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ABSTRACT 

The amount of potassium uptake by alfalfa plants was studied in 

18 representative agricultural soils. Plant analysis was used to deter

mine tlie amount of potassium in alfalfa plants. The relationship 

between plant data and soil chemical data wa9 evaluated by simple cor

relation analysis. 

The 18 soils varied considerably in their potassium release dur

ing cropping with alfalfa. The exchangeable and water soluble potassium 

decreased much more in some soils than others. The soil NH^OAC 

extractable potassium was best correlated with potassium uptake by the 

plants. 
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CHAPTER 1 

INTRODUCTION 

Alfalfa (Medicago satlva L.) is the oldest of all crops grown for 

forage. Alfalfa is one of the most important forage plants in the U. S. 

(17) . It is a native of southwest Asia in the mountainous areas east of 

the Mediterranean Sea, as indicated by the many wild types still to be 

found in the Caucasian region of south Russia, and in the mountainous 

regions of Iran, Afghanistan, and adjacent localities (9,1).. The name 

alfalfa is of Arabian origin, adapted and modified by the Spanish. The 

word alfalfa is now used almost exclusively in the U.S.A. and dates from 

1854, when it was introduced into California from Chile. (23). 

Alfalfa is well adapted to a wide range of climatic and soil con

ditions. Alfalfa grows extremely well in dry climates on irrigated fer

tile soils. (17) . Alfalfa produces more forage per acre for hay and 

pasturage than any other leguminous crop grown in America. Alfalfa hay 

is very high in percentage of digestible protein and in minerals 

and vitamins (12) . Alfalfa leads all other crops for livestock. (17). 

Alfalfa requires large amounts of nutrients; potassium is one of 

the most important nutrients that alfalfa uses in large amounts for nor

mal growth. (8) . Alfalfa is a rich source of potassium, as the average 

content is 1.77% of dry weight (0.22 - 3.3%) for hay. (3, 8). 

Loss of soil potassium occurs due to leaching, erosion, and crop

ping. Soils low in fixed potassium are unable to maintain the slowly 

available and readily available forms at a medium to high level. 

1 



2 

Therefore, potassium removed by alfalfa on these soils must be replaced 

frequently by uje of fertilizers. (26). The most reliable index to the 

capacity of a soil to supply potassium to the crop is not its total con

tent of the element, but the amount that exists in the exchangeable form. 

(4) . The results from field and greenhouse experience show that the 

level of exchangeable potassium is decreased more rapidly in some soils 

than others by cropping, also with a given level of exchangeable potas

sium, some soils will show greater crop response to potassium fertiliza

tion than others. This indicates that soils differ in the rate of 

release of non-exchangeable potassium. (28). 

The objectives of this study were: 

1. To determine the K release from non-exchangeable forms from 

18 representative Arizona agricultural soils during cropping with 

alfalfa. 

2. To study the relationship between the forms of soil potas

sium and potassium uptake by alfalfa. 



CHAPTER 2 

LITERATURE REVIEW 

Potassium in Plant Nutrition 

Potassium is an essential element for plant growth. Potassium is 

a monovalent cation that is absorbed in larger quantities by plant roots 

than any other mineral element except nitrogen and calcium (2) . The 

positive charges of the potassium cations help to maintain electrical 

neutrality in both soil and plants by balancing the negative charges of 

nitrogen, phosphorus, and the other anions (6, 29, 33). Potassium is 

very mobile in the plant and moves readily from older tissues to the 

growing points of roots and shoots. It is usually taken up earlier than 

N and P and the uptake increases faster than dry matter production. 

Potassium accumulates early in the growing period then translocates to 

other plant parts (13). 

During periods of rapid growth, the soil must be able to supply 

large amounts of potassium. Alfalfa may require about 3.50 Kg/ha of 

potassium per day in peak periods of growth (13). The average potassium 

removed from the soil by alfalfa was 356 pounds per acre (24). 

Potassium is present in alfalfa in a higher concentration than 

any other mineral element with the possible exception of nitrogen (26). 

Reports in the literature indicate potassium concentrations of 1 to 2% 

were adequate, but 2% or higher were necessary for maximum yields and 

3 
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longevity (13, 26). The critical percentage for potassium in alfalfa is 

between 1.42 and 2.2% (15, 20). Alfalfa should contain at least 1.25% K 

(30). 

