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Abstract 
The effect of alkaline water quality on live oak tree production was initiated at 
a nursery in Point Coupee Parish, Louisiana. Ca and Mg sources were used to 
study the impact of water quality on live oak tree container-growth and study 
the benefits of using different rates of lime and gypsum [0% dolomitic lime 
(Ca, Mg), 100% gypsum (Ca) + Epsom salt (Mg), 25% dolomitic lime (Ca, 
Mg), 75% gypsum (Ca) + Epsom salt (Mg), 50% dolomitic lime (Ca, Mg), 50% 
gypsum (Ca) + Epsom salt (Mg), 75% dolomitic lime (Ca, Mg), 25% gypsum 
(Ca) + Epsom salt (Mg), 100% dolomitic lime (Ca, Mg) + 0% dolomitic lime]. 
Live oak tree growth measurements increased with the reduction of dolomitic 
lime and increase of Epsom salt and gypsum applications. Leaf Na content was 
significantly reduced using higher proportions of gypsum and Epsom salt. Soil 
pH was also reduced by more than 1 pH unit after a growing season. Soil pH 
did increase when irrigated with highly alkaline water. Growers using alkaline 
water need to manage irrigation water and soil pH and consider using gypsum 
and Epsom salt reducing dolomitic lime rates as a source of Ca and Mg. All Ca 
and Mg sources provided greater than the threshold levels of leaf Ca and Mg 
content. 
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1. Introduction 

Water sources for nurseries can sometimes be a hindrance when it comes to the 
health and quality of the plants being grown depending on what minerals/ele-
ments are present in them. This is consistent with the most common type of water 
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source in Louisiana, sodium bicarbonate. Sodium bicarbonate in water can lead 
to negative effects on plants such as the buildup of Na in the media and the in-
crease of pH [1] [2]. A common plant production problem around the world is 
having high salt levels within growing medium and water sources [3]. This is com-
mon among coastal regions and can significantly affect the growth of a variety of 
plants. High salt content can increase EC to levels at which ion imbalances occur 
rendering growing conditions for plants. Salinity stress also decreases photosyn-
thesis [4], alters the mineral composition in plants and causes ion imbalance or 
toxicity [5]-[8]. Due to high salinity toxicity, soil water potential is decreased, so 
plants become incapable of absorbing sufficient extent of water from soil, ulti-
mately reduction in plant growth rate occur [9]. Wilting occurs by constant salin-
ity stress like drought symptoms, with waxed and thickened leaves and with a 
greenish blue color [10]. Increased salt concentration can affect senescence and 
photosynthetic ability of plants abridged to a level that growth of plant cannot 
endure [11]. Meaning the photosynthesis can be reduced to a point where growth 
of the plant ceases or is limited. There have been many salinity studies, but most 
have been concerned with NaCl-salinity [12]. Little attention has been given to 
other harmful salts, such as those caused by Na2SO4 and NaHCO3 [13]-[15]. High 
pH can affect the physiological and cellular functions within plants leading to 
stress. The increase in pH reduces the availability of these nutrients and further 
cause problems in plant growth. These conditions are associated with high bicar-
bonate levels in the soil solution, which may directly induce iron (Fe) deficiency 
in plants by impairing Fe uptake and transport [16]-[18]. High carbonate content 
in soil generates alkalinity that limits Fe availability to roots, resulting in chlorosis 
symptomology [19] [20]. Alkaline irrigation water throughout Louisiana has re-
duced the quality of several horticultural crops. Container grown azaleas, poinset-
tias and bedding plants have been adversely affected by poor water quality. In-
creased N and Fe fertilization by nurserymen resulted in little or no effect on foli-
age chlorosis [21] [22]. For the amelioration of sodic irrigation effects, application 
of gypsum is commonly recommended [23]. 

Gypsum is the most common chemical amendment for saline-sodic and sodic 
soil reclamation because it is comparatively cheap, available, and easy to apply 
[24]. Gypsum, chemically known as calcium sulfate dihydrate (CaSO4·2H2O), is 
commonly used in agriculture and horticulture to ameliorate soil or growing me-
dia that has a high Na content, often associated with a sodium bicarbonate (Na-
HCO3) water source. Gypsum contains calcium ions (Ca2+) that can effectively 
exchange with sodium ions (Na+), in the soil or growing media. When gypsum is 
applied to the media, the Ca ions displace the sodium ions from the cation ex-
change sites on soil particles or organic matter. The released Na+ ions can then 
leach from the medium in the form of sodium sulfate (Na2SO4). Gypsum has a 
slight acidifying effect on the media in which it is used. When gypsum dissolves 
in water, it releases Ca ions and sulfate ions ( 2

