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About us 

Weld Laboratories has served the analytical needs of 

the agricultural and environmental industries for 

nearly 40 years. Our motto has always been that 

chemistry is best performed by chemists.  

 

From alfalfa and corn silage analys es to  soil, manure, 

water, and gas/oil spill testing, Weld Labs offers a 

comprehensive list of analytical services to meet your 

needs.  

  

Weld Labs has continuously been certified by the 

National Forage Testing Association (NFTA) sin ce 

1986 and holds certificat ion in both NIRS and Wet 

Chemistry analyses.  

FIGURE 1. SOIL FURROWS BY GORDON HATTON. 
CREATIVE COMMONS CC-BY-SA 2.0. 

http://www.geograph.org.uk/profile/4820
https://creativecommons.org/licenses/by-sa/2.0/
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Sample Soil Report 
This is an example of a soil report you may see. We will break this into sections and discuss 
them below.  
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  Sample Soil Report (cont) 
There are four sections to a soil report, colored for clarity (see below). 

The red section includes the client billing information (customer name, address 1, 
address 2), the published date, and an internal laboratory number which we need when you 
contact us about your soil. The red section also includes the farmer/grower name (sometimes 
a large coop or soil company will test soil for a number of different farms, this is where they 
track which farmer the soil belongs to). Finally, the red section includes the Field No. this is 
where the sample name or field name belongs (i.e. òNorth Pivotó). 

The green section is the most important section of the report. It contains a number of 
different tests or analyses which we performed on your soil. Each test is generally quantitative 
describing the amount of available nutrients in ppm, or parts per million. Converting units like 
ppm to lbs/acre is described in the section òSoil Calculationsó below. 

There is a small uncolored section at the bottom of the report where we list specialty 
analyses and other notes and information. 
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Sample Soil Report (cont) 

There are four sections to a soil report, we have already discussed the red and green sections. 
The yellow section compares each of the soil tests or analyses to our global averages 

for irrigated agricultural soil ( >80% corn and alfalfa). This yellow section does not change 
depending on which crop you are growing. Ratings include V. Low, Low, Avg, High, or V. 
High. This section should be used as a quick look to determine if you are òVery Lowó (V. Low) 
or high in something that may warrant further investigation. 

The blue section is everything for your fertilizer recommendation. At the top we list  
the requested fertilizer recommendation (Crop, Yield Goal, and Units for the yield). For this 
report the client wants to grow 200 bushels per acre of Corn. Below this we have the actual 
recommendation table. Notice it says that 190 pounds (lbs) of nitrogen must be added per 
acre. This 190 #N recommendation is based on the Nitrate-N ppm number in the green 
section (and on the same row) as well as the organic matter and yield goal. Notice when you 
get to iron it says ò0.0 #Fe.ó This means that we provide a recommendation for iron but that 
you already have enough iron (we donõt list negative numbers for excess). Boron wasnõt 
tested, thus no recommendation. Calcium was tested, but we donõt have calcium 
recommendations for corn.    
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Understanding the Report ð Soil Texture 
 
The very first row of the green section is Soil Texture. Soil texture is important 

because it determines how quickly water (and also soluble nutrients) can move within the 
soil. The textural class is determined by how much sand, silt, and clay are present in the 
soil.1 Sand, silt, and clay are chemically 
similar (all containing silica or silicate 
minerals) but drastically different in 
terms of particle size. Sand is all particles 
of diameter 0.05 to 2 mm,A silt is 0.002 
to 0.05 mm, and clay is < 0.002 mm.2,3 
Larger particle sizes do not pack together 
as tightly as the smaller particles can and 
this allows for channels where  water (and 
air) can flow. These channels permit 
proper soil respiration which is crucial 
throughout the life cycle of a crop. 
Without proper drainage the roots of 
almost any crop will start to rot. 
Conversely, sandy soils (with incredibly 
high drainage) require more frequent 
watering and fertilization as there is 
nothing to hold onto the water or 
nutrients. 

