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INTRODUCTION 

L»; µj "~; > : %µ· / ·µkQ; > ° "~: " ~: ° q»~qkq"; . "~; . ; +; Qµ/ > ; »" µj ; Åµ»µ> qÅ: QQ◊ °' ÅÅ; °°j' Q 
: ø·qÅ' Q"' ·; q» > : »◊ : ·; : ° µj "~; "·µ/ qÅ° q° / µµ· °µqQ j ; ·"qQq"◊ jµ· Å·µ/ / ·µ. ' Å"qµ»e T : »◊ "·µ/ qÅ: Q 
·; øqµ»°y : ·; Qµ= q» kµ"~ "µ": Q : ». : +: qQ: kQ; / ~µ°/ ~µ·' °e - j"; · =: "; · : ». »q"·µø; »y "~; > µ°" 
Åµ> > µ»Q◊ Qq> q"q»ø »' "·q; »" ; Q; > ; »"° q» "~; "~; °; ·; øqµ»° : ·; / ·µk: kQ◊ / ~µ°/ ~µ·' ° : ». °' Q/ ~' · 
u5: »Å~; §y hwCnce 

Uµ·"~; ·» X: > kq: q° Å~: ·: Å"; ·q°; . k◊ ~qø~y ·; Qq: kQ; ·: q»j: QQ u: kµ+; hgaa > > c =q"~ °µqQ° 
/ ·; . µ> q»: »"Q◊ L_q°µQ° : ». 6 Q"q°µQ° "~: " ~: +; k; ; » °' k%; Å"; . "µ ~qø~ Q; : Å~q»ø : ». q»"; »°; 
= ; : "~; ·q»øe x~; °; °µqQ° ~: +; øµµ. / ~◊°qÅ: Q / ·µ/ ; »q; ° : ». ø; »; ·:QQ◊ : ·; = ; QQ °' q"; . jµ· 
: ø·qÅ' Q"' ·; e x~; ◊ : ·; ~µ= ; +; ·y Åµ»°"·: q»; . k◊ ~: +q»ø Qµ= q»~; ·; »" j;»qQq"◊y Qµ= / 4 u/ 4 B: Bhg 

P Megc : ». ~qø~ Q; +; Q° µj , ; : ». - Q µ_q. ; °e T : »◊ °µqQ : ·; Qµ= q» Ee - 5' ·+; ◊ µj "~; °µqQ° q» 
"~; ·; øqµ» q». qÅ: "; =q. ; °/ ·; : . q»~; ·; »" E . ; jqÅq; »Å◊ uø; »; ·: QQ◊ q» "~; ·: »ø; µj mRhg / / > E k◊ 
3·: ◊ h > ; "~µ. c u5EFEy hwOwc : ». Qµ= "µ ~qø~ E °µ·/ "qµ» Å: / : Åq"q; ° q» "~; ; jj; Å"q+; ·µµ"q»ø 
§µ»; uK' q. k; ·øy hwOf ce , q; Q. °"' . q; ° Åµ». ' Å"; . k◊ "~; 5µqQ E·µ. ' Å"q+q"◊ F; °; : ·Å~ E·µø·: > > ; 
u5EFEy hwOnc ·; +; : Q; . "~: " Å·µ/ ° °; Q. µ> / ·µ. ' Å; ;Åµ»µ> qÅ: Q ◊q; Q. =q"~µ' " : / / QqÅ: "qµ» µj E q» 
> µ°" µj "~; °; °µqQ°e 

x~q° ·; / µ·" q° : µ+; ·+q; = µj / ~µ°/ ~µ·' ° ·; °; : ·Å~ q» »µ·"~; ·» X: > kq: . µ»; > µ°"Q◊ k◊ 5EFE 
k; "= ; ; » hwOh "µ hwwme x~q° ·; °; : ·Å~ q»ÅQ' . ; Å·µ/ ·; °/ µ»°; "µ : / / Qq; . / ~µ°/ ~µ·' °y Å·µ/ 
·; °/ µ»°; "µ / ~µ°/ ~µ·' ° j; »qQq§; · µ» °µqQ° =q"~ . qjj; ·; »" : . °µ·/ "qµ» Å: / : Åq"q; ° : ». ; +: Q' : "qµ» µj 
q». qø; »µ' ° ·µÅ­ / ~µ°/ ~: "; ° : ° : °µ' ·Å; µj / ~µ°/ ~µ·' °e 
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LITERA TURE REVIEW 

PHOSPHORUS IN TROPICAL SOILS 

- Q"~µ' ø~ / ~µ°/ ~µ·' ° . ; jqÅq; »Å◊ q° : = µ·Q. R= q. ; / ·µkQ; > y q" : / / ; : ·° "µ k; > µ·; : Å' "; q» "~; 

~' > q. "·µ/ qÅ° / : ·"qÅ' Q: ·Q◊ q» ·; øqµ»° = ~; ·; "~; ·; : ·; : Åq. y ~; : +◊R"; _"' ·; . °µqQ° "~: " : ·; ~qø~ q» 

µ_q. ; : ». ~◊. ·µ_q. ; > q»; ·: Q° u6 ; ~: ·: : ». KqQQ> : »»y hwOh ce xµ": Q / ~µ°/ ~µ·' ° q» "~; "·µ/ qÅ: Q 

°µqQ° ·: »ø; ° j·µ> f a "µ gaaa / / > : ». +: Q' ; ° Q; °° "~: » gaa : ·; Åµ> > µ»e uD: kq»y hwOay LQ°µ» 

: ». A»ø; Q°": . y hwCgce - ÅÅµ·. q»ø "µ 5: »Å~; § uhwCnc "~; ·; : ·; y q» °/ q"; µj "~; ø; »; ·: QQ◊ Qµ= 
Åµ»"; »"y °µ> ; µ_q°µQ° "~: " : ·; ~qø~ q» "µ": Q / ~µ°/ ~µ·' °e 

E~µ°/ ~µ·' ° q° : / ·µkQ; > q» "~; °; °µqQ° »µ" k; Å: ' °; q" q° . ; jqÅq; »"y k' " k; Å: ' °; µj "~; ~' ø; 
: > µ' »"° µj / ~µ°/ ~: "; "~: " »; ; . "µ k; : . . ; . "µ µk": q» µ/ "q> : Q ø·µ= "~e G» > : »◊ Å: °; ° "~; "µ": Q 

: > µ' »" µj »: "q+; / ~µ°/ ~µ·' ° q° <' q"; ~qø~y k' " "~; ; Q; > ; »" q° / ·; °; »" q» jµ·> ° "~: " ·; ». ; · q" 

' »: +: qQ: kQ; "µ / Q: »" E~µ°/ ~µ·' ° : . . ; . : ° j; ·"qQq°; ·y ; °/ ; Åq: QQ◊ q» °µQ' kQ; jµ·> °y q° q> > ; . q: "; Q◊ 

°µ·k; . µ»"µ µ_q. ; °' ·j: Å; °y : ». "~; °"·; »ø"~ µj "~; Å~; > qÅ: Q kµ». ° jµ·> ; . > : ­ ; ° q" . qjjqÅ' Q" jµ· 
/ Q: »"° "µ Åµ> / ; "; = q"~ "~; °' ·j: Å; jµ· "~q° »' "·q; »" u6 ; ~: ·: : ». øqQQ> : »y hwOhce 

FORMS OF PHOSPHORUS IN THE SOIL 

E~µ°/ ~µ·' ° q° / ·; °; »" q» °µqQ °µ' Q' "qµ»y q»µ·ø: »qÅ : ». µ·ø: »qÅ jµ·> °e x~; °µQq. / ~: °; 
/ ~µ°/ ~µ·' ° q° / : »Q◊ q» µ·ø: »qÅ jµ·> uma "µ f aP c k' "y ; _Å; / " µ» °µqQ° = q"~ : ~qø~ / ·µ/ µ·"qµ» µj 
µ·ø: »qÅ > : ""; ·y q" q° > µ°"Q◊ q» q»µ·ø: »qÅ Åµ> kq»: "qµ» uf a "µ CaP c : ». q° / ·; °; »" q» Qq+q»ø u°µqQ 

> qÅ·µjQµ·: : ». j: ' »: c : ». . ; : . µ·ø: »qÅ > : ""; ·e x~; Q: ""; · ·; °' Q"° j·µ> / Q: »" : »q> : Q ·; °q. ' ; °e 

Phosphorus in solution 

EQ: »" ": ­ ; R' / "~; q· / ~µ°/ ~µ·' ° > : q»Q◊ : ° µ·"~µ/ ~µ°/ ~: "; y x ~; qµ»° : ·; 4 gEL MRy 4 EL MgR : ». 

EL MmRe G» °µQ' "qµ» / ~µ°/ ~µ·' ° q° > µ°"Q◊ / ·; °; »" : ° / ·q> : ·◊ µ· °; Åµ». : ·◊ µ·"~µ/ ~µ°/ ~: "; qµ»° 

u4 gEL MR µ· 4 ELqRc kµ"~ µj = ~qÅ~ : ·; Å: / : kQ; µj . q·; Å" : . °µ·/ "qµ» k◊ / Q: »" ·µµ"°e x~; EL MmR 

qµ» q° µ»Q◊ °qø»qjqÅ: »" q» +; ·◊ : Q­ : Qq»; °µQ' "qµ»°e x~; ·; Q: "q+; : k' ». : »Å; µj "~; "= µ "◊/ ; ° µj 

qµ»° q° Q: ·ø; Q◊ . ; / ; ». ; . µ» °µqQ / 4 e H q"~q» "~; / 4 ·: »ø; f "µ Cegy 4 hEL ! > q° "~; . µ> q»: »" 

qµ»qÅ jµ·> y = ~; ·; : ° k; "= ; ; » / 4 Ceg : ». wy 4 gEL MR qµ» . µ> q»: »"°e E~µ°/ ~µ·' ° . ; jqÅq; »Å◊ q» 

: Åq. °µqQ° ' °' : QQ◊ : ·q°; ° j·µ> "µµ Qµ= Åµ»Å; »"·: "qµ» µj µ·"~µ/ ~µ°/ ~: "; ° q» "~; °µqQ °µQ' "qµ»y 
·: "~; · "~: » j·µ> : » q»: . ; <' : "; "µ": Q / ~µ°/ ~µ·' ° Åµ»"; »"e 
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The inorganic phosphorus 

x ~; q»µ·ø: »qÅ / ~µ°/ ~µ·' ° q° . ; ·q+; . µ·qøq»: QQ◊ j·µ> "~; = ; : "~; ·q»ø µj ·µÅ­ Åµ»": q»q»ø "~; 
> q»; ·: Q : / : "q"; y : ». q° / ·; °; »" q» : +: ·q; "◊ µj Åµ> kq»: "qµ» = q"~ q·µ»y : Q' > q»q' > Å: QÅq' > : ». 

jQ' µ·q»; / Q' ° µ"~; · ; Q; > ; »"°e x~; °µQq. q»µ·ø: »qÅ jµ·> ° µj / ~µ°/ ~µ·' ° : ·; ' °' : QQ◊ . q+q. ; . q»"µ 
"~·; ; : Å"q+; j·: Å"qµ»° : ». "= µ ·; Q: "q+; q»: Å"q+; j·: Å"qµ»°y 

Active fractions 

x~; : Å"q+; j·: Å"qµ»° Å: » k; ø·µ' / ; . q»"µN 
he B: QÅq' > Rkµ». ; . / ~µ°/ ~: "; ° uB: REcy 

ge : Q' > q»q' > Rkµ». ; . / ~µ°/ ~: "; ° u- QREcy : ». 
me q·µ»Rkµ». ; . / ~µ°/ ~: "; ° u, ; REce 

Inactive fraction 

he L ÅÅQ' . ; . 

ge F ; . ' Å": »"R°µQ' kQ; jµ·> °e 

x ~; jµ·> µj q»µ·ø: »qÅ / ~µ°/ ~µ·' ° / ·; °; »" q» "~; °µqQ . ; / ; ». ° µ» q"° Å~; > qÅ: Q °": ø; µj 

= ; : "~; ·q»øe G» ~qø~Q◊ = ; : "~; ·; . °µqQ° > µ°" µj "~; / ~µ°/ ~µ·' ° q° q» "~; µÅÅQ' . ; . µ· ·; . ' Å": »"­ 

°µQ' kQ; jµ·> ° k; Å: ' °; µj "~; jµ·> : "qµ» µj q·µ» : ». : Q' > q»q' > µ_q. ; Åµ: "q»ø°e G» 6 Q"q°µQ° kµ"~ 
q·µ» : ». : Q' > q»q' > / ~µ°/ ~: "; ° / ·; . µ> q»: "; e 

The organic Phosphorus 

V' q"; : ~qø~ / ·µ/ µ·"qµ» µj "~; °µqQ / ~µ°/ ~µ·' ° q° q» µ·ø: »qÅ jµ·> : ». "~; µ·ø: »qÅ / ~µ°/ ~µ·' ° q° 

"~; ·; jµ·; : » q> / µ·": »" / ·µ/ ; ·"◊ µj "~; °µqQe L ·ø: »qÅ E~µ°/ ~µ·' ° »µ·> : QQ◊ : ÅÅµ' »"° jµ· ga "µ f a 

/ ; ·Å; »" µj "~; "µ": Q "µ/ °µqQ / ~µ°/ ~µ·' °e x~; q> / µ·": »Å; µj > : q»": q»q»ø µ·ø: »qÅ > : ""; · q° : Q°µ : 
j' »Å"qµ» µj "~; > : q»"; »: »Å; µj µ·ø: »qÅ / ~µ°/ ~µ·' °y / : ·"qÅ' Q: ·Q◊ q» °µqQ° = ~; ·; > µ°" µj "~; 

/ ~µ°/ ~µ·' ° q° q» "~q° jµ·> e G» ' »j; ·"qQq°; . : ø·qÅ' Q"' ·; > q»; ·: Qq§: "qµ» µj µ·ø: »qÅ > : "; ·q: Q / Q: ◊ : » 

q> / µ·": »" ·µQ; q» > : ­ q»ø / ~µ°/ ~µ·' ° : +: qQ: kQ; "µ / Q: »" : ». / ~µ°/ ~µ·' ° > : »: ø; > ; »" q° Q: ·ø; Q◊ : 

°µqQ µ·ø: »qÅ > : ""; · > : »: ø; > ; »" u7 : » H : > k; ­ ; y hwCMN e5: »Å~; §e hwCnce G"° > : q»"; »: »Å; y 
"~; ·; jµ·; y q° µj ø·; : " / ·: Å"qÅ: Q °qø»qjqÅ: »Å; q» "·: . q"qµ»: Q : ø·qÅ' Q"' ·: Q °◊°"; > °e x~q° q° > : q»Q◊ 
/ ·: Å"q°; . "~·µ' ø~ j: QQµ= / ; ·qµ. ° : ». °: > ; "~·µ' ø~ > : »' ·q»øe 
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REACTION OF PHOSPHORUS WITH SOIL MINERALS 

E~µ°/ ~: "; : +: qQ: kqQq"◊ q» "~; °µqQ q° µj"; » : Qq> q"q»ø j: Å"µ· jµ· / Q: »" ø·µ= "~ ; +; » "~µ' ø~ "~; "µ": Q 

: > µ' »" µj °µqQRE > : ◊ k; ~qø~e E~µ°/ ~µ·' ° Åµ»Å; »"·: "qµ» q» "~; °µqQ °µQ' "qµ» q° q»jQ' ; »Å; . k◊ 
+: ·qµ' ° / ·µÅ; °°; °p k◊ "~; ' / ": ­ ; µj / Q: »"°y k◊ "~; : °°q> qQ: "qµ» µ· ·; Q; : °; µj q»µ·ø: »qÅ 
/ ~µ°/ ~: "; ° j·µ> "~; / µµQ µj µ·ø: »qÅ / ~µ°/ ~µ·' °y k◊ ; <' qQqk·: "qµ» = q"~ B: R/ ~µ°/ ~: "; : ». = q"~ 

/ ~µ°/ ~: "; : . °µ·/ "qµ» °q"; °e 5µQ' kQ; / ~µ°/ ~: "; : . . ; . "µ "~; °µqQ jq»: QQ◊ = qQQ øµ "µ "~; °"·µ»ø; °" 

°q»­ uT ; »ø; Qy hwOf ce G» "~q° ·; °/ ; Å" q" q° q> / µ·": »" "µ j' QQ◊ ' ». ; ·°": ». "~; »: "' ·; µj "~; 

: . °µ·/ "qµ» : ». / ·; Åq/ q": "qµ» ·; : Å"qµ» = ~qÅ~ µÅÅ' · = ~; » j; ·"qQq§; · / ~µ°/ ~µ·' ° q° : . . ; . "µ °µqQ° 
µj . qjj; ·; »" > q»; ·: QµøqÅ: Q Åµ> / µ°q"qµ»°e 

Phosphorus Fixation 

- ° °µqQ° = ; : "~; · "~; q· Å: QÅq' > Åµ»"; »" "; ». ° "µ . ; Å·; : °; = ~qQ; ·; : Å"q+; - Q : ». , ; Åµ»"; »"° 

q»Å·; : °; e H qQ~ q»Å·; : °q»ø = ; : "~; ·q»ø "~; ·; q° "~' ° : °~qj" q» "~; Åµ»"·µQ µj / ~µ°/ ~: "; °µQ' kqQq"◊ 

j·µ> B: y = ~qÅ~ øq+; ° Qµ= / ~µ°/ ~: "; qµ»° Åµ»Å; »"·: "qµ» q» "~; °µqQ °µQ' "qµ»y "µ - Q : ». , ; = ~qÅ~ 

jµ·> Åµ> / Q; _ / ~µ°/ ~µ·' ° Åµ> / µ' ». ° "~: " : ·; / ·; Åq/ q": "; . µ· °"·µ»øQ◊ : . °µ·k; . µ» "~; ÅQ: ◊ 
Q: ""qÅ; : ». : > µ·/ ~µ' ° °; °<' qµ_q. ; °e x~q° q° ·; j; ··; . "µ : ° jq_: "qµ»e , q_: "qµ» µj E q° q»q"q: QQ◊ 

·: / q. : ». "~; » °Qµ= ° . µ= »N jq_: "qµ» Å: / : Åq"◊ q° ø·; : "; · : " / 4 Q; +; Q° k; Qµ= f ef u, µ_ : ». 5; : ·Q; y 
hwCOce 

x~; / ·µÅ; °° Åµ»°q°"° µj "·: »°jµ»»q»ø °µQ' kQ; > µ»µÅ: QÅq' > / ~µ°/ ~: "; u°' / ; ·/ ~µ°/ ~: "; °c q»"µ 