Potassium is involved in various metabolic processes. The func

tions of potassium in plant nutrition are to aid in: (1) synthesis of 

simple sugars and starch; (2) translocation of carbohydrates; (3) reduc

tion of nitrates and synthesis of proteins, particularly in meristemic 

tissues; (4) activation of various enzymes; and (5) normal cell division 

(7, 29, 34). 

In addition, it has been suggested by Kirk and Cook (19) that 

potassium may play a part in the maintenance of turgor in plant cells, in 

the formation of oils and in the enhancement of disease resistance. 

Black (6) reported that potassium improves the storage and juice quality 

of various fruits. 

The most commonly observed symptom of potassium deficiency in 

plants is a marginal browning and drying of the leaves ("scorching") (6). 

During the development of the potassium deficiency symptoms, the leaf-

scorch pattern may first appear as a browning of the leaf tip. As it 

develops moderate interveinal chlorosis, or small yellowish to brown 

spots appear that are most concentrated near the periphery and tip of the 

leaf (.6, 7) . Deficiency symptoms in alfalfa are small white or yellowish 

spots around the upper margins of the leaflets. These chlorotic areas 

quickly die and turn brown. Later the tissue between the spots turn yel

low, and the leaflets may cup downward (8). Tisdale & Nelson (34) indicated 

that potassium deficiency decreases the resistance to plant diseases such 
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as root rot, and winter killing of alfalfa is greater with an inadequate 

potassium supply. Potassium deficient plants wilt more easily than 

potassium sufficient plants, because they have poor cuticle development 

(7). 

The Chemical of Soil Potassium 

The total potassium content of surface soils of the United States 

varies with geographical location (7). The potassium content of the 

Earth's crust is 2.4%. The soils of middle and western states contain 

between 1.7 and 2.5% potassium (34). The content of potassium in min

eral soils is usually much greater than that of nitrogen or phosphorus. 

The average total potassium content of the plowed layer of the crop land 

of the United States is 0.83% which is 5.8 times as great as the nitro

gen content, and 13.4 times as great as phosphorus content (7). 

Clay minerals in a soil are relatively active in fixing and re

leasing potassium. Follett et al. (13) noted that the different types 

of clay minerals vary in their capacity to fix and release potassium. 

The primary silicate minerals having high potassium content are musco-

vite, biotite, orthoclase, and microcline (7, 13, 34). High potash 

micas and feldspars invariable liberate potassium to plants and extrac-

tants, even though the amount is sometimes small. In soils that are 

not strongly weathered, the feldspars and micas ordinarily are the most 

abundant of the potassium-bearing minerals (27, 34). 

The feldspars occur almost exclusively in the coarse clay. Bio

tite and muscovite occur mainly in the silt and sand fractions (7). Tis-

dale & Nelson (34) found that as far as plant response is concerned, the 
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availability of the potassium in these minerals is of the order biotite 

> muscovite > potash feldspars. 

From the chemical standpoint, soil potassium often is divided 

into three categories: (1) water soluble; (2) exchangeable; and (3) non-

exchangeable potassium (7, 34). 

The most important form of soil potassium is the exchangeable 

form. The exchangeable potassium is "that portion of potassium which is 

held on the surface of the clay particles or on organic matter by elec

trostatic forces" (27). As this potassium is removed, it is replaced at 

various rates depending on the amount and characteristics of the potas

sium-bearing minerals present in the soil (27). 

Water soluble potassium, as defined by Reitemeier & Holmes (25), 

is "the quantity existing at any one time dissolved in water of a soil 

under normal field moisture conditions and relatively unbound by cation 

exchange forces." The concentration of water-soluble potassium depends 

on the soil:water ratio. 

The potassium content of soil solutions is usually small compared 

with the amount of potassium absorbed by crops (5); therefore, renewal 

during the season is needed if plants are to derive their potassium from 

the soil solution. If plants derive potassium from the exchangeable form, 

then that potassium removed from the soil by plants would reduce the ex

changeable potassium (7). 