The ideal soil texture is a mixture of sand, silt, and clay simply called òloamó colored 
brown in the soil triangleB (Figure 2).5 When you order one of our common soil packages, a 
texture estimation is always included. Our texture abbreviation system is S=Sand or sandy, 
C = Clay, L = Loam, Silt = òSilt.ó The sample report above lists texture òSCL,ó this stands 
for Sandy Clay Loam. We perform this estimation by feel, but we can we perform a full soil 
classification for a fee. The process requires a set of screens and a hydrometer (and Stokes 
equations) but provides percentages for sand, silt, and clay separately.6 

 

                                                             
A When we report soil classifications we split the sand fraction into òCourse Sandó and òVery Fine Sandó 
using sieves (or screens). The òvery fine sandó is between 105 and 53 Õm diameter. The òcourse sandó is 
between 2000 µm and 105 µm diameter. The USDA soil classification system splits the sand fraction into 5 
categories: very fine 50-100µm, fine 100-250 µm, medium 250-500 µm, coarse 500-1000 µm, and very 

coarse 1000-2000 µm.1 
B The original equilateral soil triangle of Davis and Bennett was more symmetrical. In 1938 the USDA 

changed the size limit of clay from 5µm to 2µm. The triangle has remained the same since 1951.4 

FIGURE 2. NRCS USDA SOIL TRIANGLE (REDRAWN BY MIKE 

NORTON). CREATIVE COMMONS CC-BY-SA 3.0. 

https://upload.wikimedia.org/wikipedia/commons/8/80/SoilTexture_USDA.png
https://upload.wikimedia.org/wikipedia/commons/8/80/SoilTexture_USDA.png
https://creativecommons.org/licenses/by-sa/3.0/deed.en
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Understanding the Report ð pH 
 

There is nothing terribly special about how we measure pH. We use the industry 
standard: a properly calibrated pH probe on a 1:2 dilution (1 part soil, 2 parts water).C  
Remember that pH is a logarithmic scale, a pH of 6 is ten times as acidic as a pH of 7. 

Soil pH is important because the availability of most plant-essential elements depend 
on it.8 Nitrogen is most available at pH 6-8, whereas copper and zinc are most available at 
pH 5-7. Other nutrients have their own preferred ranges (see Figure 3 above). This inherent 
nutrient preference gives rise to specific ranges where crops grow better. Blueberries and 
Irish potatoes proliferate at low pH 5.0-5.5. Peanuts, rice, and watermelon do well at pH 
5.5-6.5.9 Soils in Colorado tend to be alkaline pH > 7.1 which is perfect for corn, hay, and 
alfalfa. Here in Colorado we rarely need to apply lime to raise pH for any crops. 

Changing soil pH is generally more expensive than it is worth but can be achieved 
with limeD (to raise pH and make the soil more basic) and elemental sulfur or special 
fertilizers (to lower pH and make it more acidic). If you are trying to determine the 

                                                             
C This pH Method is from Soil, Plant, and Water Reference Methods for the Western Region (WSMM) S-
2.10.7 One common variation is a 1:1 dilution in CaCl2 solution. Labs utilizing this method tend to be 0.3 
to 0.4 pH units lower. If you require a custom dilution with CaCl2 we can do this for a small added fee. 
D Agricultural lime is pulverized limestone, CaCO3. 

FIGURE 3. NUTRIENT AVAILABILITY VS. PH BY MOECKEL. PUBLIC DOMAIN. 

https://commons.wikimedia.org/w/index.php?title=User:FMoeckel&action=edit&redlink=1
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associated cost of liming we recommend taking a few extra samples and requesting our 
òliming requirementó package. The liming requirement package includes òbuffer pHó using 
the SMP bufferE and gives a much better estimate of how much lime it will take. 