Q; °° °µQ' kQ; Å: QÅq' > y : Q' > q»q' > y µ· q·µ» / ~µ°/ ~: "; °e H ~; » : °' / ; ·/ ~µ°/ ~: "; ø·: »' Q; q° / Q: Å; . 

q» "~; °µqQy = : "; · q»q"q: QQ◊ > µ+; ° q»"µ "~; ø·: »' Q; : ». . q°°µQ+; ° °µ> ; µj "~; > µ»µÅ: QÅq' > 
/ ~µ°/ ~: "; q»"µ . qÅ: QÅq' > / ~µ°/ ~: "; : ». j·; ; / ~µ°/ ~µ·qÅ : Åq. e x~; °µQ' "qµ» Åµ> q»ø µ' " µj "~; 
ø·: »' Q; ~: ° : / 4 µj G "µ hef e x~q° : Åq. °µQ' "qµ» . q°°µQ+; ° : Q' > q»q' > y q·µ»y / µ": °°q' > : ». 
> : ø»; °q' > Åµ> / µ' ». ° q» °µqQ / : ·"qÅQ; °e G» : Åq. °µqQ° : Q' > q»q' > : ». q·µ» : ·; > µ°" : k' ». : »" 
: ». ·; : Å" = q"~ / ~µ°/ ~µ·' ° "µ jµ»» ·; Q: "q+; Q◊ q»°µQ' kQ; : Q' > q»q' > : ». q·µ» / ~µ°/ ~: "; ° 
u5: »Å~; §y hwCnce G» Å: QÅ: ·; µ' ° °µqQ° "~; / ~µ°/ ~: "; ° qµ»° : ·; / ·; Åq/ q": "; . k◊ Å: QÅq' > : ». 
> : ø»; °q' > : ° ·; Q: "q+; Q◊ q»°µQ' kQ; Åµ> / µ' ». °e x~; > q»; ·: Qµø◊ . ; jq»; ° "~; / ·µ. ' Å" µj 

/ ~µ°/ ~µ·' ° jq_: "qµ»e x~; ~qø~; · "~; Åµ»"; »" µj q·µ» : ». : Q' > q»q' > µ_q. ; y "~; Q: ·ø; · q° "~; 

/ ~µ°/ ~µ·' °Rjq_q»ø Å: / : Åq"◊ µj "~; °µqQe - Q°µy "~; ~qø~; · "~; ; _Å~: »ø; : kQ; : Q' > q»q' > Åµ»"; »"y 
"~; Q: ·ø; · "~; / ~µ°/ ~µ·' °Rjq_q»ø Å: / : Åq"◊ = qQQ k; e x~; ·; jµ·; ~qø~Q◊ : Åq. : ». = ; : "~; ·; . L_q°µQ° 

: ». 6 Q"q°µQ° ø; »; ·: QQ◊ ~: +; ~qø~ / ~µ°/ ~µ·' ° jq_: "qµ» Å: / : Åq"q; °y = ~; ·; : ° Q; °° : Åq. °µqQ° = q"~ 
Q: ◊; · °qQqÅ: "; > q»; ·: Qµø◊ ~: +; > ' Å~ Qµ= ; · µ»; °e 4 µ= ; +; ·y 6 Q"q°µQ° > : ◊ ~: +; : Qµ= ; · °µ·/ "qµ» 

. ' ; "µ Åµ: ·°; "; _"' ·; q» "~; "µ/ °µqQe , µ_ ; " : Qey uhwnOc . ; °Å·qk; . "~; q»"; »°q"◊ µj jq_: "qµ» 
: ÅÅµ·. q»ø "µ > q»; ·: Qµø◊ : ° jµQQµ= °p 

- > µ·/ ~µ' ° µ_q. ; ° 1 Å·◊: QQq»; µ_q. ; °» hp h ÅQ: ◊° gp h ÅQ: ◊° 

uq»ÅQ' . q»ø : QQµ/ ~: »; c uK·kk°·"; y Kµ; "~' ; y ; "Åec 



f 

Phosphorus Desorption 

- "·: »°jµ·> : "qµ» µj q> > µkqQ; jµ·> µj E q»"µ > µkqQ; jµ·> ° > : ◊ µÅÅ' · = ~; » "~; Åµ»Å; »"·: "qµ» 

µj E q° Qµ= ; ·; . Q; : . q»ø "µ . ; °µ·/ "qµ» : ». . q°°µQ' "qµ» / ·µÅ; °°; °e L"~; · j: Å"µ·° = ~qÅ~ > : ◊ / Q: ◊ 

: ·µQ; q» "~; ·; Q; : °; µj / ~µ°/ ~: "; : ·; / 4 Å~: »ø; °y ·; . ' Åq»ø Åµ». q"qµ»° : ». "~; / ·; °; »Å; µj 

µ·ø: »qÅ : ». q»µ·ø: »qÅ °/ ; Åq; ° Åµ> / ; "q»ø = q"~ E jµ· "~; °: > ; kq». q»ø °q"; °e D; Åµ> / µ°q"qµ» : ». 

> q»; ·: Qq§: "qµ» µj µ·ø: »qÅ jµ·> ° > : ◊ : Q°µ Q; : . "µ . q°°µQ+; . uµ·"~µc / ~µ°/ ~: "; u3 q·Å~y hwnhce 

T ' Å~ µj "~; jq_; . / ~µ°/ ~µ·' ° ·; > : q»° °Qµ= Q◊ : +: qQ: kQ; jµ· / Q: »" »' "·q"qµ»y : ». ·; °q. ' : Q ; jj; Å"° 

µj j; ·"qQq§; · : ·; Åµ> > µ» q» "~; ~qø~ jq_q»ø °µqQ°e Gj q" = ~; ·; »µ" jµ· "~q° Qµ»ø ·; °q. ' : Q ; jj; Å" µj 
/ ~µ°/ ~µ·' °y "~; ·; = µ' Q. k; Qq""Q; ~µ/ ; µj ; +; · . ; +; Qµ/ q»ø "~; ~qø~ / ~µ°/ ~µ·' °Rjq_q»ø °µqQ° µj 

"~; "·µ/ qÅ° jµ· q»"; »°q+; : ø·qÅ' Q"' ·: Q ' °; u6 ; ~: ·: : ». KqQQ> : »»y hwOhce 

Phosphorus adsorption isotherms 

- . °µ·/ "qµ» q°µ"~; ·> ° øq+; ° q»jµ·> : "qµ» : kµ' " kµ"~ k' jj; ·q»ø Å: / : Åq"◊ : ». °µQ' "qµ» 

Åµ»Å; »"·: "qµ» : °/ ; Å"° µj E : +: qQ: kqQq"◊e x~; : > µ' »" µj j; ·"qQq§; · / ~µ°/ ~µ·' ° "~: " > ' °" k; : . . ; . 
"µ / ·µ+q. ; : Åµ»Å; »"·: "qµ» µj aeg / / > Eq» "~; °' / ; ·»: ": »" °µqQ °µQ' "qµ» / ·µ+q. ; ° : » q». qÅ: "qµ» 

µj "~; > : ø»q"' . ; µj / ~µ°/ ~µ·' ° jq_: "qµ»e x~q° Åµ»Å; »"·: "qµ» +: Q' ; = : ° Å~µ°; » k; Å: ' °; > : »◊ 

Å·µ/ ° ~: +; : » µ/ "q> ' > ø·µ= "~ : " "~q° Åµ»Å; »"·: "qµ» µj / ~µ°/ ~µ·' ° q» "~; °µqQ °µQ' "qµ»e Gj "~q° 
Åµ»Å; »"·: "qµ» q° Åµ»"q»' µ' °Q◊ > : q»": q»; . q» °µqQ °µQ' "qµ»y q" = qQQ / ·µ+q. ; : . ; <' : "; / ~µ°/ ~µ·' ° 

jµ· µ/ "q> ' > / Q: »" ø·µ= "~ jµ· > : »◊ Å·µ/ °e BQ: ◊; ◊ L_q°µQ°y ÅQ: ◊; ◊ 6 Q"q°µQ°y : ». > µ°" - ». ; / "° 

~: +; ; _"·; > ; Q◊ ~qø~ / ~µ°/ ~µ·' ° jq_: "qµ» Å: / : Åq"q; °y ·: »øq»ø j·µ> maa "µ haaa / / > E ·; <' q·; . 

"µ ·; : Å~ "~; . ; °q·; . Åµ»Å; »"·: "qµ» q» "~; °µqQ °µQ' "qµ»e L"~; · "·µ/ qÅ: Q °µqQ° = q"~ / ·; . µ> q»: »"Q◊ 

Q: ◊; · °qQqÅ: "; > q»; ·: Qµø◊y : ° = ; QQ : ° Åµ: ·°; R"; _"' ·; . 6 Q"q°µQ° : ». L_q°µQ°y ~: +; > µ. ; ·: "; "µ 

= ; : ­ / ~µ°/ ~µ·' ° jq_: "qµ» Å: / : Åq"◊e 

, µ· "~; / ' ·/ µ°; µj Åµ> / : ·q»ø "~; °": ». : ·. E ·; <' q·; > ; »" µj °µqQ uE °µ·k; . : " gaa µ ø Esh 
°µQ' "qµ»c I' µ : ». , µ_y u hwCCc ÅQ: °°qjq; . "~; °µqQ : ÅÅµ·. q»ø "µ E °µ·/ "qµ» : ° jµQQµ= °p 

5": ». : ·. E ·; <' q·; > ; »" 
uµ ø Esø 5µqQc 

Z ha 
haRhaa 

haaRf aa 
f aaRhaaa 

1haaa 

5Å: Q; 6 °' : Q > q»; ·: Qµø◊ ; »Åµ' »"; ·; . 

7 ; ·◊ Qµ= 
Qµ= 
T ; . q' > 
~qø~ 
+; ·◊ ~qø~ 

V' : ·"§y µ·ø: »qÅ > : "; ·q: Q° 
gph ÅQ: ◊y <' : ·"§y hph ÅQ: ◊° 
hp h ÅQ: ◊° = q"~ µ_q. ; ° 
µ_q. ; °y ·»µ. ; ·: "; Q◊ = ; : "~; ·; . : °~ 
. ; °qQqÅ: "; . : > µ·/ ~µ' ° > : "; ·q: Q 



+ 

SOIL FACTORS AFFECTING PHOSPHORUS A VAILABILITY 

x~; / ~◊°qÅ: Q : ». Å~; > qÅ: Q Å~: ·: Å"; ·q°"qÅ° µj "~; °µqQ Q: ·ø; Q◊ Åµ»"·µQ "~; : +: qQ: kqQq"◊ µj E "µ / Q: »"° 
: ». q»jQ' ; »Å; "~; Å~; > qÅ: Q »: "' ·; µj "~; ; ». / ·µ. ' Å"° jµ·> ; . = ~; » E j; ·"qQq§; ·° : ·; : / / Qq; . "µ 

°µqQe x~; °; Å~: ·: Å"; ·q°"qÅ° ø; »; ·: QQ◊ Å: »»µ" k; : Q"; ·; . y k' " : » ' ». ; ·°": ». q»ø µj "~; q· q»jQ' ; »Å; 
µ» E : +: qQ: kqQq"◊ q° ~; Q/ j' Q q» ' °q»ø E j; ·"qQq• · ; jjqÅq; »"Q◊e 

Mineralogy 

x~; "◊/ ; µj > q»; ·: Q° q» °µqQ° : ·; µj / : ·: > µ' »" q·»/ µ·": »Å; "µ "~; / ~µ°/ ~µ·' ° °µ·/ "qµ»e , µ_ ; " 
: Qey u hwnOc ·: »­ ; . "~; jq_: "qµ» Å: / : Åq"◊ µj > µ°" Åµ> > µ» "◊/ ; ° µj ÅQ: ◊ : ° jµQQµ= °p : > µ·/ ~µ' ° 
µ_q. ; ° , Å·◊°": Qq»; µ_q. ; ° uøµ; "~q"; y øqkk°q"; c , hp h ÅQ: ◊° , hpg ÅQ: ◊°e 

G» : Åq. µ_q. ; R·qÅ~ °µqQ° q·µ» : ». : Q' > q»q' > Rµ_q. ; ° : ·; Åµ»°q. ; ·; . "µ k; "~; > µ°" q> / µ·": »" 

: . °µ·k: »"° µj / ~µ°/ ~µ·' ° u6 ; ~: ·: : ». KqQQ> : »»y hwOhc jµ' ». "~: " q» °µ> ; : Åq. °µqQ° µj 

E' »%: ky > µ·; "~: » waP µj "~; : . °µ·k; . / ~µ°/ ~µ·' ° = : ° °µ·. ; . "µ q·µ» µ· : Q' > q»q' > e 

Soil organic matter 

x~; °µqQ µ·ø: »qÅ > : ""; · ~: ° °; +; ·: Q . qjj; ·; »" ; jj ; Å"° µ» "~; °µQ' kqQq"◊ µj "~; °µqQ / ~µ°/ ~µ·' °e 

5Å~; jj; · ; " : Qey uhwCwc Qq°"; . ' / "~; °; "~·; ; ; jj; Å"°p 

4 ' > qÅ : Åq. ° : ». j' Q+qÅ : Åq. ° = qQQy . ' ; "µ "~; q· ~qø~ Å: QÅq' > °; Q; Å"q+q"◊ kq». "~; Å: QÅq' > q» 

"~; Å: QÅq' > / ~µ°/ ~: "; : ». "~' ° > : ­ ; "~; Å: QÅq' > / ~µ°/ ~: "; > µ·; °µQ' kQ; e 

L ·ø: »qÅ : »qµ»° > : ◊ k; Åµ> / ; "q»ø qµ»° : ». > : ­ ; "~; / ~µ°/ ~: "; qµ»° . ; °µ·. y µ· "~; ◊ 
: . °µ·k "µ "~; > q»; ·: Q / : ·"qÅQ; ° : ». "~' ° kQµÅ­ "~; : . °µ·kq»ø °q·; ° jµ· "~; / ~µ°/ ~µ·' ° qµ»°e 

T : »◊ µ·ø: »qÅ : Åq. ° > : ◊ jµ·> = : "; · °µQ' kQ; Åµ> / Q; _; ° = q"~ : Q' > q»q' > y q·µ» µ· Å: QÅq' > 

: ». k◊ "~: " q»Å·; : °; "~; °µQ' kqQq"◊ µj / ~µ°/ ~: "; ° "~: " µ"~; ·= q°; = µ' Q. ~: +; ~: . Qµ= 
°µQ' kqQq"◊e 

- QQ "~; °; / ·µ/ ; ·"q; ° µj µ·ø: »qÅ > : ""; · = qQQ q»Å·; : °; "~; °µQ' kqQq"◊ µj °µqQ / ~µ°/ ~: "; : ». Qµ= ; · 

: . °µ·/ "qµ» °~µ' Q. k; ; _/ ; Å"; . q» : °µqQ Åµ»": q»q»ø µ·ø: »qÅ > : ""; · "~: » µ»; = q"~µ' "e 



C 

5µqQ pH 

5µqQ / 4 q»jQ' ; »Å; ° "~; : +: qQ: kqQq"◊ µj E "µ / Q: »"° q» "= µ = : ◊°e , q·°"y "~; / 4 µj "~; °µqQ °µQ' "qµ» 

Q: ·ø; Q◊ . ; "; ·> q»; ° "~; qµ» jµ·> "~: " q° / ·; °; »"e H q"~q» "~; / 4 ·: »ø; f "µ C egy 4 gEL M· q° "~; 

. µ> q»: »" qµ»qÅ jµ·> y = ~; ·; : ° k; "= ; ; » / 4 Ceg : ». wy 4 gEL M· qµ» . µ> q»: »"°e 5; Åµ». y "~; / 4 
µj "~; °µqQ : Q°µ Åµ»"·µQ° "~; "◊/ ; : ». °µQ' kqQq"◊ µj "~; °µqQ > q»; ·: Q°e H ~; » : E j; ·"qQq°; · q° : . . ; . 

"µ : » : Åq. °µqQy q" ·; : Å"° = q"~ , ; : ». Al Åµ> / µ' ». ° "µ jµ·> Åµ> / Q; _ / ·µ. ' Å"° "~: " Å: » k; <' q"; 

q»°µQ' kQ; : ». Q; °° : +: qQ: kQ; "µ "~; / Q: »"e 

G» : Q­ : Qq»; µ· Å: QÅ: ·; µ' ° °µqQ°y °µQ' kQ; / ~µ°/ ~: "; = qQQ : Q°µ ·; +; ·" "µ ·; Q: "q+; Q◊ q»°µQ' kQ; 

. qÅ: QÅq' > : ». "·qÅ: QÅq' > / ~µ°/ ~: "; ° µ· ; +; » : / : "q"; Qq­ ; Åµ> / µ' ». °e E~µ°/ ~µ·' ° qµ»° > : ◊ 

: Q°µ k; "q; . ' / q» ' »: +: qQ: kQ; jµ·> ° µ» "~; °' ·j: Å; µj B: BL m / : ·"qÅQ; ° : ». µ» B: R°: "' ·: "; . 

