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Abstract",.,' I ,',: 

, , : ::) ;" , 

A glasshouse pot experimentwcis ca~riedout at SUA farm, Morogoro, Tanzania to investigate the effict 
ofMinjingu phosphate rock-(MPR) andfannyard manure (FYM) applied to an Oxic Haplustults on 
Bray I-P and the response'c'!fmaize (Zea mays (L.) variety staha) to the appliedMPR and FYM in a 4} 
factorial experiment in a completely randomized block design. MPR was applied at the ratesC?f 
0,50.100 and 150mg P kgl soil and FYM at the rates ofo' 7. 5) 5 and 30gkgl soil. The MP Rand FYM 
were thoroughlymixed with 4.5 kg C?f 4inm .s'ieved soil sample portions- in 5-litre capacity plasticpots' and 
incubated at '75% field capacity moisture contentfor 28 days before sowing four maize~ seeds' and 
thinned td two plants one week qfter germination. The whole plant portions above the soil level in the 
pots weft? harvested· at the, age of 6 weeks jor dry matter yields' and P content determinations. The 
highest MP R and FYM cdmbination increa'ied the amount'i C?f Bray - 1-P by 268%. and maize dry 
matter yields' by 91 %. compared to the control The above increas'e:s' were attributed to the dissolution C?f 
the MPf!., arj:J: (he decomposition and mi,?eralization '(l the FYM hence releasingP and 'reducing the 
P-retentibn capacifY.ofthe soil and improverrumt soilphysical. chemical and biological soil conditions' 
by the applied FYM. . ' . . ' ) '. 

: .... '. '- .. 
Key words: Minjingu phosphate rock' famiyard manure ,Bray -l-P, dissolution, mineraliza-

tion, decomposition. ' . 

mtroduction, :.' " , ::eithe'r' in the form of inorganic fertilizers:' ma~ 
nures or crop residues. However. most of the 

T h~ majority o'f the' soil~ iri~he hu~i~ tropics 'phosphorus added to such soils is converted into 
are highly weathered. leached. acidic, and <f9,rms noi'·.'easiIY avaifable'to plants: Toatt~i~ 

their clay f~ctions dominated by I: I' c1~y ~iIler- . adequate levels of available p for'plants, sub­
als and hydrous oxides of AI and Fe. Th~se soils -stantial amounts of phosphate have to be applied 
are devcient ,in most of the major essent~aJ plant "so ~s to saturate the phosphate retention sites Of 
nutrient~, pho.sphorus inclQsive (Landon: 1991), the soils such ~hat 'some of the applied pho~phate' 
The lo~ available ph~sphoOl.s cpIltents in tht::se remains labile in the soils. ", . 
soils could either be due fo inhereiitIv deficient P It h~s been suggested 'that use 'of phosphate 
conte~~s in t~e soils·p~rf.:ritmaienal~ or p'o~c~r- rock coufd be a \o'lablthind c.heap alternative. 
ring \n fonns t~at ~re not ~~sily available to source of piiosphate for th~: highly weathered 
plants. In or<;ler to sustain plaht:growth and deyel- . and acid so~ls'with high' phosphate_ ie,tention ca­
opment in such soils, phosphorus has to be applied 'pacities r'Burresh ef aI., 1997). Most phosphate 

•• ' i I ..' . ~ ,~ ~ I. ~. ... 
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40 M.J. K Kitua and Mrema, J.P. 

rocks (PR).are insoluble in water hence the P in· 'anl?~nt~ofBray4-P, yields'()f maize and pho's-
PR is not iinQ'lediateW availabl(toplants. HO~'~J- ~~oI1Js yonientS in the m.aiz~pl~mts, ..' . " 
ever, the solubility"of'phospMt~;rockis enhanced: ," \, > . 

