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ABSTRACT

The common nursery crop Calibrachoa was grown in local topsoil to analyze the 

effects of micronutrient (iron, copper, manganese, and zinc) deficiencies between 

varieties and with the addition of Ca(OH)2 as a soil amendment. Both Calibrachoa x 

hybrida ‘Cherry Pink’ and ‘White’ showed possible iron, manganese, and zinc 

deficiencies, although only zinc concentrations were significantly different between 

them. Symptoms varied between varieties, but may have been due to different growth 

habits. Plants grown in Ca(0H)2-amended soil developed micronutrient deficiencies 

sooner and to a greater extent than the control plants. However, no significant difference 

was found between treatment groups because of a narrow pH range. Further study is 

needed to isolate the exact deficiency(s) causing the observed appearance as most 

micronutrient deficiencies are manifested as similar symptoms.
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INTRODUCTION

Calibrachoa, a full-sun flowering annual species with a spreading habit and small 

petunia-like flowers, is a common nursery plant often used in hanging baskets and 

planters. According to extension agents at Pennsylvania State University, this species 

was developed 200 years ago in South America but did not become popular in the U.S. 

until the 1990s when new hybrids were produced which had more vigor and a wider 

range of color (Michael et al., 2004). However, like Petunia hybrids, Calibrachoa are 

Fe-inefficient species that do not effectively accumulate iron and other micronutrients 

when the substrate pH exceeds 6.5 (Argo and Fisher, 2002).

Calcareous soils are commonly found in arid and semi-arid locations like those in 

the Rocky Mountain regions of Montana. These soils are often slightly alkaline which 

can lead to iron, zinc, manganese, and copper deficiencies. Soils containing calcium 

carbonate (CaCCb) buffer between pH 7.5-8.5 because the carbonate ion will react with 

protons in the soil solution to create carbonic acid (Pennisi and Thomas, 2005). As these 

protons are consumed, cations like Fe(III) will bind with organic particles and become 

unavailable. High bicarbonate and carbonate concentrations interfere with absorption of 

iron while a high pH facilitates the formation of insoluble iron oxides and hydroxides 

(Reed, 1996). Although sufficient iron is present, it is not readily available for uptake. 

The plant will then develop micronutrient deficiencies that will manifest in problems 

such as chlorosis of new leaves, an undesirable condition for most greenhouse crops.

The plant micronutrients iron (Fe), manganese (Mn), copper (Cu), zinc (Zn), and

boron (B) are similar to vitamins for humans; although not required in large amounts,
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they are needed for normal plant growth and development. All are considered immobile 

because even though they can be absorbed by roots and move through the plant’s xylem, 

they cannot be “loaded” into the phloem (Reed, 1996). This uni-directional transport 

prevents the redistribution of nutrients when in short supply, and therefore is an important 

diagnostic tool because deficiency symptoms will be observed on new growth.

While only trace amounts of micronutrients are needed for normal plant growth 

and function, the ability to acquire them is another issue (Wik et al., 2006). While 

deficiencies in all of these micronutrients will create visible symptoms, iron deficiency is 

often the first deficiency because it is needed in the largest amount. In soil solutions, iron 

usually exists in the Fe(III) form which is bound to soluble organic matter (Geller, 2007). 

For Fe-inefficient plants, when soil pH rises above 4.0, the cations of transition metals, 

like Fe(III), are not easily solubilized or exchanged into the soil solution from soil 

organic matter and therefore are not available for uptake (Wik et al., 2006). Plants like 

Calibrachoa do not have mechanisms such as root zone acidification, release of Fe 

reductases, or increasing the number of root hairs that other bedding plants have to 

compensate for the decreased transition metal solubility in soils above pH 4.0 (Wik et al., 

2006).

Iron is required by plants for protein synthesis, and Fe deficiency will affect 

chloroplast size and the number of proteins per chloroplast (Marshner, 1995). Twenty 

iron atoms per unit are needed in the thylakoid membranes for structural and functional 

purposes of photosystem I (PSI) and photosystem II (PSII) of the electron transport chain 

(Terry and Abadia, 1986). Terry and Abadia (1986) also noted that if Fe is limited,
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chlorophyll and P-carotene levels will decrease, which explains the yellowing of new

leaves.