Half or more of the potassium used by plants comes from exchange

able form; the other half is used from the water-soluble potassium which 

continuously approaches an equilibrium with the soil solution (11). 
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Non-exchangeable potassium may include strongly adsorbed potas

sium, and structural potassium. Garman (14) defined structural potas

sium as "that portion of soil potassium which is combined in the crystal 

structure of both primary and secondary minerals. It is not readily re

placed by other cations in most extracting solutions, but it does func

tion in the equilibrium equation and serves as the reserve supply for 

maintaining constancy of potassium relationships in the soil." 

Water soluble, exchangeable, and non-exchangeable potassium 

forms are considered to be in equilibrium, and a change in the system 

tends to be offset by appropriate shifts in equilibria. There are many 

factors which affect potassium equilibrium in the soils: (1) type of 

colloid; (2) temperature; (3) wetting and drying; and (4) soil pH (16, 

3.2, 34). These factors affect the availability of potassium for plant 

growth. Potassium is released when it changes from a non-exchangeable 

to an exchangeable form. Release involves weathering processes that 

break apart, or at least, open the mineral structure (21, 33). 

Thompson^ Troech (33) indicated that potassium can reenter the struc

tural system of the minerals and be "fixed" there if the supply of water 

soluble potassium in the soil is increased enough to drive the equili

brium in that direction. Fixation of the plant nutrients in soils was 

defined by Kardos (18) as "the process whereby readily available plant 

nutrients are changed to less soluble forms by reaction with inorganic 

components of the soil, with the result that the nutrients become re

stricted in their mobility in the soil and suffer a decrease in their 

availability to the plant." Potassium fixation occurs when exchangeable 
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and water-soluble potassium are converted to a form that cannot be 

readily replaced by a neutral solution of a salt-fixation of potassium 

which occurs in both moist and dry soils. Volk (35) found that dryness 

of the soil, the nature of the clay, and its particle size were impor

tant factors affecting potassium fixation. Follett et al. (13) said 

that soil containing predominantly kaolinite clay has less exchangeable 

potassium to release than soil which has a higher percentage of the 

illite and vermiculite types of clay. 

Absorption of Potassium by Plants 

Potassium removal from the soil by plants has been studied by 

many investigarors (10, 22, 25, 31). The amount of potassium removed 

is affected by many chemical and physical conditions in the soil as well 

as by physiological and environmental factors affecting the plant. 

These factors are primarily responsible for the disagreement between the 

results of various investigators. Investigators have found that the 

exchangeable potassium is not an accurate index of the potassium removed 

by cropping in the greenhouse (10, 31). Reitemeier and Holmes (25) 

found that the exchangeable potassium was highly correlated with potas

sium removal by plants and with potassium release from non-exchangeable 

forms during cropping. Thompson and Troech (33) indicated that exchange

able potassium is available if a plant root reaches it, but K will not 

move to the root unless an exchange occurs. Even some of the non-

exchangeable potassium is either slightly available or slowly becomes 

available during the growing season. In the field, there is a more 
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complex situation. Factors such as aeration, subsoil or lower profile 

conditions that influence the volume of soil from which potassium is 

absorbed by plants, supply of potassium in subsoils, and supply of 

other nutrients influence potassium absorption by plants (24). 



CHAPTER 3 

MATERIALS AND METHODS 

This study was conducted during 1981 at the University of Ari

zona Soils, Water and Engineering greenhouse. Alfalfa (Medicago sativa 

L.) was used in this experiment to estimate the quantity of potassium 

that it can obtain from the soil. 

Soil 

Eighteen soils representing different textures, potassium levels 

and locations were used in greenhouse studies. These soils were col

lected from Maricopa and Pima Counties. Soil textures were sandy loam, 

loam, silty clay, and silty clay loam. A random soil sample was taken 

from each selected farm. The sampling depth was the surface top 30 cm. 

All the soils were air dried and sieved. Each of the 18 soils was 

divided into three replications, and one kilogram was placed into each 

plastic pot, carefully avoiding compaction. One gram per pot of triple 

super phosphate was mixed with the soil. The pots were arranged on the 

bench in the greenhouse in a Completely Randomized Block Design. 

