies began discoloring 8 d after
Ca-deficient conditions were introduced
and necrosis appeared 9 d after treatment
initiation. Concentrations of Ca in plant tissue
of plants deprived of Ca during Week 4 or
5 were 0.83% and 0.81%, respectively, and
were significantly (P # 0.05) lower than
the concentration of the controls (1.18%)
(Table 4).

Pansies minus boron. At the time of
termination, plants deprived of B during
Week 3, 4, or 5 displayed visual symptoms
of B deficiency. There was no difference in B
concentration between the control plants and
plants deprived of B during Week 3. Plants
deprived of B during Week 4 or 5 had B tissue
concentrations of 67.80 and 66.08 mg�L–1,
respectively, which were significantly (P
# 0.05) lower than the control (78.88 mg�L–1)
(Table 5). Concentrations of phosphorus for
plants deprived of B in Week 4 were signif-
icantly (P # 0.05) higher than the controls
(Table 5); however, all values were within an
acceptable range for fully expanded mature
leaves from transplanted pansies (72 DAS)
(Pitchay, 2002).

Petunias minus calcium. There was no dif-
ference in Ca concentration between the con-
trol and plants deprived of Ca during Week 3.
Plants that did not receive Ca during Week 4
or 5 had Ca tissue concentrations of 1.50%
and 1.44%, respectively, which were signif-
icantly (P # 0.001) lower than the concen-

tration of the controls (2.09%) (Table 6).
Although lower than the controls, Ca values
for plants not receiving Ca during Week 4 or
5 were within the recommended range
(Pitchay, 2002). Despite the sufficient Ca
tissue values, plants in all treatments
deprived of Ca displayed Ca deficiency
symptoms. The tissue concentration of mag-
nesium was inversely related to the amount of
Ca in the solution (Table 6). As previously
mentioned, lower concentrations of magne-
sium may be attributed to the antagonistic
effect from Ca (Gupta, 1993b; Jones and
Scarseth, 1944; Marschner, 1995; Robson
and Pitman, 1983).

Petunias minus boron. There were no
measurable differences in B tissue concen-
tration among any of the treatments; how-
ever, symptoms were visible in all treatments
deprived of B. In fact, the only treatment in
which B level was detectable was in the
control, but even control plants were well
below the level in which deficiency symp-
toms would be expected. Analyzing petunias
for B has created problems in the past and a
suitable detection method using the ICP-OES
for B in petunias has not been developed
(J. Frantz, personal observation). No matter
when B was deprived, both phosphorus and
sulfur concentrations were significantly (P #
0.05) lower than the concentration of the
controls (Table 6).

Gerbera minus calcium. Plants deprived
of Ca during any interval displayed Ca

deficiency symptoms but had tissue concen-
trations within the sufficiency range reported
by Jones et al. (1991) and did not have
significantly (P # 0.05) different tissue con-
centrations of Ca than the control (Table 7).
Plants deprived of Ca during Week 4 or 5 had
significantly higher concentrations of mag-
nesium than the control (Table 7). The tissue
concentration of B was inversely related to
the amount of Ca in the solution (Table 7).

Gerbera minus boron. Plants deprived of
B at any interval did not have significantly
(P # 0.05) different tissue concentrations of
B than the control (Table 7); however,
deficiency symptoms appeared. This is con-
sistent with tissue tests done on plants in
greenhouse production; by the time tissue
samples were taken in this experiment and by
growers, B could have been taken up by the
plant, masking the deficiency (unpublished
data). The concentrations of B in all treat-
ments were within the published sufficiency
range (Jones et al., 1991). There were signif-
icant (P # 0.05) differences in the con-
centrations of S among treatments; these
concentrations were inversely related to the
amount of B in the solution (Table 7).

Regardless of when the pansy, petunia, or
gerbera plants were deprived of Ca or B, the
visual symptoms of the respective deficiency
were present. Symptoms for Ca deficiency
included chlorosis along leaf margins, upward
curling of leaves, and necrosis, although
symptoms for B deficiency included leaf

Table 3. ‘Festival Apricot’ gerbera tissue concentrations at 35 d after sowing treated with a complete minus calcium (Ca) or minus boron (B) modified Hoagland’s
solution.

