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W ith modern methods of' travel and communication 

shrinking the world almost (lay by day, a progressive university 

must e'tend its campus to the four corners of' the world. The 

New York State Collcge of Agriculture and Life Sciences at 

Cornell University welconics the privilege of participatilig in 

- important role for moderninternational development an 

agricuhlure. Much attciltion is being given to eftforts that will 

help establish effective agricultural teaching- research, and 

ini other parts of the world. Scientificextension programs 

agriculhural knowledge is exportable.
 

A strong agriculture will not only 1)rvOide more food for 

rapidly growing 1)Op)ulatiolils in less-developed countries, but 

also a firmer base upoln which an industrial economy can be 

built. Such progless 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 agricutural 

development. 
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Potassium Fertility in 
Oxisols and Ultisols 
of the Humid Tropics* 

Edited by K. [)ale Ritchey't 

SUMMARY AND RECOMMENDATIONS 

It is possible to study tile fate oflot assitnl fertilizer in highly weathcred 
acid soils of the tropics because low amionuts of* potassituinl-fixing and 
potassium-releasing initerals are present.


Potassium that is not leached or rcltoveld from 
 the field in harvested 
material reliaills available oi the soil exchange complex. On a Dark Red 
Latosol in central Brazil, leaching began to occur only with the addition of,
300 kg/ha K a:i KCI, which is well above the recolilliclded rate. The
potassituin conell nilatlstr(l ii grai coipi v'aried with K stat us of'the soil,
from le.pecent to 1.9 per cut ill so'beatis atid 0.23 p)e(t.lit to 0.39 
percent illmaize. Ihe amount of K that will be cxported froti the field as 
grain is easily calct:ited, an(l at least this atlotit olf K tltist be ret turled to
the soil yearly in order to Ilainltail prodtction. If the stover is also
rcinoved, its K content should be taken into account as well. Forages
removed frotu tihe field may cootai I per'cen to 3 percent K oti a 
dry-matter basis. 

'This study was slippoirtcd ill part Iyllt United States Agetncy for Iternatioial )evelop-
Iliet undcr re-scarchi c )ld Norlhnt(ts with anolina Staic Universirv, (I-28t()i indta-c
1236. aid Coihn'ielliiversity, 'scl.2.1I(, ta-c- t Ilt, al ta-'- .ttI,,aw a grlit-ii-aii to 
Cornell University ftront the 11otash I nshi tile (Aitlinta) and ilie I cttteilnatiold Potash I lnstiltule 
(terile). 
tRescarch Associate, Agronomy )epai e lture andll.t, New Yolrk State College of* Agri
l.ifc Sciences. Cornell University, Ithac;,, N.Y. 1,185:3. 
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Introduction 

'he ULtisols aid ()xisols occupy extensive areas in the tropics. Favor
able raiif'all, topography, drainage, and physical characteristics make 
them suitable for crop productioll, but low soil fertility, high soil acidity,
and deficiencies of p)hospliortis and some inicroniutrients have restricted 
their use. As expandinig agricultural activity highlights tile sonietimes 
spctaular "lC~)lsc s tp)lhosphorus and litte, the importance of polaso 

siuiii fcrillizoiih Iiil, ,' bC overlooked. Fidden deficienices oft 
 this rela
tively in eXpeiisive noi rieuit may reduce yields significantly, and these 
deficiencies will increase with little as hw Soil reserves are depleted.

The oljctive of" this publication is to summarize resuls of" field re
search carried out iii Brazil, Peru, Puerto Rico, (olombia, and Ghana as it 
relates to potassiui fertilization oil Ultisols and ()xisols. 

Forms and Levels of Soil Potassium in Highly Weathered
 
Soils
 

Potassium (K) is present iin soils in f'Mr f'rils: (a) l)otassiiuin that occurs 
as a sllict iral co(IIlillit of sti('h prillialy iillerals as ulicas an(l
K-f'Cldspars and available only when these ini-.rals are decomposed, (b)
polassinli temporarily trapped betweell laeirs of' expanding lattice clays
such as illite andIl niliioi'illoile.() exchangeable K easily exiractalble by 
a neutral salt soch as aitinonitiml acelate, and (d) a stitall qtiiaiiiitv of'
soluble K present ill the soil solution. '[he latter two f'uis aie readily
available to plants, anil ihey' ar the ones (oiionilh' I1i1"sured( ill soil 
iesting. I-ighlY weaathered so'ils of lie tropics usualy d ('1l taiii much 

latlice cay1 verNof the expanding type of c tuierals and have small 
amiouits, if' any, of' priary 1Ktiiierals cipable of1 decotm)o!;fig. The 
exr 'actahleP tassuittm is therrer, the ontlYI imiporiant sourice of K in the 
soil foir growing crops. 

l.opes (1975) reviewed 16 publications dealilg wilh )otassiuti response
in Brazilian soils. In general, crops reslpotde to potassiun fei'rtilizer 
additions whenllthe extractable K leve-l was less than (. 15 ictiq/100 g. lie 
analzed 5 18 tlopsoil saimples collected f'rom a 6(O,000-square kilomeL:ter 
area of'centra! Brazil and Fbunid that 85 )erctcnit ohthc samples had v'alues 
of'extractable K less than this level. Altt '10 )er(cen't of'the samples had 
less than hal[of' his level. 

At the Yturituaguas Exptrimnit Siatfon iin the Atiazoniiani jungle of,
Peru, soil K l.v.ls calculaled fir tlie top 20 ci ranged from 0.0-1 to 0.09 
nm(1/10(0 g (N(:SL. 1973), li the l.lanos ()rieiutales (eastern plainis) of' 
Colombia, mcn values of' 0.07 ine(1/10() g K in tit"surf'ace and 0.0",5
ne/(It/10 g K in the subs()il wcre F0)d by Rodriguez (1975). ie co l

clude(h that levels of K, fiagnesiumi (Mg), and particularly iron (Fe) and 
calcium (Ca) werc lower tlhali in most highly weathered soils of tile tropics. 
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Soil Potassium Critical Levels 

as that level below which yieldsIhe critica l soil test value cin he (efined 
decline. In general, ilie critical soil test varies according to the extractant 

ecies and variety to obtain potassium froin
used, the ability of tihec'cr) sp 

the soil, the part icular soil type, and the level of other nutrients present. 

The use of (ate-Nelson plots allows rapid determination of approxi

liate critical levels. Te graphs are prepared by plotting the relative 

particular treatment (production relative to anotherproduction of a 
K) against the soil

treatment in tihe same experiment that has sufficient 
for the treatment. The "Cate-Nelson critical

test potassimn measured 
value" can be obtained by graphically dividing the points into groups in 

which niost of tle points fall into the lower leftlhand quadrant (low relative 
ind the upper righthand quadrantyields associated with low soil K) 

80 percent or more indicating little or no response(relative yields of 
to K). 
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lot (as ctlmpared with highest yielding treatment) of Cargill I II 
Figure 1. R,.lativ eyield per 

10-cm layer 5 weeks after 
maize as related t)dol)he-acid exitattable K sampled in I lie 0-

fertilization on a Dark Red Latosol, ( PAC, ltanahin a, Brazil. 
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If pliosphorlis (i) or ,I other element is preseit ill insufficient quii'ity 
to allow I lie (1)pIt o p(velo)p IIn pJSediltl IIatwell, the amInontIII of pOIil ,'rcsIIt
low soil test levels nilay be 11stLiic nit It t1tItthe Ieceds of the stuntIed planIt.
Additional potassium fet-tilize,', therefore, wotuld not in(ri-ease growth,
and flu respolise woull be Iiiestired. Interpreting initial experitnenta
tioli carried out oil highly w+rciecl soils NiV be (flihil belcause Of 
liitiattis to crop growtli cauised by tncorected deficiencies of' other 
eleme nts. 

As letiinlled ealliel, Lo<pes (1975) tused it critical level VAlue of 0.15 
Iieq/l 100 g (6o0 pp1) bIscd on his study of' previous Brazilian research. 
The Cerradlo Agricult o-al Research Center (CPAC) of EMIBRAPA uses 
50 ppm K (0.13 meq/lI m0 extracted bI the NCSU douible-acid methodtl) 
(Vettori, 1969) in the surface 15 cm of soil is the level below which 
remedial applications of K arc needed to bring tile soil 11p) to acceptable
levels. Fi t-'es I and 2 (maize) and 3 (sovbea;sa:) show experiicilelal restills 
collected over till-ce vears oti a Brazilian Dark Red L.atosol whose proper
ties are given ill iable 1. The critical values i-e ipproxiiatclv 50 ppm for 
each vea-. Il a lieabv exlperiment , maize y'ield increases oft 155 percent 
wer-e obtaiied on a Red-Yellow Latosol where the original soil level was 
0.06 meq/ 100 g K (23 ppi). 

150 
 I
 

100 0 

50 

0 50 I100 150
 
SOIL K (ppm)
 

Figure 2. St( o d Ne;a il hitve yicht ot( augill I t t mai/e (ratio f N icd otained oin residual 
half-plot receiving no lertiilaiolx to Yield oil associated haf-plot receiving ,maintenance 
potassiIl) as related t(1 double-acid extractable K ineasured after first crop. Dark Red 
Latosol, (CPAC, Pidnalina, Biazil (Ritihey, te Souza, and LobaIo, 1979). 
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Table 1. I'ropcrties of Daik RC(I latosol and Red-Yclh m: I.an)s,l. (CPAC. PHanalina. Brazil 

I)ipk , Sand S t: .V Eha,,Soil d1 lii(Ztjllti, Silt Iif N'a i ,' ,ati''a 7otl ( ttifliit"P11 

(.a - K A X Ca 1Ig Hl() KCI 

inm Ithie 01tt in! ./I)tOi 

Clayv duytrophi 
o
Dark Red Lat0 , 0- 10 36 19 15 LS 01.21 0.4 ).110 1.9 2.4 (1.2 2.6 4.9 1.2 

10 -35 33 19 -is 1.2 0.08 0.2 0.05 2.0 2.2 0.2 2.4 4.8 -1.3 
35-70 35 Is -17 0.9 (.05 ).2 0.03 1.6 1.8 (0.2 2.5 -1.9 4.2 
70- 150 35 is 47 01.7 (.(5 0.2 0.01 1.5 1.7 0.2 2.6 5.0 4.-t 

Cla3z, phicwtr,, 

R1'd- 'l1;.at.olt 0-15 36 is 46 2.0 D.15 1.0 11.08 1.5 2.6 0.2 0.9 4.7 1.0 
15-37 35 17 -48 1.:; (. 10 0.6 0.03 1.1 1.7 0.2 (1.8 5.0 -.0 
37-70 :14 17 -19 .7 0.07 1.) 0.02 0.9 1.8 0. 1 0.8 5.0 -1.I 
70-1411 32 Is 50 0.5 0.06 ).6 0.11 0.3 0.9 0.1 0.7 5.2 4.4 

Sall, ls ' i expu ii meit s. A alh sc, (mitizrt'sN if Cirncll I. .Imn _'ill"iii nliii I . (;i.,cling. iv'tr',ii 
t assilied a lIpI) I lalhpuslox. ite. kaolinific. isilhp crtlicri -IN('SL'. 1973) and a% 11)i(.I'A( rlsix (l, pit Rholdusi)x). ixidic. kaoliiuic. 
isothermic (Ro iigucs. 19771. laa hliohii Equipt de IPcd,lgia c Felitilidah.doj Stho. 11. 
-(CIassified as li ACiust(ix (l pitXioitItiix). dIa; . i Ridirigtics. 1977). Data frimu Rodrigues. 1977.%. oiitit. kaoinii(, i. ,hcinic 



III work oila Yuritnaguas series soil (It\pic l~aeCtlt, firi loamm, sili
cCOus, isOI)C-rthe lrmic), Ilble 2, ill Ihe Axnzon j tIigle of Pet, illachica 
(1978) used the EIlIA- m<odifie, ()lsen e-xtrl< t to charamcrize plant
available K in the surface I0 cim oflhc soil. His resulIts sulpported the use
of a 0.2 ineq/ 100 fill crit ical %a;tie is suggested b I-I tnler (1975). Oi an 
Orthoxic 'rolpol itiltIt in Pulerto Rico with 0.61 iiieq/ 100 g ext ractal)e K,
illaize showed no respotse to potassiti, tertilizatioli (R. I. Fox, 1979: 
personal coilii IIllllat ionl ). 

