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COM"PARATIVE EXTERNAL PHOSPHORUS RQU .IR...TSOF PLANTS 
GRO.,I,.. IN TROPICAL SOILS 1/ 

Robert L. Fox, Roy K. Nirohimoto, John R. Thonpson and Ramon S. de la Pena
 
College of Tropical Arcicultur,
 

University of Hawaii, Honolulu, Hawall, U.S.A.
 

From earlier pot studies we have concluded that P concentration in soil 

solutions is the major factor controlling the flux of P to plant roots. How­

ever, relationships between solution concentration and adequacy of P nutrition
 

for diverse crops growing in the field remained to be determined. Field
 

investigations are emphasized since "barrier effects" of pot walls can lead
 

to serious discrepencies between field and pot data (Fox and Kamprath, 1970).
 

Field plots were phosphate fertilized so that P concentration in equili­

brated soil solutions ranged in 10 increments from <0.003 to 1.6 ppm. Ferti­

lizer P reauirements were determined from individual P sorption curves for
 

cach plot. Equilibrating conditions were: 3 grams soil, graded amounts of
 

Ca(H 2 P0 4 ) 2' 30 minutes shaking twice daily, 6 days, 250C. Phosphate disappear­

ing from solution was considered as sorbed. 

Data for only 5 of the 12 species grown are presented here. These are:
 

corn (Zea _ Chinese cabbage (Brassica pekinensis), head lettuce (Lactuca
 

sativa), sweet potato (Ipomoea batatas) and Desmodium aoarin-s. rour soils
 

were used giving a wide range in weathering and mineralogy (Tdlle 1). Phosphate 

in solution corresponding to 95% yield was estimated from yield response curves. 

New P sorption curves vere pouted.after each crop and P was reapplied 

7o each plot as necess;ary to reestablish assigned P concentrations. Residual 

phosphatc fertilizer efficiency as defined by Fox ct rA. (19b) was estimated 

fr-;Ii the relat lon.;htp: 

tll.'i.' , ;,r,.*-- ilt,'u .:i .3 e ' 'nt S ~ ); .1 . ." . .. ;i 5 7 
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(%) Adsorption Difference 

Residual efficiency M N*~ Fer.tilizer SoilSoil 0~ in= .et tlz I0 

Where the adsorption difference is adsorDtion before fertilization minus 

final adsorption, both determined -itso-ne standard concentration of phosphate
 

in solution, and net fertilizer in soil is fertilizer initially applied minus
 

fertilizer P utilized by ensuing crops.
 

The 4 intermediate P concentrations were replicated 3 times; other
 

concentrations were unreplicated. Lime and nutrients other than P were added
 

as thought necessary for optimum yields. Zinc was applied at 20 kg per ha.
 

Results and Discussion
 

Phosphate adsorption was related to soil mineralogy and rainfall.
 

Highly weathered soils, especially the Hydrandent, adsorbed much phosphate
 

while the soil which contained expanding lattice clays (and much more soluble
 

Si) adsorbed much less phosphate. The Eutrustox with kaolin type clay
 

exhibited intermediate phosphate sorption.
 

The Hydrandept contains lar'ge amounts of amorphous material low in Si. 

Phosphate adsorption is inversely related to Si in the amorphous fraction 

(Fox et al 1971, Saunders 1965). Also the Gibbsihumox contains 10-25% of 

amorphous material. We believe that coatings of amorphous material (gel 

hulls) control initial reactions of phosphates in many highly weathered
 

soils. Phosphate adsorption is presumed to involve ligand exchange reactions
 

between H2P0 - and the 0H groups of aluminum and iron hydroxide surfaces in 

_hese soils. 

An example of how phosphate requirements were determined is given for
 

t:i 0.2. ppm concentration in Figure 1, and Table I show,; these values, 

cot-rcted for bilk 'Ion.;ity ;jnd 15 cm depth, converted to kY per ha. 

Although r,,ct l xer. ou :.,-?nt3 were very ditfc-Jern fon the ':oFor, 

OLlh locatxonn ba ' differ,-.nt climaLe3 , the e>teronal P :'r, u i-.--nt for 

http:differ,-.nt
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95% yield of corn was in the range 0.05 to 0.07 ppm P (Fig. 2). However,
 

external P requirements varied among crops. For example, Chinese cabbage
 

which grows more rapidly than head lettuce ha3 a lower external P require­

ment (Figure 3). It is not safe to generalize that rapidly growing 

crops are phosphate responsive crops. Sweet potato required only 0.003
 

ppm P in solution for 75% of maximum yield (Fig. 3) although 0.1 ppm was
 

required for 95% yield.
 

Tb- external phosphate requirements of crops can change with advancing 

state of development. During early growth stages Zea mays made near maximum 

growih at about 0.2 ppm P in solution, but grain production was 95% at about 

0.06 ppm. During establishment the forage legume Desmodiurn aparines growing
 

on the Hydrandept requires about 0.2 ppm P in solution, but for regrowth
 

after the first harvest about 0.01 ppm was ad-iuate.
 