ÅQ: ◊°e 4 µ= ; +; ·y "~; °; / ·; Åq/ q": "qµ» Åµ> / µ' ». ° ~: +; Q: ·ø; °' ·j: Å; : ·; : ° q» Åµ»": Å" = q"~ "~; °µqQ 

°µQ' "qµ»y : ». > ' Å~ µj "~; E > : ◊ k; °Qµ= Q◊ ·; Q; : °; . jµ· / Q: »" ' °; e 

Aeration and compaction 

5µqQ : ; ·: "qµ» q»jQ' ; »Å; ° "~; µ_q. : "q+; °": "; µj q»µ·ø: »qÅ Åµ> / µ' ». °y "~; . ; Åµ> / µ°q"qµ» µj 

µ·ø: »qÅ > : ""; · : ». ·; Q; : °; µj Ey : ° = ; QQ : ° "~; Åµ> / Q; _ > ; ": kµQqÅ / ·µÅ; °°; ° : °°µÅq: "; . = q"~ 
/ Q: »" ø·µ= "~e - ° : ·; °' Q"y : ; ·: "qµ» : ° : . ; jq»q"; q»jQ' ; »Å; µ» "~; : +: qQ: kqQq"◊ : ». : . °µ·/ "qµ» µj 

Ee - » ; _: > / Q; q° ; »Åµ' »"; ·; . q» "~; / ·µ. ' Å"qµ» µj / : . . ◊ ·qÅ; e 6 ». ; · : »: ; ·µkqÅ Åµ». q"qµ» 
·; °' Q"q»ø j·µ> jQµµ. q»øy "~; j; ··qÅ qµ» q° ·; . ' Å; . "µ "~; j; ··µ' ° jµ·> e , ; ··µ' ° / ~µ°/ ~: "; ° : ·; 

·»Åe; °µQ' kQ; "~: » "~; j; ··qÅ / ~µ°/ ~: "; °N Åµ»°; <' ; »"Q◊y E : +: qQ: kqQq"◊ q° q»Å·; : °; . e 5µqQ 

Åµ> / : Å"qµ» : ». °"·' Å"' ·; q»jQ' ; »Å; E ·; Q: "qµ»°~q/ ° q». q·; Å"Q◊ "~·µ' ø~ ; jj; Å"° µ» : ; ·: "qµ»e 

G»Å·; : °; . Åµ> / : Å"qµ» > : ◊ q> / ; . ; ·µµ" / ; »; "·: "qµ» ·; °' Q"q»ø q» E k; q»ø / µ°q"qµ»: QQ◊ ' »: +: qQ: kQ; e 

Moisture content 

T µq°"' ·; ·; øq> ; ° : Q°µ / Q: ◊ : °qø»qjqÅ: »" / : ·" q» / ~µ°/ ~µ·' ° "·: »°jµ·> : "qµ»°e - Q' > q»q' > 
/ ~µ°/ ~: "; ° "; ». "µ : ÅÅ' > ' Q: "; q» : <' qÅ °µqQ > µq°"' ·; ·; øq> ; °y = ~; ·; : ° q·µ» / ~µ°/ ~µ·' ° 

: ÅÅ' > ' Q: "; q» ' °"qÅ °µqQ > µq°"' ·; ·; øq> ; °e 

x~; > : %µ· / µ·"qµ» µj "~; E ·»µ+; ° "µ "~; ·µµ" k◊ . qjj' °qµ» "~·µ' ø~ "~; = : "; · jqQ> ° : ·µ' ». "~; 

°µqQ / : ·"qÅQ; °e - ° °µqQ > µq°"' ·; . ; Å·; : °; °y "~q° . qjj' °qµ» / : "~ k; Åµ> ; ° > µ·; "µ·"' µ' °y : ». 
> µ+; > ; »" / ·µÅ; ; . ° : " : °Qµ= ; · ·: "; e E~µ°/ ~µ·' ° ' / ": e­ ; k◊ / Q: »"° ~: ° k; °~µ= » "µ . ; Å·; : °; : ° 

> µq°"' ·; "; »°qµ» q»Å·; : °; °e x~; ·; Q: "q+; ' / ": e­ ; µj E k◊ > : q§; °; ; . Qq»ø = : ° haay wMy Oayf a : ». 
mf : " hsmy hsgy hy m : ». f k: · µj °µqQ > µq°"' ·; y ·; °/ ; Å"q+; Q◊ uL Q°; » ; " : Qey hwnh ce 



O 

Movement and losses 

E~µ°/ ~µ·' ° q° ·; Q: "q+; Q◊ q> > µkqQ; q» > µ°" °µqQ° : ». . µ; ° »µ" > µ+; : / / ·; Åq: kQ◊ j·µ> "~; / µq»" 

µj : / / QqÅ: "qµ»e 5µQ' kQ; E ·: ·; Q◊ > µ+; ° > µ·; "~: » g "µ m Å> j·µ> : j; ·"qQq§; · ø·: »' Q; k; jµ·; 
·; : Å"qµ» = q"~ °µqQ Åµ> / µ»; »"° ; °°; »"q: QQ◊ °"µ/ ° j' ·"~; · > µ+; > ; »"e T ; Å~: »qÅ: QQ◊ q»Åµ·/ µ·: "qµ» 

q» "~; °' ·j: Å; »µ»»: QQ◊ ~: +; Qq""Q; ; jj; Å" µ» "~; : +: qQ: kQ; E Q; +; Q µj "~; ' ». ; ·Q◊q»ø °µqQe x~q° 

Qq> q"; . > µ+; > ; »" µj E q». qÅ: "; ° "~; »; ; . jµ· q»q"q: QQ◊ / Q: Åq»ø j; ·"qQq§; · E q» "~; / ·µ/ ; · / µ°q"qµ» 
jµ· > : _q> ' > ; jj; Å"q+; »; °°e 

3 ; Å: ' °; µj q"° q·»> µkqQq"◊ q» "~; °µqQy Qµ°° µj E j·µ> "~; / ·µjqQ; q° °> : QQ ; _Å; / " jµ· Å·µ/ ·; > µ+: Q 
: ». °µqQ ; ·µ°qµ»e x ~; Qµ= Åµ»Å; »"·: "qµ» q» "~; °µQ' "qµ» > ; : »° "~: " Qµ°° k◊ Q; : Å~q»ø : ·; °> : QQ 

; +; » qj Åµ»°q. ; ·: kQ; . ·: q»: ø; µÅÅ' ·°e x~; µ»Q◊ °µqQ° j·µ> = ~qÅ~ "~; Qµ°°; ° µj E k◊ Q; : Å~q»ø q° 
/ µ"; »"q: QQ◊ °qø»qjqÅ: »" µ» : °~µ·" "; »» k: °q° : ·; °: ». ° : ». °µ> ; µ·ø: »qÅ °µqQ° "~: " ~: +; Qq""Q; 

"; ». ; »Å◊ "µ ·; : Å" = q"~ Ee 4 µ= ; +; ·y °q»Å; E "; ». ° "µ k; Åµ»Å; »"·: "; . q» "~; °' ·j: Å; °µqQy q" q° 

°' °Å; / "qkQ; "µ Qµ°° k◊ ; ·µ°qµ»e E~µ°/ ~µ·' ° Qµ°" k◊ "~q° > ; : »° q° / ·; °; »"Q◊ ·; Å; q+q»ø 

Åµ»°q. ; ·: kQ; : ""; »"qµ» k; Å: ' °; µj q"° q»jQ' ; »Å; µ» °' ·j: Å; = : "; · <' : Qq"◊e 

Clay content 

5µqQ Åµ»°"q"' ; »"° = ~qÅ~ . ; "; »»q»; E : . °µ·/ "qµ» : ·; : j"; » : °°µÅq: "; . = q"~ "~; ÅQ: ◊ j·: Å"qµ»e 5µqQ 
"; _"' ·; "~; ·; jµ·; µj"; » q»jQ' ; »Å; ° "~; E °µ·/ "qµ» Å: / : Åq"◊ µj °µqQ°e G» °µqQ° Åµ»": q»q»ø µ_q. ; ° µ· 
µ_q. ; Åµ: "; . Q: ◊; · °qQqÅ: "; °y E jq_: "qµ» q° ­ »µ= » "µ q»Å·; : °; = q"~ ÅQ: ◊ Åµ»"; »"e x~q° q° µj"; » : » 

q». q·; Å" ; jj; Å" µj q·µ» : » : Q' > q»q' > µ_q. ; ° jµ' ». q» "~; ÅQ: ◊ j·: Å"qµ»e 5: »Å~; § uhwCncN j: _ : ». 

5; : ·Q; uhwCOc ·; / µ·" °qø»qjqÅ: »" Åµ··; Q: "qµ»° µj E : . °µ·/ "qµ» = q"~ P ÅQ: ◊ : ». °qQ"e 5µqQ "; _"' ·; 

Å: » µj "; » k; ' °; . : ° : ·; Q: "q+; q». ; _ µj E : . °µ·/ "qµ» Å: / : Åq"◊y / : ·"qÅ' Q: ·Q◊ = q"~ °µqQ° "~: " ~: +; 
°q·»qQ: · > q»; ·: Qµø◊ : ». Å~; > qÅ: Q / ·µ/ ; ·"q; ° uW: > / ·: "~ : ». H : "°µ»y hwOace 

Time 

x ~; ­ q»; "qÅ° µj / ~µ°/ ~µ·' ° °µ·/ "qµ» Å~: »ø; ° = q"~ "q> ; e 5µQ' kQ; E : . . ; . "µ °µqQ q° ' °' : QQ◊ 

·: / q. Q◊ : . °µ·k; . : " jq·°"y k' " "~; Åµ»Å; »"·: "qµ» µj E q» °µQ' "qµ» Åµ»"q»' ; ° "µ . ; ÅQq»; °Qµ= Q◊ µ+; · 

: Q: »ø "q> ; e x ~; "; »» : . °µ·/ "qµ» Å: » k; ·; °"·qÅ"; . "µ "~; / ·µÅ; °° "~: " : / / ·µ: Å~ °"; : . ◊ °": "; 
= q"~q» hRC . : ◊° u, µ_ : ». 5; : ·Q; y hwCOce 

Tempera ture 
E~µ°/ ~: "; : . °µ·/ "qµ» q° q»jQ' ; »Å; . k◊ "; > / ; ·: "' ·; "µ : » ' »; _/ ; Å"; . . ; ø·; ; e - » q»Å·; : °; q» 
"; > / ; ·: "' ·; . ; Å·; : °; ° "~; : > µ' »" µj E Q; j" q» °µQ' "qµ» = ~; » "~; °µ·/ "qµ» / ·µÅ; °° : / / ; : ·° "µ k; 
: " ; <' qQqk·q' > e D; °µ·/ "qµ» q° : Q°µ q»Å·; : °; . k◊ : ~qø~; · "; > / ; ·: "' ·; u, µ_ : ». 5; : ·Q; y hwCOce 
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PHOSPHORUS MANAGEMENT IN NORTHERN ZAMBIA. 

ECOSYSTEM DESCRIPTION 

Location: 

x~; E~µ°/ ~µ·' ° ·; °; : ·Å~ ·; / µ·"; . ~; ·; ~: +; k; ; » Å: ··q; . µ' " q» »µ·"~; ·» X: > kq: y : ·; øqµ» 
Åµ+; ·q»ø Uµ·"~R= ; °"; ·»y Bµ/ / ; ·k; Q"y Y' : / ' Q: : ». Uµ·"~; ·» / ·µ+q»Å; °e x~q° ·; øqµ» q° jµ' ». 
k; "= ; ; » Q: "q"' . ; O° : ». hM° °µ' "~ µj "~; ; <' : "µ·e G" Åµ+; ·°: "µ": Q : ·; : µj mf f yf Mf ­ ·»gy =~qÅ~ 
·; / ·; °; »"° : Q> µ°" faP µj "~; "µ": Q Q: ». : ·; : µj X: > kq: u, qø hce x~q° ·; øqµ» q° / : ·" µj "~; Å; »"·: Q 
- j·qÅ: » / Q: "; : ' =q"~ ; Q; +: "qµ»° ·: »øq»ø j·µ> waa > q» "~; +: QQ; ◊° "µ : kµ+; hOaa > q» "~; 
~qø~; °" / : ·"°e 

x~q° ·; øqµ» ~: ° : ~qø~ : »»' : S ·: q»j: QQ µj > µ·; "~: » hgaa > > e U; : ·Q◊ : QQ "~; ·: q» j: QQ° q» "~; 
·: q»◊ °; : °µ» j·µ> Uµ+; > k; · "µ - / ·qQe D' ; "µ ~qø~ °; : °µ»: Q ; _Å; °° µj / ·; Åq/ q": "qµ» µ+; · 
; +: / µ"·: »°/ q·: "qµ» "~; ·; øqµ» q° ·; ø: ·. ; . : ° "~; ~qø~ ·: q»j: QQ : ·; : µj X: > kq: e x~q° ·; øqµ» q° 
Å: QQ; . ·; øqµ» GGG q» "~; : ø·qÅ' Q"' ·; ·; °; : ·Å~ k·: »Å~ °; ""q»øe x~; ·; °; : ·Å~ : Å"q+q"q; ° ~: +; k; ; » 
Å: ··q; . µ' " µ» ·; °; : ·Å~ °": "qµ»° q» "~; ~qø~ ·: q»j: QQ : ·; : y +q§e T q°: > j' y ·; øqµ»: Q ·; °; : ·Å~ Å; »"·; 
q» W: °: > : y Y' Å~; Å~; F; °; : ·Å~ °' kR°": "qµ» : ». W: "q"µ uX: > RB: »c j: »» q» T k: Q: y T : Q: °~q 
·; °; : ·Å~ 5' kR°": "qµ» q» T / q­ : y Y' : / ' Q: F; °; : ·Å~ 5": "qµ» q» T : »°: y : ». T ' ": ». : ·; °; : ·Å~ 
5": "qµ» q» 5µQ= ; §qe x~; =µ·­ ~: ° k; ; » Åµ». ' Å"; . µ» = ; QQ ; °": kQq°~; . ·; / ·; °; »": "q+; 
k; »Å~> : ·­ °µqQ° °µ : ° "µ ; _"·: / µQ: "; µ· "·: »°j; · ·; °' Q"° µk": q»; . "µ °q> qQ: · °µqQ° q» µ"~; · / : ·"° µj 
"~; ~qø~ ·: q»j: QQ : ·; : °e 



ha 

Approx. % 
G 

+ hna 
i 

High Rainfall 
Area of 
Zambia 

fl l 
Rainfall 1 haaa > ·· 

, qøe he - ø·µRAÅµQµøqÅ: Q Xµ»; ° µj X: > kq: 

Climate 

Uµ·"~; > X: > kq: ~: ° : °' kR"·µ/ qÅ: Q ÅQq> : "; . ' ; "µ q"° ; Q; +: "qµ» : Q"~µ' ø~ q" Qq; ° µ» "·µ/ qÅ: Q 
Q: "q"' . ; °e x ~; ·; øqµ» ~: ° : ~qø~ ·; Qq: kQ; : »»' : S ·: q»j: QQ µj k; "= ; ; » hgaa "µ hMaa > > y x ~; 

+: ·q: kqQq"◊ µj ·: q»j: QQ j·µ> ◊; : · "µ ◊; : · q° Qµ= ux : kQ; hce G" ~: ° : ·; Q: "q+; Q◊ Qµ»ø ø·µ= q»ø / ; ·qµ. 

µj hMaRgaa . : ◊° k; "= ; ; » Uµ+; > k; · : ». - / ·qQe x ~; . ·◊ °; : °µ» ~: ° : Qµ»ø; · . ' ·: "qµ» j·µ> 
T : ◊ "µ LÅ"µk; ·y : ». Åµ»°q°"° µj : ÅµµQ : ». ~µ" °; : °µ»e x~; ÅµµQ °; : °µ» q° j·µ> T : ◊ "µ > q. 
- ' ø' °" : ». "~; ~µ" °; : °µ» j·µ> > q. - ' ø' °" "µ LÅ"µk; ·e E: » ; +: / µ·: "qµ» q° : ·µ' ». f > > . Rh q» 

"~; ·: q»◊ : ». ÅµµQ . ·◊ °; : °µ»°y ·q°q»ø "µ O > > . R5 q» "~; ~µ" . ·◊ °; : °µ»e x~; : ·; : ~: ° : +; ·◊ 
øµµ. ·: q»j : QQ . q°"·qk' "qµ» q» "~; Å·µ/ / q»ø °; : °µ»e , µ· : " Q; : °" q» "~·; ; > µ»"~°y "~; "µ": Q ·: q»j: QQ 

; _Å; ; . ° ; +: / µ"·: »°/ q·: "qµ» : ». "~q° Åµq»Åq. q»ø = q"~ : Å"q+; / Q: »" ø·µ= "~e D' ·q»ø "~; ·: q»◊ 

°; : °µ» "~; > ; : » > µ»"~Q◊ > : _q·»' > "; > / ; ·: "' ·; q° : kµ' " hn° B: ». "~; ·; Q: "q+; ~' > q. q"◊ ·: »ø; ° 
k; "= ; ; » nm : ». Og / ; ·Å; »"e 
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x: kQ; Qe T µ»"keQ◊ ·:q»j: QQ . q°"·qk' "qµ» jµ· »q»; °; Q; Å"; . °": "qµ»° q» »µ·"~; ·» X: > kq: uT : »jq; Q. ; " :Qey hwCnc 

5": "qµ» I' Qe - ' øe 5; / "e LÅ"y Uµ+e D;Åe I: »e , ; ke T : ·e - / ·e T : ◊ I' »; xµ": Q 

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee F: q»j:QQ u> > c e 

RRRRRRRRR F: q»◊ °; : °µ» RRRRRRRRRR 
T k: Q: a Q f ga hha gga gha gha gma hha ga Q hhgf T / µ·µ­ µ°µ a h 8 f f hna gma gga gf a gaa hga ga Q hgCf W: j' Q= ; a m C ma hga gf a gga gha gf a hma hg a hgf a G°µ­ : a a Q hh Oa gha gma gma gma nf hg a haCf W:°: e·»: a a Q hn hMa gf a gCa gf a gna nf w a hgCf 
Kawambwa a G hh nf hCa gf a gha hwa gMa hMa hn G hmaa T / q­ : a G a C Q ha gma maa gMa hwa gf m a G haa x= q»ø' Q' a a Q hg hf a gCa mga maa gwa fa M a hMaa T : »°: a a Q gf hMa gMa gMa gga gga na n a hhf a 

Vegetation 

x~; > : q» +; ø; ": "qµ» "◊/ ; ° jµ' ». q» "~; : ·; : : ·; QµÅ: QQ◊ Å: QQ; . Miombo, Chipya : ». Mateshi. 
x~; T qµ> kµ q° "~; > µ°" ; _"; »°q+; =µµ. Q: ». : ». ; _"; ». ° µ+; · "~; ø·; : "; · / : ·" µj "~; : ·; : e G" q° 
µj "; » »: ·»; . Brachystegia-Julbernardia-woodland : j"; · "~; "=µ . µ> q»: "q»ø "·; ; ø; »; ·: y =~qÅ~ 
: ·; kµ"~ Q; ø' > q»µ' ° : ». jq·; R·; °q°": »"e x~; T qµ> kµ =µµ. Q: ». jµ·> ° : °q»øQ; R°"µ·; ◊y 
. ; Åq. ' µ' ° =µµ. Q: ». =q"~ : Qqø~" Å: »µ/ ◊ Åµ+; · : " : kµ' " hf Rga> e x~; jQµµ· µj "~; =µµ. Q: ». q° 
. ; »°; Q◊ Åµ+; ·; . =q"~ ~qø~ °~·' k° : ». ø·: °°; ° uhf Rma V ø·µ' ». Åµ+; ·ce 3 ·: Å~◊°"; øq: °/ / e : ·; 
' °' : QQ◊ jµ' ». µ» . ; ; / y = ; QQR. ·: q»; . °µqQ° "~: " ·; ": q» > µq°"' ·; . ' ·q»ø "~; Q: ""; · ~: Qj µj "~; . ·◊ 
°; : °µ»e x~; ø·: °°Q: ». µj "~; T qµ> kµ :·; : ° : ·; . µ> q»: "; . k◊ 4 ◊/ : ··~; »q: : ». Dqøq": ·q: 
°/ ; Åq; °e 

B~q/ ◊: : ». . ·◊ ; +; ·Rø·; ; » jµ·; °" q° Åµ> > µ» q» Q: ­ ; k: °q» : ». Åµ> / ·q°; : » µ/ ; » =µµ. Q: ». 
=q"~ / ; ·; »»q: Q ø·: °°; ° °' k%; Å" q»"; »°; . ·◊R°; : °µ» jq·; °e 5/ ; Åq; ° jµ' ». ' ». ; · B~q◊: +; ø; ": "qµ» 
: ·; jq·; R~: ». ◊ : ». q»"µQ; ·: »" "µ °~: . ; e Bµ> > µ» °/ ; Åq; ° : ·; Pterocarpus angolensis, 
Erythrophleum africanum : ». Parinari Curatellifolia. 