I 01) 

50 

oI I( It tIl I Itl0) 20 
 .10 601 80 1()D) 

SOI LK (ppm) 

Figure 3. Re, iiiv, viehl per plot (as (o+mipared with highes yielding trcann it) ffSanta Rosa soyheans as relai td lo dolbl'e-acid extra tadble K Smpileled at plailing.,Subplts Sampled hadr'c€ievtd 0- 0) kg/ha K when land w;*s cleatel 2 years earlier. Da rk Red Latosol, CPAC,
Planaltina. Blvi;,i. 
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The range of critical levels (0.13-0.20 tneq/100 g) encoutntered ill 

these st udies sup)llorts the contclusions ol Boyer (1972) who stated that for 
level of exclialgeal)le potas

tropical agricultture the absolute ntinIL111 


sitlni was close to 0. 10 nle(I/100 g, but varied f'ronm 0.07 to 0.20 menq/
 

100 g depending on the kinds of soil and plants involved.
 

(ITlpic IltleuduhIt,
Table 2. IrlApertkis of Peruvian Amiazonii jiugle Yurimaguas series soi 
fline loamy, siliceouls, iso)hYlperthernific) 

Sill pll I>xihagothle(ationsSoad 

K Nit 
Depth Clay .

1..0 KC 	 (a .Mg 
mrq/ 1I10 gin.t' r'ntCti 	 pw 

0.8.1 0.37 0.20 ).03
0-5 6. 80.2 13.5 3.8 3.1 

0(.05 0.0'3 0.1 0.01 
5- 13 I0. I 69.6 20.3 3.7 3.5 

0.05 0.03 0.03 0.026 1.0 2.1.1 3.9 3.6 
" 26.2 

13-,13 1.1.9 
:.6 0.03 	 0.02 0.02 0.01 

-13-77 116. 57.2 .I.0 
0.01 0.03 003.1.1 3'.5 	 0.0377-1tt0 2,.8 50.6 21.6 

.I.A 3.6 	 0.0(6 0.03 0.01 0.I 0
21.1 	 5:1.7 22.3 

: C A Organic C 
140-200 

lxt hougoabl Exha grablc P/ hilin, BaC/ '.: atho tionDepth titidit) II C 1E( 


-. IA
(IV KCI) (I.V KCh 
t

1un*'il
r

CM iit / I 00 gin 

i. , 33.5 13.I41-5,)2.0.5 1.17 	 3.9 1 
0.8410.58 77.5 


13 - .13 3. 11 2.82 3.2 -1 9.77 87.0 0.2
5 - 13 2.63 2.1.1 	 2.7i 

77 	 3. 12 2.73 3.20 10.93 85.3 0,.29 
(.1813 -

11 .o1.48 4.19 	 .1.58 12.56 91.577- 89. 1 0.17
1,10-200 3.80 3.:.51 3.911 10.18 

Source: Tyler, 1975. 
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Potassium Response Curves 

Yield response curves can, amtong 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 an idea of 
how much fertilizer will be needed to obtain a desired level of production, 
assuming that other LIaciors are not li miting. 

Maize grain response to K fertilizer grown on a )ark Red Latosol of 
central Brazil the first year afier clearing is shown in figure 4. Maximum 
yield was obtained witi 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, each 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 Ktreatment, which received only the initial application of 125 
kg/ha K, was 86 pe:'cent of the maximum obtained in the experiment. In 
the third year, essentially maximuni yields ofsoybean grain were obtained 

4 

JLSD (0.95)' 2 

0 
,.N tli 

0 62 125 250 500 

K APPILI"I) (kg/ha) 

Figure 4. Intlhenct, of varying rates of KCl fertilizer (applied broadcast first year after 
clearing) oil yield of, CargillI Illmaize grain grown on Dark Red Latosol, CIIAC, Planaltina, 
Brazil (Ritchie, (it- Sonzta, ill( Lobaio, 1979). 
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Figure 5. Cargill I I I 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 p!ots, with no additional K a ter the original 125 kg/ha. 
At the Y.i,naguas l,'xp(rienci Station in Peru, rice and maize grown 

o1 an An.dropogon pastlic responded to applied potassittili as shown in(old 

figures 6 and 7.Thc maj)r rice ii rtease was obtaincd wit i 50 kg/ha K, but 
maize yields co~ttittuc()lo increase wilh ftrtili/cr appli, alo s up to 133 
hg/ha K. 

Vill.Mhica ( 1978) ( arii'd out tl(m crn)rlallill experillen~ts evahtu'1ting 

respottscs to five ht.vcls f' fotiur fCrtilizcr 'ariatfles in a (fesigil where oinl\ 
oti IreaillItll was plicIt(d. l' assitii !CItOli!rt' % s J))plied ill '1t(ilinlts 
ranging Frto -1 kgiha to .204 kg1/ha pc'r( lop. \zo /rair wis tseof. The 
yield of Ihe first ('toll i tit. a;iz-rc rot;,I)i is slownt In figure 8. 
,.\dditi K fetii,cr at raws gev tec tan t kg/ilt; brought n) significan 
resl)onse. lhc so il K bfore fh."ilizilig %%as0.19 ilq/ 1( ,,,whihM is neaC;t 
lle citic.' lecl fbi this soil. Sioiilmrl. trod titio (If o,,t,gral.)in (fig. 9) 
did not initreas. with K frtilizcr Ii c: ..css of .11 kg/ha. Tl, IcveI oF 
extiractable soil p)otalsshittml Iien'stireIbefore' Irtilizig tihe lirst (.op was 
0).13 kg/hw.. \dding.t I kg/ha K ,and im-orlpor.atig it into 1(ni,l if~lichK
 

rcitaited on the exhf.;ge :,itCs, vOUld IhaVe iaisCd th clx(ll.t.,l)le K to 

2
 

" 	 0 50 IO) 200 ,00
 

K APPII) (kg/ha)
 

i(i Iof yields of'Figure 6. il lltit ofa% n) I ltassitllin oil rice grow oil allold 
A, doupl..to IMISIIe, l",piPatIlntuhi, Yo inIagitas, tPcu (NCS., 1975). 

*'2
DI J 

0 t4 87 133 176
 

K APIPt.LIE) (kg/ha)
 

Figure 7.Inilece of varying tes of polassiui un vwfh of Cubaii Yellow maize grown on 
01 Old .WIdrOPOgotl)latilre, t" i)i"PialCetoh. Y'rimnaga1s, Peru (NCSU, 1975). 
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Figure 8, Iflhence of nites of p) tliasioloi ralaging tomiI I to 208 kg/hii ol %icldsof P".-211tt;lai/e gitiw ;old I Iwj)tIMlSe. I Id r K was Irtoadecast at pJaoting antd halfwassiddred ssed [itet. "l pi ')i' l lt, Y rotimagu ,. I'e'I (N(:SL,. 1975). 

3 

z 

z
 
-, 0l I t I i
 

a 41 83. 125 166 208
 
0LI) K APPLIED (kg/ha) 

Figure 9. Influence of rates of potassioto ranging fron 41 to 208 kg/ha 00 yielh of Nationals()o'beitlts glrOwoll Ott aill ol(I A idr~pig,1( iasttic. ltalf the K ,as brod llaslllattting altl half 
was sidediessed Later. l%pi Palcthd Yoitnagttas, Pettru (NCSU. 1975). 

24
 

SNo 
0 N100 

I I
 
V 0 125 250
 
7:K APPLIEI) (kg/ha) 

Figure 10. Effect of 3 levels of potassium as KCI on cassava root yields at 0, 100, and 200kg/ta N on a 'ypir I laplstox at Tranrujero, Llanos Orientales, Co)lombia (Ngongi, 1976). 
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0.23 neq/ 100 g, which is above the critical level. Each succeeding crop in 

the rotation sequence was fertilized with K at tile initial application r',te. 

Rice following imlaize or sob)cis did no( show a significant (P = 0.95) 

response to K, nor didl maize following SO\)lllS-

Figllre 	10 shows c;tssava root Niehl data obtained by Ngonri (1976) ((0 a 
ill thw eastern plains of (oloml)i l. (Naderhighly weaihcred aid ()xisol 

man [1973 idcnitifiel a similar soil as TN pit I lItphitox, tlic\, kaolinitic, 

isohypelrihrc ic.) Th< soil >ro pcrtics are givten ii tabl 3. i liguhcst yields 

werc obtained at tlhe 1)0-kg/hl N rate. Application of' 12,7) kg/h K as KCI 
ofl'250 kg/ha Kresulted in Nields of' 22.8 i/ha of roots. Applyiig at lot 

decreascd produclion at I10) kg/ha N. 
Yield rcspoises fort hree dilfereit Sources of K arc shown ill figure 1I. 

Yields telded io improve with iicieascd K to the higiest rat of[ 200 

kg/ha K, except fti file K(I source where excessive K decreascd yields by 

1.8 t/ha. 

Table 3. hPoloits o1Isoil se11daI rantjut'io (0- 15 cm). II;Oi()rmiah's, (loI bia 

Soil P/1 SolP .S04 I'xtiriatli' (o w ,iiC AI 

.A1''' ('i Aig K 

(A
Onq /100l g)pP]+ol 

Virgin 4.9 2.5 1.8 1.5 IIi 1.1 0.05 (.05 6.I 89
 

Thiatrdit 1.9 
 2.A 2.5 - I. 	 11At 0.(8 01.9 6.2 73 

Sotnic: Ngoiigi, 1976. 
•Bra II. 
'Nitl().'X 	 t IMAi ittlhoil (o Biilslcs aiiil .n.di mster (1(6)).
 

.Alletiih ul jalliph iio ut t n
)(.51oliic iii1100 kg I , tr tcI ir. lim had 10/I 
I:Mg ratio. 

0 KCI + S
5-

KSO40 ~0 

20050 l O0 


K APPIIED (kg/ha)
 

Figure 11. EIfcct of varying levels of '3 K lerlitier sources on cassava root yields on a Typic 

tlaphistox l "lraliqueri,Hlanos ()rienales, ( ohlmlia (Ngongi, 1976). 

S 0 
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Determining Appropriate Levels for Maintenance
 
Applications of Potassium Fertilizer
 

'Io(eterfin Ie the amlioIn t of K fertilizer that shiothld he al0ppie(l r each 
crop, we need to estinate the atioim removed froll the lAd it)the crop,
[lie aliount dissolved in rain water and Icached down through the soil 
be'yold(ihe reach of )lanit roots, andilhe atiiotiit released tolrni soil 
mineral reserves. After soil test l)otitsitrili las been built up to an accept
able level, aiinnal fertilizer aJ)J)licaliotis shoilll, at a 11t1li1iUt11, replace tie 
K exported Ironi tlie field by tie crop and lost by leaching. (lfa c(nsider
able alionlit of)otassitlin is release(I each Near frotn initeral K reserves in 
the soil, anttutl al)l)lications off fertilizer K call be re'(luccI.) 

