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With modern methods of travel and communication
shrinking the world almost day by day, a progressive university
must ex:tend its campus to the four corners of the world. The
New York State College of Agriculture and Life Sciences at
Cornell University welcomes the privilege of participating in
international development — an important role for modern
agriculture. Much attention is being given to efforts that will
help establish effective agricultural teaching. research, and
extension programs in other parts of the world. Scientific
agricultural knowledge is exportable.

A strong agriculture will not only provide more food for
rapidly growing populations in less-developed countries, but
also a firmer base upon which an industrial economy can be
built. Such progress is of increasing importance to the goal of
world peace.

This is one in a series of publications designed to dissemi-
nate information concerned with international agricultural
development.
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Potassium Fertility in
Oxisols and Ultisols
of the Humid Tropics*

Edited by K. Dale Rilchey“yL

SUMMARY AND RECOMMENDATIONS

Itis possible to study the fate of potassium fertilizer in highly weathered
acid soils of the tropics because low amounts of potassium-fixing and
potassium-releasing minerals are present. .

Potassium that is not leached or removed from the field in harvested
material remains available on the soil exchange complex. On a Dark Red
Latosolin central Brazil, leaching began to occur only with the addition of
300 kg/ha K as KCIL which is well above the recommended rate. The
potassium content measured in grain crops varied with K status of the soil,
from L4 percent 1o L9 percent in sovbeans and 0.23 percent to 0.39
percentin maize. The amount of K that will be exported from the field as
grainis casily calculated, and atieast this amount of K must be returned 1o
the soil yearly in order to maintain production. If the stover is also
removed, its K content should be taken into account as well, Forages
removed from the field may contain I percent 1o 3 percent K on a
dry-matter basis.

“T'his study was supported in part by the United States Agency for International Develop-
ment under rescarch contracts with North Carolina State University, osd-2806 and ta-c-
1236, and with Cornell University, esd-2490, ta-c- 1104, and ta-c- 1441, and a grant-in-aid to
Cornell University from the Potash Institute (Adanta) and the International Potash Institute
(Berne).

TResearch Associate, Agronomy Department, New York State College of Agriculture and
Life Sciences, Cornell University, Hthace, N.Y, 14853,
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The amouat of available K is quite low in these soils, and, therefore,
potassium fertilization produces significant results, Yield inereases of 100
percent with additions of 125 kg/ha K e tvpical of responses observed in
Central Brazil, the Linos Orientales of Colombia, and Yurimaguas, Peru,
The cconomic return from investments in potassium fertilizer is often
excellent because the cost of potassinm fertilizer is velatively low.

It is important to be able to monitor the K status of the soil to know
when maore tertlizer is needed. Adding more than the crop needs can
result in leaching losses or reduced vields when other natrients are notat
optimal levels. 'The soil critical tevel, therefore, is defined as that value of
K below which vield will increase when potassium fertilizer is added. The
critical level for maize on the Dark Red Latosol in Central Brazil was 50
pp (013 meg/100 g soil) K extracted with the North Garolina double-
acid extractant from the top 1a-cm laver. For the Typic Paleudultstudied
in Peru, the critical level wiss 78 ppm (0,20 meqg/ 100 ml soil) in the top 10
cm (bv EDTA-modificd Olsen extractant), The critical level tends to
increase with greater total amounts of exclumgeable cations in the soil.

Representative sampling is not alwavs casy because potassium is rela-
tively mobile, After senescence ofa row crop such as nuize, the potassinm
presentin the stoveris washed out of the plintand onto the soil surface by
rain. ‘The potassivm tends 1o accumulate in the maize row, the space
between the rows being left with a mach lower K value. Soil sampling
methods must take this into account. Reeveling K from the entire root
zone onto the soil surtace reduces leaching losses. This phenomenon may
mask the decrease in Kostatus of the soil as a whole however, since farmers
uswilly do not sample below the top 10 = 15-am laver.

If soil levels of magnesium or calcium are fow, excessive potassium
fertilization can reduce vields. When the sotl is deficient in sulfur, the
substitution of potassivm sulfite for potassinm chlovide tertilizer s ree-
ommended. nor only because the salfate can supply salfur bue because
high rates of chloride may actually exacerbate sulfur deficieney. Monitor-
ing nutrient imbalances in the crop by foliar analyses, which can be
cvaluated with an integrated multinutrient comparison system. appears
useful in low CEC soils where more than one nutrient may be out of
proportion at the same tme. Wh i high rates of fertlizer have been
banded too near to the row, daniige may occur to seeds orvoung plants
becise of the high solubility of potassium chlovide fertilizer. Broadeast-
ing corrective doses of Kand limiting banded applications of K fertilizer
to maintenance doses cazefully placed 10 cm beside and 10 ¢m below the
sced will reduce the danger of fertilizer salt injury.



Introduction

The Ultisols and Oxisols occupy extensive areas in the tropics. Favor-
able rainfall. topography, drainage, and physical characteristics make
them suitable for crop production, but low soil fertility, high soil acidity,
and deficiencies of phosphorus and some micronutrients have restricted
their use. As expanding agricultural activity highlights the sometimes
spectacular tesponses to phosphorus and lime, the importance of potas-
sium fertilization may be overlooked. Hidden deficiencies of this rela-
tively inexpensive nurient may reduce vields significantly, and these
deficiencies will increase with time as low soil reserves are depleted.

The objective of this publication is to summarize vesults of field re-
scarch carried out in Brazil, Peru, Puerto Rico, Colombia, and Ghana as it
relates to potassium fertilization on Ultisols and Oxisols.

Forms and Levels of Soil Potassium in Highly Weathered
Soils

Potassinm (K) is present insoils in four forms: (a) potassium that occurs
as a structural component of such prinary minerals as micas and
K-feldspars and availuble onlv when these minerals are decomposed, (h)
potassinm temporarily trapped between lavers of expanding lattice clavs
suchasillite and montmiorillonite, () exchangeable K casily extractable by
a neutral salt such as ammonium acetate, and (d) a small quantity of
soluble K present in the soil solution. The latter two forms are readily
available to plants, and they are the ones commonly measured in soil
testing. Highly weathered soils of the tropics usually do not contain much
of the expanding lattice type of clay minerals and have very small
amounts, if any, of primary K minerals capuable of decomposing. The
extractable potassium is therefore the only important source of K in the
soil for growing crops.

Lopes (1975) reviewed 16 publications dealing with potassium response
in Brazilian soils. In general, crops responded to potassium fertilizer
additions when the extractable K level was less than 0.15 meq/100 g He
analyzed 518 topsoil samiples collected from a 600,000-square kilomcter
arca of central Braziland found that 85 percent of the samples had values
of extractable K less than this level. About 40 percent of the simples had
less than half of this level.

At the Yurimaguas Experiment Station in the Amazonian Jungle of
Pera, soil Klevels caleulated for the top 20 em ranged from 0.04 10 0.09
meq/100 g (NCSU, 1973). In the Llunos Ovientales (castern plains) of
Colombia, mean values of 0.07 meq/100 g K in the surface and 0.025
meq/100 g K in the subsoil were found by Rodriguez (1975). He con-
cluded that levels of K, magnesuun (Mg), and particularly iron (Fe) and
calcium (Ca) were lower than in most highly weathered soils of the tropics.

or



Soil Potassium Critical Levels

‘T'he critical soil test value can be defined as that level below which yields
decline. In general, the eritical soil test varies according to the extractant
used, the ability of the crop species and variety o obtain potassium from
the soil, the particular soil type, and the level of other nutrients present.

The use of Cate-Nelson plots allows rapid determination of approxi-
mate critical levels. The graphs are prepared by plotting the relative
production of a particular treatment (production relative to another
treatment in the same experiment that has sufficient K) against the soil
test potassium measured for the treatment. The “Cate-Nelson critical
value” can be obtained by graphically dividing the points into groups in
which most of the points fallinto the lower lefthand quadrant (low relative
yields associated with low soil K) and the upper righthand quadrant
(relative yields of 80 percent or nore indicating little or no responsc
1o K).
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Figure 1. R-lative yield per plot (as compared with highest yielding treatment) of Cargill 111
maize as related to double-adid extractable K sampled in the 0= 10-cm layer 5 weeks after
fertilization on a Dark Red Latosol, CPAC, Planaltina, Braazil.
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If phosphorus {P) or another element is present in insufficient quantity
toallow the crop to develop well, the amount of potassium present even at
low soil test levels may be sufticient to meet the needs of the stunted plant.
Additional potassium fertilizer, therefore, would not increase growth,
and no response would be measured. Interpreting initial experimenta-
tion carried out on highly weathered soils may be difficult because of
limitations 10 crop growth caused by uncorrected deficiencies of other
clements.