 

Understanding the Report ð Salts 
 
We use a standard calibrated conductivity probe (with an integrated temperature 

sensor and 1.0 cm path length) to measure salts on a 1:2 dilution in distilled water (method 
MSA Part 2 10-3.3).8 It may seem odd to measure salt in terms of conductivity but adding 
salt to water makes it more conductive so this is how it has been done historically. The 
mmhos/cm units may seem strange but are the industry standard.F To convert from 
mmho/cm to TDS (total dissolved solids, ppm) simply multiply by 640. 

If your pH is less than 8.5 and your Salts are less than 4 mmhos/cm, you can skip 
reading the rest of this section which details types of salt problems and remediation 
strategies. 

Types of salt problems and remediation strategies 
High concentrations of salts in soil can cause various problems with crops, but it 

especially affects early growth stages (germination).10 Soils that suffer from high salt 
concentrations are most common in arid 
and semiarid regions where evaporation 
rates exceed precipitation rates and 
dissolved salts are left behind to 
accumulate, or in areas where irrigation 
changes (or addition of salty manure etc.) 
have caused salts to accumulate (e.g. saline 
seeps).11 According to McCauley et al. there are three types of salty soils: i) saline soil, with 
a high concentration of soluble salts, especially Ca, Mg, and K; ii) sodic (or alkali12) soil 
where sodium is high but magnesium and calcium are not; and iii) saline-sodic soils which 
are essentially saline soil with elevated sodium levels as well.11 The combination of electrical 

                                                             
E SMP stands for Shoemaker, McLean, and Pratt. Their paper òBuffer methods for determination of lime 
requirement of soils with appreciable amount of exchangeable aluminumó was an attempt to improve the 
liming requirement calculated for soils that require more than 1 ton lime/acre. 
 
F The units (mmhos/cm) may seem strange at first, mho units are for conductance (1/R where R is 
resistance) exactly the same as Siemens. Regarding the denominator in òmmhos/cmó remember that while 
resistors are measured in ohms, they can be shaped differently and made from materials of different 

resistivity ɟ = R * (A/L), A = cross-sectional area (cm2), L = material length (cm) (the units for resistivity 

are thus ohm-cm). What we actually measure isnõt conductance, it is conductivity (1/ ɟ) measured in S/cm 
or mho/cm. The extra òmó in òmmho/cmó is because we measure much smaller (1/1000th to be exact) 
amounts of conductivity milli mhoõs/cm. 

EQUATION 1. SODIUM ADSORPTION RATIO 
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conductivity (EC), sodium adsorption ratio (SAR), and pH allow us to classify a soil (see 
Table 1).  

        TABLE 1. CLASSIFYING SALINE/SODIC SOIL. 

  EC (mmhos/cm) SAR pH 

Normal Soil < 4 < 12 < 8.5 

Saline > 4 < 12 < 8.5 

Sodic < 4 > 12 > 8.5 

Saline-Sodic > 4 > 12 < 8.5 

Generally agricultural soils will be classified as ònormal.ó In fact, we donõt generally 
run an SAR in our routine packages. If your EC exceeds 4 or your pH is > 8.5 we highly 
recommend running an SAR to determine which type of saline/sodic soil you have. Saline 
soils can exhibit a white crust on the surface of the soil.13 Saline soils also cause osmotic 
stress in the plant where there is less water available to it and the plant must use extra 
energy to get at the water. Symptoms look like drought stress (wilting, leaf burn, growth 
problems, plant death). Sodic soils have high amounts of Na+ in the cation exchange capacity 
(CEC) exchange sites (where there are typically other cations like Ca2+, Mg2+) and a pH 
above 8.5. Sodic soils cause the soil colloid to disperse (and clog soil pores), thus reducing 
air and water permeability in the soil.13 According to McCauley et al. this low permeability 
and infiltration can cause ponding and crusting when dry.13 The general result is reduced or 
inhibited seedling emergence.13 

Reclaiming saline soil starts with excess water and changing crops (to barley, or some 
other salt tolerant crop).12 Often it is worth investigating drainage of the soil, and sources of 
irrigation water as well (we have an irrigation water quality package for this). To reclaim 
sodic or saline-sodic soil you typically need to: i) add gypsum or calcium carbonate to help 
replace sodium at the exchange sites; ii) apply excess water to push the sodium deeper into 
the soil; and iii) change crops to something salt tolerant.12 