The present research compared the susceptibility to micronutrient deficiency- 

induced chlorosis in Calibrachoa plants grown in local topsoil and plants grown in top 

soil with the addition of Ca(OH)2 or HC1. Similar studies have been done hydroponically 

(Wik et ah, 2006; Lindsay, 1979; Peterson, 1981) but this experiment focuses on actual 

conditions that managers of nursery crops utilize. Peter’s All-Purpose water soluble 

fertilizer (20-20-20) was given to all soil treatments to prevent macronutrient 

deficiencies. This fertilizer also contained micronutrients in the following amounts: B 

.02%, Cu .05%, Fe .10%, Mn .05%, Mo .0009%, and Zn .05% (J.R. Peters, Inc. 

Allentown, PA). I predicted that those plants grown in the calcareous soil would show 

yellow leaves sooner and to a greater extent than those grown in only topsoil.

A second part of this experiment compared two varieties of Calibrachoa to 

determine if flower color correlated to varying susceptibilities to iron chlorosis and other 

micronutrient deficiencies. The original varieties discovered in South America were dark 

colors such as red and purple shades. Willy Knowles, a plant breeder at Hardy Boy 

Plants (Denver, CO), observed that varieties with flower color further from the original 

colors, such as white and other pale shades, were more likely to be hindered by disease. 

He attributed these symptoms to be due to the extent of breeding from the original colors 

introduced in the U.S. Calibrachoa x hybrida ‘Cherry Pink’ and ‘White’ were grown in 

local topsoil and amended calcareous soil to determine if a difference in susceptibility to 

micronutrient deficiency existed between varieties. I hypothesized that Calibrachoa x
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hybrida ‘White’ would show chlorotic symptoms sooner and to a great extent than the 

‘Cherry Pink’ variety.
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MATERIALS AND METHODS

Experimental Design

This plant growth experiment included three soil treatment categories (HC1, 

Ca(OH)2 and Control- no amendment) and two varieties with eight replicates per variety 

per treatment. Calibrachoa x hybrida ‘Cherry Pink’ and ‘White’ (Hardy Boy Plants, 

Denver, CO) were the two varieties of plants used. Throughout the rest of the paper, 

‘Cherry Pink’ plants will be referred to as the pink flowering plants and ‘White’ as the 

white flowering plants. Topsoil (Skinner, Helena, MT) was sifted with a 2 mm sieve and 

spread on a laboratory bench to air dry for three days. Eight-inch-diameter plastic pots

were washed with 10% HC1 solution and DI water.

Varying amounts of HC1 or Ca(OH)2 were mixed with 50 g of sieved topsoil in 

order to reach soil pH levels near 5.0 and 8.0, respectively. Hydrated lime, Ca(OH)2, was 

used to raise the soil pH above the control treatments because it reacts rapidly with 

protons to create basic conditions. Soil and the respective amendments were left to 

equilibrate overnight and then readings were taken with a pH electrode of 1:1 DI 

water:soil slurries. The starting soil pH values for the three treatments were as follows: 

HC1- 5.4, Control- 7.2, and Ca(OH)2- 7.8.

One kg of sieved topsoil was then mixed with 1.0 g Peter’s All-Purpose Fertilizer 

(20-20-20) in an acid-washed basin. Each pot was then weighed with the dry topsoil mix. 

For the HC1 treatments, 14 ml of 10% HC1 were added along with 180 ml DI water to 

bring the total liquid volume to 200 ml. For the Ca(OH)2 treatments, 60 ml of 40% 

Ca(OH)2 were added with 140 ml of DI water to bring the total volume up to 200 ml.

The control treatments also received 200 ml of DI water.
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Each pot was mixed by hand to evenly distribute the fertilizer and liquid. Each 

plug was weighed and planted on 18 May 2007. An additional 25 ml of DI water were 

added to each pot which was weighed to establish the mass that each replicate was 

brought up to with water every day.