As mentioned carlier, Lopes (1975) used a critical level value of 0.15
meq/100 g (60 ppm) based on his study of previous Brazilian research,
The Cerrado Agricultural Rescarch Center (CPAC) of EMBRAPA uses
50 ppm K (0.13 meq/100 ml) extracted by the NCSU double-acid method
(Vettori, 1969) in the surface 15 cm of soil as the level below which
remedial applications of K are needed 1o bring the soil up to acceptable
levels, Figures 1 and 2 (inaize) and 3 (sovbeais) show experimental results
collected over three vears on a Brazilian Dark Red Latosol whose proper-
ties are given in table 1. The critical values are approximately 50 ppm for
cach year. In a nearby experiment, maize yield increases of 155 percent
were obtained on a Red-Yellow Latosol where the original soil level was

0.06 meq/100 g K (23 ppm).
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Figure 2. Second year relative yield of Cargill 111 maize (ratto of yviekd obtained on residual
half-plot receiving no fertilization 1o yield on associated half-plot receiving maintenance
potassium) as related to double-acid extractable K measured after first crop. Dark Red
Latosol, CPAC, Planaktina, Brazit (Ritchey, de Souza, and Lobato, 1979).



Table 1. Properties of Dark Red Latosol and Red-Yellow Latosol. CPAC, Planaltina, Brazil

Sotl designation Depith of Sand  Silt - Clay € N Exchangeable cations Total content*® pH
sample
Ca+ KN Al 3 (Ca Ve H.0 Kl
Mg
om pereent me/ 1o

Clayey dvstrophic

Davk Red Latovelt U-10 36 1o 45 1.8 0.21 (] g1 1 2.4 0.2 2.6 1.9 1.2
10-35 33 149 48 1.2 008 02 005 20 22 02 2.4 4.8 1!
35-70 35 I8 47 B9 005 0.2 003 1.6 1.8 02 25 4.9 42
70150 35 1N 47 0.7 005 0.2 001 15 1.7 02 26 5.0 14y

Claxex dvstrophic

Red-Yelloie Latosolx O-15 36 ] 16 20 015 Lo 008 1.5 26 02 049 17 1.0
15-37 35 17 48 1.5 0.10 0.6 003 1.1 1.7 0.2 08 5.0 1.0
37-70 RE! 17 49 07 007 0Hy 002 09 1.8 0.1 0.8 30 41
TO-140 32 I8 50 0.5 006 06 00l 03 0y 0.1 0.7 52 44

“Samples from near potassivm experiments. Analvses courtesy of 1. Greweling, Cornell Universin.,

tClassitied as Typic Haplustox. fine, Kaolinitic, isohy perthermic (NCSU. 19730 and as [vpic Acrustox (Tvpic Rhodustox). oxidic., kaolinitic,
isothermic (Rodrigues, 1977). Data from Equipe de Pedologia ¢ Fertilidade do Solo, 1966,

$Classified as Typic Acrustox (Tvpic Xantustox), claves, oxidic, kaolinitic, isothermic (Rodrigues, 1977). Data from Rodrigues. 1977.



In work on a Yurimaguas series soil (Typic Paleudult, fine loamy, sili-
ceous, isohyperthermic), table 2, in the Amazon jungle of Peru, Villachica
(1978) used the EDTA-modified Olsen extract to characcerize plant-
available K in the surface 10 cm of the soil. His results supported the use
of 2 0.2 meq/ 100 ml eritical value as suggested by Hunter (1975). On an
Orthoxic Tropohumultin Puerto Rico with 0.6 1 meq/100 g extractable K,
maize showed no response to potassiumn fertiization (R. 1. Fox, 1979:
personal comnanication).
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Figure 3. Relative yvield per plot (as compared with highest yielding treatment) of Santa Rosa
soybeans as related to double-acid extractable K satpled at planting. Subplots sampled had
received 0=500 kgsha K when land was cleared 2 years carlier. Dark Red Latosol, CPAC,
Planalting, Brazil.
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The range of critical levels (0.13-0.20 meq/100 g) encountered in
these studies supports the conclusions of Boyer (1972) who stated that for
tropical agricuiture the absolute minimum level of exchangeable potas-
sium was close to 0,10 meq/100 g, but varied from 0.07 to 0.20 meq/
100 g depending on the Kinds of soil and plants involved.

Table 2. Properties of Peruvian Amazon jungle Yurimaguas series soil (Fypic Paleudult,
fine loamy, siliccous, isohyperthermic)

Depth Clay Sand  Silt pil Lxchangeable cations
1.0 KCi Cu My K Na
cm pereent meq/ 1OO gm
0-5 6.1 80.2 134.5 3.8 3 0.8 .37 0200 0,03
H-138 10.1 69.6 20.3 3.7 3.5 0.05  0.03 004 001
13-43 119 61.0 241 3.9 3.6 0.0 0.03 0,03 0,02
43-77 16.5 57.2 26.2 4.0 3.6 0.03 002 002 0.01
77-140 248 50.6 246 4.1 35 0.03 001 003 0.03
1-40 - 200 241 ad.7 223 44 3.6 0.06 003 0.04 001
Depth Exchangeable Exchangeable Effective (AN Al Organic €
acidity Al Cle BaCl, satwration
(INKC) (1IN KCl -TEA
om meq/ 10O g percent
0-5 2.05 1.17 3.49 16.31 34.5 13.1
H-1! 2.63 214 2.76 10,58 7.5 0.84
13-4 3.1 Q.82 3.24 9.77 H7.0 0.42
4377 3.12 2.7% 3.20 10.93 #5.3 0,20
77110 418 119 158 12.506 1.5 0.18
140 -200 3.80 351 3.94 10,18 8O.1 0.17

Source: ‘tyler, 1975,
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Potassium Response Curves

Yield responsc curves can, among other things, show crop production
as a function of the amount of the fertilizer element applied or as a
function of the soil test value for the element. Such curves give anidea of
how much fertilizer will be needed to obtain a desired level of production,
assuming that other factors are not limiting.

Maize grain response to K fertilizer grown on a Dark Red Latosol of
central Brazil the first year after clearing is shown in figure 4. Maximum
yield was obtained with application of 250 kg/ha K; grain production at
the 125-kg/ha rate was 89 percent of the maximum. In the second year of
the experiment, cach plot was split, and one-half received 83 kg/ha K
while the other received no additional K. Maize grain yield (fig. 5) from
the residual K treatment, which received only the initial application of 125
kg/ha K, was 86 percent of the maximum obtained in the experiment. In
the third year, essentially maximum yields of soybean grain were obtained

o
d

[ LSD (0.95)

0 62125 250 500
K APPLIED (kg/ha)

MAIZE GRAIN YIELD (t/ka)
o

Figure 4. Influence of varying rates of KCI tertilizer (applied broadeast first year afier
clearing) on yield of Cargill 111 maize grain grown on Dark Red Latosol, CPAC, Planaltina,
Brazil (Ritchey, de Souza, and Lobato, 1979).
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Figure 5. Cargill 111 maize grain yield at 15.5% moisture harvested in 1976/77 and Santa
Rosa soybean grain yield at 13% moisture harvested in 1977/78 as a function of the amount
of K fertilizer applied in 1975/76. Dark Red Latosol, CPAC, Planaltina, Brazil (CPAC, 1978).
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on the same plots, with no additional K after the original 125 kg/ha.

At the Yurtimaguas Expericment Station in Peru, rice and maize grown
onan old Andropogon pasture responded toapplied potassiunmas shownin
figures 6 and 7. The major rice increase was obtained with 50 kg/ha K, but
maize vields coatinued to increase with fertlizer appheations up 1o 133
hg/ha K.

Villachica (1978) carried out two crop rotation experunents evaluating
responses to five levels of four fertilizer variables in a design where only
one treatment was replicated, Potassimm fervtilizer wasapplied in smounts

ranging from 41 kg/hato 208 kg/ha per crop. No zero vate was used. The
vield of the fivst crop in the maize-rice rotation is shown in figure 8,
Adding K fertilizeratrates greater than 41 kg/Zha brought no significant
response. The soil K before ferdlizing was 0,19 meqg/100 g, which is nea
the eritical level for this soil. Similaviv, production of sovhean grain (hig. 9)
did not increase with K fertilizer in excess of 41 kg/ha, The level of
extractable soil potassium measured betore fevtilizing the fivse aop was
0.13 kg/ha. Adding 11 kg/Zha K and incorporating itinto 10 cmyifall the K
remained on the exchange sites, would have vaised the exchangeable K to

RICE GRAIN YIELD (1/ha)

S NS WU WE—
0 50100 200 300
K APPLIED (kg/ha)

Figure 6. Influence of varving rates of potassinm on yvields of rice grown on an old
Andropogon pasture, Dypic Paleudalt, Yoavimaguas, Pera (NCSUL 1975).

|
a 3
o L
- ol
7.
L
-t
o

»
T

MAIZE ¢

1 - 1 . |
0 44 87 133 176
K APPLIED (kg/ha)

Figure 7. nlluence of varving rates of potassivm on yield of Cuban Yellow maize grown on
an old Andropogon pasture, Typic Paleudult, Yorimaguas, Peru (NCSU, 1975).
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Figure 8, Influence of rates of potassiuu ranging from 41 to 208 kg/ha on vields of PM-211
maize grownonanold Andvopegoa pasture. Half the K was broadcast at planting and half was
sidedressed Tater. Typic Paleudult, Yurimaguas, Peru (NCSU, 1975).