Topography and drainage 

x~; : ·; : q° . µ> q»: »"Q◊ : ' »qjµ·> y +; ·◊ ø; »"Q◊ ' ». ' Q: "q»ø / Q: "; : ' =~qÅ~ q° k·µ­ ; » k◊ > :%µ· 
·q+; · °◊°"; > ° : ». <' : ·"§q"qÅ ~qQQ◊ ·q. ø; ° =~qÅ~ : ·; ·; °q°": »" "µ =; : "~; ·q»øe x~q° / Q: "; : ' q° / : ·" 
µj "~; B; »"·: Q - j·qÅ: » EQ: "; : ' =~qÅ~ ; _"; ». ° j·µ> °µ' "~ - j·qÅ: "µ "~; ~qø~Q: ». ° µj A"~qµ/ q: e 
x~; °Qµ/ ; ° : ·; ' °' : QQ◊ +; ·◊ ø; »"Q◊ : ». : Q: ·ø; / : ·" µj "~; : ·; : ~: +; °Qµ/ ; ° µj : kµ' " h P e x~; 
/ Q: "; : ' »: "' ·; µj "~; : ·; : q°: ·; °' Q" µj =; : "~; ·q»ø / ·µÅ; °°; ° : Å"q+; jµ· "~µ' °: ». ° µj ◊; : ·°y °q»Å; 
"~; jµ»»: "qµ» µj "~; Kµ». = : »: Q: ». R5Å: / ; °µ> ; hmf Rgaa > qQQqµ» ◊; : ·° : øµe 



hg 

x ~; : ·; : µj Uµ·"~; ·» : ». Y' : / : Q: / ·µ+q»Å; ° : ·; . ·: q»; . k◊ "~·; ; > : %µ· ·q+; °◊°"; > °p "~; 
B~: ·»k; °~qy "~; Y' : »ø= : : ». "~; Y' : / ' Q: e x~; W: j' ; y = ~qÅ~ q°: °' k . ·: q»: ø; °◊°"; > µj "~; 
X: > k; §qy q° q> / µ·": »" q» "~; Uµ·"~RH ; °"; ·» : ». "~; Bµ/ / ; ·k; Q" / ·µ+q»Å; ° uW: Qq> : y hwOmce 

SOILS AND SOIL REGIONS OF NORTHERN ZAMBIA. 

x~; > µ°" q> / µ·": »" j: Å"µ· µj °µqQ jµ·> : "qµ» q» »µ·"~; ·» X: > kq: q° "~; : ø; µj "~; Q: ». °' ·j: Å; e 

x~; °µqQ > : ◊ k; Åµ»°q. ; ·; . ·; QqÅ" °µqQ° q» "~: " "~; ◊ : ·; »µ" : / ·µ. ' Å" µj / ·; °; »"y k' " / ·; +qµ' ° 
; ·µ°qµ» Å◊ÅQ; °y q» = ~qÅ~ = ; ""; · : ». = : ·> ; · ÅQq> : "qÅ k·µ' ø~" : kµ' " "~; q»"; »°; = ; : "~; ·q»ø : ». 

Q; : Å~q»ø µj . q+; ·°; / : ·; »" > : "; ·q: Q° "µ / ·µ. ' Å; : ·; Q: "q+; Q◊ ' »qjµ·> °µqQ µ+; · "~; ø; »"Q◊ 
' ». ' Q: "q»ø "µ/ µø·: / ~◊ uT : »jq; Q. ; " : Qey hwCnce 

x~; W: Qq> : y uhwOmc . ; °Å·qk; . jµ' · > : %µ· °µqQ ·; øqµ»° u, qø gce x~; °µqQ ·; øqµ»° : ·; 

Å~: ·: Å"; ·q°; . k◊ ø; µQµø◊ : ». "µ/ µø·: / ~◊ °q»Å; ÅQq·»: "; : ». +; ø; ": "qµ» : ·; : Q> µ°" ' »qjµ·> 
"~·µ' ø~µ' " "~; : ·; : e 

Soil region 1 

Strongly leached soils over non basic parent material. x~; °"·µ»øQ◊ Q; : Å~; . °µqQ° QµÅ: "; . µ» 

' / Q: ». : ». . ; ·q+; . j·µ> »µ» k: °qÅ ·µÅ­ ° : ·; "~; > µ°" . µ> q»: »" ø·µ' / Åµ»°q°"q»ø > : q»Q◊ 
L _q°µQ° : ». 6 Q"q°µQ° e x ~; °; : ·; "~; "◊/ qÅ: Q °µqQ° µj "~; ~qø~ ·: q»j: QQ : ·; : e x ~; ·; : ·; +; ·◊ Qq""Q; 
µ· »µ ·; °; ·+; ° µj / ·q> : ·◊ > q»; ·: Q° q» "~; °µqQe x~; ÅQ: ◊Rj·: Å"qµ» q° . µ> q»: "; . k◊ W: µQq»q"; : ». 

+: ·qµ' ° : ·»µ' »"° µj q·µ» : ». : Q' > q»q' > Rµ_q. ; °e x~; °µqQ° : ·; ø; »; ·: QQ◊ Å~: ·: Å"; ·q°; . k◊ Qµ= 

µ·ø: »qÅ > : ""; · Åµ»"; »"y Qµ= BABy Qµ= / 4 : ». Qµ= »' "·q; »" ·; °; ·+; °y ; °/ ; Åq: QQ◊ / ~µ°/ ~µ·' °e 
6 Q"q°µQ° : ·; "~; > µ°" = q. ; °/ ·; : . °µqQ° µj "~; ·; øqµ»e x ~; ◊ q»ÅQ' . ; T ' j ' Qq·: y Wµ»­ µQ: y W: "q"µ 
: ». T : ~; k: °µqQ °; ·q; ° uL _qÅy F~µ. qÅy L_qÅ : ». F~µ. qÅs- Å·qÅ E: Q; ' °"' Q" ·; °/ ; Å"q+; Q◊c u6 5D- 

5µqQ 5' ·+; ◊ 5": jjy hwCf ce x ~; ◊ : ·; ÅQ: °°qjq; . : ° , ; ··: Q°µQ° q» "~; , - L R6 UA5BL °◊°"; > 
u7 ; Q. ­ : > / y hwOmce x~; ÅQ: ◊ > q»; ·: Q° : ·; / ·; . µ> q»: "; Q◊ ­ : µQq»q"qÅ : ». : ·; Q; °° = ; : "~; ·; . "~: » 
"~µ°; jµ' ». q» L_q°µQ°e x~' °y °~·q»­ q»ø : ». °= ; QQq»ø ÅQ: ◊° > : ◊ k; / ·; °; »" "µ øq+; "~; > / µµ· 

/ ~◊°qÅ: Q / ·µ/ ; ·"q; °y q»ÅQ' . q»ø q»°": kqQq"◊ : ». °' °Å; / "qkqQq"◊ "µ ; ·µ°qµ»e x~; ◊ : ·; : Q°µ °; »°q"q+; 

"µ Åµ> / : Å"qµ» k◊ ~; : +◊ > : Å~q»; ·◊e H : "; · q»jqQ"·: "qµ» "~·µ' ø~ "~; : ·øqQQqÅ ~µ·q§µ» > : ◊ k; °Qµ= 

: ». Å: ' °; = : "; · Qµøøq»ø : ». : »: ; ·µkqÅ Åµ». q"qµ»° = q"~q» "~; / ·µjqQ; e 5q»Å; "~; °µqQ q» "~q° : ·; : 
: ·; ~qø~Q◊ = ; : "~; ·; . : ». Q; : Å~; . y > µ°" µj "~; > ~: +; ~qø~ Åµ»"; »" µj j·; ; : Q' > q»q' > : ». 

> : »ø: »; °; qµ»° "~: " Å: » Qq> q" / Q: »" ø·µ= "~ uT °' »§: ; " : Qey hwOmce 4 µ= ; +; ·y "~; > µ°" Qq> q"q»ø 

j: Å"µ· jµ· : ø·qÅ' Q"' ·; / ·µ. ' Å"qµ» q» "~; °; °µqQ° q° Å~; > qÅ: Q q»j; ·"qQq"◊ ·: "~; · "~: » / ~◊°qÅ: Q 
Åµ»°"·: q»"°e 

x~; °µqQ° µj "~q° ·; øqµ» : ·; "~; > µ°" / ·µkQ; > : "qÅ °µqQ° "µ Å' Q"q+: "; q» "~q° : ·; : y > : q»Q◊ . ' ; "µ "~; 

Qµ= / 4 = ~qÅ~ Q; : . ° "µ : Q' > q»q' > "µ_qÅq"◊y ~qø~ / ~µ°/ ~µ·' ° jq_: "qµ» : ». Qµ= j; ·"qQq"◊ q» 



hm 

ø; »; ·: Qe x ~; °µqQ° : ·; > µ°"Q◊ ÅQ: °°qjq; . : ° "◊/ qÅ 4 : / Q' °"µ_ : ». µ_qÅ / : Q; ' °"' Q" q» "~; 5µqQ 

x : _µ»µ> ◊ : ». 0 : »"qÅy L ·"~qÅ µ· F~µ. qÅ , ; ··: Q°µQ° q» "~; , - Ls6 UA5BL ÅQ: °°qjqÅ: "qµ» °◊°"; > e 

5µqQ ·; øqµ» g 

Moderate leached soils over non basic parent material. x~; °; : ·; > µ. ; ·: "; Q; : Å~; . °µqQ°e / 4 
·: »ø; ° j·µ> Mea "µ f ea : ». 35E q° > µ·; "~: » gf P : ». Å: » k; : ° ~qø~ : ° naP e BAB q° "~; °: > ; 
: ° q» °µqQ ·; øqµ» he - Q' > q»q' > °: "' ·: "qµ» +: ·q; ° :». Å: » k; : ° ~qø~ : ° naP e x~; "; _"' ·; q° 
' °' : QQ◊ Qµ: ·»◊ : ». ÅQ: ◊; ◊e x~; °"·' Å"' ·; q° = ; : ­ p "µ > µ. ; ·: "; e 

x~; > :%µ· / ·µkQ; > "µ : ø·qÅ' Q"' ·; ' "qQq§: "qµ» µj "~; °µqQ° q° / µµ· °µqQ °"·' Å"' ·; y ~qø~ °' °Å; / "qkqQq"◊ 
"µ ; ·µ°qµ» : ». : Q' > q»q' > "µ_qÅq"◊e x~; °µqQ° : ·; ÅQ: °°qjq; . : ° "◊/ qÅ 4 : / Q' °"µ_ : ». L_qÅ 
/ : Q; ' °"' Q" q» °µqQ x: _µ»µ> ◊ : ». 0 : »"qÅy L·"~qÅ µ· F~µ. qÅ , ; ··: Q°µQ°y j; ··qÅ :Å·q°µQ° q» 
, - Ls6 UA5BLe 

, qøe ge T :%µ· °µqQ ·; øqµ»° µj "~; ~qø~ ·: q»j: QQ : ·; : µj X: > kq: uW: Qq·»: y hwOmce 

= 
h 5"·µ»øQ◊ Q; : Å~; . °µqQ° 
g T µ. ; ·: "; Q◊ Q; : Å~; . °µqQ° 
m 5µqQ . ; ·q+; . j·µ> k: °qÅ > : "; ·q: Q 
M , Qµµ. / Q: q» °µqQ° 
f W: Q: ~: ·q °: ». ° 



hM 

Soil region 3 

Leached (Red) clayey soils derived from basic parene material. x~; °; °µqQ° ~: +; µj"; » k; ; » 
Å: QQ; . oF; . o °µqQ°e x~; ◊ : ·; . ; +; Qµ/ ; . µ+; · k: °qÅ / : ·; »" > : "; ·q: Q ·qÅ~ q» j; ··µ> : ø»; °q' > 
> q»; ·: Q° µ· Å: ·kµ»: "qÅ / : ·; »" > : "; ·q: Qe BAB ·: »ø; ° j·µ> hg "µ gay 35E gf "µ f a : ». "~; 
: +; ·: ø; / 4 q° f eae x~; :Q' > q»q' > °: "' ·: "qµ» q° +: ·q: kQ; y : ». Åµ»"; »" µj j·; ; q·µ» q° ~qø~e °µqQ 
"; _"' ·; q° ÅQ: ◊ "µ ÅQ: ◊; ◊ Qµ: > =~qÅ~ : ·; +; ·◊ j·q: kQ; e x~; . µ> q»: »" > q»; ·: Q q° W: µQq»q"; y 
:Q"~µ' ø~ "·: Å; ° µj gp h > q»; ·: Q° ~: +; k; ; » µk°; ·+; . e 

x~; °; °µqQ° : ·; ' °; . jµ· °> : QQ : ». Q: ·ø; °Å: Q; j : ·> q»øe x~; ◊ : ·; ~qø~Q◊ / ·; jj ; ··; . jµ· 
Å' Q"q+: "qµ» k◊ j: ·> ; ·°y . ' ; "µ "~; øµµ. °"·' Å"' ·; y : ». Å~; > qÅ: Q / ·µ/ ; ·"q; ° "~: " : ·; k; »; · "~: » "~; 
µ"~; · °µqQ° q» "~; : ·; : e x~; °; °µqQ° : ·; °Å: ""; ·; . : QQ µ+; · "~; : ·; : y k' " Qq> q"; . q» ; _"; »"y x~; ◊ : ·; 
> : q»Q◊ ÅQ: °°qjq; . : ° <' : ·"§/ °: > > ; »" q» °µqQ x: _µ»µ> ◊ : ». , ; ··: Qq"qÅ µ· Å: > kqÅ - ·; »µ°µQ°e 

Soil Region 4 

Flood plain and lake basin soils. x~; °; : ·; . ; ; / / µµ·Q◊ . ·: q»; . °µqQ° µj +: ·qµ' ° "; _"' ·; ° 
µÅÅ' ··q»ø q» ·q+; · +: QQ; ◊°y Q: ­ ; ·; øqµ»° : ». °~: QQµ= . ; / ·; °°qµ» µ» "~; ' / Q: ». u. : > kµ°ce x~; 
/ 4 µj "~; °µqQ° q° ' °' : QQ◊ Qµ= : Q"~µ' ø~ ÅQ: ◊; ◊ °µqQ° > : ◊ ~: +; : ~qø~ / µ"; »"q: Q BABe x~; ◊ : ·; 
ÅQ: °°qjq; . : ° x◊/ qÅ 4 : / Q: ' ; / "°y Qµ: > µ· ÅQ: ◊; ◊y W: µQq»q"qÅy ~◊/ ; ·"~; ·> qÅ q» 5µqQ ": _µ»µ> ◊ : ». 
Å~·µ> qÅ / ; QQqÅ +; ·"q°µQ°y u+; ·◊ ·: ·; cy D◊°"·qÅs; ' "·qÅ øQ; ◊°µQ°y A' "·qÅ øQ; ◊°µQ° µ· 4 : / QqÅ 
E~: ; µ§; > °e 
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CROP RESPONSE TO APPLIED PHOSPHORUS 

- Qµ" µj ·; °; : ·Å~ q» "~; "·µ/ qÅ° ~: ° °~µ= » Q: ·ø; q»Å·; : °; ° q» ◊q; Q. µj Å·µ/ . ' ; "µ / ~µ°/ ~: "; 
j; ·"qQq§; · : / / QqÅ: "qµ»e G» X: > kq: / µ°q"q+; ·; °/ µ»°; ° "µ j; ·"qQq§; · E ~: ° k; ; » °~µ= » = q"~ : QQ Å·µ/ ° 

"~µ' ø~ > µ°" µj "~; = µ·­ ~: ° k; ; » = q"~ > : q§; e - Q"~µ' ø~ "~; E Åµ»"; »" µj °µ> ; µj "~; °; °µqQ° 

> : ◊ k; : . ; <' : "; q»"q: QQ◊y . ; jqÅq; »Åq; ° ·: / q. Q◊ . ; +; Qµ/ = q"~ j; = ◊; : ·° µj Å' Q"q+: "qµ»e - QQ Qµ»ø­ 
"; ·> "·q: Q° = q"~ > : q§; ø: +; °qø»qjqÅ: »"Q◊ ~qø~; · ◊q; Q. = ~; » j; ·"qQq§; · E = : ° : / / Qq; . "µø; "~; · = q"~ 

µ"~; · »' "·q; »"° u- »»' : S F ; / µ·"° hwnwRCOce - " T q°: > j ' kµ"~ E : ». W k; Å: > ; Qq> q"q»ø : j"; · "~; 

"~q·. ◊; : · µj Åµ»"q»' µ' ° Å·µ/ / q»øe T : q§; ◊q; Q. . ; ÅQq»; k◊ Mf P uY' »ø' y hwOCce 

- " T ' j ' Qq·: "~; ·; °/ µ»°; µj 5µ◊: k; : » "µ +: ·◊q»ø Q; +; Q° µj U : ». E = ; ·; "; °·; . e x~; ◊q; Q. > µ·; 
"~: » . µ' kQ; ° = ~; » na Wø E ~: Rh = : ° : / / Qq; . = ~; ·; : ° "~; ·; = : ° »µ ·; °/ µ»°; "µ U q» "~; 
: k°; »Å; µj E u, qøegc u- »»' : Q F ; / µ·" hwCmsCMce 

x: kQ; ge Ajj; Å" µj U : ». E µ» "~; ◊q; Q. µj °µ◊: k; : » : " T ' j' Qq·: 

E~µ°/ ~µ·' ° 

a ma na 
Uq"·µø; » 