Because the soil pH of the Ca(OH)2 treatments fell to about 7.2 (same as Control) 

after three weeks, an additional 5.0 g of Ca(OH)2 were added to create calcareous soil

conditions.

Growth Conditions and Plant Growth Data

Plants were kept in the Carroll College greenhouse for the duration of the 

experiment. Pots were randomly distributed on a 72 x 36 inch bench and frequently 

rotated. On Day 36 after planting, 1.0 g of Peter’s All-Purpose Fertilizer was added.

Plant height, leaf count, number of leaves showing a deficiency, and percentage of plant 

height showing deficiency were collected once a week according to guidelines used by 

Wik et al. (2006).

Data Collection and Analysis

Plants were harvested at 40 and 76 days after planting. Stems were pinched off 

one cm above the soil level. The plant material was then washed in a 0.1 % HC1 solution 

for 30 seconds followed by three consecutive rinses in DI water, each lasting about 30 

seconds. Plant material was placed in labeled paper bags and dried in a 50°C oven for 24 

hours. Each sample was ground up using an acid-washed mortar and pestle; the total dry 

mass then was weighed.

Plant material was digested using a hot plate method prior to inductively coupled

plasma (ICP) (Perkin Elmer, serial no. 3024) spectrometry analysis to detect nutrient
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content (Ca, Cu, Fe, Mg, Mn, Zn, K). One-half gram of oven dry plant material was 

weighed and placed in a 125 ml Erlenmeyer flask. Ten ml of HNO3 were added and this 

solution was then placed on a 125°C hot plate to gently boil for six hours. Flasks were 

removed from heat and then 2 ml of H2O2 were added. Samples were boiled down to 

near dryness and then were transferred with DI water into 50 ml volumetric flasks.

ICP and plant growth data were entered into Excel. Statistical analysis using a 

multivariate analysis of variance (MANOVA) was used to determine levels of significant 

difference between varieties and between treatments. While nutrient concentration and 

total nutrient uptake were recorded, statistical analysis was only based on nutrient 

concentration. Also, the mean nutrient concentrations in soil samples were computed to 

compare with nutrient concentrations in the plants.
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RESULTS

Initial soil pH values for the three soil amendment groups were as follows: HC1- 

5.4, Control- 7.2, and Ca(OH)2- 7.8. The soil pH values did not remain stable, and the 

Ca(OH)2 pots dropped to 7.2 after three weeks. The HC1 pots were not fully equilibrated 

at the time of planting, and the soil pH continued to drop to below 5.0. Plants in the 

acidic soil died within one week into the experiment, and therefore were discarded from 

the study.

Three macronutrients (Ca, Mg, K) and four micronutrients (Cu, Fe, Mn, Zn) were 

analyzed in two areas of comparison. Calibrachoa ‘Cherry Pink’ and ‘White’ varieties 

were compared as well as those plants in Ca(OH)2 amended soils versus those in non- 

amended local topsoil which served as the control.

Macronutrients

Calcium: The white flowering variety tended to have higher plant Ca concentrations than 

the pink flowering variety. The average plant Ca concentration was 20% greater in white 

flowering plants than pink flowering plants at the time of the first harvest (40 days). Plant 

Ca concentration in all plants increased between harvest times except for white flowering 

plants treated with Ca(OH)2. Total plant uptake of Ca increased over time (Figure 1). 

Significant differences in plant Ca concentrations were observed between Calibrachoa 

varieties (p = 0.0005) and plants grown in different soil treatments (p = 0.006) (Table 1).

Magnesium: White flowering plants contained greater plant Mg concentrations than pink 

flowering plants (Fig. 1). The average plant Mg concentration was 23% greater in white 

flowering plants than pink flowering plants at 40 days. Plant Mg concentrations tended
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to decrease between harvest times while total plant uptake increased. Significant 

differences in plant Mg concentrations were observed between varieties (p = 0.003) but 

not between plants grown in amended and control soils (p = 0.09) (Table 1).