 
 

Understanding the Report ð OM (Organic Matter) 
 
Organic matter (OM) is essential in productive soil, it is a storehouse of nutrients, 

contributes to the cation exchange capacity (CEC), and also contributes to soil drainage and 
structure.12,14 Soils rich with organic matter typically have a darker appearance with visible 
remnants of straw or root systems (Figure 4). Organic matter in soil is commonly 
determined by two methods: 1) loss-on-ignition (LOI) at 450°C (MSA 29-4.3.2.4), and 2) 
the Walkley-Black method (MSA 29-3.5.2).8 We use the colorimetric Walkley-Black 
variant specified by Sims and Haby15 (method MSA 29-3.5.2)8 unless there is too much 
organic matter or obvious interference (at which point we switch to LOI). 
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Organic matter is a reservoir for C, N, and to a much lesser degree P, Fe, S, and 
many other micronutrients. As previously 
mentioned adding organic matter can 
increase soil aggregation which increases 
water permeability and improves the 
structure of the soil.12 In general, rapid 
decomposition of OM in soil is a good sign 
for both soil structure and microbiological 
health. Healthy soil has a dark color, and 
an earthy odor. 

Coarse soils generally have less OM 
than finer soils (with high clay content).12 

It is important to note that organic matter 
is not required for high producing soils 
when fertilizer is applied but high OM reduces the fertilizer required. Adding organic 
matter to soil is generally accomplished in three ways: i) by plowing-in a cover crop (i.e. 
clover, sweet peas, sometimes even alfalfa); ii) by adding high OM manure or compost; and 
iii) by adding peatmoss, dry leaves, or sawdust with extra nitrogen. Extra N compensates 
for over-stimulating soil microorganisms which happens when material is added with C:N 
ratios over 30.12 What is the ideal OM? If you have too much OM you can leach nutrients 
similar to over-fertilization. Farmers generally shoot for 3% OM while gardeners try to stay 
around 5-6%.16 
  
 

Understanding ppm Available Nutrients 
 
Parts per million (ppm) nutrient-name can be understood as òthe number of milligrams 

of available nutrient-name per kilogram (2.2 lbs) of dry soil.ó (Also lbs/acre = ppm*2 for a 6ó 
soil depth). The word available is underlined because in all soil analyses listed below òppmó 
in the green section of the soil report we measure nutrients available to the plants, not total 
nutrients.G Available nutrients are determined by using specific extracting solutions for each 
family of nutrients to mimic plant removal from the soil. 

 

 

 

                                                             
G Total nutrients can be determined but generally this isnõt helpful for agriculture and is a little more 
expensive as we have to digest the material first. 

FIGURE 4. SOIL RICH IN ORGANIC MATTER. BY WPSOPO. 
CREATIVE COMMONS CC-BY-SA 3.0.  

https://creativecommons.org/licenses/by-sa/3.0/deed.en
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Available Nitrate-N 
 
Why Nitrate-N? Measuring nitrate is the best way to determine how much available 

nitrogen is in your soil.H Why do we care so much about nitrogen? Nitrogen is a primary 
macronutrient.I Nitrogen is also a mobile nutrient, meaning that with over application it can 
leach from the soil into surrounding 
waters.J (States have added laws 
concerning nutrient pollution and it is 
becoming important to understand 
mobility). 

 We analyze available Nitrate-N 
with the industry standard method.K 
Upon request, we can also test òOrganic-
Nó via kjeldahl digestion for a small 
added fee.D 

Plants need nitrogen for cell 
components, proteins, and DNA among 
other things. Plant life as we know it 
wouldnõt exist without nitrogen. 