Wø k: Rh 

a 
na 

hga 

....... Maize ◊q; Q. ­ ø k: Rh eee 

fwn hhaM hfMm 
fmC hCf O hamf 
MMw hmaw hCf O 

H ~; : " = : ° : Q°µ °~µ= » "µ ·; °/ µ». °qø»qjqÅ: »"Q◊ "µ : / / Qq; . E : " X: > RÅ: » , : ·> q» T k: Q: e 

uX: > kq: RB: »: . : y hwOace x~; ~qø~; °" ◊q; Q. = ; ·; µk": q»; . : " na ­ ø z; >0 Eg%f = q"~ Qq> ; : " gaaa 

"µ O aaa ­ ø ~: Rde x~; ·: "; µj ma ­ ø ~: v Eg%f = : ° °qø»qjqÅ: »"Q◊ ~qø~; · "~: » = ~; ·; »µ E = : ° 

: / / Qq; . e - " : QQ Q; +; Q° µj Qq> ; "~; ·; = : ° : °qø»qjqÅ: »" q»Å·; : °; : " ma ­ ø ~: Rh Eg%f ~: Rh µ+; · »µ E 
k' " »µ j' ·"~; · q> / ·µ+; > ; »" = q"~ na ­ ø ~: v Ehaf ux : k; Q mce 
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x: kQ; me Ajj; Å" µj : / / Qq; . / ~µ°/ ~µ·' ° : ». ~> ; µ» =k; : " ◊q; Q. : " W: ' "µ X: > RB:» E·µ%; Å" j: ·> T k: Q: 

Ekµ°/ kµ·' ° . µ°; u­ ø k: · 5 Egaf c 

Yq> ; u­ ø n ; - 2 ◊ )◊ ,◊ navkµ·µ» T ; : » 

◊ Op (O, ))r --t (,- 
O◊◊◊ (r' rO) ppt ',) rO- 
O◊◊◊ v t◊◊ -,t O◊t( O◊tr OOp- p-( 
(◊◊◊ ,p◊ OO,, O)-, O)p' OOt◊ 
(◊◊◊ v t◊◊ ,,t O(p- O--- O),' OOp) 
-◊◊◊ ,-) O◊rO O))r OO'' O◊,◊ 
,◊◊◊ ')( O(-r O)), O)t( OOpO 
'◊◊◊ ,tt OO◊t O))' O)Or OO◊, 

T ;: » t)( p') OOt- OO-O pt( 

GJv u Ot9 
Ye5eD u(◊,/tt 

4 µ= ; +; ·y »µ" : QQ : Åq. °µqQ° ·; °/ µ». "~; °: > ; "µ : / / Qq; . / ~µ°/ ~µ·' °e 5; +; ·: Q "·: qQ° ~: +; °~µ= » 
"~: " : Åq. °µqQ° °' Å~ : ° "~; T q°: > j' : ». T : Q: °~q °µqQ °; ·q; ° ·; °/ µ». +; ·◊ Qq""Q; "µ : / / Qq; . E 
ux: kQ; Mce 5µqQ : »: Q◊°q° °~µ= "~: "~; °; °µqQ° ~: +; °' jqÅq; »"° : > µ' »"° µj Ee 

x: kQ; Me F; / µ»°; µj > : q§; : ». °µ◊: k; : » "µ UEW µ+; · jµ' · Å·µ/ / q»ø °; : °µ»° T q°: > j' °µqQ °; ·q; °e 

x·; : "> ; »" 
T : q§; 5µ◊: k; : » 

Op',"'r Op''"'p Op'r"'' Op'p"p◊ 

Uq"·µø; » ------------------------kg/ha------------ 
◊ p-' O)-) rOp -O( 

r◊ )O(, (t◊' r(- )pp 
O-◊ -'O' (,(, '(◊ )t◊ 

E~µ°/ ~µ·' ° 
◊ (r)- O,(◊ r◊◊ )tt 

(◊ (p,t ((t) r-◊ )'p 
-◊ )O', (,◊- '(' -O' 

Eµ": °°q' > 
◊ )◊O' Or◊)3 ,p, )tp 

-◊ )O(O (t(- rt( -(p 
'◊ (r-, ((t◊ 'O, )r- 
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PHOSPHORUS SORPTION OF SIX sou, FROM N ORTHERN PROVINCE 

G» µ·. ; · "µ ' ». ; ·°": ». = ~◊ . qjj; ·; »" °µqQ° ·; °/ µ». . qjj; ·; »"Q◊ "µ : / / Qq; . E : °"' . ◊ = : ° Å: ··q; . 

q» »µ·"~; > / ·µ+q»Å; "µ q»+; °"qø: "; "~; k; ~µ' +qµ· µj / ~µ°/ ~µ·' ° q» "~; °µqQe 

5µqQ °: > / Q; ° = ; ·; ": ­ ; » : " aRga Å> : ». gaRMa Å> °µqQ . ; / "~ j·µ> °q_ . qjj; ·; »" °µqQ° °; ·q; ° q» 
»µ·"~; > / ·µ+q»Å; e x~; °µqQ° = ; ·; N T q°: > j ' u◊; QQµ= c °: ». ◊ Qµ: > y T q°: > j ' u·; . c °: ». ◊ Qµ: > y 
T ' j' Qq·: °: ». ◊ Qµ: > y W: "; °~q °: ». ◊ ÅQ: ◊ uFµ. qÅ W: ». q' °"' Q"cy W: "q"µy : ». T k; ·; °~q °µqQ °; ·q; °e 

x~; °; °: > / Q; ° = ~; ·; : »: Q◊°; . jµ· "~; jµQQµ= q»ø / : ·: > ; "; ·°N T q»; ·: Qµø◊ uk◊ 0 R·: ◊ . qjj·: Å"qµ»cy 

x ; _"' ·; y xµ": Q Å: ·kµ»y / 4 y : +: qQ: kQ; / ~µ°/ ~µ·' ° uk◊ - Qy 3 ·: ◊ h : ». °µ. q' > kqÅ: ·kµ»: "; 

> ; "~µ. °cy - Åq. q"◊y , ·; ; - Q' > q»' > y Dq"~qµ»q"; RÅq"·: "; °µQ' kQ; - Q' > q»' > : ». G·µ»e Eµ": °°q' > y 

T : »ø; °q' > y Å: QÅq' > e 

x µ °"' . ◊ "~; ; jj; Å" µj Qq> ; µ» E °µ·/ "qµ»e A: Å~ °µqQ = : ° Qq> ; = q"~ Å: QÅq' > ~◊. ·µ_q. ; : " jµ' · 
Q; +; Q° µj ay hy gef y : ». M "q> ; "~; : > µ' »" »; ; . ; . "µ »; ' "·: Qq§; "~; : > µ' »" µj : Q' > q»q' > 

; _"·: Å"; . = q"~ / µ": °°q' > Å~Qµ·q. ; uW: > / ·: "~y hwCace 

E~µ°/ ~µ·' ° °µ·/ "qµ» = : ° . ; "; ·> q»; . k◊ : . . q»ø : °µQ' "qµ» µj : ­ »µ= » Åµ»Å; »"·: "qµ» µj 

/ ~µ°/ ~: "; "µ "~; °µqQy °~: ­ q»ø q" jµ· gM ~µ' ·°e x ~; : > µ' »" µj / ~µ°/ ~µ·' ° Q; j" q» "~; °Qµ' "qµ» 

: j"; · "~q° "·; : "> ; »" = : ° . ; "; ·> q»; . e 

E °µ·k; . b E : . . ; . R E q» ; <e °µQ' "qµ»sQLaø 
-◊◊ 

5µ·k; . E 
(µg/g °µ·Q 

)◊◊ 

(◊◊ 

O◊◊ 

T k; ·; °~q 

­ : "q"µ 

Æ We: "; °~q 

Æ T q°: > j' ◊; QQµ= 
RR T ' j' Qq·: 

oT q°: > j' u·; . c 

% O◊◊ (◊◊ )◊◊ -◊◊ 

A<' qQqk·q' > Åµ»Å; »"·: ' µ» µ øsh 

, qøe m - . °µ·/ "qµ» Å: / : Åq"q; ° µj °q_ °µqQ j·µ> »µ·"~; > X: > kq: u°µ' ·Å; y K' Q. k; ·ø T y hwOf c 
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, ·µ> "~; : . °µ·/ "qµ» q°µ"~; ·> ° u, qøe mc "~; °µqQ° : ·; jµ' ». "µ °µ·k j·µ> Oa "µ mah µ Esø °µqQ : " 
"~; °": ». : ·. ; <' qQqk·q' > Åµ»Å; »"·: "qµ»e 3 : °; . µ» "~; ÅQ: °°qjqÅ: "qµ» °◊"; > jµ· / ~µ°/ ~µ·' ° 

: . °µ·/ "qµ» uI' µ : ». , µ_y hwCCc "~; °; °µqQ° Å: » k; ÅQ: °°qjq; . : ° Qµ= "µ > ; . q' > : . °µ·kq»ø °µqQ°e 

x~; "= µ °µqQ° j·µ> T k: Q: ·; øqµ» uW: "q"µ : ». T k; ·; °~qc : ». "~; °µqQ° j·µ> W: "; °~q Åµjj; ; A°": "; 
: ·; ÅQ: °°qjq; . : ° > ; . q' > : . °µ·kq»ø °µqQ° = ~qQ; "~; "~·; ; °µqQ° j·µ> T q°: > j' uT q°: > j' ◊; QQµ= y 
T q°: > j' ·; . : ». T ' j' Qq·: c ~: +; +: Q' ; ° q» "~; ' / / ; · / : ·" µj "~; Qµ= : . °µ·kq»ø °µqQ°e x~; "~·; ; 

°µqQ° j·µ> T q°: > j ' . µ »µ" . qjj; · > ' Å~ q» "~; q· Å: / : Åq"◊ "µ °µ·k / ~µ°/ ~µ·' °y = ~qQ; "~; "~·; ; 

µ"~; · . qjj; · = q. ; Q◊ q» "~q; · Å: / : Åq"q; ° ; °/ ; Åq: QQ◊ T k; ·; °~q = ~qÅ~ = : ° "~; ~qø~; °" °µ·kq»ø °µqQe 

Effect of liming on P sorption: 

5µqQ° ·; : Å"; . . qjj; ·; »"Q◊ ' / µ» Qq> q»ø : ». ~: . . qjj; ·; »" °µ·/ "qµ» ·; °/ µ»°; e T q°: > j' ◊; QQµ= y 

T ' j' Qq·: : ». W: "q"µ °µqQ °; ·q; ° ~: . > : ·­ ; . . ; Å·; : °; ° q» / ~µ°/ ~µ·' ° °µ·/ "qµ» : " "~; "= µ Qµ= ; °" 
: > µ' »"° µj : . . ; . Qq> ; e T q°: > j ' ·; . °~µ= ° µ»Q◊ : °> : QQ . ; Å·; : °; q» / ~µ°/ ~µ·' ° °µ·/ "qµ» 

= ~; » Qq> ; = : ° : . . ; . e T k; ·; °~q °µqQ °; ·q; ° °~µ= ; . : Åµ»"q»µ' °Q◊ > : ·­ ; . ·; . ' Å"qµ» q» 
/ ~µ°/ ~µ·' ° °µ·/ "qµ» : ° Qq> ; = : ° : . . ; . q» q»Å·; : °q»ø : > µ' »"°e G» "~q° °µqQ "~; µ/ "> ' > Qq> q»øy 

Åµ»°q. ; ·q»ø / ~µ°/ ~µ·' ° °µ·/ "qµ»y q° / ·µk: kQ◊ > µ·; "~: » M "q> ; "~; : Q' > q»' > ; <' q+: Q; »"y 

W: "; °~q ·; °/ µ». ; . "µ Qq> q»ø k◊ q»Å·; : °q»ø / ~µ°/ ~µ·' ° °µ·/ "qµ» = ~; » "~; °> : QQ; ° : > µ' »" µj 

Qq> ; = : ° : . . ; . : ». . ; Å; : °; . = ~; » > µ·; Qq> ; = : ° : . . ; . e 

- ÅÅµ·. q»ø "µ "~; q»+; °"qø: "qµ» "~; °µqQ° . µ·qd" °~µ= : »◊ / : ·"qÅ' Q: · / 4 Q; +; Q : " = ~qÅ~ / ~µ°/ ~µ·' ° 
°µ·/ "qµ» = : ° : " : > q»> q' > uK' Q. k; ·øy hwOf ce 

RELATIONSHIP BETWEEN SOIL PROPERTIES AND P SORPTION. 

Mineralogy 

G» I' µ : ». , µ_° ÅQ: °°qjqÅ: "qµ» °◊°"; > jµ· / ~µ°/ ~µ·' ° °µ·/ "qµ» q» °µqQ° uhwCCcy x~; Qµ= 

: . °µ·kq»ø °µqQ° : ·; ø; »; ·: QQ◊ Åµ»°q. ; ·; . "µ ~: +; gp h ÅQ: ◊°y <' : ·"§ : ». hp h ÅQ: ◊°e x~; "~·; ; °µqQ° 
uT q°: > j' ◊; QQµ= y T q°: > j ' ·; . : ». T ' j ' Qq·: °µqQ °; ·q; °c "~: " : ·; ÅQ: °°qjq; . q» "~: " ø·µ ' / : ·; 

. µ> q»: "; . k◊ W: µqQq»q"; q» "~; ÅQ: ◊ j·: Å"qµ»y k' " "~; ◊ : Q°µ Åµ»": q» °µ> ; øµ; "~q"; : ». qQQq"; e x~; 
°qQ" j·: Å"qµ» q° . µ> q»: "; . k◊ <' : ·"§y k' " : Q°µ Åµ»": q»° °µ> ; qQQq"; e 

x~; T ; . q' > : . °µ·kq»ø °µqQ° : ÅÅµ·. q»ø "µ "~q° °◊°"; > : ·; Qq­ ; Q◊ "µ ~: +; hp h ÅQ: ◊° = q"~ µ_q. ; °e 

x~; "~·; ; °µqQ° uW: "; °~qy ­ : "q"µ : ». T k; ·; °~q °µqQ °; ·q; °c = ~qÅ~ k; Qµ»ø q» "~q° ø·µ' / ~: +; 

µ_q. ; ° : ». : ·; . µ> q»: "; . k◊ W: µQq»q"; = q"~ µ»Q◊ "·: Å; ° µj qQQq"; q» "~; ÅQ: ◊ j·: Å"qµ»e x~; ·; Q: "q+; 

~qø~; · Åµ»"; »" µj W: µQq»q"; Åµ> / : ·; . "µ <' : ·"§ : ». qQQq"; y . ' ; "µ "~; "; _"' ·; y q» "~; °; °µqQ° Å: » 
; _/ Q: q» °µ> ; µj "~; °µ·kq»ø / ·µ/ ; ·"q; ° uK' Q. k; ·øy hwOf ce 



hw 

Aluminium and Iron oxides. 

E~µ°/ ~µ·' ° °µ·/ "qµ» °~µ=° : ÅQ; : · "; ». ; Å◊ "µ q»Å·; : °; : ° "~; : > µ' »" µj : ·»µ·/ ~µ' ° : ». 
Å·°": QQq»; : Q' > q»' q> Rµ_q. ; ° ; _"·: Å"; . =q"~ . q"~qµ»q"; Åq"·: "; q° q»Å·; : °; . u, qøeM ce x~; Åµ·; Q: "qµ» 
q° aewOe Yq­ ; =q°; "~; ·; q° : Åµ··; Q: "qµ» k; "= ; ; » °µ·. ; . / ~µ°/ ~µ·' ° : ». . q"~qµ»q"; Åq"·: "; ­ 
°µQ' kQ; q·µ»Rµ_q. ; °e x~; Åµ··; Q: "qµ» µj "~; ·; ø·; °°qµ» Qq»; q° aewme G»Å·; : °; . . q"~qµ»q"; RÅ·q"·: "; ­ 
°µQ' kQ; q·µ» : ». : Q' > q»q' > . µ; ° »µ" °; ; > "µ ~: +; : ÅQ; : · Å' " "; ». ; »Å◊ jµ· q»Å·; : °; . E °µ·/ "qµ»e 

/ °µ·k; . at m aa 
gaa µ ø m 5>h 
uµ ø øRh °ahhc 

gaa 

haa ·gbaewO 

% >- >>>>>JJJJ>>>>> 

E 5µ·k; . : " 
gaa µ ø 5>5 maa 
uµ ø øRh °; qQc 

gaa 

haa 
·gb aewm 

% >>>J>>>6J>>>J>>>>J>>>>>J>>JJ>>6 
% aeg aeM aen aeO 

Dq"~q»µ»q"; R°µQ' kQ; - Q' > qµ' q> 

ahgmMf nC 
Dq"kqµµq"; Åq"·: "; , ; =V 2 

, qø' ·; Me x~; ·; Q: "qµ»°~q/ k; "= ; ; » E °µ·. ; . : " gaa µ ø E · h : ». Dq"~qµ»q"; Åq"·: "; °µQ' kQ; - Q' > q»' q> : ». q·µ»e 

Soil Texture 

G» "~q° °"' . ◊ "~; ·; = : ° : øµµ. Åµ··; Q: "qµ» k; "= ; ; » ÅQ: ◊ Åµ»"; »" : ». / ~µ°/ ~µ·' ° : . °µ·/ "qµ»e 
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Tab. 5. Mineral content in the clay fraction of 17 soils from lhe HRZ

Soils Sile location Kaolimte

Kawambwa Mambwa ◊◊◊
Mufulira Mambwa ◊◊◊
KatilO Nell ◊◊◊
KaLeshl Kateshi 000
Misamfu red Mrrs 000
Misamfu yellow Mrrs ◊◊◊
Mufulira Mrrs ◊O◊
Konkoia Lucheche 000
Konkoia. KatilO 000
Malashi Malashi 000
Meheba Mutanda 000
Misamfu yellow Lubu ◊◊
Mufulira Lubu 00◊
Konkoia Lubu 00◊
Mebeba Kananshi 000
Kasempa Kananshi 000
Cbafukuma Cbafukuma 000
--

00◊ = Dominated by
◊◊ = Contains appreciable amounts

0 = contents Iittle amouts
(◊) = Contents traces

Mica Grbsite Goethite Hemaute

(◊)
(0)
(0)

(0)

◊◊
(0)

(◊)
0
0

0

◊

(◊)

(◊)
◊

(0)
0

O◊

00
(◊)

0
0

00

0
◊
◊

00
00

0
0
◊

(0)

(◊)
(◊)
(◊)
◊
◊

(◊)
0
0

(0)
◊
◊
0

(0)
0

The minerals were determined from lhe X-ray diffractograms by the peak corresponding Lo:

KAOLINITE:
MICA:
QUARTZ:
FELTSPAR:
GOElliITE:
HEMATIIE:

d= 7.13, 3.58 and 2.00
d= 10.28, 5.07 and 3.35
d= 4.32, 3.38 and 1.82

d= 4.13, 2.67 and 2.39 GIBBSITE: d= 4.85, 3.33, 2.39 and 1.79
d= 2. 70, 2.52

Ref. U.Schwertmann and r.M.Taylor (1977), PA HO HSU (1977), j.D.Di.xon (1977), D.S.Fanning and V.Z.