4SO − ). The sulfate ions can combine 
with hydrogen ions (H+) in the soil solution, leading to the formation of sulfuric 
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acid (H2SO4). This acidification process lowers the pH of the media, making it less 
alkaline. Lowering the pH is beneficial because high Na levels often coincide with 
elevated pH levels, which can be detrimental to plant growth. Gypsum application 
reduces Na and increases Ca availability in the media. Calcium is an essential nu-
trient for plant growth, and its availability can be limited in high-sodium soils. 
Dolomitic lime is typically used for Ca fertilization. Gypsum’s role in improving 
Ca availability contributes to overall plant health. Besides these effects as a soil 
amendment, gypsum is highly suitable for practical use at field scales, because it 
is cost-effective, widely available, and easy to handle [25]. The experiment objec-
tive is to establish a basis for which different calcium (Ca) and magnesium (Mg) 
sources may be used to provide optimal nutrition for plants and negate the effects 
that sodium bicarbonate inflicts in a nursery setting. 

2. Materials and Methods 

This experiment was initiated to determine the effects of sodium bicarbonate in 
nursery growing conditions with live oak (Q. virginiana), seven-gallon liners of live 
oak were transplanted in March 2022 into 100-gallon wooden containers of which 
there were 100. Irrigation water source contained sodium bicarbonate having an 
average concentration of 220 milligrams per liter of dissolved solids and pH of 8.8. 
All were filled with a bark-based (3: bark, 1: sand, 1: peat) nursery media typical in 
the industry. Tree growth parameters of caliper (mm) and height (in) were meas-
ured, and trees were assigned to fertilizer treatments using random assignment to 
reduce variability. Ca fertilizer sources (gypsum and dolomitic lime), Mg fertilizer 
sources (dolomitic lime, Epsom salt [split applications]) and rates (0, 3, 6, 9 and 
12 lbs./cubic yard) were established to form the five treatments as follows (Table 1): 
 
Table 1. Treatments used in the 2022 Ducote Tree Farm experiment comparing live oak 
tree growth for using different Ca and Mg sources. 

Ca and Mg Fertilizer Sources and Percentages 

Treatment 1 0% dolomitic lime (Ca, Mg) 100% gypsum (Ca) + Epsom salt (Mg) 

Treatment 2 25% dolomitic lime (Ca, Mg) 75% gypsum (Ca) + Epsom salt (Mg) 

Treatment 3 50% dolomitic lime (Ca, Mg) 50% gypsum (Ca) + Epsom salt (Mg) 

Treatment 4 75% dolomitic lime (Ca, Mg) 25% gypsum (Ca) + Epsom salt (Mg) 

Treatment 5 100% dolomitic lime (Ca, Mg) 0% gypsum (Ca) + Epsom salt (Mg) 

 
The experiment compared 5 fertilizer treatments with 20 blocks, oak tree plants 

were randomized and arranged in a RCBD using random assignment to reduce 
variability. Each treatment contained 20 replications to account for all 100 trees. 
Drip irrigation was used to provide daily irrigation for all treatments as needed. 
This experiment was established at Ducote’s Tree Farm in Lakeland, LA (30.56˚, 
−91.43˚) which provided ample space and the proper conditions for a nursery set-
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ting, outside in rows on top of ground cloth, as the experiment called for to be 
used. Data was collected from the trees every 2 months from April 2022 through 
April 2023. Growth parameters were established from collecting data on height 
(m) with a tape measure from the apex bud, canopy spread (m) with tape measure 
at base of tree crown, and caliper (mm) 6 inches above the soil line of the trees 
using digital calipers for the different treatments. Data was collected each month 
and means statistically compared using Duncan’s Multiple Range Test. A leaf nu-
trient analysis was conducted by the LSU Soil Testing. Plant tissue nutrient anal-
ysis (P, K, Ca, Mg, S, B, Cu, Fe, Mn, Mo and Zn) was analyzed by the LSU Soil 
Testing Lab. Nutrient analysis was initiated by harvesting plants tops at the ter-
mination of the project, and dried at 60˚C. One gram of ground plant material 
was transferred into a 20 ml scintillation vial and placed in an oven at 50˚C for 1 
h to remove residual moisture. Vials were transferred to desiccators for 1h to fur-
ther remove moisture and cool the sample to room temperature. The caps of each 
sample were tightened upon removal from the desiccators to prevent moisture 
from re-entering. All elements were analyzed by placing 0.5 g of tissue into a 50 
ml tube (SCP Scientific digiTUBE). Funnels were placed in each tube, and samples 
were placed into an automatic digester (Thomas Cain, DEENA) for digestion us-
ing nitric acid. During the digestion, the samples are heated for 6 s at 60˚C and 
2.2 ml of distilled water is added. After 2 m, 5 ml nitric acid (SCP Science, 67% to 
70% HNO3, reagent grade) was dispensed into each tube, and the temperature was 
increased 10˚C every 10 m from 60˚C to 110˚C. The temperature was increased 
to 125˚C and held for 45 m, and then held for 50m at 128˚C, and cooled for 2 m. 
One ml of hydrogen peroxide (Macron Fine chemicals, 30% solution) was dis-
pensed into each tube, cooled for 5 m and reheated for 5 m to 128˚C. One ml of 
hydrogen peroxide was dispensed, and another 1ml of hydrogen peroxide was dis-
pensed into each tube. The samples were cooled for 5 minutes and heated for 30 
minutes at 122˚C, cooled for 6 seconds to 20˚C and cooled for 1 more minute. 
The volume of each sample was brought to 20 ml using distilled water. Samples 
were removed from the digester and vacuum filtered using a 1.0-micron Teflon 
membrane filter (SCP Science) into another 20 ml tube. ICP was performed for 
the elements P, K, Ca, Mg, S, Al, B, Cu, Fe, Mn, Mo, Na, and Zn using a Spectro 
Arcos according to the LSU Soil Testing and Plant Analysis Lab’s AgMetals pro-
cedure. The instrument was calibrated using one blank and 6 standard samples. 
Samples were run in sets of 60 (2 blanks included) with two National Institute of 
Standards and Technology (NIST) peach samples and an internal standard for 
every 20 samples. The data was verified to ensure it was within the tolerant ranges 
of the NIST and internal standards. Nutrient levels were reported as % (dry 
weight) for macronutrients and ppm (mg/kg dry weight) for micronutrients. pH 
was measured by mixing samples taken with water using a pH meter plus elec-
trode to show if the different treatments influenced soil pH since all containers 
received water from the same source. Data was statistically analyzed using a Proc 
GLM at the 0.05 level.  
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3. Results and Discussion 
 