                                                             
H A common question is òhow do I convert from Nitrate-N to plain old nitrate (NO3

-)?ó The answer is: 
multiply your Nitrate-N by 4.43 to get Nitrate-Nitrate. There are other forms of nitrogen that could be 
present (ammonia, bound organic-N) but they are usually smaller than Nitrate-N because they are slowly 
generated by soil bacteria (Figure 4). We can test for soil ammonia or òOrganic-Nó (total hydrolyzable N 

via TKN, MSA 32-2.2.48) for a small added fee. Plants can readily utilize nitrate and ammonia forms of 

nitrogen but other forms need to be mineralized or converted to nitrate by bacteria and decomposers. 
 
I Plants need macronutrients in larger amounts for optimal growth when compared with micronutrients. 
(Plants wonõt grow without macronutrients). The list of macronutrients includes C,H,O (structural); N, P, 
K (primary nutrients); Ca, Mg, S (secondary nutrients). Micronutrients are trace elements used sparingly 

by most plants and include: Fe, B, Cu, Cl, Mn, Mo, Zn, Co, and Ni.17 
 
J Nutrient mobility depends on a number of factors including soil moisture and CEC (cation exchange 
capacity) but general patterns emergeé Some nutrients are considered to be completely immobile, these 
include: P, Mg, NH4

+, Cu, Fe, and Zn. Some nutrients are considered to be partially or slightly mobile: K, 

Ca, Mo, Co, and Ni. Finally, some nutrients are simply òmobileó including: NO3, B, S, Mn, and Cl-.17 
 
K We extract the soil in 2M KCl solution, 5 grams nitrogen is weighed out and 25 ml of extracting solution 

is added and shaken for half an hour (method WSMM S-3.10).7 We use the colorimetric method with 

copperized cadmium reduction (MSA 33-8.3, WSMM S-3.10).7,8 Extraction solutions are considered stable 

for 24 hours. Samples are run on an autosampler which utilizes a 5-point calibration curve. 

 

FIGURE 5. NITROGEN CYCLE BY JOHANN DRÉO. 
CREATIVE COMMONS CC-BY-SA 3.0. 

https://commons.wikimedia.org/wiki/User:Nojhan
https://creativecommons.org/licenses/by-sa/3.0/deed.en
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Legumes have developed root nodules containing symbiotic rhizobia bacteria (Figure 5) 
which help fix atmospheric nitrogen (N2) and reduce required fertilizer. With deficient 
nitrogen crops exhibit specific symptoms (i.e. corn will yellow at the center of the leaf along 
the vein). Each crop also exhibits specific symptoms of nitrogen excess (i.e. corn will have 
extremely dark green leaves and grow so quickly that the stem cannot support the earsé an 
effect called òlodgingó). Be sure to avoid the first number (N-P-K)18 when buying fertilizer if 
you already have too much N.  

Available Phosphorus (P) 
 
Phosphorus is a primary 

macronutrient found in every living 
cell.12 It is required for cellular 
respiration and metabolism of starch, 
protein, and fat. AvailableL phosphorus is 
present as phosphates (PO4

3-) of differing 
forms.M Due to the solubility problems of 
many of these forms, organic-bound 
phosphorus can be especially important. 

Organic-bound phosphorus is 
decomposed by soil microbes and once 
decomposed becomes plant available as 
unbound phosphates or hydrogen 
phosphates.N The importance of organic 
                                                             
L The concentration of total phosphorus in soil varies from about 0.02 to 0.4% but most of this is not 

available to the plant.12 
 
M These differing forms include: i) Complexes with calcium and magnesium; ii) organic combinations like 
phytic acid (present in the organic matter fraction); iii) adsorbed ions on the surface of clay particles; and iv) 

compounds with iron and aluminum.12 Phosphorus availability depends on the solubility of the four types of 

phosphate complexes. Figure 2, from the pH section above, attempts to provide a simple diagram of P 
availability vs. pHé but it is a bit oversimplified. Each of the four complexes above has its own solubility. 
Iron and Aluminum complexes are not plant-available and become important below pH 5. Starting around 
pH 6.3 and extending to about pH 7.6 phosphates can be found ionically bound (plant available) to clay 
particles. Extending into the alkaline range starting at about pH 7 calcium phosphates (or similar forms) 
predominate. Aeration has been cited to increase availability (or reduce reversion to insoluble forms) due to 

carbon dioxide.12 
 
N Fuller and Dean grew wheat and soybeans with radiolabeled phosphorus, then tilled them into the soil and 
grew ryegrass. As much as half of the phosphorus in the ryegrass came from the organic remnants of the 

wheat and soybeans.12,19 The organic-bound phosphorus even did well against superphosphate applied in 

equal amounts (the organic-bound species was determined to be about 70% as effective as fertilizer).12,19 