Crop removal of K 
The altiolitlf of potassiimll contaiied ill several crops grown titider 

tropical conditions has beeln studied ili both lPeror and Brazil (table 4).
Field crops coilnolillv retnove 50 to 100 kg/ha K when the stover or straw 

cnainitich K, 
andilhe K nmicn(li does not varv significantly with tlie potassiti li stal tls of 
the soil; sobcans, lto,'c.cr, contain considerably nmore K. Stover, in
genieral, is higher ii 

is also harvested. Mai/,e, rice, andisorgliurii grain do no ilit 

K (onit cnt thIaI grail a laId also ilituch tltoriresIonsive 

Table 4. Soil lp itasririn atpla irrg: %ictland K iirrr'n \ grim,t trhil t hi..t rorits;
icltlanid K rlinir oi(irip csidua; ant ttal K iiplake lor scivir't lop 3 highlyilP, i

wealhlc.fcd soil%ofkItI t1+pi( S 

Snl (Id ft ,'ainu.It S1,il Pr.. t ult C'pdu1, rl' CIp 7Ib al 
pl(ramnm ibl Ii" lrrh' ru'rlu'ld K uptake 

hr'nf i,'lI uuurrt'rt 

mcqr/10 g kg//i (' kg/ha "i kg/hai 

"/rpI'alchdudit, hilnagli,i,f I'"r (Smo(uur' : Sc'tlhurt, 1975) 

First crop, uil'r ili/ed, oi 
turnid f'ortest land 0(.32" 1,221 0(.31 I'tI 2.1)7 42
 

Seconud (l1-o)p 
Ut'rtclilizcI 
 0. 10 1,938 0.27 2.25-1 1.91 49 
FertilieuI wili 
50-172-40t 2,562 0.27 3,402 1.72 64 

Guilnea gra,,
 

Foll'ing unilfrilized rice on
l'orest land dleal'ed 

by I)tll'nillg
Urnfcrtilized 2,1 i 2.35 50 
Ferlilized with 
50-1 72-40t 3,460 3.06 108 
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Table 4. continued 

Soil andl treatment Soil 
potas.sum 

Produit 
ield 

Produrt 
K 
Content 

Crop 
reidue 
vield 

Crop 
resilue K 
content 

Total 
uptake 

nrq/100 g kg/ha '7 kg/ha 

Dark Red Latasol, Planaltina,Brazil 

7( kg/ha 

Brachiaria dhctu n1 

Second cut after initiation 

n- (Soarue: NCSU, 1974) 

8,1110 1.13 92 

Sorghum 

Third crop after clearing 
271-70-125t 6,90(1 0.3.1 6,496 1.60 127 

Mfaize 

L[ime cxperiment, first crop. 
100- 13).83t 
(Sot rte: (Gonialez, 1976) 

0 t/ha liumte 
1 t/ha lime 
2 /ha lime 
-I 1/ha lime 
8 I/ha limte 

Phosphorus experiment, firs 
c iop (Sour C: Yost, 1977) 

1(0)-560-83t 
K experiment, first (rop 

200-175-0t 
200-175-125 
200-175-500 

0.08: 
0.23 
0.50 

2.115 
-1,019 
4,341 
,1,7-'27 
4,792" 

7,960 

2,328 
4,372 
4.712 

0.40 
0.25 
0.27 
0.23 
0.24 

0.54 

0.36 
0.31 
(0.39 

1,609 
2,593 
2,906 
3,093 
3,252 

6,070 

2,376 
3,685 
3,985 

.93 
1.06 
1.21 
1.05 
1.25 

0.45 

0.28 
().77 
1.72 

23 
38 
47 
44 
52 

71 

16 
40 
86 

Sosl'ean grain 

K experiment, third crop 
No K 0.(6t 
Residual of 125 kg/ha K 0.12 
Residual of 500 kg/ha K 0.21 

1,701 
2,548 
2,624 

1.45 
1.76 
1.92 

25§ 
45 
50 

F'pi 1aplu.tox, Tranquero, Colombia 

Cassavatubers (Source: Ngongi, 1976) 

Potassium sour(es 
experiment 

101)- I)O-(t 
100-100-51 
100-(100-100
100-100-200 

x rate 

0.09 
-
-
--

9,5001 
13,811 
15,800
19, 100 

0.30 
0.57 
0.72
0.80 

29 
79 

114
153 

*()sen K, 1- I10cm, beflore fertilizer addition. 
"Numbers refer to kg/ha of N-P-K applied. 
:l)ouble-acid K, 0- 15 cm. 
§Grain only. 
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to soil K level. %Iaize s'over growin in Dark Red Lat osol tlie fi rst year after 
clearing contained 0.28 pertecm K at low soil K and 1.72 pirtlt K at high
soil levels. If' rain falls oil grain stover alter plant senes+cnce, a cisider
able poriion of tIeiK present wilI wash out of the dcad tissucs back o)nit 
the field. lorilcs contain high aonitis of'K, mil ifth early production
is reiiioved as has' or silage, a great deal OF K can bc cxported from the 
field. Alhhough tlie K oniteni of( .Va roIts is not Cxtremclv high, tie 
large ( ntialiitof' tuibers pol ced Iilmls that a1significant alilouni of K 
will be lost whenlict arc harvested.h 

Leaching losses 

The amlioit of" K lost by leaching is alfected by Several ft'ictirs. The
 
abilily oft highly weathered tropical soils to retain cationis (cation 
 ex
chailgc capacity or (A(),nieasired atillc actual pl! oftlhe soil in tllofield,
 
is ralher ]liild. The sunn of K(i-extractable cations in the tiined soils
 
studied is about 2 incq/lO) g. When eliotigli litie is inorporated into Ihc 
top 20-ni la'cr it)raisec i )I to 5.5 (thus cliininaltig most o" tihe 
laril'til effcts of' soil acidity), the suil if ( -cxtractable catills in
creases to abotit i meq/l100 g.or 5 

If a normnallsitcd al)ication oI'100 kg/ia poissitim is broadcast ovlr
 
the Soil Surfaclec and inicoriormicl to J dcplih of 20 (c1i1,
tile total K added
 
will bc aboit 0. 12 niio/I 100 g. This aiouil caill
hbe relaincd wit bout Iluih
 
diffiiltY. It is (jilc conlillni, however, to appl*%K ini 5- or I0-cm wide
 
bailds, ifor elXaiiie, ;iloii.Igside liilii/c ro(ws as Ille art being lliittd. In 
Iis case, aii li'arlt. ralt Of jotwissiiilii, about 8 ) kg/ha, illa band 8 (xii 
wide ever' I80 (Ilwould add ihc equivalent of' 1.0 incl/l()0g K to Ilie soil 
affCctcd bylithe hand, and [iis aloinolliilil cailliol be casily rctaincd. A faiir 
proporlil will rciliaili il lilec Soil Solution and thius be aptit) ill've do)wi
through Ithc soil when i raiins. lhe miore lie ratinfil. the deeler lie K will 
be moved. If Ihe plaliil rools exteli to Only 20 or 3() ciil becatisc of i 
flihysical or soil acidity barricr, )Oliassiuiiii iiovcd dce-per ihain this will be 
lost. One ei5(ili hut' iehc ieIiscon l-Vtl('oiiilig restrictions ol, iooting 
delllh is to bc able to rectover jhitiitial lcachiing losses oi valiable sol.bic 
plant nuttricis like potassiuin iiid nitrogen. ligire 12 shows that varyinig
rales of' K etrtilizcr broadcast applied al plantii g leave dif'fCrcnt aililoitls 
of jucumssoll il alvarious Soil dcptils wlei iiicilsillc al ihe end of' oine 
growiilng scasoti. ()ii l)ark Red Lalosoil ill cenliral Brazil with 'atcsof' ip 
to 125 kg/ha K, thI loss oF K due to leachiig blow 30 ciii %as not 
sigiiificai. Additions of 250 aid 500 kg/la K catised leaching to 60 and 
90 (mi, rcsIctlyi'. S oiC of tihe losses ohuscrvcd wil titeapplication of' 
50(0 kg/ha K )loi'cudcast woiihl also occur direcily uide' tihe band if' 50 
kg/lia were a)pllcd in llaid lniii a iaize row. 
The data plrese,nted in :ailt 5 illistrate tile leachigl of K illa Typic 

Paletidultl unlder Pertiviani jungle coinditdills. Afier felling tile jigle 
vegetatiol, blurning, and addiiing aioui 0. 17 nicq/( 00 g K as f'Crtilizer, the 
top If) (iii . iowed (.58 meiq/ 100 g K, whiich is quilte a iigh %,alueFor thiese 
soils. After 15 liihs tile (- I0-cun soil K l'alic dropped to 0.13 nimle/ 100 
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EXCiANGEAIBLE K (ppm) 

() 50 100 150 

0-IS 

15-30 

30-45 

LSD (0.95) 

1515-30 

60-75 " 	 30-4545-6() 

60-75 

75-91) 

Figure 12. Exciangva ble pioita siii in ieasurctd lt vary hig depths illDark Red [1atosol after 
firsi crop,lft 5 levels of potassimn (hhloride tcrtilizaiion. CPAC.Planalittia, Brazil (dcSouza 
ctial.. 1979). 

Table 5. Polas~iiiiit it-lailed illtop 10 iii of soil 'lindlwfore croppilig, aftel"Soiing 
with varl ilg K treat tlso o lil"llpi l'aleuolull. Yirilliagilas, l'tril 

S.lotr/o K I, catmtd with .t'attttt withmat 

K /r'rtlizer K /rtiltizer 

kg/ha 

Iirt ant tootidw cititw 
Soil K iiteasled lhfoic first 'iop 338 338 
(oltiiliioll frlolfetiliier 160 0 
AmlollllnItremoived b lif csi(i)(ric')
Amountlllrtcllowd',(b.%s(llld cTOip (1llaiml) 

-96 
-- 5v3 

--8-1 
-5 3 

Tital 	 3.19 201 
Si ilK Iteastil 'difAll s icld cilp I I I II I 

AImountII al suImcd lst tb%.]lealhing 273P! 90 

A'ld i ,,p 

Soil K Iteistiled aftir'ltll h)d I I I(i 	 I I I 
ll fi'lllhit-Iiliztcr SO 0Clllllib~llii 

Alnloilli h.%'ittv'tl -- -12Ithird (trll)(sosIllits) 12 

ltal 	 179 99 
Soil K miieasiretl after thiid 1(i) 117 

Aiotitti ntsi 62ited lost Ilv fea ]lnig 	 2:1 

Sourc: Villachica. 1978. 

"C:alculaled b In astiriig )lsen-lDI)'A etriaciable K toitld iitop I) (it1- with or 
withoiut liolassillll bef'htc. (it-opiig. after I troll ea) aild Inaize, andferlilinter - oiifIi(t 
af~iter cropl it sov anld u iimaiig these valles with total anoilit"ofK added inltitls 
ferijlilizer and livested illlops. 