0

SOYBEAN GRAIN YIELD (t/ha)
T
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41 K3 125 166 208
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Figure 9. Influence of rates of potassium ranging from 41 1o 208 kg/ha on yield of Nacional
sovbeans grown onan old Andropogon pasture. Half the K was broadeast at planting and half
was sidedressed Later. Fypice Paleudult, Yurimaguas, Peru (NCSU, 1975).
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Figure 10. Effect of 3 levels of potassium as KC! on cassava root yields at 0, 100, and 200
kg/ha N ona typic Haplustox at Tranquero, Llanos Orientales, Colombia (Ngongi, 1976),
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0.23 meq/100 g, which is above the critical level. Fach succeeding crop in
the rotation sequence was fertilized with K at the initial application rate.
Rice following maize or soybeans did noc show a significant (P = 0.95)
response to K, nor did maize following sovbeans.

Figure 10 shows cassava root vield dataobtained by Ngongi (1976) ona
highly weathered acid Oxisol in the castern plains of Colombia. (Nader-
man [1973] identified a similar soil as Typic Haplustox, clayey, kaolinitic,
isohyperthermic.) ‘The soil properties are given in table 3. Highest vields
were obtained at the 100-kg/ha N rate, Application of 123 kgr/ha K as KCI
resulted in vields of 22.8 t/ha of roots. Applying a total of 250 kg/ha K
decreased production at 100 kg/Zha N

Yield responses for three different sources of K are shownin higure 11.
Yields tended 1o improve with increased K to the highest rate of 200
kg/ha K, except tor the KCLsource where excessive K decreased vields by
1.8 t/ha.

Table 3. Properties of soil used at Tranquero (0= 15 cm). Llinos Orientales, Colombia

Sl pli O.M. Sel P S0, Extractable cationy cre Al
iy pre 1:1 =85t saturation
1,0
Al Ca Mg KN
G ppm (meq/ 100 g) aq
Virgin 4.4 2.5 1.8 1.5 1.6 0.1 005 005 6.4 89
Treatedd 49 2.4 2.5 — Lo 04 008 009 6.2 73

Source: Ngongt, 1976,

*Bray 1L

ENH,0AC + HOAC method of Bardsley and Lancaster ( 1960y,

$After hasal application of 1.5 1on lime and 100 kg PO, per hectare, Lime had 10/1
Ca: My ratio.
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Figure 11, Effcct of varyving levels of 3 K fentilizer sources on cassava root yields on a Typic
Haplustox at ‘Tranquero, Llanos Orientales, Colombia (Ngongi, 1976).
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Determining Appropriate Levels for Maintenance
Applications of Potassium Fertilizer

To determine the amount of K fertilizer that should be applied foreach
crop, we need to estimate the amount removed from the ficld in the crop,
the amount dissolved in rain water and leached down through the soil
beyond the reach of plant roots, and the amount released from soil
mineral reserves. After soil test potassium has been built up to an accept-
able level, annual fertilizer applications shonkd, at a minimum, replace the
K exported from che field by the crop and lost by teaching. (I a consider-
able amountof potassium is released cach year from mineral K reserves in
the soil, anunal applications of fertilizer K can be reduced.)

Crop removal of K

The amount of potassinm contained in several crops grown under
tropical conditions has been studied in both Peru and Brazil (table 4).
Field crops commonly remove 50 10 100 kg/ha K when the stover or straw
is also harvested. Maize, rice, and sorghum grain do not contain much K,
and the K- ontent does not vary significantly with the potassiun status of
the soil; soybeans, however, contain considerably more K. Stover, in
generallis higher in K content than grain and also much more responsive

Table 4. Soil porassiun at planting: vield and K content of harvested grain, hav, or roots;
vield and K content of crop residual; and wnal K uptiake for several crops on 3 highly
weathered soils of the tropics

Soil and treatnent Sl Product — Product Crop Crop Total
potassium Nield K resulue residue Ko uptake
cantent  yield content
meq/ 10O ¢ kg /ha ¥ kp/ha ¥ kie/ha

Bpic Palrududt, Yuronaguas, Peru (Source: Seubert, 1975)

Rice
First crop, unfertilized, an
burned forest land 0,32 1,22 0.31 1,816 2.07 42
Second crop
Unferulized 0.10 1,938 0.27 2,254 1.91 49
Fertilized with
50-172-40% 2562 027 3,402 1.72 64

Guinea grasy
Following unfertilized vice on
forest land cleared
by burning

Unfertilized 2,111 235 50
Ferulized with
50-172-40+ 3,460  3.06 108
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Table 4. continued

Sail and treatment Soil Product  Product  Crop Crop Total
potassium ield K ressdue  residue K uptike
content  yield content
meq/ 100 g kg/ha % kg/ha G kg/ha
Dark Red Latosol, Planaltina, Brazil
Brachiaria decumbens (Source: NCSU, 1974)
Second cut after initiation 8100 1,13 92
Sorghum
Third crop after clearing
271-70.125¢ 6,900  0.34 6,496 1.60 127
Maize
Lime experiment, first crop,
[00-130-83+%
(Source: Gonzalez, 1976)
0 t/ha lime 2,115 0.40 1,609 .93 23
! t/ha lime 4,019 0.25 2,593 1.06 38
2 1/ha lime 4,341 0.27 2,906 1.21 47
4 t/halime 4,797 0.23 3,093 1.05 44
8 t/ha lime 4,792 0.24 3,252 1.25 52
Phosphorus experiment, first
crop (Source: Yost, 1977)
100-560-831 7,960 054 6,070 0.45 71
K experiment, first crop
200-175-01 0.08% 2,328  0.36 2,376 .28 16
200-175-125 0.23 4,372 0.31 3,685 0.77 40
200-175-500 0.50 4,712 0.39 3,985 1.72 86
Soybean grain
K experiment, third crop
No K 0.06% 1,700 1.45 258
Residual of 125 kg/ha K 0.12 2,548 1.76 45
Residual of 500 kg/ha K 0.21 2624 192 50
Tpic Haplustox, Tranquero, Colombia
Cassava tubers (Source: Ngongy, 1976)
Potassium sources x rate
experiment
100-100-0% 0.0 9,500 0.30 29
100-100-50 - 13,800  0.57 79
100-100-100 - 15,800 0.72 114
100-100-200 - 19,100 0.80 153

*Olsen K, 0-10 ¢m, belore fertilizer addition.
+Numbers refer to kg/ha of N-P-K applied.
tDouble-acid K, 0= 15 cm.

§Grain only.
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to soil K level. Maize stover grown on Dark Red Latosol the first vear after
clearing contained 0.28 percent K at low soil K and 1.72 percent K at high
soil levels. If rain falls on grain stover after plant senescence, a consider-
able portion of the K present will wash out of the dead tissues back onto
thefield. Forages contain high amounts of K, and if the vearly production
is removed as hay or silage, a great deal of K can be exported from the
ficld. Although the K content of . »varoots is not extremely high, the
large quantity of tubers produced means that a significant amount of K
will be fost when they are harvested.

Leaching losses

The amount of K lost by leaching is affected by several factors, The
ability of highly weathered tropical soils 10 retain cations (cation ex-
change capacity or CEC), measured at the actual pHof the soilin the field,
is rather limited. The sum of KCl-extractable cations in the unlimed soils
studied is about 2 meq/100 g. When enough lime is incorporated into the
top 20-cm layer to raise the pll o 5.5 (thus climinating most of the
harmful effects of soil acidity), the sum of KCl-extractable cations in-
creases 1o about For 5 meq/100 g.

If a normal-sized application of 100 kg/ha potassium is broadeast over
the soil surface and incorporated to a depth of 20 ¢m, the total K added
will be about 0.12 meq/100 g This amount can be retained without mueh
difficulty. It is quite common, however, to apply K in 5- or 10-cm wide
bands. for example, alongside maize rows as they are being planted. In
this case, a moderate rate of potassium, about 8) kg/ha, in a band 8 em
wide every 80 cm would add the equivalent of 1.0 meq/100 g K 1o the soil
affected by the band, and this amount cannot be casily retained. A fair
proportion will remain in the soil solution and thus be apt to move down
through the soil when itrains. The more the rainfall, the deeper the K will
be moved. I the plant roots extend to only 20 or 30 ¢m because of a
physical or soil acidity barrier, potassium moved deeper than this will he
lost. One reason for the focus on overcoming restrictions on 1ooting
deptlyis to be able to recover potential leaching losses of valuable soluble
plant nutrients like potassium and nitrogen. Figure 12 shows that varying
rates of K fertilizer broadeastapplied at planting leave different amounts
of potassium at various soil depths when measured at the end of one
growing season. On a Dark Red Latosol in central Brazil with rates of up
to 125 kgsha K, the loss of K due 1o leaching below 30 ¢m was not
significant. Additions of 250 and 500 kg/ha K caused leaching 10 60 and
90 cm, respectively. Some of the losses observed with the application of
500 kg/ha K broadcast would also occur directly under the band if 50
kg/ha were applied in a band atong a maize row.