FIGURE 6. GRAPE LEAF PURPLING DUE TO INSUFFICIENT P. 
ORIGINAL PHOTO BY KAREN. CREATIVE COMMONS CC-BY-
2.0. 

https://www.flickr.com/photos/25850415@N02/2829370713
https://creativecommons.org/licenses/by/2.0/deed.en
https://creativecommons.org/licenses/by/2.0/deed.en


 

13 

U
n

d
e

rs
ta

n
d
in

g
 S

o
il 

a
n

d
 Y

o
u
r 

L
a
b R

e
p
o

rt 
| 
 W

e
ld

 L
a
b
s 

matter for phosphorus should not be underestimated at any soil pH. (We can test for 
organic-bound phosphorus for an added fee,O our available P doesnõt include it). 

We test for available phosphorus using the òOlsen Bicarbonateó procedure20 (MSA 2nd 
24-5.48, also see WSMM7).P This requires a 1:20 extraction in 0.5 molar NaHCO3 solution 
at pH 8.5 (skake time 30 min).20 We read the phosphate complexes absorbance at 880 nm.Q 
We have a full soil laboratory and can also run many other phosphorus methods (i.e. Bray) 
for a small fee. 

Adding phosphorus can hasten maturity and deepen roots of almost every crop 
grown in low phosphorus soil. Even in soil that tests sufficient for P many farmers apply 
about 20 lbs/acre òstarter Pó to develop a good root on the crop. Different crops (especially 
those grown in low-P soil) respond well to banding application21 of phosphorus. 

Phosphorus assimilation is tied to soil fungiR and magnesium, but most irrigated soils 
have plenty of magnesium. If plant tissue appears deficient in P (Figure 6) but your soil has 
plenty of P, request a soil Mg test.S Symptoms of P deficiency include: i) dark green leaves 
which bronze and then turn purple or develop dark brown spots; ii) small, spindly plants 
that seem brittle or fragile; and iii) delayed maturity, sometimes with shriveled seeds.12 
Conversely, to remediate soil which has excessive P, plant beans, cowpeas, or some other 
legume as a cover crop and use it as green manure. Be sure to avoid the middle number (N-
P-K)18 when buying fertilizer if you already have too much P. 

 

 

 

                                                             
O Our procedure to test for organic-bound phosphorus comes from Methods of Soil Analysis (MSA 2nd 24-
3.3) and requires a comparison of 1N H2SO4 extractions before and after heating to 550°C. 
 
P Olsen postulated that the best phosphate extraction solution for high calcium soils (like those in CO, WY, 
NE, and other states west of the Mississippi) would require displacing the phosphate on the soil colloid with 
HCO3

- or CO3
2- while diminishing the activity of calcium. Olsen designed his method on western soils in 

northern Colorado (specifically around Fort Collins). 
 
Q This is a pH dependent color development (the familiar ammonium molybdate /antimony potassium 
tartrate method reduced in ascorbic acid). We monitor absorbance at 880 nm and plot samples against a 5 
point calibration curve. 
 