Alfalfa 

In August, 1981 the pots were irrigated with distilled water and 

alfalfa seeds were inoculated with the bacteria (Rhizobium melilotia). 

10 
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Ten alfalfa seeds were planted in each pot and irrigated every two days 

until germination and establishment, after which the plants were thin

ned to five. Daily observations were made on the plants and greenhouse 

conditions such as temperature, moisture, and light. 

Five cuttings of alfalfa were taken during the experiment start

ing on November 4, 1981. The other cuttings were made on December 11, 

1981, January 4, 1982, February 4, 1982 and March 14, 1982. The plants 

were cut at a point 4 cm above the soil surface. The cuttings were 

taken when approximately 10% of the plants were flowering. They were 

then oven dried at 65°C for 24 hours and the dried plants from each pot 

weighed and recorded separately. 

The plant material was ground in a Willey Mill to pass a 40 mesh 

screen, and stored in small bottles for chemical analysis. 

Chemical Analysis 

The laboratory studies consisted of chemical analyses of the 

soils and plant materials. All the soil determinations were conducted 

in duplicate. The plant determinations were conducted in triplicate. 

Chemical Soil Analysis 

Water Soluble Potassium. The water-soluble potassium was deter

mined on a water extract of 1:5 soil:water (7) to determine the water-

soluble cation, Potassium. Ten grams of air dried soil were placed in 

250 ml Erlenmeyer flasks. Fifty ml of water were added to the soil. 

The flasks were stoppered and placed on a shaker for 30 minutes. The 
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mixture was filtered into a plastic bottle. An aliquot was taken, and 

the potassium content determined by flame emission for potassium. 

Exchangeable Potassium. Exchangeable cation was determined by 

the ammonium acetate method (8). Ten grams of air dried soil were 

placed in 250 ml Erlenmeyer flasks followed by addition of fifty ml of 

normal neutral ammonium acetate. The flasks were stoppered and shaken 

for one hour. The mixture was filtered and the filtrate retained for 

analyses. Potassium content was determined by flame emission. 

The instrument used in the analysis was Instrumentation Labora

tory AA/AE spectrophotometer Model No. 951. 

Chemical Plant Analyses 

One-half gram of oven-dried plant material was placed into 20 ml 

beaker, ashed at 500°C for eight hours; ten ml of 0.1N Hcl was added to 

each beaker. The mixture was filtered into 100 ml volumetric flasks to 

complete the volume. The solution was transferred from the volumetric 

flasks to polyethylene bottles, and saved for potassium analyses. Flame 

emission was used to determine potassium concentration. 



CHAPTER 4 

RESULTS AND DISCUSSION 

The mean alfalfa dry weights for each cutting and total yields are 

presented in Table 1. Highly significant differences in yield were indi

cated by analysis of variance for each cutting indicating a range of pro

ductivity represented by the 18 soils. 

Alfalfa Tissue Potassium 

Alfalfa potassium ranged from 1.33 to 4.47% during the growing 

season. Data in Table 2 show that the percentage of potassium varied 

among the 18 soils. Analysis of variance indicated significant differen

ces in potassium percentage during the second growth period, whereas, 

highly significant differences appear in the third, fourth, and fifth 

cuttings. Table 2 also shows that the highest potassium percentage 

appeared in the second cutting while the fifth cutting had the lowest 

potassium percentage values. 

Differences in the total alfalfa potassium uptake among the 18 

soils were highly significant and the mean values for the five cuttings 

are shown in Table 3. 

Soil Potassium 

Values for the initial water soluble, NH^OAC extractable and 

exchangeable potassium of the 18 soils are given in Table 4. Analysis 

of these data showed highly significant differences among the 18 soils 

for potassium content. 

13 



Table 1. The Mean Dry Weight Yields of Five Cuttings of Alfalfa Grown 
on 18 Different Arizona Soils Under Greenhouse Conditions. 

