
“mother” of all minerals
root and microbial bio-stimulant

CALCIUM 
AVAILABILITY

Maintaining available 
calcium levels in the pore 

space of the soil with 
GSR Growing Calcium 

retains soil structure while 
stimulating microbial 

activity and plant growth. 

ROOT 
GROWTH

The majority of calcium 
uptake occurs in the root 
tip. Available calcium in 
the pore space of the 
soil promotes root hair 

development and proper 
mineral uptake. 

CELLULAR
STRUCTURE
Available calcium is key 

in building pectin, the glue 
which holds a cell wall 

together. Strong cellular 
development with available 
calcium builds robust soil 

microbes and boosts plant 
immunity. 

ABOUT GSR GROWING CALCIUM
Genesis Soil Rite Growing Calcium (GSR) is mix of available 
calcium formulated to build calcium levels within the pore-space 
of the soil. Saturating the pore space of the soil with available 
calcium can maintain healthy soil structure (aerobic zone) 
throughout the growing season by reducing the movement of 
calcium away from the soil colloid. As the plant develops and 
microbial activity accelerates, the demand for available calcium 
grows. Without available calcium, soil biological organisms may 
draw down soil calcium levels causing dispersive soil conditions. 

GSR Growing Calcium is the ideal blend of available calcium 
that keeps your soil life in balance similar to the way your mother 
kept your life in balance. With micro-dosed topical applications 
of GSR Growing Calcium your plant, soil, and microbes will have 
the nutritional building blocks they need throughout the growing 
season to yield vigorous -nutrient dense- plant growth while 
maintaining soil health and reducing the carbon footprint.

GSR GROWING CALCIUM - the “mother” of all minerals 

4200 W 8th St.
Yankton, SD 57078

www.soilworksllc.com
605-260-0784
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Figure 4. The physiology of the root hair. Some aspects of the physiological and biophysical basis of the tip growth of root
hairs are represented.

polymerization (Staiger et al. 1997). Profilin 1 (PFN1) is
expressed in roots and root hairs of Arabidopsis
(Ramachandran et al. 2000). Transgenic plants that over-
express PFN1 develop longer root hairs than wild-type
(Ramachandran et al. 2000). Both PFN1 mRNA and pro-
tein accumulate in the bulges and tips of maize root hairs
(Baluska et al. 2000). It is likely then that the in situ pro-
duction of profilin is important for regulating actin poly-
merization at the tip of the hair. ADF also accumulates in
the tips of root hairs (Jiang et al. 1997), probably facilitat-
ing depolymerization. It is likely that profilin and ADF act
together in regulating the dynamics of the actin cytoskele-
ton necessary for tip growth to proceed. The effects of rho
GTPases (e.g. Rop) and actin-related proteins (Arp) on
the actin microfilament network have been studied in pol-
len tubes. Some of these molecules may be active in root
hairs, but this has yet to be confirmed (for reviews, see
Yang 1998; Palanivelu & Preuss 2000).

Unlike microfilaments, microtubules are initially absent
from the hair-forming bulge, but as the nucleus moves
towards the bulge and migrates into the growing hair,
nuclear-associated MTs appear in the root hair and
become longitudinally organized, parallel to the direction
of growth (Baluska et al. 2000; Bibikova et al. 1999).
Growth of roots in the presence of oryzalin, which depoly-
merizes MTs, and Taxol, which stabilizes MTs, results in
the formation of wavy and branched hairs, while the
growth rate is the same as for the controls (Bibikova et al.
1999). This suggests that dynamic MTs are required for
the maintenance of the directionality of growth, but not
for tip growth per se (figure 4). Interestingly, when direc-
tionality was disrupted by these drugs, new tip-focused
calcium gradients appeared at the new growth points in
the hairs, so there is possibly an intimate association
between MTs and the apical positioning of the calcium
influx (Bibikova et al. 1999).

4. THE GENETIC CONTROL OF ROOT HAIR
GROWTH

Numerous Arabidopsis mutants have been identified that
are affected in the outgrowth of root hairs from the tricho-
blast. Phenotypes observed range from roots with no hairs
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at all, through those with bulges or blebs, to those with
short, wide, wavy, branched or forking hairs
(Schiefelbein & Somerville 1990; Grierson et al. 1997;
Ryan et al. 1998; Parker et al. 2000; Favery et al. 2001;
Rigas et al. 2001; Masucci & Schiefelbein 1994; Schneider
et al. 1997). Comparison of the morphological traits of
the single and double mutants (which may have epistatic,
additive or synergistic phenotypes) allows a dissection of
the genetically controlled processes of hair growth
(Schiefelbein & Somerville 1990; Grierson et al. 1997;
Parker et al. 2000; Favery et al. 2001). These processes
can be divided into those that affect the initiation of hair
growth (the site and size of the hair-forming bulge and the
number of hairs per site) and those involved in the later
processes of the establishment and the maintenance of
tip growth.