Treatment

Percent dry wt mg�L–1 dry wt

Phosphorus Potassium Calcium Magnesium Sulfur Boron Copper Iron Manganese Zinc
Calcium treatments

Complete 0.42 2.88 1.08 az 0.33 b 0.31 a 37.39 b 4.26 49.34 NDy 13.34
Minus Ca 0.41 3.13 0.10 b 0.40 a 0.25 b 46.92 a 4.85 ND 25.45 18.76
P valuex

NS NS *** * ** * NS NS NS NS

Boron treatments
Complete 0.42 2.88 1.08 0.33 0.31 37.39 a 4.26 49.34 NDz 13.34
Minus B 0.40 2.80 1.03 0.30 0.29 ND b 4.67 ND ND 18.92
P valuex

NS NS NS NS NS *** NS NS NS NS

zMean separations are shown by Ca or B treatment and are in columns under each element.
yNot detectable.
x
NS, *, **, ***Nonsignificant or significant at P # 0.05, # 0.01, or # 0.001.

Table 4. Comparison of ‘Dynamite Yellow’ pansy tissue concentration of plants grown with a complete modified Hoagland’s solution or distributed calcium
supply.z

Treatment

Percent dry wt mg�L–1 dry wt

Phosphorus Potassium Calcium Magnesium Sulfur Boron Copper Iron Manganese Zinc

Complete 0.33 2.53 by 0.80 a 0.28 b 0.22 b 42.58 3.03 b 90.20 b 25.28 b 5.04 b
Week 3 0.40 3.73 a 0.56 b 0.44 a 0.51 a 47.98 8.50 a 179.13 a 41.15 a 25.50 a
P valuex

NS *** * *** *** NS *** * * *

Complete 0.50 3.92 1.18 a 0.46 0.47 78.88 7.75 157.90 NDw 11.20
Week 4 0.48 3.46 0.83 b 0.39 0.42 70.13 6.45 144.28 ND 7.40
Week 5 0.57 3.77 0.81 b 0.39 0.46 70.78 6.65 157.53 ND 5.75
P valuex

NS NS * NS NS NS NS NS NS NS

zTissue concentrations at 28 d after sowing (DAS) treated with a complete modified Hoagland’s solution and calcium (Ca) supply disrupted from d 15 to d 21
(Week 3) after sowing; and tissue concentrations for pansy plants at 42 d of age treated with a complete modified Hoagland’s solution and Ca supply disrupted
from 15 to 21 DAS (Week 3), 22 to 28 DAS (Week 4), or 29 to 35 DAS (Week 5).
yMean separations are shown by treatment and are in columns under each element.
x
NS, *, ***Nonsignificant or significant at P # 0.05 or # 0.001.

wNot detectable.
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curling, distorted apical meristems, and pro-
liferation of auxiliary shoots. Like in Expt. 1,
plants deprived of Ca exhibited necrosis and
plants deprived of B had no necrosis. The
plants did not recover from the visual symp-
toms even when Ca or B was reintroduced in
the nutrient solutions, although at times,
tissue Ca and B concentrations returned to
sufficiency levels and were not different from
the control.

Conclusion

The results from Expt. 1 demonstrated
the clear differences between symptoms
caused by Ca and B deficiencies. Pansy,

petunia, and gerbera plants experiencing Ca
deficiency were generally smaller than con-
trol plants, exhibited discoloration, and ulti-
mately necrosis. Plants that experienced B
deficiency typically had distorted growth of
the newest tissue and rarely had any necrosis
present.

The tissue concentrations of Ca and B in
the three species in Expt. 2 were often within
the recommended sufficiency range for Ca or
B even when the respective element had been
temporarily excluded. However, the plants
still exhibited visual symptoms of being
deficient in either Ca or B. Because tissue
was analyzed after the period when the
nutrients were resupplied to the plants, it is

likely that subsequent Ca or B uptake masked
lower nutrient concentrations present during
the periods of deprivation. Mishra et al.
(2009) report that geranium root swelling
was observed within 1 d of withdrawing B
from the nutrient solution. The observation of
deficiency symptoms 1 d after B deprivation
supports our findings of symptoms persisting
after a complete nutrient solution was rein-
troduced. Sampling for tissue concentrations
of B and Ca once symptoms are visible may
cause misdiagnosis. Routine sampling may
be necessary to detect low levels of B and Ca
before symptoms are visible.

In these two studies, we have shown that
the symptoms that have been observed in

Table 7. ‘Festival Apricot’ gerbera tissue concentrations at 42 d after sowing (DAS) treated with a complete modified Hoagland’s solution and calcium or boron
supply disrupted from 15 to 21 DAS (Week 3), 22 to 28 DAS (Week 4), or 29 to 35 DAS (Week 5).