Potassium: White flowering plants had higher plant K concentrations than pink 

flowering plants (Fig. 1). At 40 days, the average plant K concentration in white 

flowering plants was 26% greater than in pink flowering plants. Plant K concentrations 

tended to decrease over time between treatments but total K uptake increased between 

harvest times. Significant differences in K concentrations between varieties (p = 0.001) 

were observed but not between Ca(OH)2 amended and control soil treatments (p = 0.20) 

(Table 1).

Micronutrients

Zinc: Pink flowering plants had higher plant Zn concentrations than white flowering 

plants, while plant Zn concentrations tended to decrease for all plants except white 

flowering plants grown in Ca(OH)2 amended soil that were harvested at 76 days (Fig. 2). 

At the time of the first harvest, the average Zn concentration in the pink flowering plants 

was 14% greater than the average Zn concentration in the white flowering plants.

Control pink flowering plants had higher Zn concentrations than pink flowering Ca(OH)2 

plants. However, white flowering plants grown in control and amended soil showed no 

trend in plant Zn concentration. Total Zn uptake increased for all plants over the duration 

of the experiment. Significant difference in plant Zn concentration was observed 

between varieties (p= 0.04) but not between soil treatment groups (p = 0.40) (Table 1).
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Manganese: Figure 2 shows that pink flowering plants had higher plant Mn 

concentrations than white flowering plants at the first harvest, but they had lower 

concentrations than the white flowering variety at the second harvest. The average plant 

Mn concentration was 3% greater in pink flowering plants than white flowering plants at 

40 days but was nearly the same percentage lower at 76 days. White flowering plants 

showed relatively the same concentrations between treatment groups. Pink flowering 

control plants had higher plant Mn concentration than pink flowering Ca(OH)2 plants at 

the first harvest, but they had a lower concentration than the soil treated plants at the 

second harvest. Total Mn uptake increased over time. No significant difference was 

observed between varieties (p= 0.70) or soil treatment groups (p = 0.80) (Table 1).

Copper: Figure 2 shows that pink flowering plants had slightly higher plant Cu 

concentration than white flowering plants. At 40 days, pink flowering plants were 35% 

greater in average Cu concentration than white flowering plants. Plant Cu concentrations 

in all plants except for pink flowering plants grown in control soil harvested at 40 days 

were relatively constant throughout the experiment. However, total Cu uptake increased 

from the first harvest to the second harvest. Significant differences were not observed 

between varieties (p = 0.20) or soil treatment groups (p = 0.20) (Table 1).

Iron: Pink flowering plants had slightly higher plant Fe concentrations than white 

flowering plants except for white flowering plants grown in Ca(OH)2 amended soil and 

harvested at 76 days (Fig. 1). The average plant Fe concentration in pink flowering 

plants was 4% greater than average Fe concentration in white flowering plants at 40 days.





In control plants, plant Fe concentrations tended to decrease over time but Ca(0H)2- 

amended plants maintained constant plant Fe concentrations. Total Fe uptake increased 

over time for both varieties and treatment groups. No significant differences in Fe 

concentrations were observed between varieties (p = 0.60) or between soil treatment 

groups (p = 0.90) (Table 1).

(40) (40) (76) (76)
(40) (40) (76) (76)

Figure 1. Macronutrient (Ca, Mg, K) concentrations (ug/g) and total macronutrient 
uptake (g) for each harvest period, treatment, and variety.
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Figure 2. Micronutrient (Cu, Fe, Mn, Zn) concentrations (ug/g) and total micronutrient 
uptake (g) for each harvest period, treatment, and variety.
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Plant Height

Both soil treatment categories of the pink flowering variety grew taller than the 

white flowering variety (Fig. 3, Fig. 5). In both varieties, plants grown in control soil

were taller than those grown in soil treated with Ca(OH)2.