when applied to highly weather~d :afid acid.sbiI's: c. ·'Materrals~and·. methods~ ." , 
The enhanced solubility of PR is attributed to the 
presence of protons and sinks for phosphate and A glasshouse pot ~,~p,erifl!.e,nt ,study was c~n­
the calcium released, during the PR dissolution ducted at the Sokoine'tJniversity ofAgncuittiie 
process (Robinson,and Syers. 1991: Robinsonet (SUA) Morogoro,Tanzania. to evaluate 
ai" 1992), The corignuirit' dlssoluhon'reaction of' MiI1jingu PR as a source Of phosphate for maize 
fluoro-apatitecould be expressed by. the chemical ,(Zea mays L var staha) plants wnen appliedin 
reaction equation (Rajanet aI., 1996), combination with kraal manure (fYM) to a 

highly weathered acid soil. A composite. soil 
,CalO(P04)6F2+12H20 ¢::::o Ca 2- + H2P04,I+OH' sample for the pot experiment was collected 

, ,~ , e' , J 

'il1 aci\i:soils. the'concentration of protons IS ,from the SUA farm, Twentysoil'samples from 
high while the concentrations' of'phosphate and' an area covering about 2,5 hawere collected riin-' 
caiclurii-i6rls are verv low, hence the clvaihible' :, domly, at a depth cif 0-30cm and composited, 
~inks for OB', H2PO';'ilndCa2,. ~espediveh', 'J~' ",The composited soil.was airdried and ground to 
acid soils: 'dis~olution of phosp~te rock'js ru'ithei" pass through a 4mmsievy; A .small.p'oifion 
enhci'oced by:~ncreased time of contactbe'hveeni 

.. ::C200g) of the, 4n'un sieved compo.?ite soil sample 
the PR'and soil'(Chiell, 1978) 'and the physiCiU and ',;' ~as~further grounci to pass Urrblfgh a 2mm,;siev~ 
chenilcaI'c'omposition oUhe pnospi)a,te 'rock :3!lc;i,us~c;i fpr thedeterrninationd.f,the ~QjFsPQY~," 
(Khasawneh and'DolI. 1978',McClellan"and" ','.'.ic~ and c,hemical properties while the rest of the . .". ' ,. - , . -,{ 

GremiIliori,,1980r(, "-,,, "- ",', ',",~::' .,," ' . soil w~~. used for the glasshouse pot experiment" 
, ,,·It,has,further been reported that use of phos~" The ~oi) ,used in this study was cIassifieda:sa~ 
phate .ro,tk togeth~r .with inanures'and Qth~r\9r,:,,·.9xic liaplustults (Kaaya ef aI., 1994) equivaleni 
g~nicsoil amendments in acid soils enhanced 'the. " to DystricNitosols(F~O - UNESCO, \,988), , ,~' 
dissolution of phosphate ro'cks (Panda, 199b~'" , ,The'FYM was collected from a cattie kiaa1:~i 
Ikera ef ai" 1994). However, positive and nega- Sangasanga village, Morogoro, The"FYM w~·s; 
tive interactions between phosphate rock organic air dried ground and sieved using a 2mm. sieve, 
so'il amendmerits and SOIl with' res'pecHo,phos~" . ·TheiMinjingu;p~o.sphate,:~"a.s' obta"ined:from 
phate roc!< dissolution I!ave been reported (Chien MiI1iingu, Arusha: Taw..ania,.,', "', 
ef aI., 1990), The enhanced dissolution of phos~ The soil pH was' rrieasured in 'a·soil Rater 
phate rocks when applied together with manures suspension (I :2,5 soil:water) based on the proce-
was aitrib~ted to the .release of simple orgaiiic ac- dure of Dewis and Freitas (1970) while the"cat-
ids during the 'decomposition and riiineraliz~tion ,iol1 exch~nge cap~city wasdeter,mined,~y·the 
of the manures, thus releasing protons whiCh ~n- . n~utralamminium aeeta,te satu'nitjori ,m~thod 
minced th~ dissolution ofphosph~te rock Further, (Tnom'as.,.I 982"r ~, T.lle ",quaiWiti:e5 -of 

, the tendenc~ for the formation of c~triplex com- ,ex'chang~iabJe 9·rytt.'K '~nd Na ions~i£ the '!lrii~ 
pounds betweeri humic compounds and calcium ',moniiim acet1,te"fiJtra{e .,;,;ef(; .. measu(e~d b\ 
creaies.~ Sl!Ik for the Cai. ~Ie.a'sed during iIi.e dis- ';atomiC abrorPdori.sp~Ctroppotomet~(Tho-fua~, 
solution 6(PR (Rajari efp( ," 1996\ further en- 198.2JOrgan.!~ carQon :W~S dde:tri:1in~d p~':,the 
h~ci~Vh~;dis~~II!~on o{t~<p~o~pha!e.rpck·,'.' \\'~t ~xi.dafi~~lrrie,tho'q, 9(Wal~~y' ,and}3~~Ck 