76 
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g K iin tile rtCsi"Itil J)oll1sshinln titaliiittt and to 0.20 il the Itr llelatt
receiving 8( kg/ha maintenuice fertilizer per crop. laking into account
the 161 kg/ha and 1-19 kg/li K takeil til F b'ille tihilc lid\h rvested crops, ile
0- 10-cn layer lost 300 kg/ha K in the Mininlteil- l rlilizedl treatment
and 113 kg/ha K in tile residual K trattnent o'er tl 15-hioiith p.riod.
Whethier faver crop)s would have roots (feel) eiiotigh to recover Soie ofthis leached ])otassilil dee)nds oil ile presene of' (hinicjoal o physical

larriers to loot l> enietration Foila slpecies. Othr data fro these isame
soils indicate Ihat the, poiassinili probaliv laclhes (uiitc deep.

ligure 13 shows that withii one iolonth afteir Irning, soil pltassitli
down to the 3(- 5()-cm depth was as Inltich as thIIree [fies higher t han its 
preclearing value. Six iiionlhs later, the stibsurface K 'cvIhad retutnieldto its original value'. ApparentlI. the potassium that had been added to the

soil by tile procctss of cearing aind bitliing was leacheditloulqit 
 rapidly.
The nitrate and allllollill til'ogeill ]cvhe ill the soil ieiiold to Follow a
similar pattern, some K pssibly havinglioved in) tie nitrate formII1. 

- - StOIL. K (Inq/l iii) l) 
o 0.! 0.2 0.3 

S-0() 0 lont i after burning 

10 -30 

30- 50 

Figure 13. Ext racile K uteasittred beotte li ni ainiad 1t , 6i,1lli1 I0 I tliiisafter buornling

and (taringI 7-% l-ildt-u ngl 1 vegitlation oil a Tvpi Paleolit ll il 
 irilii gas, Petrn 
(S ntii , 1975). 

According to ihe data in table 6, which takes into account thel K liar
vested ii 
 lie first vice crop, about 185 kg/ha otf'soil K was lost i lie t op 50
Cii dtinig tihe six itioliths afIter cleaing. Ile miagniitutde od loss (lereasedl 
as tile level of , xchanigeable K dliiiiiisheo, little or" Io leaching loss
occurred betlweeii Ihe sixth and teli iiontlhs. Ill ilct, a siliall liet increase
in K appearel in the sysitm, although it was probably not stalislically
Iliealiiii flil because of' ile variability in ieasurements. 

(rowig plants Coitain laitrge lliiiol it"s of l)olissitiii and tliis provide i
mechanism forii iinimizing leaching losses. "l prOdliCe frtiit conltainiiilg
50 to 200 kg/ha K, bana s aild lplanitains li\a take tip as nitich as 800
kg/ha K (de C;ets, 1967). As tile vegetative parts of'cassava phinis legin todie, total potassium colelt declines (fig. II). OI the 226th day afieretmergein ce, te piilants conitailneol3 1I kg/ha K; but by, the 3 15th day, lie 
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Table 6. Os1n-EDI)TA exit table K ill 1)-50-( in lavyer nitasured 0, 1 6, 

and 10 months ater biurning for first 2 rice crops ol a "1 pic iPalcudol, 

Yurinilagilas, Pct i' 

S,,ur, , 1f K Stil K 

kglhal 

Soil K Ii.asotC(I hel irc ltleaii ngt 
Soil K t'asiilo'l at'r httringt 

Net inriCase (tile to eI1a) 

117 

251 
368 

Finr.t rie crop 
Soil K measurel ielot' plantiigt 368 

Amouit itiiiOv' Iy l'op -42 

Tlotal 326 
Soil K lm'asurted fi imontlis after hItrningt i41 

Amomlit issll+d lost iy lca(hing 185 

S'ound ri cr,p 
Sitl K iteasuired before platilingt 141 

Amout rtovttdl Im. I~t )§ -49 

Total 92 
Soil K II'asired 0i tlmoii ifter borning 

(I Ilonh bllheoie 
Net in(rase 

IlamiSt 
37 

129 

Soln : Scthe'li 1975. 

*(hanges ill K in 0I-5)l-cn laser 'alc:uilta ' iroillit h liges ill Soil o'nltell 

aid aillolls Itliooved hv tie 2 c(o). Rice crops folloiweI (ontinoius
 

tice-trloppihig %%sivit (tilled, tillettlIilizte treat lilt'iil).
 

t(CV of 18't. HIt , ind 37 f'tri - 10 (0II, I0-:30 (111.anl 30-50 (ill,
 

lespet iselv. 

t 1citrast iarill i d me to ihri walshing polassialili tlill dead 

vegetatiion; K (oiiried il aslies ;ddeI 38 kg/hIt K (CV of 17 ). 

§CV (if 31,;. 

total was oily 223 kg/hai K, and of'this, 87 kg/ha was present ill dry leaves 

and petoles. K, which is not cheniically boun(l ill plant IiSsues, call be 

easily washed out froni Senesceit material by rainwater an(lI his ret urned 

to the surLace oftheli soil. 
The beineicial rle of tle aniize plant il rteditucig leaching losses 

)v the soil test K valties observed or the 125-kg/ha Kis illustraic(1 
treatminitts on the clavev Red-Yellow L.atosol (table 7). The stlnite(d, 

nitrogen-(lelicienlt planis that received 125 kg/la K withoit nitrogen (id 
not take ij) itoich polassitini, The extra potassihin reaineihid in the soil, 

subject to leaching. A pulse of K was olbserved itt the 15-310-cl layer at 

tnidseason. Ill the postharvest sampling, this pulse had moved to the 

60- 75-cm layer, where it was shown is a I0-ppm iicrease inl K observe( 

between the two times of ineastren t.iit contrast, the hcalihy plants.it 

that receive(l 125 kg/lia K al)ng with suifticient nitrogenl took tip tnore of 

Ihe potassitim (uring the growing season, and it maturity the raini rede

posite( part of'this K on the soil sUrftice. Less K was lost through leaching. 
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* Dstribution of K withiaithe
 
plant 

32 A otal dry matter arcumulation 0 

28 •20
 

2 
,"24 
bo15
 

"20
 
Old 

16 ot Leavev 

,071 . , 10
 
12 and
 

Se,Ptole. 
8 i)) .S#'eZ. 

Stent, 5 

4 

0a 0 17
120 160 200 240 280
 

DAYS AFTER EMERGENCE 

Figure 14. Distribution aniong cassava planitparts of potassitun uptake, micasured at Tur
rialba, Costa Rica. i)ata froin OcIsligle and McCollurn (NCSU, 1975). 

Table 7. Changes insoil poitassitii ppni" 
at various soil depths fi 3 (iff'cieiz fertililer 
treatments on a Red-Yellow latosol, ( :AC, 
lanalina, Brazil 

FertilizerK applied (kg/ha) t 

Depth 0 125 12';-N 

cmn ppm 

0-15 +6 412 +8 
15-30 -5 -6 -32 
30-45 -1 -6 -1 
5-60 0 +1 6 

60-75 --2 +5 +10 
75-90 0 0 +1 

Source: Ritchey et al.,1977. 

SCalculated by subtracting postharvest value 
frorn midseason valti., first year of cultivation. 
tFertilizer treatmtients of 0, 125 kg/ha K as KCI 
broadcast plus nitrogen, and 125 kg/lha K 
without nitrogen. 
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Release of K by soil minerals 

According to data summarizcd by Black (1968), the average total K 

of all fland il the U.S. is 8,()00 ppm, whereas the morecohielit 
O3,000weathered Soils of the soul hea.iste nI U.S. Coastal Plain have less thai 

ppm. Rodriguez (1975) studied levels of' total potassitlin in soils of the 

Lianos ()rieitales o" Colomibia anld oi)naiied values ranging from 700 

ppin to 5,)0 p)1)nn, the najorhit falling betweei 1,500 and 2,000). Weaver 

(1975) analyzed soils fi-oii six locati )is ill the (errado vegetation area of 

Central Brazil and fouid values of otal K of*lit to 8,053 ppm in tile clay 
fraction of tle surface I5 cnm. 

Values for total K ieasured in soil saliills collected at ilh ( PAC 

Cerrado research centliel neat Brasilia are shown ill hble 8. Ill ile clav 

Fraction of ite loayn-textureod Red-Yellow l.atosol, -1,0)0 pin K were 

detected; oilo ti clavev Dark Red anl Red-Yellow Latosols, as little as I'-1 
ppn K were foind. Weaver (1975) suggesteod that lie relativetly high 
ailioutl of iliical he obserxewd hi several soils oft ( eitral Brazil may have 

material witlh a high iliial contenlt oldiocialiedialoriginated from lpar('iil 
Iiica. A portion of this iiiattiil ia\ have lersisted duiing soil develop

saite l)lc('tes r)epirted I)Ne Rtl)oux (1973), wholleit, perhils I)N' tlie 

il ()xisols
attributed itle presece of' nlitca somllie South African to 

periplheral chlrilizalioli (replacement of it"itrlaver K arountil lit edges 

of' the particle b)' aIIIiniun-Idroxy polv1'itels) which pretctd te 

origil li te.ciir 
I.ess than one-Ihird of, the mnilhilini-textured Red-Yellow Latosol saim

ple was la.If te resistant K minerals werc present in the Iier sizes, as 

suggested b)%-Rich (1972), t'it- total K oli a whole-soil basis iight be 

significantly less tian ii tie clair Fraction I'ejoild, as indeed is the case for 

whole-soil sapllile itiiinhbers I I and 12 analv;'d I)N' Kronbcrg (1977). 
''le rate of d'coiii)o)sitioI oftlie K-o ntlailing minerals dtel riitlis Ihe 

0lit'a lilliit of, K available to all' crop). 'his rlit, is coitirolled hv Several 

factors, including tie coiiccnlttiill of, K in ile soil solution and ihe 

nliatre aind finieiss of ihe'soil mineirals. 
()ic w\y to evaluat tile alioilil of, K illad available nlid(ler norial
 

agriculturail conditions is to iiastre the polassitlii (ontent of cro)s
 

l'odlted ()i sites where K fertilizer has ]lot 1)eln added aid to conii)are 

this tigute with tlile lileainSud decrease ili extiactabli K. lo date, data 

frolli field exi)C.iiltls calried out oil the Per-uvial ')pic Paleudtilt and 

Brazilian Dark Red l.atosol indicate that, within the elors of iliasurc
fi-it , ile polassilll rel lovefd froiii the soil tlidtr field con(lditions catlliall 

be accouinited for b\ decreases in Ihe ext lractle;il K lii easured. lhus tile 

hypothesis is si)pportled that little K is beilig released from lio xc'halige
able soirces. Rlodriguez (1975) Foiind verv little chlinge iii native extract

able soil polassitin after ip to I I %wettingand dr)ing cycles of*2i days each 
For the I1 soils of the Colombian llaios that lie stuidied. 

In exhaustive greei' house cro)pig of'I wo l)ark lRed Latosols collected 
at CPAC, the anioulit of K comitaii ed ii five coisecultiv liiiaize crors was 

equal to 1O0 )ecentl of lthe decrease in exchaigeable K for tlhe cet'rad.o
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phase sample a,,d 240 percent for ilie celrado-phase sample (Jo~io Mielniicztk, 1979: personal communication). It is not known whether K released under tle very l )wsoil potassim levels associated( with exhaustivecloppinlg isa significait source of K for crops grown under agroiomically
feasible conditions (i.e., sell)ii[itensive agriculture with other expensive
in puts). It has been suggested that K-miniral breakdown may becomeappreciable only alsoil solulio co(ncelitraliolns so low that they are in
a(lequiate to sustaill normiial agriculture. 