—♦—Control Pink 

—•—Control White 

Ca(OH)2 Pink 

—Ca(OH)2 White

Days since planting

Figure 3. Plant height of each variety and treatment over the 76-day growth experiment.

Morphology

The first sign of chlorosis was seen 36 days after planting in all white flowering 

plants, but more extensively in Ca(OH)2 -amended plants. One week later, Ca(OH)2 pink 

flowering plants showed signs of a deficiency. As this plant growth experiment 

progressed, the two varieties displayed different symptoms in the Ca(OH)2-amended soil 

(Fig. 4, Fig. 5). White flowering plants showed yellowing of new leaves and shorter 

intemodal distance at the shoot apex. The pink flowering plants showed very minimal 

chlorosis, but new leaves appeared deformed. They were wider, curled downward, and 

some appeared to fuse together, forming a tube-like structure.

By Day 58 after planting, the control plants of both varieties exhibited similar

morphologies to their respective Ca(OH)2 counterparts, but not to the same extent of

severity. By the end of the experiment, within 2.5 cm of the apical
CARROLL Cf ■ 'nr
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shoot meristem was difficult to count due to their severe deformity in the pink flowering

variety.

Table 1. Reported sufficiency ranges for macro- and micronutrients studied compared to 
those which were observed. This table also includes the results from the MANOVA with
reported p-va' ues corresponding to differences between varieties and between treatments.

Nutrient
Sufficiency 
Range ug/g

Observed 
Range ug/g

Ave. cone. 
'White' ug/g

Ave.
cone.
'Pink'
ug/g

Variety
p-value

T reatment 
p-value

Ca
10,000-
15,000

10, GOO- 
27,000 22,600 18,900 0.0005 0.006

Mg 3,000-8,000 4,000-6,000 5,190 4,210 0.0003 0.09

K
10,000-
30,000

19,GOO- 
34,000 28,600 22,700 0.001 0.2

Cu 6-20 15-33 16.7 22.6 0.2 0.2
Fe 50-150 60-85 67.9 70.7 0.6 0.9
Mn 50-300 42-59 47.7 46.2 0.7 0.8
Zn 16-50 1.75-2.75 2.06 2.36 0.04 0.4

Table 2. Mean plant nutrient concentrations (ug/g) with standard error of soil samples 
taken at the first harvest.

Ca Mg K Cu Fe Mn Zn
Control

Pink 420±170 0.594±0.05 0.177±0.05 107±50 87±30 0.190±0.08 0.0163±0.009
Control
White 260±90 0.529±0.04 0.171±0.03 59+20 69±10 0.089±0.05 0.037+0.001

Ca(OH)2
Pink 276±60 0.524±0.01 0.188±0.01 72±20 92+10 0.127±0.03 0.035±0.001

Ca(OH)2
White 708±130 0.491 ±0.03 0.127±0.006 188±50 132±10 0.288+0.2 0.028±0.005
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Figure 4. Difference in morphology of two varieties grown in Ca(OH)2- amended soil. 
The plant on the left is the ‘Cherry Pink’ variety while the specimen on the right is from a 
‘White’ replicate.

(R) and ‘White’ (L).
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DISCUSSION

The present research had two objectives. First, I compared Calibrachoa grown in 

local topsoil to plants grown in Ca(OH)2-amended and HCl-amended soils to determine 

the effect of soil pH and thus, primarily, Fe availability as a measure of Fe-inefficiency 

under common greenhouse conditions. Argo and Fisher (2002) reported that a soil pH 

range from 5.4-6.2 is acceptable for growing Fe-inefficient species like Calibrachoa. In 

my experiment, plants grown in HCl-amended soil had their soil pH fall to 4.6-5.3. These 

plants initially showed withering, and these symptoms were irreversible and led to death 

within 10 days. It remains uncertain whether or not my data would support the 

acceptable soil pH range determined by Argo and Fisher (2002) since both Control (pH 

7.2) and Ca(OH)2-amended (pH 7.8) plants were above this range and plants just below 

the range died. Both groups showed signs of chlorosis at these high pH values which 

would not disprove previous studies (Argo and Fisher, 2002; Marschner, 1995). The only 

nutrient to report a significant difference in concentration between treatment groups was 

calcium (p =0.006). The difference is likely due to the Ca(OH)2 added to the one group 

to raise the soil pH.