Keramidas (1977).

Total P 

Content of total P varies from 60 to 1750 ppm, although 80% of soils had values below 200
ppm. This picture fits well with Dabin (1980), who states that total Pin tropical soils varies
from 50 to 2000 ppm, with common values below 200 ppm. Sanchez (1976) notices that

besides the commonly low content of total Pin most tropical soils one often finds Oxisols with
a very high content.

Available P 

The content of extactable Phosphorus is also very low. Using Bray 1 80 % of the soil have a
content lover than 15 ppm and are than considered to be low in available P (Thomas and
Peaslee, 1973). Two of my soils has a medium and two a high content of Bray P.
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Both total P and Bray 1 is high for the soils that does not require P and low for all the soils that
respond to phosphorus fertilizer. The different soils vary more in level of P at the different

levels of fertilizer than they vary in response to the fertilizer.

Table 6. Selected soil properties of of 17 soils from the HRZ

Soil series Site location pH tO.M. §Org C Clay Bray l Olsen Organic P Total P
··············<%) ................ ·····················Pmm ....................

Kawambwa Mambwa 4.1 5.9 1.6 21 7.2 1.3 62 123
Mufulira Mambwa 3.8 5.0 1.2 15 9.1 1.8 65 135
Katiti Nell farm 4.4 8.4 2.4 18 8.5 2.3 125 240
Kateshi Kasama 4.1 5.8 1.7 16 14.4 2.4 69 155
Misamfu red Kasama 4.1 4.4 1.2 10 26.7 8.3 65 233
Misamfu yellow Kasama 3.9 4.3 1.2 10 21.6 5.8 88 199
Mufulira Kasama 3.9 2.6 0.7 7 6.7 0.6 50 120
Konkoia Luchecbe 3.8 2.5 1.4 36 5.6 80 213
Konkoia Katito 3.8 7.8 1.3 30 10.4 0.6 107 210
Malasbi Mpika 5.0 0.2 2.4 32 17.3 11.4 170 783
Mebeba Mutanda 4.5 8.6 2.6 37 7.0 5.4 203 307
Misamfu yellow Chinsali 5.0 2.1 0.8 4 22.4 2.4 32 100
Mufulira Chinsali 5.0 1.8 0.6 5 4.8 0.9 27 55
Konkoia Chinsali 5.6 3.7 1.0 14 13.0 2.3 60 185
Mebeba Solwezi 4.3 1.0 3.0 30 22.6 56.5 412 1680
Kasempa Solwezi 4.5 5.2 1.4 16 0.6 87 153
Chafukuma Solwezi 5.1 9.5 2.9 26 46.2 24.4 253 973

t O.M.= Organic matter
§ Org. C=Organic Carbon

Table 7. Soil properties in unfertilized soil used for the pot trial.

S011 seies Site K Ca Mg Na Fe Mn +Al
.............................. m.e. l00g· 1 ................................................

Kawambwa 0.12 0.92 0.17 0.09 0.01 0.03 0.30
Mufulira Mambwa 0.17 0.48 0.31 0.05 0.00 0.04 0.30
Katiti Nell farm 0.47 2.29 1.68 0.03 0.00 0.25 1.00
Kateshi Kasama 0.10 1.24 0.65 0.01 0.00 0.04 1.00
Misamfu red Kasama 0.09 1.27 0.59 0.01 0.01 0.03 0.17
Misamfu yellow Kasama 0.12 1.03 0.61 0.00 0.00 0.03 1.11
Mufulira Kasama 0.14 0.36 0.23 0.02 0.01 0.06 0.78
Konkoia Lucbecbe 0.31 0.54 0.21 0.02 0.01 0.07 1.11
Konkoia Katito 0.31 0.81 0.43 0.00 0.00 0.16 1.11
Malasbi Mpika 0.44 4.72 1.65 0.01 0.01 0.16 0.06
Mebeba Mutanda 0.41 0.78 0.54 0.07 0.00 0.09 1.39
Misamfu yellow Chinsali 0.09 1.46 0.46 0.01 0.00 0.08
Mufulira Chinsali 0.13 0.96 0.36 0.00 0.00 0.09
Konkoia Chinsali 0.14 1.96 0.73 0.00 0.00 0.20
Mebeba K Solwezi 0.61 1.37 0.91 0.01 0.00 0.10 1.50
Kasempa Solwezi 0.32 1.15 0.99 0.00 0.01 0.01 0.80
Chafukuma Solwezi 0.55 2.37 1.73 0.00 0.01 0.02

t Data on extrctable AJ is from soil survey reports
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Adsorption capacities of 17 soils from the HRZ 

Arnount of Phosphorus adsorbed at standard concentration 200g P/1 is often used

as a measurement on the soil's adsorption capacity (Juo and Fox, 1977). The soils

in this investigation can be classified as low and medium adsorbing soils.

The soils from the same area have similar adsorption patterns even though they are

classified in different soil series. Within each area the soils classified as Konkola

adsorb more Phosphorus than the other soil series in that area, but the effect of area

clearly dominates as an explaining factor.

In Mbala area the soils adsorb from 103 to 174 and are soils in the lower range of

medium adsorbing soils. Kasama area has soils which adsorbs about 100 g P/g

soil.

The soils at Misamfu Regional Research Station adsorb less and are classified as 
Iow adsorbing, while the soils from Mamba and Kateshi adsorb more than 100 and
therefore are medium adsorbing soils.

The three soils from Lubu Valley have the lowest adsorbing capacities, ranging

from 19.5 to 38. The soil from Mpika is also in the low range of medium
adsorbing soils.

In Solwezi soils adsorb more phosphorus, with one exception, they adsorb
between 220 and 240 g P/g soil.

Properties affecting phosphorus adsorption. 

Content of clay is the most dominant factor explaining phosphorus adsorption. The low sorbing
soils have a Iow content of clay and vice versa. The large amount of binding sites in a clay

comparatively to soils with coarser structure can explain this. Aluminium, and to lesser extent
iron extracted with pyrophosphate contribute significantly in explaining the variation in
Phosphorus Adsorption in these Soils. These are the Iran and Aluminium oxides assumed to be

connected to the organic complexes.

The total amount of Iron and Aluminium oxides extracted with dithionite also increase with the
soils ability to adsorb Phosphorus, but the correlation here are weaker, especially for Iron
oxides.
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Phosphorus content in the soil does not correlate with phosphorus adsorption. Two of the

higher adsorbing soils have externe high values of both total and extractable phosphorus while

the rest of the soils show no correlation .

Organic matter is positively correlated to the adsorption of Phosphorus. This may be connected

to he positive correlation of Organo lron and Aluminium oxides.

CEC was found to be positively correlated to the phosphorus adsorption capacities of these

soils. This may be a secondary correlation, since CEC is depending both on organic matter and

clay content of the soil.

Toere are no correlation between phosphorus adsorption and pH. Aluminium and lron oxides

are most important factors explaining phosphorus adsorption.

Behavior of Phosphorus in 17 soils from the HRZ 

Both available P and yield are generally low with the exception of 4 soils. Malashi, Chafukuma

and Meheba (Kananshi) are rich in both total P and available P. In this regards the behavour P

on these is very different from the other soils studied.

The plants took up from 10 to 50 % of the P available. The sum of P taken up by plants and

available P after harvest are from 70 to 134 percent of initial P. The P removed plus available P
left in the soil is dose to 100% of initial available P indicates that very linle P desorption from

the soil. It seems the adsorbed P is firmly held.

As P is applied the arnount of available P increases, more in the soils with low P adsorption

capacity and less in those with high. The P in yield also increases as P is applied in increasing

arnounts. The soil with low initial available P naturally has a higher increase in yield P than the

soils naturally high in available P (Gulberg M, unpublished).

The soils from Mbala region are both low in initial available P and have a relatively high P

adsorption capacity. The increase in available P is therefore low and the P removed from the

soil by plants also low. This can be seen in connection with the relatively high P adsorption in
these soils. The major part of the fertilizer P given to these soils is firm held by the soil.

Soils from Chinsali has a medium to low initial available P and a very low P adsorption

capacity. The initial yield therefore is low and the increase in P taken up by plants are high as
well as the increase in P availability. In Misarnfu yellow and Mufulira about half of the applied
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P is in taken up by plants or in the available fonn. Konkoia has a Iarger proportion in a more

finn fonn, as its adsorption capacity is slightly higher.

Malashi soil at Mpi.k:a has a relatively high P adsorption capacity. Toere are only a very small

increase in available P as P is applied and a large proportion of the applied P is therefore firmly

held.

The soils in Kasama area has a low to medium content of initial available P and a low capacity

to adsorb P. The P uptake is therefore low without P application and increases slowly as P is
applied. The soils show a clear linear to exponential increase in available P with increasing P
application. Malashi has a medium initial content of available P and only a slight linear increase
as P is applied.

In Solwezi area the soils have a relatively high P adsorption capacity, but differ widely in P

content Kasempa and Meheba (Mutanda) has a low both total and available P and therefore a
low P uptake without P application. As P is applied both P uptake and P availability increases.

Meheba, Mutanda that has a relatively high adsorption only has a slight increase in available P.

Chafukuma and Meheba at Kananshi both have very high values of initial available P. When P
is applied there is only a slight increase in available P due toa relatively high capacity to adsorb

P. They have very high content of both total and avaiable P and are not very much influenced

by the application of P.



27

Table 8. Maize response to P on 17 soils from the HRZ

P Applied mg P 1-1 soil

Soil series Site location 0 25 50 75

........ Dry biomass g/pot .......

Kawambwa Mambwa 60 247 263 236
Mufulira Mambwa 76 255 334 392
Kaute Nell farm 98 276 331 365
Kaiesbi Kasama 145 256 312 288
Misamfu red Kasama 286 299 338 315
Misamfu yellow Kasama 213 254 321 327
Mufulira Kasama 67 310 264 372
Konkola Lucheche 55 192 407 310
Konkota Kaute 73 290 259 341
Malashi Mpika 363 247 247 275
Meheba Mutanda 158 329 397 359
Misamfu yellow Chinsali 98 207 173 212
Mufulira Chinsali 83 331 363 337
Konkola Cbinsali 167 308 363 298 
Meheba Solwezi 422 439 387 392
Kasempa Solwezi 82 274 416 399
Cbafukuma Solwezi 432 429 419 439 

The 17 soils could be grouped in three groups according to their response to P application:
1. high yield without P, no effect of P application

2.Medium high yield without P, response to P application
3. Low yield without P, clear response to P application
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Fig. 6 Graphs showing soil with no, moderate and high response to applied phosphorus
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Relationship between initial available P and crop yield 

Toere is a positive relationship between the initial phosphorus level in the soil and the relative
crop yield. Both the Olsen and Bray Pl are correlated to the relative yield of maize biomass.
However, this relationship was stranger with the Olsen than the Bray lmethod with r2
values of 0.91 and 0.73 respectively (Figures 7 & 8 ). Trus suggests that in these soil the
Olsen method for P detennination is bener than the Bray method.

1.2
I

y = 1_ 12 S* e(-0.07CJ'Bmy P) 

1.0

0.8

--0 

I o.6
C1/ >·;:;
C1l 

0.4~ex:
R2 = 0.73

I - ! 
0.2

0.0 I

0 10 20 30 40 50
Bray P mg/ kg

Fig 7. The relationship between intial measured Bray l P and the relative yield of maize biomass from a pot
study on l 7 soils from nonhern Zambia
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Fig. 8. The relationsbip between intial measured Olsen P and the relative yield of maize biomass from a pot
study on 17 soils from northern Zambia
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The relationship between the initial measured organic P and the relative yield of maize
biomass is very weak. This suggests that the organic P analytical method is nota good
indicator for the anticipated yield on these soils (Fig. 9)

1.2 -,------------------, 

1.0 
Y =l-0.868*e(-0.0048,ozganxP) 

0.8
"O

Cl)
·;;. 0.6

Cl)

~ca I .
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..
a: 0.4

/

0.2 -11 ... 
2R = OJE

0.0 --t--..----,---,-----,---,---r----.---.---1
0 50 100 150 200 250 300 350 400 450

Organic P mg/kg

Fig. 9. The relationsbip between intial measured organic P and the relative yield of maize biomass from a pot
study on 17 soils from northern Zambia,

Mod el for Bray 1 available P 

A mode! to predict the amount of available P in the soil after the addition fertilizer P was
developed by a non-linear regression approach. Available P is affected by the initial P in the soil
plus amount of fertilizer P added in kg ha+- The mode! is represented by the following
equation ..

Bray P=lnitial Bray P+ 1.6O9*(fertilizer P kg ha-1)°·061

The relationship is quite strong and has an r2 value of 0.93 (Fig. 10) The mode! can therefore
be used to predict the amount of available in the soil given the amount of applied fertilizer Pin
kg ha-1. It can also be used to calculate the arnount of fertilizer P to be added in order to achieve
a certain amount of available P.
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Fig. 10. The relationship between measured P and the P estimated by the model
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CROP RESPONSE TO PHOSPHORUS FERTILIZER ON SOILS WITH DIFFERENT 

ADSORPTION CAPACITIES. 

The objectives of these investigations are to study P needs of some crops and relate it to the
adsorption capacity of the soil and then work out recommendations to maintain optimum crop

production on these soils.

Four soils of various P adsorption were selected for field trials within high rainfall area of

Zambia Misamfu Red (Misamfu Regional Research Station) has a low capacity, Konkola

(Lucheche Sub Research Station) has medium, Malashi (Malashi Sub Research Station) and
Meheba (Muta.nda Research Station) have medium/high capacity to adsorb P.

Table 9. Some of the important chemical characteristics of the soils

pH tKCI AJ tcEC C p Adsorbed Adsorption
CaC12 Al Sat. Org Bray l p class

Soil type % % ppm µg p g•l

Konkola 4.4 1.11 48 2.2 0.9 4 180 Medium adsorbing
Maheba 4.3 1.39 61 2.3 1.6 5 290 Medium/hrgh adsorbing
Misamfu Red 4.7 0.17 0.8 2.5 80 low adsorbing
Malasbi 5.4 0.06 3 5.2 1.8 16 288 Medium/high adsorbing

t Units m.e. l0Og·1
Source (Gulberg M, unpublisbed)

On Konk.ola and Meheba, soils with low pH lime was also included in a Split Plot Design with

three replicates and lime on the main plots and P on sub plots. Misamfu Red got a basal

dressing of lime and Malashi got no lime.

Maize response to first year application 

On Konkola and Meheba, P levels of lime were: 0, 0.5 and l times the exchangeable aluminium
content, and those of P were 0, 20, 40, 80 and 160 kg P ha+. Maize (MM 752) was the test
crop.

At Misamfu a small amount of lime was applied as a basal dressing and at Malashi no lime was

applied. These two trials were laid out in a Randomized Complete Block Design with three
replicates. Levels of P were the same as for Konkoia and Meheba. At Misamfu maize (MM 
752) and groundnuts (Chalimbana) and at Malashi maize (MM 752) and soyabeans (Kaleya)
were use as test crops.
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All crops, except soyabeans got 40 kg K ha! as potassium chloride, 40 kg N ha-I as

ammonium nitrate, 0.5 kg B ha' as solubor and 12.8 kg S ha' as part of triple superphosphate

and/or as gypsum as basal dressing. The soyabeans got 20 kg Nha-I and otherwise the same

basal dressig as the other crops. Maize on Misamfu Red, Malashi and Konkola soils got 40 kg
N ha-I as ammonium nitrate and 40 kg N ha-I urea topdressings. On Meheba soil it got only 40

kg N ha-I as ammonium nitrate tapdressing. Zn was later applied on all maize crops as foliar

spray after the crop showed clear signs of deficiency.

On Meheba P application gave a clear increase in the yield at all the levels, The low level of

initial P in the soil together with its high P adsorption capacity can explain this extremely high

response. Toere was no response to lime application.

On Konkola maize responded to P application of up to 40 kg P ha+, Toere were differences in

yield between the lime treatments. One times exch. aluminium equivalent lime dose gave the
highest yield followed by no lime and 0.5 exch. aluminium equivalent dose of lime.

Table 10 Maize response to application of phosphorus on four soil series.

Location

Pbosphorus Lucheche Malashi Misamfu Mutand Total

Kg P ba-1 ......................................Maize Yield, kg ha-1 .

0
20
40
80

160

LSD

550
3110
3830
4060
3890

1580

3830
4380
5550
4320
5000

2000

2700
3930
5130
4980
4320

2710

1060
2850
3400
4027
4640

960

2410
3670
4360
4320
4480

1860

On Misamfu Red, the highest maize yield was obtained at 40 kg P ha-I, but the differences in

yield amongst the treatments were not found to be significant, Groundnuts did not respond to
P application. On Malashi both maize and soyabeans gave highest yield at 40 kg P ha· I, but

the differences between the treatrnents were not significanL
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Table.11. Ma.IZe response Lo lime and phosphorus apphcauon on Konkoia and Maheba sorl senes.

Konkoia Mabeba

Phosphorus
no lime 0.56 1.12 No lime 0.56 1.12

Kg P ha-I

0
20
40
80

160

..............................................Maize Yield. kg ha-1 .

600 '
3520
3280
3830
3860

180
2460
3190
3560
3480

890
3340
5020
4800
4340

110
2870
3460
4150
4730

1160
2810
3350
4240
5020

920
2850
3380
3690
4180

In general there was a linear relation between yield and P fertilization up to 40 kg P ha-I, but the

response was different from soil to soil. On Konkoia and Meheba soil series there was very
little growth without P application and the yield increased drastically as P was added. The

relatively high capacity to adsorb P together with the low initial available P can explain the high

response in these soils. The low pH in both these soils might have an effect on the response to

P.

On Misamfu Red and Malashi soil series yields were reasonably good even without P, and they

d.id not change much as P was added. Misamfu Red has a low adsorption capacity and the P
left in the soil after the long fallow was enough to give a reasonable crop. On the other hand,
Malashi has a relatively high adsorption capacity, and it is surprising to find such a low
response to P application on it The high initial available P together with the low response to P
suggests that this soil not only has a high capacity to adsorb P but also a high capacity to release

it during the growing season (M. Guldberg unpublished).