Soil 

Cutting 

Soil 1 2 3 4 5 Total 

g/Pot 

1 2.57 2.39 2.99 3.96 4.43 16.43 

2 1.36 1.31 1.44 1.84 1.61 7.56 

3 .98 1.33 1.56 1.98 1.68 7.53 

4 1.52 1.53 2.59 3.38 3.27 12.29 

5 1.76 1.43 2.89 2.72 2.30 11.10 

6 1.97 1.46 2.93 2.96 2.68 11.99 

7 1.07 1.05 1.55 2.04 1.61 7.32 

8 1.79 1.58 2.44 3.18 2.22 11.21 

9 .35 .33 .85 1.56 1.39 4.48 

10 1.07 1.18 2.32 2.08 1.62 8.27 

11 1.17 1.31 .98 2.14 1.62 7.22 

12 .80 .63 1.03 1.74 1.91 6.11 

13 1.15 1.15 2.81 3.35 2.72 11.18 

14 1.07 1.23 1.73 2.67 1.93 8.63 

15 .80 1.02 1.35 1.91 1.90 6.98 

16 .49 .68 1.04 1.59 1.24 5.04 

17 1.33 1.23 2.42 1.84 2.41 9.23 

18 .23 .40 .75 .63 .94 2.95 

s 0.265 0.202 0.294 0.297 0.244 
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Table 2. The Concentration of Potassium in Alfalfa From Five Cuttings 
Grown On 18 Arizona Soils. 

Cutting 

Soil 1 2 3 4 5 

%K 

1 2.6133 3.8533 2.4933 2.4550 1.7983 

2 2.1983 4.0283 2.5400 2.3883 1.9150 

3 2.3217 3.9383 2.3833 2.6200 1.4767 

4 2.7050 4.0000 2.4900 2.7067 2.3767 

5 2.7500 4.1317 2.9133 2.8283 2.4533 

6 2.6550 3.8850 2.5983 2.9850 2.5683 

7 2.6110 3.5317 2.5500 3.0217 2.6033 

8 3.0367 3.8633 2.4083 2.2883 2.0250 

9 2.3770 3.4570 2.1250 1.9033 1.7717 

10 2.0767 3.1100 1.6550 2.4867 1.4017 

11 2.0800 3.3233 1.8337 1.9883 1.3283 

12 2.6750 3.9320 2.2567 2.3467 1.3367 

13 2.5517 4.1000 2.8583 2.7183 2.1750 

14 2.6317 3.6817 2.3600 2.3517 2.0750 

15 2.7633 4.1800 2.9467 2.7967 2.5750 

16 2.7200 3.5317 2.2237 2.4217 1.8317 

17 2.8300 4.4717 3.1867 3.2867 2.3750 

18 2.3103 3.8723 2.5500 2.3833 2.0633 

s 

X 

.277 .233 .231 .218 .185 
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Table 3. Total Uptake of Potassium by Alfalfa From 18 Arizona Soils 

Soil 

Cutting 

Soil 1 2 3 4 5 Total 

mgK/pot/Kg soil 

1 66.90 93.37 74.00 97.23 79.07 410.57 

2 30.10 52.67 36.50 44.00 31.30 194.57 

3 22.37 51.97 37.07 51.57 24.87 187.83 

4 41.33 61.53 64.40 91.40 77.50 336.17 

5 42.97 59.57 61.70 77.00 56.73 297.97 

6 52.23 56.70 76.53 87.73 66.07 339.27 

7 29.07 37.27 38.37 61.87 33.73 200.30 

8 52.67 61.10 58.17 72.43 44.83 289.20 

9 6.57 10.53 16.63 29.23 24.50 87.47 

10 25.53 37.83 38.27 48.97 21.87 172.47 

11 27.20 43.50 15.47 41.87 21.80 149.83 

12 24.77 28.63 22.57 39.73 23.77 139.47 

13 37.03 57.67 73.80 90.90 54.03 313.43 

14 31.50 52.23 39.70 63.07 36.50 223.00 

15 25.53 46.13 39.90 53.43 48.27 213.27 

16 16.03 24.10 23.57 38.93 22.80 125.43 

17 37.80 67.33 62.90 60.33 56.50 284.87 

18 7.70 13.67 19.20 14.67 19.57 74.80 

s_ 
"V 

5.037 7.498 7.667 7.537 5.342 

x 
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Table 4. The Initial Amounts of Water Soluble, NH^OAC Ektractable 

And Exchangeable K Potassium In The 18 Arizona Soils. 