TIle,mam obJectlv~,oqh¢'qlITent ,study was, to (N~t~Q~ <!~d ~ommers,..! 9~2), Total ru~I:Ogen,was 
inv'es-tigate'ihe effects o(,!ariou·s ,combinations of ,determined b·~ihe,m(ero-K.ield,ahl CIiges­
MPR':~uidF:YM':o,n thedissol~h~r,'artct'decori.tpo- .. tio~-distiII~t'{o,n 'q1.ethqq .CB'r~r1,ner '~nd 
siti9'n of r~R'~ndF;YIyi, ~r~specth:ch~~<an~ the re_:Mulvarie~, L9~12). Pla~t)1~.~I.Ia91~ e. \\'~.s.ex­
spqt:ise~of'~'aTie, tqth~ 'MPR-FVM 'f~eatii1'ent ap- 'iiacted' by tIle Bray- I'-P~ procedure' (Bra~' and 
plic,f{'o'an O~ic Hapi\~stuIts" in ;ag'ias~h.o\J~~ ppt Kurtz, 1(45) and the P in the extmct 'derei:Jnined 
experiment. The specific objectives were"to'stud\-'- ti~; t1£proccdurc.of Murpll\ and Rilcy (I %2) ilS 
the influence of the MPR-FYM treatments on th~ modIfied b~ ~atanabc and Olscn (I %5) The 

panicle sil.c analysi<; was dctermincd by thc 
Bom oucous hYdromcter mcthod (0(1\, I W,)), . ',' . -R
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The chemical composition ?f th,e MiIljin~ .phos­
phate rock was analysed at !YI?f(,,' Muscles 
Shoals, Alabama. USA by.X~rar flu~res_ce!lce. 
Total analysis of the ~raal :~a,nure ,WY-Iy1))n­
eluded total organic carboIi;~:'.p:·.c=a ~n? ~ ~ere 
determined using th.e procedures of Ok~lebo et.al. 
(1993). 

.' . ., 
Glasshouse pot e~.p~'dm~nt • f .,~: 

Five Iit~e plastic buckets witl)drainage holes at 
the bottom:.were useq for th~ experIment. Forty 
eight 4.5 kg sqiI sampl~porti.Qns ofth(;! 4mm 
sieved comP9site soil were weighe~:l'into the five 
litre capacityplasti<? buckets and mixed thor­
oughly with the 'Yceighed amoamounts of MPR 
and FYM~ in three replicates o,f theMRP-FYM 
combinations,A42. factorial comb'ination in a ran-..... , ." -
domized complete block design was used with 
rates of 0, 50. 100, and 150 mg Pkg" soil (equiva­
lent to O. 100,200 and 300kg Pha,l as MPR) and 
0, 7.5 15.and 30gFYMkg" soil (equiyalent to .0, 
15, 30 and 60 tons FYM. ha· ' ). The 
soil-MPR:FYM treatments were-incllbated for one 
month at7?% fielci capacity moisture content(us­
ing distilleq H20). After the incuqation period. 
four maize seeds were sown in each pot and 
thinned to two plants per pot one week after g~r­
mination. Nitrogen fertiiizer equivalent to 
100kgNha~1 as (NH,j')2S04 was added to each pot 
twei weeks after gerinination. Soil sampling from 
the potted ~oil was .done twice. first immedi~iely 
after the incubation (before planting) and the sec­
ond, seven weeks from the planting (i~mediatel)" 
after harvesting). Whole plant samples above the 
soillevds in the pots were harv.ested seven weeks 
from planting for dry matter determination and. P 
in themaize'plants. The % P:contents ·inthe 
maize plant samples were determined following 
the procedureofOkalebo et al. (1993). 