Secondly, I compared two varieties of Calibrachoa (‘Cherry Pink’ and ‘White’) 

to determine if a difference in deficiency symptoms and their severity existed between 

varieties of this species. It is within this area of focus that the most surprising results 

were observed. All the macronutrient concentrations were well within their sufficiency 

ranges, but significant differences existed between varieties. Plant Ca concentration 

(p=0.005), Mg concentration (p=0.0003), and K concentration (p= 0.001) may have 

varied between varieties due to different growth habits (Fig. 4 and Fig. 5). However,
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these differences are minor since both varieties were within the reported sufficiency 

ranges of these respective macronutrients.

Several of the micronutrients were below the reported sufficiency ranges, but only 

plant Zn concentration between varieties had statistical significance (p = 0.004). Both 

pink and white flowering plants were well below the reported sufficiency ranges for plant 

Zn concentration: 85% and 87% below the lower limit of the sufficiency range, 

respectively. Zn deficiency symptoms reported by Williams et al. (2004) include patchy 

chlorosis, wider and lobed young leaves, and all leaves curling downward. In my study, 

these symptoms were more evident in the pink flowering variety, suggesting that this 

variety may be more susceptible than the white variety to Zn deficiencies. Figure 4 shows 

this deformed leaf appearance in the pink flowering plant on the left.

The plant tissue concentration of Mn in the white flowering variety increased over 

the course of the experiment while it decreased in the pink flowering variety. According 

to Vetanovetz (1996), the sufficiency range for plant Mn concentration is 50-300 ug/g dry 

plant matter, and by the end of the experiment, both varieties were below this level (Fig.

2, Table 1). Pink flowering plants were 5% and white flowering plants were 8% below 

the lower limit of the sufficiency range. A deficiency will manifest itself with similar 

symptoms to a Zn deficiency, but the observed morphological difference between 

varieties is likely caused by low Zn since plant Zn concentrations for both treatments 

were extremely low and statistical analysis showed a significant p-value. This is 

consistent with previous studies that show when soil pH increases, plant availability of 

zinc and manganese decreases more than any other mineral nutrient (Marschner, 1995).
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Plant concentrations of these two micronutrients decreased by the second harvest, 

but total Mn and Zn uptake increased significantly during the same time period. This 

suggests that total uptake is due to an increase in plant size and not to the ability to 

accumulate Mn and Zn (Fig. 2). Moraghan and Mascagni (1991) reported that zinc 

concentration can decrease 30-45 times for each unit increase in soil pH, and this 

micronutrient concentration can also depend on other solute components, organic matter, 

and microbial activity. An increase in soil pH contributes to chelation by organic 

substances. In extracts from calcareous soils, 40-75% of the Zn available can be found 

bound to organic complexes, depending on organic matter content (Hodgson et al., 1966; 

Sanders, 1983). The plant mechanisms controlling Mn deficiency are largely unknown, 

but the difference within species is thought to be controlled by major dominant genes 

(Graham, 1988).

Plant Cu concentrations were below or at the lower limit of reported sufficiency 

ranges (Table 1), but statistical analysis showed no significant difference between 

varieties. Symptoms of Cu deficiency include interveinal chlorosis and spoon-shaped 

young leaves that eventually become completely rolled, forming a tube-like structure 

(Williams et al., 2004). Some of the pink flowering plants appeared to form this tube-like 

structure, and this variety may be more susceptible to this micronutrient deficiency.

Both color varieties were well below the sufficiency range for plant Fe 

concentration. While Fe concentration and total Fe uptake were nearly identical between 

varieties, deficiency symptoms were different (Figure 4). White flowering plants showed 

uniform, light-green chlorosis of new leaves, similar to that reported by Williams et al. 