In the Season the plots were split, one half got no P and the other half an amount corresponding
to first years application. The treatrnents were then in kg P ha-I (1st year+ 2nd year) 0+0,
0+40, 20+0, 20+20, 40+0, 40+40, 80+0, 80+20, 160+0, 160+20. Maize MM752 was used
as a test crop. All treatments got 50 kg K ha-I as potassium chloride, 50 kg N ha-I as
ammonium nitrate, 0.5 kg B ha-I as solubor and 5 kg Zn ha-I as zinc sulfate as basal dressing

before planting. Each treatment also got 20 kg S ha-I either from TSP or as gypsum, depending

on the treatments. Two topdressings of 50 kg N ha-I as ammonium nitrate was given.

Residual effect of P on maize growth 

The four soils are very different in their response to phosphorus application. The residual

phosphorus give a very good effect, and shows that even though Pare adsorbed by the soil, it
is also released in a plant available form the following growing season. Malashi supports the
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plants with enough P without any application and give very good yields. Misamfu Red and

Meheba also supports plant production with P enough for a small yield, bul the residual P

increases the yield. 40 kg Pha' given last year gives the best result. Konkoia can not support

any growth without P application, bul the residual P can fully support the growth. In this soil
80 kg P ha-! was needed to give an optimum growth.

Table 12. Residual effect of P on maize yield (second year after P appication)

Rate of P Location
Misamfu Malasbi Konkoia Mebeba

1987 1988 1987 1988 1987 1988 1987 1988

kg P ba-l

0
20
40
80

160

········································Maize yield kg ba-1 .
2700 3650 3830 8500 790 560 1070 2960
3930 4190 4380 8570 2490 3110 2850 3890
5130 5510 5550 8580 4000 3830 3400 4620
4980 5130 4320 8690 5880 4060 4030 4340
4330 5980 5000 9170 6740 3890 4640 5590

Table 13. Maize response residual application of lime and pbospborus

Konkoia Maheba

Pbospbours
tNo lime 0.56 1.12 No lime 0.7 1.40

Kg P/ba
0

20
40
80

1600

............................................... Maize Yield, kgba-l .
950 480 930 2910 3050 2910

2800 1450 3220 3070 3910 4700
4720 2380 4900 3690 4290 5830
5460 5140 7040 4160 3330 5520
7420 5420 7380 4480 5460 6830

The effect second application of P on maize growth 

On Malashi there are no effect of adding P. On Misamfu Red thereare a clear effect of 2nd years
P up to 40 kg P ha+. Higher applications give a decrease in the yield. Here we get an increase
in the yield of all the second year applications except fo 40 kg P ha+, On Konkola we get a
strong response to P application up to 40 kg P ha'.
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Table 14. Maize response to second year applicalion of pbospborus

Rate of P L
Misamfu Malasbi Konkoia Mebeba

0 + 40 5070 8780 5000 5020
20 + 20 4960 8510 5230 4550
40 + 40 7030 8880 6730 5250
80 + 20 5270 8780 6440 4720

160 + 20 6280 9370 6820 5650

Table 15. Maize response to residual lime and second year applicalion of pbospborus

Pbospbours

0 + 40
20 + 20
40 + 40
80 + 20

160 + 20

Konkoia Mabeba 

tNo lime 0.56 l.12 No lime 0.7 l.40

4890 3850 6260 4430 4800 5820
5900 3950 5860 4230 4490 4920
6550 5730 7830 5130 4690 5930
6270 5310 7730 4760 3730 5660
7730 5700 7040 5560 5360 5930

Fate of P in maize production 

During maize production P is ta.k:en up from the soil into the crop and removed from the soil
Konkola has little available and relatively high P adsorption capacity. Despite relatively high
total P growth without P application is very low. Total removal of P is also low. The amount
of available P does not change significantly as P is removed from the soil. The soil seek to
keep an equilibrium between firrnly adsorbed P and available P and as available P is removed,

the soil provides more from the labil pool.

As P is applied P upta.k:e and yield increase rapidly and increase drasticly after 40 kg P ha'.
When more than 20 kg P ha! is applied more P is applied to the soil than what is ta.k:en up by
the soil. Higher applications than 40 kg P ha! do not give a large increase in P uptake but both

available P and P adsorbed finnly increase. The uptake of P is higher the second year after
application of P, something which indicates that the firmly held P really is desorbed as P is
removed from the soil.
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Table 16. Fate of soil and fertilizer phosphorus m four s011s after the second harvest of maize at four five Ievels
of applied Phosphorus.
-----------------------------------------------------------------

Applied P Available P Pin yield 87 Pin yield 88 sorbed pt
-----------------------------------------------------------------Misamfu red 

0 31.77 5.68 8.5 0
20 37.88 8.15 8.5 0
40 37.88 11.02 9.64 0
80 57.03 10.7 11.28 0.99

160 73.73 9.24 11.56 65.47
Konkoia 

0 7.76 2.99 3.04 0
20 11.16 6.93 6.61 0
40 10.76 11.14 8.42 9.68
80 31.65 10.23 15.44 22.68

160 56.2 9.69 20.76 73.35
Mebeba 

0 6.48 2.72 7.14 0
20 9.18 5.46 9.06 0
40 14.75 6.45 13.26 5.54
80 32.11 7.02 11.94 28.93

160 53.21 8.24 16.36 82.19

t Sorbed P = applied P- (Available P + P in yield)
Source (Guldberg M. unpublisbed)

Misamfu Red isa soil with low total amount of P, a low P adsorpton anda medium amount of

available P. The yields in without P fertilization are resonable. P uptake over two seasons are

the same as initial available, but this do not affect the level of available P. Toere isa small

increase in total P uptake for the first increments of P and then it is stable. Other factors than P
determines P uptake. Available P increase as amount of applied P increases. Net finn
adsorption is only after application of 40 kg P ha+.

Malashi soil isa medium adsorbing soil containing much available and very much total P. The
yield over two seasons with no P fertilizer exeeds initial available P and it does not influence the

level of available P. The yields are very high the second season resulting in large amounts of P

removals from the soil. Level of P fertilization do not influence yield or P uptake, but the

amount of available P increase. In this soil there are no net finn adsorption befare higher
applications than 65 kg P.

Conclusions 

The conclusions we can draw from this is that in general 40 kg P ha' each year will give the

best yield, but that acceptable yields can be obtained even if you drap P applications on

previously well fertilized soil. 20 kg P ha-1 also generally give acceptable yields, and have a

certain residual effect. The differences in the soils responses to P suggests a differentiated use
of P fertilizer.
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EVALUA TION OF INDIGENOUS ROCK PHOSPHA TES AS A SOURCE OF 
PHOSPHORUS 

Phosphorus (P) deficiency is one of the major limiting factor in crop production in Zambia.
Many soils in the region are low in both total and available P. A survey of the soils in the
region indicate widespread inherent P deficiency (3 - l 2ppm P by Bray 1 method) (SPRP,
1989) and low to high P sorption capacities in the effective rooting zone (Guldberg, 1985).

Field studies conducted by the soil productivity research programme (SPRP, 1986) revealed

that crops seldom produce economical yields without application of Pin most of these soils.

With the recent removal of government subsidies on agricultural inputs, the high cost of

conventional water soluble P fertilizers are increasingly becoming a costlier proposition in the

agriculture sector due to rising cost of the inputs, principally sulphur and energy. Since almost
all the current requirements of phosphatic fertilizers in the country are met through imports

(over 2000 000 tonnes per year), there is a tremendous drain of foreign exchange on the
national economy. Sometimes the problem of Jack of foreign exchange, transport, storage

facilities etc. lead to scarcity of phosphatic fertilizers in different parts of the country and small

and marginal farmers suffer the most. Therefore, there is an immediate need to develop

national industry for phosphatic fertilizers in order to reduce the problem of their scarcity by

using indigenous input materials such as Rock phosphates.

Efforts have, therefore, been made in recent years to find alternative sources of supplying P for
crop production. Attention has focused on the use of low-cost indigenous materials such as

locally available phosphate rocks (PR) deposit and their derivatives.

Indigenous rock phosphate were tried as sources of P in highly acidic soils for different

important crops. The only problem about the indigenous rocks so far discovered is that they
are apatites of igneous origin associated with syenites and carbonatites and as such they may

not be good sources of P. On the other hand, since they are found in economically exploitable
deposits, the potential as direct or indirect source of plant available form of P needed to be

evaluated.

TYPES OF PHOSPHA TE ROCKS 

Toere are five known phosphate rocks deposits in Zambia. All the five are of igneous origin.

Syenite related phosphate rocks deposits are found in Chilembwe area of eastern province and

Mumbwa north of central province. Carbonatite related phosphate rocks deposits are found at
Kaluwe and Rufunsa in Lusaka province and at Nkombwa hill in Northem province. All these
deposits have been explored by the Mineral Exploration departrnent (MINEX). 
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Chilembwe PR 
The Chilembwe PR deposit is associated with syenites varying in composition from mica
syenites to monzonites and the total tonnage of the ore is 1.64 Mt.. The phosphorus content
varies between 8-23% P2O5 with the average value of 15.2%.

Table 17. Chemical composition of Zambian phospbate rocks

Source
bQs
Total

~
Cittatet Fe+Al Ca SiO2

Quantity

MgO MnO

......................................... % M /metnc tonnes§
1.64

130.00
200.00

Cbilembwe 15.2 1.3 32.8 27.l 7.11 8.60 0.16
Nkombwa 9.3 0.3 18.0 11.5 19.54 11.11 1.60
Kaluwe 2.8 0.1 48.1 3.5 4.68 0.56 0.30
Mumbwa 28.0 1.0 32.2 20.4 10.18 0.09 0.10
Rufunsa 3.1

t= Citrate soluble phosphorus
§=Quantity in Million Meaic Tonnes

(Source: Minex & Jica, 1986)

Mumbwa North PR 

The Mumbwa North PR deposit is of similar mineral composition as Chilembwe, with an
average of 10% total P2O5 over 50m depth. Additionally, a number of small but rich apatite
bodies (30-35% P2O5) stretching along a major fault zone have been recently located. The ore
occurs as small outcrops scattered in the area. Small scale selective mining can be very
effective.

Nkombwe hill PR 

The Nkombwe hill PR deposit isa dolomite ankeritic carbonatite with an average ore grade of
9.3 % P2O5. Both soil and rock samples contain base metals and rare earth: cerium (1.5 %),
lanthanum (0.75%), barium and strotium (1 %), manganese is up to 10 %. The highest values
of thorium are in the range of 250-400 mg kg! PR

Kaluwe PR 

The Kaluwe PR deposit consist of carbonates, apatite magnetite and some pyrochlore. It has
2.5-3.5 % P2Os. Beneficiation of this phosphate rock to 30 % P2Os is possible but
uneconomical, and the deposit is probably more useful as a lime source (Zambezi and Chipola,
1991 ).
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DIRECT APPLICATION OF GROUND PHOSPHATE ROCK 

Between 1984 and 1992 Chilembwe and Mumbwe phosphate rock was tested for their

agronomic suitability as sources of phosphorus for plant growth. The phosphate rock was
finely ground and tesred for directly application. Apart from grinding the rock did not receive

any other treatment and the chemical composition remained unchanged. After grinding the

material was bagged and sent for agronomic evaluation.

Table 18. Particle size analysis of fineness of PR used

Mesh Particle size
(mm)

%Ore

+ 48
- 48 + 80
- 80 + 100
- 100

+ 0.297
- 0.297 + 0.177
- 0.177 + 0.150

- 0.150

14.9
21.9
26.2
37.0
lQQ..Q

(Source: Minex, 1987)

Agronomic Evaluation of Chilembwe PR 

Chilembwe PR was compared to TSP and TSP plus lime. TSP was used as a standard of
comparison. The trial was conducted on Mufulira, Misamfu and Konkola soil series. These

soils are low in available phosphorus, have a low pH and the aluminium saturation can vary

from 5 to 64 %. These sources of P were tested on Maize tZea mays), groundnut (Arachis 
hypogaea), sunflower (Helianthus Annuus), common beans iPhaseeolus vulgaris) and
soyabeans (Glycine max. L. merr). Phosphorus was applied at five rates: 0, 50, 100, 150, and
200 kg P ha-I P205. Apart from phosphorus all plots received equal amounts of other
nutrients: 50 kg N ha-I as ammonium nitrate (maize and sunflower) with 20 kg N ha-I as urea

(legurnes) and 40 kg K ha-I as potassiurn chloride. All the fertilizers were broadcasted and later
ridges were made. Maize and sunflower were top dressed with 50 kg N ha-I as ammonium

nitrate
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Fig. 11. Miaze and bean response to applied through GRP TSP and TSP+lime

In another trial Chilembwe PR compared to singlesuperphosphate (SSP) to assess its suitability
in supplying phosphorus to wheat iTriticum aestivumi on Katito soil series. The rates of
phosphorus were 0, 22, 44, 88 and 176 kg P ha+. All the plots received 30 kg N ha-1 as urea,
40 kg K ha-1 as potassium chloride and 150 kg ha! gypsum. All fertilizers were broadcasted
and incorporated into the soil before seeding.
A one year pot study to compare the efficiency of Chilembwe PR , Gafsa PR and Chilembwe
SAB-PAPR as sources of phosphorus to plant was also conducted at Mount Makulu central
research station.
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Table I 9. Crop rsponse to applied pbosphorus from different scources

Soil Series
Misamfu Konkoia
GRPt TSP TSP+Lime GRP TSP TSP+Lime

0
50

100
150
200

................................ Bean yield kg ba- I .
100 100 100 !JO 110 1IO
150 270 320 60 100 195
180 200 520 70 90 200
120 240 570 80 95 150
150 380 610 70 90 160

C. V. (%) 
Trial Mean 
S. Em. 
LSD(05) 

== 63 
== 300 
± 111 
== 300 

== 35 
== 120 
± 24 
== 70 

......... Sunflower yield kg ha-1 . . Maize yield kg ha-1 .

0
50

100
150
200

140
240
160
150
120

140
330
420
370
450

140
290
540
5IO
500

300
450
230
380
200

300
600

1450
14IO
1600

300
1100
1800
1250
1910

C. V. (%) 
Trial mean 
S. Em. 
LSD(05) 

== 50 
==326 == 
± 94 
== 180 

== 31 
1002 
± 156 
== 500 

t GRP == P applied through Ground Rock Phosphate,
TSP = P applied through triple superphosphate

From these investigation ca.rried out from 1984 and 1986 it has been found that direct
application of Chilembwe phosphate rocks to all test crops was generally ineffective as a

Phosphorus source. The application of Chilembwe phosphate rock had very little or no effect
at all on crop yield on both Mufulira and Misamfu soil series in all the years (Fig 11 ). This
poor response to application chilembwe phosphate was more prominent in maize and
sunflower. On the other hand the application of TSP, and TSP plus lime increased crop yield on

both soils. When assessed on Katito soil series with SSP with wheat as a test, Chilembwe PR

was again inferior and hardly any crop response was observed. In contrast there was linear

response to applied phosphorus through SSP with increase in P rates.
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Agronomic evaluation of Mumbwa PR 

Mumbwe Phosphate rock was also tesred for its agronomic suitability as a source of P for plant

growth. It was compared to TSP, Fused magnesium phosphate (FivfP) and Partially Acidulated
Phosphate Rock (PAPR). It was tesred on Kon.kola and Mufulira soil series and the crops used
were: maize, Soyabean, finger millet, groundnut and common beans. For finger millet, beans

and groundnut phosphorus was applied at the rate of 0, 10, 20, and 30 kg P ha'. Maize and
groundnut received 0, 20, 40 and 60 kg P ha· 1. All plots recei ved equal amounts of other

nutrients: 40 kg K ha-1 applied as potassium chloride, 50 kg N ha·1 as ammonium nitrate (for

Maize and millet) and 20 kg N ha·1 as starter nitrogen for beans and groundnut. Maize and

finger millet were top dressed with 50 kg N ha! applied as ammonium nitrate.

2000 

1750 ro
~ 1500 
6
J2 1250 
Q) 

-~ 1000 
('Ø 
Q) 

16 750
>-
~ 500

250

0 20 40 60 20 40 60 20 40 60 20 40 60

P application (kg/ha)

Fig. 12. Soyabean yield under varying amounts of pbospborus (high input) applied as Japanese fused

magnesium phosphate (JFMP), partially acidulated pbospbate rock (PAPR), Mumbwa ground rock phosphate

(GRP), triple super phospbate (TSP).

Mumbwe phosphate rock confirmed that the phosphate rocks were inferior sources of

phosphorus. Despite three years of application, Mumbwa PR had no effect on crop yield. The
Mumbwe phosphate rock was also found to be agronomically an inferior source of P for all the
crops tested and on both the soils used (Fig. 12)

Discussion and Conclusions 

These experiment thus indicate the unsuitability of GRP as a source of P. It can be concluded
that direct application of Chilembwe and Mumbwa phosphate rock was inferior to PAPR, TSP

and / or SSP and did not prove of any agronomic value to the whole range of annua! short

duration crops tested. It appears that even after three years the GRP mixed in the soil did not
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decompose to release plant available P. The poor performance of Chilembwe and Mumbwa is 
attributed to thern having low reactivity and low citrate soluble phosphorus (1.3 % and 1.0 %

P2O5 for Chilembwe and Mumbwe respectively). The low amounts of soluble phosphorus is
as a result of the igneous parent material. Igneous phosphate rocks are not good sources of

phosphorus for direct application as compared to sedimentary ones. In addition, the presence
of high extractable soil aluminium and iron could contribute to the reduction of available P

depending on the proportion of Al(OH)iH2PO4 and Fe(OH)iH2PO4 formed in the soil.

EVALUATION OF FUSED MAGNESIUM PHOSPHATE (FMP) 

It is well known that igneous rock phosphates as compared to sedimentary ones are not good
sources of P for direct application. They, however, become effective sources of P if they are
beneficiated so that their igneous structure is broken by partial or complete acidulation through
fusion process. Fusion of igneous rock phosphate with indigenously available serpentine (a

magnesium based rock) to give fused magnesium phosphate (FMP) may be a cheap and simple

process possible locally in Zambia. Fused magnesium phosphate (FMP) isa thermal phosphate

produced under very high temperatures. Phosphate rock together with serpentine are subjected

to extreme heat (l 200°C) to produce molten glass. Upon cooling the glass is broken and

ground to fine grains. In Zambia there are huge deposits of phosphate rocks as mentioned

earlier. The serpentine deposit is located 400 km north of Lusaka.