Table 8. 'Iun and x(cihagetbli K measu,'ed f[or several s ils f 'CPAC,Plaialtint, Brazil 

Sin and %ntiph,nu i l, I'pth Siil Pfavulaii 

7",al Exchangeable
 

0?1 ppm 

CIlay' Dark Red I.iiisoll, CA(;' 0-15 285 27 
15 -30 279 20 
30-I15 288 16 
t5 - 60 29.1 12
0- 5 I.t 31

(latev ReO-Yellow laisol. 
Pliaau, CRAW 15 -30 13.1 23
 

3(-45 155 12
 
(;layo'y .15-60 173 8
I)ark Red Latusuil, 16 I-15 250( l'A (:t 17 15 -30 171) 

.I 0-15 330 
6 15 -30 2501

ClIev lDai-k Red I.ailsol,
cirradai philse, ( 1'( . 2 6 1 78 

Clav l)ark R'd l.alsul, 
iC'ii, ido phase, CI'/AC 1 1,196 "47

Mclihjiiuu-cixi uild Reil
Y''elliv l.,itiisii!, (:PA( 4 5 2,037 17
.i\ediill-I iiilil-xi Red- 17 0-20 .1,000 23Yellow t,;iilisil, CI,( 19 10)- 120 3,50(( -I
<2iui (day iai io1)§

Nl'diuiniu-ttxi I itd Reid- 1 015 1,080)Yellw Laoils, CP ( 901112 15 - 30
Low I 1111( GIv 3 0- 15 58(1(Avric ""hTopatlloi tl )( lA( 2 15 -30 5011 

Alialysjis
l).III1:digestion. l)ai k Red and Red-Yelliw Latuisiil samples iakeii 'lon nlear
tileK experimeitls r lrold in this buliltiin.

tAnalvsis iv X-rily hliti sc.1itt, (hisiili, igiiteid Saiples). Silmiplts Ii and 17 froinearK experielitll. Samples .1ailldi floi ltqli lzint x Ilite e'pex cIlltulirepluled illthis

btlleijit (Kiiouhimrg, 1977).
 
Nocio Mielnic ik (Fachlaie de Agr niimia, Univ.Federal do Riii (;rande do Sil, I'orto
Alegre) 1979: personal communication.

§Weaver (1975). "litil K values were bmi k-calculatcd frotm the li.riceiiage micaidata
which We'aver lrelullIted as I10timites ihe K2() f'imullid by Ill-I 12S()4 digetion.
(Excha igeable K values coUrtesy of M. G. Cline.) 
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Potassium balance measured in the field 

Working on a newl) 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 reinoved by tile grain and stover of the mtaize crop and the 
increases ill K levels found in tihe soil were calculated for five levels of K 

fertilizer application. The results shown ill table 9 indicate tlvit, within 
experimental error, practically all the petassituin was ac'ou nt d for by 

leaching, plant uptake, anld chaiges iii extractable K in the soil. 
With this data, we are better able to make recommendations fOr the 

amounts of K fertilizer that should be applied annually. (1IAC recoi
mends that corrective applications of83 kg/ha K and 42 kg/ha K be made 
for soil test values of 0-25 ppm and 25-50 ppm, respectively. Il addi
tion, each crop should receive a maintenance application of 25 kg/ha K 
banded. 

These recommendations are supported by the results of lthe first three 
years oficroppling on the )ark Red Latosol at C PAC. Application of'a total 
of 125 kg/ha K maintained production at near-maxitnuni levels, as shown 
in figures - and 5. 

Table 9. Percnitage of recovery of potassitnl* on a )ark Red Latosol, CPAC, 
Phlahtatitia, Brazil 

At planting At harvw 

Fritilize 
K aedhd 

K mrigriullv 
pr,'oni i n 
Woit,0-90 (il 

K romhining 
I %oil,
0 -90 ril 

K removed 
by inaize 
i rop 

Calrulated 
K 
recoveryv 

IXkg/ha 


0 I.(1 7 127±14 16±7 102±-13 
2 1',2± 12 155±16 29±4 95±7 

125 136±7 188±24 40±7 87±9 

2,19 138--t22 275±28 76±15 91 ±4 
498 151 ±37 .t8-9. 86±27 90±9 

Soune: d Souza et al., 1979. 

*Cal( liate d by comparing K originally present in soil at 0-90 cm and K added 

as fertilier, with K present in soil after harvest and K contained in maize grain 
andI slover. 
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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
niendations to be given to farmers. 

Nutrient i mbalaiices affectitg K nutrition originate in the amount an(d
distribution of ions oil the exchange complex, but their effects occur at 
several stages. The concentration and activity of' K ill 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 oil the amotint ilt the solution but also on the aniount 
and type of other ions present. Aluminum and ianganese, which are 
often present it) si, nificant concentrations in acid soils, can seriously
affect the healthy operation and growth of'crop roots and interfere with K 
uptake. Rtbiditmi (Rb+), sodiuim (Na+), and amntinoniitm (NI,+), which 
have the same charge as and are similar in size to the ,otassium ion, 
al)parenitl ) coimpele with K' at the root surftce; it is not clear whether the 
divalent ions calcium and niagnesiutn can compete as effectively. 

Inside tile platit, the antoutits of other ions affect the efficiency with 
which K acts and the anints of K needed for tiaxinituin production. 
The addition of ait itt rient element )reviouslv present ii quantities insuf
ficient for iliaxintluin growth can increase the demand for potassium.
Increases in K reqUirements resulting front heavier applications of N, 1) 
or micronutrient fertilizers are not uncommon in tie tropics. 

Effects of other cations on soil solution K 
Rodriguez (1975) fotid that adding liitle equivalent to twice tile ex

changeable Al pteseitt iii 14 soils of the Colombian Llanos Orientales did 
not, in general, significantly change the amount of extractable potassittni 
even after II wetting and drying cycles of '26 days each. 

Goedert, Corey, and Syers (1975), working on Oxisols and Ultisols of 
southern Brazil, fotin(d that liming decreased the amount of potassittni in 
solution while ntailitailing approximately the same level of'exchangeable
K. The buffering capacity for potassium increased. They colcludcd that 
although liming would decrease potassium suscepfibility to leaching, it 
might also reduce solution potassiumi to levels where plalits ])ight su~ffer 
K deficiencies. 

Gonzalez (1976) studied the soil solution of a )ark Red Latosol which 
had received little rates o 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 cro). Soil solut ion potassium valuies averaged about 0.63 
mneq/liter for the samples that measured 0.33 to 1. 15 iteq/100 g Ca + Mg.
These values correspond to aluinitium saturations ranging from 31 per
cent to 75 percent. In the group of samples with 4 percent to 5 percent
aluminum sattration (Ca + Mg between 2 and 3 meq/100 g), the solution 
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K dIoplpcd to 0.34 incq/liier; and (for Ca + Mg levels over 4 mq/100 g, 
the soiltil(n K rtfimainted practicall]' iunchanged at 0.32 inc(/litlr. It is not 
(:lear wheteitr furli r increases in excthlagea)le (a + Mg would have 
sigiliicaull lIcd(ccd (1,)2 solution k. 

1 .1 which all the illillilliilln hlas been.i 
.Additio~nal liming abloveti~c pll 

ittiltrdlite'.l would increase filte cation exchailge capacity ((IC)eCftfiv 
by deprolonatioll of l)ll-dcli)t'idiieit sies; it is not known if' this treat
litit would have tihe sanile eftect ot K in soil soltiin isthe reactions in 

which (:1( was ilitlt ased bN Itviloili. l ( ;oeltt, Cory, andttliliiiiiln. 


\ ,lS polit out that where orgai( iliatter is I lie iiliil i.(Tt (" calion 

excIhaige cal)acity, ile increase i K-bufTering capacity as (I'KC is ill

( reased by filuing shlilld n)ot bc as rapid ;iswhe'rte tcUitraliiailoii ot A] is 
imo( hved. 

III soiWC Itltemeratc-rtgilon soils, cIlaini cla ilinills "fix" l)(lssitlill, 

partictularl\ when high rates (t lite are aJ)licd. This dtferiteinal 
aspect oflliling cal be tlitilittd Froi colnsidritilon ['I most of' the 
highlN waliclhred soils oifth colsicS InotI because filie clays rtesponsible are 

prcsllt 

f 0 0 -, <,,,1 

*0-i15u 
S5

on-I o -iC3 15 3. 

0j 

0 1 2 . 

EXCHlANGIEABL.E (Ca-f Mg Oinvq/llli0 g) 

Figure 15. Raltiolbetween'l K invasmeud'c ill Soil sollutiionand exchlangeable K folinldoil Soil 

I)IyIcvcI of texchaligeabilet" NI-i (Omlhx to)r ralt'sl)'(,1, , 4, ( OlllpLitXalsa:tfcc.tcdl ( goillsoil 


tol 1.5 30 ('lii. oir 

di~t ll oflit ll lin hald illapal clit'ic(,'L.ioill oct'aionl colleicled 
anld 8 t/Iiai Ihntcilil riiolrai d oir lDc'lth of samlel (0)-15 imior 15- 30 cmll) 

i 'l l'ili-a of 'cirv,.Sami l e~ls 

sltgeo itirs a ilili Dark Re'd Latioso)l,atllilaimtlasst'liing l ilturc(le, aili Planallina, Brazil 

((C'alcuilaitedI ( onlzailcz, 197(i).'romii 
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Effects of other ions on K leaching 
Liming ihould reduce the potential for loss of' K by leaching. It illcreases the cation excha lge capacity vby raising the andpH thus

provides more excharge sites for retention of' . Moreover, liming precipitates exchtanigealte altl ln in and utus facilitates retention because Kcan compete more successfulh with the caluitm ions that remain on theexchange complex than with" the alumitirinun that was originally there.,Miclniczu k (1977) showed ihat the K-buff ring capacityv of a )ark Red
Latosol at CPA( increased greatly v.hen limed to p- 6.0.In 1972, a lime x zinc experiment was established on a virgil l)ark RedLatosol; limed with 7.5, 15, and 22.5 t/ha lime (with a CaCO eiquivalent of100 percent); fertilized (tile blanket fertili:er application induded 83kg/ha K); and plated to maine. After harvest off the first crop, fteexperiment was planted to Star grass which was irrigated during tile dryseason but received only a minimum of itaintenanIce fertilizer. Samples in1976 indicated no signiicant effect ofthe lime rates on soil K (list ributioti 
to 90 ctn (table 10).

In mally experitments where tie lime rate is varied, the total yield andtherefore the ipl;ke of K from the field may he alfecled by[lie limetreatment. As limeilhe rate is lecreased, the yield also de(leines, andtherefore more mised potassiutt remains iin the soil svstem. This residual K complicates tle interpretation of soil K distribmion, unless theobservations are limited to a range of lile rates that has litleh effect on 
yield ,,r K upake.