The data presented in table 5 illustrate the leaching of K in a Typic
Paleudult under Peruvian jungle conditions. After felling the jungle
vegetation, burning, and adding about 0.17 meq/100 g K as fertilizer, the
top 10 cm showed 0.58 meq/100 g K, which is quite a high value for these
soils. After 15 months the 0= 10-cm soil K value dropped to 0.13 meq/100
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Figure 12, Exchangeable potassinm measured at varying depths in Dark Red Latosol after
first crop, for 5 levels of potassium chloride fertilization, CPAC, Planalting, Brazil (de Souza

et al., 1979).

Table 5. Potassinm retained intop 10 e of soil* before cropping, after cropping, and

with varying K treatments on a Tvpic Paleadult, Yurimaguas, Peru

Source of K

Treatment with

K Jertilizer

Treatment without
KN fertilizer

First and second crofn

Soil K measured befoie lirst crop
Contribution from fertlizer

Amount removed by first crop (rice)
Amount removed by second crop (maize)

Total
Soil K measured atter second crop
Amount assumed lost by leaching

Thivd crop

Soil K measured after second crop
Contribution from fertilizer

Amount removed by third crop (sovheans)

Total
Soil K measured after third crop
Amount assumed lost by leaching

kig/ha
348 338
160) [}
-496 -84
=53 -53
3449 201
1H 1
RET 90
111 1
80 0
12 ~12
174 94
117 76
62 23

Source: Villachica, 1978,

*Calculated by measuring Olsen-EDTA extractable K found intop 10 cm — with or
without potassium fertilizer — before cropping, after I erop cach of rice and maize, and
after crop of soybeans and comparing these values with total amount of K added in

fertilizer and harvested in crops.
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g K in the residual potassium treatment and to 0.20 in the treatment
receiving 80 kg/ha maintenance fertilizer per crop. Taking into account
the 161 kg/haand 149 kg/ha K taken up by the three harvested erops, the
0= 10-cm fayer lost 300 kg/ha K in the maintenance fertilized treatment
and 113 kg/ha K in the vesidual K treatment over the 15-month period.
Whether later crops would have roots deep enough o recover some of
this leached potassinm depends on the presence of chemical or physical
barriers to root penetration for cach species. Other data from these same
sotls indicate that the potassinm probably leaches quite deep.

Figure 13 shows that within one month after burning, soil potassium
down to the 30 - 50-cm depth was as much as three times higher than its
preclearing value. Six months Later, the subsurface K level had returned
toits original value. Apparently, the potassinm that had been added to the
soil by the process of clearing and burning was leached out quite rapidly.
‘The nitrate and ammonium nitrogen levels in the soil tended to follow a
similar pattern, some K possibly having moved in the nitrate form.

E = SOLL K (meq/100 ml)

R 0.1 0.2 0.3

o Y 3 v —

o-1o b 100s 0 . fonths after burning
6

10-30 F

30-50 | !

Figure 13. Extractable K measured betore burningandat 1, 6, and 10 months after burning
and dearing 17-vewr-old jungle vegetation on a Typic Paleudalt at Yurimaguas, Peru
(Scubert, 1975).

According to the data in table 6, which takes into account the K har-
vested in the fivstvice crop, about 185 kg/ha of soil K was lost in the top 50
an during the six months afier clearing. The magnitude of loss decreased
as the level of exchangeable K diminished: little or no leaching loss
occurred between the sixthand tenth months, In fact, a small net increase
in K appeared in the system, although it was probably not statistically
meaningful because of the variability in measurements.

Growing plants contain large amounts of potassium and thus provide a
mechanism for minimizing leaching losses. 'To produce fruit containing
50 10 200 kg/ha K, bananas and plantains may take up as much as 800
kg/ha K (de Geus, 1967). As the vegetative parts of cassava plants begin to
dic, total potassium content declines (hig. I'H. On the 226th day after
emergence, the plants comained 310 kg/ha K; but by the 315th day, the
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Table 6. Olsen-EDTA extractable K in 0 =50-cm layer measured 0, 1, 6,
and 10 months after burning for first 2 rice crops on a Typic Paleudult,
Yurimaguas, Peru®

Source of K Soil K
* kglha
Soil K measured before cleaingt 117
Soil K measured after burningt 368
Net increase due to treatmenmtd 251
First vice crop
Soil K measured betore plantingt 368
Amount removed by crop -42
Total 326
Soif K measured 6 months after burningt 141
Amount assumed lost by leaching 185
Second rice crop
Soil K measured before plantingt 141
Amount removed by cropd -49
Total 99
Soil K measured 10 montis after burning
(1 month betore harvest)t 129
Net inerease 37

Source: Seubert, 1975,

*Changes in K in 0=50-cm layer calculated from changes in soil content
and amounts removed by the 2 crops. Rice crops followed continuous
rice-cropping system (illed, unfertitized treatment).

TGV of 1847, 14, and 37% for 0= 10 cm, 10 =30 e, and 30 - 50 cm,
respectively.

finercase prinarily due to rain washing potassiam from dead
vegetation: K contained in ashes added 38 kg/zha K (CV of 174).

§CV of 3147,

total was only 223 kg/ha K, and of this, 87 kg/ha was present in dry leaves
and petioles. K, which is not chemically bound in plant tissues, can be
-asily washed out from senescent material by rainwater and thus returned
to the surface of the soil.

The beneficial role of the maize plant in reducing leaching losses
is illustrated by the soil test K values observed for the 125-kg/ha K
treatments on the clayey Red-Yellow Latosol (table 7). The stunted,
nitrogen-deficient plants that received 125 kg/ha K without nitrogen did
not take up much potassinm, Fhe extra potassium remained in the soil,
subject to leaching. A pulse of K was observed in the 15 -30-cm layer at
midseason. In the postharvest sampling, this pulse had moved to the
60 —75-cm layer, where it was shown as a 10-ppn increase in K observed
between the two times of measurement. In contrast, the healthy plants
that received 125 kg/ha K along with sufficient nitrogen took up more of
the potassium during the growing season, and at maturity the rain rede-
posited partof this K on the soil surface. Less K was lost through leaching.
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Figure 14. Distribution among cassava plant parts of potassium uptake, measured at Tur-

rialba, Costa Rica. Data from Oelsligle and McCollum (NCSU, 1975),

Table 7. Changes in soil potassium ppm*

at various soil depths for 3 differem fertilizer
treatments on a Red-Yellow Latosol, CPAC,
Planaltina, Brazil

Fertitizer K applied (kg/ha)t

Depth 0 125 125-N
om pbm

0-15 +6 +12 +8
1530 -5 -6 -32
30-45 -1 -6 -1
45-60 0 +1 -6
60-75 -2 +5 +10
75-90 0 0 +1

Source: Ritchey et al., 1977,

*Calculated by subtracting postharvest value
from midscason value, first year of culiivation.
tFertilizer treatments of 0, 125 kg/ha K as KCI
broadcast plus nitrogen, and 125 kg/ha K
without nitrogen.
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Release of K by soil minerals

According 1o data summarized by Black (1968), the average total K
content of all farmland in the U.S. is 8,000 ppm, whereas the more
weathered soils of the southeastern U.S. Coastal Plain have less than 3,000
ppm. Rodriguez (1975) studied levels of total potassium in soils of the
Lianos Orientales of Colombia and obtained values ranging from 700
ppm to 5,000 ppm, the majority falling between 1,500 and 2,000, Weaver
(1975) analyzed soils from six locatioms in the Cerrado vegetation arca of
Central Brazil and found values of total K of 66-1 1o 8,053 ppmin the clay
fraction of the surface 15 cm.

Values for total K measured in soil samples collected at the CPAC
Cerrado vesearch center near Brasilia are shown in “Fable 8. In the clay
fraction of the loamy-textured Red-Yellow Latosol, 1000 ppm K were
detected; on the clavey Dark Red and Red-Yellow Latosols, as little as 1414
ppm K were found. Weaver (1975) suggested that the relatively high
amount of mica he observed in several soils of Central Brazil may have
originated from pavent material with a highinitial content of dioctahedral
mica. A portion of this material may have persisted during soil develop-
ment, perhaps by the same process reported by LeRoux (1973), who
attributed the presence of mica in some South African Oxisols 10
peripheral chloritization (replacement of interlayer K around the edges
of the particle by aluminum-hydroxy polymers) which protected the
original mica core.

Less than one-third of the medinm-textured Red-Yellow Latosol sam-
ple was clay. If the resistant K minerals were presentin the finer sizes, as
suggested by Rich (1972), the total K on a whole-saoil basis might be
significantly less than in the elay fraction reported, asindeedis the case for
whole-soil sample numbers 11 and 12 analvzed by Kronberg (1977).

The rate of decomposition of the K-contaming minerals determines the
amount of K available to any one crop. This rate is controlled by several
factors, including the concentration of K in the soil solution and the
nature and fineness of the soil minerals.

One way to evaluate the amount of K made available under normal
agricultural conditions is 1o measure the potassium content of crops
produced on sites where K fertilizer has not been added and to compare
this figure with the measured decrease in extractable K. To date, data
from field experiments carvied out on the Peruvian ‘Typic Paleudult and
Brazilian Dark Red Latosol indicate that, within the errors of measure-
ment, the potassium removed from the soil under field conditions can all
be accounted for by decreases in the extractable K measured. Thus the
hypothesis is supported that litde K is being released from nonexchange-
able sources. Rodriguez (1975) found very little change in native extract-
able soil potassinm after up to T wetting and drying cycles of 26 days cach
for the 18 soils of the Colombian Llanos that he studied.