Soil H20 Sol. NH.OAC Ext. 
4 

Exchangeable 

ppm K 

1 65.50 676.0 610.5 

2 88.40 359.8 271.4 

3 51.8 333.8 282.0 

4 60.9 457.3 396.4 

5 87.8 567.0 479.2 

6 52.9 413.0 360.1 

7 49.4 408.5 359.1 

8 73.6 432.5 358.9 

9 24.0 197.3 173.3 

10 23.7 216.5 192.8 

11 31.5 323.8 292.3 

12 106.9 306.0 199.1 

13 81.9 583.8 501.9 

14 61.2 432.5 371.3 

15 115.4 420.8 305.4 

16 83.0 260.3 177.3 

17 80.4 520.3 439.9 

18 43.2 176.5 133.3 
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These values ranged from a low of 177 ppm NH^OAC extractable 

potassium for soil 18 to a high of 676 ppm K for soil 1. Under usual 

field cropping conditions, such values should be adequate to very high 

for the growth of most crops. 

After intensive cropping with alfalfa, the amount of potassium in 

these forms remained at levels considered adequate for most crops under 

field conditions. These data for final potassium listed in Table 5 show 

that there were highly significant differences in water soluble and 

exchangeable potassium among the 18 different soils. 

The amounts of potassium that were released from the non-exchange

able form are given in Table 6. The results indicated that there were 

differences between the 18 soils for potassium release. Two soils 

(Nos. 15 and 17) released very little potassium while five soils released 

almost 100 ppm or more during the cropping period. These results indi

cate a wide range of potassium release potentials among these soils. The 

two soils releasing only a small amount of potassium were still quite 

high in extractable potassium. 

Correlation Analysis 

When the dry weights of the plants were correlated with NH^OAC ex

tractable K, yield data for all cuttings were significantly correlated, 

but the highest correlation coefficients were obtained in the later cut

tings as given in Table 7. The association between dry weight and soil 

potassium did not account for a large part of dry weight production 

indicating other soil properties were important in determining yield. 
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Table 5. The Amounts of Water Soluble, NH.OAC Extractable and 
4 

Exchangeable Potassium K in The 18 Soils After Cropping 

With Five Cuttings of Alfalfa. 

Soil H20 Sol. NH.OAC Ext 
4 

Exchangeable 

ppm K 

1 35.7 451.7 416.0 

2 29.6 194.4 164.8 

3 20.1 191.1 171.0 

4 22.4 311.0 288.5 

5 34.5 316.9 282.4 

6 21.6 252.9 231.3 

7 21.6 306.8 285.1 

8 19.9 218.3 198.4 

9 12.9 169.0 156.1 

10 8.9 155.1 146.3 

11 14.0 234.3 220.3 

12 49.6 183.9 134.3 

13 36.4 349.3 312.9 

14 23.7 286.2 262.5 

15 40.3 209.9 169.7 

16 30.9 185.0 154.1 

17 51.6 237.9 186.3 

18 27.4 123.2 95.8 
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Table 6. The Decrease In Soil K and The K Release in The 18 Soils 
During Cropping With Five Cuttings of Alfalfa. 

Decrease Decrease 

in H„0 in Exch 
Soil Sol. K K K release 

mgK/Kg soil 

1 29.8 194.5 186.2 

2 58.8 106.6 29.1 

3 31.7 111.0 45.2 

4 38.5 107.9 189.8 

5 53.3 196.8 47.9 

6 31.3 128.8 179.2 

7 27.7 74.0 98.6 

8 53.7 160.5 75.0 

9 11.1 17.2 59.1 

10 14.8 46.5 111.1 

11 17.5 72.0 60.3 

12 57.3 64.8 17.4 

13 45.5 189.0 78.9 

14 37.5 108.8 76.7 

15 75.1 135.7 2.4 

16 52.1 23.2 50.1 

17 28.8 253,6 2.5 

18 15.8 37.5 21.5 



Table 7. Correlation Coefficients Between NH.OAC 
4 

Extractable K and Alfalfa Dry Weight 

Soil 
Cuttings 

K First Second Third Fourth Fifth 

SH,OAC 
4 

.653*** .651*** .684*** .706*** .765*** 

*** significant at the 0.001% level. 
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Correlation coefficients between NH^OAC extractable and the per

centage of potassium uptake by the plants were highly significant as 

given in Table 8, but r values were low. Thus, soil potassium was not a 

reliable indicator of % K concentration in alfalfa. 