Results and discussion 

Soil properties .' 
Some of the physical and chemical properties 

of the Oxic HaplustuJts (Dystric, Nitosols) are.pre­
sented in Table.\. From the data in Table I. the 
Oxic Haplust~I'tscouJd be taken.to be highly 
weathered and 'eacpepb'~.eci ~n the.I(;,w CEC, low 
percentage base saturation and the low soil pH. 
According to Landon ( 1991) the Oxic' Haplustults 
Would be rated as of low fertilitv status with re-

:. r' ,- - I'.: \ 
.1 -

Effect of Minjingu phosphate rock .41 

spect to the,Iow ~~ount of Bray - I-P. total ni­
trogen. ahd'exchangeable bases namely, Ca, Mg 
aIiq K. To optimize on crop production. inthis 

,; ;case~ize; the defiCl~ht 'h~irieiits have to be ap­
. plied to the soil in the form of f(;!rtilizers or ma­
," Iuires to meet the .crop requirementl . . 
~~.'" . I, ._ 

Table 1:' So~'e'~hysi~o-chemical properties ~f the 

Oxic Haplustults 

Pal"dmeter 

pH in water (l :2:5) 

Organ ic carbo~ (%) 

Organic matter (0'0) 

CEC (Cmol (~) kg") 

Exchangeable bases (Cmol kg -1 soil) 
Na' 

K' 
Ca" 

Mg" 
Total N% 

(Bray -I-P (mg Pkg" soil) 

Particle size distribution, 
Sand (%) 
Coarse silt (0,0) . 

Fine Silt (%) 

Clay(%) 

Textural Class 

Properties of the manure 

Vaiue 

5.0 

1.7 

3.0 

12.5 

0.45 

0.94 

4.0 

2.0 

0.07 

3.55 

65:8 
2.0 .. 

2.2 

30.0 

Sand Clay Loam 

. Some roperti~s. of the FYM are presented iii 
Table 2. The FYM c.ontained low amounts of to­

. talN. P'and Ca. The low amounts of total N,P 
and Cairithe FYM couid be due to their low 

"conte'nts iri the feeds given to the. flnimals. The 
F¥M(kraaImanure)was collected from an open 
kraaf (bonia) \Vlth no concrete floor. hence the 
FYM'was;a mi~tur¢ of soil, cow'dung-anc:l mini~ 

. :mal amounts or urine. The FYM used in the 
~siu?y~ w,as rated cis of lo\\~ quaii~!. 

Table 2: Some' chemical properties of the farmyard 
! •• , • 

manure (FYM) 

Constituent 

T ?tal Organic Carbon (0'0) 
"Total Nitrogen (O,~) 
i otai Phosphorusi(O/O) . 

Total Calcium (OO) 

: Total Potas~i~1lJ (~o) 

.. ~pH (in HzO) 

Value 

20.20 

0.98 

0.18 

3.54 

4.70 

.8.50 .. 
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42 M.J.K. Kitua arid MreinB; .J.P. 

ChemiCal composition of the ~inji,~'gti'" 
phosphate rock' , :~' 

, • ' .' '. 'o,. v ' I '., ~. 

The chemical c.onstitutio,n pf ,tlJe Minjingu 
phosphate rock is wes~)lted In T~QJe,3; The,con­
tents of P and Ca !n the .rvw.~,~ere,high henc.~ the 
MPR could be rated as a poiential1ygood fertifizer 
material based on the P andCa contents, 

" •. • - I .. ~:;!_ L"'~'_ -:-1 ('\ ( :"1 ... _' :, I • .: 

.. 
4 , ,,;1 

Table 3: Chemical composition of the Minjingu 
phosphai~·.·- -" . ,. 

"i:' 
Major Constituent 

p,O, ,-
CaO 
AhO, 
Fe,03 
MgO 
Na,O 
K,O 
F 

% Content (\y~iliht basis) 

,r' 29,0' 

, i 41.7. 
1.2 
0.4 
3,2 
1.3 
0,8 
3.1 

S 
SiO, '., ;, ~:'~"'" 1 ' 

CO, :3.1 ",' 

'" Anahsed at IFDC. Muscle Shoals. Alabam~'USA: 
'" , _ '. J. . ~'. "--'; 

Effect of incubating + MPR + F~M ri~ ! 

Bray-I-P , . 