In exhaustive greenhouse cropping of two Dark Red Latosols collected
at CPAC, the amount of K contained in five consccutive maize crops was
equal to 100 perecent of the decrease in exchangeable K for the cerradao-
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phase sample and 240 percent for the cerrado-phase sample (Joao Miel-
niczuk, 1979: personal communication). It'is not known whether K re-
leased under the very low soil potassium levels associated with exhanstive
cropping is a significant source of K for crops grown under agronomically
feasible conditions (r.c., semiintensive agriculture with other expensive
inputs). It has been suggested that K-mimeral breakdown may become
appreciable only at soil selution concentrations so low that they are in-
adequate o sustain normal agriculunre,

Table 8. "Total and exchangeable K measured for several soils of CPAC, Planaltina, Brazil

Sotl and sample numbey Deprth Sutl Potassium
Total Ixchangeable
om ppm
Cliyey Dark Red Latosol, CPAG? 0-15 285 27
15-30 279 20)
30-45 2R8 16
45 -60 20.4 12
Clayey Red-Yellow Latosol, 0=15 144 31
Plateau, CPAC 15-30 131 23
30-45 155 12
Ah~60 173 8
Clayey Dark Red Latosol, 16 0-15 250
CPACH 17 1530 170
4 =15 330
6 15-30 250
Clayey Dark Red Latosol,
cerradiio phase, CPACE 9 611 78
Clayey Dark Red Latosol,
cerrado phase, CPACE 1 1,196 17
Medinm-texiured Red-
Yellow Latoso!, CPACE 5 2,037 17
Medinmetextured Red- 17 0-20 4,000 23
Yellow Latosol, GPAC 19 100120 3,500 4
<2pm (clay fraction)§
Medium-textured Red- 11 0-15 1,080
Yellow Latosaol, GPACH 12 15-30 00
f.ow Humic Gley 3 0-15H 580
(Acric Tropaquept) CPACH 2 15-30 500

“Analysis by HF digestion. Dark Red and Red-Yellow Latosol samples taken from near
the K experiments reported in this bulletin.

T Analysis by Xeray Huorescence (fusion, iguited samples). Samples 16 and 17 from near
K experiment. Samples 4 and 6 from near zine x e experiment reported in this
bulletin (Kronberg, 1977).

oo Michiczuk (Faculdade de Agranomia, Univ, Federal do Rio Grande do Sul, Porto
Alegre) 1979: personal communication,

§Weaver (1975). “Total K values were back-caleulated from the pereentage mica data
which Weaver reported as 10 times the K,0 found by HF-H,80, digestion,
(Exchangeable K values courtesy of M. G. Cline.)
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Potassium balance measured in the field

Working on a newly cleared Dark Red Latosol, de Souza et al. (1979)
prepared a potassium “balance sheet” to see if changes in soil K could be
accounted for by the amounts of potassium added and removed. The
amount of K removed by the grain and stover of the maize crop and the
increases in K levels found in the soil were calculated for five levels of K
fertilizer application. The results shown in table 9 indicate thay, within
experimental error, practically all the petassium was accounted for by
leaching, plant uptake, and changes in extractable K in the sotl.

With this data, we are better able to make recommendations for the
amounts of K fertilizer that should be applied annually. CPAC recom-
mends that corrective applications of 83 kg/ha K and 42 kg/ha K be made
for soil test values of 0=25 ppm and 25 =50 ppm, respectively. In addi-
tion, each crop should receive a maintenance application of 25 kg/ha K
banded.

These recommendations are supported by the results of the first three
years of cropping on the Dark Red Latosolat CPAC. Application of a total
of 125 kg/ha K maintained production at near-maximum levels, as shown
in hgures 4 and 5.

Tahle 9. Percentage of recovery of potassium® on a Dark Red Latosol, CPAC,
Plaualting, Brazil

At planting At harvest
Fertilizer K originally K remaining K removed Calculated
K added present in in sol, by maize K
soll, =90 ¢m ()~90 rm crop recovery
ki/ha %
0 1407 127214 1627 102x13%
62 13212 155216 294 9527
125 1367 18824 407 879
249 138222 27528 76215 Q1=
498 15137 498494 8627 9029

Source: de Souza et al, 1979,

*Calculated by comparing K originally present in soil at 090 cm and K added
as fertilizer, with K present in soil after harvest and K contained in maize grain
and stover.
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Interactions of Other Nutrients with Potassium

Knowing the effects of other nutrient ions on potassium nutrition is
important not only for maximizing the efficiency of K use, but also for
understanding how levels of other ions will change K fertilizer recom-
mendations to be given to farmers.

Nutriencimbalances affecting K nutrition originate in the amount and
distribution of ions on the exchange complex, but their effects occur at
several stages. The concentration and activity of K in soil solution is
determined both by the amount of K on the soil complex and by the other
ions present. The ability of the plant root to take K up from the solution
depends not only on the amount in the solution but also on the amount
and type of other ions present. Aluminum and manganese, which are
often present in si; nificant concentrations in acid soils, can seriously
affectthe healthy operation and growth of crop roots and interfere with K
uptake. Rubidium (Rb*), sodium {Na*), and ammonium (NH, Y, which
have the same charge as and are similar in size 1o the potassium ion,
apparently compete with K* at the root surface; itis not clear whether the
divalentions calcium and magnesium can compete as effectively.

Inside the plant, the amounts of other ions affect the efficiency with
which K acts and the amounts of K needed for maximum production.
The addition of a nutrient element previonsly present in quantities insuf-
ficient for maximum growth can increase the demand for potassium.
Increases in K requirements resulting from heavier applications of N, P,
or micronutrient fertilizers are not unconmmon in the tropics.

Effects of other cations on soil solution K

Rodriguez (1975) found that adding lime cquivalent to wwice the ex-
changeable Al present in 14 soils of the Colombian Llanos Orientales did
not, in general, significantly change the amount of extractable potassium
even after T wetting and drying cycles of 26 days cach.

Gocedert, Corey, and Syers (1975), working on Oxisols and Ultisols of
southern Brazil, found that liming decreased the amount of potassium in
solution while maintaining approxiniately the same level of exchangeable
K. The buffering capacity for potassium increased. ‘They concluded that
although liming would decrease potassium susceptibility to leaching, it
might also reduce solution potassinm to levels where plants might suffer
K deficiencies.

Gonzalez (1976) studied the soil solution of a Dark Red Latosol which
had received lime rates of 0, 1, 2, 4, and 8 t/ha incorporated to 15 or 30
cm. Figure 15 shows the relationship between exchangeable Ca + Mg and
the ratio of soil solution K to exchangeable K sampled during tasseling
of the first maize crop. Soil solution potassium values averaged about 0.63
megq/liter for the samples that measured 0.33 to 1.15 meq/100 g Ca + Mg,
These values correspond to aleminum saturations ranging from 31 per-
cent to 75 percent. In the group of samples with 4 percent to 5 percent
aluminum saturation (Ca + Mg between 2 and 3 meq/100 g), the solution

25



K dropped to 0.34 meg/liter; and for Ca + Mg levels over 4 meq/100 g,
the solution K remained practically unchanged at 0.32 meq/liter. Tt is not
clear whether further increases in exchangeable Ca + My would have
sigrmificantly reduced the solutton K.

Additional liming above the pHoat which all the aluminum has been
neutralized would incerease the effective cation exchange capacity (CECG)
by deprotonation of pli-dependent sites: it is not known if this treat-
ment would have the same effect on K in soil solution as the reactions in
which CEC was increased by removing aluminum. Goedert, Corey, and
Svers point out that where organic matter is the main source of cation
exchange capacity, the increase in K-buffering capacity as CEC s in-
creased by liming should not be as rapid as where neutratization of Al is
imolved.

