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INTRODUCTION
Agriculture has many overhead expenses required to operate a profitable farm each year. Most successful farmers budget those costs to purchase only the necessities for a successful harvest. However, some salesmen of agricultural products sell products that are unproven, unwarranted, or simply don’t work as claimed. One product in question that falls under this category is liquid calcium, otherwise known as calcium chloride (CaCl2). In this report the science behind raising soil pH will be discussed, including why calcium chloride is not an effective liming agent.
      	Soils can become acidic for different reasons, but the primary reason in production agriculture is nitrogen (N) fertilizer application. Managing soil pH is a crucial part of managing your crop production program and can be monitored by soil testing. Soil testing determines the proper amount of liming material a soil will need to neutralize the acidity present. When a soil is acidic there is a higher concentration of hydrogen ions (H+) than hydroxyl anions (OH-) in the solution. Liming agents such as AgLime (CaCO3) , QuickLime (CaO) or Hydrated Lime (Ca(OH)2) are effective at raising soil pH because of one shared characteristic: proton (H+) accepting anions. These OH-, O2- and CO32- anions are required in this chemical process to accept and thereby neutralize H+ ions, effectively raising soil pH. The objectives of this study were to determine the effectiveness of liquid calcium in raising soil pH and influencing hay quality as compared to pelletized lime and agricultural lime.

MATERIALS AND METHODS
The experiment was conducted at 16 locations across the state. The target soil pH for sites used for this experiment was <6.0, but this target was not always met. Producers and sites were typically identified with the help of the local county extension agent. Three locations were on University of Kentucky Experiment Station Farms. Once the site was identified, plots (5 ft by 5 ft) were established, an initial soil sample was collected, and treatments were applied. Treatments include a non-treated check, liquid calcium at 5 gallon per acre, pelletized lime (RNV of 83) adjusted to 100% RNV at 2 ton/A, and agricultural lime (RNV of 77) adjusted to 100% RNV at 2 ton/A. An additional treatment was used at some locations which was based on current UK Cooperative Extension Recommendations for lime, phosphorus (P) and potassium (K). A randomized complete block with three replicates was used at each location.
Forage samples were collected to determine dry matter yield, as well as the nutrient content of the forage. Soil samples were collected at this time and analyzed for soil pH and buffer pH. Soil samples and plant biomass samples will be collected again, after a year, to determine any long-term changes in soil pH or hay yield and quality.
A laboratory incubation study was also conducted to complement field results. Soil with an initial pH of 5.2 was utilized for the incubation. Specimen cups were filled with 50 g of air-dried soil and maintained at approximately 80% water-filled pore space with deionized water. The lime treatments were imposed as was done in the field, including a non-treated check, liquid calcium at 5 gpa, 2 ton/A of ag lime and 2 ton/A of pelletized lime adjusted to 100 % RNV. Each treatment was replicated 4 times. Cups will be sacrificed and soil pH measured at 1, 3, 6, 9 and 12 months after treatment application.
The change in soil pH between the initial soil pH before treatment application and the soil pH measured at the first forage harvest was calculated and analyzed for the field experiment. The time varied among locations but was typically between 1 and 2 months. Since all soil pH values were initially the same in the lab incubation study, measured pH values for the treatments were directly compared at each sampling time. Statistical analyses were done with SAS version 9.4 (SAS Institute, 2020).
RESULTS AND DISCUSSION
Though the results from this experiment are still being collected, knowing the chemical composition of liquid calcium will provide evidence as to why this product is not likely to raise soil pH. Equation 1 represents the AgLime neutralization reaction of acid in soil which shows the hydrogen ion being consumed by carbonate to produce H2O and CO2, reducing  concentration and ultimately raising soil pH. In contrast, the product formed from Equation 2 represents liquid calcium which lacks the essential characteristic of a proton accepting anion that is necessary to raise soil pH.
Eq.1 CaCO3 + 2H+  H2CO3 + Ca2+  H2O + CO2 + Ca2+
Eq.2 CaCl2 + 2H+  Ca2+ + 2H+ + 2Cl-
Analyzing the liquid calcium product’s pH straight from the manufacturer’s plastic jug gave a pH of 4.5. Completing the same analysis of a suspension of AgLime in distilled water gave a pH of 12.4. The low pH of liquid calcium, coupled with the absence of proton consuming constituents, provides strong evidence that this product will fail to neutralize acidic soils. The chemistry doesn’t support the manufacturer’s claims.
Of the 16 initial field locations, 11 locations collected soil samples 1 to 2 months after the experiment plots were established (Table 1). AgLime caused the greatest change in soil pH, followed by pelletized lime. The untreated check and liquid calcium did not raise soil pH (Table 1). The treatments caused no statistically significant differences in forage dry matter at this harvest. Another harvest will be conducted next spring, approximately one year after initial treatment application. There were no differences in hay quality indices due to the treatments (Table 2).
After one month of incubation, the soil pH results were similar to those found in the field experiment. There were no differences between the check or liquid calcium, which failed to increase soil pH above that found in the check treatment (Table 1). The pelletized lime and aglime both increased soil pH above that in the check treatment. The change in pH was larger than expected and greater than in the field experiment, but the incubation was done with moisture conditions ideal for limestone reaction.
CONCLUSIONS
Both the field experiment and laboratory incubation study thus far confirm that liquid Ca will not neutralize soil acidity. Calcium chloride, a neutral salt, does not have the ability to consume protons and reduce soil acidity. Although a recent claim is that liquid Ca “balances base saturation around pH 7”, this claim is still unachievable, especially given the formulation as a chloride salt and an application rate of a mere 5 gpa. Further, liquid Ca’s initial pH of 4.5 does not lend credibility to the claim that the product will increase soil pH. This report will be updated in the future to reflect emerging data and further test the hypothesis that liquid Ca is not an effective product for raising soil pH. Soil tests will be taken six months and one year after plot establishment. To adjust low pH soils, it is advised that the grower follow guidelines given in UK Cooperative Extension Bulletin AGR-1: Lime and Nutrient Recommendations, to optimize soil pH and minimize costs. Unproven products should be avoided. 
	Table 1. Treatment effects on soil pH change in the field, lab incubation soil pH and forage yield.

	Treatment
	Change in
field soil pH
	Soil pH at 1 month
of incubation
	Forage Yield
(lb DM/A)

	Pr > F
	0.0001
	0.0005
	0.6197

	Check
	-0.08 a
	5.20 a
	1873 a

	Liquid Calcium
	-0.03 a
	5.25 a
	1968 a

	Pelletized Lime
	+0.28 b
	5.93 b
	2119 a

	Ag Lime
	+0.40 c
	6.10 b
	1831 a

	Values within a column followed by the same letter are not significantly different at the 90% level of confidence.


 
	Table 2. Treatment effects on harvested hay nutritive value.

	Treatment
	Crude Protein
(%)
	ADF
(%)
	NDF
(%)
	TDN
(%)

	Pr > F
	0.8646
	0.7928
	0.6928
	0.7930

	Check
	11.6 a
	37.1 a
	60.3 a
	58.8 a

	Liquid Calcium
	11.5 a
	36.7 a
	60.8 a
	59.2 a

	Pelletized Lime
	11.0 a
	37.6[J1]  a
	61.5 a
	58.3 a

	Ag Lime
	11.1 a
	37.4 a
	60.2 a
	58.5 a

	Values within a column followed by the same letter are not significantly different at the 90% level of confidence.
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