The amounts of water soluble and NH^OAC extractable potassium 

initially in the soil and after cropping were related to plant potassium 

uptake by correlation analysis, Table 9. The amounts of initial soil 

water soluble potassium were significant only for cuttings two and five. 

Final water soluble potassium was significant only for cutting five. 

Their r values were low even when significant, indicating poor predic

tive value for this form of soil potassium. The plant potassium at all 

cuttings was much better related to NH^OAC extractable potassium with 

soil potassium, also Table 9. When exchangeable potassium (NH^OAC -

^0 sol.) values were correlated with plant potassium uptake, the rela

tionships were essentially as shown for the NH^OAC fraction. The cor

relation was generally higher between plant potassium uptake and initial 

NH^OAC potassium than potassium extracted after cropping. 

The decrease in water soluble potassium in the soil during crop

ping was not well related to plant potassium uptake (Table 10). The 

decrease in NH^OAC extractable potassium was highly significantly rela

ted to plant potassium uptake. The decrease in exchangeable potassium 

values was also highly significantly related with plant potassium uptake 

but r values appeared to be greater than the values for NH^OAC decrease. 

The amount of calculated potassium released from the non-exchangeable 

form in Table 10 was highly significantly correlated with plant uptake, 



Table 8. Correlation Coefficients Between NH.OAC 
4 

Extractable K and % K in Alfalfa 

Cutting 

First Second Third Fourth Fifth 

NH.OAC 
4 

,286*** .402*** .466*** .370*** .389*** 

*** significant at the 0.001% level. 



Table 9. Correlation Coefficients Between Plant K 

Uptake and The Soil K 

Initial K Final K 

Cutting 
H20 Sol. NH.OAC 

4 
H20 Sol. NH.OAC 

4 

First .202 .752*** .131 .647*** 

Second .236* .783*** .170 .613*** 

Third .213 .736*** .139 .558*** 

Fourth .176 .782*** .059 .711*** 

Fifth .254* .776*** .249* .691*** 

* significant at 0.05% level 

*** significant at 0.001% level 



Table 10. Correlation Coefficients Between Plant K 

Uptake and Soil K Data. 

Cutting 

Soil K 1 2 3 4 5 

Decrease 

in H„0 

Soluble .199 .222* .209 .212 .192 

Decrease 

in NH^OAC 

extractable .660*** .754*** .729*** .645*** .658*** 

Decrease in 

Exchangeable .680*** .778*** .754*** .660*** ,679*** 

Release .601*** ,459*** .555*** .670*** .591*** 

* significant at the 0.05% level 

*** significant at the 0.001% level 



but r values were generally smaller than the decrease in exchangeable 

values. Crop uptake is greatly dependent upon water soluble and ex

changeable soil potassium. The exchangeable potassium form is more 

indicative of crop uptake than water soluble potassium, but NH^OAC 

extractable is a more practical approach to assessing soil potassium 

availability. The release of potassium from non-exchangeable form is 

important to the continual supply of potassium with cropping over a 

period of time. Soils with low amounts of potassium release from non-

exchangeable form are more likely to develop potassium deficiency under 

intensive cropping. 



SUMMARY 

This study was conducted in 1981 at the University of Arizona 

greenhouse. Alfalfa (Medicago sativa L.) was used in the experiment to 

estimate the quantity of potassium that could be released to alfalfa from 

18 different agricultural soils. Plant and soil analyses were done to 

determine the differences among the 18 soils in plant potassium uptake, 

and release of potassium from non-exchangeable form. 

The results of this study are summarized as follows: 

1. The alfalfa samples contained adequate amounts of potassium 

when compared with published critical levels. 

2. The 18 different soils have adequate potassium levels for 

plant growth as indicated by levels of NH^OAC extractable and exchange

able potassium in the soil. 

3. The amount of potassium released from the non-exchangeable 

form was significantly correlated with plant potassium uptake. 
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