 
Figure 1. Canopy spread of live oak measured in meters after a 10-month growing season of 2022-2023 in a nursery production 
setting at Ducote’s Tree Farm. NS = Not significant at the 0.05 level; * = Significantly different at the 0.05 level. 

 

 
Figure 2. Height (m) of live oak measured after a 10-month growing season of 2022-2023 in a nursery production setting at Ducote’s 
Tree Farm. NS = Not significant at the 0.05 level; * = Significantly different at the 0.05 level. 
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Figure 3. Average stem caliper (cm) of live oak measured after a 10-month growing season of 2022-2023 in nursery production 
settings at Ducote’s Tree Farm. NS = Not significant at the 0.05 level; * = Significantly different at the 0.05 level. 

 

 
Figure 4. Visual representation of the different treatments at the end of the experiment in 2023 at Ducote’s Tree Farm. The trees 
shown are an example of the treatment effects. 

 
There were significant statistical differences at the 0.05 level using a Proc GLM 

between treatments (Figures 1-7) display growth parameter differences in live oak 
tree growth between the various Ca and Mg treatments. The canopy spread for 
Treatments 1 and 2 (red and orange) were significantly greater than all other treat-
ments (Figure 1). No significant differences were measured between treatments 
for tree height (Figure 2). However, there were significant differences between the 
highest gypsum/Epsom salt treatments for stem diameters (Figure 3). 
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Figure 5. Calcium (%) leaf tissue content of live oaks from the Ca and Mg treatments in the LSU study at Ducote Tree Farm in the 
years 2022-2023. The arrowed line represents the sufficiency threshold. NS = Not significant at the 0.05 level; * = Significantly 
different at the 0.05 level. 

 

 
Figure 6. Magnesium (%) leaf tissue content of live oaks from the Ca and Mg treatments in the LSU study at Ducote Tree Farm in 
the years 2022-2023. The arrowed line represents the sufficiency threshold. NS = Not significant at the 0.05 level; * = Significantly 
different at the 0.05 level. 
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Figure 7. Sodium (ppm) leaf tissue content of live oaks from the Ca and Mg treatments in the LSU study at Ducote Tree Farm in 
the years 2022-2023 measured in ppm dry weight. NS = Not significant at the 0.05 level; * = Significantly different at the 0.05 level. 

 
The results in Figures 5-7 indicate that nutrient absorption of the live oaks had 

significant differences and would affect the growth parameters measured. The % 
Ca found in leaf tissue of the trees exceeded minimum threshold requirements 
(Figure 5). Similar findings are found in Figure 6 where Mg leaf content exceeded 
sufficient levels. All trees, therefore, received optimum amounts of Ca and Mg 
from the various fertilizer treatments. Sodium absorption, as shown in Figure 7, 
is affected by the presence of gypsum. A significant difference occurred between 
treatments was expected between the first three treatments and the latter two 
treatments in Figure 7. The effect of gypsum and Epsom salts reduced the absorp-
tion of sodium compared to dolomitic lime as a Ca and Mg source. This result 
demonstrated the effectiveness of gypsum/Epsom salts combined by increased 
spread and caliper. Nursery managers can use gypsum/Epsom salts to mitigate the 
negative effects of soil Na by reducing plant uptake and possibly leaching Na while 
increasing soil pH affected by the alkaline water. 