In some temperate-region soils, certain clay minerals “fix” potassium,
partcularty when high rates of lime are applied. This detrimental
aspect of liming can be climinated from consideration for most of the
highly weathered soils of the tropics becanse the clays responsible are not
present,

Limed to 15 cm
® ()-I5cm
o I5-30m
o\ ¥ Limed to 30 cm

10

B (j—I5cm
a [ ] a !5-30cm

EABLE K (mey/litery/(meq/100 g)

0 1 1 1 1 2
0 1 2 3 4 i)
EXCHANGEABLE Ca + My (ineg/100 1)

SOLUTION R/EXCHANC

Figure 15. Ratio between K measured in soil solution and exchangeable K found on soil
complex as affected by level of exchangeable Ca -+ Mg on soil complex forratesof 0,1, 2,4,
and 8 t/ha lime incorporated to 15 or 30 cm. Depth of sample (0= 15 cm or 15-30 cm) or
depth of lime incorparation had no apparent effect onlocation of curve. Samples collecred
at maize tasseling stage of first crop after clearing on a Dark Red Latosol, Planalina, Brazil
(Calcelated from Gonzalez, 1976).
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Effects of other ions on K leaching

Liming should reduce the potential for loss of K by leaching. It in-
creases the cation exchange capacity by raising the pH and thus
provides more exchange sites for retention of K. Morcover, liming pre-
cipitates exchangeable aluminum and thus facilitates retention because K
can compete more successfully with the calcium ions that remain on the
exchange complex than with the aluminum that was originally there.
Miclniczuk (1977) showed that the K-buffering capacity of a Dark Red
Latosol at CPAC increased greatly when limed o pH 6.0

In 1972, alime = zinc experiment was established on a virgin Dark Red
Latosol; limed with 7.5, 15, and 22.5 t/ha lime (witha CaCO, cquivalentof
100 percem); fertilized (the blanket fertilizer application included 83
kg/ha K); and planted o maize. After harvest of the first crop, the
experiment was planted 1o Star grass which was irrigated during the dry
scason but received only a minimum of maintenance fertilizer. Samples in
1976 indicated no significant effeet of the lime rates on soil K distribution
10 90 e (table 10),

In many experiments where the lime rate is varied, the total yield and
therefore the upiake of K from the field may be affected by the lime
treatment. As the lime rate is decreased, (he vield also declines, and
therefore more unused potassium remains in the soil svstem. ‘This re-
sidual K complicates the interpretation of soil K distribution, unless the
observations are limited 1o a range of lime rates that has littde effect on
yickd or K uprake.,

Table 11 shows how lime applied at five rates 1o a Dark Red Latosol
affected the distribution of K after five crops of maize and one of sor-
ghum. Yields increased greatly with the first lime increments, but vields

Table 10. Average extractable soit K* as a function of
various rates of lime on a Dark Red Latosol, CPAC,
Planaltina, Braeil

Depth Lime applied (t/ ha) LSD
(0.95)
7.5 15 225

cm pm

0-15 8.4 7.8 0.8 0.9
15-30 8.0 7.7 7.0 1.9
30~45 6.3 3.3 5.4 1.8
45-60 4.2 +2 0 1.5
60-75 3.5 3.0 .4
75-40 2.8 3.5 2.3

Mean 5.2 5.4

*Sampled November 1976, 4 years after lime was applied in
197210 a lime « zine experiment, Average of 3 zine rates
and 2 replications,
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did not differ significantly between the 4- and 8-t/ha rates. The experi-
ment received from 83 kg/hato 125 kg/ha K per crop. Atthe lower lime
rates, lime had an obvious negative effect on total K presentin the profile;
this eltect was due principally to the greater amount of K removed in the
grain and stover of the larger erops that resulted trom liming. Total
production from the - and 8-ton rates were pracically equal, and the
distribution of K was also similar. If lime has any effects on leaching, one
might expeet a doubling of the lime rate to 8,000 kg/ha o cause some
change in K distribution in the profile. The absence of this change
suggests that, under the conditions studied, lime did not adversely afteat
leaching. In fact, the greater depth of rooting that may be assoc iated with
increased liming (Bouldin, 197¢) may have improved the overall eth-
cieney of K use.

Calcium o magnesinm applied in forms other than carbonates or
oxides may cause more leaching of potassium because these two elements
increase the number of cations competing for space on the soil exchange
complex without significautly raising the pll There would also be a
greater number of mobile anions which, when leached, will remove a
cation. Fig. 16 shows the effects of gypsum (caicium sulfare) applications
made on a Dark Red Latosol 1o amcliorate acid conditions in subsurface
lavers. In addition to the desired downward movement of calciuny,
marked leaching of magnesinm and potassium also occurred.

Similarly, Villachica (1978) reported that adding 18 kg/ha Mg as mag-
nesinm sulfate (equivalent to 0,15 meq/100 g in the surface 10 ¢m)toa
Typic Paleudult had a depressing effect on extractable K (K = 0,16 -

Table 11. Extractable soil K*at 8 depths as a function of vanious tates of lime
applicd 104 Dark Red Latosol, CPAC, Planaltina, Brazil

Depth Lime mearporated O—=15 cm (17 ha) 15D
(61.95)
1] 1 2 4 &
cm phm
O-15 20) 22 22 18 22 5
15-30 2) 149 16 13 11 6
30-145 12 10 9 8 8 4
15 -60 12 H 7 6 6 2
60-75 1 10 7 6 ) 3
75-90 13 Y 6 6 6 3
90 -105 17 Il 7 6 6 3
105120 25 12 8 7 6 5
Mean 16 K] 10 9 9

Average grain
vield in
kyg/ha 2,220 3,280 3480 3,900 3,920

*Sampled June 1977, 5 vears after lime was applied in a rates = depth of
incorporation experiment. Average ot 5 replications.
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0.021 Mg, significant at 0.95). He suggested that the two cations may
compete for sites on the exchange complex.

It can be concluded that liming will probably decrease potassium leach-
ing losses because it raises the exchange capacity of the soil, lowers the
concentration of K in the soil solution, and may increase the crop uptake
of K by reducing aluminum toxicity. On the other hand, adding calcium
or magnesium sulfate would heighten competition for exchange sites and
increase the level of K in the soil solution subject to leaching. If the
calcium sulfate additions result in deeper plant roots, however, the potas-
sium losses may be recuperated.

K AND Mg (meq/100 g)
0 005 010 015 020
0 T T T T
15
30
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90
105
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135
150 L 4
0 0.5 1.0 1.5
Ca (meq/100 g)

Figure 16. Laboratory distribution of K, Mg, and Ca with depth, following incorporation of
1400 kg/ha Ca as gypsum in 0-15-cm layer of a Dark Red Latosol and leaching with 1500
mm water (Ritchey, de Souza, and Lobato, 1978).
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Effects of other ions on K uptake

Many laboratory studies have focused on the mechanisms of K uptake
by the root and the effects of competing ions. Hiatt and Leggete (1974)
and Barber (1968) have reviewed tne sometimes confusing literature,

There is some measure of agreement that monovalentions (Na*, Rb?*,
and NH,Y) cac compete with K* at the root surface. When the level of
Ca** is quite low, additions of calcium will increase K uptake, appareny
by improving the structural integrity of root membranes (Mengel, 1968).
Competitive eftects of higher concentrations of Ca** and Mg** are less
casily demonstrated. Although several groups have proposed using the
soil solution activity ratio K/V(Ca + Mg) to evaluate availability of K to
plants, Barber (1968) states that little evidence is available to indicate that
the ratio can determine K adsorption by roots.

In the liming study carvied out on a Dark Red Liatosol, Gonzalez (1976)
tound that caleitic lime rates varving from 0 to 8,000 kg/ha had no effeat
on K content of car leaves, grain, or stover in three continuous crops of
maize, despite a 50 percent decrease insoil solution K (table 4).

In the previously mentioned lime < zine experiment that veceived 7.5,

15, and 22.5 vha e, lime vates had no significant effect on the percent-
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Figure 17. Influence of rates and sources of magnesium on mineral content of cassava
petioles 14 weeks after planting at Tranquero, Colombia. MgO source had 16% Mg and 29%
Ca (Ngongi, 1976).
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age of K in the maize grain harvested, although at the high lime rate,
stover K content was significantly different at 0.90 probability from the
lower lime treatments. The high lime rates markedly reduced grain vield,
at least partially because of an induced zine deficiency. Applying more
zinc increased the vield (NCSU, 1973).

Varying the percentage of calcitic and dolomitic lime applicd to a Dark
Red Latosol 10 obtain soil Mg/K ratios ranging from 0.45 1o 4.8 did not
affect the K content of sovbean grain, but potassium content of the
soybean leaves decreased ai the high magnesium rare (significant at 0.90),
This difference cannot be attributed to a dilution effect because the grain
yield was also slightly lower with the high magnesium treatment.

The datain figure 17 obtained in the Llanos Orientales of Colombia by
Ngongi (1976) indicate that increasing the rate of Mg applied to a Tvpic
Haplustox did not consistently affect the K content of the cassava petioles.
Leaf blade and root K were not affected either. Yields were significantly
increased by Mg, particularly where magnesium sulfate was the source
(fig. 18). The maximum vield of 25.4 1/ha was obtained with 50 kg/ha Mg
as sulfate. Yields fell off with further increases up to 100 kg/ha Mg,
possibly because of Ca deficiency (fig. 17) or excess sulfur affecting
phosphorus intake.
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Figure 18. Influence of rates and sources of magnesium on cassava root yields 38 weeks afier
planting at Tranquero, Colombia (Ngongi, 1976).
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The Effect of Potassium Fertilizer on Other Elements

Direct potassium effects

It has long been known that excessive applications of potassium can
induce magnesium deficiencies. Unusuatly high rates of Kapplied to the
Dark Red Latosol reduced Mg content in maize ear leaves (fig. 19).

When 125 kg/ha K fertilizer wasapplied toa Dark Red Latosol limed to
pH 5.2 with low-magnesium limestone, maize stover contained only 0.07
pereent Mg, Forage with less than 0.10 percent Mg is considered unsafe
because it is one of the factors which causes “hypomagnesemia”, a fatal
condition in lactating cows characterized by low levels of magnesium in
the blood. The K fertilizer treatment resulted in soil K values of 104 ppm
in samples collected one month after application. Figure 19 shows that
this level of K has lowered the Mg content of the car leaves of maize
growing on soil with adequate magnesium levels. This finding suggests
that if less K fertilizer had been applied o the inadequate Mg plots, the
Mg content of the maize stover might have been higher.