Treatment

Percent dry wt mg�L–1 dry wt

Phosphorus Potassium Calcium Magnesium Sulfur Boron Copper Iron Manganese Zinc

Calcium treatments
Complete 0.51 3.24 1.21 0.38 cz 0.34 21.39 b 4.25 97.55 29.93 1.57
Week 3 0.60 3.42 1.11 0.44 bc 0.33 46.91 a 3.68 96.64 30.47 2.47
Week 4 0.52 3.18 1.16 0.50 ab 0.40 39.69 a 4.57 130.96 31.66 2.50
Week 5 0.62 3.64 1.04 0.57 a 0.44 43.24 a 4.36 120.26 35.35 1.93
P valuey

NS NS NS * NS *** NS NS NS NS

Boron treatments
Complete 0.60 3.67 1.47 0.44 0.31 b 39.84 3.04 55.66 22.57 8.77
Week 3 0.63 3.81 1.65 0.49 0.38 a 48.24 4.33 54.18 30.22 24.76
Week 4 0.55 3.53 1.56 0.46 0.40 a 39.77 4.50 82.40 30.71 85.08
Week 5 0.56 3.47 1.61 0.43 0.40 a 34.57 3.48 71.23 22.93 51.03
P valuey

NS NS NS NS * NS NS NS NS NS

zMean separations are shown by calcium or boron treatment and are in columns under each element.
y
NS, *, ***Nonsignificant or significant at P # 0.05 or # 0.001.

Table 5. ‘Dynamite Yellow’ pansy tissue concentrations at 42 d after sowing (DAS) treated with a complete modified Hoagland’s solution and boron supply
disrupted from 15 to 21 DAS (Week 3), 22 to 28 DAS (Week 4), or 29 to 35 DAS (Week 5).

Treatment

Percent dry wt mg�L–1 dry wt

Phosphorus Potassium Calcium Magnesium Sulfur Boron Copper Iron Manganese Zinc
Complete 0.50 bz 3.92 1.18 0.46 0.47 78.88 a 7.75 157.90 NDy 11.20
Week 3 0.57 ab 4.11 1.02 0.42 0.40 77.50 a 5.58 98.98 ND 27.50
Week 4 0.63 a 4.03 1.16 0.45 0.43 67.80 b 4.95 118.18 ND 8.00
Week 5 0.58 ab 4.10 1.22 0.46 0.46 66.08 b 6.55 160.63 ND 28.10
P valuex * NS NS NS NS * NS NS NS NS

zMean separations are shown by treatment and are in columns under each element.
yNot detectable.
x
NS, *Nonsignificant or significant at P # 0.05.

Table 6. ‘White Storm’ petunia tissue concentrations at 42 d after sowing (DAS) treated with a complete modified Hoagland’s solution and calcium or boron
supply disrupted from 15 to 21 DAS (Week 3), 22 to 28 DAS (Week 4), or 29 to 35 DAS (Week 5).

Treatment

Percent dry wt mg�L–1 dry wt

Phosphorus Potassium Calcium Magnesium Sulfur Boron Copper Iron Manganese Zinc

Calcium treatments
Complete 0.98 6.28 abz 2.09 a 0.54 b 0.33 ab NDy 4.22 69.77 22.40 75.14
Week 3 1.13 6.82 a 2.14 a 0.62 a 0.37 a ND 4.77 85.75 23.63 25.63
Week 4 0.85 5.27 c 1.50 b 0.64 a 0.29 b ND 4.22 96.13 16.69 20.48
Week 5 0.80 5.56 bc 1.44 b 0.63 a 0.29 b ND 4.32 57.16 25.60 14.83
P valuex

NS ** *** * ** NS NS NS NS NS

Boron treatments
Complete 0.90 a 6.45 2.01 0.55 0.37 a ND 5.19 302.20 20.61 6.28
Week 3 0.77 b 6.39 2.07 0.54 0.32 b ND 3.96 48.67 21.01 8.31
Week 4 0.78 b 6.24 2.08 0.54 0.33 b ND 4.04 57.08 20.98 8.37
Week 5 0.74 b 6.11 2.13 0.56 0.33 b ND 4.39 49.79 25.03 7.91
P valuex * NS NS NS * NS NS NS NS NS

zMean separations are shown by calcium or boron treatment and are in columns under each element.
yNot detectable.
x
NS, *, **, ***Nonsignificant or significant at P # 0.05, # 0.01, or # 0.001.
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plug production greenhouses were most sim-
ilar to those symptoms caused by B defi-
ciency. Also, a temporary disruption of either
Ca or B can cause lasting symptoms through-
out the plug production cycle.
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