<'- ,"d~ ~ ,".~ ~f~l; L : •• ', :- f 1, 

rates had no significant 'effect on the m;np~nts of 
Bray~ 17P', an,d, .this could be attributed to the 

. lowconient of j> in the FYM. loss oi.therel~3sed 
. , 'P thioll:gh plant ~ptake, 'fixatio~; ofUiepQosphate 
-' ' '.' • I' . ~ lJ " .' -

\ selea~~d[ro;m the ,~:.by the soil ~0!l0~qs, The 
differences in amounts of Brav- I-P in Table 4 
and Table 5 confirm the gradual releas~ of P 
from MPR a~d I:XM, thr0ugh~t~\e p.r<?~.e~ses or 
dissolution and decomposition (minenHiza'ti'on), 
respectively . Further, the: positive iirlluence of 

',MPR x FYM- interaction on the amount of Bray 
, - I extractable P could be attrIbuted to the suste­
. nance of the P and Casiriks in the soirthrough 

formation of complexes between the simple or­
ganic compounds and phosphate and Ca ions~re­
leased during the decomposition and dissoluuon 

'of theFYM arid MPR, respecti\'ely '(Chien, 
.. 1978). r.. ",') > .. 

,. ... ,,~~. . 

\Talil~'4: Effect of 2S day~ ~fincub~ting ~oil, :~injing~ 
'rock ph~sph'al!l and farn.yanl ~a~u~~togethe;'·o~ B~y 

, :r~xtractabJe P '~ .. ' '" " 

, FYM·rates Minjingu Phosphate rock rates '(mg P kg· i ) , 

'gkg"'soIl" 0,0" 50.0' 100,0 150.0 .:~iaigirial 
. '), ~ - me311s ' 

The effect of one month period of incubation .... ..~ c,. B.:ay.cI-P-CmgPkg'soiJ) 

(equilibration) of the soU,MP.W~ild FYM together '_OJ~ '~ , l" 3',53i" 4.80gb 5,90ef': 8.85c ":;:78 

on Bray-l-P is pres~IJted inTable 4, Both the 7:5 _ " 4.50h 5,50fg' 46.30.de_8:53c, 6,20 

FY~1and MPR wpen emplied, ~ingiy 'or, i~ combi- 15.0 ' 4,80gb 5.60efg 6,?Od 1O,67h 6.99-
n'ition si'gnlficanti),· (p=- 0.05) increased the 30,0 5'40fg 6,80od 8~16~~' '13:0~ i~~8ji'-! ~ 
amount of B'rav-l-P~ The more pronounce'd in- ..;Margiria'r" 4,55 5:67' 6:81" ; 10:26' 6.8i' 
~rease, ~~;BraY,:"'1 ~P, for the MPR, x FYM ~oinb'i­
nation. could be attributed to the P released from 
the dissoludon of MPRand d~compositio~ or'the 
~YM, Decomposition of FYM may have',en­
hanced dissolution of the MPR by the organic ac­
ids' produced during itS decomposition: The. above 
results conform to those rep~rted by (lkera) ~i al. 
(1994). The amounts of P released, based on 'the 
amounts of MPR and FYM'mixed with"ihe' soii in 
the posts suggest that the dissolution of tlie MRR 
and the decomposition- rates qt the fYM ru:~ sl6w 
and gradual. hence,extended reactio'n(contact) 
time between,the MPR-FYM- ~oi'l i~ esse~dal for 
the release of P from MPR .. , 

The amolints of Bray - 1- extractable phos­
phate at hari!esting time. thaLis II weekS' of con­
tact between MPR-FYM in the soil are presented 
in Table 5. The effect ofFYM alone at different 

'means 

"c:v6:si' 
'Means witliin tlies'anie column foll6~ed h~'ihe'~~ine 
, letter are not'significantly'ditTeienrat P<O.'05 accord· 

ing to th'eNe"" Dunc~n's,New,Range- Test'~/" 'i: 
.\ ; ..'~. j( , ,;. 

Table 5: Effect,Minjingu 'phosphate rQck -.farrri-
yard manure on1soil Bray -]"Pat maize plant's har­
vesting time (]] weeks of contact) 

, , \' . 