Villachica (1978) applied 18 kg/ha My as magnesimm sulfate and 63
kg/ha K as KClsoon after clearing a Typic Palendultsoil which originally
had a Mg/K ratio of 194, This treatment caused the soil Mg/K ratio to
decline 1o 149, which is below the fower limit of about 2 which Boyer
(1978) mentions for several tropical crops. After erops of soybeans, rice,
and maize were hiuvested, the soil Mg decreased 10 0.07 meqg/100 mt, but
the soil K increased 1o 0.27 meq/100 ml because split K applicatons
totaling 125 kg/ha had been applied to each crop. The Mg/K ratio
decreased 10 0.26. A significant negative effect of K fertilizer rate on Mg
accumulation in the soybean grain was observed in the treatments where
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Figure 19. Magnesium content of maize car leaves at silking as function of extraciable soil
K sampled in the 0= t0-cm layer 5 weeks after planting on a Dark Red Latosol, CPAC,
Planaltina, Brazil. Three tons of lime containing 345 kg/ha Mg were incorporated 6 weeks
before planting.
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Kwas varied. Although the relationship between soybean grain yields and
exchangeable K was not significant, soil K ‘saturation and vields had a
significant negative relationship. The relationship between exchangeable
Mg/K and yield was highly significant. It can be concluded chat the
application of excess K exacerbated the Jow Mg situation. Rice, the second
crop, was not sigmificantly affected by the K-Mg imbalance. Yields of the
third crop (maize), however, showed a highly significant relation to the
exchangeable My/K ratio, although exchangeable K and K saturation
effects were not significant. Goedert of CPAC (1978: personal communi-
cation) considered sovbeans more sensitive to Mg deficiencies than maize.

In a similar experiment, increasing K rates applied to rice following
maize caused a significant decline in Mg accumulation, and there was a
significant negative K-Mg fertilizer interaction. These relationships sup-
portthe thesis that K was interfering with Mg nutrition. Calcium accumu-
lation was also adversely affected by K fertilization.

For the first sovbean crop, Villachica (1978) proposed that, to avoid
yvield depression, the soil exchangeable Mg/K ratio should be more than a
critical value of 1.2, and exchangeable Mg should be more than a critical
value of 0.2 meq/100 ml. For the maize crop following sovbeans and rice,
he proposed asoil exchangeable Mg/K ratio of 1.2 and an exchangeable
Mg value of 0.38 meq/ 100 mg. These values are consistent with the resules
of other rescarch work he cited: potato yields on a Spodosol declined
when the soil Mg/K was less than 0.8 and soil Mg was 3.0 meg/100 g or
below (Hossner and Doll, 1970). Maize vields on Ultisols of Nigeria
declined it soil Mg/K was less than 0.8=1.0 when exchangeable Mg was
below 0.4 meq/ 100 g (Lombin and Favemi, 1978).

Wade (1978) discusses the effect of nutrient imbalance in peanut pro-
duction ona Typic Paleudult in the Pevuvian jungle. His data support the
idea that K additions may lower vields by causing a decrease in the plant
Ca/Kratioand aresulting decline in shelling pereentage (fig. 20). Shelling

Shelling % = ~48.3 + 295x ~ [85x2
R =0.73

SHELLING PERCENTAGE
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Figure 20. Relationship of shelling percentage of peanuts to Ca/K concentration ratio in
whole plant tissue, Typic Paleudult, Yurimaguas, Peru (Wade, 1978).
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percentages of less than 60 percent were associated with Ca/K ratios of
0.53 or less. Figure 21, based on data given by Wade, shows that the low
Ca/K ratio was caused by high K rates as welb as by low Ca. In about half
the cases where shelling percentage was less than 60 pereent, the tissue Ca
was 1.3 percent or more (which at Kless than 2.5 pereent was adequate);
but because of higher K, the CazK ratio fell below the eritical value, and
therefore the shelling percentage was adversely affecied.
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Figure 21. Distribution of Ca/K tissue ratios in peanut plants. For Ca/K ratios greater than
0.53, shelling percentage is uniformly over 604 Low shelling percentage is associated with
CasK ratios less than 0,53, which can be caused by low Ca values or by high K vaues (Wade,
10978).

Ngongi (1976) showed several instances where root yield 111 cassava was
reduced with relatively heavy applications of K fertilizer. As shown in
Figure 10, the 100 kg/ha N rate was apparently the most productive, and
maximum yield was obtained with application of 125 kg/ha Kat this N
rate. Application of 250 kg/ha K caused a yield decline of 1.8 t7ha. ‘The
content of Mg in the cassava petioles deercased significantly with K
fertilization (fig. 22). The K/Mg ratio was even more affected because
petiole K increased with higher rates of K fertilizer. The calcium level
surprisingly increased with higher K rates. To evaluate the situation in the
soil, calculations were made assuming that all fertilizer was uniformly
incorporated throughout the top 15-cm soil layer and assuming that all
the added fertilizer cations were present on the exchange complex. Obvi-
ously, these assumptions are not met because the K and part of the
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Figure 22. Magnesium content as affected by K content of cassava petioles sampled at 14 and
32 weeks after planting. Increasing K fertilizer applications from 0 to 125 and from 125 to
250 kg/ha raised K in the petiole and decreased Mg (Ngongi, 1976).

phosphorus fertilizer were applied in bands: but the resulting nutrient
ratios may still be useful in understanding the balance of nutrients avail-
able to the cassava plants. According to these soil calculations, the high K
brought the soil Mg/K ratio down 10.0.29, which is helow the critical value,

Figure 11 illustrates another such case where 200 kg/ha K as potassium
chloride (KCI) reduced yield about 1.6 t/ha compared with 100 kg/ha as
KCL According to the soil calculations mentioned above, the ratio of soil
Mg to soil K would have been less than 0.4, which is quite low, but because
yicld decreased only in the KClureatment, sulfur may have been involved.
Tranquero soil had 4.5 ppm sulfur (by ammonium acetate —acetic acid
extract), and cassava plants receiving no S fertilizer showed apparent S
deficiency (small yellowish-green leaves) during the dry season, re-
cuperating when the rains began. Where potassium sulfate or KCl + S
tertilizer was applied, the S content of the leat blades was increased
relative to the KCI source. Raising the rate of KCI fertilizer increased
chloride and decreased S; this response may indicate competition be-
tween chloride and sulphate.

Other effects

Yield reductions that occur when high rates of potassium are applied
may be related to factors other than imbalances caused by excess K. The
anion that accompanies the potassium is usually chloride, although sul-
fate is also commonly used. When potassium chloride is applied in bands
at planting, it often comes into contact with or is located near the seed.
Water that the seedling needs to grow is held by the fertilizer in a form
unavailable to the young plant, and this can result in injury and death.
This problem is more serious in soils with a low water-holding capacity
and obviously is exacerbated if rainfallis deficient during the germination
period. Placing the fertilizer band 5 cm beside and 5 cin below the seeds is
recommended for reducing the danger of injury from salt effects. On a
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Dark Red Latosol, a cavefully placed band application of 125 kg/ha K as
KCl did not reduce maize stands even though the maize was planted
during a ten-day dry period (Ritchey and Lobato, 1977). Planting equip-
ment available to the farmer, however, is often not designed or adjusted
to attain separation between fertilizer and seed.

Broadcast application of the potassium fertilizer practically eliminates
the danger of salt effects on seedlings. Moreover, inthe highly weathered
soils of the tropics, the absence of expanding lattice clays eliminates the
potential for permanent K retention, and there is no need for banding to
reduce this problen. Broadcasting is usually somewhat less conventent,
however, especially when limited tillage is being practiced, with vow crops
being planted and fertilized in one operation.

When high vates of K have reduced yields, another nutrient, often
magnesinm, has usually been in short supply. In some cases. the anion
accompanying the potassium apparently exacerbated an existing short-
age, as illustrated by the possible chloride-sulfate interaction in cassavain
Colombia. Advantage can be taken of the need foran anion to accompany
the potassium in the fertilizer. Where soil sulfur is low and little sulfatein
other torms is being added, using potassium sulfate rather than potas-
sium chloride is a good way to provide both sulfur and potassium. At
Huhunya in Ghana, when potassium sulfate was substituted for potas-
sium chloride. cassava vields increased from 12,000 kg/ha 1o 17,400
kg/ha. The leaf color iz the sultur plots was dark green, but the KCEplants
had vellowish-green leaves typical of S-deficient plants.

Applving more potassium fertilizer than is needed is expensive, ineffi-
cient, and can reduce vields through salt effects if bands are placed too
close to the seed or through deficiencies of other nutrients if the K or
associated anion interacts competitively with an element not present at
optimum level.