"lable II shiws h,o\ little apl)lied 
at five rates to a l)ark Red Latosolaffected the (listribut ion of K after live crops of maize anld ole of, sorghuin. Yields increased gready with tile first litle increments, but yields 

Table 10. Aetiage exitr attle stil K*as a hinicin of 
varus rates of lime ona Dark Red Lalsn. CPAC. 
Planatitia, Brazil
 

Depth Lime applied(/ha) LSD 
(0.0 5)

7.5 15 22.5 

(SI ppmn 

0-I15 8.3 9.87.8 0.9 
15-30 8.0 7.7 7.0 1.9
30-4I5 6.3 5.3 5.3 1.8 
45-60 -1.2 .1.2 t1.o 1.5
60 - 75 3.5 3.5 3.0 -I 
75-90 3.2 2.8 3.5 2.3
 

Meani 5.6 
 5.2 5.AI 

*Sanpled N,,venliber 1976, -I yea rs aftier lime was applied in1972 in a fimie x zint expe, intent. Average id 3 zinc rates 
and 2 replications. 
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did not di 'felr signilitnt l I)etween tle 4- antd 8-i/ha rates. The experi

leit recivc'l ftrom 83 kg/li a to 125 kg/ha K per crop. At tile l)wer little 

rates, hitie had an obvious negative effect on total K p resent ill tht profile; 

this effcot was (tile prilulpall\, t ehgreater amount of" K removed ill the 

grain and stovcr of the larger (rops that resulted frol himting. Total 

produ(tion frontile 1- and 8-lou rates were pra(thialf\ equal, and tle 
)nleaching, one(listributioll of R\ was also simlillar. If liilmc has any efccts 

Might expeC.t a d(oltblitg Of the lime rate to 8,000)kg/ha Ito ,.lus(* some 

chatnge ill K (listlrilbuion ill tile I)liofhl. Tl'e alsence oI this change 

suggests that, under ti codtlions studied, lime did not adversely affect 
a he asso( lated withIeaching. In fet, the greatet (itl of ro)tilo g thait 

increased ltiing (Boiniii, 10+79) '11i1N halve ittiplove(l t overall effi

cientlc' of"K uste. 
than (arhlotales or(:alitllll 0r mtagttesiuml ap)l)lie( in forms other 

Oxides tIlaV cause Illore Iachitig of' potassitllilecse tese twol eletnetts 

itlctilse th'C llltlliel of llhs (oIlli tilg toff spacc ot tilte still cx lange 

cotmplex witltult significantly raising Ite pll. 'Ihtere muld also he a 

grcalr number of, tmbile ;ttiiis w1110h, whIcn lhetlhd, %%ill rCtVe- i 

cation. Fig. 16 shows tie efctIs of g, psuill (cactil flflale) +tq)lia:tts 

)ark Red Latosol to) ateliolatc atil cotilitiois ill stibstfittcemadce on a 
layers. Ill addition to the desired dowlward l(ivenltit of, calcinl. 

inaiked leachlg ()f lllgltsilllll and potassium aSo )( (tlllcd. 

Similarly, Villachica (1978) repoltcdI tha adding 18 kg/ha IMg as nlag-

Iesitt stlfate, (,quivalctlt to 0.15 incq/()) g ill the suiml e I() cm) to a 

Typic Paleudlih had a (Icpressing cffc(t ()tt extralahe K (K 0.16 

K"at tsa u (I m. \,<~atioustaltt-S , lime
 

aplplit'd ha fa t k Rcd lawsl, ('.IA(, 'lilnjItina, lB i/
 
Table 11. 1:,xtrattabhi ,till 

Dph lit.t in .pIpat, d 0- 15 (it (t/ha) 	 ISD)
1.9 5) 

1I 2 .I 

22 5)-15 2)) 22 22 is 

15-30 2)) 	 t 16 13 I I 6
 

I) 9 8 8 -I
30 -45 12 
7 6 6 2
 

60 -75 It 10 

.15-60 12 8 

7 fi 5 3 

75-)90 3 9 6 6 6 3 
6 6 390-105 17 	 t t 7 

6 5105 120 2.5 12 8 7 

M.atn 1i 13 tM1 9 9
 

A Vtlagte grin 

,i li ill 
3,180 31,9) ,910.9210kg/ha 2,220) 3,280 

Samnpled JuneW 1977, 5 \v',rS after linc was tlpp licd ill i ritts x dclth of 
2i m)ati)t txpcrinel. .v'iag, of 5 it'li(,Hioms. 
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0.021 Mg, significant at (.95). He suggested that tile two cations may
compete for sites on the exchange complex.

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

K AN1) Mg (mcq/ 100 g) 

0 0.05 0.10 0.15 0.20 

I ! 

30 

45 

60 -

K
 

:C 75 

Mg 
0 

10) 

120) 

150 
0 0.5 1.0 1.5 

Ca (ncc 1/t100 g) 

Fipgre 16. Laboratory distribution of K, Ntg, and Ca with depth, following incorporation of1410 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 Lohato, 1978). 

135 
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Effects of other ions on K uptake 

MIany laboratory S UtUdIs Ihaive focused on the mechanisms of K uptake 
1)y the root and the e-f'fects of 'ompeting ions. H iatt and Leggett (1974) 
and Barber ( 1968) have reviewed tie sometimes confusing literalure, 

+ , Rb + , There is somc measure of agreement that monovalent ions (Na 
aiid Nit1) GaI: (-ill)pete with K' at the root sitrfitcc. When tihe level of 
(a, , is (jite low. additiolns of(calci-iti will increase K uptake, apparently 
by imlroving the strtctural integrity of root inembrancs (Mengel, 1968). 
(0111lc titive ectts ()f higher ocentrations of Cal I and Mg, + are less 

easily demonstratted. Although several groups have proposedl using the 
soil solution activity ratio K/V((a t- Mg) to evaluate availability of K to 
plants, Barber (1968) states that little evidentce is avallable to indicate that 
the ratio can dctermine K adsortlion by roots. 

In the liming study (arrild out on a IDark Red Latosol, Gonzalez (1976) 

fotud that falit rates varying from 0 to 8,000 kg/ha had tlilm 	 no eflc 
oIn K (content of"te leaves, gratit, or stover in thlec colI1t1ltlus (l*ops of 

aize, dcspiit a 50 per(ent d(rease ini soil solution K (table 4). 
Ill the pre'viosly mentioned linie x zit(experiment that received 7.5, 

15, and 22.5 t/ima lime, lime rates had no significant cffec-t oil the percent

15) 

1411 	 0 .\fgSfl 

S120(1 

, 0
 
z
 

K 

20l 

0 	 25 50o 75 IO
 

Mg APPI.I ED (kg/ha)
 

Figure 17. Inhttnwe 4ofdratws and siUrotes of' magnesium o mineral contnti of cassava 
petioles t weeks aft.r planting at 'iraiqunero,Colombia. MgO source had 16% Nig and 29% 
Ca (Ngngi. 1976). 
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age of K in the maize grain harvested, ahhough at the high little rate,
stover K content was significantly different at 0.90 probability from the 
lower lime treatments. The high lime rates miarkedly re(luc(ed grain yield,
at least partially because of' an inducecl zinc (Ieficieicy. Applying 'more 
zinc itncreased the yield (NCSU, 1973).

Varying the percentage of'calcitic and dolotitic lime applied to a )ark
Red Latosol to obtain soil Mg/K ratios ranging from 0.-5 to -4.8 did not 
affect the K content of' s5oy)cd graint, blut potassitim content of' the 
soybean leaves decreased at the high magnesitin rate (significant at 0.90).
1 his difference cannot be at tributed to a dilutio effect because tile grain
yield was also slightly lower with the high magnesiutin treatment. 

The data in figure 17 obtained ill the Hllnos (rientales of Colomtbia by
Ngongi (1976) indicate that increasing the rate of"Mg applied l'lPicto a 
Haplustox did not consistentl a ftect the K coitent ofthe cassavil petioles.
Leaf blade and root K w(re t nl)t affected either. Yields were significantly
increased by Mg, paticu lath where magtiesitin stilLate was tile source 
(fig. 18). The maximum yield of 25.4 t/ha was obtained with 50 kg/ha Mg 
as stl fate. Yields fell off with further increases itp to 100 kg/ha .Mg,
possibly because of Ca deficicncy (fig. 17) or excess stulfur affecting 
phosphorus intake. 

25 2 

20
 

154
 

0 .MtgSO,
 

o l, IIII 
0 25 50 75 1 0 

Nlg AIPPLIED)(kg/ha) 

Figure 18. hnflence of rates anti sou res ofnmagnesium on cassava root yields 38 weeks after 
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 excessi'e ap)licatiolis of lp0oassilit Call 

induce miaglesiliml dcfic'icies. Unusually high rates of K applied to the 
Dark Red L.at isol rc(le(d Mg c)ntect in Iliaize car leavcs (fig. 19). 

Whe, 125 kg/ha K fertilizer was applicd t()a Dark Red L .atosol lillc( to 
pl5.2 with low-magnesiuii illiet m1()Ic, illiliz. stover coi lailnc(d onl' 0.07 

pcrcent Nig. Forage withI less than 10i). pcr'nt Mg is u )nsi(ci'r(d u isafe 
)cause2 it is one off the factor's which caliscs "h'l)(oiaglicselia", a ftilal 

('oi(ition in lac'tating 'o)ws charatcrizcdby low levels ()fmagtcsiuli in 
thc b)loodl. 'he K ftilize'r trcatnicnit rcsult(d il soil K valtics of lt pipm 
in sanlJ)les collcld ()11(2 mluth after application. Figure 19 shiws that 
this level of, K has lowcrcd the Mg colntent of tle cail leaves (o Illaiz.e 
glowing oin s)il with acequatc uagncsiul lev'cls. This finding suggests 
that if' less K fertilizter had )tcci applied to theina(lc(luatc Mg plots, tile 
Mg conttentil't ihnaiz/t sl()crmight have been high'r. 

Villa(hica (1978) a)l)ied 18 kg/ha Mg as niagnsiulli sulfate and 63 

kg/ha K as K(:I soon after clearing a "lypic ledcutit soil which originally 

had a lg/K ratio of 1.9-1. This treatlcnt catsc(l the soil Mg/K ratio to 

decline to 1.19, which is bIow the lower liiiiit of about 2 wich Bo''cr 

(1978) Ilentiolns sevei'I soybealls, rice,1'()i tr'opic'al ci')l)s. After ('rol)s ()f 
andI laize were harvested, dt soil Mg (e('rease(d to) (.1)7 lieq/l 00 ml, but 

the soil K increased t()(.27 ne(/100) ml because split K a)pfli'ations 
to ratiototaling I5 kg/ha had been al:plicd each crop. Thc Mg/K 

(c'reased t()0.26. A signifi(ant negative effect of' K f'rtilizer rate on Nig 

aci Iiitilat iolln the sobeall gl'aill wis ()bserved illtile teatlelnts where 

0.8 

': 0.2 

I IOtt 2(111 

.Sol11,K (lppin) 

Figure 19. Magnesi tum coltent of maize ear leaves at silking as a function of extractable s)il 

K sampled in the 0- t-tin laIer 5 weeks alter planting on a )ark Red Latosol, CPAC, 

Panataina, BratziI. Three totos (otitle (ontaining 315 kg/ha Ntg were incorporated 6 weeks 
befhoe planiing. 
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K was varied. Although the relationship between soybean grain yields andexchangeable K was not significant, soil K "satu!: lion and yields had asignificant negatlive relatiionship. The relationship between exchangeableMg/K anid yield was highly significant. It can be concluded ihat theapplication (Iftexcess K exacerbated the low Mg sitnatiion. Rice, the second crop, was nolsignificantlv affeted I)'tile K-Mg iibalance. Yields of'the
third crop (nilaie), lowever. sllowed a highly significant relation to the
exchangeable Mg/K ratio. although exchalngeable K and K saturalion
effects were no(1t significant. (;oedit f)(CPAC (1978: personal colnIIIiuni
cation) considered soybeans lire sensitive to Mg dfciilncies thanlalize.