(2004). Pink flowering plants showed only slight chlorosis, but had deformed leaves near
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the apex of the main shoots. Initially, these leaves curled inward slightly, but as the 

experiment progressed, some leaves withered up so much I was unable to perform a leaf 

count. Leaves roughly 4 cm below the shoot apex had a lobed appearance similar to 

characteristics of a plant Mn or Zn deficiency.

Based on appearance, white flowering plants showed the strongest deficiency to 

Fe, and pink flowering specimens may have experienced plant Mn, Zn, or Cu 

deficiencies. However, determination based on reported versus observed sufficiency 

ranges as well as statistical analysis suggests that Zn is the main micronutrient causing 

the observations. No significant difference in micronutrient concentrations was seen 

between soil treatment groups which is understandable since the control treatment was 

above the optimal pH range. Table 2 shows the average water extractable soil nutrient

concentrations taken at the time of the first harvest. These soil nutrient concentration 

values are substantially lower than nutrient concentrations in the plant. These results are 

expected because many of the micronutrients like iron are bound by soil particles and 

mostly insoluble to water and are thus taken up by the plant slowly over time.

Bedding plants like Calibrachoa, when grown in a high substrate pH, often suffer 

from micronutrient deficiencies (Nelson, 1994) with lack of iron showing deficiency 

symptoms the earliest (Williams et al., 2004). Iron in soils exists in two forms: ferric and 

ferrous ions. While ferrous ions are highly soluble, ferric ions are not and are more 

abundant in aerated soils (Crawford, 1982) like those used for this experiment. Also, as 

soil or substrate pH rises, the solubility and therefore availability of iron decreases. 

Calibrachoa and other Fe-inefficient plants lack iron accumulation strategies like root 

zone acidification or Fe(III) reductases to help facilitate Fe uptake when soil or substrate
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pH becomes alkaline (Bienfait, 1988; Romheld, 1987). Acidification of the root zone 

occurs when a proton pumping ATPase in the plasma membrane induces the formation of 

transfer cells in the root epidermal cells (Landsberg, 1980). These transfer cells facilitate 

the release of protons into the rhizosphere and subsequently lower the soil pH. Transfer 

cells have also been associated with the release of organic acids, namely citrate and 

malate that further reduce surrounding soil pH (Landsberg, 1986). Iron, zinc, copper, 

and manganese plant concentrations will all be affected by the plant’s ability to acidify 

the root zone and other non-specific mechanisms previously discussed. Fe(III) 

reductases reduce ferric ions into ferrous ions so that iron is available for uptake. These 

mechanisms are considered nonspecific since they are not directly related to the 

nutritional status of the plant. Specific mechanisms are distinct root responses to a lack 

of iron available for uptake. The most common mechanism is genetically controlled 

resistance against “lime-induced” chlorosis (Romheld, 1987). This can explain different 

susceptibilities observed between varieties within a species to the same iron content. The 

ability to take up nutrients is also positively correlated to the length of root hairs. Fe- 

inefficient species lack the genetic basis to control root hair growth in response to this 

micronutrient deficiency, as well as other transition metal nutrients like Zn and Mn.

Further study is needed to verify if Calibrachoa ‘White’ and ‘Cherry Pink’ have 

different susceptibilities to different nutrient deficiencies. The difference may be 

genetically based as the two varieties developed different growth habits as the experiment 

progressed. The pink variety grew taller than the white variety over the duration of the 

experiment. The white Calibrachoa variety was more compact with many smaller leaves 

while the pink plants exhibited a more species-like characteristic of sprawling growth and
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fewer but larger leaves. On average, the control plants in each variety grew taller than 

the Ca(OH)2-amended plants. An overall stunted growth is likely since plants at a higher 

pH are more likely to suffer from a micronutrient deficiency to a greater extent.

Knowing that a difference between varieties exists, plant geneticists might begin 

to uncover possible mechanisms controlling this variance. In the future, we may be able 

to develop ornamental species in which all varieties have mechanisms to deal with

micronutrient deficiencies.
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