Characteristics of FMP 

Fused magnesium phosphate has the major part of its total soluble P in weak acids such as citric

acid. It contains 9.5% total and 9.0% citrate soluble P. In addition to phosphate, FMP contains

other components such as magnesium (8-11 % MgO), calcium (28-35% CaO), silica (18-24%
SiQi). Fused magnesium phosphate can thus be an effective source of calcium and magnesium

in soils of northern Zambia which are low or deficient in these elements, and can have a liming
effect on aluminium saturation.

FMP might be lightly superior to superphosphates because it has low solubility in water,
supplying nutrient steadily to the crop, while water-soluble phosphatic fertilizers such as TSP

or SSP are readily fixed by active aluminium and iron oxides in the soil and become ineffective.

Fused Magnesium Phosphate is dissolved by weak acids present in the soil or secreted by plant
roots.

However, because of its fine grained glass it is very unpleasant during handling especially with

bare hands. FMP holds prornise if it is blended with K fertilizers and then compounded with N
fertilizers.
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Experimental Location and soil types 

A series of field studies were conducted between 1984 and 1986 on Misamfu sandy loam

(Ultic-Haplustox) and Mufulira sandy clay loam (Oxic Plaleustult) at Misamfu Research station

in Kasama, and on Konkola clay loam (Rhodic Paleustult) at Lucheche sub-research station in

Mbala and on Katito soil series at Katito farrn in Mbala. FMP was tested in comparison to TSP

and/or SSP and TSP plus lime.

Analytical results of the soil showed that the texture was mainly sandy loam at 0-20 cm for

Misamfu soil series, sandy clay loam for Mufulira, and clay loam for Konkola soil series. All

soils had pH of less than 4.5 with AP+ saturation ranging from 40% to 80%. Although the

absolute levels of exchangeable Al3+ was not very high its relative value of saturation was high
due to the low effective cation exchange capacity (ECEC) of the soil. The initial levels of

available P was very low, exchangeable K+ was above the moderate levels (> 0.5 m.e./l0Og) in

all the soil series.

Table 20. Pysico-chemical properties of soil sampled at the beginning of the experiments on three different soil
series.

Soil
Series

Deplh Sand Clay pH Org C. Avail P
(cm) (%) (%) CaC12 (%) (ppm)

Exchangeable Cations m.e./l0Og
<--- ---------------------> A13+
AI3+ ca2+ Mg2+ K+ ECEC (%)

Mufulira 0-10 73 17 4.3 0.65 5 0.8 0.2 0.4 0.2 1.6 50
(SCL)t 10-20 60 29 4.2 0.57 2 I.I 0.3 0.3 1.7 65
Misamfu 0-10 78 18 4.9 1.50 13 TR§ 1.3 1.3 0.2 2.8 
(SL) 10-20 78 19 4.2 0.81 5 1.1 0.2 0.1 1.4 79
Kon.kola 0-10 52 21 4.5 2.5 4 1.2 0.8 0.68 0.1 2.8 39
(CL) 10-20 40 34 4.2 1.2 2 1.7 0.1 0.06 2.0 2.0 76

t SCL = sandy clay loam, SL = sandy loam, CL = clay loam
§ TR = trace

Agronomic Evaluation of JFMP 

At Misamfu Research station, maize and groundnut were grown in rotation on both soil series.
On Konkoia soil series, a bean-maize rotation was used during direct application of FMP and
maize-Soyabean rotation for residual FMP evaluation.

Five rates of P: 0, 50, 100, 150, and 200 kg ha' P205 were applied through FMP, TSP, and
TSP+2 tannes lime per ha applied only at the start of the experiment. Phosphorus was applied

in the first and second seasons. The residual effect of these treatment was tested in the third
season. Basal doses of N and Kat the rates of 50 kg and 40 kg ha+, respectively, were applied
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as ammonium nitrate and potassiurn chloride to each crop in the rotation. Only the maize crop
was top dressed with 50 kg N ha'.

Table 21. Crop response applied P from different sources

Soil Series
Misamfu Mufulira
FMPt TSP TSP+Lime FMP TSP TSP+Lime

Konkoia
FMP TSP TSP+Lime

..................... Groundnut yield kg ha·1 ...................... . ..... Be.an Yield kg ha·I .......
0 690 690 690 1050 1050 1050 80 80 80

50 900 680 1410 1390 1260 1490 110 90 140
100 1200 670 1350 1590 1580 1690 150 100 170
150 1150 890 1300 1520 1410 1560 230 90 140
200 1400 900 1000 1580 1600 1540 160 110 180

-
C. V. (%) = 17 = 17 = 40 
Trial Mean =1494 = /494 = 142 
S. Em. ± 130 ± /30 ± 28 
LSD(05) =n.s.§ = n.s. = 80 

...................... Maize yield kg ha·1 . 
0 2700 2700 2700 650 650 650

50 1050 1500 3400 1850 3250 3050
100 2450 1400 3900 3410 3820 3510
150 2500 1350 3000 3820 3250 3820
200 2900 1100 1500 3400 3500 4150

C. V. (%) = 63 = 25
Trial Mean = 300 = 3325 
S. Em. ± 111 ± 414 
LSD(05) = 300 = 1100 

t FMP = P applied througb Fused magnesium Phosphate,
TSP = P applied througb triple superpbospbate

§ n.s. Non significant at ( P = 0.05)
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Table 22. Crop response to apphed P on Mtsarnfu, Mufulira and Konkoia

Applied P Soil Series
(P205) '"'"M""'i"""sa...,m......_.fu...__ _ Mufulira Konkoia

FMPt TSP TSP+Lime FMP TSP TSP+Llllle FMP TSP TSP+Lime

................................... Groundnut yield kg ha-1 .
0 450 450 450 200 200 200 50 50 50

50 470 290 580 910 600 800 170 150 240
100 710 310 710 750 820 1220 220 160 190
150 800 360 360 960 800 820 250 190 130
200 820 600 520 1100 1150 800 230 150 160

C. V. (%) = 34 = 23 = 32 
Trial Mean = 555 = 824 = 179 
S. Em. ± 108 ± 109 ± 28 
LSD(05) = 320 380 = 80 

...................................................Maize yield kg ha-1 .
0 3300 3300 3300 4650 4650 4650 100 100 100

50 3800 3650 5650 8010 7120 7810 1100 1900 3400
100 5000 4720 5800 9000 10650 9110 2200 2600 3500
150 6000 4210 6820 8620 8700 9600 2800 4200 3600
200 5410 4850 4250 8910 10200 10000 3100 2800 4200

C. V. (%) = 37 = 17 = 36 
Trial Mean = 4919 = 8646 = 2861 
S. Em. ± 898 ± 744 ± 569 
LSD(05) = n.s. = 2100 = 1500 

t FMP = P applied througb Fused magnesium Pbosphate,
TSP = P applied tb.rougb triple superpbosphate

§ n.s. Non significant

The results of crop yield on Misamfu soil series indicate the application of P had no effect on

maize yield in all the cropping seasons. Groundnut was found to be more responsive to applied
P than maize, and the response was recorded right from the first season. Groundnut responded

to FMP application starting from 50 kg ha' P2O5 up to the highest dose. TSP + lime gave

responses from 50 kg ha! dose to 150 kg ha-'. Groundnut responded to TSP starting at 100
kg ha-1 and above.

On Mufulira soil series groundnut responded to P applied through TSP or FMP at 100 kg ha-1

Maize response was obtained starting at 50 kg ha-1 for both P sources. For both the test crops

grown on Mufulira soil series, it is evident tnat P fertilisation and perhaps not liming was
important and that FMP was as effective a source of P as TSP.

Maize responded to residual effects of applied P from all the sources. The yields increased

steadily with increasing rates of P application up to 100 and 150 kg ha! in case of TSP and
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FMP respectively. TSP+lime was however, superior to either FMP or TSP att.he same or higher
rates. Groundnut responded to residual P from all the sources.

On Konkoia soil series, a bean/maize rotation was used during direct application of FMP and a

maize-groundnut rotation for residual evaluation. During direct application, lime was found to

be importanl Maize responded wit.h only 50 kg ha-1 P2O5 when applied through FMP. When

beans was used bot.h lime and P were important and yield responses were obtained at 100 and
150 kg ha' P2O5 TSP plus lime and FMP respectively. Both maize and groundnut responded

to residual effects of applied P from all the sources.

On Katito soil series, FMP was tested with SSP and wheat as the test crop. There were linear

responses to applied P through FMP and SSP with increasing P rates. F.MP was found to be as

effective agronomically as SSP (Zambia-Canada wheat Research Project, 1987).
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Fig. 13. Maize yield as a function of different sources and amounts of applied phosphorus.

Discussion and Conclusions 

These multi-location and mult-crop rotational field experiments conducted for three cropping
seasons give sufficient evidence that FMP is an effective source of plant available P. Often

FMP gave higher yield in all test crops compared to TSP + lime (Fig. 13). This suggests that
FMP in addition to phosphorus also possesses some liming value. It had bener residual effect
to the crop compared superphosphates. Groundnut responded very well to residual P from all
the sources. It is evident that FMP is an effective source of plant available P as TSP and SPP.
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FMP is superior to superpbosphates in that it also contains magnesium, calcium and silica and

has a liming effect. It thus decreases aluminium saturation and increases the calcium and

magnesium content of the top-soil of these soils which are deficient in these elements.

Fusion of igneous rock phosphate with indigenously available serpentine to give FMP may be a
cheap and simple process possible within Zambia since the raw material are locally available.

The economic feasibility of the production of FMP and derivatives of phosphates rock should

therefore be worked out by relevant authorities for use on acid infertile soils in the region.

EVALUATION OF PARTIALLY ACIDULATED PHOSPHATE ROCK 

Field Studies conducted by the Soil Productivity Research Programme Between 1984 and 1992

using finely ground, indigenous PR from Chilembwe and Mumbwa deposits which are of

igneous origin, in the high rainfall zone of Zambia conclude that direct PR applications were not

effective sources of P for the whole range of annua! short duration crops tested (SPRP, 1986).

Partial or complete acidulation with sulphuric acid of these phophate rocks represents a

technology that can be used to produce highly effective P fertilizers from these deposits.

The principle behind the partial acidulation of phosphate rock li.es in the fact that sulphuric acid

reacts with the apatite mineral to produce the monocalcium phosphate monohydrate, calcium

fluoride and calcium sulphate.

A fully acidulated rock phosphate decribes a phosphate rock that has been treated with a
sufficient quantiy of acid to convert all the phosphate to water-soluble form (monocalcium

phosphate monohydrate). A partially acidulated phosphate rock (PAPR) refers to an under­

acidulated product that has been treated with only a portion of the acid (usually sulphuric acid or

phosphoric acid) required for fully acidulation. The proportion of the acid added is expressed

as a percentage of the total quantity rock Thus, if a particular fully acidulated rock requires 604

kg of 100% sulphuric acid per tonne of rock, a 50% acidulated product would use 302 kg of
100% sulphuric acid per tonne of rock.

Field experiments conducted in northern Zambia have demonstrated that 50% partial acidulation

of PR with sulphuric acid to produce Sulphuric acid based (SAB-PARP-50) PAPR can be

agronomically as effective as the water soluble, imported SSP or TSP (SPRP 1989; Mapiki and

Singh, 1990; Priri et al., 1991).

Field evaluations ware carried out in assessing the agronomic effectiveness of SAB-PAPR-50 in

comparison to that of TSP and SSP under different cropping sequence and soil types.



50

The Chilembwe PR was beneficiated and partially acidulated with 50% sulphuric acid at Muscle

Shoals, Alabama, to produce Chilembwe SAB-PAPR-50 which contained, respectively 20.2

and 2.0% total and citrate soluble P205 and in addition 12%S. All these materials were tesred

for agronomic effectiveness with a standard fertilizer of TSP or SSP at rates of 0, 10, 20, and 30

kg P/ha-1 (low P input) and at 0, 20, 40, and 60 Kg Pha-1 (high P input) arranged in a
randomized complete block design with four replications.

The SAB-PAPR-50 field experiments were on Mufulira and Konkola soil series only. The
experiments on Mufulira soils series were conducted with maize cv MMV612 and soyabean cv
Hernon-147 for high P input and with groundnut cv Chalimbana, fingermillet cv Carioca, for

Iow P input. Those on Konkola soil series were conducted only in l 987/88 cropping season

with maize and fingennillet as test crops. The low P input evaluation was later extrapolated to

two other locations namely, Mpika and Mutanda on Malashi and Maheba soil series,

respectively. The TSP in this regard was replaced by SSP standard.

All plots received in addition, basal dressings of 40kg K ha-I as KCI and 50 kg N ha-I as

NH4NO3 for maize and fingermillet and 20 kg N ha-I as urea as starter N for beans and
groundnuts were applied. Maize and fingermillet were later top dressed with 50 kg N ha!

through Nf4NQ3_ Relative agronomic effectiveness was estimated as percent yield of PAPR

relative to the standard TSP or SSP (Sanchez, 1982; Munyinda, 1988; Chien and Hammond,
1987).

Sulphuric Acid-basedd PAPR-50 vs TSP Standard 

On Konkola soil series, maize responded to all P treatments (fable 23). Toere was a significant

(p = 0.05) difference between the check treatment and treatments receiving P. The linear

response to rates of P was non-significant (p= 0.16). With fingermillet PAPR significantly (p=

0.05) out-yielded TSP at Pat rates of 10 and 20 kg P na' (Table 23).

The SAB-PAPR-50 was agronomically superior to standard TSP with its efficiency being 75%
more than the standard TSP.
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Table 23. Evaluation of SAB-PAPR-50 with TSP on Mufuhra and Konkoia soil senes

Applied phosphorus
Kg ha·1

Year Crop Source 0 10 20 30 Crop 0 20 40 60
Muful ir a soll series 

TSP 1603 2341 3004 2662 Maize 1832 3 I 72 3820 4267
1988 F/millet PAPR 1603 2455 2750 3460 1832 3850 2575 5279

TSP 861 827 1034 1031 Maize 2509 4545 4421 4601
1989 Grdnut PAPR 861 705 873 893 2509 3724 4002 4290

TSP 190 210 300 400 Soyheaa 400 1010 l 100 1250
1990 Bean PAPR 190 160 190 290 400 750 745 2015

TSP 900 850 955 1025 Maize 1600 3100 4512 4102
1991 Fzrm llet PAPR 900 1400 2450 1500 1600 4620 2650 5102

1992 TSP 564 830 1197 1457 1981 1893 1738 2015
Sean PAPR 564 822 808 1489 Soybeaa 1981 2270 1642 2111

Konkoia soil series 
TSP 940 993 1013 1726 992 2594 2435 3486

1988 F/millet PAPR 940 1522 2434 1457 Maize 992 2654 3390 3615

On Mufulira soil series, maize was mono-cropped for two seasons between 1987 and 1989 and
thenceforth soyabean was introduced in rotation (Table 23). In both the years SAB-PAPR-50

was generally agronomically as suitable as standard TSP. Relative agronomic effectiveness of

PAPR was gnerall y higher than that of TSP in the first cropping season. In the following year,
there was a highly significant (p = 0.01) maize response to P applications, but with no

significant yield differences between PAPR-50 and standard TSP. The response to applied P

through PAPR was linear with yields and RAE increasing with rates (Table 23).

Crop response to various P rates through TSP was not significant although it significantly (p =
0.01) differed from the zero P treatment. The soyabean response to P was equally significant

in the third year but less so in the fifth year. In both occasions, the response to P through
PAPR-50 applied at 60 kg ha! was either equal or superior to that of TSP (Tab le 23). On
another site of Mufulira soil series, fingennillet, groundnut, and beans were grown in rotation.

Fingennillet positively responded to P through PAPR- 50 and TSP in 1988 but did not respond

to TSP in 1991. However, the response to PAPR-50 or TSP suggesting that groundnut was not
a high P demanding crop.

A slight groundnut yield was however, observed at 20 and 30 kg P ha-1 through TSP. There

was a positive bean response to P applications, especially so in the 1992 crop where PAPR-50
was agronomically as effective as TSP (Table 23). Relative agronomic effectiveness of PAPR-
50 was high with an r-value of 58% as compared to TSP with an r-value of 74%.
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Sulphuric Acid-Based PAPR-50 vs SSP standard 

Sulphuric acid-based PAPR-50 was evaluated for its agronomic effectiveness with SSP as
standard in a multilocational trial. At Misamfu on Mufulira soil series there was hardly any

response of beans to P applications. Soyabean response varied. The PAPR-50 out- yielded

SSP at 10 and 30 kg P ha+.

At Lucheche on Konkola soil series, bean response to P applications was very significant with
PAPR-50 being superior to SSP at all levels. With maize however, SSP was superior,

especially at levels higher than 10kg P ha!

Relative agronomic effectiveness 

Relative agronomic effectiveness (RAE) was calculated as:

RAE(%) = ( Yield of PAPR- 50 - Yield of control) X lO0
Yield of TSP / SSP - Yield of Control

Agronomic evaluations of PAPR-50 vs TSP showed a closer compairson with RAE ranging
from 60 - 166% (maize) and from 33 - 103% (beans).

In a num ber of cases the RAE exceeded that of TSP presumably because TSP was readily fixed

by the soil whereas, the PAPR was usually available for plant uptake. According to Munyinda

and Mapiki (1993) this normally happens in acid soils. With SSP however, the comparison
was inconsistent as evidenced in Table 24. The reason for this inconsistency is unexplained

given the absence of soil and plant analysis data.

Table 24. Relative effectiveness of SAB-PAPR-50 to standard TSP and SSP

Rate of acohcatron Rate of apphcation
Year Sot! series 20 40 60 Mean Soil senes 10 20 30 Mean

RAE(%) RAE(%)
Mufulira SSP 100 100 100 100 Mufuhra 100 100 100 100

1989 (rnaize) PARP 60 78 85 95 (bean ) 33 59 43 45
Konkoia SSP 100 100 100 100 Mufulira 100 100 100 100

1992 (maize) PARP 103 166 105 125 (bean) 97 39 103 80
Mufulira SSP 100 100 100 100 Malashr 100 100 100 100

1990 (bean) PARP 56 56 (maize) 0.0 I 19 19
Konkoia SSP 100 100 100 100 Malashi 100 100 100 100

1991 (ma1ze) PARP 116 0. I 24 70 (sovabean) 346 62 136
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Conclusions 

The crop reswponse data used to evaluate SAB-PAPR-50 suggest that this fertilizer can be as

effective as readily louble conventional P fertilizers. The data presented also suggests that crop

responses may be varied with some crops showing high responses while others are not
responsive. Benchmark soils used for this evaluation vary widely in respect of P availability

once P is applied. Systematic soil analysis may be able to elucidate some of the yield
discrepancies encountered in this study.
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