Evaluation of Nutrient Imbalances by Foliar Analysis

Smmner (1977) has proposed wider use of the Diagnosis and Recom-
mendation Integrated System (DRIS) for evaluating nutritional needs of
plants. The svstem makes simultaneous nutrient comparisons based on
ritios among several plant nutrient contents. Indices for cach nutrientare
prepared by calenlating the vatio between a given nutrient element and
cach of the other elements. The ratios in the plants under study are then
compared with the “ideal” ratios measuved in a high-production popula-
tion: a negative value results i the element is relatively deficient and a
positive value results if the element is velatively abundant. The magnitude
depends on the degree of the imbalance, but it is also inversely propor-
tional to the GV (cocfficient of variation) of the original data used in
establishing the ideal high-vield standard; thus, it takes natural variability
into account. The individual values are then simultancously evaluated to
produce anindex which reflects the degree of deficiency or sufficiency for
cach element in relation to all of the other measured clements. Ranking
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the indices shows the one that is most deficient. Knowing which clements
are most out of balance is particularly uscful for highly weathered soils
where many nutrients are in low supply and where large changes in the
cations present on the exchange complex may be induced by liming when
the soil is brought under cultivation.

DRIS evaluations (based on nutrient-level eriteria from high-viclding
maize crops in the midwestern U8 A.) prepared foramaize crop planted
the first year after clearing a Brazilian Dark Red Latosolare presented in
table 12, Before foliar analvses were complete, the researchers decided to
apply more phosphorous fertilizer to the field for the second year of the
experiment because the soil test value was low. The DRIS indices appar-
ently reflected the nutritional situation rather well, Potassinm was indi-
cated as the element most deficient in the 0- and 62-kg/ha K treatments.
Atthe high K levels, phosphorus was indicated as most deficient, followed
by Mg. The K rank changed 1o the “least deficient” position,

Table 12. DRIS (Diagnosis and Recommendation Iitegrated System)
indices for 5 nutrients analyzed in maize ear leaves grown first year after
clearing Dark Red Latosol, CPAC, Planalting, Brazil®

Amount applicd Nutrient and index, ranked in order of decreasing
N \ HeCesy
MY
ki /ha
1] REN) K099 P-16)  Ca(2) N @31 Mg (52)

62 345 K(-23) P(-13)  Ca(y) N2y Mgy
125 345 P14y K (-5 Mg (5)  Ca(ty NA(7)
250 345 P(=18) Mg (1) Ca(-=D N2 K (19)
500 345 P-12) Mg (-12) Ca(~1) N (10) K (19
125 7 Mg (=4 P(-10) K (3) N (18)  Ca(36)
125 27 Mg (=38) P11 K N7 Ca@h
125 a7 My (-22) P(=1)  K(-1) N3 Ca (20)
125 345 P(-1H K5 Ca(6) NA(T) Mg (8)

*Varying proportions of caleitic and dolmitic lime were used to raise pH
to about 5.1.
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Soil Testing

Measuring soil potassium

A small soil sample is mixed with an extracting solution designed to
remove the potassium that is readily available to plants and so obtain an
indication of the K status of a field. Extractants used include neutral
normal ammonium acetate, which measures the exchangeable K; the
North Carolina double-acid extractant [0.05 N HCl + 0.025 N H,S0,
(Mehlich)], which is more convenient than exchangeable for routine
laboratory analysis; and the modified Olsen extract (0.5 M NaHCO; +
0.01 M EDTA) used for the data reported for Peru. Most of the values for
the Brazilian research reported in this bulletin are double-acid extractant
values. De Souza et al. (1979) found an excellent linear relationship (¥ =
2.8 + 1.24x; r =0.99) between exchangeable and double-acid extractable
K (hg. 23).

The distribution of K in the soil tends 1o be variable. If the land has
already been row-cropped, fertilizer potassium originally applied uni-
formly to the crop may be locally redistributed in the field after harvestin
such i way as to make soil sampling difficult. This problem is illustrated in
figure 24 where the amount of potassium present in soil samples taken
from between rows of corn after harvest is compared with the amount
found within the row. Apparently, a proportion of the potassium present
in the growing maize plantis washed! of the dead leaves after the plant
matures. The rain deposits much of this potassinmin the soil at the bascof
the plant, the K thereby being concentrated in the row. Soil samples
should be taken from both the row and inter-row areas so as 1o obtain a
sample that is representive of the actual K present. A similar problem of
uneven K distribution in the field might occur where maintenance apphi-
cations of potassiunt and other fertilizer clements have been applied ina
band along the row at planting.
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Figure 23, Relationship between newtral 1.0 NV ammonium acette (exchangeable) K and
double-acid (0.05 N HCI+0.025 N H,S0,) extractable potassium on the - 15-cm layer of a
Dark Red Latosol (de Souza et al., 1979).
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The “recycling” effect caused by rainwater returning K from dead
leaves to the surface of the field is quite beneficial because it reduces K
leaching losses and reduces exportation of K from the field if the stover is
harvested. On the other hand, soil sampling only to 15-cm depth in such a
field may present an inaccurate picture of the true K terulity in the soil
profile as a whole.
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Figure 24. Double-acid extractable K at 6= 15-cm depth measured within maize row and
halfway between maize rows after harvest of sccond-year cropona Dark Red Latosol, CPAC,
Planaltina, Brazil. Composites of 2 subsamples were collected at 50-cm intervals beginning 3
m within plot that received no K fertilizer for 2 years, crossing plot boundary, and continu-
ing 3 m into adjacent plot, which received 250 kg/ha K the first year and 83 kg/ha the second
year (Ritchey et al., 1977).
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Effect of levels of other ions on the interpretation of K soil test values

Whether or not the levels of other cations have an effect on potassium
uptake will influence the eriteria used in mterpreting K soil test values.

Mcl.ean (1977) pr(-svmv(l a good summary of two commonly used
concepts: sufficiencey levels of available nutrients™ (SLLAN), and “basic
cation saturation ratios™ (BCSRY. The sufficieney level approach was
developed in situations where only one nutrient was deficient; the lower
the soil test value for this nutricnt, the greater the inerease in vield
resulting from fertilization with the missing clement. This approach
largely ignores the levels of other ons.

The basic cation saturation approach “implies that for optimum growth
of crops both a best ratio of basic cations and a best total base saturation
exist ina soil”™ (Mebean, 1977, p.46). Tt tries to take into account {(a) the
interactions that occur among cations in influendng what proportion ot a
particular cation will be present in the soil solution and what proportion
will be present on the exchange complex, and (b) the results of interac-
tions among cations in the soil solution as they affect nurient uptake by
the root. Mcbean explained that the BCSR “seems to work bestin highly
weathered soils of low pH reguiring relatively major adjustments m
fertiling” (p. 50). and cited the following “ideal saturation” nutrient ranges
given by Graham (1959): 65 = 85 pereent Ca 6 - 12 pereent Mg, and 2-5
percent K. But MeEean also noted that other rescarchers have stated that
crop vields may not be greathy atfected by variation in these saturations
bevond the ranges given.

MeLean concluded that in perhaps a majority of cases a combination of
the two concepts works best. An example is the rec ommendation svstem
used for Alibama presented by Cope and Rouse (1973). The eriticial soil K
level for cotton response is 55 ppm in sandy soils (less than b meq/ 100 g
CEC) Shppmin medinm-textured soils (5 - 10 meq/ 100 g CEC), and 120
ppm tor fine-textured soils (CEC over 1O meqg /100 g). Thus the minimum
requiremnent of exchangeable potassium becomes grewer with the gen-
eralincrease inthe levelbot the other cations. Bover (1972) con ludes that,
depending on the tropical crop and the soil. a minimun level of 0,10
meq/ 100 ¢ K (range of 0.07160.20 meq/ 100 g K) should be prvscnl.ulnng
with a relative minimum level of 2 10 3 percent of the sum of the ex-
changeable bases. Thus 0,15 meg/ 100 g (59 ppim) K would be required
for a soil with CEC equal to 5.0 meq/100 g,

fnthe very lighly weathered soils of the tropies, the eHective CECw ith
Farmer levels of Timing often does not exceed 5 meq/100 g The responses
to K are more directly related to low absolute mmounts of K rather than to
competing effeers: thus, research on the these soils has placed more
emphasis on the level of exchangeable Ko than ona ratio of potassium to
total CEC or another similar ratio.

As agriculture intensifies, higher liming rates are likely, and total cation
exchange capacity may increase o levels over 5.0 meq/100 g, with the
potassium eritical level also being raised. Boyer (1978) mentions optimal
soil ction ratio ranges of 3 to - for Mg/K (but up ta 50 for some species),
to 17 for Ca/K. and 1510 35 (or higher for some species) for (Ca + Mg)/K.
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Depending on the species involved, levels of 0.5 o 6.5 meq/100 g Mg, 2.9
mg/100 g Ca, or-1.6 meq/100 g Ca + My could cause nutrient imbalances
ata K level of 50 ppm (0.13 meq/100 g). Such levels of Ca and Mg could
casily result from modest lime application of 1 1o 8 1/ha.

Little published information is available showing clearcut evidence that
increases in Ca and/or My cause declines invield or K content of crops,
but some borderline cases of imbalance mayv have been observed in the
soils studied, as previously discussed. The higher vequirements implied
by these ratios may actually be related 1o inereased crop denand for K
assoctated with increases in maximunm potential yield resulting from the
generally higher nutrient level of the soil.
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