R Up to 90% of plant species exhibit Mycorrhizae or òfungus rootó where Mycorrhizal fungi grow 

symbiotically with plant root systems.22 Some types penetrate root cells while others do not but in both 

types plant absorption of phosphorus (P) and zinc (Zn) generally increases. Some plants have also shown 

increased production of plant growth hormones such as cytokinins and gibberellins.22 
 
S Magnesium deficiency can also show as white or light stripes down the leaves. 
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Available Potassium (K) 
 
Potassium (K) is a slightly mobile primary macronutrient important for plant leaves, 

stems, and roots. In leaves, K is utilized in opening and closing of stoma, and adding K can 
thus increase the efficiency of CO2 assimilation during photosynthesis.12 In stems, it helps 
maintain osmotic balance and keep the plant cells turgid. In roots, it increases growth and 
improves drought resistance.23 Potassium enhances translocation of sugar and starch and 
helps plants produce grain high in starch.23 If phosphorus is found in excess, having enough 
availableT potassium can help prevent a rapid, unhealthy rate of maturity that could lead to 
lodging.12  

We extract available potassium (K) with the industry standard 1.0 molar ammonium 
acetate adjusted to pH 7.0 with ammonium hydroxide or acetic acid. We extract K at a 1:5 
ratio, shaking it for 5 minutes. We analyze K 
quantitatively with a flame atomic emission 
spectrophotometer in an air-acetylene flame. 
This procedure is from Methods of Soil 
Analysis (extraction MSA 13-3.5.28 1:5, 
analysis MSA 13-3.3.38). 

 Our fertilizer recommendations default 
to òbroadcastó application, òbandingó 
application can reduce the total potash (K2O) 
required but placement of the band is critical to 
not inhibit seedling emergence. 

 In many plants potassium deficiency is 
typically shown by yellowing and drying (or 
òfiringó ) around the edges of the older, lower leaves (Figure 7, by Goldlacki24).12 In alfalfa 
whitish spots begin to appear when potassium is deficient.25 Excess K can hinder Ca, and 
especially Mg absorption by the plants. If this happens in cool season grasses that ruminants 
are grazing on, ògrass tetanyó or òmilk feveró can result. If you already have excess K, avoid 
fertilizer with the third number in the N-P-K fertilizer system.18 

 

 

 

                                                             
T Total potassium in soil can exceed 2%, most of this is tied up in mineral silicates that are not plant-
available. Some types of clay (e.g. Illite clays) trap potassium in layers that arenõt plant available even when 

wet.23 (Most clay will release K once wet so Illite is an exception, not the rule). The common index for K 

is òavailable potassiumó which is the sum of water-soluble K and NH4OAc exchangeable K. We can provide 
the water-soluble K number for an added fee. 

FIGURE 7, POTASSIUM DEFICIENT TOMATO 

LEAF. BY GOLDLOCKI. CREATIVE COMMONS 

CC-BY-SA 3.0. 

https://commons.wikimedia.org/wiki/File:Tomate_Blatt_Kalimangel.jpg
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://creativecommons.org/licenses/by-sa/3.0/deed.en
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Available Calcium (Ca) 
 
Calcium rarely limits plant growth because there is so much of it in the soil. 

Colorado soils typically contain more than 3000 ppm available Ca. In fact, we donõt even 
provide calcium fertilizer recommendations for most crops grown in Colorado. Calcium is 
however still important for all plants. Legumes and tomatoes can contain a lot (more than 
2%) of calcium in their foliage, whereas grasses and cereals typically contain 0.2% to 
0.5%.26  

What is the function of calcium? Calcium is an integral part of plant cell walls where 
it plays an important role, linking acidic pectin residues within them.27 Calcium can also 
bind to phospholipids in the lipid-bilayer of plasma membranes to provide stability.27 
Finally, calcium assists plants with ion transport and protects against other ions (e.g. Cu2+) 
which may be present in toxic amounts.26 

Available calcium (Ca) is extracted in pH 7.0, 1.0 M ammonium acetate, similar to 
potassium. It is extracted at a 1:5 ratio by shaking for 5 minutes. Ca is quantitated with a 
flame atomic emission spectrophotometer. This procedure is from Methods of Soil Analysis 
(MSA 14-3.3, 14-4).8 