For the Eustroxtox, phosphate in solution was incre-ised 4 fold (0.025 

to 0.1 ppm) by doubling the amount of fertilizer applied (170 to 340 Og P/g 

soil); so a 4 fold increase in P concentration should be obtained by decreas­

ing the volume of soil fertilized by one half. 

Residual effects of the initial phosphate adjustments are seen as 

parallel shifts in the sorption curve which are more or less proportional to 

amounts of P added (Figure 4). Langnuir adsorption maxima cannot be used to 

evaluate the residual effects of phosphate fertilizer. 

After the initial corn crop, mean residual efficiencies (4 highest P 

.rea mtents) for tl'e experimental soils were: Hydrandept 5',%, Eutrustox 71%, 

(U.hsihuox 90' and Hapluitoll 107%. lhese valu:s; a ree .,.th long term 

re'. id'.ial eF~ieien,:ie, for a Gibbs~ihumor. in gras:; r;wart (MA) reporttel by 

F'jx et al. (19 ), but are high-r, thin fb-' a !'.iplui'lt (r i i u2") which had 

bien cultivated anniu~il for 10 yL -r.: ater " 11 i]ti) (Foxto crops 'i-:L 
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order among soils give!n above si ggests thatand Kamprath, 1970). The 

decrease with increasing disorganization ofre3idual efficiency will 

crystals and silicon depletion of the mineral fraction.
 

Surface coatings, especially those depleted of Si, have been impli­

cated in phosphate sorption; but it was the composition of the coatings
 

rather than amounts of material in them which seemed to be important in
 

short term adsorption (Fox et al., 1971). The thickness of amorphous,
 

gel-like coatings should be relatively more important in account for long
 

term reactions of phosphate in soils (Rajan and Fox 1972).
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Summary 

The P requirements (ppm) for adjusting soil solutions to 0.2 ppm were:
 

haiplustoll, 0; Eut rustox, 400; Gibbsihunox, 900; Hydrandept, 2500. Yield 

cr.,'es ,for coon were similar for different soils when relative yields were 

plotted againnt P concentration in soil s.olutions. Yields wera 95% at 

0.06 ppr P. Th,! extenl. P requirennt was 0.003 anJ 0.1 ppm P in solution 

for 75'1 -:n 95' y,!i1' of !we..t potato ard -. 0.4 pp, Fir 95A yield of 
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I"ZCLC'.. The e.ternal P requirement of D-;cot ,,dr I from 0.2 Don 

du,.-n- e,;tablishmenit to about 0.01 ppm after first harve:t. Rn-idual 

efficioncies of P following corn ranged from 65 for gel-1ike, Si-depleted 

soil (Hydrandept) to 100% for a 2:1 clay rich in solubl. Si.
 



and clijaatcS uMid for dote-.rining
T:able i. Some proncrtic; of soils 

the -,ternal phosphatc rcquircm'ts oE crop;. 

Soil Series
Property 


Hono1kaaWaialua Wahiawa Halii 

Typic Tropeptic T)p ic Typic
Soil Gibbs ihumox Hydrandept
Subgroup Haplustoll Eutrustox 

Very fine, Clayey, Clayey, Thixotropic,Family ferritic, isothermic
kaolinitic, kaolinitic, 
isohyperthemic isothent-c isothecmc 

orphousKaolin, Gibbs i te,Important 2: 1 expanding 
clays, Hematite Goethite gels

Secondaty 
Minerals Kaolin
 

Basalt Volcanic ash
BasaltParent Alluvium 
MIaterial 

Initial 6.3 5.0 5.0 4.7
 

Soil pH (Soil: 
watcr, 1:1) 

0.9 1.2 2.5
 
Si (saturation 15.7 

cxtract, Pml) 

. nal (.) 1000 1100 2400 2500 

20 200 150 750
[Hevati.onl (13) 

800 2S00hosphat' 500 7000 

Adsorp t ion 

(pg P/g soil) 

0 870 2220 1680F'Lilizer P for 

0.? pp , ([g/h)
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Figurc 1. Phosphate sorption isothcri-s for four sels sho'ing th: "c!U:": ", of 

to phosphate aisorption. Horizontal dashca lincs indicate P sorbcd at 0.2 

cquilibratcdl solution.,. 
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Figurc 3. 	Compardtive growth responoe curves for Chinns'e Cabb3ge, sweet 

potato and lettuce growing cl th-. Wahiawa roil. (Typic Eutrostox). 
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WAHIAWA SOIL 
FIRST RESIDUAL- JANUARY 1971 

~0t 

'D LEVEL OF P (ADJUSTED) /
PPM NO FERTILIZE R P/" AUGUST IS7O 

3 .006', 0.005 

4 .O.
 
7:8 9,-/ 10. 

t .0.I 
~~~.1~~Kj 8 71 _ -, 

10 1.6 
.~.LXJ 9 .4 

. .......
... 


> IN ,iF-- IN-.U 

'-i,..urc 4. An example of how the initi.l application of phosphatc fertilizcr for corn shifzccd phosphate 

adsorption curves in sarnplcs collcctcd folloing corn growth. 