(a) Initiation of hair growth
rhl (root hairless) mutants show no sign of root hair

initiation (and they have other severe growth defects;
Schneider et al. 1997). RHL1 is a small nuclear protein
of unknown function which is thought to be required for
the initiation of root hair development (Schneider et al.
1998; figure 5). RHL1 may therefore be required for the
promotion of hair development in trichoblasts, although
this class of mutants is difficult to distinguish from the
class of patterning mutants (Schiefelbein 2000).

The rhd6 (root hair defective) mutant produces hairs at
different positions along the outer face of the trichoblast.
Similar phenotypes are observed in axr2, which is resistant
to auxin and ethylene, and in etr1, which is resistant to
ethylene (Masucci & Schiefelbein 1994). Ethylene can
rescue the rhd6 phenotype, and inhibition of ethylene
biosynthesis in the wild-type produces an rhd6-like pheno-
type (Masucci & Schiefelbein 1994). This highlights the
role of ethylene in the growth of root hairs. rhd6 is epistatic
to most other hair mutants. This suggests that RHD6 acts
earlier than the other genes and is involved in the selection
of the position of hair initiation through a mechanism
involving auxin and ethylene (Parker et al. 2000).

The site of hair initiation is much larger in the rhd1
and tip1 mutants than in wild-type. The rhd1 mutant
produces hairs with bulbous bases from bloated epidermal

HOW GSR GROWING CALCIUM 
WORKS

Genesis Soil Rite (GSR) Growing Mix is formulated to 
feed the plant and soil microbes. Similar to GSR Dormant 
Calcium, GSR Growing Calcium is manufactured to 
increase the dissolution rate of calcium carbonate creating 
what we refer to as “available” calcium. 

Upon application, GSR Growing Calcium saturates the 
pore space of the soil with available calcium. A pore space 
saturated with available calcium reduces the isomorphous 
substitution of calcium away from the soil colloid to feed 
the plant. This is important as the calcium surrounding the 
soil colloid is critical to maintaining healthy aerobic soil. 

Available calcium, in the pore space of the soil, is also 
vital to root hair development. Calcium enters the plant 
via calcium channels on the root hair. Soil pore space 
saturated with available calcium increases the calcium 
concentration in the plant root hair and can stimulate root 
hair development. 

BENEFITS
• Maintains Soil Health
• Stimulates Root Growth
• Increases Plant Immunity
• Strengthens Soil Microbes
• Increases Calcium Availability
• Enhances Biological Activity
• Accelerates Nutrient Cycling
• Suitable for Hydroponics
• Replaces Dry Calcium 

Applications
• Low Shipping Cost
• Small Carbon Footprint
• Easy to Apply
• Approved for Organic 

Production with Most 
Certifying Agencies

APPLICATION 
RATES

Genesis Soil Rite (GSR) Growing 
Calcium is a dry flowable powder 
which suspends in water. 

GENERAL APPLICATION 
RATES

45 - 454 grams GSR 
Growing Calcium per 
acre

GSR Growing application rates 
are based on soil calcium levels, 
depth of root zone, soil electrical 
conductivity, and crop. A deeper 
rooting crop will require a higher 
application rate. GSR Growing 
Calcium can be tank mixed with 
fertilizers. DO NOT tank mix with 
pesticides. Please consult the 
product label and the Soil Works 
staff for recommendations and 
application rates.  

Once in the plant, a high calcium concentration in the 
root encourages the development of pectin in the cellular 
tissue of the plant. Pectin, which is the glue binding 
together the cell wall, enhances a plant’s immunity by 
building strong cellular walls. Saturating the soil’s pore 

Figure 1: The physiology of a plant root hair

space with available calcium ensures that your soil, plant 
and microbes have the building blocks required to build 
a positive agroecosystem. GSR Growing Calcium can 
balance soil calcium levels and stimulate soil biological 
activity. It is the “mother” of all minerals in the soil and 
corrects even the toughest soil. 