III a sililar- expe-t'lnlent" increasing K rates applied to rice following
inaize caused a significalt decline ii] Mg accunlIulilin, and there wsis
significanit negative K-Mg f'ertilizr ifiteratioll. 

i 
licse relationships SuIp

plor tlhe thesis that K was interf'Criig wiilh Mg nutrition. ( ;lciin tillllalioli wis als()l dverselY aflfcicd by K f'rtiliatiin.
Fr life first s()o'wall cr)p, Villacliica (1978) l)ilPsed that, to avoidyield (eIlTssioli. the s oil xClnigeable Mg/K ratio should be miiove than ic'ritical v~aluti(A'1.2, ,nd exclhaingeable, Mg slihtlrl be Illl(ihe tuial, a critical

valtie of'(.2 nitq/100 fill.Fm 
tile rlaize crop ) ollo)wing Sl)ebtalis and rice,
lie piopose,e a soil exeliligeable Mg/K ratioof 
1.2 aldill cmx('llrigeable
Mg v;ilt ol(.38 Ineq/10)0 I1g. Tliesc valles ir' ('rlcisti t wlitlh Ihlc result s

(If' othler rescanh work lie citd: pwllto vields on 
 a Sip)losl dlecliled
when thlit. sil Mg/K was Iess Ilian 0.8 adil soil Mg was 3.( iierj/l0(1 g ()I"
below (1iossnici, and I I11, 1970). .ai. viel'hs (o Uliisols of Nigeriadt'clined if soil .Ig/K was less than 0.8-1.0 \%lien e'chanligelble Mg was
 
below O.t inteq/ 1() g (loinbin and Faicii, 1978).


Wade ( 1978) disclisses thit
(e ct (d liltrieil iniliballc',, in plt1productiilion (il a "lpicPleudull il thie 1-rlivialljilhigle. H isdlata sulIpprt tile

idea, that K additi(liS liiaV l 
 i' vhields by cilsiig a lecrease in tile p~lant

(Ca/K iatio ailla t'estiltig (Ie'lifi in shelling pi-ceilage (fig. 2(0). Shelling
 

7o11
 

lio o
 

2 9! hiu~g e -448.3 + 5x - 185. 2 

10 =0.73 

OA. 10.5 0.6i 0,7 10.8 01) .o.11 

Ca/K IN TISSUE 

Figure 20. Rctlatiamhip ut shelling pCeh-ig. ot III:Ius t Ca/K concentration ratio inWhole plaht lissue. lypic Ptaltcuutull, Yinaguas, Perul (%Wade, 1978). 
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percentages of less than 60 ) -Crcntwere associated with Ca/K ratios of 
0.53 or less. Figure 2 1,lase(l onIdata give!n ly Wade, shows that le low 

Ca/K ratio was caused by high K rates as well as by hw (Ca. II aliout half 
the cases where shelling percentage was less than i() percent, the tissue Ca 
was 1.3 percent or more (which at K less than 2.5 percent was adequate); 
but l)ecause of' higher K, the Ca/K ratio fcll below the critical value, and 

herefOre f ile shelling perceitage was adversely a fec ed. 

1.5 C 

0 0 0l1.A 0 0 

inecr00' 

.30 0 0 0 0 

10 

Shiling prio rwage 

lt 

2.0 2.5 3.401.0 1.5 

TIISS[I F K ( *;) 

Figure 21. )ist ilition ot( a/K tissuc ratios ii pCantt plants. For Ca/K ratios grcater tha 
cnti age is assot ialcd with0.53, shelling pet entagc is onifiriv ,'c r fi i. t.AI% shelling ),' 

t
 
Ca/K ratios Icssthan (.53, whhIt an he caused by low Ca valtics or- v high K values (Wade. 
1978). 

cassava was 
reduce( with relativcly heavy applicatiois of' K fertilizer. As shown in 
Figure 10, the (1kg/hm N rate was al)parcnily the most prodtctive, and 
uIaximiuin yicld was Obtained with al)l)lication of 125 kg/ha K at this N 
rate. Application of'25) kg/ha K Catisecd a yield d(clinc of' 1.8 I/ha. The 

olieilt of Mg Ill i le (assava pctiolcs decrease(l significantly with K 
feri ilizati,,n (fig. 22). 'The K./Mg ratio was evei imorie affecttCel because 

petiole K increased with higher rates of K fertilizer. The calcium level 
surprisingly i Icwreasel with higher K rates. lo evaluate the situation in the 

soil, calculations werc made assuming that all fertilizer was unifo'rmly 
incorporated throughut tile tolp I 5-cm soil layer and assuming that all 
the added fcrtilizer cations were l)rsent ot ieexchange complex. Obvi
ously, these assumptions are not met because the K and part of the 

Ngongi ( 1977f) showed several instances where root Niehl ill 
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Figure 22. Magnesi t inotent as affected by K content ofkcassasa petioles sampled at 14 and32 weeks after planting. I nwvsing K fertilizer applications frhn 0 to 125 and from 125 to 
250 kg/ha raised K in the petiole and decreased Mg (Ngongi, 1976). 

phosphortts fertilizer were applied itt bands; but tile resulting nutrient 
ratios may still be useful in understanding the balance of nutrients avail
able to (le cassava plantts. According to these soil calculations, the high K
brought the soil Mg/K ratio down to 0.29, which is below the critical value. 

Figure I I illusirates another slich case where 200 kg/ha K as potassium
chloride (KC:I) reduced yield about 1.6 t/ha compared with 100 kg/ha as 
KCI.According ti tlie soil calculations mentioned above, the ratio of soil
Mg to soil K would have been less tian 0.A, which is (][lite low, bit because 
yield decreased onlv itt the K(I treat mentt, sulfir tlay have been involved.
lranquero soil had 4.5 ppm sulfur (by ammoniuti acetate-acetic acid 
extract), atid cassava plattts receiving ioS fertilizer showed apparent S
deficiency (stuall yellowish-greet leaves) during the dry season, re
cUlperititig whent the rtills began. Where potassit m sulfate or KCI + S 
fertilizer was applied, the S content of the leaf 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
tweett chloride and sttlphate. 

Other effects 
Yield reductionis that occut when high rates of potaSsiuttli are applied 

may be related to factors other than imbalances caused by excess K. The 
atnion that accompanies the potassium is usually chloride, although sul
fate is also cotmmtnonly used. When potassium chloride is applied intbands 
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 itl a form
unavailable to the young plant, and this can result in injury and death. 
This problem is tiore serious in soils with a low water-holding capacity
and obviottsly is exacerbated if rainfall is deficient during the germination
period. Placing the fertilizer band 5 ctn beside and 5 cm below the seeds is 
recommended for reducing the danger of injury from salt effects. On a 
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I)ark Red lacosol, a carefully l)laCed band application of 125 kg/ha K as 

KCI did not reduce iaie stands even though the maize was planwd 

during a ten-day dry period (Ritcliey and l.obato, 1977). Planiting equip

ieit available to tile fariier, however, is of'tcii 1ot designed or adjusted 

to attain separation betwcen f'ertilizer and seed. 
BoJmdcast applicatiotn of the i)otassinin fcrtilizer practically eliminates 

the danger of salt effects oin eedlings. horeover, in the highly weatherd 

soils of the trolks, the a)selic olf exprllling lattice clays eliminates the 

F)otnitial for pernallnt K relention, :and there is n(o nce(d for handing to 

reduce this problem. Broadcasting is usuallv somewhat less convenient, 

however, especially when limited tillage is being practi(e d,with row crops 

being planted and fcrtilized ill onle operatioli. 
When high rates of K have reduccd yields, aother nutrient, often 

ni.agnesitlil, has usslly bn inShort supply. Ill some cases, the a.nion 

accomlpaing the )olassium ap),arently exacerblated al existing short

age, as illlst ral cd by the (lossible chloride-sulf'atc iliteLrctionl ill Cassava ill 

Colombia. Advantage (all he taken of the need for an aniol to accompany 

the polassiulln ill the fertilizer. Where soil sulfurIll is low ald little snlfate in 

other forlns is leing ldlCl, rising p~otassium sulfale rallher than p)otas

sillt chloridc is a good way to l)rovide both sulfur and potassium. At 

Hnuhullna ill (;lall, when tlassiilli snlfale was Substituted t'o)rpotas

situll chloride. (assava vivlds increased flro I2,00)() kg/ha t(o17,,400 

kg/ia. The Icala'cohir i,the sulfulrlots was dark green, but teit Kl plants 

had yellowish-grcen le.veS t','t~ill (f S-deficicnt planlts. 
Applying inore potassiulm fertilizer than is necded is expelnsive, ineffi

cient, ala call reduce ilds thiroigh salt efcts if'lands arc Ilaced toc 

close to the seed or through deficieicies of other nutrients if' the K or 

associateut anion interacts (ompetitively with ,inelement not preselnt at 

opltillulni level. 

Evaluation of Nutrient Imbalances by Foliar Analysis 

Smntier (I 977) has )ro)pose( wider rise of' the )iagnosis anlll Recoin

llne(latiol Integrated Systelli (1)RIS) for evaltaling nutritional nee(s of" 

pllnts. Ihc SvtSItIll makes sillatlcotts nutrient clll)alnrisotls h)ased of) 

ratiosalli(ng sevcral plaint nutriClut ontclnts. Indiccs foreah nutrient are 

pre)are(d l)\ calillatillg tlie ratio betweell a givel [1 tllilellelIIllalnd 

eatlh of the oither ellelits. lhe ratios il tilte are thenplants under study 

compared with tile "ideal- ralios meastre(l ill a high-productioll )oiula
tion; a niegative 'alie results if the Clenleit is relatively leficient and a 

positive value results iftheclenent is relativelyh allhdanIl.Tie magnitude 
cgrc )ui it is alsodlenls on lilt- of'the imbalalce, inversely lropor

tional to tile (V (cocfficicnt of variation) of the original data used inl 

establishing the ideal high-yield standard; thus, it takes natural variability 

into account. Ilhe iiidivikual values are then siiulaneouslv evaluated to 

prod uce ai index which reflects tle degree of'dcficiecy or su fficiency for 

each cleient in rehation to all of the other mliesud clecmts. Ranking 
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the indices shows the one that is ilost deficient. Knowing which elements are most out of ).dlaice is plirtlari I:,eft- 'highly \Vailher'cl soils
where Many nutriets are ilt low supl atd where large 'hangesin the 
cations present on the exchange cotltlex tiiav hleiduced by lifmig whethe soil is brought under ultivalioin. 

I)RIS evaliations (based Oil titlE Ie velcriteria froin high-yieldingliaie crops illlie lliidwesleri li.S.A.) )repaiedttfia iiz/e crop plintedltie first y'eai afier dcariig a llraziliaii )ark Red Latosol are preseited intable I2. Before tiliranall%,.;were c mi plet , tlhe researchers decided toapply l 'oreplosplhroius ft'ilier lo tihe field for file second ylear of theex ptriilimet lecaiset lie soil test tlitle was low.The I)RIS indices appalrently reflected ihe ful rilioinal situation rather well. Potassiumi was iidicatedl as the eleienit iiost deficienit ill the 0- inid62-kg/ha K treatilents.At the high K levecls, pho splhorus was indicated as most ldeficieli, followed 
by Mg. Tlihe K rank chailged to Ili"least deficient" )osition. 