FYM'~ates Minjin~u Phosphate rock rai~s (mg P.Kg·') , 

",gkg:'·soil,.O,O' ~ :50>' ' 100,0 .,150.0', ,Marginal 
;;1:, :" '''','. /\ .... '. 'J' ;: iri~ans' 

;;'" '! ; . i Bhty -I'-pAmgPkg"soiJ) :r: ;,'~' 

'(i.'o' -' ~; ~,33i"4'78i'! ; 8:'45f"~':10:45td~7!oO:~ 
,7-5·, ' 0' , 4!5'3i ' .' 6:50gIi:' 9;52e' .Ji'l.2(jbc;7.94~i 
'15. "'1 '.4.54i.! ":6,OOh.,-,:9'60e, :,; :12,OOb;, ;~8.04' .. ' , 
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Meanswit~iri th,e ;a·;ne.c?i~~n,p;I,I,~;~ed by the same 
letter are not significantly .dif!er~nt l!t, I?::q.05 J~ccording 

to the New Duncan's Ne~'¥H!tip}e Ra.nge Test. 

Maize di-y.m~tter yields, " , . ..... ,,, 
The maize dry matter yields at-the various 

rates of MPR. FYM and MPR x FY,M are pre­
sented in Table' 6.: 'The treatments sigrrificantIy in­
creased the dry matter yields of the maize. The 
positiveresp~)flse by~ihe ,tfulize plants to"the"MPR. 
FYM and MPR x FYM 'treatments 'could be attrib­
uted to the' ele\;'ated a~aiiabi)ity of. phOsphorus ac­
cruing froin the"P'c;oritain'ed'in thdviPR and 
FYM. The P contained in the FYM ;aild MPR 'was 
released d~ring the dissolution of the MPR and 
decomposifjon.9f the:FYM (Table 4 and Tabl.e 5). 

Table 6:· Erfet of MPR and FYM. ~oritbinations on 
the dry matter yields of maize .' " 

FYM rale' Phosphate riites(mg Pkg-l soil) a~ MPR 

(gkg.lsoil)·O.O "50.0" .100.0 150.0' Marginal 
means 

yields g/pot 

0.0 22.59i 33.30k 35.15h 37.041 . 32.02 
.. ' ,-" 

7.5 24.39i . 37.431 39.25ih 42.92fg 36.00 
15.0 ~8.9.i .' 39.64ih 43.41fg 46.6Onl 39.64 
30 33.12k 42. 1919 47.21nl -50.50nh 43.0 
Marginal'" . ' ., .. ' .. I " 

Means' ' .. :27:26 "',38.14" .. , .41:20 ' 44.29 , .. : 

Effect of MinJingu phosphate ock 43 
I • J', r ~ ': ; r. : ' l' '; ~ '. I.: 'J I , , 

Table 7: Effect of MPR and FYM combinations on 
1_ 'j : .... '., r',t' .!. : '.. . 

th~ ~/". Plc~nt~~ts.h~. ~~.~maize plants , , . " 

FYM r,ate : 
(gFYM kg 
soil) 

. Phosphorous rate as ¥J'R '(mgPkg-1 soil) Mar· 
. I gInal Means' 

., ,",' ~,. " . , 
" o'oP Contents . , '. 

.,0 : ,-!. ,. 0.17 0.21 0.22 0.23 .. .. 0.20 

,'. 7.5" 0)8 0.20 0.23 0.24 .0.21 

; • .1 5.p 
... ~:., 

0.28 (~.20 0.24 0.27 .. 0.24 
30.0 0.21. 0.25 0.28 

, 
0.29 0.25 

d.' 
,'. . ~,' 

Marginal 
means 0.19 0.23 0.25 0.26 .. ',i f 

, 
, j 

Conclusions 

It could, therefore. be conduded that the 
rates of P applied as MPR were low. based on 
the observations that the Bray-I-P and % P con~ 
tents in the maize plants were below the critical 
levels. The high amount ofBray-I-P. ilt 11 
weeks of MPR-FYM-soil contact compared 'to ~ 
.weeks of the same confirms th'e grad~1 dissolu-

•. !', t J \. t 'j \, ( 

,tion, of MPR. Combined application of MPR and 
.'F.YM enhanc~.d MRP dissol4tlon' imd decompo'j 
,sition of F.YM. hen~e P release.Th~, si~~ficani 
, increase in the maize drv matter vields were at-

.; .' - . ." ' . 
tributed t() increased availability P among other 
factors. 'C '. 

'.. ,'\ . 
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