Calcium uptake is passive and happens 
in the xylem (root to shoot). Some people 
believe that there is a perfect Ca/Mg ratio for 
each crop but research has shown that these 
margins can vary quite a bit (1:2 to at least 
1:8 Mg:Ca with no deficiencies) without 
affecting yield for agronomic crops.28 Calcium 
is mobile only in the xylem, not the phloem 
so deficiencies appear with new growth 
exclusively. Rates of calcium uptake are 
related to transpiration. Generally 

deficiencies appear in acidic soil and the best 
correction is liming the soil. One common 
example of deficiency is blossom-end rot in 
tomatoes (Figure 8)29. Deficiency of calcium has also presented with poor root 
development, leaf necrosis, leaf curling, and fruit cracking.27 

Excess calcium cannot be washed from the soil because of the strong clay-Ca2+ 
interaction (Ca is the predominant cation on the soil colloid).28 We have never seen a case of 
calcium in such high excess that it affects yields (when other nutrients are not lacking and 
soil pH is not the problem). 

 

 

FIGURE 8, CALCIUM DEFICIENCY IN TOMATO, KNOWN AS 

òBLOSSOM-END ROTó BY A13EAN. CREATIVE COMMONS 

CC-BY-SA 3.0. 

https://commons.wikimedia.org/wiki/User:A13ean
https://creativecommons.org/licenses/by-sa/3.0/deed.en
https://creativecommons.org/licenses/by-sa/3.0/deed.en
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Available Sulfate-S (S) 
 
Sulfur is an important mobile secondary macronutrient that is frequently required in 

amounts similar to phosphorus.30 Sulfur exists in many different forms including some 
reduced formsU but most of the sulfur in plants is taken up by roots as inorganic sulfate 
(SO4

2-) using xylem transport processes 
(transpiration).30 In the alkaline soils of 
Colorado, only inorganic sulfate is directly 
available for plant transpiration.V In soils with 
large amounts of organic matter much of the 
sulfur can be bound in it. According to the 
USDA NRCS as each 1% of organic matterW 
in the topsoil decomposes it releases 10 to 20 
pounds of nitrogen, 1 to 2 pounds of 
phosphorus, and 0.4 to 0.8 pounds of sulfur 
per acre.32  

The organic formsX of S are particularly 
important because in humid, semi-humid, and 

even some semi-arid regions more than 95% 
of the total sulfur is bound in the organic 
                                                             
U The forms of sulfur include inorganic sulfate, sulfide, polysulfide, thiosulfate, tetrathionate, sulfite, 

elemental sulfur, and organic-bound S.8 The soil report is listed as Sulfate-S to convert to Sulfate multiply 

by 3. Atmospheric SO2 can also be harvested when present, but this process only happens if soil S is 

insufficient.30 
 
V Sulfates can adsorb to soil colloid below pH 6.5; this adsorption is greater in soils with aluminum and iron 
oxides present in large amounts. This adsorbed sulfur is also considered plant-available but is negligible in 
Colorado. In non-calcareous soil of temperate regions inorganic sulfate generally represents < 5% of the 

total S.31 
 
W The USDA NRCS also mentions that soil organic matter (bulk density 1.2 g/cm³) holds 90% of its weight 
in water making it especially important for no-till and dryland farmers. 
 
X How do reduced sulfur forms arise? As an example, soil could be treated with elemental sulfur. When this 

happens soil microbes first convert much of it to tetrathionate and thiosulfate.8 The plant still canõt utilize 
these reduced forms of sulfur until it has been oxidized to sulfate. For this reason, oxidizing microbes from 

the following genera become important: thiobacillus, pseudomona, and arthrobacter.30 These microbes process 

the reduced forms of sulfur into sulfate (thus mineralizing the sulfur). Conversely, soil microbes can also 
convert sulfate into organic-bound sulfur. Soil S can be constantly cycled between organic and inorganic 

forms.30 
 

FIGURE 9. SWEETGUM LEAF SHOWING 

INTERVEINAL CHLOROSIS. BY JIM CONRAD. 
PUBLIC DOMAIN. 