Table 12. I)RIS (I)iagniosis adi Rt' mllli 
is jciicritIilegraled S 'slilii\inditos lotr 5 liulrit Inidc car1 lcavct.ia tidid ini groiwni firstcar it'leT 

Illaring lar'k R.t I.iilsol, (:PA(:. I'ltaiiciica, /litil 

A'mm t apjui',/ .\' uteti nm ltm a kid mindl', 
 ,P,I ,/ d, 'aiing 

K' Mg ' 

kg/ha 

i 3-15 K (--9 ) 1 ( -i)1 (a (2-1) N (31) Mg (52)62 :15 K (23) I'(-13) (i (9) N (12) Mg (17)125 3.t P (--1-) K (-5) Mg (5) (Ca(fi) N (7)250 3-15 P (--I8) Mg (-11) Ca(- ) N (12) K (19)500 315 IP(-12) Mg (-12) (Xi (---I) N (I)) K (19) 
125 7 Mg (-19) I'(--I0) K (i) N (18) (:i (36)
125 27 Mg (-38) 1 1(--t) K(9) N(17) 
 Ca (2E)125 97 Mg (22) P(-10) K (--1) N (13) (:i(20)125 3-15 I' (--I1-1) K (5) ( (6)fi N (7) Mg (8) 

Varinig iroi solpo-llin a;il
itiaid dolniit liicwcrc used to raise pll 
to) iaout 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 potassiunl that is readily available to plants and so obtain an 

of the K status of a field. Extractants used include neutralindication 
the exchangeable K; thenormal ammonium acetate, which measures 

North Carolina double-acid extractant [0.05 N HCI + 0.025 N H 2S0 4 

than exchangeable for routine(Mehlich)], which is more convenient 
(0.5 Al NaH(O	 3 +laboratory analysis; and the modified Olsen extract 

0.01 Al ELTA) used for the data reported for Peru. Most of the values for 

the Brazilian research rel)orted in this bulletin are double-acid extractant
 
found an excellent linear relationship (Y =
 

values. )e Souza et al. (1979) 
2.8 + 1.24x; r -= 0.99) between exchangeable and double-acid extractable 

K (fig. 23). 
The distribution of K in the soil tends to be variable. If the land has 

already been row-crol)ped, fertilizer potassium originally applied uni

ffrml 	 to the crop may be locally redistributed ili the field after harvest in 

make soil sampling difficult. This problein is illustrated insuch i way as to 
figure 2- where tile amount of potassium I)reslit in soil sam pes taken 

from between rows of corn after harvest is compared with the amount 

found withiu tile row. Ap)arently, a proportion of the potassitin l)resent 

in the growing maize )lant is wtshc'0 o'it ,llw dead leaves after the plant 

matures. The rain lepo sits intich of this potassuiii in the soil at the bascof 

the plant, the K thereby being concentralcd in the row. Soil samples 

should be taken Front both the row and iiter-row areas so as to obtain a 

sample that is reprcsentive of the actual K l)resent. A similar problem of 
where tImaintenance appliuneven K distribttion in the field might (cctr 

cations of potassium and other fertilizer elements have been applied ini a 

band along the row at planting. 

200r 

1501 

' 2.8 + 1.24x 

50- r =0.99 

0 100 200 

t)OUBLE-ACID EXTRACTABLE K (ppm) 

neutral 1.1 N arnmonium acetate (exchangeable) K and
Figure 23. Relationship between 

15-cm layer of adouble-acid (0.05 N HCI + 0.025 N H2SO4) extractable potassium on the 0-


)ark Red Latosol (WeSouza et al., 197).
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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 itreduces K
leaching losses and reduces exportation of K from the field il the stover is
harvested. On the other hand,soil sampling only to 15-cni depth in such a
field may present an inaccurate picture of the true K fertility in the soil 
profile as a whole. 

In the 

30(0
 

250 

21)1) 

i1:501
 

zr 

100501 

3 2 1 0 1 2 3 
DISTANCE FROM I1()R)IER (in) 

0 + ) kg/li;i K --++- 251) + 83 kg/ha K 
2 year 'ertlizter appli(ali(in 

Figure 24. )oblh-aid extraciahe K ,;II- 15-un dept ilicasuredi within maize row andhalfway between inaize rows alter harvest (ifsecond-yearcropa(iDl1 )ark Red Lalisol, CPAC,Planairina, Brazil. (om3iposites of 2 subsaniples were tllleie-d at50-.in iniervals beginning 3
in withiin plot that received no K fertilizer for 2 veals, (rossing plot boundary, and (ontinu
ing 3 m into adjacen plot, which received 250 kg/ha K diefirst year and 83 kg/ha lihe second 
year (Ritchey et al., 1977). 
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Effect of levels of other ions on the interpretation of K soil test values 

O)t potassiulVhllctic or hoI)t tlc hvt'Is Idotlit'l cahions havt all ITC('l-
uptaIkt %IIl hIutIIC'(tlC(iteri thciused ill Iutterprtcting K so~il it-st \',lties. 

Mlclt'ant (1977) prct'tltt'(d ,a goid StlItiilair (F INM()CUllllln y uSCd 

CnCt'1Its: "sI'if iCl'cV h's'cls of availal)c m trictints" (SI.:\N), and "'basic 

(alhIl satrlllatiotl ratios" (I( SR). 1htw sulltiti N Ilevel appr ach was 
r c 

II sillilti<lls wlhcirc ()III% milit illl it was dc'II( W'l~tl; Ihehl cdev\chycd 

IlSt allllt' for ihw 11ullitc lt, Ilt' gl alt'r till' illtvlt'S ill yich(lit' s()il 

apllrltcll
Iesl1ting fi(mll a tiliallof lIIc iltl lisssing ciait't ll . This 

l)I'lyilsk(l (atioli Silt It' )l inh sIl l sitliIihill () t 1 )tIIllgj ti()tll 


il (dt ), iuf liii ltn a Is it'si ltla l(illbast tttllsliMi
(d ltiuls()i l o ; l t
e'x i 	 ill ;I s)l" ( L cltanl, 19.77, 1) . .16i). It tit's t() talke intlo) acm unlllt (al) tilt" 

ic NhIt{lil st'Xjlah'thtiMt ct I ticr( illltt\situlisifuto5lll 'g()~t( ltip< lrtilllghltItlht'\llt ai,[I ls(tha ( tIll ,ht( tjIs ill S i ww lhustill 


i)trt' tl \iii bc prst.ll ill tic)ils s( ti t and(whatll hl l
toahlt lt u 
will bc" Itsll(.tt' htlltc Rnst' (I b ihc t'ts(' i lltsol .rlsallt c 

ils , ti i u 

Ow nl+ ( .l (a l lt'ofll to h th t' l,(S " s) tIiisto wmik )t'st ill highly 

wth a tcl Is' hI()%- pilll rt' of tlio r l li i,iit l( iust lltlll U 

"(I satgll(5l9 )" I ISs't'lillt'fs 

l0It(lS 	 ;ot tottoll ns oit is S(5 i ll sl V soIS It't it lllt' l)take by 

fcltifl a (.'t ) . t tils dh1I f0 'l / h 


gicii b\ (;l m ( 959lt :65- 85 (-i (tt'(c
(i .ll - I2 lcrctt Mg, ;ll([ 2-5 

litl t ' . But h l L .lt illl() is sIof t r s htfttha l(11 tt'li)i-(r c.-sl t'h( ahsit 

111 al, s bctth;ltd a ii lloll illof t'' Ill' (iml t' allt'ctcds b\ 1Kathls i tha lIs
 
bcl~t( ld~ tiltc rl',tll t ' k ivll.
 

( c(tI 	 isia t(itotlationAslLCall u ' sit l ill l icili, tt ;t's l 
,

tli lt )i t li vall .0ti()lllt' lilll/l Sx i (ttlltt't a \\1 t's'..\I t ' )t' s !It( 

cOial 't'tli t'ival r Io t (1973). l'htilic. til Klst'cld
Ilistd 
ill t's is 5 \ll l\ tc ) mlii gt'q/l)h(\(,Il tIl ( Wl tit oil p i5 Ill sl mlst han 


17hi8 i/N Is I o(I(Ca0(), Nl(1 120.
pp u if t(i3 sc Mltil Il I-tt'sCt' 
s tli liI lllllI 

t .o 

p1l0ttm 1litt'-tt l l l ( W 1' ( cy 10 tllc(I/I{ )( I.l 
rc (Il lil tcti ll ll (d t-Xchla ll ~ca l eh I )( ula itll bu ( m lic s g i l lt l w il hlii l tcg t 't-


Ct'rll Ill (t l ',-ls , ill t l ct 'h \ ct l hc( )t Iw i' C;iitihon s ,B m c it ( 1 7 2 ) ( m(l (I UmIc s t ha t ,
 

(v~ ) l l d( t il t "S()i l . +a, i t i i ] clth v t '] (d (). 10
dI clp c il d in gl m, i Ilh t hle 


lline /I1)01 K {l;U' (rac 0).017 t()0.201 iill'q/l!)() gK) ll h c rt t' t, h l
 

w ith ;I i tcla iMt l im im llnlt hIc tl (d ' 2 1() 3+ t r (('l d I h (c s till )l()I* liI tc tx 

m>l q/100 g (-59 Ipm~l) k \\miuld be rc(Iilrted
chalgt:dd last's. lHills 0.15 

I'M- it soi+l with CF' (i ld 1() .0 mcqtil()( g.
 
i ll l lc %(.I \ hil I Ih,h\ h t r ( l s ( t h Sr c (Atlt.( m~ct (C C(m i ll
c l-:it lls( h ti 


fa ri c r It\ CIS()I lillillig i ctli dhw's Il'l, tC t( 5'Illctq(/ 10)( g . l ht(-rt.Sl)()IIS tS
 

I ) K l'a t ' )c i c t \ l tcla t tc( to ( h ixl l~s ()I ut t 'al i l i t l lts ) K la l l i lt' t hla l l I()
 

has placei()l'ge
ctmIllpcthilg clfccIS thuIs, rc-Scardh (ml the thlcs,+'sm)is 


c i l l a s is (ml il t I \ .'l ,,d (. . chl il g c a h hc K I h aili(m i l t Mi Ol'I
('M 	 t ISSi ttll 1 ) 

tota~l 	C'.'C( m-l m l cll<siumila". rltiO>.
 
'\s 1 vlthltclisific's, hi'ght'v limlingU i'alt's ilitclikcl\, ;and tw itll cat ion
; Irc ll 


t.'xchlallgt' talpacih ma~\- itlc(rcasct' v'sA mcq'(/1)( g, with thtc
I( 5)cr-.0} 

. ;list)I tillg \ mcntim)ns opltimlali)w)assillil (cril tRtl~h raiscd' I ,)cr (I1978) 


sm)l caltill ritlt() 1,;lgts (& t o Ut ) to) 50(I'Mr sonic+spccics), ,1
t(.t IMr ,Mg/K (Ibit 


to 17 [O rt'C t/K . and 15 to)3 "5(()1- h ig hc v r -so nihc steccics) tF)r((:,t -i .\g)/K .
 

-10 

http:Itsll(.tt


I)epcIIdIg o ie+,species hIvolved, Ivels of1.5 to 6.5 meq/I O)0 g Ng. 2.2Ing/100 g C.,or-I. meq/l D0 g Ca + .Mgcould cause IllMt j I t i balanC sa! a K level 4S) ppil (0.13 Ile(q/]100 g). Such levels of(Ia anl Mg 'oudd
easilY r'eCstf rii,m odest olhe applicalion of I t 8 I/ha.
 
L.ittl pitllislId iIl oilill 
 is availablc showhiIg (lcairclit esirlel weimcteastes ill (:Iall/or Mg (aucdc.clit e.s il 

I lt 
m 


but some01 )ordrlie lasi.s (f imbalane 

yield it K olt'lill (Acrops,

I n \hav ',teen obse'rvced ill thesoils studied. its prcvioiislv disclusse . lie Iigher -tquii 'llts imlpliedIb. these raliosl dhV actully bhI.br e(l to iuircas .l ( lip demua ldftr Kassociate~d wilh ilcwreases in iti;xiuluuii lJoteiltial y'ield .'sthlltitg flout thegeie rallv higher Ilutfi-eit level of the soil. 
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