The trend shown from the figures indicates that using gypsum/Epsom salts in 
the presence of a sodium bicarbonate water source leads to more growth and de-
velopment in live oaks versus using dolomitic limestone. As Na in the soil com-
bines with sulfate it forms a leachable compound leached through the soil matrix 
reducing available sodium for the tree roots to assimilate. This can be attributed 
to reduced sodium absorption in the leaves of these trees even in treatments that 
were not 100% gypsum but still contained limestone. Improved growth height and 
caliper increases the value and grade of the tree for sale. These criteria are what 
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trees are based on by landscape architects and horticultural contractors when buy-
ing nursery trees. Additionally, ecological benefits of efficient plant growth im-
proves water and fertility usage. This in turn can reduce water waste and offsite 
fertilizer waste.  

4. Conclusion 

The experiment, which utilized varying levels of lime and gypsum/Epsom salt as 
sources of Mg and Ca in the presence of a sodium bicarbonate water source, has 
yielded significant findings regarding their influence on plant growth and Na ab-
sorption. The treatments with higher percentages of gypsum/Epsom salt have 
demonstrated distinct advantages in these aspects compared to the lime-heavy 
treatments. Adding gypsum and Epsom salts as Ca and Mg sources reduced the 
absorption of Na in the tree leaf tissue. It can be said from this the Na buildup 
within the media was reduced. Growth parameters showed a difference between 
the various treatments. Gypsum treatments have an overall better performance 
compared to the lime heavy treatments. A significant difference in Ca and Mg 
absorption occurred, but all treatments had absorption percentages above the op-
timum amount required by the trees. Notably, the treatments with higher percent-
ages of gypsum/Epsom salt have consistently promoted superior plant growth 
compared to the lime-heavy treatments, despite both sources providing adequate 
Ca and Mg. This suggests that factors beyond the supply of Ca and Mg played a 
role in determining plant performance. Sulfate ions from gypsum and the specific 
Ca-to-Mg ratio in Epsom salt may favor better nutrient uptake or metabolic pro-
cesses, resulting in improved growth [1] [26]. Findings show the gypsum/Epsom 
salt treatments’ ability to effectively reduce Na absorption by plants [15]. Even 
when Ca and Mg levels were sufficient in both sets of treatments, the treatments 
with gypsum/Epsom salt exhibited a greater capacity to mitigate Na uptake by the 
plants. This suggests that the specific chemical properties of these substances con-
tributed to their superior performance in preventing Na accumulation in plant 
tissues. These results highlight the complexity of nutrient interactions in plant 
growth and nutrient uptake. The choice of Ca and Mg sources can impact on over-
all plant health, growth, and Na regulation, beyond providing these essential nu-
trients in adequate quantities. What does this all mean for growers in Louisiana? 
The state has plenty of water sources, but not all are best suited for the growth of 
plants. The outcomes of this experiment have practical implications for growers 
and horticulturists dealing with sodium bicarbonate water sources. While both 
lime and gypsum/Epsom salt can supply the necessary Ca and Mg, the selection 
of these sources should be carefully considered, considering their additional chem-
ical properties and potential impacts on plant performance. A sodium bicarbonate 
water source is commonly used and so plenty of growers must deal with the prob-
lems that come with it. Issues that arise if not considered such as ionic toxicity 
and pH increases will reduce plant growth. Media may be mixed to help combat 
the effects of a water source, but Na still can accumulate, and the water pH will 
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still affect the pH of even the most acidic media mix. If it’s a major issue causing 
problems with ionic toxicity and increase in pH, then the amelioration of Na via 
the use of gypsum can be implemented otherwise loss of crops will outweigh the 
cost that may come using one fertilizer source for Ca and Mg over another source. 
The application of gypsum can make a difference in plant growth that would give 
a nursery the competitive edge needed to succeed. This experiment could have 
benefitted more greatly from an extensive soil/media compositional analysis, but 
the main concern was of Na accumulation in the leaves hence the leaf tissue anal-
ysis. In the future, a look at a more extensive list of tree/shrub species undergoing 
this experiment should be investigated. Live oaks were chosen as an ideal candi-
date due to their tolerance to brackish water during transitory inundation from 
storms causing increases in soil sodium accumulation. But perhaps looking at less 
tolerant species would give greater insight into the effectiveness of the treatments. 
Also, the use of a sodium chloride water source versus a sodium bicarbonate source 
would be interesting to compare how gypsum could ameliorate these two similar 
yet different sources. 
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